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One of the first bits of knowledge impressed upon us in early
gchool days was the fact that "Great Osks from little Acorns grow."
We learned to speak this phrase long before we understood what it
meant. As our scope of understanding increased, we began to realize
what a marvel of natural development the transition of a tiny acorn,
buried in the fruitful bosom of Farth, through years of heat and cold,
rain and sunshine, wind, storm and peaceful calm, drew to itself the
elements of nature, expandod, grew, spread its branches toward the sky
unbil it became a mighty tree, strong and useful to all living creatures--
most of all to Man,

In opening this school, I cannot refrain from drawing a com-
parison between the develppment of the acorn into the mlighty treec and the
fagcinating "Story of the IBM Punched Card" which we are going to study
during the progress of this school.

Let us realize now that the beginning of the Punched Hole Card
is a much less tangible thing than the acorn. As a malter of fact, the
Punched Hole in the card is actually nothing real or tangible! You can
look through it but you can't sec it! You cannot feel it, smell or
tagte it! The punched hole itself is nothing of substanco at all., It
is a vacancy surrounded by the material which is the card itself. The
hole in the card does the work in our machines, but the card is the
modium which makes it possible to assemble and relate the punched
holes in orderly fashion, so the punched hole is correctly sized, in
exactly the right place, at precisely the right split second of time
to allow our machines to sensc 1t, evaluate its meaning and put that
evaluation to work toward an accurate ¢nd result or mathematical fact.

So herc we start to learn how a tiny holc was put to work by
the ingenuity of IBM Enginecrs and Craftsmon, and, undcr the inspir-
ing leoadorship of our Prosident, Mr. Watson, whose inventive concep-
tion and fargighted ability to apply thooe concoptions to the service
of business, govornmment and mothomaticel rescarch, has grown into
International scope, providing fruitful employment and hanpy lives
for thousands of people throughout the world.

I want to outline briefly the growth of IBM's Punched Card
usage gince Mr. Watson took hold of what was, at the time, a stumbling
entorprise in 19L

In 1914, the punched card was manufactured in a small building
in Goorgetown Section of Waghington, D. C. It was a comparatively
gimple card at that time. It had a capacity of 34 columms in what
wa.s callod the short card, and 45 colums in the long card. The short
card was 34" x 5 5/8" in size and looked like this, The long card
wag 35" x 7 3/8" same a8 tho present standard IBM Card.
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Production at that time was at an averago rate of aboutb
2,000,000 cards pcr day.

The machines used wore a comparatively new creation for that
time. These machincs printed one side, cut the card to length and
clipped one corncr at a speed of about one card per socond, 60 per
minubo, from rccls of slitted paper. This was quite a rate of speed
for 1914, Provious machines opcratod at about 30 cards per minuto
and had to be fed by hand aftor the cards wore cut to size in
guillotine cuttors.

Since it was vitally important that tho punched hole card bo
a porfect non-conductor of clectricity, free from specks of carbon,
tiny holog, or bits of metal from the papcr machinoc, 1t was neocossary
to electrically inspcct covery singlo card manufacturod before re-
leoasing to our customors for uso in IBM machines. This was accom-
plishod by specially rigged tabulator machinos in which brushos for
the ontiro column capacity, either 34 or 45 columns, had boon wired
in. The cards, after printing, woere fed through this tabulator at a
ratc of about 75 cards per minute. If a card contained a holo, car-
bon, mctallic or othor conductive particle, and if the particle or
hole woro located just right to bo sonscd by the electrificd brushes,
tho tabulator would stop.

Tho porson oporating the spock inspoction tabulator would -
thon remove the cards romaining in the Tocd hopper, ompty the stacker,
clear tho food chutos of all cards, throw away the top card on the
gtackor pile and all the cards removod from theo feed chutes; reload
the feed hopper with new cards and press the bubtton to start tho
machine, thon sit back and walt for the noxt stop. This happoned very
froquently and you can well imogine the wostc of matorial as woll as
the cost of such an insgpoction oporation.

Here, theon, was a problem for IBM Englncers,and Mr, Watson

gspoedily assigned this problem as a projeoct for cngincoring solu-

tion., Mr. C. D. Lake was thoe man who developod tho best solubtion.

Tho rocl fed card machines roquired a slitting and rewinding muchine
which convorted the large rill rolls of papor, 265" wide, into 31"

wide reels. Mr. Lako gtudicd tho problom for a t;me and thon developed
~a device or attachmont for the glitting machine. This dovice, callod
a Spock Dotoctor, consisted of a double bank of bhruches which presged
the entire wceb of paper against a contact plate as tho web started

into the slitting knives on the slitting machinc.

A potential or clactric pressure higher than that uged in the
Accounting machines was appiicd by the brushes to the papor web. Any
conductive particlo or tiny hole was senscd by those brushes. A dovice
containing a knife blade would bo actuated by such csonsing and the knifo
would dart out and into the paper web Just shﬁad of the defeoct and would
8lit the papor right in tho middle of the 3—” glitted width. Thisg
knifo slit would run past the defoct and then automatically withdraw.
Tho paper web would continue at full specd, about 90 foot per minuto,
without stopping. ILater on, the slitted cards in which defect oc-
currcd would be removed by the operator during the ingpection opeora-
tion on tho card machinecs.

You can readily gragp the cost reduction and improved effi-
cioncy of this automatic speck dotecting dovolopment.
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We citc this development to show how Engincering & Research
coupled with skilled mechanical ingemuity has in tho past, and will
continue in the future to solve problems and improve manufacturing
opcrations. o

The demands for punched card accounting caused oxpansion of
card producing facilities until in 1920 the daily output averaged
3,500,000 cards.

In 1923, part of the Goorgetown plant wog moved to the
Endicott factory and addod %o tho oxisting Time Card Manufacturing
Department.

This wags for the primary purposc of mecting continued in-
croasc in demand for IBM cards, which by that time oqualled the total
capacity of tho Goorgotown plant. Secondly: The move added to seocurity
for our customors by having two plants in separatc locations able to
produco cards~-a security against interruption in source of supply
causcd by firc, flood, accident, or othor intorruptions., This also
provided an advantage Tor many of our cusgtomers in trangportation
cogte from our factory to thoir offices.

By 1930, production had risen to 4,500,000 daily.
By 1935, production had risen to 7,000,000 dnily.

In 1940, Jjust bofore entoring the World War IT ora, card
production had advanced to 6,350,000,000 yoarly. The growbth shown
by preceding figurces wao meb with production mado possible through
continued deveolopment of card mamufacturing machinory and toch-
nigques by IBM engincers and croftomen. Almost all of this machinory
was designed and congtructed right herc in tho Endicott factory.

Tater on in this agchool, you will learn how card manufacturing
machines have beon and arc now boing improved upon--made more pro-
ductive and officiont, cagipr to operatc by our craftsmen, How ac-
curacy 1o boing conglantly improvod and how our present fino machines
arc ropaired, adjustod, and carcd for to maintaln thom at top lovel in
quality production.

You will also be shown how improvements in machincs and pro-
coagos start with suggestions and ideas contributed by IBM pooplo
throughout the contire organlization. Nearly overybody in the Card
Monufacturing plants has made ono or more constructive contributions
toward advancoment in caxd wonufacturing operations. You can be sure
that we will nover stop irmro-ing our operatiors. making our jobs
more pleasant, morc sat.cfnetory, safer and more profitablo for cach
of us as loag as we all continue to contribubo our thoughts and idcas
to make IBM bottor.

Whon the Pearl Horbor attack plunged us into World Wor IT,
Mr. Watson immodiately turnod IBM's resources over to the U. S.
Government and the governmont called upon IBM in many oxbremely dif-
ficult and oxacting projocts. You alrcady know what was accormplished
by our Machine Manufacturing Departments on those projocto.

The Card Manufacturing plants wore at once called upon for a
tromondovs volume of standard IBM cards to handle tho logistics of
conducting the war. The IBM card scorved not only in the control of
production plants, War Department, Army, Navy and Air forces,
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Trangportation, Food and Munitions. It algo wont right into the front
linc battle arcas on land, sca, and in the air with IBM Mobile Unitg,
manned by IBM men, to do ite vitally important work.

Sovoral coxtraordinary IBM card projects which contributed so
mich to the ultimate Victory worc: the War bond record card and its
corponent agsombly with War bonds; the Depondency Benéfit U. S. Treas-
ury Chock which the Troasury cormanded ug to makeo in IBM card form,
and the stoncil card which made possible the efficient and accurato
addrogeing and digtribution of the Benefit checks.

We otartced tho War Bond Asgeriblies project from gcratche--
without time to invent, devolop and build the nocessary spocial
machinory. At tho start, the work was done with such machines as wo
had availablo at the time coupled with hand oporations, While ma-
chinery was being degigned and built, we hired and trained over 800
poople to produce the hand operations on the Bond assomblies. These
asderblicg were thon turned over to the U. 8. Burcau of FEngraving
where tho agscrblios wore asgociatod with tho bonds.

Tveory Bond assombly was scrially auwbered and prepunched.
Evory asscrmbly had to be correct, in sequonce and with no misging
or duplicate numbers--a rmogt exacting Jjob for anybody.

A fow months aftor the start of this big projoct we com~
pletod the first modol of aubtorntic machines designed to oliminate
hand oporations of assombly ond insurc bottor accuracy.

Within anothor fow nonths, we congtructed cnough machinos tol
nochanize noarly all the hand operations and 600 or roro pcople
cngaged in hand operations on bond asscrbly beocame availabe for othor
productive work on war projects in our factorics.

During tho Wor years, IBM produced oveor 1 billion Bond
Asgerblics for the U. S. Governmont.

One billion asserblios are oqual to ovor 400 loaded froight cars.

We aro still making Bond Asscublics--and right here i1s a good
tip--keep on buying thom. ‘

Whon the Dopondoncy Bonofits for nmen and woron in theo Arned
forces wag sct up by the govornment, the U. S. Troasury wos called
upon to produce mony nilliong of Bonefits checks along with a positive-
control to account for cach cnd every chock., The Treoasury found thelr
reogources inadequate Tor neeting this cnormous reguirencnt and they
callod upon IBM for a sountron of lhe probler,

The production of a check, in punched cord form, which
cqualled the high quality and precision demonded by the U. 8. Treasury
required the best skills of ouwr IBM Craftemen and Fngincors and in-
volved oxtensive rescorch along with mechanical ingenuity ond
rogourcefulnoess.

Again, now machincry and tochniques had to be wreated and
doveloped against time deadlinos in steop with the accolerating war
pchedule of the U. S, Covernment.

The problen of production of these milliong of checks and
tho accounting for thom wog squarely met by IBM in an astmnlshlmgly
gshort period of timo.



p)

During tho War yoars, IBM produced over 600,000,000 Dependency

Chocks. Every check had to be accounted for--coven those danoged in
transit or handling by the recipicntg. Every check had to be perfect

in quality. Evory chock had to be numbered and serially prepunched

and then vorified through Inspection Tabulators for corrcct sequence,
accuracy of punching, nurbcring and dimension. ZIvory check had to

bo produced within restricted, carofully guarded, and closecly super-

iged areas in our IBM factories.

It is a mattor bf rocord that the job was performed in a
thoroughly corpetont manncr; that there were no failuros to account for
evory 8inglc check while it was in tho hands of our IBM Craftencn.

You can corprchond the onormous volume of this performance whon you
visualize over 100 loaded froight cars would be roquired to transport
the 600,000,000 check cards monufactured up to Docorber 31, 1945--znd
we arc still producing thorl

_ Distribution of Depondency Bencfit checks required a specdy
and dopendably accurate nmethod of addrescing cach check to its proper
beneficiary. This problaa wag golved by IBM IEngincers through the
doveloprient of tho Stoncil card. Thig card was unique in that it
provided aubtoratic gclection of the individual nanec and address and
in addition to thig featurc the stonell card actually applied the
narie and address, automatically, on the right check. All of the ma-
chincry for performing thies hitherto unaccomplisheod work was doveloped
and built by IBM.

The gtoncil card is roadicelly diffceront from the ugual
punched hole card but like it in that, through the mediun of the punchod
hole, it can bo sorted and sclectod in IBM machines autoratically and
with accuracy. It clinminates any possibility of orror in transcription
and mkes eovery narne and address oxactly correct tine after tinme in
ugc. Tho climinatlion of monual seloction anéd control mado tho whole
procodure of filling out and dlopatching chocks frec fron error. The
right person always rocoived the right chock, made out in the correct
amount. Ag long ag the beneficiory's address remained the sane, the
sane stencil card sorved to address cach nmonth's check, Whon an ad-
drogs wag roportofchanged, a now gtoncil card wag typed and gupplentod
the previoug card.

Tho stencil cord required radically different machines--
all of which were invented, dcocigned, and bullt hore at the Indicott
Factory. This job prooeontod another production problen which wos net
cffectively and on tino.

Stencil card orolvetion totalled &0,000,000 cards.

Tu 1942, wo hod oxpanded our card production facilitios at
the Georgetown plant in Washington boyond tho capacity of the build-
ings and ground arca, so a now and ruch larger plant was purchased at
1818 Now York Avonuc, N. E., along with amplc ground arca surrounding
it. This building was completoly reconstructed to adapt it to our
requironents and the Georgetown cquipnent was removed and ingtalled
in the New York Avonue structurc., Addltional irproved machinecry was
built and installed and within a period of a few nonths, the transi-
tion wag corpletoe. :

The Wasﬁington plant is a model of efficiency, comfort, and
convenlonco internally ond of fine appecarance externally. It com-
prises a work arco of approximately 80,000 gq. ft. in the prosent
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structures. It ls completely equipped with light-color maple flooring,
fluorescent lighting, and air conditioning. It hag a fine cafeteria
where regular meals are served to all shifts. It has fine luounge rooms,
parking lots, and ground landscaping. You will see it anytime you ride
the Pennsylvania railroad into or out of Washington. The plant is de-
voted exclugively to the production of IBM cards, Its production
capacity is 30,000,000 daily.

In 1943, to improve our facilities to serve government and
War agencies in the Far Fastern War Theater, Mr. Watson ordered a
study made of the West Comst area to determine where a card plant should
be located. This study was made, and it was decided to locate a new IBM
card manufacturing plant at San Jose, California.

A site was selected, purchased, and prepared for our card
menufacturing requirements at St. John Avenue and 16th Street, San
Jose, California.

In August 1943, we dispatched a special train of Pyllman
cars to San Jpse carrying the employees and thelr families from
Endicott who were to piloneer the California plant. Among the families
were new-born babies and some older youngsters--60 years of age or more.
Throughout their trip across the United States, every safeguard for
their comfort and happiness was provided by IBM. They arrived safoly
and in good health. IBvery facility for their home establishment was
provided.

The San Jose plant is another model of efficiency, cleanli-
ness and comfortable surroundings. It comprises approximately 40,000
gg. Tt. It ig similar to our Endicott and Washington plants in every
regpoct, having the beautiful flooring, lighting, cafeteria, first
~aid, lounges, and even a small but lovely park adjoining the factory
on our own property.

In September, 1943, the plant was officially dedicated to the
War effort and to future service of IBM customers by Mr. Watson before
a company of distinguished Californian guests and our own IBM people.
Mr. Watson, himself, throw the switch which turned on the power to set
the card machinery into its first productive operation in the new plant.

The San Jose plant has a capacity of 10,000,000 cards daily.

In 1945, our IBM card plants produced an average of 60,000,000
cards daily.

To assist you in comprehending what 60,000,000 cards repre-
genta, I offer the following comparisons.

60,000,000 cards require 360,000 lbs. of papor,or 9 freight
carloads daily.

A solid carload of corrugated boxes ig consumed daily to
pack the cards for shipment.

cTho mill rolls of paper required for one day's production,
if pllod?on top of the other, would make a pile higher than the Empire
State Building in New York City.
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If the mill rolls were rolled out flat on the ground, one
day's requirements would make a path 30" wide over 800 miles long.

The wob of 3" wide “papor flowing through IBM card manu-
facturing machines in one day, 1f connected end to end, would reach
out from Endicott East or West to a point nearly 1/3 the distanc
around the world}

Understanding the facts presented in this little intro-
duction to our course on "The Story of the IBM Card," we realize
that wo are examining one phase of IBM's production which has already
doveloped into a groat and strong, deep rooted structure like the
mighty oak which grew from the tiny acorn. The manufacture of the
IBM card is a mighty big operation now, and it is growing bigger
and bettor every day. It will never stop growing while carnest,
ambitious, and competent people like yourselves will try to learn more
and more aboubt your busincss, as you are doing by attendance at this
school. As Mr. Watson has ofton said "Tho IBM is not mercly an .
organization of men; it is an Ingtitution that will go on forever."

9-23-46 djs
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HISTORY

According to history, paper was first made from fibrous material by the
Chinese in the 2nd Century B.C. The secret of paner-making apparently was success-
fully guarded by the Chinese until the middle of the 8th century A.D., when the
Arabs werc attacked by an invading Chinese Army. History records that the invasion
was repelled by the Arabs and amongst the prisoners who were taken were some who
were skilled in the art of paper-meking, These prisoners revealed their knowledge
to their Arab captors and thus the carefully guarded secret began to spread and
ite usefulness to increase. That the Arabs took advantage of this newly gained
knowledge is borne out by the large number of early Arab manuscripts which have been
preserved. Most of this early paper was made from flax fibers; although later as
the demand for paper increased, the use of other vegetable fibers and rags was
introduced. .

Like many other things, the spreading of the use of paper toward the West
was occasioned by martial conguests. Thus, we sec the introduction of paper into
Greece by the end of the 1lth Centuvry, into Sicily in the early part of the 12th
Century and thence into Spain by the middle of that same Century, All of this early
papeor was made by hand in a rather crude manner, VWhile most of the paper of modern
manufacture is machine made, paper is still being made by the comparatively crude
hand methods. ZExamplos of such paper arc drawing papers used by artists, and
stencll tissue which is produced in Japan.

Paper continued to be made by hand for several centuries. In fact, it was
in 1796 that the first paper-making machine was invented in France by Louls Robert,
who was a clerk in the employ of Megsrs. Didot of the Essonne paper mills. This
machine was introduced into England in 1803 by Henry Fourdrinier who owned a paper
business at Dartford, Kent. Since Fourdrinier is the man responsible for exploiting
the paper-makinhg mechine, the name of Louls Robert has been lost and the paper-
making machines of today still are known by the name Fourdrlnler, and most of the
paper made today is produced on Fourdrinier machines.

Like the early hand made-sheets, the paper made by machines during most
of the 19th Century used linen and cotton rags as the raw materials., These materials
are 'still used to produce some special grades such ag writing paper and saturating
felts that are used for roofing paper and laminated plastics. However, most of the
paper which is made today is made from wood.

WOODS USED

The principal’ voods used in the United States for the manufacture of paper
are Spruca, Balsam Fir, and Fastern Iemlock in the Northeast and Lake States;
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Western Hemlock, Fir, and Spruce in the Western States, and Southern Yellow Pine
and Gum in the Southern States.

METHODS USED

There are four principal methods of converting wood to pulp which may be
uged in the manufacture of paper. They are:

(1) The mechanical process of grinding wood with a large grindstone.
The pulp thus produced is called groundwood pulp.

(2) The Sulphate Process

(3) The Soda Process

(%) The Sulphite Process

The four processes used in the preparation of pulp for paper-meking vary, but the
actual paper-meking on the Fourdrinier machines is the same.

The ground-wood process, as the name indicates, is the grinding of the
wood to & pulpy mags with little or no chemical treatment, The other three proces-
ses .are chemical processes in which the wood chips are cooked in a chemical liquor.
The sulphate and soda processes use an alkaline cooking liquor while the sulphite
process uses an acid cooking liquor.

In describing the technical details of the manufacture of tabulating
paper, we shall confine our description to the sulphite process for the purpose of
brevity. Until comparatively recently, this process was uscd to produce all of our
tabulating paper, but recently, we have used and are still using some paper produced
by the sulphate (Kraft) process.

PREPARATTON OF WOOD

The wood is brought to the paper mill in 2-to 8-feet lengths. The method
of transportation from the forests to the mills varies with the location. Wherever
the mills are located on rivers, such as most of the mills in the Northeastern and
Northwestern section of the United States, the logs are generally floated down the
rivers to the mills during the Sprirg floods. Motor trucks and rallway flat cars
offer the means of transportation of wood to those mills that can not be served by

rivers.

Since the process of making paper from wood reqguires the use of only clean
sound wood, the bark must be removed from the logs. Some of the bark is removed
during the logging operation in the woods but most of it is romoved as the first
operation at the paper mill when the log starts on its wey through the process which
will convert it to a sheet of papor.

