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I. INTRODUCTION

The purpose of this investigatiOnlis to explore
a méthod for developlng productiocn standards for a low-
proddction fourdrinier paper machine (& machine for
. making papers in an endless sheet) producing a wide range
of specialty paber products over a wide rangé of bésis
welghts., Such a method could be applied for both
spécialty and high-production machines, Uses would
include estimating production run times for production
scheduling, obtaining product cosfs and evaluation of
machine and crew performances. Many authors (2, 5, 6, 9,
10, 12, 13) have considered the problem of making these
estimates using formulas describing pounds ofv§aper
produced for a given pabérvbasis weight, ream weight,
machine speed, and trim width; Dbut the deviationé of actual
performances from these theoretical formulas‘and ncmographs
(5, 12, 13) have not been properly considered for a variety
of reasons., This investigation 18 a continuation of work
(1) which was started when these deviations were notlced in
actualiproduction runs.‘ A general model, programmed ia
FORTRAN IV, which includes the basic variables of ream size,
basis weight, actual trimvwidfh, net production in pounds,

and machine speed as they interact in both theoretical and

ractual situations, was developed to indicate the deviations
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from theorecﬁe,?_by hasis welghts and by paper types,
Thege deviations based on historlcal data become standards,

which are compariscn for dally production runs. Dally runs
wWill theavbecome part of the historig&l data on sabsequent
runs., Actual production data from the Hollywood Paper
Machine of the Richmond Division of the Albemarle Paper

Company was used with the pernmission of the cowmpany in this

—r

study. Thls wachine produces 2 very wide range of specilalty
papers on a prelatively low production basis; and it was
hoped that general concepts could be developed which could
apply to similar machines as well as those producing
relatively few paper types 1in high production,

Theoretical production of a fourdrinler paper machine

may be described by:

| AL ‘ (10)

d
where: D

i

width of the sheet (actual trim) in
inches

S = machine speed in feet per minute
welilght of one ream of paper in pounds
ream count in sheets of paper per reanm
wildth of a ream sheet in inches

length of a ream-sheet in inches
pﬂo&uec;on in pounds per houp
conversioa factor for feet per minute
to pounds per hour,

i i

i

ii

i

i

In order to agree with the practice at the Hollywood
M11l the .standard veam sheet size will be taken to be 24
inches wide by 36 inches long and & staandard veam will cousist

of 500 sheets of paper.
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Where th
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company practice differed from this staandard,
primarily on blotting grades where a 19 x 24, 500 count,
ream was used, the appropriabte conversions were made to a

24 x 36, 50C.count, ream, Therefore, the general formula

- _ 720D S W _DsW
(500) (21 (36) ~ 600 .

Since the production is desired in pounds per inch perp

houx, the formula becomes:

where: P' = production in pbunds/inch/hour,

If all the.appyopriate variables could ke instantane=
ogsly measured as the paper 18 produced, this formula
would give results which would exactly compare with’actual
producticn. However, this 1s not possible with present
instrumentation. Measuring procedures will éafy from
company to company and from prbduction run to production
run within companies depending on many factors éuch as TAPPI
requirements, customer speciflications, paper types,,testing
costs and so fovrth., Therefore, the data to be used in the
formula is subject to error and its use will indicate
production that differs from the actual production as some
function of these erpors. Various papers have their own

sarticular operabling problems as well, which are difficult



to quantify and which will affect the net production.

By sepérating paéers into groups of similiarvrunning
characteristics fof simplicity;'the deviations of actual
- production of net pounds of papér from the amount predicted
by the formula for each basis weight‘in each group may be
determined.

This investigation, of course, applies only to one
particular machine but the methodology developed could,
~ with minow modifications, be adapted to productlon of paper
on any fourdrinier machine. As paper runs and typeé
become highly counsistent, deviations from theoretical should

lessen.,
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ITI. REVIEW OF LITERATURE

A review of the literature reveals that some work
‘has been done in the area of the theoretical formula
describing the production of a fourdrinler paper machine
(2, 5, 6, 9, 10, 12, 13), Varicus.formulas, all based
on the one general Tormula, have been developed as needed
in particular situabtions. Davis (5) has developed a
nomograph based on the formula for the rate of producktion
for kraft papers for ream data of 24 x 36 inches, SOO
count, and a general one for a wide variety of ream
definitions., His general nomograph has been reproduced
{13) for pulp and paper mamufactﬁurersT The Technical~
Association of the Pulp and Paper Industry {(TAPPI) has
also issued a series of nomographs for detefminiﬁg’
production involving various ream sizes and basis weights
as expressed in both English and metric units (12).

However, no iunformation could be located describing
deviations from the theoretical in actual running situa-
‘tions. Doaue (6) has expressed one approach to figuring
paper machine efficiency, which ties in to this approach.
He states that "the instant a machine commences an order
to the time another order is started,‘the theoretical
production 1is calculated using the total time at the basis

weight, speed, and deckle run, This, divided into the

m5.=.
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actual tonnage times 100 is the per cent efficiency.”
(6) Other work in thils area may have been done by
various paper companies; but sueh work is harmally
restricted to the companies concernsd and no other
material_could be found in the published literature,
An unpublighed report (1) prepared for and'éwned
by the Albemarle Paper Company of Richmond, Virginia

dealt with the problem to a limited extent and led to further

investigation as reported here.



ITL, - A BRIFF DESCRIPTION OF A FOURDRINIER PAPER MACHING

Paper pﬂo@uc ed on f@u“i inler pap@r mbcﬂlne}is a
homogenous formation of primarlly cellulose fibers
which are formed in water suspension on the machlce wire
and bound-together by weaving of the fibers and bouding
agents. The paper is produced in a continuous sheet.
There are a wide varlety of fourdrinier paper machines
Trom relatively élow and narrow machines, which are
ganerally used 1n the manufacture of high-guality pagers
{the Hollywood machine falls into this general classifi-
cation), to those high-production machines used in the

manufocture of kraft.pa?efg,,tissues,-or newspriont. They

(!&

raughly range in size from 30 t0 320 inches as expressed
28 the width of the wire and in spéeds from below 100
f.p.m. to over 2,500 f.p.m. (10). As the size and speeds
increase, the machines tend to becone more simple and are
generally used to make only a narrow range of produotg.

A glossary of some paper mill terms 1s glven in
Appendix J; and a rough schematic of a fourdrinier paper

machine 1s given in Appendix K,

At the "wet end" of the machine is the headbox (or in
some O’Jeﬁ machines, .a flow Lox or a breast box), which hau
the purpose of distributing the "stuff" {wood pulp,

o

chemteals, water, and other ingr @dlen%s of the paper) in

=

.3'7_,,
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a uniform sheet on a moving wire; The wire is one of

the most delicate and GXQensive parts of the machine
equipment and is composed of a sheet of fine wire‘géuze
jolned by a seam to form a continucus band. The wire type
and construction varies from application to application.

It moves in the machine direction as the "stuff" is

- deposited upon it allowing the water to péss thfough ic.

' This causes the various solids in the "stuff" to settle on
the wire in a mat. Shaking the wire id a crbss»machine
direction, suction, and other mechanlcal processes aid

the paper-maker 1ln establishing the manner in which the
paper is formed on the wire, which is a very crucial stage
in the process and in the quality of the final product. 1In
effect, the wire 1is simply a filter for removing the water
and receiving the fiher deposit upon its svrface. The wire
is supported by a serieé‘pf large rolls. The breast roll
is located at the headbox and the couch roll (usually with
suctlon capabilities to draw off excess water) is located
at the endAof the wire and is fthe driver to power the wire;
Wire speed must be carefully coordinated with the rest of
the machine operations and speeds which vary along the
length of the machine., 1In éddition, a seriles of other rolls
guide fhe wire as well as keep 1t taut and smooth, Table
rolls, for example, aid in su@porting the wire from the

breast roll to the suction boxes located under the wire.



They also aid in the removal of water by their mechanical
actions on the Wire; After passing the couch roll, the
continuous sheet 1s for the first time in a conditlon to
support itself for short spans. Then the paper is usually
passed. through a seriés of press rolls and felts or suction
press rolls to squeeze more water from the sheet before
entering the érier sections of the machine. The term
fourdrinier originally dealt with the "wet end" of tha
machine, which comprised the headbox, Wire, ané press
sections; but its usage today implies the entire machine
to include drying and calendéring sections and the final
take-up reel on which the continuous paper sheet 1s wound.
(9).

Having pressed as much water out of the sheet as
possible; thére still remains approxiMately 64 to 72 per‘cen%
of water to remove from the péper in oxrder to obtain the
~desired final product., This is accomplished by rﬁnning the
paper over steam-heated cylinders.- The Heollywood machine
in addition has a special oven éttachmént abbve'the dryer
sections through which certain grades may be run for more
rapid or special drying. The drying cylinders normally
vary in size from three feet to six feet in dlameter, and
steam temperatures and pressures also vary somewhat. The
paper is guided through this aectlon and pressed to tne

dryers by dryer felts, which are continuous felt webs of
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cotton,-wool,vor some other fiber. Of éourse, the felts
pick up a considerable amount oflhoiéture in this process
and they must be kept evenly ahdfprOQerly dried to keep
the‘paper from having moisture streaks. The dryer rolls
and felts must also be kept clean éinoe they could imprint
impurities on the paper passing over them,

Calender rolls impart the final finish on the paper
as well as determining the final thickness of the paper
(caliper) to a certain extent. These rolls may not be
used on all papers, of course.  After leaving these rolls,
which resemble a stack of wringers on an old washing
machihe, the paper is WDund‘on a reel and then re-~wound to
a uniform tension. Invthe re-winding process the paper is
cut to various size rolls in both diameter and width as
required. This becomes the net production from the
.machine. |

The gqualities as well as the production rate of the
final paper are determined by many factors, machine condi-
tions, and external conditiods such asvatmosphéfic heat and
huhidity. Unfortunately, too little is known in the preseunt
state of the papermmaking art about many variables affecting
the process much less how they ianteract. -Those under the
control of the paper-maker are carefully regulated in order
to obtaln the desired final product, which is then tested to

ascertain how closely the desired specifications were met,
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With the speed of the wire being held constant the
thickness of fthe sheet and its weight may be increased
by increasing the flow of the "stuff" from the neadbox on the
wire, Similiarly, by holding the flow from the headbox
constant, a decrease in tﬁe speed of the wire will result
in a larger buildup of "stuff" on the wire and a correspond-
ingly thicker sheet. Hundreds of adjustments must be made
on these huge machines to obtain a particular desired
product.

.In the past and even today papermaking has tended to be
an art with much reliance on the machine tender’s abilities
to adjust the machine according to his experience, feelings,
and so forth. There is an increasing trend towards making
guantitative rather than qualitative decisions concerning
the process and machine settings. However, for many reasons
papey making is still highly qualitative in nature, making
some studies of ﬁhe machine and the process somewhat
difficult if not impossible today. As required instrumen-
tation is improved or developed, fhe trend away from the |

papermaking art to the papermaklng science will continue.



