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I. INTRODUC'r:toN 

The purpose of this investigation is to explore 

a method for developing production standards for a low-

production fourdrinier paper machine (a machine for 

making papers in an endless sheet) producing a wide range 

of specialty paper products over a wide range of basis·· 

weights. Such a method could be applied for both 

specialty and high-production machines. Uses·would 

include estimating production run times for production 

scheduling, obtaining product costs and evaluation of 

machine and crew performances. Many authors (2, 5, 6, 9, 
10, 12, 13) have conside~ed the problem of making these 

estimates using formulas describing pounds of paper 

produced for a given paper basis weight, ream weight, 

machine speed, and trim width; but the deviations of actual 

performances from the~e theoretical formulas and nomographs 

(5, 12, 13) have not been properly considered for a variety 

of reasons. This investigation is a continuation of work 

(1) which was started when these deviations were noticed in 

actual production runs. A general model, programmed in 

FORTRAN IV., which includes the basic variables of ream size, 

basis ·weight, actual trim width, net production in pounds, 

and machine speed as they interact in both theoretical and 
· actual si tuat_ions, was developed to indicate the deviations 



frorn tbeoi-'et:i.e,:3.1 by basis weights and by paper types. 

These deviations based on historical data become standards, 

which are eomparison for• daily rn::oduction runs. Daily runs 

will then become part of the historical data on subsequent 

runs. Actual p1•od1.,1ction data from the Holl;111r-l'ood Paper 

Machtne of the Richmond Division of the Albemarle Paper 

Company was used with the permission of the company in this 

study. rrhis m8:ch1.ne produces a very wide range of specialty 

papers on a relatively low production basis; and it was 

hoped that general concepts could be develope·d whlch could 

apply to similar machines as weli as those producing 

relatively few paper types in high production. 

'11heoretieal production of a fourdr•in1.er paper mach1ne 

may be described· by: 

P = ·'720 D S W 
l" d L (10) 

where: D = width of the sheet (actual trim) in 
j_nches 

S = machine speed in feet per minute 
W = weight of one ream of 91:.,.pe11 in pounds 
r = ream count in sheets of paper per ream 
d = width of a ream sheet in inches 
L = length of a ream·sheet in inches 
P = production in pounds per hour 

720 = conversion factor for feet per minute 
to pounds per hour. 

In order to a.gree w:ith the practice at; the Holl;prnod 

Mill the.standard ream sheet size will be taken to be 24 

inches wide by 36 inches long and a standard ream will consist 



Where the company practice differed from this standard, 

primarily on blotting grades where a 19 x 24, 500 count, 

ream was used, the appropriate conversions were made to a 

2It x 36., 500 -count, ream. Therefore., the general formula 

may be reduced to: 

P _ 720 _n s_w __ , 
- (500)(24)(36) 

Since the productibn is desired in pounds per inch per 

•hour, the formula becomes: 

pt ::: s w 
600 

where: P' == production in pounds/inch/hour. 

If all the appropriate variables could be instantane-

ously measured as the paper 1s produced, this formula 

would give results which would exactly compare with actual 

production. However, this is not possible with present 

instrumentation. Measuring procedures will vary from 

company to company and from production run to production 

rLm within companies depending on many facto1~s such as TAPPI 

requirements, custo~er specifications, paper types, testing 

costs and so fo~th. 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 

func:tion of these er:ro:rs. Var':Lous pape:r:·s ha.ve thei~c- own 

particular operating problems as well, which are difficult 



to quantify and which will affect th~ net production. 

By separating papers into groups of similiar running 

characteristics for simplicity, the deviations of actual 

production of net pounds of paper from the amount predicted 

by the formula for each basis weight in each group may be 

determined. 

Thls investigation, of course, applies onJ.y to one 

particular machine but the methodology developed couldJ 

with minor modifications, be adapted to production of paper 

on any fourdrinier machine. As paper runs and types 

become highly consistent, deviations from theoretical should 

lessen. 



A review of the literature reveals that some work 

has_ been done in the area of the theoretical formula 

describing the production of a fourdrinier paper machine 

(2, 5, 6, 9, 10, 12, 13). Var:Lous. formulas., all based 

on the one general formula, have been developed as needed 

in part:Lcular situations. Davis (5) has developed a 

nomograph based on the formula fol" the :rate of production 

for kraft papers for ream data of 24 x 36 inches, 500 

count, and a general one for a wide variety of re~m 

definitions. His general nomograph has been reproduced 

(13) for pulp and paper manufacturers. The Technical,.. 