The debarking operation 1ls accomplished by several means. One method
congigts of feeding the logs into a tilted revolving drum. As the logs tumble
around on one another in the presence of a gtream of water, the bark is loosened and
is washed away. Another method employs a rotating disc in which knives are mounted.
The logs are forced against the rotating disc and the bark is thus removed. Still
another type of barker employs a hydraulic method where the bark ig literally
blasted from the log by a stream of water under high pressure.

After the bark has been removed, large knots are bored out of the logs
on a machine called a knotter. Defective logs are split to remove rotten wood and
ingrown bark.



«3-

The cleaned wood is then fed to the chippers, which are powerful machines
that reduce the logs to chips about an inch long and half an inch thick. After
chipping, the chips pass through a crusher, which further reduces their size.

Following the crushing operation, the chips are fed over screens which
remove finely divided wood such as sawdust and long splinters.

The wood. now having been cleaned free from bark, chipped, crushed and
screened, is conveyed to the chip bing, which are located in the top of the building
over the digesters.

PREPARATION OF COOKING LIQUOR (SULPHITE PROCESS)

The liquor which is used in the sulphite process to cook the wood chips

is calcium magnesium bisulphite containing an excess of sulphurous acid. It is pro-
duced by bringing about a chemical reaction between gulphur dloxide, limestone, and
water, The sulphur dioxide is produced by burning sulphur in a large rotary chamber
with a controlled supply of air. The gas is conveyed from this chamber to a larger
combugtion chamber provided with dampers through which air is admitted to complete
the combustion of the sulphur. There are several other types of sulphur burncrs in
use, such as the flat-type and others. However, they all fulfill the same purpose--
that of burning sulphur to sulphur dioxide.

From the combustion chamber,the gas is piped to the coolers, since it is
necessary to cool it to about 80° F. before entering the reaction towers. There are
numerous types of coolers in use, but they all are essentially a series of acid-
proof pipes through which the gas passes, being cooled by circulating water or a
combination of circulating water and a water spray. The cooler is located near the
combustion chamber so that the cooling of the gas will be as rapid as possible. This
is due to the fact that slow cooling tends to produce sulphuric acid, which is unde-
girable because of its corrosive attack on the metal components of the system.

The cooled gas is fed to the equipment which combines the sulphur dioxide
with lime or limestone and water to form the sulphite liquor. Therc are two types
of equipment in which this recaction is brought about. They are the milk of lime
system and the tower system, Since the tower system is now used almost exclusively,
it will be the only system which will bo described.

The earliest forms of the tower system were high wooden towers filled with
lumps of limestone. The gas from the sulphur burner entered at the bottom of the
tower and rose in an irreguler manrer, its passage upward being intercepted and
broken by the limestone. Water sprayed into the top of the towers flowed down over
the limestone, covering it with a film of water. The enginecring difficulties atten
dant to the building and maintonance of these towers was so great that they were
abandoned in favor of the milk of lime system. However, with improved construction
methods, the tower gystem has again gained favor and has almost completely replaced
the milk of lime system,.

The towers arc now constructed of rcinforced concrste lined with acid-
resisting tile. Towers are opcrated in pairs which allows one tower to be charged
with limestone while the other is opcrating.

The finishod acid or cooking liquor 18 pumped to a storage tank from which
it is supplied to theo digesters as necded.



COOKING PROCESS

The digesters in which the wood chips are cooked are large steel tanks
with a dome-shaped top and a conical bottom. The size of the digesters varies but
a typical size is 15 feet in diameter and fifty feet high. They are lined with an
acid-proof tile to prevent attack of the steel shell by the acid. The digesters are
usually located immediately underneath the chip bins in order that the chlps may
‘be fed by gravity into the top of the digester.

After the digester has been charged with chips and the acid cooking liquor,
gsteam is introduced and pressure built up until the temperature reaches about 285°F.
This temperature is maintained for about 8 to 12 hours, it being necessary to re-
lieve the pressure during the cooking period in order to maintain the proper tempera-
ture. The exhaust gases are collected and returned to the liquor storage tank to be
used in subsequent cooks.

At the end of the cooking period, the wood still retains its original
shape although about 50% by weight has been dissolved by the acid. In order to
break up the cooked chips into a pulpy mass, the charge is blown from the digester
through & blow pipe into the blow pit. The blow pit is a vertical tank, of wooden
or concrete construction strongly reinforced. Since the charge is under steam
pressure in the digester, it is blown with considerable violence against a cast-iron
target in the blow pit. This breaks up the chips, they lose their woody appearance,
and a pulpy mass is formed. The steam is allowed to escape through the vomit pipe
which is a. chlmnoy~llke opening in the top of the dlow pit.

The spent or used sulphite liguor containing the dissolved portion of the
wood 1s a groat industrial waste. Some of it is used today, however, in the manu-
facture of synthetic vanilla, in fact, mogt of the vanilla on the market today is
made from this black, smelly waste produce. It is also used to produce linoleum
cements, road bindors, and plagtics.

REFINEMENT OF THE PULP

The pulp is washed with water in the blow pit until it 1s free from acid.
It is then diluted with water and pumped to the stock chests, which are equipped
with agitators in order to blend the pulp from several cookes and thus assure uniform
quality.

The pulp is then pumped from the stock chest and goes through a number of
screening operations where undigested knots, fiber bundles and dirt are removed.
The undigested knots and fiber bundles are removed by the knotter screens while
other heavy particles and dirt are removed by devices called rifflers. The pulp then
passes over transportation screens which have slots only .00T" wide, which allows
the finely divided fibers to pass through; and that portion of the pulp which does
not pass through goes to the screening chest and ig later made into coarser grades
of paper. The pulp that passes through is now in the proper condition for further
processing., At this point if a white paper is desired, it is bleached by the use of
chlorine. If no bleaching is done, it is usually pumped to a wet machine, which con-
sists of a wire-covered cylinder partially immersed in the pulp slurry. Water is
removed through the cylinder causing a deposit of pulp to form on the screen, and a
thick web of crude paper is thus continuously formed. Press rolls remove some of
the water so that the crude sheet or lap contains ebout 50% moisture as it leaves
the wet machine. This web of partially dricd pulp is folded In convenlent-alzed
piles and are stored for further processing.



BEATING

The manufacture of paper, as distinct from the manufacture of pulp, starts
in the beater room. It should be kept in mind that pulp is but one of the raw mater
ials used in making paper. Some of the other materials which are added to pulp to
produce sheets of distinctive quality are clay, rosin or wax size, and dyes. These
materials are added to the pulp in the beater. The beaters are large oval tank-like
machines which are unsed to break up the wet-lap before it goes to the paper-making
machine. '

The wet lap with the proper amount of water is added to the beater and the
mass is beaten by passing between a rotary cylinder and a stationery bed plate upon
which heavy metal bars protrude. The cellulose fibers are beaten or pounded until
their physical sbructure changes from smooth, stiff rods to soft irregular structures

If the beating continues long enough, the pulp becomes & gelatinous mass
with indistinct fibrous structure. A sheet of paper made from unbeaten fiber would
be coarse, porous, and weak as it would be held together merely by interlocking fi-. .
bers. Afterbeating, there is not only an interlocking of fibres but a cementing due
to the gelatinous characteristic of the mass. The length of beating is controlled
and depends on the type of sheet that is desired.

_ As previously indicated, certain materials are added to the pulp in the
beater. Starch or godium silicate are added to increase the strength. Synthetic
regins may be added to give strength when the paper is wet with water. Dyes or
pigments may be added to produce a colored sheet and clay added as a filler. Rosin
or wax sizec are added to give some water repellancy.

After the proper additions have been made and the pulp beaten to the proper
congistency it is pumped tothe stock chests which feed the paper machines. Further
refinement of the pulp may be done in what are known as Jordan machines., These ma-
chines consist of a cone-shaped plug rotating in a conical shell. The cone and the
shell contain bronze bars and as the pulp passes through the machine it is given
additional beating.

After the pulp leaves the Jordans, it is diluted to the proper consistency
and is again screened to remove any coarse particles., At this point the pulp sus-
pension contains only about %p of solids, the rest being water.

THE PAPER-MAKING MACHINE-FOURDRINIER

It will be recalled that the first machine to produce paper was introduced
into England by Henry Fourdrinier and that this machine with the improvements which
have been made to it still bears his name. There are other machines used for making
paper but most of the tonnage is produced on Fourd riniers and it is the type of
machine used in the production of tabulating paper.

The Fourdrinier machine consists essentially of a device for allowing the
carefully prepared and screened pulp of constant consistency to flow on to a vibra-
ting horizontal wire screen, made in the form of an endless belt and travelling
congtantly awey from the point where the pulp flows onto it. The water in the pulp
drains through the wire, this drainage being assisted by suction boxes applied under
the wire at certain points. At the end of the wire farthest from where the pulp
flows on to it, is a pair of rolls between which the newly formed sheet of paper
passes. The newly formed sheets contain congsiderable water, part of which is re-
moved by passing it between felt-covered rolls which squeeze out part of the water.
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The sheet then passes through a long series of highly polished steam heated cylin-
ders being supported through the rolls by an endless felt web which travels with
the paper. Most of the moisture is removed from the paper as it passes over the
steam~heated cylinders, the moisture content of the finished product being care-
Tully controlled. The paper finally passes through a stack of highly polished
calendar rolls which iron the paper to give it the desired finish. It is then
wound on large reels and finally slit into the conveniently sized rolls which are
used in our plants to produce the cards.

This short description of the final paper-making process on the Fourdri-
nier machine hardly does justice to the machine itself. The size of the machine
and the careful attention which must be given to its operation can nolt be described
adequately by words. The machine is huge and attention to minute details in its
operation are absolutely necessary.

We have thug traced the manufacture of tabulating paper from the forests
to the finished sheet of paper. Some of the details have not been mentloned, but
the process in general has been delineated and, as pointed out previously, while
the details of the sulphite process has been described, the other processes are
different only in the method of preparing or cocking of the pulp wood. It can
be readlly seen that the making of tabulating paper consists of a rather complex
process in which congtant refining and purification of the raw material takes place
until we finally arrive at the end with a sheect of paper which has the characteris-
tics and physical properties so necessary in meking tho tabulating card which is a
vital operating unit in our machines.

PHYSICAL PROPERTTES

The most important physical properties which affect the quality of the
card are: :

Hygroexpansivity

Freedom from conductive particles
Moisture content

Freedom from curl

Coefficient of friction

Freedom from fuzz and dirt

Aging quality

Printability and Writeability
Bursting strength

Agh content.
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Following is an explanation of these terms and the reason for their
importance.

HYGROEXPANSIVITY

This term refers to the expanglorn and contraction of the paper in varying
conditions of relative humidity. As the relative humidity increases, paper expands
and contracts as the relative humidity decreases. It is, therefore, important that
the paper produced for us exhibit the lowest expansion or contraction posgible.

FREEDOM FROM CONDUCTIVE fARTICLES

It is obvious that the paper from which tabulating cards are made must be
free from particles which will conduct electricity through the paper since such a
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condition would act the same as a hole in the card. Extreme care must be exer-
cised throughout the pulp and paper mill to produce paper which does not contain
conductive particles, Such particles may be carbon or iron scale.

MOISTURE CONTENT

The moisture content of the paper is highly important in order that the
cards will not expand or shrink too much after they have been produced on the
card manufacturing machines. Cards produced from paper of too high moisture con-
tent will shrink when exposed to 50% relative humidity and cards produced from too
dry paper will expand under like conditions.

FREEDOM FROM CURL

Freedom from curl is also very important since bhadly warped cards give
feeding difficulty in machines. This quality is controlled by keeping both sides
of the paper with as nearly the same surface condition as possible. .

COEFFICTENT OF FRICTION

The coefficient of friction affects the handling and feeding quality of
the cards. In feeding the cards it is important that their resistance to feeding
or moving across the adjacent card be of such value that the cards feed easily. It
ig equally important, however, that the cards not be so slippery that they are Aiffi-
cult to handle in packs. The coefficient of friction can be controlled by the
type and quantity of sizing materials added to the paper.

FREEDOM FROM FUZZ AND DUST

The paper should be as free from fuzz and dust as possible. The brushes
‘of the machines will pick off loose particles and cause an undue accumulation of
dust within the machine and thus cause both mechanical and electrical difficulties.
Thig quality is controlled by the additions which are made to the pulp and the
degree ol heating in order to produce a sheet with the cellulose fibers firmly
bonded.

AGING QUALITY

Since it 1s required that a great many of the cards be stored in files
for use over a long pericd of years, it is important that the paper retain its
high physical properties during this long period. The excellent aging quality
which is obtainable in our IBM Card Stock is maintained by careful control of the
acidity of the pulp. Stock which ig being produced today will retain its high
quality for many years.

PRINTABILITY AND WRITABILITY

These are perhaps coined words but they express important qualities since
they indicate that the surface of the paper must be of such quality that it can be
printed upon and written upon both with pencil and ink., This quality 1s controlled
by the surface sizing as well as the degree of calendering which the paper received.

BURSTING STRENGTH

The bursting strength is important since it gives some indication of the
durability of the sheet, It is a property not too easily controlled except by the
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meticulous attention paid to the detalls of operation throughout the entire paper-
meking process, Since it is affected by the character and quality of the wood
itgelf, it means that careful selection and use of only high-quality wood can be
permitted,

ASH CONTENT

It is important that the ash content be controlled since it indicates the
amount of filler such as clay that is used. The fillers usually detract from the
strength of the paper and for that reason should be kept below & definite estab-
lished value. ”

There are other physical properties which are of less importance, but
are controlled since they contribute somewhat to the quality and performance of
our cards.

It can be understood from the foregoing description of the manufacture of
IBM Card Stock that 1t is not a gimple operation but consists of many technical
details which must be rigidly followed.

RESEARCH

No product is improved without research. While the cards which are being
produced today do an outstanding Jjob, their excellent performance is the result
of research both on the part of the laboratories and manufacturing departments of
our paper suppliers and also our own Paper Research Laboratory.

We are equipped with apparatus with which experimental hand sheets can
be produced and fine instruments with which these hand sheets can be tested and
evaluated. It is the goal of the Paper Research Laboratory to discover ways of
making paper or discovering other meterials which will produce the ideal card.

By "ideal card" we mean one which will perform all of the many functions which are
necessary and will embody all of the desired properties. It is beyond the scope o
this discussion to indicate the many approaches which are being used to solve the
problems that oxist today. We have confidence, however, that carefully planned
work and intelligent thinking will be frultful in the development of better materi-
als for cards. Mr. Watson has often referred to research by quoting Mr. Ket-
toring's definition "Research is finding out what you are gomng to do when you

can no longer do what you are doing now."

Within the Paper Research Laboratory, research on types of paper other
than that used for cards is carried on., This is necegssary since practically every
machine which we produce uses paper, and it is important that the paper used in
every application meets the service requirements.

While research on paper is a major activity in the Paper Research Labora-
tory, many other research problems are also handled by this laboratory. These are
problems that are closely assoclated with paper such ag various types of inks, '
pencils and adhesives. .

It is hoped that this description will create a clearer understanding of
paper and the complexity of problems with which it is surrounded as well as the
501entvf10 approach to the solution of those problems.

11/8/46 mk
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Two weeks ago, Mr. Saxton told you of the remarkable growth of the IBM
card business. You were shown how the production of cards expanded from about
2,000,000 per day in 1914 to 60,000,000 per day in 1945. Much of this increase in
volume resulted from new applications of our cards, These new applications in many
cases demanded qualities in the cards which were not previously required. The
change from a 45-column card to an 80-column card made accuracy of dimensions and
of registration assume a new importance, Some of the applications required cards
which would run through the machines several hundred times and which could be stored
for many years without deterioration. This increase in the rigidity of requirements
has made it esgential to exercise control over the paper which goes into the card.
Use of poor-quality paper 1s costly in more ways than one. It may result in rejec-
tions of cards, in which case we lose not only the paper, but also packing materials,
labor, transportation, and machine time, A more serious loss is the confidence and
goodwill of our customers. Poor-quality cards can result in serious delays in get-
ting out important reports. It would be a poor business that exercised no control
over a material on which it spends $20,000 to $30,000 per day.

The first modern and.well-equipped paper laboratory was constructed in
1933, though even before thattime there were a few testing instruments which were
used to compare the quality of shipments of paper. Now we have a completely equipped
paper. testing laboratory in each of the three card factories, ’

The first requisite of a paper laboratory is close humidity control ‘The
physical properties of paper are affected to such an extent by atmospheric condi-
tions that specificationa must be based on tests conducted under controlled humidity
and temperature. Our laboratories, like those of nearly all major paper mills
throughout the country, are maintained at 50% relative humidity and 73°F.

It is not practical to test every roll of paper that comes to our fac-
tories; so we have made arrangements with our suppliers to furnish samples from
every 10th roll of paper that comes off their machines. These samples are supple-
mented by others taken within the IBM factories. In this way, we are able to test
a cross section of all the paper received in our factories. -

Before the paper is tested, it is fully exposed to the Jumidity controlled
alr of the laboratory for a period of at least two hours. This permits the paper,
regardless of ite previous exposure, to come to an equilibrium with the standard
humidity under which tests are to be conducted. The testing methods which we use
are for the most part procedures which have been standardized by the Technical
Assoclation of the Pulp & Paper Industry, In some cases, due to our specialized
requirements, we have had to create our own testing procedures.  We have Pprought
with us to the classroom many of the instruments we use for paper testing 8o that
‘we can give an actual demonstration. In a few cases, however, we shall have to
content ourselves with a description of the test, i
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BASTS WEIGHT

The simplest of all tests, yet one of the most important, is the deter-
mination of weight. The weight of papers is. spoken of as basis weight and is the
- weight of a ream of paper. To the uninitiated this is a very confusing expression,
for the size of the ream and number of sheets to the ream is different for different
gredes of paper. A standard ream of bond paper consists of 500 sheets 17" x 22",
while a ream of wrapping paper is comprised of 480 sheets 24" x 86". A ream of
book paper consigts of 500 sheets 25" x 38", Thus, a 20-pound bond paper is actually
heavier than a L4O-pound book paper. The IBM card stock weight is 75 pounds per
ream of 500 sheets 223" x 283" or 101 pounds per ream of 500 gheets 24" x 36".. The
tolerance in weight is plus or minus 5%. While we can permit a variation of 5% on
individual samples, the average weight must be held very close to the optimum, A
two percent increase in average weight could ralse our paper costs as much as
$150,000 in a year like 1945. A 2% decrease in average weight could result in a
very substantial saving, but it has never been the policy of IBM to sacrifice
quality in order to affect a saving.

Even basis welight determinations are affected by the relative humidity
at which the paper is weighed. Thus, weighing made at 40% relative humidity would
indicate basis weights about 1% lower than if the test were conducted at 50% rela-
tive humidity. Basis weight is most conveniently determined by means of a direct-
reading scale. With thig type of scale, we weigh one sheet of paper, but the scale
indicates the weight of 500 sheets or of 480 sheets, If the sheet of paper weighed
is 24" x 36", the weight indicated is for a ream of this size. To determins the
basis welght of IBM card stock, we would weigh one sheet 223" x 285" or several
sheets having an equivalent total area. Since we frequently must determine the
basis weight of IBM cards or of odd-sized sheets of paper, we usually make use of
a gram scale and through the use of charts convert the weight in grams of a single
card to pounds per ream, '

THICKNESS

The thickness of paper is measured by means of a dial micrometer reading
to 1/10,000 of an inch. There are three important requirements of a paper microme-
ter. The anvils must be 0,56" to 0.65" in diameter, they must be parallel within
0.0002", and they must apply a preasure of 7.0 to 9.0 pounds per square inch on the
paper. The standard thiclness of IBM card stock is 0.Q067" and the tolerance is
plus or minus 0,0005", ,

BURSTING STRENGTH

The bursting strength of paper is determined by means of an instrument

- known as the Mullen Tester. Hence, bursting strength is often referred to as mullen
The instrument provides a means of applying uniformly increasing pressure to the
paper through a rubber diaphragm until the paper breaks, During the test the paper
is held Tirmly between parallel circular clamps having an opening 1.200" in diameter.
Gauges indicate the pressure required to rupture the paper. Tor accuracy of result
there must be no slippage of the paper in the clamp and the pressure must be applied
at the proper rate.