CULTIES IN COLLECTING DATA AND
RACR SOUHCES TN ”ﬁ: DATA

Iv, DIFFL
i

data for this study was aob

jah

HJ chi of the desiye
available when it wg4‘first initiated in the spring of
1967 and initial work hads b@ based largely on ianferences
from various charts'descrlmimg the actions of the Hollywooed
m&chine (1). For example, run times on various grades were
either missing or highly suspects however, automatically
recorded charts were available which gave the times the
machine was running aad approximated the times the machine
was producing a certaln grade. - Data gatheredfin this
manner over one year of production was used in the initial
study as betﬁer data recordimg procedures were eéstablished.
Based on the initlal study and the experience éf those in
‘charge of Lhe machice and i c% operab*eus, almost 200
aifferent grades of papers were reduced to six major éroups
with similar operating characteristics. These six major
groupings are 1ln present use Ln the Albemarle Paper
Company (Appendix I) and will therefore be used in this
study. Only four mouths of data 1s considered here due o
restrietions placed by the Company.

Despite new recording procedures and stress o workmen
by supér&isarg on the necesslty of accuracy, some of the
iata 1n this study, if aot all, is suspect and wmust be

considered in that light.

w1 D



-13~

The primary inf@rmation’bits‘reQQired‘in this study
were; |
The grade name,
The grade code (AP?ENDIX i.),

The basis weight (laboratory determined on a
24 x 36 inches, 500 count, basis),

The final trim width in inches,

The machine speed in feet per minute
(speed of the wire),

The actual run time (disregarding set-up times,
and time spent producing bad paper),

»fThe pounds of net production,

Howevér, the basis weights were not always tested for
each paper, since someAcustomers did not specify basis
weight tolerances. Therefore, in those cases the nominal
(aimed for) basis weilght was reéorded and not‘the résult
' of a test. In addition, the laboratory procedure varied
from paper to paper depending on TAPPI, customer, and plant
requirements; but in no case was it on a céntinﬁous basis.
At besgt, it was a test per reel of paper. Even those meas-
urements carried out in accordatice wi@h TAP?I Standards
prodaced results that were subject -to error.v TAPPI
Standard, T 410 os-61 (11) states that not less than ten
sheets representative of the shipment, each of at least
500 sqguare dentemeters (80 square inches) in area, and for
paperboard, not less than five representative sheets each

at least one square foot in area were to be used in the
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testing for basis Weight._ Each‘sheet is to be weighed
'undef standard TAPPI éonditidns and the average welght

is then calculated. The basis welght, which is a measure
qf.the weight of 500 sheets meaSuringlzu x 36 laches 1n
this case was obtalned by multipiying the average sheet
weight by 500. Of course, there is an obvious source of
error in this testing procedure since only a few sheets are
weighed and any error in the measurement wili be compounded
by the multiplying factor used to find the basis weight (2).

The trim width of the final roll is subject to little
error and may bé regarded as accurate,

The speed of the wire in feet per minute was recorded
hourly (or by product if the run was less than an hour) by
the machine tender from an instrument resembling a speed-
ometer on an automobile. This could give only instantaneous
readings, of course, an&Aléft no permanent record that could
be checked. In addition, the speeds for a given production
run, if that run was greater than one hour, were averaged
based on the reported hourly readings. The machine tender,
however, kept a careful watch on the lnsfrument and made
adjustmenﬁs on the'machine as required so that the speed of
the machine és recorded may be assumed to be relatively .-
sccurate.

The net produetion‘was.uéed in this study since, due

to the pecularities of the particular machine, the rewlndlog
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operation could not be separated from the first winding
Operétion with a scalé'between them to record the gross
productilon. This could mean that paper may have been
produced and thought to be good by the machine tender and
the run time recorded accordingly; but a section éould be
found to be bad uponArewinding and theréfore cut out of the
reel thereby reducing the final weight. The net produotion
then recorded would be based on the actual paper that was
available to be sold while in that case the run time would
- be based on the production in total including that which
was discarded. ‘Attempts to prevent thi$ from happehing were
made but it 1s possible that such a situation may have
occurred and there is no means of accurately checking fopr
it now.

In addition, the workmen recofding some of the
'information tended to be men accustomed to the-art father
than the science of papermaking. They could not see the |
importance of recording the information as long as they were
making salable paper. |

All of these errors, if they exist in a given run, tehd
to confound the resulis, although some of them might tend tb
éancel each other out. Since the calcula%ions of theoretical
production from the formulas dépend on the recorded data, |
they are subject to error as are the calculations of the

sctual net production in pounds per inch pexr hour. The
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formula was, as stated before, based upon-the assumption
that the basis weight and other vériables are exactly
correct and remain constant. "Up to the present time this
has been found to be impossiblé,‘éue to the many variables.
in thé papermaking process that have not been bfought under
control™. (10).

In the st&dy of the data those with obvious errors
such as incomplete recordings,.actual'productidn greater
than theoretically pdSsible, and so on were discarded. In
addition, a fraction defective,control chart was applied
to the remainder (Chapter VI)‘in order to further elimi-
nate questionable data. Of course, some bad data may
remain but this could not be identified. This is no fault
of this study, only of the manner in which data was recorded
by the production pefsonnel in the plant. Beﬁter instru-
mentation and-recordimg accuracy would aid in future Studies

as well as 1in the papermaking process itselfl.



V., BRIEF HISTORY OF THE HOLLYWOOD MACHINE AND MILL (9‘

The Hollywo od Mill and 80 1lnch fourdrinier paper
machine were built in 1888 to serve as a blotting mill %o

provide the paper which was 1n great demand at that time.

2

Due to a ﬁamﬁér of reasons'the market for blotting grades
of papers dr@pped off in the 1930's‘and the mill started
to manufacture varlous kraft grades to take up the slack.
However, due to Lhe introduction into the South of many
large, high-production kraft machines in the 1940's, the
low-production Hollywood mill and machine were at a
considerable compebitive disadvantage, and the income
from the blotting grades was not enough to offset the
rising losses on kraft., In early 1950 due to these losses,
a lack of capital, and se erai other reasons, the mill was
put on the narket. However, top management, upon review-
ing the potential of the mill 1n the speclalty paper
fleld, withdrew the offer and added high‘graée specialty
papers to the liane of products produced oun the machine and

procassed in the mill.

As profits from the operations increased, management
felt justified in making large capital expenditures to
update and improve.the machine and supporting eguipment.
These capitval additions were o a large extent almed at

improving «wot only the general running capahilities of the

-7 -



-18-

_maghine but also making it possible to run effectlvely a
very wide range of specialty paper gfades.‘ These
improvements have continued to the preqent maklng the
H011ywood machine unigue in the papcw industry in both
‘appearance and capabllltles.

As new demands for various speclalty papers such as
those used in filters appear, the machine 1is used in
experimental work to determine how to make the new paper
and what, if any, machine modifications may be necessary.
As a result, today the Hollywood machine is producing the
widest range of paper products in the world according to
the mill manager. A very rough breakdown of the present

product mix is

Blotting - 25%
Krafs - 25%
Specialties - 50%

100% .

The actual breakdown is very difficult to determine since
some of the orders are experiméntal, some are one-time
only orders, and some occur on a very infrequent and
irregular basis.  In general a rough estimate of the
different grades produced at present would be approximat ely
200.

Oper atluc over such a wide spectrum causes flugtuations

in the machine oubtput, costs, and profits., For example, the
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mill normally operates on a seven-day week, twenty-four
hours per day; and is capable of produaing from approx-
imately 20,000 to 75,000 pounds of sélable paper per day
depending upon the’gradesvand product mix.

With such a wide range of products and product mix
to say nothing of the various sizes of orders the costs
associated with producing a particular grade on a parbtic-
ulax production run are very difficuit to determine at the
present time. In addition the furnish (ingredients of the
paper) costs per ton vary widely from one grade to another.
In general the mill personnel do not know, nor does
wanagement, what a particular paper cgsts to make and
what loss or profit may be associated with it. Therefore,
the development of production standards‘as part of a
standard cost accounting procedure'becomes desirable,

Such standards, once tested and verified, are inval-
uable to the accounting function, are an aid in the
schéduling of the machine, aid in evalaation of improvements
on the machine, and help in evaluations of machine and crew
performances.

With a wide product range and mix the Hollywood
machine is ideal forx a study from one viewpoint, since if
is operating over a wide spectr@m while wmost paper machines
operate on & very Tew grades.  This would make 1t more

difficult to draw general conclusions from a study of them.
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However, dealing with such a wide'préduct range has many
drawbacks. The needed data in some areas is .very limited
since only one 0r two funs of a particular paper may be
made per year or even less freguently and some grades are
made in‘very small quantities on shoxt production runs.
These can tend to confound and cloud the actual character-
istics and make a study most difficult.

After preliminary studies for the development of
standards for production were made in the spring of 1967,
they were put into use on a temporary test basis and proved
to be relatively accurate in predicting and evaluating machine
capabilities., Based on this initial success;, further
investigatlion and work iﬁ the area was desired. In addition,
a éomputer adapted procedure was_désiréble from management‘s
viewpolnt. Theréfore, this study was iunitiated and should

‘provide many answers and ideas for future work.



VI, INVESTIGATION

The period for this study was from August 1, 1967,
to December 1, 1967, which was selected and limlted by
Albemarle Paper Cowpany Qersoanel. The time perlod is
sctually teo short However, and data for a longer period
should be used in any f 110w -up studies. A new headbox
was installed on the machine in the summer of 1967, which
changed many of the'running‘characteristics of the machine
maklng 1t impossible Lo use data prior o this study
period, Persqnnel of the company‘did not want to release
nroductlion data dealing with runs after December 1lst.

The standards developed here deal strictly with hlStO?‘C&l
funaiwp experiences on salable paper.

‘As described in Chapter I, the theoretical production
in pounds per inch per hour on the Hollywood machine using

a ream size of 24 x 36 iaches, 500 count, can be described

by:

192}
et
]

P! =

o
8‘2

where: P' = net production in pounds /1nch/hour

S = machine speed 1in feet per wminute
W = basis welght 1n pounds
600 = conversion factors

In the iavestigation of historical production data it

was noted that the actual production in poun nds of net salable

Al

paper per inch of actual trim per hour,cf production was less

D] e
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than ﬁhe amount given by the formu;a, From prior étudies
in the Albemarle Paper Company (1) the large number of
paper grades pro&uced were separated into slx major groups
having similar characteristic5 (See APPENDIX I).

It was decided to write a FORTRAN IV program (APPENDIX
A) capable of accepting data oan up to 400 past production
runs in the order that the runs were made (APPENDIX D shows
the data used), and establishing production standards on
this historical basis. APPENDIX D contains the grade (or
group number), bthe basis weight, the width of trim in
inches, the machine speed in_feet'per minute, the running
time in hours and minutes, and the net production in
pounds. The program coumblines the data into the six major
groups by ascending order of basis weights. Based upon
pounds of pfoduction and associated speeds the weightedv
average speeds for each group'and basis weight are then
caiculated. These become the historical or standard épeeds
in feet per minute. The historical wgighted average net
pounds per inch per hour is then found in the same manner
and becowes standard. BRased upon each Tinal weighted
average speed, theoretical preduction is calculated using
the formula Just developed. The deviation of the welghted
average production from this theoretical figure was then
obtained (this may be converted to a per'ceﬁt by multiply-

ing by 100). Since a qualitative measure of the accuracy
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of thése standards is the numbex of production runs in
each one, the number of thesé:runsAWas also shown in the
computer output under the colums calied "COUNT" (APPENDIX
F). The standards thus developed by the'cOmpuéer sub=
program, "STD3S", based ubon the raw historical data of
four months of production are shown in APPENDIX F.