Association of the Pulp and Paper Industry (TAPPI) has 

also issued a series of nomographs for determining' 

production involving various ream sizes and basis weights 

as exµressed in both English and metric units (12). 

However, no information could be located describing 

deviations from the theoretical in actual running situa-

tions. Doane (6) has expressed one approach to figuring 

paper machine efficiency, which ties in to this approach. 

He states that 11the instant a machine commences an order 

to the time another order is started, the theoretical 

production is calculated using the total time at the basis 

weig_ht, speed, and deckle run, 'J:his, dlvlde_d tnto the 



actual tonnage t:imes 100 :Ls the pe:t" cent ei'f1c:i.eney. Ii 

(6). Other work in this area may have been done by 

various paper companies; but aucW work is normally 

restricted to the companies concerned and no other 

material could be found in the published literature. 

An unpublished report (1) prepared for and owned 

by the Albemarle Paper Company of Richmond, Virginia 

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

investigation as reported here. 



III. - A BRIEF DESCRIP 1rION OF A FOU:RDRINIER PAPER MACHINE __ ..,. - ------~ .... ----=--
Paper produced on a fourdrinier paper machine is a 

homogenous formation of primarily cellulose fibers 

wh:tch are fo:i."med in water suspension on the machlne wire 

and bound together by weaving of the fibers and bonding 

agents. The pape1, :ts produced in a continuous sheet. 

There are a wide va:r-:tety of fourdrinier pape1~ machines 

from relatively slow and na.1"'row machines, which are 

generally used in the manufactUl:e -of high-qu 9.lity papers 

(the Hollywood machine falls i'nto this general cla-ssifi-

cation), to those high-production mach1h~s used in the 

manufacture of kraft paperp_,. tis:;3ues, or newsprint. They -

roughly range in size from 30 ~o 320 inches as expressed 

as the width of the wire and in speeds from below 100 

r.p.m. to over 2,500 r.p.m. (10). As the size and speeds 

increase, the machines tend to become more simple and a::r:e 

generally used to make only a narrow range of products. 

A glossary of some paper mill terms is given in 

Appendix J; and a rough schematic of a fourdrinier ·pap~r 

machine is given in Appendix K. 

At the "wet end" of the machine is the headbox (or in 

some older machines, .a flow box or a breast box), which has 

the pur>pose pf distributing the 11f?tuff 11 (wood pulp, 

chert!iea.ls .9 ·water, and other ing1"edients_ of the paper) in 
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a uniform sheet on a mov:i.ng wire. The wire is one of 

the most ~elicate and expensive parts of the machine 

equipment and'is composed of a sheet of fine wire gauze 

joined by a seam to form a contin~ous band. The wire type 

and construction varies from application to application. 

It moves in the machine direction as tlie "stuf'f 11 is 

deposited upon it allowing the water to pass through it. 

Th:ls causes the various solids in the "stuff" to settle on 

the wire in a mat. Shaking the wire in a cross-machine 

direction, suction, and other mechanical piocesses aid 

the paper-maker in 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. In 

effect, the wire is simply a filter for removing the water 

and :receiving the f:i.ber deposit upon its surface. The wire 
.. 

is supported by a. series _of large rolls. rrhe breast roll 

is located at the headbox and the couch roll (usually with 

suction capabilities to draw off exc~ss water) is located 

at the end of the wire and is the 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. In addition, a series of other rolls 

guide the wire as well as keep it taut and smooth. ~able 

rolls, for example, ai~ in supporting the wire from the 

breast roll to the suction boxes located under the wire. 



They also a.id in the removal of wa.tex• by their· mechanical 

actions on the wire. After passing the couch roll, the 

continuous sheet is for the first time in a condition to 

support itself for short spans. Then the paper is usually 

~assed-through a series of press rolls and felts or suction 

press rolls to squeeze more water from the sheet before 

entering the drier sections of the machi.ne. The term 

fourdrinier originally dealt with the "wet end 11 of the 

machine, which comprised the headbox, wire, and press 

sections; but its usage today implies the entire machine 

to include drying and calendering sections and the final 

take-up reel on which the continuous paper sheet is wound. 