This is one of the most useful, rapid, and convenient tests which can be
applied to paper. A high bursting strenhgth indicates good wear resistance and clean
punching in IBM card stock. It is, however, possible for the paper manufacturer to



affect adversely other properties of the paper in an attempt to gain a high mullen;

80 in evaluating paper one cannot rely on bursting strength alone to indicate paper
qualitys

FOLDING ENDURANCE AND AGING QUALITY

The folding endurance of paper ig determined by folding the paper re-
peauedly in the same spot until it breaks. Two different types of instruments are
used in making the test. The one we use in testing IBM card stock is known as the
M. I. T, folding endurance tester., In this instrument a strip of paper 15 mm wide
ig clamped in a vertical position under a tension of 1 kilogram. The lLower clamp
has & rotary oscillating movement of 1350 to each side of center. As tho clamp
oscillates, the paper is folded over the edge of the clamp, A counter records the
number of double folds; and when the sample breaks, the machine is automatically
stopped. A high folding endurance indicates that the paper is strong, tough, and
durable, Samples for test are cut both in the machine direction (with the grain)
and in the cross direction (across the grain). As a rule, strips cut in the ma-
chine direction have a higher folding endurance than strips cut in the cross di=-
rection, but sometimes the reverse is true.

In testing the folding endurance, it is very important that the samples
be conditioned at 50% relative humidity. A 5% variation in humidity will have a
very pronounced effect upon the result. The folding endurance increases with in-
crease of humidity and decreases as the relative humidity decreases.

In some applications, EAM cards musgt remain in use for many years. We
mist therefore, have a means of measuring the aging quality of the paper., As paper
deteriorates with age, the most pronounced physical change 1is a reduction in folding
endurance. We have geen in papers with poor aging quality a drop in folding endur-
ance from 1000 double folds to one or two folds in the course of a few years under
unfavorable storage conditions. To obtain an accelerated aging test we cut strips
of paper from the sample to be tested, Half of these are placed in an oven at 212°F.
for 72 hours and then reconditioned in the testing laboratory for 2L hours. We
then compare the folding endurance of the oven~-aged samples with that of the samples
kept under normal conditions. In the case of our present card stock, we find that
at least 50% of the original folding endurance is retained by the oven aged samples.
A few years ago, manila card stock after being aged in the oven would break on the
first fold.

TEARING RESISTANCE

To measure the tearing resistance of IBM card stock, we use an 1nstrument
known as the Elmendorf Tearing Tester. In this instrument strlps of paper 24" wide
are clamped in a vertical plane. One of the clamps is stationary while the other
1s attached to a movable pendulum. A knife attached to the instrument is used to
make & vertical slit in the bottom edge of the paper leaving 1..69" between the
upper edge of the slit and the top edge of the paper, By releasing the pendulum,
the strips are torn in two in line with the slit started at the bottom edge of the
paper., The distance the pendulum swings is governed by the tearing registance of
the paper., The pendulum carries a pointer which indicates the distance the pendulunm
swings., The instrument is so calibrated that when 16 sheets are torn at one time the

‘8cale indicates the tearing resistance in grams for a single sheet. With a strong
paper like IBM card stock, we tear only four sheets at a time; so the result must be
multiplied by four in order that our reading be in grams per single sheet.
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Tearing tests are conducted both with the grain and across the grain.
Generally, the paper offers more resistance to tearing across the grain than along
the grain., In an IBM card, a high tearing resistance prevents jammed cards from
becoming torn, a crumpled card being more easily reproduced then one which has to
be pleced together from torn scraps of paper.

TENSILE STRENGIHE

The tensile strength of IBM card stock is determined on strips of paper 1"
wide and is expressed in terms of pounds per inch of width., The strips are held
between a fixed and a movable clamp. Tension is applied until the stri breaks and
a gauge indlcates the maximm tension required to break the strip. As in all
physical testing, the rate at which tension is applied must be kept constant in
order to obtain reproducible results. Tests are conducted on strips cut both in
the machine and in the crose direction. The tensile strength of strips cut in the
machine direction is generally about double that of gtrips cut in the cross direc-
tion.

STIFFNESS

IBM card stock must meet certain stiffness requirements. A flimsy card
ig difficult to handle and will not give good service in IBM machines., Stiffness
tests are conducted on an instrument known as the Taber V-5 Stiffness Tester. In
this instrument, strips of paper l%“ wide are bent first to one side and then to
the other. The instrument measures thie amount of work done in bending the strip.
The result is expressed in gram centimeters, a gram centimeter deing the amount of
- work done in lifting a one-gram welght through a vertical distance of one centimeter.

Tests are conducted on strips cut both in the machine and in the cross
direction, the stiffness being about twice as great in the machine direction as it
is in the cross direction.

SIZING

' " Paper is treated in a number of ways to make it water repellent. Without
sone special treatment, it would be absorbent like blotting paper. This water re-
sistance of paper is known as sizing., It is generally obtained by use of rosin
soaps and alum or by wax and rosin emulgions., Sometimes, these treatments are
supplemented by running the partially dried paper through solutions of starch or
of gelatin.

We measure the sizing of IBM card stock on an instrument known as the

Cargon Curl Size Tester. The paper to be teated is cubt into a strip l%" wide with
the grain running across the width of the paper. One end of the strip is cut diago-
nally to a point. The square end of the gtrip is held loosely in a clamp while the
strip spang a 0.6" wide slot in a light-weight alumimm pan. The alwnrinum pan is
then floated on water so that the area of paper over the slot is in contact with
the water. As the water penetrates into the paper, the paper curls. Finally, as
the water penetrates through to the upper layers of the paper, the sample begins to
gtraighten out. By means of a stop watch we reasurs the time from the ingstant the
paper contacts the water until the paper begins to straighten out., This time inter-
val 18 a measure of water resistance. Since this time interval is algo affected by
the thiclkmess of the paper, we divide the time in seconds by the square of the paper
thickness in mils to give us what we call the curl size factor. Thus, if the test
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result were 98 seconds and the thickness of the paper were .0070", the curl size
factor would be 2.0,

There are a number of other tests which we sometimes use to evaluate the
sizing of paper. One is to write on the paper with pen and ink and observe whether
or not the line feathers. Another is to sprinkle a mixture of finely powdered
sugar, starch and dye on the surface of a piece of paper and then float the paper
on water. The mixture of sugar, starch, and dye is practically white as long as
it remeins dry. As soon as water comes through, it dissolves the dye and colors
the mixture, thus indicating the end point of the test.

POROSTTY

Another property of paper in which we are interested ig porosity, as this
affecta the absorption of printing ink, Porosity is measured by means of an in-
gtrument known as the Gurley Densometer., In this instrument, the paper is clamped
over an opening. Air is then forced under constant pressure through the paper.
Porogity is reported as the number of seconds required for 100 cubic centimeters of
air to be forced through the paper. A high reading indicates a relatively non-
porous paper while a low reading indicates a porous sheet,

GLOSS AND SMOOTHNESS

Both gloss and smoothness are measures of the gurface finish. Gloss is
an optlcal property and is measured by means of the Ingersol Glarimeter. With this
ingtrument, light is reflected from the surface of the vaper at an angle of 57.5°.
The Lnstrument determines what percentage of the light reflected at this angle is
polarized by the paper. If the paper is glossy, a high percentage of the light is
polarized. Both surfaces of the paper are tested. Uniformity of result is impor-
tant gince excessive variations between the two surfaces can result in serious curl.

Smoothness ig probably more important to us then gloss though it is a
more difficult property to measure. One instrument which we use for this provides
a means of clamping a folded piece of paper with a constant pressure. Air is
introduced between the folds through a hole in one layer of the paper. The in-
gtrument measures the time required for a definite volume of the air to emgcape
between the two paper surfaces. If the paper is smooth, air will escape slowly.
If the paper is rough,the air escapes rapidly, We find that smoothness of paper
hag an important bearing on control of card length on the card.manmufacturing
machine,

COEFFICTENT OF FRICTTON

Another surface characteristic of paper which we try to control is the
coefficient of friction., This is a measure of slipperyness of the paper and seems
to have little or no relationship to either gloss or smoothness. If the IBM card
stock 18 too slippery, it becomes difficult Tfor machine operators to handle the
cards and may result in slippage of the cards in the machines. On the other hand,
If the cards are not sufficiently slippery, an oxcessive strain is put on ‘the cards
as the cards are fed in IBM machines.

It would be simple to measure coefficient of friction if it were not for
the fact that this property is very easily changed, A second test on a piece of
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paper always shows a lower result than the first. The most accurate way we have
found to check this property is to use a sensitive, horizontal spring scale. This
is attached to the top card of a pile of 5 cards. The lower four cards are clamped
go that they cannot move. A weight of 200 grams is placed on the top card. With
a steady pull on the spring scale, we determine at what point the top card, with
the 200-gram weight resting on it, begins to slide over the adjacent card. If a
pull of 100 grams is required, the coefficient of friction is 0.50. If a pull of
80 grams is required, the coefficient of friction is 0.40, The test is never
repeated between the same two surfaces. To check the results, two new surfaces

are brought into play. ’

ACTDITY OF PAPER

As previously mentioned, IBM cards must last for many years with the
minimum deterioration. Rapld deterioration can usually be traced to excessive
acidity, since acid salts are used to precipitate rosin sizing on the fibers of
the paper. In order to prevent rapid deteriordtion of IBM card stock, we have
definite tolerances on acidity. To determine acidity we boil 2.5 grams of the
paper in 125 cubic centimeters of distilled water. After an hour, the water is
drained from the paper and cooled. The acidity of the water is then determined on
apecial electrical equipment called a pH electrometer or a pH meter.

PERCENT ASH

Paper frequently contains substantial quantities of mineral filler., In
some papers there may be large quantities of clay, chalk, or other minerals added
to improve the printing quality or to cheapen the stock, for clay is much less ex-
pensive than wood fiber. ZExcessive guantities of clay result in a weaker paper
and may result in excessive wear on our slitters and, worse yet, on the punches
and dyes of the machines we send out to the field. To determine how much mineral
matter has been added to IBM card stock we weigh out 2 grams of paper. This is
cut into strips and burned to a white agh in a platinum or alundum crucible. When
all carbonaceous material has been consumed, the ash is weighed on a very sensitive
balance to l/lOOO of a gram. We permit up to 5% ash in IBM card stock and find
that our suppliers stay conscientiously within this limit.

FLATNESS

Probably the most important requirement for an TBM card is that it remain
flat. Curled cards can cause more Tesding trouble than cards low in strength,
Cards may remain Ilat at one humidity and curl badly at another. For this reason,
tests for flatness are conducted at 20%, at 50%, and at 75% relative humidity. The
test is made by laying a pile of 10 cards printed side up and another pile of 10
cards printed side down on a table at each of the three humidities. After the
cards have come to an equilibrium with the atmospheric conditions of the room, the
amount of curl is measured by placing a light-weight gauge across the two high
points of the pile of cards and measuring the verbtical distance between the gauge
and the low point in the cards.

HYGROEXPANSTIVITY

All paper changes dimensions with changes in relative humidity. Since
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IBM cards must remain accurate ih dimemsions at all times, it is important to us to
have a dimensionally stable paper. We determine the expansion and contraction of
IBM cards by measuring the cards first at 20% relative humidity, then at 50% rela-
tive humidity, then at 75% relative humidity, and finally again at 20% relative
humidity. These readings are made with a very accurate and sensitive card gauge
which measures both length and width of the card. Before measuring the cards,

they are allowed to condition for at least two hours at the humidity under which
they are to be measured. Though cards are more than twice as long as they are wide,
the change in width is greater than the change in length. This is because paper
expands or shrinks more across the grain than along the grain., This is true even
to a greater extent in lumber. A board will shrink and swell in thickreds and
width but will show little change in length. In the case of both papzr and wood,
this is due to the fact that the wood fibers change appreciably in dia .eter but
change little in length.

PIBER ANALYSTS

It is frequently desirable to find out what kind of pulp has been used
in the manufacture of paper. This can be done by means of a microscope and
chemical stains., Fibers removed from the paper are mounted on a glass slide and
stained with complex chemical staing., These stains are so designed that they will
stain one type of fiber one color and another a different color. Thus, one of the
stains we use will give a red color to rag fibers, a blue color to kraft fibers,

a grey color to unbleached sulfite fibers, and a yellow color to ground-wood fibers.
Various kinds of fibers also show different markings which are useful to the
analyst. In many cases it is posgible to tell one species of wood from another by
the shape and distribution of pits in the fiber wall.

MOISTURE CONTENT

This discussion would not be complete without some mention of moisture
content of IBM card stock. Paper always contains a small percentage of moisture.
Upon exposure to aixy the paper changes its moisture content to correspond with the
relative himidity of the air. Thus, at a relative humidity of L0% the paper will
have about 5.5% moisture. An increase of relative mmidity to 50% will raise the
moisture content to about 6.5%, whereas a change to 20% relative humidity would
result in a decrease of molsture content to about 3.6%, These changes in moisture
content ale accompanied by dimensional changes. IBM cards are accurately slit to
the right width and are accurately cut to the right length on the presses. If,
however, the moisture content of the paper is high at the time of slitting and
printing the cards will dry cut under normal humidity conditions and will shrink
both in width and length. If the paper is too dry at the time it is converted
into cards, the cards will later absorb moisture from the atmosphere and will become
too wide and too long for proper functioning in the machines, To maintain close
control over card dimensions, it is necegsary not only %o do an accurate Job of cut-
ting the cards, but it is also necessary to control the moisture content of the
paper. We congider the ideal moisturc content of IBM card stock to be 5.5%. No
paper mill can assure us of paper at this moisbure content but we can and do ingist
that the moisture content be hold between 4.5% and 6.5%.

Moisture content is determined by weighing a sample of the paper, drying
it out and weighing it again. The loss in weight times 100 divided by the original
weight gives the percent of moisture in the paper. In gampling the paper for this
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test, extreme care must be used to weigh the paper before it has a chance either
to lose moisture or to pick up moisture from the atmosphere. After the sample has
been dried, care must be used to weigh the sample before it has had a chance to
reabsorb moisture. '

We also make use of & quick electrical test to determine the approximate
moisture content, As the moisture in the paper varies, its electrical conductivity
varies. Thus, by comparing the elsctrical resistance of the paper with known re-
sistances, we get an indication of the moisture content., We can use this type of
test, which isg rapid and simple, by leaving a wide factor of safety. If the eolec-
trical test indicates a moisture content near 4,5% or near 6.5%, a recheck ig made
using the other more accurate method. Before an electrical test of mo’shure con-
tent can be made, a calibration curve must be worked out for each type of paper
which is to be tested. There are factors other than moisture which affect the
electrical conductivity; so any change in type of paper requires a new calibration.

12/4/46 mk
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The paper that is used to manufacture EAM cards comes in roll form in
various sizes. The two most common sizes used are 26i" and 45 3/4" end are made to
special specifications for IBM. The large rolls weigh 1,300 pounds, the small rolls,
T00 pounds, and every roll is protected with a waterproof wrapper.

Some years ago, it was the paper manufacturer's practice to load freight
cars with the rolls standing on end, in tiers two rolls high. When they were un-
loaded from the cars at our plant, each roll had to be handle} separately. This
method made it necessary that each roll be tipped to a position lying on its side
with a hand crow bar, and then rolled from the car,  After the rolls were taken from
the car, they had to be tipped upright in tiers agein, so as to conserve storage
gpace. Tipping rolls caused unavoidable damage to edges by crumpling due to weight
concentrated on cormer.

To get them piled two high, one roll would be tipped upright on a skid;
then the second roll would be raised on a hand-operated machine, called a revolvator,
and then tipped upright on roll that had been placed on skid. After two rolls were
on gkid, they were taken to storage with a hand truck; then a third roll was raised
and rolled on top. By this method, sixty tons of paper could be unloaded a day,

As you can readily perceive, this was a slow, hazardous method of unloading,
handling, end storing paper. So this Job was being constantly studied for ways and
means of unloading and handling paper quicker and easier and safer. When electric
powered trucks appeared on the markst, a truck was purchased and applied to this im-
portant job.,

Even after putting the new truck into use, it answered only part of our
problem; so after a careful study by our IBM Engineers, a representative of the
electric truck mekers was called in and a special truck was designed When the im-
proved power truck was put into use, it was possible to load 26~" wide paper in
tiers three high in the freight car., The boom or "Pick up" on this truck was in the
shape of a half barrel so that when it was tilted back, three 26~" rolls would lie
in it securely in an upright position as the load was moved Thls boom could be
tilted forward and backward as well as raised and lowered, and could also be rotated
to & horizontal position with a full load of rolls. At the bottom of the boom, there
was & knife-like plate which was used to pick 26%" rolls off the floor of the freight
car three at a time and place them on skids ready to be moved into storage. This
rickup plate is interchangeable with a set of specially designed forks which will
reach under skids, pick up three 26" rolls, tip them in a horizontal position, and
lay them gently on the floor ready for production. At this time, all rolls were of
the small size. The larger rolls were not used untll 1942 when new Kidder slitters
were put into use,

Even with the improved mechanism of this new truck, we had to find a better
way of handling the heavier 45 3/4" rolls that were required on the new-type slit-
ters; so, with the help of the mill people, tests were made by having rolls loaded
in cars lying on their sides in a horizontal position. This method proved to be
better as the rolls had fewer crinkled edges than the rolls standing on end. The
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rolls are piled two high in a nesting position and are kept in place with trien-
gular blocks so they will not shift in car. When blocks are taken out, rolls are
let down and rolled on electric trucks and then taken to storage. There are ap-
proximately 30 tons of paper in a car, and with the present method 150 tons of paper
a day can be unloaded. We have, thereby, ilmproved our methods of handling paper
from a standpoint of safety, less demage, and providing means for our material
handling workmen to accomplish more with much less effort.

A sufficient amount of paper is kept in storage at all times in the three
card plants, Endicott, Washington, and San Jose to keep sach respective plant run-
ning for approximately 2 months,

When rolls are placed in storage, they are piled in rows according to size
and color, Even though rolls have a waterproof wrapper, they are placed on planks
four inches high. This is for additional protection against water in case of leak-
ing or broken water pipes. The rolls are stored in the same position as in the car,
only, instead of being two high, they are three high, as you can sce in this picture.
In addition to card stock rolls, there are many other different kinds of paper kopt
in storage for other IBM paper products, about which you will hear more in future
lectures.

As rolls arc nceded in the glitting room, they are teken down from storage
location by the special electric truck equipped with fork "pickups." The forks are
prlaced under the bottom roll, then tilted back slightly so that,when the truck backs
off, it takes the roll with it and lets the second and third rolls down to floor
level gently and without any demage to the paper. The truck then carries the roll
to the Slitting Department,

Each roll has two identifying paper slips attached showing roll number,
weight, color, and size. These slips are used for inventory purposes. One slip
is detached from the roll when it is taken from storage and the other slip is de-
tached when it is placed on the slitting machine, At the end of each work day,
these inventory slips are compared, counted, and sent to the Accounting Department
for recording their actual consumption on the day's production.

One of the most important requirements on card paper is that it be totally
free from any conductive particles or holes that would permit the electrified
brushes in IBM machines to pick up an electric impulse through the card at any point
other than where a tabulating hole is punched in the card.

All 261" rolls are converted in 3i" wide reels on slitters such as the one
in the picture on my right. This type of slitter has a device called a Speck
Detector, which was developed by Mr. C, D, Lake, one of IBM's Engineers. It consists
of a double row of bruches firmly pressing against the entire web of paper. When
holes or any electrically cnnductive particles pass by the brushes, a contact is
made through the paper to a steel plate on the opposite side of the web. The elec-
trical impulsge in turn actuates a cam projcctlng a ripping knife into the paper,
making a rip slit in the center of the 3*" slitted reel right at the point of the
defect,

This Speck Detector is wired with a circuit of brushes and one ripping
knife for each individual reel so that a conductive defect will be caught and ripped
without affecting the other reels on either side of the defect.

# Cards with speck detector rips would occasionally get past visual inspec-
tion later on and go out with good cards in the field, causing trouble., Here again,
our research engineers found a solution to the problem by replacing the ripping
knife with a dye cup and wick which would stripe the defect with colored dye instead
of ripping it. This stripe identifiocs the card as being defective. You can also see
part of a speck detector stripe in this picture.
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After the paper web PuSSCd by the Speck Detector, it was slit in 3
widths and rewound on individual spools at a speed of 90 feet per minute. There
are two sets of knives which are circular that slit paper into 3u" strips. In this
picture, you can get some idea of how the knives are mounted. The bottom knives are
mounted solidly, while the top ones have a spring tension holding thom against bot-
tom knives. By having a spring tension on one set of knives, we get a much smoother
edge on the slit reels. These knives are set with an overlap of about 1/32d of an
inch. They are spaced spart a few thousandths of an inch under 3%". The reason for
this is to help compensate for the normal expansion of paper as explained to you in
a previous lecture.