Since it was realized from the start that some of
the base data had been erroneously recordedkby the Holly=
wood Mill produotibn personuel, the deviation from |
theoretical columns were checked for any deviations éhown
as being negative, which would indicate an actual pro-
duction greater than theoretically possible based upon
~the data. Whenever such polnts were ﬁoted, they were
checked carefully and eliminated prior to the final com-
puter run in this report. This corresponds to'eliminating
points falling below a lower control limit on a fraction
defective control chart as will be discussed later,
Twéntymfour such production runs were eliminated from the
four month study period. In addition the déviations might
be expected to fall within some general grouping under
normal operating conditions and those exceedling such a
grouping would indicate elther errors in recording the
data or some other assignable cause., Since determining
assignable causes was 1lmpossible at this‘time, a statig=-

tical quality control chart for attributes was felt to
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offer an approach to further elimlnate abnormal
deviations.

Many quallty characteristics c¢ad be classglfied only

e

by placing them into tWo groupsvw thése conforming to the
specifications and those not conforming - which may be
termed classification by aﬁtributes. The control charts
assoclated with this type of classification are called
coatrol charts for fraction defeétive and aré used as a
tool to disclose the presence of assignable causes of
variation in some sampling procedure (8). The fraction
defective, p, may be defined as the ratio of the number of
defective ifems found in an inspection to the totél
number of articles actually ihspected; and this is
normally expressed as a declmal fraction although this is
often converted to a per cent defective.
| Since p is described by the number defective in a

certain sample sige, n, it may be described as:

p = number defective / number inspected.
The stendard deviation,; sigma, of the fraction defective
is given by:

signa = {p' (1 -p') /n (8

where p' is the actual fraction defective and 1s assumed

to be represented by the observed fraction defective
average, S.' For the case here a three sigma upper control

limit was declded on and therefore the upper coantrol limit



becomes:

UCL = p + 3 sigma
The lower control limlt, LCL, wi;lvnot be used here as
will be explained later. The assumption of p'! being
aocuratelyvrepresented by p rests on all fraction |
defectives falling within the control limits. However,
j@dgement may rule in favor of this assumption despite.
there being points outside the limits (8).

The rational process of the fréction defective
control charts was felt to offer the best tool for the
elimination of questionable data. In order to adapt the
situation in this problem to analysis by such a method
several assumptions had to be made. The first major
assumption made was that the deviation frbm theoretical
for each group and basis weight within the gfoup could
be counsidered to be a ffaction defgctive, since it was a
deviation from a desired value, Secondly, the}n value for
the situation for each group would be_the total number of
points (the total of the "COUNT" column in the output as
shown in APPENDIX F) within that group. With these
assumptions and thevassumption that any points falling
6utside the conbrol limits would not affect the consideréw
tion of p approximating p' the fractlon defective forveach :
group would become the sum of all the deviations from

theoretical for each group divided by the sum of the
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TCOUNT' column for thab group. This would give p. The

uppexr é\*“tol 1imlt, USL, 18 aléé deveiaped, A large
deviatlon indlcates production fap below the thor tically
ex§ cted pruLutiOn. Since those above the theoretical
values {bel@w a ILCL of zero) had alﬁe&dy been eliminated,
a LCL is unot shawn.l Therefore, any deviation from theo-
retlcal which is greater than the UCL would be suspect
of having Some assignable cause such as an error Iln record-
ing the base data and would therefore be checked and
dlscarded as necessa y Individual checking was necessary
since a par tlouEar deviation may'have»wesulted from the
combined data from several production runs and all of &thenm
may not have been questionable,

- This procedure was followed and seventeen items were
discovered to have deviations greate“ than thelr respective
upper control limits and were therefore eliminated, This
brought to total forty-one questionable production runs
that wpre discarded from this study, but this in no way
implies that the remaining data 1is to be trusted without
guestion. This procedure has only eliminated those rQns
having obviocusly questionable data.

Tle items thus eliminated were done on a prior
compuber run and therefors do not show up in this report
elther in the raw'h4stnrical dats in APPENDIX D or in the

final standarpds in APPENDIX P Howe er, once the 1nitial



guestionable data was discarded an@ another run was made
on the‘computer, a new 5'was developed as shown on the
output in APPENDIX F élang with the corresponding upper
control limit, UCL. This was included in the final
6utput‘for this study as a demonstraﬁion ol how the
program works. The UCL shown in this report should not
be applied to the deviations from theoretical agaiﬁ. The
plots of the original p and original UCL with all the
deviations are shown in APPENDIX G. From these fraction
defective contrel charts in APPENDIX G the points outside
the UCL were checked and‘eliminated as required and
therefore do not show up in the final standards.

The Tinal standards information (A?PENDIX F)”as
developed after the elimination of the qpestionable data
was also plotted. The weighted average speeds {standard
speéds) and the correspﬁnding‘theoretical productions are
shown on the six graphs in APPENDIX H. The machine speeds
for each group in general follow a curve similar to a
‘negative exponential and the curves for the correspbnding
theoretical productions form curves "mirroring" the speed
curves. It should be ncted that the curves are not smooth
since many factors would cause slight deviations and
would depend on the particular coundlitions on the paper

machine during the run{s). Whenever a speed deviation from

iQ

the expected smooth curve is noted, a corrvespondin
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deviation Is wnoted in the thecre%ical productlion as
would be expected. The apiarently larger deviations are
simply due %o the carticular scales used. The deviations
of the actual production fronm the theoretical production
were already plotted in'the frection defective control
charts for the previous run and were not plotted again
for this reason, The weighted average productions
(standard productions) ape shown in the "STANDARD NET
PRODUCTION" column of APPENDIX R,

The programn was éo desligned that up tovten production
runs for a gi%@n day cbuld;be’cbmpared'with the historical
standards in order to determine how close they were met.

The actual data for the produectlion runs of December 1,

1967, as shown in APPENDIX B, was entered., In addition

o
t

hree pleceg of dummy information in group six were entered
in order to demonStrate other features of the program. The
final raw input data is shown in APPENDIX C. This data was
sorted into ascending oxder by groups and had the theoretical

sch run calculated based on reported speed

production for e
and basis welght., The deviation from the thecoretical for

cach production run was then Tound and compared with the

lards.,

oS

historical deviation as determined in the stan
Comparing deviations rather Than production was felt to be
more valid due to speed changes on individual runs. Such

changes should not affect the deviations as much as



the production. The final output is shown in APPE.EI&

E.‘ The three dummy iépu*é in grou? 51x have basis

welghts falling below, above, and bhetween kuown poluts

in the group six pfsﬂuction stan&ards¢ When falliog

below or above, no standards could be computed and th@
output ind ¢ca?es Mewmen for standsrd speed, standard
deviatlon, and ﬁifferenée, It also signals the fact

that the po1nt was outside the hls corical range by print-
ing ”MOT IN “mA&DARDS" The point falling between known
901nfs had 1ts values compared w1th a historical standa od
pased on a linear 1nce:polatlon‘between two known points
of weighted average'speeds and two knéwn points of
weighted averagé productions. In the "DIFFERENCE" column
a negative difference indicates that the run for that
particular grade had fallen below the historical standard
deviation. Such is the case for the sack grade (code
0508) as shown. In additiocn, any deviation from theoreti-
cal that is greaﬁer than the corresponding UCL in the stand-
ards could be easily checked and therefore signal that an.

investigation for an assignable cause is necessary.

Si nos each basis weight in each group may have its
particular running characteristics and problems, the
discrete wethoed developed was felt to be superior to thab

of atte Giﬂy to work with smooth, contlinuous curves for

elther speeds, theoretical productions, opr actual
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productions. With more data than was used in this
investigation it way be expected that the various curves

would tend to swmooth out somewhatb.

RECOMMENDATIONS FOR FURTHER WORK.

This study waé concerned with a low-production spe-
cilalty paper machine with many unigue characteristics,
Evéry specialty mill is somewhat unlgue unto itself but
it is not inconceivable that the general approach
developed in this study could, with minor wmodifications,
be applied to other paper machines of this type and to
thoge involved in high-production of only a few products.

Since considerable difficulty was encountered in this
study with questionable data, the procedures for obtaining
the data ghould be carefully reviewed in order to eliminate
as much of fthe bad as possible before starting the studies.
Data for a fairly 1bng périod shoald be used, i1f possible,
in order to obtain the best results. Of course, caution
should be uéed in order that data before and after major
machine modifications would not be nmixed.

If uvused in actual prachtice, updatling procedures should
be incorporated either in the program or in the data
processing prior to the.computer run, For example, only’
the more reéent data for each basis weight in each éroup
sﬁould be used to aid in keeping the standards abreast of

the wachine capabllities. Many of the features in the
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program in APPENDIX A could be eliminated with a careful
data processing procedure in actdal bractice-and thereby
reduce thevcompufer processing'time considerably.

- As the standards are developed in actual practice,
the runs from each day then become additions to the his-
torical data for use in the next computer run andvstandards

development.

EXAMPLE PRODUCTION PROBLEM

The'following simple example shows how the standards
in_APPENDiX F could be used by production peréonnel in
making an estimate of machlne running time on a particular
order of paper.

Ah order for 20,000 pounds of 189 pound basis.weight
Verigood blotting paper is to be made in 35 inch wide
- rolls. How long will it take to produce the order?
| By checking in APPENDIX I, the product code for
Verigood is found to be 0113, which places it 1in Production
Standards Group Ol as found 1n APPENDIX F. By checking down
the basis weight column for 189 pound paper, it is found
that the standard'speed at which the papér has been
producéd is 153 feet per minute so the initlal machine set-
up should be at that speed. The standard production 1s
46,03 pounds/inch/hour, Since the Hollywocd machine 1s
able to produce an eighty inch wide sheet of paper, the

required 35 inch wide rolls counld be made from a final trim
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width of 70 inches, This would meah'that the maohine
should produce

(70 inches) (46.03 poundé/inah/haur)
or 3,222.1 pounds per hour. This would indlcate a run
time on the order of

(20,000 pounds)/(3,222.1 pounds/h_our)

or 6.21 hours.



VIT. SUMMARY AND CONCLUSIONS

The purpose of this study was €o expioré a8 meﬁhod
for developing and seﬁﬁing production sténdar&s for a
Low~production faurérinier paper machine producing a wide.
range of specialty paper types over a wide raﬁgerf basis
weights., The approach was based primarily on noted

deviations of actual production from production indicated

from the application of the formula (or nomograph)

e

describing the theoretical production possible,

The study clearly‘shcws that the theoretical .
production was not met in any éése although this was due
to a variety of reasous such as the inabilify of makifg
the calculations based on conblhuous, accurate basis weight
values and machine running speed values, The deviations
of the actual from the thecretical were shown to vary some-
what from basis weight to bhasis weight as well as between
the six major groups. In general the plot of machine speeds
was similar to a negatlve exponential curve and the |
corresponding theoretical ppoductions formed curves.
mirroriag them,

Using FORTRAN IV on an IBM 360, a program capable of
accepting and analyzing historical data in owmder to develop
pwmduction standards was developed. 'The program is also

capable of comparleog production runs on 2 particular day

m33m



with the historical standards.