(9). 
Having pressed as much water out of the sheet as 

possible, there still remains approximately 64 to 72 per cent 

of water to remove from·the paper in order to obtain the 

desir•ed fi'nal product. This is accomplished by running the 

paper over steam-heated cylindel''S. Tbe Hollywood machine 

in addition has a special oven attachment above the dryer 

sections through which certain grades may be run foi~ more 

rapid or speci.al drying. 'l'he drying cylinders normally 

vary in size from three feet to six feet in diameter, and 

steam temperatures and pressures also vary somewhat. The 

paper is guided through this section and pressed to the 

dryers by dryer felts, which are continuous felt webs of 



cottori, wool, or some other fiber. Of course, the felts 

pick up a considerable amount of moi~t~re in.this process 

ahd they must be kept evenly and properly dried to keep 

the paper from ha~ing moisture streaks. The dryer rolls 

and felts must also be kept clean $ince 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 o~d washing 

machine, the paper is t•rnund on a reel and then re-wound to 

a uniform tension. In the 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 qualities as well as the production rate of the 

final paper are determined l?Y many factors, machine condi-

tions, and external conditions such as atmospheric heat and 

humidity. Unfortµnately, too littl~ ·1s known in~the present 

state of the paper-making art about many v~riables affecting 

the process much less how they interact. Those under the 

control of the paper-maker are carefully regulated :i.n order 

to obtain the desired final product, which is then tested to 

ascertain how closely the desired specifications were met. 



With the speed of the wire being held constant the 

thickness _of the sheet and its weight may be increased 

by inereasing the flow of the "stnff 11 from the headbox on the 

wire. Similiarly, by holding the ·flow from the headbox 

constant, a decrease in the speed of the wire will result 

in a larger buildup of 11stuff ll 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 

quantitative rather than qualitative decisions concerning 

the process and machine settings. However, for many reasons 
•~ 

paper making is still hi~hly qualitative in nature, making 

some studies of the machine and the process somewhat 

difficult if not impossible today. As required instrumen-

tation is imp:C'oved or developed, the trend away from the 

papermaking art to the papermaking science will continue. 



IV. DIFFIGUL8.i:1IES IN COLLECTING DNl1A AND 
t~:RJ~ort ·sc)TJJ1CEAL~]~N ' r111t~YATA 

Much of the desired data for this study was not 

available when it was first initiated in the spring of 

1967 and initial work had-to be based largely on inferences 

fl"Om various charts describing the act:i.ons of the Hollywood 

machine (1). For example, run times on various grades were 

either missing or highly suspect; however, automatically 

recorded charts were available which gave the tlmes the 

machine was running and approximated the times the machine 

was p:roduc:i.ng a certaln grade. · Data gathered in this 

manner· ove:i:1 on? year of production was used ln the initial 

study as better data recording procedures were established. 

Based on the initial study and the experience of those in 

charge of the machine and its operations, almost 200 

different grades of papers were reduced to six major groups 

·with similar operating characte:r.'istics. These six major 

groupings are in present use in the Albemarle Paper 

Company (Appendix I) and will therefore be used in this 

study. Only four months of data is coqsidel'ed here due to 

restr:l.etions placed by the Company. 

Despite new recording procedures and stress· to workmen 

by supervisors on the necessity of accuracy, some of the 

data in this study, if not all, is suspect and must be 

considered in that light. 



were: 

The primary ini'ormati.on bits required in this study 

The grade name, 

The grade code (APPENDIX 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 p~r minute 
(speed of the wire), 

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

The pounds of net productiono 

However, the basis weights were not always tested for 

each paper, since some customers did not specify basis 

weight tolerances. Therefore, in those case~ the nominal 

(aimed for) basis weight was recorded and not the result 

of a test. In addition~ the lab~ratory procedure varied 

from paper to paper depending on TAPPI, customer, and plant 

requirements; but in no case was it on a continuous basis. 

At best, it was a test per reel of paper. Even those meas~ 

urements carried out in accordance with TAPPI Standards 

p1~oduced results that were subject ·to error. TAPPI 

Standard, T 410 os-61 (11) states that not less than ten 

sheets representative of the shipment, each of at least 

500 square centemeters (80 square inches) in area, and for 

paperboard, not less than five representative sheets each 

at least one squa~re foot in a:eea were to be used in the 
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t~stirig for basis weight. Each sheet is to be weighed 

under standard TAPPI conditions and.the average weight 

is then calculated. The basis We1.ght, which is a meas4re 

of. the weight of 500 sheets measuting 24 x 36 inches in 

this case was obtained by multiplying the av~rage 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 er1~or in the measurement w1i1 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 be 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, and .left no per•manent record that could 

be checked. In addition, the speeds for a Biven ·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 instrument and made 

adjustments on the machine as required so that the speed of 

the machine as recorded may be assumed to be relatively 

accurate. 