Ag demands for IBM cards kept growing, more slitting capacity was needed,
80 our electrical engineers worked out a solution to this problem by installing
individual motors on each machine, increasing speed of paper from 90 ft. to 150 ft.
per minute, When the speed of slitters was increased to 150 feet per minute, we
were confronted with the problem of the Speck Detector'!s not actuating fast enough,
thus allowing conductive particles to pass by the dye cup before 1t could dart out
and stripe the paper. You can well imagine that with this increase in speed from
90! to 150 per minute, the Speck Detector had to actuate verv much faster, After
some intensive research, the first electronic unit was built by IBM. This unit con-
sisted of tubes and transformers instead of relays and coils., The unit proved so
successful that all of our slitters were equipped with it. It was so scngitive and
fast that slitter speeds were again increased from 150 ft. to 250 ft. per minute,
with perfect speck detection.

In 1940, IBM Engineers were assigned to exhaustive study of slitting
methods to dsvelop faster and better mhchlnery for meeting heavily increaged card
demands.

In conjunction with a specialty machine company a new, larger sglitter was
built and installed on trial at En&wcott in 1942, This machine could slit and re-
wind a 45 3/4" roll of paper into 33" slitted widths at speeds up to 1,800 feet per
minute, At first this machine was not too successful. But after three years of
continued intensive research and development by IBM Engineers, the new slitter was
improved to a point where it was placed on full-time production. If you will look
at this picture, you will see how the 14 reels are rewound on a single shaft with a
drum-type rewind. That ig, these drums that the paper is resting on.

One of the original difficulties on this machine was due to interweaving
of reels caused by variable tension on the web of paper, while being slit.

In 1945, two more of these machines were installed with a specially de-
signed electrical drive which kept a uniform and constant tension at all times
during slitting of roll, and interweaving troubles were overcome. This special
drive alone was instalied at an approximate cost of $15,000 per machine.

By looking at this picture and seeing how fourteen reels are rewound side
by side, you can visualize how the reels could easily weave together if the paper
web would move even a few thousandths of an inch from side to side as it wound after
glitting.

These machines have some very fine advantages over other types of slitting
machines. Due to using lh-reel wide rolls instead of 8, edge trim scrap loss of
paper was reduced 50%. With constant and uniform tension on the paper web at all
times, reels are wound firmly and soundly without damaged edges. I have here two
reels of paper, one each from the two different types of slitters just described. I
should like to give you a comparison of the firmmegs of these two reels--you will
notice that when I tap them with this rod, the reel from the old-type slitter sounds
‘8oft or "punky," while the other gives a firm, ringing sound.
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The knives are mounted on these machines in such a way that the outside
blades are set at an angle to the back blades thus giving them a shearing effect
which produces a very smooth edge and little paper dust. Paper dust is detrimental
to our slitting machines as well as the IBM machines in the field.

With these newer machines slitting paper up to 2100 ft. per minute, the
blades require regrinding only once on an average of every 1000 rolls slit. Then
only the back set of blades is reground. The front blades are self-sharpening; and
when worn out, are discarded for new ones.

I should like to add here that at the present time, IBM is building ten of
these big slitting machines at an approximate cost of $35,000 per machine. This
construction is being done in the Endicott factory by our own people through arrange-
ments made with the slitting machine company due to the fact they could not deliver
more slitters as fast as we nocd them,
AfTter rolls are slit into 33" reels, they are taken to the Super Edge
machine where they are sprayed with a special Edgecoating solution. This solution
penetrates 1nto and toughens the edges of paper thereby incrersing the potential use
of the card 2~ to 3 times more than the untreated cards. Here the reels are mounted
on a conveyor and are taken into the spray booth automatically. When each reel on
the spray booth conveyor reaches coating pogsition inside the Spray Booth, the recels
are revolved and sprayed automatically with four spray guns.

While reel is being sprayed inside the booth, a sprayed reel ig outside in
position to be taken from conveyor and an untreated reol is mounted on conveyor arm
where the finished reel was taken off.

Two spray guns are set on each side of the reel of paper; and because of
the greater area to be sprayed on tlhe outside edge ol rcels, the two outside guns
are adjusted to spray 2 ounces of liquid as compared to 1 ounce by the inside guns.

The liquid is pumped to the Super Edge Booth from a storage tank and the
pump runs 24 hours a day the year around, congtantly circulating the solution through
the storage systen.

Inside the booth, a wall of water is continually falling, through which all
fumes and over-spray are taken by a Tast vacuum exhaust fan and discharged high above
the roof of the factory.

The spray booth is surrounded with every safeﬁuard and convenience for
loading, unloading and handling of reels - with a minimum of manual labor.

After the sprayed reels leave the Edgecoating booth, they are slipped into

special carrier trucks and dispatched to the card manufacturing machines ready for
use,

10/24 /46 D.S.
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Order control is one of the vitally important functions of IBM card
manufacturing.

Regardless of how perfectly a card is manufactured, it does not serve
our customer satisfactorily unless it arrives at his office in good condition and
at the right time.

We take great pains in maintaining order schedules and in giving the
very best service. Requests for card deliveries sometimes are of an emergency
‘nature, requiring perfect coordination and cooperation between Order Department,
Etching Department and differenct sections of Card Manufacturing.

One delayed card order might hold up a payroll, inventory setup, or
important report, involving serious delay in some customer's business. We often
do the impossible to give this important service, hreaking down jobs, changing
working schedules and procedures. Hardly a day passes without several emergency
requests by long distance telephone or telegram.

I believe the best way to explain our system is to trace one order
through our plant starting at the time it arrives from the Order Department. All
IBM Card Orders are propared on IBM Business Machines. Proccdures in the prepara-
tion of orders down to this point will be explained in a later lecturc by the Heads
of our Order and Machine Accounting Departmonts.

We receive from the Machine Accounting Department an invoice order show-
ing the form number, quantity, color, and special features of the card to be pro-
duced, along with the schedule date, the production cards and the identification
cards. Fach order card showing the same information as the invoice is accompanied
:y a duplicate to be used as a label or identification tag on our shipping con-

ainers.

Also, a salmon colored card with the same information which is later used
for accounting purposes. Also, a white striped location card with the same infor-
mation which is used for checking and locating orders in our Shipping Department.

The first operation is to check our production cards against the original
invoice to make sure all the specifications conform. At this time, our electrotype
Tile is checked to see whether clectro is available. The orders are then placed
in a file by schedule date sequence.

I might add that each production card automatically tells us how to pack
the order at the presses. One type of card calls for packing in 10M regular-unit
containers. Differcnt color and stripe indicates boxes of different capacitics.
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If everything is in order up to this point, production tickets
with their duplicate identification cards and type cylinder are released to our
presses. The invoice is moved to our Shipping Department files together with
salmon card. The location card is sent to a special tray along our conveyor line
to await the arrival of boxes of cards from card manufacturing machines as they
are produced. The machine operator, as he produces each box of cards, pulls out
one production card and the duplicate identifying card and attaches the duplicate
to the box of cards togethor with two samples of the card form in the respective
box being printed. Production card is held at the press until the end of the
shift, at which time it is gent to the Accounting Department for production records
and preparation of reports which show us status of finished and unfinished orders.

STANDARD IBM CARD MANUFACTURE

The first IBM card was manufactured on a machine known as a Jjob press or
a hand-fed platen press which operated at a speed of about 30 cards per minubte.
Cards were first cut to length and width on a guillotine paper cutter and then
fed by hand, one at a timei into the job press. Carde were of 3lh-and 45-column
length or 33 x 5-5/8 and 3% x 7-3/8 sizes.

In 1906, a specially built flat-bed machine came into use. This machine
imprinted and cut to length from a roll or web of paper which had previously been
8lit to card width. First the imprint on the card was made, then the card was cut
to length and deposited in a hopper. In order to do this, the web had to come to -
a complete stop as each card was imprinted and cut off. This machine operated at
a speed of 60 to 7O cards per minute.

In 1911, an improved card manufacturing machine came into use. The
principle of operation was practically the same as the earlier roll-fed machine
with the speed increased up to about 160 cards per minute. These machines all
required flat electrotypes.

Because of the rapid growth of the Electric Accounting Machine business
under our great president's leadership, Mr. Thomas J. Watson, it became necessary
to find a better and faster method in which to mamufacture cards.

This Jjob was given to our very capable engineer, Mr. Fred M. Carroll.
By 1925, Mr. Carroll had developed a rotary card machine which produced cards at
the rate of 400 per minute. This machine was known as the rotary card machine,
40O series. A cylindrical type was developed for this machine. With this new
rotary machine, the web of paper did not have to come to a complete gtop or even
glow down in order to make a cut-off of the card as it had on previous machines
used.,

Then in 1928, the 80-column machine and card were developed. This de-
velopment nearly doubled the capacity of the L45-column card.

By 1936, Mr. Carroll had developed an improved rotary card machine kmown
as the 650 series. This machine had a capacity of 650 cards per minute. In 1938,
this same 650 series card maechine had been improved to produce 800 cards per
ninute.

In 194k, the 650 series card machine was further improved to produce a
hlgher quality of cards at the rate of 1000 cards per minute.
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The IBM rotary card machine is a precision machine which manufactures
cards to a length of 7.375 < .003 - .005 at the rate of 1000 cards per minute.

As each improved machine was developed; closer accuracy and added fea-
tures such as automatic paper straightener, speck eliminating device, and quick-
change adjustments were designed and added. Our present rotary card machine is
certainly a most wonderful piece of production equipment and one to be proud of.

SETUP AND OPFRATION OF THE ROTARY CARD MACHINE

First, Production Tickets and type cylinders are digpatched from the type
room to each machine operator,

A reel of paper is placed on the spindle and locked into place; the paper
web ig then threaded into machine.

Operator must first check the type cylinder for proper form number as
called for on production ticket. The type cylinder is then placed on type arbor of
the machine and locked into place in proper registration.

Machine igs then started by power and a check is again made to see that
card is in proper registration, length, corner cut, distribution of ink, and a good
clear imprint.

There are a series of guide rollers enroute to the dryer wheel.

The first guide roller compensates for any side wobble of the reel. The
next roller is of small diameter and guides web to next roller, which is connected
to the brake hub and provides even tension on the web at all times.

The next roller guides web to the flangeless striping roller where stripe
ig applied if called for on order. Next is the paper straightener. Straightening
ig done by drawing the paper web under tension around a hardened and ground piece of
steel which has an ironing effect to the web and removes the curl in the paper. The
degree of straightening action is automatically and constantly readjusted from the
amount of curl in the card itself.

The next two rollers are the "come along" rollers.

"The first is a beryllium copper roller or speck detector roller. There are
two sets of closely moulded brushes that touch the entire width of the web; and
when a carbon spot or any metallic substance is sensed, it completes a circuilt from
the brushes through this spot to the roll and out through the common brush to the
other side of the line. This energizes a magnet which gets a pin, which in turn
opens a clip in dryer wheel and allows the defective card to drop in discard
receptacle.

The next "come along" roller helps to feed paper to the guide shoe. This
guide shoe insures that the paper enters the feed rolls properly. These feed rolls
are ground to very close tolerances, and are adjusted for parallelism. The feed
rolls must grip paper firmly to insure accurate and uniform feeding of the web in
order to produce close dimensioned cards. Next is a guide which slightly buckles or
tends to stiffen the paper as 1t enters between type cylinder and platen. The type
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cylinder or electroplate is engraved according to customer's requirements. It is
inked through the inking unit which evenly dlstributes ink over the entire surface
of type. The platen provides the pressure of the paper against the type cylinder to
give a good clear print. Care must be taken so as not to have too much impression
which will crease the paper.

The paper is fed through another guide to the cut-off blades. These blades
are so designed that the card is cut off with a shearing rotary action. The cut-off
blades cut the cards to a length of 7.375 4-.003 - .005. This close tolerance is
maintained through the accurately ground and adjusted feed rolls. Card now enters
the gripper unit. The purpose of this unit is to guide the card under the clips on
the dryer wheel. The gripper unit is timed so the following card enters a different
slot or guide in the roll. These rolls revolve so that the following card will not
strike the tail end of the preceding card.

As the card onters the clip on the dryer wheel, the clip closes to hold
the card enroute to the corner cut unit. The closing of the clips ds controlled by
an adjusting block which opens the c¢lip to receive the card and closes soon enough 8o
as not to mark end of card. The drycr wheel is geared down one revolution to 50
reovolutions of the feed rolls. The reason for slowing up the dryer wheel is to
allow the ink to set before the cards are stacked.

The cornor cut is a separato unit of rotary action. The unit is designed
g0 it is possible to cut any corner desired.

As card enters the rear card guide, clip opens and allows card to position.

Card then enters the cornercut area, the clip is again opened; and as the
corner-cut knife comes into cutting position, a positioner or pusher locates the
card in the bottom of clip to insure a uniform corner cut.

The next station is the stacker unit; and as cards enter this area, clip
holding card to dryer wheel is released, allowing card to drop into stacker.

When stacker becomes filled, machine is automatically indexed to the next
pocket. Operator then removes cards from stacker, joggles cards for evenness of
length, checking cards for length in card length and registration gauge.

Operator inspects cards for size and evenness of corner cut, Riffles
g8lowly through both ends of cards to inspect for good imprint, ink offsetting, da-
maged or devective cards.

After cards have beoen thoroughly checked as to customer's requ¢rcments,
they are placed in cartons rcady for shipment.

One of the marvels of tho rotary card machine ig that, with a piece of
flexible paper, the machine prints and cubts cards to very close tolerances at speeds
of 1,000 cards per minute. Our average production on the rotary card machine is :
57,000,000 cards per day in ouwr three card plants. About 3,500 reels are used daily.

To give you an idea of the daily production in our card plants, if all the
cards produced on the rotary card machincs for oneo day werc stacked one card on top
of the othor, they would reach to a height of 33,250 ft. or over 4,000 feet higher
than Mount Everest.
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The card macl.ine operator accumulates on the spur conveyor at his machine
as many boxes ag possivle of the same item before releasing to main conveyor. After
release to main conveyor, boxes travel through an automatic stapling machine where
the two samples of the imprinted card and the identification card are affixed to box
so that they can be pulled out later on. The next operation is to paste a sample
of the imprinted card together with the identification card to the outside of the
box, leaving one printed sample under card flap.

These boxes move on to another location where they are checked against
the white file card which was sent out at the time the order was released from the
type room. The location is marked on this card to enable the distributor to place
all boxes with thias particular order number in same location on shipping room floor.
Orders of five boxes or morc, are placed in some definite premarked spot on the
floor. If under five boxes, they continue to end of conveyor where they are checked
and marked ready for shipment. ’

As each order is completed, location card is referred to our stencil
cutter, who pulls out the invoice, and cuts the address stencil according to address
and routing typed thereon. This is given to a checker who takes address stencil
with invoice and compaies identification card on finished boxes against invoice,
making sure all gpecifications are met, The address stencil is then marked on
boxes, invoice stamped with date of shipment, and order is routed to shipping plat-
form. One copy of invoice ig placed in one hox of each shipment and is used ag a
packing ligt for the customer to check shipment on arrival.

We ship by various ways: by freight, truck, express, parcel post, etc.
As each order is routed to the respective carriers, they are again checked out,
making sure they are loaded into the right freight car or truck, and bills are
signed and shipment is couplete.

When bills have been signed, the salmon card which has been held in the
Shipping Department's file, is pulled out and forwerded to the Accounting Department
as a shipped order. One copy of shipping order is retained in the shipping depart-
ment for further reference and the remainder of the copies are sent to the Order Do-
partment for proper billing, etc.

This example has shown what happens to an order with one item. Most of
our orders cover from 2 to 15 items. These are all accounted for in the same manner.
This constitutes the regular procedure for standard work.

In cases of partial shipments, amount of cards shipped is noted on galmon
card and this is retained in shipping department until order is complete. However,
we do make out a duplicate salmon card with same information every time a part
shipment is made and this is immediately sent to Accounting for their records.

. Whenever a partial shipment is made, the invoice is sent to Order Depart-
ment for billing and is later returned to shipping for use in shipping remainder of
order.

At the end of each day, all invoice copiles that have been shipped are
separated and forwarded to Order Department.

Also,we prepare a listing of orders shipped and these are sent to Order
Department with the invoices. This listing is used for quick checking on inquiries
as to date of shipment.
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In case of special production such as numbering, prepunching or work
calling for additional operations, a slightly different procedure is used. These
special orders are segregated in the type room and are routed to card machines
according to operations and machine load at time of schedule.

The number of orders handled averages about 350 per day and requlre
approximately 5,500 to 6,000 packages.

Production tickets which are sent to Accounting Department each day are
gorted and a report is made on all orders that have been shipped and status of
orders complete. This record is used for quick reference on ingquiries and is also
used to check to see that orders are not held dormant in Shipping Department, and
is a guide in checking any discrepancies.

mk - 11/7/46
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’

, When we say "special“ cards, we are referring to cards tha.t have

other then standard features or cannot be manufactured on our rotary standard
card machine. This takes in multi-colored imprinted cards, serially numbered
cards, serially prepunched cards, creased cards, notched cards, scored cards,
- end cards of various lengths other than 7- 3/8". v

The first cards manufactured were of two lengths: 5- 3/ 8" used by
the city of Baltimore, and 6-3/8" cards used for U. S. Temsus work.

- Later on, as our business developed, a longer card was needed and
a length of 7-3/8" was decided on, which is still our main standard length.

_ With the exception of the census cards, which were numbered on &
special imprinting and. cutting machine, cards wore manufactired without any of
these special features up until 1923.

; By this time the use of cards had spread to more end more different
appld¢ations, and it was necessary to change our manufacturing procedures to
_keep pace with changing requirements, \

Before we go on with the discussion of the various-type machines
used in special card manufacturing, I should like to point out that all of
these machines were developed end built for IBM's particular manufacturing
requlrements . ;

The first major change was to 'se'rially number and prepunch cards.

In 1933 » & prepunch device was developed here at Endicott which
enabled us to manufacture numbered and px'epunched. carda. ;

\ The serial punching device was located at a point on the card mach-
ine ahead of the imprinting and cutoff. The numbering machine had to be in-
cluded in the same head &s the imprinting plate., This was not wholly satias-
factory because it limited the position of the number on the card and it was
necessary to provide space in the imprinting plete for the numbering machine.

' In order to overcome some of these difficulties and limitations, two
of the original flat-bed machines were combined, meking a doublehead machine.
The prepunching device was incorporated with the corner cut and length cutoff
m e single long dle.on this machins. ‘ , \ v ‘

This combination vas a ‘big improvement over th@ single«head machines. i
Some of the improvements were: :
1. Numbering in any position on card.
2. Numbering machine did not require any space in mprinting head.
3., Numbering in different color from imprinting on the card.
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Lk, Gave better registration on prepunching.

5. Made it possible to do back and front imprinting in one oper-
ation by twisting the web between imprinting heads.

6. Possible to imprint two colors on one side of eard also in.
one operation.

These machines are still in use. There have been many more improve-
ments made on these machines from time to time. The average speed of these
machines is 80 cards per minute. ‘

After numbering aend punching features were in use, requests for stub
cards necessitated the following additional changes in our card manutacturing
equipment:

Wider imprinting heads.

Speeial scoring units.,

New-style cormer cut,

Punch and die base. ‘

Special ground feed and draw roll which controls card lengkth.

We now cut approximately 25 different length cards ranging from 4.852
(5lfcolumn card) to 15i"--each one for a different customer's special appli-
cation.

With the use of the punch and die base, better punching registratidn
wag achieved, Accurate length on stub cards was mede possible and more uniform
carner cuts maintained.

This was accomplished by doing punching, gscoring and corner cutting
in die base adjacent to cut-off kmives.,

_ Another new card requirement was the use of punched hole cards for
bank checks, . : -

With the increased demand for ‘these various types of special cards,
it again became necessary to improve and expend our equipment further. These
included: : ’ )

(1) Use of M-24 imprinting machine to.do overprinting and back im-
printing and other additional features. The M-24 imprinting machines are used
for doing additional operations on special cards, These presses are very
flexible and are capable of imprinting work of high quality. They are used
mostly for short-run jobs,; and to finish work that requires more operations
than our other card manufacturing machines are able to do. The speed of these
imprinting machines is approximately 85 cards per minute. The imprinting sur-
face is 7 by 11—5/16, although a longer card can be fed: through machine. These
machines do not cut cards to length, and are used only for imprinting on pre-
cut cards, ’ :

(2) Re-designed 1/0 flat-bed card menufacturing machines entbling us
to manufacture cards from 4.852" or 5l-colunm cards up to and including 8-15/16
over-all in length. These machines have an imprinting head and a numbering
head. : . v

Among the special features this machine can perform arec: -
1. Number.

2, Prepunch in one or more fields.
3. Score and perforate.
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4, Punch Holes in stubs.
5. Crease for folding.
6. Dye stripe.

T. Overprint.
8. Tint,

9. Cut out tab and stop cards.

The speed of this type of card manufacturing machlne ranges from
180 to 250 cards per minute,

(3) Special Rotary Card Manufacturing Machine

Thig machine was purchased primarily for bank check manufecture. It
‘ requires c¥ylindrical plates and consists of three rotery 1mprint1ng heads and
one rotary numbering head.