With minox changes sach'a progrém and approach should
be able to be applied in not only the particular.situation
under study but in other specialty mills and in high-
production mills‘usimg the fourdrinler paper wachine,
| The final computer outputs indicate production
standards and provide a means of comparing productionv
runs against them. They also provide a meané of pointing
out guestionsble runs, which should then be checked out
for assignablé cauvses, The standards would provide a
basis for standard cost accoanﬁiﬁg by product and by run
in addition to othér beneflits such as providing a measure
of crew and machine performances. Changes 1n the machine
could also be gulckly checked as to their effectiveness.
New productse could be more accurately priced with such a
costing system la Operééién; and products beling made at
a loss could be more easily ldentlfied. Other advantages
could be derived from & gocd, teSted'production standards

procedure such as was developed in this luvestigation.
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APPENDIX A

LISTING OF PROGRAMS -



INTEGER GRADE, C
REAL Mp MIN \
DIMENSION GRADE{LO), BASIS{10}, TRIM(10), SPEED{10}, HR{10),

1. MINEL0}e PRUOD{10}e ACPROD{10}s ATPROD{10}, DEVIAT{10},
-2 CTIME{LO)s MAME{1Q)s MI{10}y TOTL{G!

DIMENSION BW{69400bs AYGSP{6:100)e AVPROD{6100), THPROD{G,100}
1 PERCNTE6,10089 STDNET{6,100be COUNTE54,1008y DIFF{6.100}

EQUIVALENCE {MINgMI, (HR¢TIME}

COMMON BHs AVGSP, AVPRDDy THPRODo PERCNT, "TOTLe COUNT

READ UP TO 10 VYPES OF PAPERS FOR ONE D&Y OF PRODUCTION.

DD 10 [Jd=1410

READ (571000} GRADE(IJID, NAME(IJS}e BASES{IJl, TRIMI(IJSEy SPEED(IJ},

1 ) HRE{IJ} ey MIMEIJEo PRODEIJS
IF (GRADE(IJ}-EQ.00} GO TO 11
N = 10
10 CONTINUE
GO-TO 12

11 =13 ~-1
WRITE GUT RAW INPUY DATA FOR PRUDUCTION RUN OF THAY DAY.
12 WRITE (6,100} ’
100 FORMAT (1H1,22HRAYH INPUT DATA FOR DAYe// )Xo SHORADE4X o SHNAMEs &)Xy
1 OHBASIS WTes4XsB8HINe TRIMeANSHSPEED ¢4 X SHHOURSp 4N o 4HHING
2 4Ky IOHPRODUCTION S/} -
DO 200 I = 14N - L .
HRITE (6:300) GRADE(I}e MNAME{I},; BASISIIJe TRIN{I)y SPEED{I),
1 HR{I}o MIN{Ils PRODEI}
200 CONTIMUE : o
300 FORMAY (2XpI30K o 390X oFB5c0:THF 60200A0F 5003 eF%c096XeF4.094Xy
-1 F8s0}
CONVERT HOURS AND MEIMUTES TO DECIMAL PARTS OF HOURS.
13 DO 20 I=1.H
MEI) = KINLIY} /7 &0.
TIMEfEY = HR{I)} + M{I}
20 CONTINUE
i PUT ALL DATA INTD ASCENDING ORDER BY PAPER GRADES.
DO 20 I=1¢N
IPL =1 + 1
IF{IPL.GT-N) GO TO 30
DD 30 J=IPigN .
IF {GRADE(T}.LE-BRADELJIY GO TO 30

TEMPL = GRADE{IL}
TEMP2Z = NaMe({1i}
TEMP3 = BASIS{I}.
TEMPSE = TRIMILD
TERMPS = SPEED{I}
TEMPES = TEIMELL)
TEEPT = PROD{L}
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40

41

42

43

44

45

46

wdf B

GRADE{I) = GRADELJS}
RAHE(I} = NANE(J) .
BASISII} = BASISIJ)
TRIM{I) TRIMISE
SPEED{I} = SPEEDE{J]
FINELE) = VEME{J)

Lt}

PROD{IS PRODEID
GRADE(JY = TEMPL
HAMELJY = TEMP2

BASIS{.J} = TEWMP3

TRINEIY = TEMPS

SPEEDIJ)Y = TEMPS

TIME(LE = TENPS

PROD{JSE = TEMPT

CONT INUE

DO 40 I=1,N

COMPUTE LB8S PER INCH PER HOUR FOR EALH RUM.

ACPRODII} = PRODEI} / TRIM{EE: / TIMELE}

COMPUTE THEDREVICAL LBS PER InN. PER HR. BASED DN SPEED.
ATPRUD{I) = (SPEEDLI)Y ¥ BASIS{I)} # 600C.

COMPUTE PERCEMYT DEVIATION OF ALTUAL FROM THEOREVICAL.
DEVIAT{I) = {(ATPRODILI} — ACPRODIIERY ¢ ATPRODEI}
CONTINUE

CAll, SUBROUTINE STDS TO COMPUTE STANDARDS.

CALL STDS ’

WRITE (622000} '

COMPARE NEW DATA WITH STANDAROS.

DO 50 I=iyN

on

T bet
R
[~ Nl
[

DE{I}.EQ.C} 60 TO 43

G O O Ca
-
L)

e OO O

L

te

60 TO 4

dX = TOTLES)
K=1
IF {BASKS{I}EQ.BHIJ:K}E GO TO 45
IF €BASISIIloLT.BHES,KEY GO YO 46
IF {BASIS{I}-07-BH{JeK}} GO TO &7
COMPUTE STANDARD HET PRODUCTION FOR INPUT RUHN.
DIFF{JdsK} = PERCHTEIS,X) — DEVIATIL}
KRITE (6530001 GRADE(I}, MAME{Ile BASIS{I), TRIM{I}y SPEED{I],
AVGSPESeKEy TERE{I), ACPRUD{I}: DEVIATIE),
’ PERCNT{JeR) o DIFFLJoKY, PRODIE}D ,
GC 70 50 ‘ :
WRITE (654000} CRADE{I}, WMAME{I}o BASIS{I}, TRYM{I}, SPEED{I},
TIME(I}y ACPROD{L), DEVIAT(I}, PROD{L}
GO YO 50 ' '
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47 YF (BASIS{I).LT.BWIJ,JX)}} GO TO 48
HRITE (56,4000} GRADE(I}, NAMECI}o BASISEI), TRIM(I}, SPEED(IDs

1 TIMECLYy ACPROD{I}e DEVIATII}y PRODII)
GO 10 50 )
48 IF (B&SIS(IB»LTeB#ﬁJvK¢lv§ GO T0O 49
K=K+ 1
- 60 TO 44
c LINEAR INTERPOLATION BETWEEN THO KNOWN STANDARDS TO FIND SPEED.
49 US = AVGSPIJpKe1) ~ (1{BU{JoK+L) — BASISIED) = {AVGSP(JeKeL) —
1 AVGSPESoKE) /7 (BWIJSoHE1) — BHIJKIIY
[ COMPUTE THEOREVICAL LBS PER IN. PER HRo BASED ON SPEED.

TP = {(US % BASIS{I}} / 600,

LINEAR INTERPOLATION BETWEEN THD KNOWN ST&NQ&RDS T0 FIND PRODUCTION.

SAP = AVPROD{SoK+RI~{ ({BH{JoKe1I-BASTISEI}I=(AVPRODISKEL )~
1 AVPRODIJoKIIY / (BMIJoRE2I-BUI{JI KD
COMPUTE PERCENT DEVIATION OF ACTUAL FROM THEORETICAL.
PC = {TP - SAP) / TP
DIFFER = PC ~ DEVIATL(I)
HRIYE (643000) GRADE{I}y NAME(I)y, BASISEE)l, TREMEIDy SPEED(I}s US,
1 TIMECIYy ACPROD{Ij}. DEVEAT{I}y PCy DIFFERy PRODEI}
50 CONTINUE
HRITE OUT FINAL STANDARDS INFORKMATIONS
JG = 00 »
Do 60 J=16
TPCNT = O.
TCNT = 0o
HRITE. {6,5000)
36 = J6 + 01
JX o= TOTLLS) .
DO 59 K=1lpdX
© WRITE (696000} JG; BHiJeKle AVGSPIJeKYe AVPRODEJKIs THPRODEJK)y
1 "PERCNT{JsK)s COUNTES%} ’
IF (KeFQob8oDRoKoEQ.95) HWREITE (6:5000%
TPONT = (COUNT(JK) ¢ PERCNT IS K1) ¢ vwca?
TCNT = COUNT{SeK} ¢ TONT
59 CONTINUE
COMPUTE VALUES FOR P CONTROL CHART FOR PERCENT DEVIATIONS.
PBAR = TPCHT / TONT
SEGHA = E{PBAR ¥ {1.—PBARII/TCNTI®*%.S
UCL = PBAR 4 {3.1%{5IGHA}
HWRITE (657000} TPCHTy TCNT, paﬁag ucL
60 COMTIMNUE
. CALL EXIT . : :
1000 FORMAT {52,122%:F3 aoeaxg F5.2¢ 2Xg F3als 2Ry F2.09 F2.0¢ 2XoF6.0}
2000 FORMAT §3H1.18HDAILY PRODUCTIOA @zi!QXgEHBASISgB g OHINCRE S 2% SHSPE
1ED 3o SHSTANDARD 3 4HTIME 23X o LOHPRODUCTION 0 2K o SHDEVIATION 92X BHST
ZANDARD 16X THLES NiTw/lepthRﬁDi93ﬂg6HWEﬁ@h393XQEHEP§MQBX96HF390M
300 3K SHSP EDg5X94AHRSe93Xg9iiSﬁ'E%iHR93Xs8H}RDA THe e DX QUDEVIATION
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492X 1OHDIFFERENCE 92Xy 10HPROBUCTION /o SXo THE 24X361 97/}
3000 FORMAT €1XpI2012:3KeF5c003HoF602:3XeF560494KeF5.093XpF60294XoF6:2
15X eFTobodheFTcbeS5XeFTobp&XsF8a0) '
4000 FORMAT (1Xel20I2¢3HeF5:003XoF6.2330sF5:054¥Hs S~ 93XoF6n29%NF6.2
195RF Tt g 5d g bHmrmmmo gy 6 X g bHmmmem= g 4} s FBo 0o 4} o LEHNOT IR STANDARDS)
S000 FORMAT (1Hio20MPRODUCTION STANDARDSo// /0 SHBASIS 5o BHSTANDARD
15X 23HSTANDARD NEY PRODUCTIONe4X o 1IHTHEOREVICAL ;4% 14HDEVIATION FR
20Me/ v 1K SHORDUP o 3N 6HUEIGHT e 3o LIHSPEED (FPHI¢HXs 15HLEBS 7 INo. /7 HR
3099%s LOHPRODUCT ION oA Xg LIHTHEDRETICAL o TH o SHCDUNT ¢ f ¢ SX o THE 24K363 9/ /)
6000 FORMAT (1Xe13s5XeFB.096KoF5.0013sFCo29160eF552¢10X9FT70453NoF40}
TO00 FORMAT (/77 59K 6HTUTALS 92 N oFTo%IXoF40 05/ /9 T5Xe THP~BAR =¢F 7oty
1 77T TR SHUCL =¢FTe4) '
END
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SUSROUTIME STDS
INTEGER GRADE oC
REAL Mo MIN
DIMENSION GRADE{400} ¢ BASIS{4003y TRIM{&4DO}y SPEED{400}, HR{400}¢
1 MINE4GOYe PRODIAO0D)y TIME(4D0)e ME400)s Ci{b)y KTDT{6},
2 TOTL{GD
"DEIMENSION BW{50500)s TR{G5400}s S{6¢4003¢ TI{6:400%s P{6:400)
1 WYSP{6:100)e TPRODEGs1000s WPROD{G100}e AVGSP{6,10012s
2 APROD{6¢100)y AVPROD{G9100}y THPROD{6¢100)s .
'3 PERCNT{69100) s STONET{6:100}y BSHTI641003¢ COUNTE(6,100}
EQUIVALENCE (MINoM}e {HRGTIME) : '
COMMON BHy AVGSPe AVPRODgy THPRODe FERCNTy TOTLe COUNY
DATA CEXds C(2)y CE313y Cl4alo CESky CEB) / CLz02503,04%505,06 /-
READ UP 7O 400 OLD DATA CARDS FOR STAHDARDS.