The net production·wa.s used in this study since, due 

to the pecularities of the particular machine, the rewinding 



operation could not be separated frorn the first winding 

operation with a scale between them to record the gross 

productlon. 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 could be 

found to be bad upon rewinding and therefore cut out of the 

reel thereby reducing the final weight. The net production 

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 this from happening were 

made but it is possible that such a situation may have 

occurred and there is no means of accurately checking for 

j_ t ·now. 

In addition, the workmen r~cording some of the 

information tended to be men accustomed to the art rather 

than the science of papermakj_ng. They could not see the 

importance of recording the information as long as they iere 

making salable paper. 

All of these errors, if they exi~t in a given run, tend 

to confound the results, although some of them might tend to 

cancel each other out. Since the calculations of theoretical 

production from the formulas depend on the recorded data, 

they are subject to error as are the calculations of the 

actual net production in pounds per inch pei hour. The 



foi"mula ·was, as stated before, based upon -the assumption 

that the basis weight and other variables are exactly 

correct and remain constant. 11Up_to the present ·time this 

has been found to be impossible, due to the many variables. 

in the papermaking process that have not been brought under 

control 11 • (10). 

In the study of the data those with obvious errors 

such as incomplete recordings, actual production greater. 

than theoretically possible., and so on were d1sca:rded. 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 personnel in the plant. Better instru-

mentation and recording accuracy would aid in future studies 

as well as in the papermaking process itself. 



rehe Hollywood Mill a.nd 80 inch foLJ.rdrinler paper 

machine were built in .1888 to serve as a blotting mill to 

provide the paper which was in great demand at that time. 

Due to a n.umbe1" of r·easons the market for blotting g:cades 

of papers dropped off in the 1930's and the mill started 

to manufacture various kraft grades to take up the slack. 

However, due to the introduction into the South of many 

large, high-production kraft machines in the 1940 1 s, the 

low-production Hollywood mill and machine were at a 

considerable competitive disadvantage, and the income 

fr•om the blotting grade~ was not enough to offset the 

rising losses on kraft. In early 1950 due to these losses, 

a lack of capital, and several other reasons, the mill was 

put on the niarket. Hm,.rev.e1'.', top management., upon review-

ing the potential of the mill in the specialty paper 

field, withdrew the offer and added high grade specialty 

papers to the line of products produced on the machine and 

processed 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 equipment. 

_These capital additions were to a large extent aimed at 

improving not only the general running capabilities of the 



machirie but also making it possible to run effectively a 

very wide rarige of specialty paper grades. These 

improvements have continued to the present making the 

Hollywood ma.chine unique in the pa.per industry in both 

appearince and capabilities. 

As new demands for various specialty papers such as 

those used in filters appear, the machine is 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 Holl;rwood machine is producing the 

widest range of ~aper products in the world according to 

the mill manager. A very rough breakdown of the present 

product mix is 

Blotting 

Kraft - 25% 
Specialties - 50% 

--w 10010 • 

The actual breakdown is very diffj_cult to determine since 

some of the orders are experimental, some ate one-time 

only orders, and some occu:r• on a very infrequent and 

irregular basis. In general a rough estimate of the 

different grades produced at present would be approximately 

200. 

Operating over such a wide spectrum causes fluctuations 

in the machine output, costs, and profits. For example, the 



mill normally operates on a seven-~ay week, twenty-four 

hours per day, and is capable of producing from approx-

imately 20,000 to 75,000 pounds of salable paper· per da_y 

~epending upon the grades and 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 partic-

ular producti6n run are very difficult 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 

management, what a particular paper costs to make and 

what loss o:r 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 

scheduling of the machine, aid.in evaluation 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 for a study from one viewpoint, since it 

is operating over a wide spectrum while most paper machines 

operate on a. ver•y few gx'ades. This would make it more 

difficult to draw general conclusions from a study or them. 
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However, dealing with such a wide product range has many 

drawbacks. The needed data in some areas is .very limited 

since only one or two runs of a particular paper may be 

made per yea1• or even less frequently and some grades a.re 

made in very small quantities on short production runs. 