This machine will produce cards or checks of standard length only as
follows, complete in one operation. ’

Number

Prepunch.,

Crease.

Tint oh front.

Imprint on front.

Imprint on back or overprlnt on front.
Cut corner.

Stripe.

e ¢ & @

O~1 N FW -

This was the first rotary-type special mechine used in manufacturing
cards. :

This rotary special mechine has several extraordinary features. In
order to number consecutively, two numbering machines are used, one with odd
numbers and one with even numbers. This allows the action of numbering machines
to work at the speed of the imprinting heads, insuring greater accuracy in
numbering, The 2d imprinting head uses the dry offset principle; that is, the

~image from the type is first transferred to a rubber platen roller which in
turn is applied against the paper, transforring or "offsettlng" the imprint on
the card. ,

This principle is used for several reasons: to obtain more uniform
imprint on delicate designs, the rubber platen compensating for unevemnness in
‘paper; for guicker drying and better appearance. Increases production life of
plate because finely etched lines on plate do not conbact paper.

A reciprocating motion actuates the die bage which does the pre-
punching, scoring and cut off. This back and forward movement allows the web
of paper to move, without stopping its forward motion as the work is performed
on the card. :

It is possible to dlsconnect qulckly any individual prlnting head
merely by throwing out a clutch, : :

o This press ig ideal for small runs as a complete setup of‘all heads
~ can be made in a comparatively short time. It was a great improvement over
previous speoial card manufacturing machines doing similar work because of
improved imprinting quality, higher speeds and eliminatlng extra operatlons.
The speed is 125 cards per minute,
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(%) Rotary Gravure Card Manufacturing Machine

" As the use of bank checks expanded it became necessary again to in-
crease our machine capacity.

The next apecial IBM card manufacturlng nachine dcveloped was the
Gravure Rotary machine.

This machine had six imprinting stations in addition to the number-
ing head. The die base is similar in action to the Special Rotary machine Just
described. - :

The principle of imprinting used on this type machine wae entirely
different from anything done in our card manufacturing departments before.

This new method is known as the gravure process. All previous im-
printing done by us was called the letterpress process. '

The 1etterpress process imprints from raised characters. The Gravure
method uses a smooth surfaced plate with the imprlntlng characters being re-
cessed or etched into this surface.

In letterpress imprinting, ink is applied to imprinting surface by
means of inking rollers. In Gravure imprinting, ink is applied over the entire
surface of the plate. Then surplus ink is removed from the smooth surface of
the plate leaving ink only in recessed arcas. This is done by what is called
a doctor blade.

After ink has been removed from smooth surface of plate, paper is
pressed against the plate by ncans of a rubber platen roll and ink is bransferred
to the paper.

Some of the advantages of using this method are: greater speed and
almost instant drying of inks, eliminating offset and thus speeding up clearing
of orders through our departments for shipments.

The gpeed of these machines ranges from 240 cards per’minate on punched
and numbered cards, up to 300 cards per minute on unnunched and nurbered cards.

At the beginning of the war we etartcd nenufacturing govermment checks
in large quantities, and this additional check business made it again nocessary
to increase our equipment to mhnufacturu such cards,

By this time a new tlntlng nacblne hod been developed. This was a .
gravure-type nachine cayable of tlnting one or both sides of a paper web simul-
taneously. :

By using tinted paper from these machines, Wwe were able to nanufacture
checks on any of our spe01al card manufacturing nachines. .

The method proved so practical that a 1/1 card manufacturing machine
was developed making it possible to uoe tinted paper and print front and back
of cards, and hurber and prepunch cards of various lengths from 4.852 to 8-15/16
at one operation.

These rmachines ave of the letterpress type and de work of a high quality.

The average epeed igs 200 cards per minute.
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Soon after the start of the war, we started manufacturing a new type
of card for government use. This was called the stencil address card. -

It is used in preparing checks by electric acgounting machine methods
for distribution.

At the start, these cards were manufactured entirely by hand because
we could not wait for automatic machines to be developed.

Our engineers started working on developments to mechanize the prod-
uction of this new type of card irmediately.

With these new machines a more accurate and higher quality card was
manufactured, resulting in increased combined efficiency of over 500%.

One subject I have not mentioned before is the special operations
performed by our finishing department.
These include: brass ecyeletting, fibre re-inforcements, stringing,
and wiring cards, collating cards and slips into pad form. Some pads are held
together by staples, others by special adhesives; cards assenbled in sets with
‘carbon sheets for duplicate work, various size holes punched in stub cards, etc.

- Examples of these various operations -can be seen on the exhibit board.
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I shall begin my part of this session by presenting and explaining some cf
the gages uged for measuring cards in the early days of card manufacturing. First,
I shall describe what is known as a bar length gage, dating back to 1926. This
gage was used exclusively for measuring card length of 7 3/8", 5 5/8", and card
width of 3 1/4". To measure a card with this gage, the card is placed between two
points on the gage T7.375" ap=rt, which is the mean dimension of the card. The same
holds true whon measuring a 5 5/8" card, or the width of 3 1/4". This method re-
guired keen judgment on the part of the machine operator, but of course, cards manu-
factured in those d&ys were of the round punched holes, with only a capacity of 45
columns in a 7 3/8" card and 34 columns in the 5 5/8" card, thus allowing a wider
machine tolerance. .

I might mention at this point that one of the employees connected with
card manufacturing enhanced the value of this gage by suggesting that two notches
be cut in the gage to measure the full card tolerance, plus or minusg .005", Cards
cut longer than 7.380" would not enter the gage, while cards cut under 7.370" would
fall inside the second notch. This holds true when measuring 5 5/8" cards and the
width of 3 1/4". Not only did this eliminate the guessing of measuring cards, but
also increased the efficiency of operation,

Since the bar gage could measure only card length or width, another gage
was necessary to measure corner cut of the cards. The gage I have here was the one
used, desirned to measure 1/8", 1/4", 3/8", 1/2" and 1 inch depth corner cuts with
a U5-or 60-degree angle. To measure corner cut size with this gage, you merely
place the corner cut end of the card on the gage to whichever size is desired, and
depth of corner cut on the card must conform to notch depth on the gage or within
the 1/32" tolerance shown on the gage. In 1936, various depths and angles of cor-
ner cut were eliminatod, and the corner cut was standardized to a 60-degree angle,
1/4" depth, with a tolerance of plus or minus 1/32".

It is important, from the standpoint of the customer, that the registra-
tion of imprinting be in correct aligmment to the card. Therefore, still another
gage was needed to align imprinting registration. This gage was designed similar
to a card, flat rectangular, with round punched holes. For proper registration,
the numerals imprinted on the card should show clearly through the round holes in
the gage.

From this description, you can readily see that three separate gages were
necessary to measure cards completely. There is no question in my mind, as to the
problem we would have today if cards had to be measured with three separate gages
with the tremendous volume of cards produced esch day. :
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With production steadily increasing, the necessity of more efficient
methods for gaging cards was never greater. The engineering department was search-
ing to devige better means for measuring cards, and then in 1930, a gage was devel-
oped which is known as the glass-top, dial length gage. The gage consists of a dial
indicator, which measures card length in thousandths of an inch, with a glass top
for imprinting registration, and also shows the corner cut size and tolerance. To
measure cards with this gage, you merely insert the card in the gage; and the dial
registers the length of the card in thousandths of an inch on either the plus or
minus side of the length. The imprinting is lined up to the glass top on the gage,
for proper registration, also showing 60-degree angle, 1/4" corner cut, tolerance of
1/64", located on any corner of the card. The accuracy and efficiency of this gage
is a great asset to card manufacturing.

With production still increasing, and cards becoming more complex, the
demands increased for reducing card tolerances on card manufacturing machines, and
it became necessary to further improve the glass-top, dial length gage. The improve-
ments were the results of past experience with the first dial gage. Suggestions
received from employees, working in the card manufacturing department, contributed
greatly to the following improvements: the gage was lined with carboloid inserts
to resist wear, a standard shock proof indicator and the gage itself mounted on
shock proof brackets, These features aided in maintaining high accuracy of the
gage, with a minimum amount of attention. The gage is used in the same faghion for
obtaining length, registration, and corner cut, as the original dial gage.

Bach machine operator is equipped with one of these high-precision, glass-
top, dial length gages, and the accuracy of these gages is checked by a process in-
spector with a master plate 7.375" in length, scribe lines 3/16" from the bottom
and also 7/32" on either end of the plate.

With master plate inserted in the gage, the dial should line up on zero,
gscribed lines on the glass top gage should conform to those on the master gage, for
proper imprinting registration. The width was not mentioned since the width is
measured at the time of the glitting operation.

The process inspector maintains a record of all the gages for location and
- repairsg, by date. I might mention here that every gage is completely gone over for
wear and general cleaning once every two months. !

Becuage of the required close tolerances on card length, it is important
that all gages measure cards accurately and it is desirable in close relation with
one another. To control variation among gages, the reading of each gage is com-
pared to a newly developed five-dial master gage. The line gage reading must be
within .0005" of the master gage reading, before it is assigned to any operator.

To describe in detall the master gage, two dials measure the width of the
card, one dial measures the length, and two other diale gage the squareness. The
gage can be used only for measuring length and width; and if the squareness is re-
quired, you merely press a button and the squareness dials come into play. This
was designed by the Engineering Department of card manufacturing. This gage is the
final word on card length, width and squarencss used by the inspection departuent.

The machine operator continually checks the length of cards during opere-
tion, and, therefore, it is important that each machine isequipped with one of these
high-precision, glass-top dial length gages. The accuracy of the gage is checked by
the process inspector with a master plate 7.375" in length, scribe lines 3/16" from
the bottom and a acribe line 7/32" on either end of the plate.
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With master plate ingerted in the length gage, the dial should line up
on zero, and lines on the glags-top gage should conform to those scribe lines on
the master plate for proper registration.

With card manufacturing length tolerances reduced, it was alsc necessary
to reduce squareness tolerances to .0035". A gage was developed which can effici-
ently and accurately measure card squareness in the production line.

To measure squareness with this gage, you place one end of the card under
a magnifying glass which enlarges the actual size 4 1/2 times. If both top and
bottom of card are visible in the gage, the card is within the ,0035" tolerance.
Once the machine is set up to cut within this tolerance, as & rule it seldom changes.

The process inspector who cares for the gages, also checks for correct
machine operation, checks for proper length of cards and the actual operation, by
comparing the shop order for correct form number, color of paper, corner cut, im-
printing and appearance in general.

Located at the end of the standard card production conveyor, another in-
spector reopens and inspects completed boxes for length, corner cut and general
appearance of cards. Of these, four boxes are checked for count and weight, as well
ag the thiclkness of the cards., Fach container should hold approximately 2M cards,
of an average welght of 5 lbs. 5 oz., and an average thickness of .0068",

, All during this talk, I have not mentioned any specific points about
width of the card. The reason is that this operation takes place at the time of

The slitting department has been provided with a dial width gage, which
measures width in thousandths of an inch. The gage is designed with a small hinged
1id which presses the paper against the gage to obtain a true reading. The width
tolerance is --,005" to -+ .000", for slitting operation.

Samples are taken once each shift from each of the machines, to insure
correct width tolerance.

The edges of the cards play an important part in machine operations in the
customers' offices, and, therefore, it is important that rolls are slit with a keen
edge. Samples taken from each machine on a daily basis are checked on a comparator
for smoothness of edges, The comparator is a Jones & Lamson Comparator, which ampli-
fies the actual size of the edge Tifty times. . This reflection is thrown on a
screen showing the cétablished tolerance of .0024". Machines which are found cut-
ting outside of this tolerance, are shut down and necesgary repairs are made.

Process inspection procedures of special production are similar to those
explained for standard production, with the exception of an additional operation
involved in manufacturing special cards and checks serially numbered and punched.

The process inspector of the special production line continually checks
for proper length, legibility of serial numbers, punching information and regis-
tration, imprinting and tinting operations of each machine.

Completely manufactured special cards and checks are moved in card drying
racks to the inspection department for final inspection.
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The inspector starts his work by first comparing the invoice to cards or
checks for form number, front and back proper imprinting and registration, color,
watermark paper stock or plain, tinting, length, and general appearance. Also
compares the not numbered or punched cards provided by the card manufacturing de-
partment with each separate job. These cards are used to replace any cards found
migsing or damaged. '

In groups of 500, the cards are inspected for leglbility of serial number,
and imprinting and tinting sppearance. Any defective card found during this process
is replaced by the inspector, by hand stamping the serial number, and prepunching
the serial information on an electric key punch, on the make-up card. The inspec~
tor checks the make-up card to see that it is exactly and properly made up.

Then in groupe of 500, cards are verified for correct punching on the
variable-length tabulator. The machine was specially built for the inspection
department, and verifies card or checks with lengths varying from 5 5/8" to 15 1/4".
The machine is equipped with electrical circuits to control numerical sequence,
missing cards, or cards having more than one punched hole in any one column. The
machine has three adding counters: two are used to add and compare punching infor-
mation taken from the cards as they pass the brushes, and one counter is used to
count cards.

If, during machine operation, a card is missing, out of sequence, or
double punched, a red light located just above the start key is flashed on and re-
maing on until turned off by the inspector., The light is in the motor circuit,
and when this light is on, the motor relay is dropped out, stopping the machine at
that exact point.

In cases “where an error occurs in a group of 500 cards, the inspector,
after making correctior of the error, re-runs the group for final checking. By so
doing, the errors of the human element are reduced to an absolute minimum.

If both adding counters have correct answers at the end of a 500 run, and
no red light ham  occurred, the inspector proceeds to bhand the cards in groups of
one thousand, with a top and bottom protection card. Two groups of one thousand
each, are placed in unit containers with the beginning and ending serial numbers
marked on the outside of the box. Container is then placed in a large 10M-size box.
The outgide of the 10M box contains the information referring to the order number,
form number, beginning and ending serial numbers, and color of paper, which is used
for the customer's identification.

11/12/46 mk
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CYLINDER IMPRINTING PLATE

The copy and photographic work having been completed, it 1s now necessary
to superimpose the image from the negative on to a cylinder that will ultimately
be uged for imprinting the IBM cards.

The material used for making type cylinders is "S.A,E. T4 Brass Tubing.,"
The raw material is Tirst rough turned, bored, and annealed at S00CF, for one hour.
A finish turning and boring operation follows to bring the cylinder to correct di-
mensions.

The outside diameter is turned with a diamond tool to a surface finish
that measures between 1 1/2 to 4 micro-inches.

The cylinder 1s scoured and washed preparatory to the coating and printing
operations. The surface must be absolutely clean before applying an emulsion,
otherwise the emulsion will not adhere to the metal. The scouring operation is ac-
complished by placing the cylinder on to an electrically driven arbor and rubbing
the surface with an Aluminum Oxide powder and water. '

An emulsion of Bichrometed Albumen is applled while the oylinder is still
wet and as it is taken from the scouring sink. This emulsion, which is -sometimes
referred to as the coating solution, is light sensitive similar to the photographic
emlsions found on camera films.

To provide a uniform coating, the cylinder is placed on & specially de-
signed coating machine, The arbor holding the cylinder revolves while the coating
is applied over the entire surface, then the machine whirls on its vertical axis
throwing the solution towards each end. The centrifugal force regulting from the
whirling motion causes the solution to be evenly distributed. A small electric
stove built into the machine is automatically turned on while the machine is in
operation, heating and drying the emulsion.

The coating operation takes approximately 4 minutes.

When the coated cylinder is thoroughly dried, it is placed in an exposure
machine in contact with the film negative that was reproduced from the six-times
copy. An arc lamp is used ag a source of light for the exposure.

The exposure machine has a vertical spindle upon which the cylinder is
located. The negative 1s placed into a moveable rack which moves in synchronism
with the spindle. As the cylinder rotates, the rack moves in a linear direction,
the negative being held in contact with the cylinder at all times. The light enters
the machine through an aperture 9/16 of an inch wide.
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As the negative passes in front of the light, the sensitized solution on
the cylinder undergoes a chemical change. Where the light or transparent openings
in the negative have allowed the light to pass through on to the cylinder, the
golution has become fixed and insoluble in water. That portion of the solution
that was protected from the light by the dark areas of the negative remain solfible
in water and will wash off readily when later developed. The time for exposure will
vary from 12 to 15 minutes depending on the color of the negatives; that is, whether
the black areas are definitely opaque or on the grey side and whether the white
areas are perfectly clear.

Upon completion of the exposure, the cylinder and negative are removed
from the machine; the negative is filed away and the cylinder is rolled up with a
photo-engravers ink. An electrically driven arbor is used in the inking process,
and the ink is applied with a hand inking roller.

To develop out the print that has been exposed, the cylinder is immersed
in cold water and the surfacc washed lightly with soft cotton. The areas that were
affectcd by the light and which became insoluble during the exposure will remain on
the surface covercd with black ink. The other areas not affected by tho light will
wash off, taking the film of ink with thom. When completely developed, the image
on the cylinder will be a card sizc reproduction of the six-times-gizc copy. Mctal-
lic surfaces will be showing where the ink and solution have beoon washed off. It
is thesc arcas that will be attacked by tho acid and etched away.

The print is now inspocted for broaks and is touchod wp if necessary bo-
forc going to theo cotching opecration.

The ink print is dusted with an asphaltum powder and tho cylinder is
heatod to burn the powder into tho ink., Tho combination of the ink and powder whon
burnced in croeates a hard protective acid-registing coating which protects the image
on the metal from ctching.

Next the cylinder is positioned on a gpecial arbor in an Electric Etching
Machine and allowed to etch for approximately five minutes. The depth of etch will
be .002 to 0025 of an inch.

Electric etching is accomplighed by immersing the cylinder into an
electrolyte gsolution of "Sodium Chloride" and "Ammonium Chloride" and passing a
current of 65 to 70 amperes through the cylinder with 8 to 10 volts,

When the desired depth of the first etch is obtained, the type is thor-
oughly washed and dried in preperation for a re-inking ooeration.

The re-inking machine is now uscd to apply a thin coating of special
photo~engravers ink on to the top surface of the characters. An asphaltum powder
is dusted over the inked surfaces and the type is placed in an oven where it is
heated for 7 minutes at a tomperature of 400° F. It is then quickly cooled by a
cold water gspray.

The heat from the oven causes the ink to run down the sides of the charac-
ters and also the powder and the ink to blend into a hard resisting surface as pro-
tection against the next etching operation.
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The type cylinder is now placed in a chemical etching machine where it is
revolved in a bath of Ferric Chloride and etched to a total depth of .010 of an
inch. The etching time may vary from 10 to 12 minutes depending on the strength of
the acid. '

If the type has any large open areas, it is necessary to deep etch such
areas further until a total depth of .020 of an inch has been obtained. The time
required for deep etching is usually 3/4 to 1 hour. The characters and all fine
“detalil are painted with an asphaltum shellac for protection againgt the acid.

At the completion of the deep etch, the type is trimmed to length, cleaned
and sent to the plating department.

All cylinder type are chrome plated for twenty minutes to provide a hard
surface which increases the length of life.

Plating is the final operation and from here, the type are prepared for
shipment against the orders that were originally sent in from the field.

FLAT IMPRINTING PLATE

The production of flat plates follows the same procedure as outlined for
cylindrical type with the excoption that different equipment is used.

We do not electrically etch the flat plates but instead use the four-
powder method all the way through. When ueing this method, a special resin powder
knovn as "Dragons Blood" is usod. The powder whon banked against the four sides
of the characters, burned in, and heated forms a strong mesistant coating as pro-
tection againgt ctching.

GRAVURE TMPRINTING PLATES:

A "Gravure Cylinder Type" is processod in a gimilar manner as the "Letter-
Press Cylindrical Type."

The difference between the two is that in letter press the characters are
raiged and in gravure the characters are etched down into the surface of the type.
The depth of etch for gravure is .0025 of an inch.

Gravure cylinders are printed from a film positive rather than a negative.
The positive contains a gravure screen in the background which has been put there by
rhotographically processing the First hegative through a gersen on to another piece
of film. ,

Letter press cylinders are used for imprinting the nurmerals and letters
on to the card,

Gravure cylinders are used in the majority of cases for imprinting a tint
or design into the background of a caxd.