HARNING - A H&XiﬁUM OF 100 IN ANY ONE GROUP CAM BE ACCEPTED.

DO 10 1J=1,400
READ (5520003 GRADE{IJ)e BASIS{IJ}, TRIM{IJ}y SPEEDIIJle HRIIJIs

1 MINEIJ}, PRODEES}
IF (GRADE{EJ}FEQ.00} GO TO 11
N. = 400
10 CONTINUE
GO 1O 12

11 N= I3 -1
HRITE OUT RAW HISTORICAL DATA.
12 WRITE {69100¢
160 FORMAT (1HLol9HRANW di%TﬂRICAL DATA/ /s 2 o SHERADE o4 X
1 OHBASES WToo4HeBHIN TRIHo &Ko SHSPEED &N SHHDURS 94X 94 HMING
C 2 © &Xo1O0HPRODUCTION//} ' ‘
DO 200 I = 1¢N
WRITE (69300} GRADE{I), S&SI°€5¥9 TRIM{I}e SPEEDII}e HR{I}y MIN{I}
1 e PRODET ]
IF (IcFQo4Bc0RoToEQo9600Ra oEDalbhalRo oEQs 192 R« [=EQ240.0R,
1IcEQo28800ReI0ER3I35.0RTER.384) HWRITE (691053
200 CONTINUE
200 FORMAT lZXg13nSKpFJz0?8%@?60296hef5eﬂuﬁﬂg¥@oﬁséXoF@a094X9F0 ) I
CONVERT HOURS AND MINUTES YO D%EIR@L PARTS OF HOURS
13 DD 20 I=lgH
BLI} = MIMEI} / 60.
TIAECT) = HR{L) ¢ M{I}
20 CONTEINUE
PLACE ALL DATA INTO SIX MAJOR P&PER GRADE TVYPES.
DO 30 I=1l:6
K =20 .
DO 30 J=1sN ’
IF (LEI}HE-GRADE(SE? GO TO 30
K=K+1



gl [ g] o0 (] (g} [} o (o] [

30

41
44

45
47

BHETH) = BASIS(J}

TREIoKY = TRIN{J)

S{IgK}) = SPEED(J)

TH(IoK} = VIMELJ) .

PlIsK) = PROD{J}

KTOT(I) = K

CONT INUE

COMBINE DATA WITHIN EACH GROUP.
D0 41 I = 146

N = KYOT(I}

DG 41 J = 14N

HTSP(Ied) = 0o

TPROD{Igd} = Co

WPRODEIgd) = O

TOTL{I} = O

CONTINUE

DO 50 I=l,6

N = KTCT(I}

L =1

DO 45 J = LoN

IF (BX{I¢J}oFQ.0.03 GO TO 49
VALUE = BW(Igd}

G0 TO 47

CONT INUE

BSHTELoL} = BH{IyJd).

COUNTER OF NUMBER WITHIN EACH BASIS WEIGHT.

nou

o

]

_ COUNT{I.L} 1.

RUNMENG SUM OF SPEED TIRES PRDBUCBKGNa
HTSPilolY = {S{iqd} # POIgJEY %TSP(I@LB
RUNNING SUM OF MET PRODUCTICHN.

TPRODIIGL) = P{Igd) + TPRODIEZGLY

. COMPUTE WEIGHTED AVERAGE SPEFD FOR EALH BASIS %EkGH?e

AVGSPIIoL) = HTSPIIg L) /7 TORODIILL)Y .

COMPUTE ACTUAL LB/INAHR PRODUCTIONG

APRUODEIgJY = PlIoJd / ?Rging V4 FﬁfI,JS

RUNNING SUM

WPROD{I L) = (APRDDIIZJ) * P€E§J§3 + HPRODE{EgL?
RUNNING SUM OF WEIGHTED AVERAGE LB/IN/HR PRODULTION.
AVPRODL{EGLY = WPRODI{ILLY / TPRODIIgL Y

THEORETICAL LBSIN/HR BASED ON WEIGHMTED AVERAGE SPEED.

THPRODEI L)Y = {(AVGSPIIoL) #* BSWTiIsL)}} / 600,

- DEVIATION DF ACTUARL FROM THEDRETICAL.

PERCNTI{IoL) = (THPRDD{I.L) - AVPRODEI.LI)Y / THPROD{I.L}
COUNTER -OF NUMBER OF BASIS WEIOGHT POINTS WITHIN EACH GROUP.

TOTL{EY = TOTLEED + 1.
BHEIoJd) = 0.0
Mg = J + 1

IF (MMGT.N} GO TO 5¢
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o o D 0 o o O

DO 48

K

= MNp N

18-

IF (BW{I.K)NE.VALUED GO TO 48 .
COUNTER . OF NUMBER WITHIN EACH BASIS WEIGHT.
COUNT{IgsL) = COUNTEI L) + L.

RUNNIMG SUM OF SPEED TIMES PRODUCT ION.

WISP{IsL) =

ESTIoK} * PlIgKI} & HYSPEIoL}

RUNNENG SUM OF NEY PRODUCT IONe.
TPROD{I L} = P{Ie¢K} & TPROD{IeL)
COMPUTE WEIGHTED AVERAGE SPEED FOR EACH BASIS WEIGHT.

AVGSP{IsL} = WYSP{I,.L)

/ TPRODEILLY

- COMPUTE ACTUAL L3/IN/HR PRODUCTION.

48
49

50

51

52

APROD (T 9K)

RUNNING SUH
WPROD{IoL} = (APROD{ToK} * P{I,%})} ¢ HPROD(ELL)

RUNMING SUM OF WEIGHTED AVERAGE LBAINSHR PRODUCTION.
AVPRONDEI L) = WPROD{IeL) / TPRODEIGLS :

THEORETICAL LB/IR/HR BASED ON HWEIGHTED AVERAGE SPEED.
THPRODEI oL) = (AVESPE{IoL) * BSHY{IeL)}) / 600

DEVIATION OF ACTUAL FROM THEORETICAL, .

PERCNT{IsL) = {THPRODEI,L)} -- AVPROD{IeL)} / THFROD{I,L}

= P{IsK) / TREIKD 4 TIETLK}

INSURE THAT ALL OF THE B ARRAY IS WiPED QUTs

PLACE BSWT ARRAY INFORHMATION INTN BLANK BH ARRAY.

BH{IK) = 000
CONYEINUE

L=L+1

IF (L.LE.N} GO TO 44
CONTINUE

DO 51 1 =196

N = KTOV({L}

DO 51 J = 1N
BRi{IzJ? = 0.0

CONT INUE

DO 52 1 = 1,6

K = K7oT{I)

D0 52 J = 14K
BHIIgJ) = BSUT{I.}
CONTINUE

PUT ALL DATA IN ASCENDING ORDER BY BASIS WEIGHTS WITHIN EACH GROUP
DO 60 I=1e6 ‘

NI = KTOVF(I)
DO 60 LI=1oNI
IPL. =LY + 1

IF{iP1.GT.NI} GO TO &0

DD 60 J=1IP1gNI
IF (8WIY LI LEBWIToJY} GO TO 00

TEMPL
TEXP2
TEWP3

BHEXgLI)
AVGSPiEI,LI}

AVPRODIT LT



40

- TEMP4& = THPROD{I LI}
TEMPS = PERCHNT(IsL1)
TEMPE = COUNTIEIHLI)

60

65

66
70
1000

BU{TI LE} = BH{I.J)}
AYGSP{EelLI) = AVGSP(Igd)
AVPROD{I,LIY = AVPROD(IJ}
THPRODEI¢LI) = THPROD(IoJ}
PERCNT(isLYI} = PERCNTEI J}
COUNT(ILI} = COUNT(I:J)
BHlIgd} = TENMPL

AVGSP{Lgd) TENP2
AVPROD(Ig¢d} = TEMP3
THPROD{IgJ} = TENPS
PERCNT(Iod) = TENMPS
COUNT(Xod} = TEMPS
CONTEIRUE

ELIMINATE ZEROS IN FINAL ARRAY.
DO 70 I = 146

IX =0

NX = KT0OT(1}

B0 66 J = 1gNX

IF (BN{R'J)QEQOOSO) GO TO 66
K =J

DD 65 L = KehX

IX = IX + 1

BH{YoIX) = BH{IsL)

AVGSP({IoIX} = AVGSPLI.L)
AYPRODETIoEX) LVPROD{IoLY
THPROD(E oI X} THPROD({IoL)
PERCHTIIIX} PERCNT{IoL)
COUNTEIoIX) = COUNT{IsL)
CONTINUE

GO TQ 70

CONTINUE

CONTINUE

FORMAT(I29 4Xy F3.0¢ 2Xy FSc2p 2%y
RETURN

END

it an

F3.0y¢

2Xy

FZo 09

F2:05 2X¢

F6.0}
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APPENDIX B
SAMPLE RECORDING SHEET



Machine Tender: __7-3

Page___ L __of 1

Powell ALBEMARLE PAPRER COMPANY
311 Smith . HOLLYWEOD PAPER MACHING
17 Rebergom DAILY PRGDUCTION SUMMARY
Clerk: Gibaon - Date Docember 1, 1967
A~ B . C D+ E £ G* H* * J* K* L W N* o+
p Besis Weight Run Op Non
Lot | Order Grede ] . 5 Ave. | Ave. SAWJ;! Rolls Sheots oo B gp. Net
No. | No. Customer 155 2) Color | 24x36 | 19224 |Calip. | Trim | PS¢ D 2) 3 ) 2) il Production
Code Nome Mo, bx).ub. Feom. "“’Lb_ F.PM.| 'No. | Width | Diam. | Width | Leng. |rte | i | e [t He | stim i
e me- ececcwess (0303 | 3A-1 Filter alte |62 |62 | ewe | wca| eee |70,25| 146 | 11 70.25 | 32,5 | === eee |4 {15 |e | = 14 00 16,150
-—- ETES emwmeee=e 0506 | F/B White Sack thite | 50 (50 | ce= | vee| ~=e (75,30 360 8% [75.50 | 40,0 | === .—- 4145 |1 0[]~ |9,545
i 1
1
Ea..l.
| : i
14:00 - REPAIRS| TO MACHINERY - PUT ON WIRE
1:00 - CRARGE OF PRODUCLY
remmme Tetals 1o b0 |1 00 14 DO (13,675




APPENDIX C
RAW INPUT DATA FOR DAY WITH DUMMY DATA
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APPENDIX D
RAW HISTORICAL DATA
(August 1, 1967 to December 1, 1967)



RAW HISTORICAL DATA

GRADE BASIS HWY. INo TRIHM SPEED HOURS MiNe PRODUCTION

50. 6950 3500 4e 40, 8430,

5
3 85. 7075 132, 4o 20 _ 5725,
1 113, 7725 248, 4o . 0o 132404
5 51e 65.50 390 7o 30« 11110,
5 - 40. 14013 280, l. 15, 1880
1 195, 17.25 142, * 20 25, 8335,
1 2270 1725 130, Se 10, 16930,
1 189, 1725 155¢ io 400 5380
1 284, 79000 83, 2o 200 6385¢
1 231a 17:25 130. le 10. 4975,
1 189. 1725 155, 1o 40,6 ' 5380,
1 284e 79,00 83, 2e 20 6385,
1_ 149« T4.00 200. 26 : 506 8920,
3 63. 63,00 178. 11, 10. 10065,
3 145¢ 59.00 1460 0o 25¢ 780.
3 162+ 59,00 130, €o 200 159600
1 189, _ 1725 152¢ 1. 10 274900
1 189, 81.00 152, 1. Oc 31800
1 189, 77.25 152. 1. 15¢ 49306
1 193, 1725 152, 35 20. 11255,
1 193, 73,50 152. 2« 356 §530.
1 193, T1:.25 152 11, 45, 425800
5 . 600 1575 3300 9 45 14910,
5 51 7200 2480 1. 45. 39800
3 113, - 17650 215, 8. 35. 22915,
3 " The . 63.00 157, L Y 300 148l
4 829 ' 79025 350. 6o 3% . 60150
5" 52. 720,00 350 . B 2850,
"5 52, 1750 35Q. 56 15. 10310,
5 52. 78.00 3506 20 0o 39700
4 96. 80.00 225 6o 106 14335,
3 19C. 7800 100. li. 15, 25415,
3 190, 7950 100 5¢ 45, 13640,
6 125, T4.00 155¢ 2e 450 5940,
6 235, T4.00 699 Oo 40e 1330,
6 2359 7‘?e00 .890 110 5e 2604’5.
1 193, 68025 120, 13, 40 33135,
1 193, 69400 120. e 55 222250
1 193, 69,00 120. T4, 49, 10490.
5 52¢ 5550 361 1l. 10. 20720-
5 51. 4550 351, 2o 25 4640,
5 51 14025 351. 2o 35¢ 5760,
3 125. 78,00 Ghe 17, 35. 23810,
3 121, 78000 25, 3. 40, 5040,
3 ‘850 ) 79050 135, 5@ Qe 61950
3 62 - 68650 152, 120 200 10665,
1 193, 7725 - 1526 11, 35, 42390,
5

50 13.00 350. © 26 50. 6840,
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RAH HISTDRICAL DATA

GRADE BASIS WT. IN. TRIM SPEED HOURS MINo PRODUCTION-

-1 193, 17625 152. 20 15. T270.
3 6L 73.50 172. 1l. 10, 14690,
3 6l. 7550 1600 12. 450 15245,
5 63, 6000 340, 2e 400 4750
5 500 715,75 361 18e 5¢ 38835,
3 6lo T73.50 160, 12« (/1 128400
3 620 73950 1600 50 lf‘.‘jo 64"!’?00
1 231, 79.00 123, 15, 28556
1 231, 7650 123, la 15, 2555
1 193¢ 1725 150, 8o 30. 23235,
1 193, 1725 150, 6o . Oe 18800,
S 92 T7.00 250¢ 56 30. 147350
6 315, 7400 5%e EXS 15. 56150
3 165, 59,00 120, 24%. 0. 441850
1 193. 17025 150. 2. 556 9395,
1 195, TTe25 1356 3. 15. S795%.
1 18%. 1725 1256 36 45e 10975,
4 820 7900 230, Se 30, 16185,
2 125¢ 76930 870 86 Os 740600
6 208, 80.00 8%6 20 35. 5895,
& )_4190 79,20 lIfZe 10 509 43’400
1 1206 80,00 165, 3o 0o 7380,
5 30 58000 2260 2 200 3775
3 61, 13.50 150, 2% " Q. 26245,
3 620 12.50 150, 2. 30, 3035.
3 62, 70,00 150, 11, 55, 11910
5 50« © T5.50 250, 20 20, ) 4615,
1 189« TT7e25 160 Lo 10, 13100
& 120 77.50 260, Ge 50, 11390,
4 72% 7500 2600 8o 30, 18570,
4 70, 79,00 2606 1o Qo 2340,
5 50¢ 7550 3500 4o 45, 10295,
5 505 79050 . 3500 ls 550 39‘1‘50
3 106, 1750 2000 9 230 21630,
& 126 15050 250, 8a 40, 15035,
4 12. 7925 2500 1l 306 2825,
3 L1620 69.25 1390 13- 50 31460,
3 162, 670,50 120.- 10 15. 21275,
3 5. ' 59600 14Q. 4o 30. - 3935,
3 1%. 53¢ 00 140, 50 150 4990,
6 2230 7400 280, 1%e %50 25515,
6 225¢ T4.00 826 3. 45, 33350
6 78e 74025 200, 50 50, 9440,
6 115, T4.25 150, 9o . 10. 104700
6 115, = 14025 1460 6o 250 11255,
6 2550 7188 87%e Be 300 19410
3 (X " T73.50 160, Co 400 9356
3

164, 59,00 ‘ 130, 17. 200 32905,
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RaAW HISTORICAL DATA )
GRADE BASIS HT. INo TRIﬁ ~ SPEED  ﬂOﬂRS MIN. PRODUCTION

1 189. 17025 155, 0o 50. © 35800
lf 800 79@00 220@ 30 00 6520o *
& 82, 19,00 220. 8o 5e 202706
3 63, 1250 160. 20 300 - 2780.
5 50, 79,50 350, 2¢ - Oo ‘ 44150
5 60, 17575 332, 5o 556 8645,
5 © 50. 79.75 332, To 25, 15950,
1 1894 T7.25 155, 5¢ 35, 19845,
1 189, T7:25 152« Z2e %06 11445,
5 500 T79.25 350. 1%, 40, 36135,
5 . 310. T74.00 60. 1. 10. 2590,
6 265, 7200 750 20 10, 40406
1 152 Tte50 203, 2e 150 68700
1 2270 7725 1236 5o 100 17470
1 189, 11.25 152, De 400 21650
3 128, 6575 100, Te 30. 98300
6 250, : 71.88 B87o 1. 206 33800
5 2404 71.83 87 8o 30. 20470,
3 125. 69.50 100. 56 0o 71950
3 125, 59,75 1000 16 400 236600
1 152¢ T7625 190, e 350 14000
1 1389, TTe25 152¢ be 200 16070,
1 227 6000 1200 0o 25¢ 1000,
1 2276 T72.00 1350 Oo 356 1260,
1 132, 55,00 220. Se 30, 14305,
l 189, 17,25 150G, 2o 50, 104606
1 152, 17,25 2100 i, 35, - 60606
1 1896 717625 152« 20 15, : 8250.
3 T5. 7125 1150 4o 250 34106
3 63, 7150 142¢ i, 35, 1535,
3 85, 1156 132, 6o 20a 10554
3 1250 76031 lOOn ) 90 35e 52650
5 500 65:50 340. e 30, 8930,
& 80. 79.00 2000 56 0. 10600,
4 90 79,00 208, 16, Oe ’ 36415,
5 500 65,50 3400 Yo 156 21600
1 189, 17625 165, 17. 30. 61500,
1 189, T7.25 150, ) 400 50406
1 1550 1725 190. 2o ’ 5 7110,
6 125, 14,00 200« 20 0. 54200
6 235 T4000 67s 8. 10. 14495,
6 2350 74}000 609 70 200 179550
3 63, 73,50 175, e 30. 5545,
3 165, 59.00 130a 9 10, 174456
3 162, 59,00 120 8o 3C. 17480,
2 120. v T7.50 120, 4o 10. 7155,
6 144, 80.00 150 2e 25, 4590,
6 144, 79,00 150, 9o © 50e 273400
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CRAW HISTORICAL DATA

GRADE BASIS HTo INs TRIM SPEED - HOURS MIN. . -PRODUCTION
1 139 1725 125. 4o 40. 15910,
i 189, 77025 1500 Oe l}5n 19859
1 189 T7.25 150. i. 15, 52550
6 82. 79,50 22%. 2e . 30, 58250
6 80. 79,50 228 1. 10, 22500
6 1006 75,00 200 1. 200 . 3130,
6 700 1688 275, 12 150 267300
g T0e ’ 75.88 275 6o 20. 14495,
4 80. 79,00 228 %o 30, 11280.
4 1080 71800 1700 8c Oo v 173909 -
2 5%¢ 78,00 2856 3. 550 5520¢
2 1i9. T8000 123, " 5. 550 16205,
2 11%. 1325 123, 4o 15, 73250
3 162, .59.,00 135, - 9, 206 20580,
2 117. 78.50 180, 8o 0. 20030,
2, 117 78.50 180e 0. 300 14100
1 189 1725 145, 3e Oo §845.
3 1250 72,88 95 30, 177200
4 35, 19.00 210, 20 45, 64600
3 150 7150 115, 1. 35, 1430,
3 T5e 59600 155¢ 3 S5e 15, ST10a
3 15 59.00 155, 13, 55, 16105,
1 189, 73050 155, 25, 50106
1 227s 7350 1230 C 40, 12560,
4 30. . 79,00 235, 20 10. 3640,
4 50, 7600 - 285, 3. 10. 5315,
4 0. 81.00 225, 2a 50, 52056
4 70 7950 225, | I Q. 1740,
5 50, T8.50 3600 14, 20, 20480,
5 500 78,50 3600 5¢ 5 11970,
5 500 78,00 360 14 35. 31665,
5 50 T6.00 346 - 13- 30 26545¢
5 50. 1600 34%e bo 10. 8590,
6 144, 1525 150, 8o 556 21985,
3 125 78,00 100 C. 30. 650
3 125 T7.25 98, 21 Oo 32185,
5 60o 1750 240e 1. Oe 23400
5 60. T7:50 340. 3. 300 68600
5 50. 6950 361, 1% 35. 35060,
5 5}.0 77025 3610 4’0 45. 94100
1 180, 15,00 10G. 2 40e 6110.
6 3580 71038 l\‘lm 30 359 5??50
6 365, | 71.88 52 2o 10, 4825,
6 2/’#09 71@38 88u . 3:5 509 92100
6 2400 T1.838 §8. S5e 20, 13320,
6 2354 Ti.8638 926 8s 50, 211190,
6 110. 71.88 198, &a 40, 16345,
6

230 71.88 850 Oo 40, 1280,



RAW HISTORICAL DATYA

GRADE BASIS WY  INe. TRIM SPEED HOURS MINo PRODUCT LOH

185, 77.25 1550 Co 35, 1875.