The Photo-engraving business as it has been outlined is one in which much
skill is required. There are many problems to be solved from day to day because of
the critical and precise conditions that are so esgential for successful operations.
As an example, the humidity of the atmosphere and the temperature of the room have a
groat effect on the coating, printing and etching operations., The gpeeds at which
the machines operate are very important and mey vary from one Job to another.
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One of the points at which those who are interested in the production of
IBM cards marvel is the hundreds of thousands of new forms designed over the years.
They are all different, and a study of them would show the history of our people
both from a social and an economic viewpoint,

In their early uses they took the form of census cards for our government
to find the facts upon which both govermment agencies and business could make future
plans. Then as their application became more general, they were used to give de-
tailed help to individual enterprises such as railroad accounting and studies for
our great insurance companies in their early years of development. In the past
fifteen years, the course of all of the social legislation, which has affected the
lives of all Americans for all time, can be followed in the design of the IBM cards
called upon to do all of this vast detall of work., Eoclal Security is firmly em-
bedded in the IBM card, both from the point of administration in the Federal Govern-
ment through all of the phases of gtate participation down to thelr use by our com-
mercial customers in caring for the contribution of the individual employeec.

In the IBM card, we have geen the development of huge public works programs
such as the Public Works Administration and the Tennessee Valley Authority. We can
follow the course of the recent World War IT through the National Defense Program
of 1940-41 and our participation in the war itself. The IBM card played a very
vital role in our war effort in the control of our men and material, The Lend-
Lease Program was made more effective by the use of IBM cards. Cards were designed
for the armed forces during the war which were classified as top secret documents
and more recently, there have been cards designed to work for the United Nations
Organization to do theilr part in making a lasting peace.

We have other cards which are used in the study of our public health
problems looking forward to the future when they will have played thelr part in the
elimination of a great amount of sickness and disease. -So you can see my point in
that a study of card designs,as they go by, could well be a study of current events.

Card design must, of course, have for its origin the specific need of a
card to perform a glven operabion in an installabtion of electric accounting machines.
Take for an example, a customer needs a material requisition as part of his control
of stock and supplies. This need is recognized and then either a representative of
IBM Sales Organization goes into consultation with our customer, or in the case of
a larger installation, the customer's supervigor of machine accounting operations
will lay out the designed card on one of our twice-size diagrams. This is then
forwarded through the channels of the Sales Representative and the Sales Office to
our Endicott Factory together with a purchase order from the customer which will
authorize us to produce the necessary type from which the cards may be printed.
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The subsequent operations which are performed to bring this new card into
being are those that were portrayed in the movie which opened this series of in-
structions. You will remember that the diagram was given a form number which would
give us conbrol of its schedule and location for all of the years that this card
may be an active form. The diagram with a proper order is entered in the Photo-
Engraving Department and here the actual process beging which will transfer an
idea sketched on paper into a precision printing plate from which millions of
finished cards may be reproduced.

At this point it perhaps would be well to review the different kinds of
cards which are produced. First, we have the regular card which has no other fea-
tures except a choice of card stock colors, the use of a stripe of any one of
various colors and the choice of location of a corner cut if one ig desired, This
first style of card may be produced from a cylindrical imprinting plate on the IBM
cylinder imprinting machine. The second style of card is a regular-length card
that may have a scored corner, prepunching, serial numbering or more than one color
used in the design. It is necessary that these cards be printed from a flat type.
This is also true of all cards that require the use of a stub on either end attached
to the card by a perforation. Thus, you will see the noecessity of knowing the type'
of card to be produced before we begin to make the printiang plate.

At the time when an order for a new card form arrives in the Photo~
Engraving Department, it is assigned a work Jacket which carries its form number
and gives its schedule as to when it is to be ready for photography. This then
places it in its proper sequence with all other work on hand. The order, in its
proper turn, is taken up by a person whose part is to order all of the words neces-
sary to compose the large copy. The copy writer is equipped with type charts which
are the same size scale as the diagram and in this way he is able to select the
correct size and style of type to fit a given space.

The order for words is then transferred to a file of stock words, and
this is made wp of hundreds of different words in a number of different sizes and
styles of type. Here all of the common words are drawn from the files and cheocked
from the order. The balance of special wording is then ordered from a printing
gection where all of the special words are get in type and proofed on a power proof
press. These proofs are dried in hot air ovens and when dry are added to the words
already taken from the files. This then gives us a complete set of words with
which the large six-timeg-gsize cony can be compomed.

During the time that the wording is being prepared by one group of people,
the dlagram of the new card is passed to the layout section. Here we make use of
a large master form which h2g all €0 coluwms of body figurcs printed in corrcct re-
gistration.

, By referring to the diagram the draftsman is able to put all of the neces-
sary rules and registration on this large form in pen and ink to produce the rules
and lines on the finished card. It is here that we assure the accurate regigtration
of the card in its use with the various kinds of printing business machines such as
thehéo-column interpreter. The card must it the registration of these various
machines,

Now that we have the large sii-times-size copy with all of its lines drawn
in ink, it is only necesssary for it to nave all of the worling added to it to be
complete. This is done by & girl working on a drafting table with the use of a
straight edge and rubber cement. Tach of the words is pasted in position on the
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large copy to agree with the original diagram. When this is finished, all of the
work is checked by a proof reader to see that we have reproduced the design as wanted.

The copy is now ready for photography. This step is of utmost importance
because the reproduction of all the aforementioned steps on to a sheet of film is
dependent upon the degree of accuracy of the photographic process.

Photography, as used in Photo-Engraving, is a vast field in itself and is
the subject used to fill many textbooks. Our use of photography at this point is
reduced to an operation which is fixed in its use and results. Our camera is set
for an accurate six times reduction. The large copy is held in a glass-covered
frame always in the same place. The film is held in a special plate holler which
is equipped with a vacuum chamber to ingure the sheet of film's being held flat for
each picture. We use a process film which requires a 35-second exposure under four
35-ampere carbon arc lamps, this film being developed in a slow-process developer
which gives us a very sharp image with a dark black background. This is an ideal
negative from which to produce a line engraving.
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The responsibility of any maintenance department is to keep production
equipment in good running condition at the lowest possible cost. The card manu-
facturing maintenance department at Endicott in addition to maintaining equipment
for the Endicott plant has the following responsibilities:

1. Builds new card manufacturing equipment for all plants.
a. High-speed slitters
b. Card manufacturing machines
(1) high-spoed rotary machines
(2) special purpose flatbed maohines
¢. Tinting machines
d. Specilal machines and all necessary tools,

2. Works in close cooperation with the Engineering Department in con-
nection with building and testing new designs of card manufacturing
equipment.,

3. Meintains records and arranges for periodic overhauls, at Endicott,
of equipment from all plants. At this time all the latest improve-
ments are added to each machine.

Lk, A1l card manufacturing equipment shipped to our foreign branches
is reworked to their specifications at the Endicott plant. Also,
at this time, all the latest improvements are added.

5. . Maintain a stock of replacement parts and ship on demand to any of
our plants --- domestic and foreigm.

The job of maintaining our card manufacturing equipment is constantly
becoming more complex and important. Some of the factors contributing to this
trend are ligted below. :

1. Reduction in manufacturing tolerances brought about the increased
demands upon our accounting machines.

2, Constantly raising quality standards of our product,

3. Increased output per production machine.
a. Original Tlatbed machines produced 40 to 50 cards per minute,
b. Improved flatbed machines ran 120 cards per minute,
c. Present flatbed machines run 200 cards per minute.
d. Original rotary machines operated at 400 cards per minute.
e. Improved rotary machines increased productlon to 800 cards per
minute.
f. Our present rotary machines operate at 1000 cards per minute.
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The increased production speeds result in:
a., Heavier bearing loads and more wear.
b, - Increased vibration loads.
c. Increaged paper dust and chip troubles. _
d. Iubrication requirements are more exacting.
. Adjustments must be made with greater care.
f. Adjustments require more frequent checking,

4, Increased complexity of our production equipment such as:

a. Development of the electronic speck detector.
b. Incorporation of this speck detector as a completely
automatic feature on individuwal machines.
c.- Growing use of electronic speed control such as now used
on our slitters and tinting machines,
d.. Introduction of multi-state printing, numbering, pre-
punching, scoring and punch scoring.
o, Introduction of new printing materials and techniques.
(1) Gravure printing
(2) PFast drying inks
(3) Safety inks for check printing
(4) Registration on multi-colored jobs.

The administration of a maintenance department is divided into two fields.
One -is to prevent machine breakdowns; the other is to repair a machine which has
broken down. We will first discuss the preventive measures taken by our maintenance
department. o

1. Of prime importance is the selection and training of men who meet the
following qualifications. He should ---

a., Fully appreciate the importance of his Jjob.

b. Be willing to learn and practice the best and safest ways of
doing Jjobs. ZExperience shows that most accidents could have
been prevented by the exercise of greater care on the part
of the worker.

¢. Work toward promotion through study, gaining experience and
the performance of consistently high-quality work.

d. Have a Teeling of conscilentious responsibility,

e. Be unceasingly vigilant and constantly alert to see that every-
thing possible is done to keep the machines running on pro-

: duction and the repair costs held to a minimum.

f. Strive for a habit of neatness, a very desirable quality. It
pays a better return than any other investment. Neatness ap-
plies not only to the care of machines but also to tools, equip-
ment, working areas and safe working habits,

g. Recognize that the ability to be a good maintenance man cannot

+ be obtained from books alone. The top ranking waintenance man
hag a wide range of practical knowledge gained through experience
and association with managers and engineers who themselves have
been first rate maintenance men.

2, All equipment scheduled for periodic overhauls.
3, Standardization of repair procedure.

L, Correction of weak gpots through close cooperation with the engin-
eering department.
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5. Encourage maintenance men and operators to turn in suggestions
for machine improvement.

6, Encourage training programs such as this and others offered by
the school, which will provide opportunities for both operators
and maintenance men to learn more about their Jjobs.

A second field of administration of a maintenance department has to do
with repairing a machine which has broken down. The organization of the depart-
ment to meet this situation is outlined below.

1. 'Experience& maintenance men are immediately available.

2. All necessary special tools are supplied to the maintenance men, as
well as safety equipment (safety glasses and shoes, speclal hoists).

3. A well-equipped machine shop, operated by skilled machinlsts, is
‘ ready to repair or rebuild worn parts in cases where replacements
are not avallable.

4, A stock is kept on hand of parts and assemblies most frequently
needed.,

5. Any maintenance man 1s free to ask for help from his fellow workers,
his department manager, or the development engineering department.

6. Experience gained in any of our plants is standardized and distri-
buted to all plants through the medium of engineering memoranda and
inter-plant vigita of factory managers.

T A reference manual is being prepared with illustrations covering the
working parts of the machines. The use of these illustrations will
greatly reduce the time required to identify the defectlve parts and
secure replacements, In addition this manual will assist less ex-
perienced men to more quickly understand the operating principles of
the machines,

OPERATION AND MAINTENANCE PROBLEMS

High-Speed Rotary Card Machine

This card machine is a carefully englneered and precisely built piece of
equipment, The side frames are bored on a Jig bore, the gears are the very best
that can be obtained. ZIvery effort should he made to operate and maintain this
machine in the best possible manner. Some of the problems that confront the opera-
tor and maintenance man are listed below.

BRAKE

The brake on the reel of paper is a simple but important part of the ma-
chine. The leather washers must be soft, smooth, and well oiled. The fibre washers
must be smooth and free from dirt or iron chips, The brake hub nut must be adjusted
so that:

1. Brake will prevent roel from unwinding when press is stopped.
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2, To hold the hub sufficiently to allow the reel to lock in position
when loading a new reel.

3. Provide a uniform tension on paper web while machine is running.

PAPER STRAIGHTENER

The paper straightener is controlled automatically by the action of the
cards against the feeling rod. A curl in the cards will move the feeling rod, which
will close an electrical contact, energize the paper straightener motor and remove
the curl from the paper. This motor is reversible and its direction is controlled
by the way in which the cards curl. The straightener blades must be sharp and ad-
Justed to an opening of ,012 inches., The feeling rod should be formed so as to
rest on three cards; this will prevent the straightener motor from hunting. Over-
travel 1s prevented by mercury limit switches located on the shaft of the paper
straightener. "

FEED ROLLS

Feed rolls are very critical and are manufactired with the utmost preci-
sion, Tach feed roll is ground concentric on its own shaft to a tolerance of .0002
inches. A change of ag little as .0001 in the diameter of the feed rolls will re-
sult in a change of .00l to .003 inches in card length.

Any foreign substance on the feed rolls such as dirt, ink or paper will
cause excessive card length variation. Our machines are equipped with felt wipers
designed to keep the feed rolls clean. To do a good Job these felt wipers must be
kept clean.

In order to get the longest bearing life the feed roll pointer should be
get at the lowest figure which will produce correct length cards. With the pointer
-on number (1) the feed rolls should be paralleled using a .005 ateel shim.

PRINTING PLATEN

The printing platen must be adjusted for a light even pressure for the
full width of the paper. A properly adg1sted platen will have a long life and little
or no effect on the card length.

The most common printing difficulties are listed below:

1. Type cylinders oversize for feed roll. ’

a, 2,350 4+ ,001 - ,000 for machines with 2.3422 diameter feed rolls.
b, 2.345 -4 ,001L - ,000 for machines with 2.3430 diameter feed rolls.
2. Platen not correct size for type used.
. Worn platens, require heavy pressure.

3
L. Platen tight on shaft due to lack of oil.
5. Bind in oscillating mechanism,

6

. Dirty platens, card dust, oil, ink.
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CUT -OFF

-5
Worn type results in a loss of sharpness in the printing.

Excessive printing bressure. A properly adjusted platen can be
turned by hand with paper in printing position.

A properly adjusted set of cut-off blades will produce cards with a
clean square and straight cut-off.

The removal of dull knives and asserbly of sharp knives is the most im-
portant single operation on the card machine. The procedure is as follows:

1,
2.
3,
L,

50

Leave the type cylinder in place,
Remove both hlade holders.
Crank machine until bleed line is in line w1th centers of knife shafts.

Asgemble wing knife holder and blade so that the blade lines up with
bleed line on the paper.

Assemble solid knife and holder on their shaft so that blades press
together lightly.

With paper between the blades turn the machine slowly; if the blades
hit or drag, stop the machine and back the set screw slightly. The
set screw referred to is a 10-32 screw which controls the pressure
between the two knife blades. The movement of the wing blade should
be between 1/64 and 1/32 of an inch.

Check the overlap of the blades, This should not exceed .018 inches.
If the overlap exceeds .018 inches the blades will shear against each
other, cut fuzzy cards and push cards crookedly into the gripper unit.

The recent adoption of cemented carbide blades has greatly reduced the
number of knife blade changes.

GRIPPER GUIDE UNIT

The purpose of this unit is to guide the card from the cutoff into the

drier drum,

The unit is timed as follows:

Turn press until top of card is even with top of fluted guides.
Loosen the set gcrew in the rotary guide drive gear.

Rotate the guides until the top of the card is 1/32 removed from
guide plate,

Tighten set screw in rotary guide drive gear.
Pogition the four individual guide brackets so that the card moves

freely and squarely into the drier drum. Under no circumstances should
these four guides be ground or mutilated.
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DRTFR DRUM

The drier drum is a conveyor which carries the cards from the cutoff to
the stacker. The fanning action of the cards while in this drier drum helps the
ink to dry and reduces offset when the cards are stacked. There are approximately
37 cards in the drier drum at all times which allows 2.22 seconds for the ink to set
on each card. To time this unit proceed as follows:

1. Turn the cerd machine until the card has just cut-off.

2. Position drier drum so that any one of the "V" slots is 1-9/16 above
the gripper unit casting.

3. Lock drier drum in place.
L. Move loading cam foreward until the clip opens approximately 3/16 in.

5. Turn card machine until "V" notch is now 1-21/32 above gripper unit
casting.

6. Adjust loading cam up or down so that drier drum clips Jjust close.

DRIER DRUM CLIPS

These clips must rest evenly on the face of the drier drum with no rock-
ing. The lever on the side of the clip should extend exactly 7/8 inches. The clips
should also be kept clean of oil, dirt and ink. If the above requirements are not
strictly adhered to the cards are apt to be marked on the ends.

DRIER DRUM CLIP RELEASE CAM

The purpose of this cam is to open the drier drum clip when the card is
in a vertical position, This will allow the card to drop against the clip hinges,
thus positioning itself for a corner cut. The cam should be assembled with long
end up and set to open clip to fullest extent.

CORNER CUT UNIT

The purpose of this unit is to cut any corner of the card. The usual
angle is 60°. Special angles require special knives. The proper size of corner
cut is etched on the face of the standard card gauge. To btime this unit proceed
as follows: '

1. Check to ses that drier drum is in time.

2. Turn machine until moving blade is at its closest position to
stationary blade. Loosen screws and move gtationary blade with
gufficient pressure to result in a clean corner cut. Secure in
this position with clamping screws. ' '

3+ Turn card machine until'knife Jjust starts to cut corner on card.
4, Corner cut auxiliary cam opens drier drum clip 1/32 to 1/16 inches.

5. Move the card bumper as far from card ag possible,
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6. Adjust card support bracket so that card is held with as little sag
a8 possible,

7. Move the bumper until it Jjust bumps end of card.

8. Adjust for size of cut by moving entire unit ‘toward or away from
machine,

CARD STACKER

The completed cards are stacked through the action of a platform scale
in groups of 850 to 900 cards. This stack of cards bvrips index mechanisn which
turns stacker table., Platform scale returns to empty position in readiness for
more cards. During this indéx operation the cards are temporarily stored by action
of "Card stacker shutter."

In earlier model machines congiderasble damage was done to the index
mechaniem if a Jam occurred during the index cycle. To overcome this the spring
overload release was developed ag now found on the index pull rod of all machines.

AdJjustnents:

1. Platform scale spring adjusted so that 850 to 900 cards will trip
index mechanism as follows:
a., Index latch must drop into notch on top of platform scale.
b. Movement of index latch releases index dog causing the "Card
stacker shutter,”" to spring into position to receive card.
At the same time the stacker indexes one pocket.
c. The card stacker shutter is returned to its latched position.

The present construction of the platform has necessitated considerable

repairing. As a result of a suggestion on the part of a maintenance man the con-
gtruction has been considerably simplified, reducing repair time to almost nothing.

SPECK DETECTOR

The purpose of this device 1s to automatically reject all cards containing
electrically conductive spots such as carbon or iron partlcles. This device consists
of:

1. ZElectronic cabinet containing a thyratron tube.

2. FElectrical interlocking relay preventing operation of machine
unless the speck detector is in operation.

3. Contact roll and brushes which sense the presence’ of the conductive
particles in the paper. A gecond interlock on this brush assenbly
prevents turning machine over unless brushes are making contact with
the paper. These brushes must be located so that there are seven card
lengths between the brush and the card ejector pin. Bruslies must be
kept free of paper dust,

4, The brushes are held against the paper by action of a two-coil
golenoid.

5. A conductive particle in the paper passing brush and contact roll will
ionize the thyratron tube which in turn energizes the pin set magnet
causing this defective card to be ejccted
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6., Twice each shift the action of the speck detector is checked to see

that it is working properly and will detect spots the full length and
width of the card, and actually eject defective cards.

CARD EJECTOR MECHANISM

The purpose of this mechanism is to throw out defective cards as sensed
by the speck detector brushes. This mechanism consists of:

l. Electromagnet, armature and micro switch.

2. Pin set‘gear.

3. Card ejector plunger.

The timing of this mechanism is as follows:

1. Before assembling mechanism into the press, check to ses that the
armature when attracted to within 1/64" of magnet core will open

micro-switch in the thyratron tube circuit and set pins for card
ojection,

2., Adjust agsembly to preés. Care has to be taken to have circuit
polarized.

3. Then adjusted to suit press for proper card ejection.

Ball bearings have been added to late models to reduce oll drip on micro
switch which has caused burned points and operation Tailure in the past.

‘In conjunction with this speck detector unit a glime spot detector is
‘being developed. '

AUTOMATIC PRESSURE LUBRICATING SYSTEM

This sgystem is operated by a direct drive from the main shaft of the card
machine., The oil is piped to all principal bearings of the machine where it is
metered according to the demands of the individual bearings. With the present
machine speed of 1000 cards per minute, oil is forced into all bearings once every
eleven minutes., This time interval can be set for any value between 2% minutes to
five hours.

The copper oil pipes should be inspected to see that they are not damaged,
thus cutting down on the oil to one or more bearings., The filter in the sump Jf the
pump should be renewed at least once a year.

ELECTRICAL SYSTEM

This consists of 220-volt, three-phase AC power, and 220-volt DC power.
AC Power
1. Main drive motor

2. Speck Detector



3. Straightener motor

4, Drive shaft brake.

5. Belt tightener solenoid

6. Motor control box

DC Power

l. Speck Detector

2. Speck detector brush solenoid
Electrical Safety Interlocks

The following. safety interlocks are mechanlcally connected to a control
contact in the motor control circuit:

a. Teed roll, type cylinder, cutoff safety cover.
b. Ink unit cover.
¢. Frame cover.
d. Stacker overload. ,
e. Stacker index safety stop.
The following safety interlocks are electrical:

'é. Paper end and Jjam stop.
b. Platform stacker Jjam stop.