1

1 189, 7725 155, ras 450 9285,
4 90 78,00 200, S50 15. 10845,
1 227« T7625 125, le 20, 4535,
l. 152@ 77.25 . 1920 l,o 25. 4{9’700
1 189, T7e25 150, 56 0o . 17250,
1 . 152 1725 190. 3o 10, 11415,
1 152, T7.25 - 190. 1. Oo 3040,
3 51. 73.50 152 20 10. 22700
3 6le 13,50 162. 6e 306 6865,
3 108, 71500 208 %e 350 24910,
3 6l1o 7350 162 Go 500 T7775-
1 1890 . 77925 1()00 15 Qo 3810@
1 1890 77925 ) 1‘500 120 550 5015'209
1 189. 77.25 150 | 55e 7355a
l 189, T725 160, 7o 50. 36445«
1 189, T725 1526 Zo 306 %1550
1 139, 1725 152, 1. 556 6730,
5 50 48,00 357 Ge O 11945
5 50 4500 36l 2¢ 45, 36700
5 506 48000 359, 3. T4 PS 51600
5 506 7500 350, 8. 20« 18350,
5 5% 65650 350, 10, 156 20425,
4 80. T400 237 Oe 350 1545,
4 80, 1400 237 3. 15. 75050
4 70, 80,00 256a 3. 356 97700
4 90. 73,00 190, 26 30, 5500
% T0e . 1900 2660 . 8o 150 147800
4 80. 79.00 228, 3. 30. 67404
4 70. 79000 247 6o 0. 13330,
5 60, 15,50 360. 2o 0. 5240.
5 506 5550 360 2o Oo 3340,
5 50e 12,00 3600 2e 200 5020,
4 100 1750 290¢ 4o 206 10500.
3 1626 5900 147, 4o 106 8340,
3 162« 59,00 133, i3 156 25910,
5 %0. T8e50 3500 Ye 450 21300.
5 50, 7850 3506 Go 556 11275,
1 114%. 78,00 2256 20 35, 1855,
1 189 1725 150 3o 15, - 12385,
1 189, 73050 150¢ 2o 206 8160,
1 227 13.50 125. 20 356 9125.
3 T0¢ 66025 130, Se 50 5065«
3 T0e 68075 130. Se 256 52406
4 90 19.00 190, Lo 506 97700
% 700 ?9000 2""!50 : 180 5e 389806
5. 50, 7950 3500 3 256 8730¢
[N

500 7850 - 2500 1Z2e Se 27950,
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RAW HISTORICAL DATA

" GRADE BASIS WT. IN. TRIHM SPEED HOURS MIN. PRODUCT I Ow

15, 59000 156. 6. 15. 6880,

3
3 15 59,00 _ 156, 22, i5, 23420,
1 302, 500 00 BS. 0. 45, 1370,
1 227 : 7950 123 Co 50, 30400
1 227 50600 123 Oe 50, 2500,
1 139, 7750 150, Oe 55, 2510,
5 40, 69.00 358, 11, Qo 5755
5 - 40, 1700 355, 14, 25 22335,
1 189, 7725 140 5. 400 18530,
1 189, 7725 14Ga le 35, 5310,
1 189, 1725 1520 8o 500 307856
5 50. 72.00 310, 3. 30. 7650,
1 189, . T7.25 144. 4o 100 144634
i 189, 80.00 144 Oo 20, 900,
1 152, 17625 195, . 5e 100 18415,
6 125« 74200 165, 2 15, 5700,
6 235, 714000 80. 8. 400 21610,
6 240 80,00 17 0, 300 1340,
6 31130 740{)0 540 3. [’50 7‘(’550
5 60, 72,00 332, 14c 65, 33900,
3 162, 59,00 133, Te 40 16935,
3 162 59,00 133, Ss 0o 10535,
5 40, 60,75 360, 17. 20. 225750
5 40, 7700 361 22 40, 30160,
5 40, 78.00 361, 9. Co 13275,
3 61, 7350 160, 6o 0o 6455,
2 181 - 72,00 84, 9 20, 13060,
5 60, 75.50 26k. 6o 25, 17015,
5 50e 12.50 360. 4o 10. 8840,
5 50, 71.50 360, 1. 25,0 30550
1 152. 1725 200 2, 25, 8990,
1 189, 17.25 150, le 45, 5180.
6 9%, 80,00 2000 Ze 15¢ 55300
6’ 14“(‘0 80.00 1250 50 150 11‘?350
6 1440 80,00 125, Te 40, 19135,
6 275+ 80,00 58e 5. 30, 10715.
6 4060 80000 lf’ﬂc 80 300 ]5230o
6 l‘?of)e ) 80660 IfOo 30 309 ’ 6680@
5 60, 72,00 290, 18, 300 356035,
s 60, 72.00 290, Be 0. 16655,
3 162, 59,60 125, 1. 15, 22025,
3 162. 59,00 125, 50 20, 15920,
3 85:: . 72000 13‘_20 96 200 11985¢
5 50. 6750 360 6o 35, 13740,
5 500 . 78050 260. & 20 13300,
5 50. 65450 350, 5 45 10085,
3 61, 63.25 174, Te 30, 76206
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APPENDIX E
DAILY PRODUCTION OUTPUT WITH DUMMY DATA



DAILY PRUDUCTION

BASIS INCHES SPEED.  STAMDARD TIME PRODUCTION DEVIATION STANDARD LB8S NET ..

GRADE WEIGHT TRIM FePoMe SPEED HRS. LBS/INAHR FROM THe DEVIATION DIFFERENCE PRUDUCTYION
(24X36) :
’ . §
33 62 70«25 1464 153, 4025 12.90 00787 21042 -0a0255 4150, - : SN
5 6 50. T550 360, 353 4,75 26.62 0.3128 © 0.0733 ~0e0395 9545 SR
610 60. 70,00  250a ————— L.G0O © 24029 ¢ 0.0286 seme e ———— 1700. NOT 1IN STANDARDS i
510 227 70,07 B4e 85. 1.00 32.86 0.0097 0.C287 C.0190 2300. :

619 4104 70.00 35, ————— 1.00 23,57 CeClé4 ————— —————— 1650, NOT IM STARBDARDS
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APPENDIX F
PRODUCTION STANDARDS OUTPUT



PRODUCTIGN STANDARDS

GROUP

b hok ok Jad ot jok ok fuod b bbb et fod ot fomd

BASIS
HETIGHT
{24X36)

113
1l4.
120,
132
149.
152.
155,
139,
180,
192,
195a
227+
231
28%.
302.

STANDARD
SPEED (FPM)}

248.
225
165.
220a
200.
197
190.
1530
100.
143,
138.
125.
126
‘83
854

'STANDARD NET PRODUCTION
LBS / INe / HR.

42,85
38,938
30.75
4829
42054
45604%
44018
45,03
30.55
42199
4160
445,92
4097
34064
36053

THEORETICAL

PRODUCTION

46, TR
4275
33.00
48,40
49,67
1!‘9983.
49508
48.20
3167
%55e 36
4492
4Tol
48.65
390 29 :
42,78

TCTALS

DEVIATION FROM

THEDRETICAL COUNT .
0.0826 1.
0.0381 la
00682 1.
C.0229 1o
0.1434 o
00359 8o
0.09%99 ilo
0450 2%.
0.0353 | le
0.0842 1%,
0.0738 2-
00524 To
01579 3o
01133 Zao
Gol4bl Lo
504654 82,

P-BAR = 0.0667
UCL = 0.1493

~9=



PRODUCTION STANDARDS

BASIS - STANDARD
SPEED (FPM)

GROUP HWEIGHTY
{24X38)

54.
117.
119
120.
125,
181,

NN NNNN

285,
180.
123a
120-
87ﬂ
84a

STANDARD MET PRODUCTION

LBS /7 IN.

18.07
32.16
22,70
22016
12,12
19.43

/ HR.

THEORET ICAL DEVIATION FROM
PRODUCTION THEOGRETICAL
25.65 0.2956
35,10 0.0838
24,39 000693
24,00 . 0.0768
18.12 0.3311
25.34% 0.2331
TOTALS 1.2426

F-BAR = Q.1553

[}

Uct .= 0,5395

COUNT

o ¥

25
20
P

1o

-~ o



PRODUCTIUN STANDARDS

BASIS STANDARD STANDARD NET PRODUCTION THEORETICAL DEVIATION FRO#M
GROUP WEIGHT SPEED {FPM) . L3S / INe. /7 HR. PRODUCTION THEORETICAL COUNT
{24%346) :

3 61, 15%. . 15,10 16.12 00632 : e
'3 62. 153, ' 14013 ‘ 15,78 01042 %o
3 63, 171a 1523 17-99 01535 So
3 640 172. . 1790 18035 Q.0244 - le
3 700 130a 13,60 15,17 . 01035 2a
3 The 157a 15,67 1236 ' 01206 ia
3 75 150. 17.64 18.8% 0.0622 8o
3 85, 133 17.02 - 18.79 0.0938 | %o
3 106. 200a 2938 35.33 C,1685 s
3 108, 208, 24%abb 37c4% 00743 1.
3 113, 215a 3445 40,49 01423 - Re
.3 12%. . . 95. 1762 19.16 G.0802 2o
2 125. ‘ S8e 18,51 2032 0.088% To
3 128a . 100. 1879 28433 O.Rki92 v ie
'3 1450 146a 31.73 _ 35,28 0.1007 1o
3 1620 133.- 33099 35942'2 Oag‘{&@ﬁ ) lﬁ.&
3 3\6‘{%0 1300 320 3.8 : 35053 ) 0009‘%‘5 i@.
3 165, 130. 3150 35,75 Q0.1188 Za
3 190a 100. 29.27 3167 C.0757 2
TOTALS . 5.2288 52a

P-BAR = 0.0843

UCL = 0.19%2

~99-



PRODUCTION STANDARDS

BASIS STANDARD STANDARD NET PRODUCTION THEORETICAL DEVIATION FROM
GROUP. WEIGHT SPEED ({(rFPM} LBS / INe. / HRe PRODULTION THEDRETICAL COUNT
{24X36)

4 50a 285a 22.08 2375 00701 l.
4 T0e 253, 2753 ’ 22.56 006387 Be
4 72a 256, 24049 3075 02036 L
4 80 223 28429 2973 00484 To
4 B2, 242 25,00 33,10 D.2448 3o
4 85a 210- 2%6 T4 299?5 c 00005 : , le
4 Q0. 202 2782 30633 0.0829 be
& Q8. 2256 29,06 ' 36.00 0.1528 1o
4 108 i706 2787 30.590 00,0893 , Ie
TOTALS 3s1212 30

" P—BAR = 0e1040

UCL = 062713

;LQM



PRODUCTION STANDARDS

GROUP

EECRCEGEL R R RS

BASIS
HWEIGHT
{24X36)

40,
50.
5%e
524
6504
63,
S0,
92,

STANDARD
SPECD (FPM)

359,
353a
353,
356.
321.
340,
226,
250G

STANDARD NET PRODUCTION
LBS / INe /7 HRe

1861
27.27
’259 5?
28606
28056
29247
| 27.8%
34,79

THEORETICAL
PRODUCTION

23096
29043
30.01
30.86
32.06
3570
33.90
38.33

T07TALS

DEVIATICN FRONM
THECRETICAL

D.2232
0.0733
£.1246
0.0906
01093
01745
0.2772
C.0923

62309
P-8AR = 0,1021

UCL = 002185

- 10

COUNT

33, .

ie
So

la

&le



PRODUCTIGN STANDARDS

BASTS STANDARD STANDARD NET PROBDUCTION THEORETVICAL DEVIATION FROM
GROUP HWEIGHT SPEED (¥PM) LBS / IN. / HR. CRODUCTION THECRETICAL COUNT
{24X36) :

6 70 275. 28.87 ' 32.08 0.1002 2e
) 78. 200, 21.80 26,00 C.1617 1.
[5 8. ’ 228a 24&26 3040 02020 ie
6 8S2. 2286 29431 31.16 GoD594 ie
6 %o 200 3072 ‘ 31633 0.01¢5 io
[$) }.Or)o 200. 3:“’.030 33@33 OQOE)&O ; 10
6 110 198, 34011 36030 00604 ia
¥ 115. 148, 25,32 28635 01044 2=
6 125, 173. 33.24 35,97 0.075%9 3.
a 14%a 141 31.75 3Z2.84%4 0.0618 6o
& 208a 854 Z28.5%2 28647 00320 1o
. i(} 2236 ?’)Oo 23038 29073 0023.38 lo
& 225a B2 30.04 . 30975 00232 lo
{3 2300 8‘50 266?1 32058 0e§.802 }.-
& 235. 83. 31.58_ ) 3251 0,0287 S
5 240 87 33.886 34.88 0.0233 JES 2
& 250, 87 35,27 36.25 00271 - la
6 255a 870 ) 3377 36497 01408 ie
5 265, 75a 25.90 33013 00,2382 is

6 275 58. ) 24435 26658 0-.083% L
6 210« 50 30.00 31.00 00,0323 1s-
6 315 5% 25435 28635 : 0-.1057 2e
& 358. : 4Ya 220‘:?2 2446 0.0835 i»
) 365, 52» 30.98 . 31.63 002866 1o
6 406 40 22.8%4 2707 CeiS61 ) 2e
TOTALS 34405 44

P~BAR = 0.0782 .

UCcL 0.1996

]

mégm
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APPENDIX G
FRACTION DEFECTIVE CONTROL CHARTS



PERCENT DEVIATION FROM THEORETICAL

80

70t
60!
50
40, O o
30 ©
201 I @ @ UoL
- ©)
10} O FS) 2
% 60 90 120 150 180 210 240 270 300 360 390 &20
BASIS WEIGHT (24 x 36 inches)
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P = 9.26%
UcL = 18.33%

WTLW
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601
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20
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PERCENT DEVIATION FROM THEORETICAL

@

60 90 120 150 180 210 240 270 300 330 360v 390 ‘ 420
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GROUP NUMBER 02

15,.53%
53.95%

P
UCL



ENT DE

PERC

VIATION FROM THEORETICAL

70
601
5071
: ©
401
30+
20 - C} _ v - UCL
07 |
104 o 20 & P
QO~ O S |
) ©,
0 ; : . . - . - . ' e .
0 60 90 120 150 180 210 240 270 300 330 360 3990 420

BASIS WEIGHT (24 x 36 inches)

GROUP NUMBER 03

8,987
19.78%

[}

UCL

€l



PERCENT DEVIATION FROM THEQRETICAL

804

70-
60-
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40
H
30 UCL, 2
0 :
20 IOBNG)
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0 - '
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TION FROM THEORETICAL
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APPENDIX H
GRAPHS OF MACHINE SPEEDS AND
THEORETICAL PRODUCTION



MACHINE SPEED (F.P,M.,)

@ Theoretical Production

V Machine Speed
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MACHINE SPEED (F,P,M,)

800 1
700°
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MACHINE SPEED (F.P,M.)

()_ Theoretical Production
\/ Machine Speed
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MACHINE SPEED (F,P,M,)

800+
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MACHINE SPEED (F,P.M,)

700

600 -
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400 4
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APPENDIX I
LISTINGS OF PRODUGTS BY GROUPS AND CODES
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GROUP NUMBER 01
BLOTTING TYPES

PRODUCT CODE N -~ PRODUCT NAME
0101 Bletting
0102 Felt Molding
0103 Ground Rolls
0104 Ground Wood Tablet
0105 Interliner
0106 Matrix
0107 Photo World
0108 Pulp Test
0109 Reliance '
0110 Saturated Blotting.
0111 Soft Blotting
0112 Special Blotting
0113 Verigood
OL1L (eliminated)
0115 Natural Kraft

Saturating or
Natural Kraft Filter

0116 Seed Germinating
017 Natural Cushion Stock
0118 Embossing :

0119 % Tone
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GROUP NUMBER 02

CREPED FILTERS

FRODUCT CODE PRODUCT .NAME

0201 Crepe Filter

0202 White Crepe RPilter
0203 Special Crepe Filter
0204 GR 83 Crepe ‘
0205 GR 84

0206 GR 54 Crepe Filter
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GROUP NUMBER 03
PILTER TYPES

PRODUCT CODE - PRODUCT NAME
0301 9000 Filter
0302 Micron PFPilter
0303 3A1 Filter
0304 3A4 Filter
(Wool Flock)
0305 3A2 Filter
0306 3B1 Full Flow Filter
0307 3C2 Filter _
0308 - M & J Filter
0309 Banauna Filter
0310 3ELl Alr Filter
0311 3C1 Special Kraft
o Filter . ,
0312 GRE40O56 White Filter
0313 386 Filter
(Cotton Lintewrs)
0314 3B5 Filter
0315 " Coaster Stock

0316 - '3B1ll Filter .



~88-

GROUP NUMBER Q4

CREFED KRAFTS

PRODUCT CODE PRODUCT NAME
0401  Crepe Tape
oho2 Kraft Crepe

0403 HB2 Kraft
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GROUP NUMBER 05
KRAFT PAPERS

PRODUCT CODE PRODUCT NAME
0501 Tire Wrap
0502 Textile Wrap
0503 Coin Wrap
0504 Kraft Wrap
0505 ' Shopping Bag
0506 Sack
0507 Dry Wax
0508 Wet Wex

0509 Tube Stock



90

GROU? NUMBER 06
GASKET TYPES

PRODUCT CODE . PRODUCT NAME

0601 Battery Board
0602 Gasket
0603 ‘Cover

0604 , ~Album



APPENDIX J
GLOSSARY OF SOME PAPER MILL TERMS



BASIS WREIGHT
BREAST ROLL

- BROKE

CALENDER

CALENDERING

CALIPER

COUCH ROLL

' DRYERS
FELT

FORMATICN

FOURDRINIER
PAPER MACHINE

EADBOX

1

§

8

~92-

the weight in pounds

ream of a certain size

English system) of one
sheet of paper.

that supports the wire at the slice -
headbox,

a roll
at the

partly or'csmpletely manufactured paper
that does not leave the machine roowm as
salable paper.

a machine and 1ts auxliliaries capable of
producing a calendering action.

the basic action occurring when subjecting
the web of more or less plastic material to
pressure in 1ts passage between Ttwo or more
sets of adjacent rolls, the effect on the
material being a change in the surface
properties, usually lmproved smoothness, as
well as luster or shine,

the thickness of paperboard expressed in
thousandiths of an inch and written as a
decimal of an inch (i.e.: 0.014 inches
is 14 points). ’

a roll that drives the wire, aids in
removing water, and transfers the paper
from the wire to press sections.

closed hollow heated cylinders that dry the
paper by contact with its hot outer surface,

a woven fabric of yarns, usually woolen, in
a continuous band.

that quality which describes the structure
of a sheet of paper (the manasr in which the
fibers are interlaced).

a machine for making papers in an endless
web.

a device which receives stock (stuff) and

delivers it onto the wire through the slice,



MACHT
DIREC

NIP

PRESS SECTION

REAM

SLICE

NE
TION

STOCK

STUFF

SUCTION BOXES

TABLE ROLLS

TAPPI

WET

WIRE

END

8

H

H

the QiTéCoan of - paper trav 1 on the
papermaking machine.

the point of contact between two rolls,

the part of the wet end of the paper
machine after the wire that removes water
mechanically by presses.

8 paper measure of a number of sheets
(normally 480 or 500 sheets of paper in a
ream of paper).

the part of the headbox that 6611veuo the
stuff onto the wire in a uniform manaer
and with random orient atlon of the LiDLf"

see stuff.

wood pulp, chemicals, and other ingredients
of paper in approximately a 98 per cent
water solution at the headbox. Also

called stock,

suction devices that remove water from
the wire by a difference in pressure
between the top and bottom surfaces of
the paper sheet,

rolls that support fthe wire and aid in
water removal by thelr action on the wire
while turning (removes about 70% of the
water along with the wire)s

The Technical Association of the Pulp and
Paper Indusvryﬁ

the section of a paper machine where the
water content is very high and consists
of the headbox, wire, pc ess sections, and
assocliated parts.

a sheet of fine wire gauze Jjoined by

Seam to form a ceontinucus band to take

the wmixture of fiber and water Trom the
slice and drain water from it leaving a
well-formed sheet of paper on its surface,
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APPENDIX K
SCHEMATIC OF A FOURDRINIER PAPER MACHINE
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Dfryers -
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SCHEMATIC OF A FOURDRINIER PAPER MACHINE



A METHOD FOR DEVELOPING PRQDUCTIowaTANDARDs
' FOR A FOURDRINIER PAPER MACHINE
PRODUCING SPECIALTY PAPER GRADES
(Winston Blaker Bolling)

Abstract

The purpose of this study was to explore a method
for developing production standards for a 1oﬁ~production
fourdrinier paper machine producing a wide range of
speclalty papér types. The approach was based primarily
on noted historical deviations'of actual produoction from
- production indicated from the use of formulas or nomographs
describing the theoretical production possible. Using.
FORTRAN IV oan an IBM 360, a program capable of accepting
and analyzing historical data in order to devélop production
stahéafds was developed. ‘The program 1s alsb capable of
comparing production runs on a particular day with the
historical standards. A similar approach could be applied
in both specialty wills and in high=production mills using
the fourdrinier paper machine. The production standards
developed from such a method wodld provi’e a basis for standard
cost accounting by product a2nd by production run, would permit
evaluation of changes in the machine, and would pfovide a
means to evaluate machine and crew pecrformances, Quality

control chart methods incorporated in the computer program



would also aid in pointing out production runs with
extreme deviatlons frowm the historlical standards of

production in order that checks could be made for assignable

causes.
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