Push Button Control of Paper Straightener,
.i. Push buttons are located in stacker table switch box.

-2. Proper setting of paper straightener at start of each reel is
controlled from these pusi buttons.

Manual and Power Switch (toggle DPDT)
l. TLocated in stacker switch Vox.

2. On "Manual" the speck detector brushes are energized and the brake
is held on, allowing the press to be turned by hand.

‘3. On "Run" the speck detector brushes are raised away from the contact
roll to allow threading of the new paper web. At this time the brake
is on and prevents turning the machine. This is necessary because

the speck detector brushes are raised in order to allow threading the
machine,

Start and Stop Switch
l. Located in sbacker switch box.

2. In order for the start switch to be operative all safety and jam
contacts must be closed and the toggle switch set to "ON" position.
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3. The action of thisg start switch is:

a, Starts drive motor.
b. Brings speck detector brushes down against the paper.

¢. Releasges brake on drive shaft.
d. Energizes belt tightener solencid.

The actuval starting of the card machine is accomplished by tightening the
drive motor belt after the motor has been gterted by the start switch.

If at any time the running circuit is broken by the stop button, jem
contacts or cover safety contact, the machine will stop instantly through action
of the magnetic brake on the drive shaft,

In order to produce cards with special features, new devices had to be
invented and developed. Among these are the combination die base, prepunching die
and head, corner cutting unit, Scoring device, hole punching device, creasing de-
vise and a special printing station to provide for serial numbering. After these
devices were developed and put into use, it became the function of the card main-
tenance department to keep these units in proper working order and set up procedures
for periodic check-ups to prevent lost production time due to breakdowns. Repair
and maintenance cost on these devices can be greatly reduced through their proper
setup and handling.

The bagic unit of these special devices is the cowbination die base which
holds all of the other special devices which have been developed. This combination
die base, in which the dies, prepunch heads, scoring unit, and corner cut unit are
held, should be handled carefully to see that none of these devices when placed in
die base bottom, so heavily as to put an excessive strain on shafts and levers
cauging them to shear pins or break shaft. A large number of units in die base
can cauge & very great torsional strain on shafts and an excess of impression can
cauge them to be broken, causing a large die base maintenance.

Prepunch head is used for punching holes in numbered sequence and 1s used
with the prepunch die. We have special numbering heads to number backward reverse,
skip numbering and odd and even numbering. We also can gang punch.

Prepunch Die repair--when die no longer cuts a clean hole in the card,
the die is repaired by steking in the hole and grinding the die plate. If die
plate 1s worn,a new plate is installed and punches fitted. Then die is broken in
so that it will work properly. At the time of repair die is looked over for worn
bushings and leader pins, broken springs, and general line up of the die itself.

These machines are delicate and should be handled with great care. Pinch~
ing on Detent Rod with fingers will cause rods to bend and stick. Prying around
rods with screwdriver does the same thing. Hitting a gide frame will put it out of
alignment cauging it to bind and one or more of these things will cause the tools
to function improperly and will cauge double punching or wrong punching. It should
be kept free and clean from paper dust and dirt. It should be oiled with a light
oil and then blown off with air, Make sure that it fits dle base proper and no
shim is put under one side or the other causing it to bind. This causes Leader pin
to wear on dies and punches to stick, B
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_Corner cut unit is used to cut the corners of cards. This unit should
be set up square in die base, without shim and punches adjusted to cut off corner.
The die is ground and punch is ground to & good sharp cutting edge. When these
parts are worn, a new punch is fitted and new dies are put into unit to fit punch

to keep unit in alignment. This unit should not be hammered on, to move in die
- bage.,

Hole punch die for plercing holes in tab cards is run at a close tolerance
and. has to be in perfect alignment otherwise edge of punch is sheared, very often

ruining die and punch. A fixbture has been made to line up these punches to avoid
these faults.

12/11/46 mk



INTERNATIONAL BUSINESS MACHINES CORPORATION
- DEPARTMENT OF FDUCATION
DIVISION OF GENERAL AND VOCATIONAL EDUCATION
ENDICOTIT IBM SCHOOL

| TBM CARD
Techniques of Development and Manufacture

ENGINEERING
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R. H. Holmwood and K. E. Anderson
November 11, 1946

To provide machinery for the high-speed, economical, and efficient pro-
duction of quality cards and other printed forms is the responsibility of the
Engineering Department of the Card Manufacturing Division.

Engineering advancements mst keep step with ever-increasing production
demands. Manufacturing improvements, of course, are sought out and developed con~
tinually. As new product requirements arise, machinery must be invented and de-
veloped to make the new product., Also, new machines are being created from time
to time to more efficiently prodnce‘gtandard items through improved machine design
principles.

Such engineering undertakings criginate in the company and may or may
not be worked out in collaboration with specialized machinery manufacturers. The
new electronically controlled high-speed slitting machines, mentioned in an earlier
talk on Preparation of Card Stock for Manufacturing, represent an example of an
outstanding engineering achievement made vossible by the cooperative efforts of the
engineers of the Kidder Press Company, the Reliance Electric and Engineering Com-
pany, and our own department.

Standard production equipment, such as the Rotary Card Press, is continu-
ally being improved, Mechanical and electrical features added to the machine are
designed for increasing production and bettering product quality,

i

Our work, as compared to that of other engineerihg departments, is unique
in that it centers around the design of highly specialired machinery and the de-
velopment of manufacturing methods used in the actual making of the IBM card. The
product we make is the operating unit by which our company's business machines
function. The efficiency of these machines is greatly dependent upon the accuracy
of that operating unit. In turn, the accuracy of the IBM card is completely de-

" pendent upon the engineering soundness and pre0151on built into the machines used
to produce it.

Specifically, the work of the Engineering Department includes:

1. The technical analysis of all matters pertinent to the production of
printed forms.

2. The development of new processes of card manufacturing and printing.

3. The design of checks and special forms.

4, The calculation of manufacturing cost estimates.

5. The handling of all engineering changes relative to any equipment
used in our manufacturing division.

6. The handling of departmental design and development projects,
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Our analyzing work covers the study and recording of the life of machine parts, the
study of the characteristics of various types of papers, inks, and dyes and their
effects upon machine design and operation, invegtigation into production methods in
the interest of improving efficiency or ecohomy, and the responsibility for recom-
mendations regarding card production equipment and techniques within our plants in
this country and In plants of foreign countries.

Among our contributions to the card menufacturing business have been the
development of such new processes ag continuous paper tinting, fabrication of the
stencil card, the over-and-under printing press, and the high-speed slitters.

We design checks and other printed forms for various branc1es of state
govermments and the federal govermment and for all types of industrial concerns.

Calculations made by the eétimating staff of our department are used in
establishing the bagis for the selling prices of all printed forms.

As mentioned, we control all engineering changes made on any of the card
manufacturing division equipment. Changes originate in many different ways, but,
with rare exceptions, a standard procedure for handling them is followed.

An engineering chenge may be brought about by a departmental development.
A new machine feature may be designed to be added to existing machines in the form
of a universally adaptable unit. A part or a unit may be redesigned for the pur-
pose of improving machine operation or permitting closer control of card quality.

There is also the case where g completely new machine is released by an
engineering change. This machine may have been developed for performing new func-
tions or for more efficiently performing the present functions of existing machines.

Engineering changes may originate through the reports of machine operation
or adjustment difficulties experienced by operators or repair men. Machine Repair
Department records serve as an information center for facts relative to parts or
units giving trouble, requiring excessive attention, or needing frequent replace-
ment.

Suggestions from employees, of course, have accounted for a great many
engineering changes which have provided for improvement in operation, maintenance,
and quality,

Frequently, the Tool Engineering Department will request a change to
facilitate tooling or manufacturing. Recommendations regarding the usage of com-
mon parts are forwarded to the Engineering Department by the Standards Department
for engineering change action.

When a request for a change is received, the recommendations are studied
and discussed. If it is apparent that the time required to carry out the work
involved is appre01ably long, a project is set up and assigned to a member of the-
department,

A member of the Engineering Department then investigates and makes a
thorough study of the situation. Any tests considered adviseble are conducted.
If necessary, a model, incorporating the new or revised feature, is built and
tested under actual production conditions.
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If the change appears advisable, it is approved and an Engineering Change
Notice number is taken out and assigned to the project, Once a change number has
been taken out, reproductions of all drawings involved are withdrawn from.the fac-
tory blueprint room and filed in the Engineering Department

Prints of all parts and bills of material affected are then marked and
filed. When the blueprint room receives requests for prints of such parts, the
requests are referred to the Engineering Department where prints, marked with
changes, are furnighed.

The change notice is then written, checked, and approved. Copies are
forwarded to the Production Engineering Department and the Tool Engineering Depart-
ment. Should it be essential that the actual change in the machine be made effec-
tive before the time ordinarily required for completion of routine clerical change
notice operations elapses, a letter of advance notice is written to the Production
Department.

When a printed copy of the change and prints of the corrected drawings
are received from the Production Fngineering Department, it is an indication that
the master drawings have been revised and new reproductions made. Original repro-
ductions in file are then destroyed and the project is closed out.

Development proJjects begin when a need for machine improvement becomes
apparent. The improvement may be brought about by design changes in the present
unit or by development of an entirely new unit to perform an operation not incor-
porated in the present machine design.

A study is first made of the present unit to determine possible means of
improvement or of the machine itself, if a new unit is being developed, to deter-
mine possible location for the new unit, depending upon function, powering, operat-
ing convenience, safety, and expected space requirements.

A discussion is usually held between the department supervisor and the
designer on the merits of various design proposals. A layout of the design then
" follows and necessary assermbly and detail drawings are made. A model unit is then
built and installed on the machine for testing.

Following observations and results of the test, the unit is redesigned
for practical production and released on an Engineering Change Notice.

An example of such & departuental development project to be considered
is the new Corner Cut Unit on the Rotary Card Press.

The original cormer cutting device was found to have such disadvantages as
uneveness of cutting, high maintenance costs, and corner chips sometimes getting in
with stacked cards. In starting upon the development of an improved unit, a new
principle of operation was designed., Sliding, or shearing, aotlon of two knives in
constaent contact replaced flying rotary blades.

In making the model unit, the'primary interest was the testing of the new
theory of knife design. The method of corner chip removal was purposely neglected
temporarily, with a vacuum system being rigged up to suit at the time of assembly.
While the unit was under test for corner cutting, various types of chip chutes and
vacuum take-off systems were tried.

The knife design having proved satisfactory, the unit was redesigned for
production. When redesigned, various improvements and refinements were incorporated.
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Life expectancy of the knives was increased by the changeover in material
from tool steel to solid tungsten carbide. Wear on moving parts was reduced through
installation of bronze bushings on the bell crank studs, and adopting a more rugged

knife post 1lift pin design.

The welght of oscillating parts was reduced by the use of aluminum for
castings. Accessibility to knife parts for adjustment and replacement was obtained
by making the entire knife unit demountable through the removal of one screw. All
necessary vacuum intakes, hose line and connections, and the chip chute became part

of the unit design.
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CARD ORDER ENTRY AND HANDLING
by
H., E, Williams & J. E. Cummings

Mail is received in the Card Order Department four times dazmv, bringing
Card Orders from all parts of the World. At the present time, we are receiving
well over 300 of such orders daily. The first step in entering a card order is
checking type file for plant location and verification of customer's name. Orders
are then arranged alphabetically and in groups of 20 to 25 orders. A control sheet
is algo attached to each group. (Slide) Control (Samples) sheet purchase order,
Branch 0ffice Order.

The orders then go to the Pricing Clerks. The Pricing Clerks, inciden-
tally, are the hub of this operation. Their operations are as follows: Checking
purchase order against Branch Office Order and sample cards. This is done pri-
merily in an effort to correct any transpositions, which may take place in the
branch offices in editing the work sheet or branch office order Irom which we work,
once the checking operation has been completed. The next operation is checking
the jacket card, which is included in the tub file for verification or correction of
quantity discount to which a customer is entitled and for any special instructions
pertaining to that customer. At the tub file, the Master Address Deck is also
pulled. The pricer then returns tq a pricing desk, which contains prepunched
cards for the various colors in which are prepunched color, quantity and unit
price. These tickets are made up according to required packing, that is 2 M Small
Wood Boxes or 1OM Corrugated boxes. On the first ticket of each type number is
mark sensed the following information: 1) Item number, 2) Corner cut, 3) Electro-
type number if special routing is required. A prepunched routing card is also
pulled from file, also prepunched guantity discount cards, which are made up for
various discounts and quantities. A complete deck then, as worked up by the pricer,
is as follows: 1) Master Address Cards, 2) Routing cards, 3) Item cards,

k) Quantity discount cards. ’

Decks and orders then go to Printing Punch, where a header card is
punched, which contains the following information: date of purchase order, pur-
chase order number, requisition number, schedule date of order and invoice number.
This information is also reproduced through mark sensing reproducer into all other
cerds in the deck with the exception of address decks.

The orders then go to the Machine Acrounting Department. The complete
decks on orders to be invoiced are received from the Card Order Department, and are
immediately listed on a thirteen-part invoice form, one of which each person in the
class has on his desk., This form is printed on an IBM Accounting Machine, using a
special platen and extra-heavy springs on type bars. As you will notice on your
sample invoice, the thirteenth copy is very legible. After the invoices are pre-
pared, all cards and invoices are returned to the Card Order Department.
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The 13-part invoice is prepared and returned to the Card Order Department,
where invoicing and shipping address is manually checked against the order, and any
local taxes added to invoice on a facsimile typewriter. As soon as this operation
is completed, the last two copies of the set are released, namely, acknowledgement
to customer and acknowledgment to Sales Office. Order is filed, remaining 11 parts
of invoice set to Production Ticket Clerk. Deck cards then go to Interpreter for
interpreting information on top of production tickets, then to sorter for sorting
yellow cards. Address decks, production tickets and miscellaneous cards, are

returned to Pricing Clerk for refiling in the tub file. Decks are used over and
over., Three additional control cards are also prepared, two to Department 950,
1 to Accounting Department. Production tickets are then matched against invoice.
When a group has been completed, two control cards for each order, shop tickets
and Nos. 6, 7, 8 & 3 Bills of Lading go to Machine Accounting Department.

The Production Tickets and Shop Orders as received from the Card Order
Department are now ready to prepare the Identification Ticket, which is applied to
each carton of cards shipped from this plant. Using the IBM Interpreting Repro-
ducer, Type 519, we reproduce from the Production Tickets to this Identification
card, picking up all necessary information and interpreting on the first .line the
Customer Invoice Number. These cards are passed through this machine the second
time for & lower interpretation of the Card Electro Number. These identificatlon
cards are then passed through the 552 Alphabetic Interpreter and the information
across the top is printed. We now merge the Production Tickets and the Identifi-
cation cards by the use of the IBM Collator. This facilitates the handling of
orders and necessary cards in the Card Manufacturing Department, After the cards
are merged, all cards and copies of the Shop Crders are given to the Control Clerk
in the Card Manufacturing Department. The identification card with the large type
makes it much easier for the Shipping Department employees in IBM and also the
employees in the customer's Receiving Departments to identify each box of cards.
Along with the Identification Card, a sample of the card form is applied to the
outside of each packing case,

The yellow cards and Accounting Department Control card are accumulated
until the end of day at which time a listing of orders entered for the current day
is prepared and sent to Department 950 and to the Accounting Department with control
card., The first five copies of the invoice are placed in Card Order Department Open
Invoice File and yellow header cards are placed in control file from where a weekly.
schedule list is prepered each Friday. The cards are sorted by schedule date and
the Printing Department furnished a listing of those schedules, which can be printed.

A Control Header Card is recelved from the Ordexr Department and reproduced
to our Accounts Receivable Card. The information punched is interpreted across the
top of the card to facilitate matching the cards against customer involces. TFrom a
~copy of the invoice, all necessary information such as card revenue, page number,

miscellaneous items, etc., are punched by the Keypunch Section of the Machine Ac-
counting Department. After the punching and verifying, these cards are sent to the
Tabulating Room, where all cards are balanced against control totalsg, and a listing
showing all necessary data is prepared for transmittal of the necessary information
to World Headquarters for use on their Accounts Receivable File., This accounts re-
ceivable procedure is completed the day after shipment of cards.

The Production Tickets have another use in preparing the quantity produced
on our FAM Card Production and Inventory Report. Thig report is made from the ori-
ginal Order Control Card along with the detail Production Tickets. This report is
used by the Accounting Department and Card Menufacturing Department for the control
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of inventories and shipments of cards to customers on a pre-determined schedule
date, This also facilitates a minimm of storage space in the Card Nb.nufacturlng
Department for cards printed, but not shipped.

When production starts- on an order, the Production Tickets go daily to the
Accounting Department, where they are accurmlated and tabulated until the salmon
cards are received indicating final shipment, at which time the Accounting Depart-
nent waits for the listing of the billed orders from the Card Order Department
(Shipping list) is then matched against Production.

When shipment 1s made in Dept. 950, shipping notice 1s released to office
originating order, packing list is placed in one of the boxes and three bills of
Lading signed, carrier takes one copy, one copy becomes permanent shipping room

- record and one copy returned to Card Order Department with shipping order, which
is our signal to invoice customer. '

' If no alteration has been made to invoice, we simply pull five copies
from open file, date them, attach bill of lading to first three copiles, which is
customer's invoice. Page number 4 and 5 copies, which is New York Accounting De-
partment copy and Accounts Receivable copy respectively. Pull yellow header card
and send to Machine Accounting Department, where a shipping list is prepared (al-
phabetically), and yellow cards are yeproduced. Additional information is punched
on this Accounts Receivable Card such as page number card revenue and miscellaneous
items. Register or spread sheet is then run from Accounts Receivable Cards and
Accounts Receivable cards, two copies of invoice and register sent to New York, the
day follomng shipment.,

The yellow card now becomes quantity discount card and is accumulated
until end of month at which time an accumulative discount report is run which is
necesggary so our offices can be advised on the status of customers!' yearly card
contracts at any time.

(Shipping list)

(Entry list)
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ACCOUNTING OF IBM CARD MANUFACTURING
by
G. C., Trmons
November 25, 1946

CENFRAL TNFORMATTON

Cost accounting is defined as that branch of accounting which has to do
with recording and analysis of expenditures, study and interpretation of the data
thus obtained, the uge of such information in the management and direction of the
enterprise., In a narrower sense, the term "Cost Accounting"” is applied to account-
ing in a manufacturing entervrise and the accounts would, therefore, cover produc-
tion or factory activities. '

The purpose of cost accounting is to furnish information which will make
possible intelligent and efficient administration of a business enterprise. For
example--the cogt accountant should have information available which will:

l. Point out where costs are going out of line
2., TImprove procegses
3. Secure low costs
L., Reduce spoilage and waste
5. Total cogt of cards sold
6. Cost per thousand
g. Comparison of costs of three card plants
. Etc,.

It should be pointed out and emphasized that the Accounting system must be
molded around the production system and layout. Reports resulting from the system
must not only fit, but also reflect the operations clearly and effectively. However,
there are certain accounting fundamentals which exist which must be recognized by
production personnel.

The elements of cost are as follows:

1. Direct lLabor, which is labor spent in actuval production of the
product or labor which is immediately identifiable with product costs.

Examples: Slitter Operator
Carroll Press Operator

2. Direct Material, which is material forming a part of the finished
product. Generally speaking, materials present in the finished product.

Example; Paper
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3. Txpense (often referred to as Overhead or Burden) includes labor
and material which cannot be charged directly but are necessary to the
manufacture of the product,

Exarmples: Wages of Managers, clerks, truckers, maintenance
' repair men. Materials including repair parts,
oil, grease, stationery.

Ixpense would also include fixed charges such as Depreciation,
Taxes, Group Insurance, Unemployment Insurance, Vacation and Iolidays,
Country Club, Occupancy expense.

The term depreciation may be but a technical accounting word to you, 80 we
shall take this opportunity to explain it in detail:

Machinery and equipment used in the Card Plant is either purchased as a
unit or manufactured and assembled by the IBM., This equipment has an expected
length of life or service for a period of several years and the cost is, therefore,
provrated over that period.

For example--a machine used in the slitting department may cost $1,000;
and if this cost were charged immedigtely to operation costs, it would seriously
distort costs because a ten-year cost is included in one year's operations. There-
fore, the cost of this machine is prorated or depreciated over a period of 10 years
or $100 per year.

Expressed in accounting terms, the machine has been capitalized and de-
preciated based upon cbsolesence and deterioration over a period of years.

o This type‘of expense ig usnally referred to as fiXed, since the expense
exlsts regardless of operations. If the plent should remain idle or work at capa-

city, the expense of depreciation would remain the same.

COST FINDING

This subJect would be very sirple if we could divide the total cost of
operating the Card Plant Dy the quantity of cards produced to derive a cost per
thousand., This calculation would indicate trends but would not be gpecific in
detall to be of value to management.

Therefore, a schedule of accounts must be created which will include the
three elements of cost mentioned above. It ig also necessary to bresak up the

charges to these accounts by cost center (relerrcd to as Burden Centers, cost pools,
departments).

Accounts are divided into three sections:

1. Major Accounts
910 - Plant 1 '
912 -~ Plant 3 S
913 -~ Plant #4 «
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5, Minor accounts are divided into the followinggroups and would be
applied to the three Major accounts:

a. 10xx Direct Labor

b. 1llxx Malntenance

c. 12xx Depreciation

d. 13xx Office and Supervisgion
e, 1llxx Occupancy

. 15xx Variable

g. 1l6xx Non-Variable

h. 17xx Direct Material

i, 18xx Shipping Expense

Je 19xx Cogt of Shipments

-3, Burden Centers are assigned to major operations performed such as:

a. 001 Handling and Storing

bs 010 Slitting

c. 550  Tdge Ccating -

d., 190 Carroll Preas

e. 750 Shipping

o 910 Direct ILabor Redistribution

He 920  Press Impression Redistribution

The complete account would be written as follows - Carroll Press Operator
at Plant #1:

M, jor Minor B. C. -
910 - 1000 - 190

All direct labor and Indirect expenses are charged to a burden center. IT
it is not possible to charge to operating burden centers, general Burden Centers are
charged. The expense so allocated is redigtributed to operating burden centers on a
Direct Lebor or Press Impression basis.

Accuracy of Cost finding depends upon the preparation of the detail labor
and material cards in the Card Plant itgelf. If the department time keeper is not
aware of tranafers from one Jjob to another, the first job will be overcharged and
the second undercharged. ¥Nrrors of this nature are not easily identified during the
course of the check of labor and material charges each week and invariably our first
indication that costs are out of line is alfter the hooks are closed and we are pre-
paring the Card Cost Statement, Discovery of errors at this point tends to delay

~publication of Cost Statements.

To determine the cost of production of one thousand cards on the Carroll
Press line, we must know the costs of:

Handling and Storing
Slitting

Bdge Coating
Printing Development
Carroll Tress
Shipping Expense
Paper

. e

.

= o\ o
°

The cost of 1-2-3-k are known as "Common Costs", since they would apply to
production of cards regardless of the type of press used.



PAPER COST CONTIROL

Paper cost includes the Invoice and freight charges. Since freight on
paper is a large expense, it has been our policy to include it in the total paper
cost rather than show freight on paper as an expense item.

Cost of paper per thousand of cards is the largest ltem of the total.
Therefore, it necessarily follows that this cost must be accurately controlled and
recorded. The key to accurate control is the weight per M cards. This figure is
calculated by dividing production into the total pounds of paper used. A deviation
upwards from an established average would indicate an error in pounda, o uged, or
the production figure used would be in error or the scrap accumulated is unusuval.
The reverse or a deviation below the established weight per M would indicate that
an error exists in pounds of paper recorded as used, Production figure ig too high
or scrap is abnormally low.

Paper usage, weight and money, is determined by the following simple for-

mulas: '
Pounds Value

On hand

+ Received

- On Hand

-= Usage

or

Beginning Inventory

+ Reoceipts

= Available

- Usage

= Inventory

Since various types ol paper are used separate, controls are necessary for:

Hanila
Colored
Ttc.

Each roll of paper received at the plant is numbered. Receiving reports
or packing slips received with each shipment list the serial numbers of the rolls
received. Cards are received in the Accounting Department from the vendors which
represent the rolls delivered and invoiced., After a check for accuracy is made and
receipt of the shipment is verified, lhese cards are added to the perpetual inven-
tory file.

As paper is consumed in the slitting department, the roll numbers are
ligted and forwarded to the Accounting Department daily. Withdrawals from the in-
ventory card file i based upon these transmittals. A tabulation of these usage
cards at the end of an accounting period will provide the Accounting Depariment with
the total number of pounds of paper which has been slit. ’

All paper glit during an accounting period is not necessarily processed
through card presses. The slit reels on the floor at the end of an accounting
period are inventoried and deducted from the total paper slit to obtain the number
of pounds used. An accurate inventory of slit reels on the floor is most important,
gince errors would penalize the usage figure which would in turn distort the total
- card costs,
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A Rolls of paper are slit for foreign shipment. The cost of handling and
storing, slitting and the paper value is credited to plant operations and charged
to a separate inventory account. The value of this paper must be relieved from the
total paper slit to obtain the value of paper used in the manufacture of cards.

Scrap paper, including edge trim, cards, chips, etc. is sold to scrap
dealers. The sale of scrap is, therefore, a Feduction in operating costs but never
offsets the money which was originally spent for the paper. The cost of scrap
handling, collection and baling, is one factor which tends to decrease the credlt
realized from the sale.

Packing Costs - Most industrial organizations do not recognize this ex-
pense a8 a direct cost but as Shipping Fxpense which would be charged to a selling
account. Our policy has been to congider container costs, stapling, storing and
handling, record keeping in the shipping department as a part of the cost of cards.
However, the expense of delivery to customers is not charged to card costs but to
selling expense.

Control of quantity and value of containers follows the same pattern as
outlined for paper. Asscmbly of the 710 box, placing the 5 #2 boxes inside and the
complete unit on the conveyor on the Tirst floor, stapling the box, identification
and storing in the shipping room, trucking to the rear platform is all congidered
packing cost. Packing cards in containers at the press ig congidered as a part of
the Press operation costs, since it would be impractical to attempt splitting time
to two operations.

PRODUCTION AND INVENTORY CONTROL

At Plant #1, we have an excellent control of production. It is really
quite simple to operate. The reasoning is the gquantity ordered must be produced
and shipped. The production tickets which are distributed to the press operators
with each order represent the quantity of cards ordered by a customer for a certain
card form. The production tickets are usually for a quantity of 10M cards. How-
ever, in some ingtances they may be for a quantity of 1, 2, or 20M. '

As each container is filled, a production ticket is used to record this
production., At the end of thy work day these tickets are turned in. You have
probably noticed that the tickets are punched. The holes in these cards give us
the information necessary to build up the production figures for a day and also to
give a progress report or statug of each order entercd. Over-runs on orders should
be avoided, since no credit for production of this nature is allowed. Duplication
of orders caused by ilssuance of duplicate nroduction tickets should be avoided.
Only quantities ordered are allowed in production,.

You will recall that paper is the major cost factor in the total card cost.
Over-runs, duplication of orders, etc., tend to increase the cost of cards shipped.

In some instances over-runs, and errors in production such as making the
wrong corner cub, putting the stripe in the wrong position, etc., does not neces-
sarily mean a loss in production. These cases are taken up with the customer who
may choose to overlook the ervor and accept the cards as is. In this case, produc-
tion is allowed, However, such contacts with customers should be avoided and his
acc:pt&ncf of" errors should be discounted, ag he cannot be considered as a "satisfied
customer.,
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The inventory of finished cards in the shipping department is available
from this daily report. At all times, the report reflects the number of cards
printed but not shipped. This quantity mumltiplied by the cost of a thousand cards
gives us the value of the finished card inventory. This value is then credited to

operating costs for the period, leaving a balance in the accounts representing the
" cost of cards shipped.

A year ago, we bhad to count card boxes in the shipping department and
other locationg in the Card Plant to get this inventory gquantity. This was a chore
which necessitated overtime work on Saturday, which was uswally a good lnnting day.
The daily tabulated report has proved so accurate that it has replaced the tedious
labor which was formerly required. As a matter of fact, it has been proved the
machine report is nore accurate than counters and checkers ever were.

This report of production and inventory also gives the vital figure of the
back-log of orders; meaning the orders which have not been started in production
but have been entered in the Order Department or the total of cards yet to be pro-
duced on orders in production plus qrantity of cards on orders not placed on the
Card Plant, This back-log figure is constantly on the move, since production is
subtracted from it and orders entered are added to it each day. This back-log
Tigure must be accurate, since management uses it as a guide in forming certain
policies, '

This report is also used to follow up on orders which are behind schedule.
A daily check on old ligted items by the shipping deparitment properly followed up
will insure betler service to the custoners,

The plants at Washington and San Jose have similar routines established
to insure that production credit is properly recorded and Tollow up is promptly
made on aged orders. However, nelther plant's reports are on electric accounting
machines as yet.

SPECTAL PROBLEMS

A, Department 953 under W. S. Granger's supervision is known as the Re-
pair and Maintenance Department. This department does more than the title implies.
Following is a listing of functions performed, each of which, are separate accounting
problems.

1. Regular maintenance
. Rebuilding machines

a. For use in Domestic Plants

b. For the foreign division
Assenbly of New Presses
Agserbly of New Kidder Slitters
. Keeping stock for use at Plant #1
. Filling orders for maintenance stock for Plants 3 and L.

no

[N I =gl O b}

Tach of the six functions mentioned must be accurately accounted for.
Once again, the accounting departuent is dependent upon accurate recording of data
at the source. Maintenance and rebuilding are considered as an cxpense of operatiors.
Rebuilding machines for foreign shipment is charged to the Foreign Division. As-
seubly of Presses and Slitters is a major part of the capital value of this equip-
ment. Keeping stock and filling orders for the other plants is considered as depart-
mental expense.
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B. Printing Development under the supervision of Messrs. Ross and Holm-
wood is divided into two groups, namely, process development and equipment develop-
ment.. Management is interested in knowing how much has been spent on each project;
so another serieg of accounts and reports are necessary.

The account is set up as follows:

Majoxr Minor
97TL - Ixxx

Different minor accounts are used for each project,

Development expense ls considered as a part of cerd cost and is distri-
bubed to the three plants based upon production.

C. Flectrotype Costs - A discussion on Card Plant Accounting would not be
complete without some mention being made of cost finding in connection with electro-

type.

The account code pattern is very similar to the one employed in the Card
Plant., Major account 918 identifies the expense with electrotype production. . The
minor account seyries parallels those used in the Card Plant Schedule. Burden
Centers are used to break down expense to operations.

The Electro Wiching department produces Cylinder, flat (regular and
gpecial length) and rotogravure type., On new type, all operations (includes--ILabel
Ordering, Layout, Copy, Label Printing, Photography, Coating and Printing, Etching,
Trimming and Plating) are performed. Replacement type only coating and printing,
etching, trimming and plating operations ere performed. On remakes all operations
are performed but the cost is less because some sections of the card are not changed.

Cost reports are made each month for each month's production and in addi-
tlon show the costs based on expense and production for the year to date.

Customers are charged for the new type and any revisions which they may
require. The cogt of replacement ig considered as a part of card costs. The distri-
bution to the three card plants is based upon actual shipments. . '

Development work under Messrs. Corbett and Fredericks is absorbed into the
cost of electrotype.

CONCLUSION

Naturally, I have not covered all details pertaining to this complex sub-
Ject for that would be most unfair to you.. I hope that we shall all receive some
benefit from this paper and the discussion which has taken place.

_ I wish to repeat one single fact--accurate accounting begins in the shop
and appears on reports to management as the finished product, The Accounting
Department serves as the clearing point and acts as the middle man in this connec-
tion.  Poor records are a reflection on both production and accounting departments,
theiefore,vit is imperative that they work together with the best spirit and coop-
eration.. :
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Test Score sheets are designed so they can be scored on IBM Test Scoring
Machines showing the results of a choice of from two to five questions, a true or
false quiz or a percentage of rights against a percentage of wrongs,

It is possible to have up to 150 different questions with a choice of 5
different answers on one side of a sheet of paper and the same on the other side.

By this means of scoring, it is possible to find out the exact knowledge
one may have on a given subject or of what value this knowledge may be in gelecting
people for different types of occupations depending on the pattern used for scoring.

'The gcoring positions on the sheet are held in close tolerance so they
will align with the contact points in the Test Scoring Machine and an electrical
current will flow across these points where a heavy lead pencil mark is made on the
paper in the scoring position chosen by the person taking the test. :

The carbon in the lead of a lead pencil being a conductor of electricity
it is necessary to use a soft lead pencil so a heavy deposit of lead will appear
on the paper, It is also necessary to use a type of paper that will take off a
good amount of lead ea51ly.

Another factor in choosing the right kind of paper is to find one that
does not change with expansion or contraction easily due to atmospheric conditions.
The best paper containing all of these qualifications is a high-grade mimeograph
" paper which we have manufactured special for this type of:work.

Also the ink uged on imprinting these sheets must be free of carbon which
most printing inks contain and this too is made special for these sheets.

We stock nearly 200 different kinds of forms which can be used on almost
any type of examination, but most of our forms are for boock publishers who sell
these examinations to schools and colleges. Another very large user of our Test
Score sheets 1s our own U, S. Govermment who uses these Tfor Civil Serv1ce, and the
Army and Navy tests.

 We use electrotype forms to imprint these sheets which we buy from outside
vendors who make these forms from copy that is sent to us by our cugtomers,

Before a test gcore sheet can be scored in our Test Score Machine, we have
to cut a stencil. This stencil has cut round holes that correspond to the right
answers. We cut this stencil with a special die in a standard punch press. There
must be a stencil cut for every test that is scored.

*
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DIAL SHEETS

In the manufacturing of time clocks we have one which is known as the
Dial Recorder. This clock differs from the Attendance Recorder which we uge in
our own factory here where each employee has his own time card for a complete
week. In the Dial Recorder, we use only one sheet for all of the employees if it
is a small factory, or one sheet for a department if it is a large factory or or-
ganization. This sheet may be changed daily or weekly, depending upon which type
of clock the customer chooses.

This sheet then becomes a permanent record of a given group of employees
showing the time registered in and out of work with the total hours worked, rate
of pay per hour, and total pay per week with all deductions such as taxes, Bonds,
etc, . .

While we have elther the daily or weekly dial sheets we have also several
gizes in both, known as 20 - 30 - 50 - 100 - 150 - 200 sizes. These different sizes
limit the number of people that can ring on one clock.

In the manufacturing of these sheets, we first take a large sheet and
imprint cross line rules in green ink across it depending on what ever spacing it
is to be, from 20 to the 200 size. Then we take either a daily or weekly form and
imprint in black ink between each space in the cross line ruling, the clock number
of each employee so that his attendance time registered by the clock can be
identified,

There are 19 different cross line ruling forms.

These lines must be very accurate in their relation to each other and also
to the edge of the sheet so when thie sheet 1s placed in the clock each registering
postion will line up; otherwise one man's position on the clock would register on
another man's position on the sheet. .

We must have one of the dally overprint forms to fit each of the cross
line ruling forms,

These figures represent each pergon's man number and are changed to what-

- ever the customer's requirenients may be. The width of the Daily Overprint varies
gome; the average being approximately 2-3/4 inches. We make up our form so that we
can lmprint 7 at one time and then cut them apart.

The Weekly Overprint form is made up special for each customer. With one
of these forms we not only have to change the figures which represent each man's
clock number but we have to change the headings on columns such ag total hours and
pay, and also the different deductions according to the customer's copy.
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(Picture 1) At the turn of the 20th Century industry and manufacturing
were entering a new phase - new machines, new inventions and hundreds of new
factories were mushrooming throughout the country. Along with the thousands of
new workers had come new problems, one of which, in particular, was of major im-
portance to all employers - "How can I kevp an accurate record on the time spent
by my employees in my factory." The answer was supplied by one of the pioneer
orgenizations of IBM < "Make each employee his_own time keeper." Thus, through
an urgent need began the manufacturing of Time Recorders and card forms.

Methods used then were a great deal different than the procedures we
now use to meet the demands of our customcrs. Time cards in those days were made
something like this - copy was prepared and type laboriously set by hand and
‘printed on a press whosc production was limited to about 2000 per hour and de-
pended on the strength of the operators good right leg. Today an operator on one
of our improved card machines produces in the neighborhood of 18,000 cards per
hour with little physical ef Tort.

: Devices have been used for centuries to try to arrive at the right time:
the sun dial, the hour glass, and finally a mechanical clock. Here 1s a picture
of a time recordur clectrically controlled and incorporating all the engineering
features that have made IBM the leader in the time systems field. This clock
will keep and record on a time card every minute, of every hour, of every day.
Program stops are placed in this clock at designated intervals so that regularly
scheduled working hours are stamped on an employee's time card in blue ink and
lateness or irregular time is stamped in red enabling time clerks to pick up
irregular cntries at a glance.

(Picture 2) Time card manufacturing bcegins with the salesman's order
from our customer. A card is then designed to i1l the nceds of the orfice,
factory or school (incidentally, the next time you park your car in a parking lot
in any one of a numbor of cities the chances are that your claim ticket will be
on a time card stub made in IBM and you will be timed by an IBM Clock Systom)
relative to time worked and whore it is to be recorded ~ social security deduc-
tions, with-holding tax, insurance and a host of other information is to be placed
on this card. The card is sent to the Order Department of IBM. First, type is
set and proofs are submitted to the customer for his 0.K.

The stock used for time cards di“fers consierably from our card stock
used to make operating units being made from ground wood and of varying thickness.
We purchase our time card stock in 38" rolls weighing over 1/2 ton each. Last
year, 1945, we used 1625 tons of ITR stock and this year, for ten months, we have
~used 1503 tons Our stock has the same color range as operating unit card stock,
manila being the most popular. At first, time card stock was made in large flat
sheets 24" x 283" and slitting and cutting of cards to the correct sizc was done

with two machlnou. The flat sheet was fed by hand into the first machine which
" slit the card into 283" strips the width dosired, then these strips werc carried
to the second machine where they were cut to the length needed for that particular
order. These two machines required two operators and gavc about 25% of todays
production. (Picture 3) Today rolls arc slit and eut to length on a Kidder



0.

Slitter with a guillotinc cutting feature. This machine slite the rolled stock
to standard widths 2-11/16" to 4-13/64", or up to 38" if we should happen to ever
want a card that wide, and the guillotine cutter (Picture 4) chops 11 cards to
lengths of from 1 to 15" in a single stroke (an executioner in the French Revo-
lution could have had a ficld day with a little larger guillotine like ours) at

a rate o 70 cuts per minute, dropping cach card into individual pockets that can
be adjusted to take any widths that the machine is slitting.

Cards are removed from thce glittors and placed in a 4 -wheel carriage
(capa01ty 80 M cards) and wheeled to the Time Card Imprinting Machines for pro-
cessing, Through the suggestions of omployoes and fine engineering in IBM the
machines we use have been very notably improved. Originally the press was de-
signed to produce about 9 M cards per hour, but through the improvensnts made we
hdve exactly doubled the production capacity. In addition safety features have
‘been added to these presses to give the operator the maximum amount of protection.

(Picture 5) Plates used on our time card imprinting machines are made
by taking a wax impression of the type set to the specifications and wording
satisfactory to our customer - the wax impression is placed into a prepared bath
and. chenical action ig introduced by an electric current which soon forms a copper
shell on the wox. The shell is placced face down in a tray and molten lead poured
over it to desired thickness, low spots brought up and finished, then curved to
fit the cylinder on the imprinting machine.

(Picture 6) The plate is sct-up on the preés and the press is turned
to position to receive the Tiret card. Cards are taken from the carriage by the
operator in 500 lots and placed in the hopper that is built to automatically
select one card and start it through the press in a continuocus motion. Cards
pour through and from these prosses likc water over a doam at the average rate of
18 M per hour.

Cards are printed on one side or both sides, one or two colors, depend-
ing cntirely on the wishes of our customers. One of our newer presses, that we
are putting into operation, prints six 3-13/32" x 53" cards on both sides in two

colors in one operation.

(Picturc 7) Banding and packing opcrations are placed conveniently near
the press operators, necessitating as little walking and waste motion as possible.
Our operators are a skilled group o” men who can feed, remove, and inspect cards
ag rapidly as the imprinting machine can produce them. Like the links on a contin-
uous chain, on an assembly linc theoxry, cards come from the slitters, to the im-
printing machines, to the banding and packing tables where skilled banders take
tall stacks of cards and break them down into 500 card lots. . A simple wooden
block measuring device has been built so that it can be adjusted to the heighth of
500 cards, regardless of thoir thickness. The operator then takes the measured
500 cards, places then sidewise in a clamp arrangement {another time-saving
development) that holds the cards, and has strips of paper sized to go around
those cards. They are banded tightly and held by an adhesive paper. Banders and
packers work side by side.. (Picturc 8) TFrom the banders the banded cards are
passed to the packers whose function consiste of packing time cards into card-
‘board contalners egpecially designed for these cards. From here they are trucked
to our Shipping Department where a stencil is cut and customer's name and address
and order nurber stencilled on the box and the order is completed and ready for
shipment.
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