These can tend to confound and cloud the actual char 1 acter-

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 tempo:rary test basis and proved 

to be relatively accurate in predicting an~ evaluating machine 

capabilities. Based on this initial success, further 

investigation and work in the area was desired. In addition, 

a computer adapted procedure wa~ desirable from management 1 s 

viewpoint. Therefore, this stuo.y was initiated and should 

provide many answers and ideas for future work. 



VI. INvES 1l 1lGATIQN 

The period.for this study ~as trom August 1, 1967, 

selected and limited by 

Albemarle Paper Company personnel. The time period is 

actually too short however, and data for a longer period 

should be used in any follow-up studies. A new headbox 

was installed on the machtne in the summer .of 1967, which 

changed many of the running characteristics of the machine 

making it impossible to Ltse data prior to this study 

period. Personnel of the company did not want to .release 

production dat;a dealing i;Jith runs after December 1st. 

The standards developed here.deal strictly. with histor:i.cal 
'!. 

running experiences on salabl~ paper. 

As described in Chapter I, the theoretical production 

in pounds per inch per hQur on the Hollywood machine using 

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

by: 

P l _ S lf_ 
- 600 

v,hex•e: P 1 

s 
w 

600 

= net production in pounds/inch/hour 
= machine speed in feet per minute 
= basis weight in pounds 
= conversion factors 

In the investigation of historical production data it 

was note4 that the actual produc~ion in pounds of net salabie 

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



than the amount given by the formula. From prior studies 

in the Albemarle Paper Company (l) the large number of 

paper grades produced were separated into six major grqups 

having similar characteristics (See APPENDIX I). 

It was decided to wri.te a l1'0RrI'RAN IV program (APPENDIX 

A) capable of accepting data on up to 400 past production 

runs in the order that the runs ·were made (APPE.NDIX D shows 

the data used), and establishing production standards on 

this historical basis. APPENDIX D contains the grade (or 

group number), the bas is i,;eight, 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 combines the data into the six maj6r 

groups by ascending order of basis weights. Based upon 

pounds of production and associated speeds the weighted 

average speeds for each group and basis weight are then 

calculated. These become the historical or standard speeds 

in feet per minute. The historiical weighted average net 

pounds per inch per hour is then found in the same manner 

and becomes standard. Based upon each final weighted 

average speed, theoretical production is calculated using 

the formula just developed. The deviation of the weighted 

average production from this theoretical figure was then 

obtained (this may be converted to a per cent by multiply-

ing by 100}. Since a qualitative measure of the accuracy 
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of these standards is the number of production runs in 

each one, the number of these runs Was also shown in the 

computer• output under the column called 11C0Ui.'fl.1tt (APPENDIX 

F). The standards thus developed by the computer sub-

program, uSTDS 11J based upon 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 recorded by the Holly-

wood Mill production personnel, the deviation from 

theoretical columns were checked for any deviations shown 

as being negative, which would indicate an actual pro-

duction greater than theoretically possible based upon 

the data. Whenever such points were noted, they were 

9hecked carefully and eliminated prior to. the final'com-

puter run in thi.s report. This corresponds to 'eliminating 

points falling below a lower control limit on a fraction 

defective control chart as will be discussed later. 

'l,..t1enty•Bfour such production runs were eliminated from the 

four month studJl period. In addition the deviations might 

be expected to fall within some general grouping under 

normal operating conditions and those exceeding such a 

grouping would indicate either errors in recording the 

data or some other assignable cause. Since determining 

assignable causes was impossible at this time, a statis-

tical quality control chart for attributes was felt to 



offer an approach to further eliminate abnormal 

deviations. 

Many quality chatacteristics cact be classified only 

by placing them into two groups - those conforming to the 

specifications and those not conforming - which may be 

termed classification by attributes. The control charts 

associated with this type of classification are called 

control charts for fraction defective and are used as a 

tool to disclose the presence of assignable causes of 

variation :tn some sampling procedure (8). 1'.T.1he f:raction 

defective, p, may be defined as the ratio of the number of 

defective items found in an inspection to the total 

number of articles actually inspected; and this is 

normally expressed as a decimal fraction although this is 

often converted to a per cent defective. 

Since pis described by the number defective in a 

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

p = number defective/ number. inspected. 

The standard deviation, sigma, of the fraction defective 

is given by: 

sigma = V p 1 ( 1 p 1 ) / n (8) 

where p' is the actual fraction defective and is assumed 

to be represented by the observed fraction defective 

average, p. For the case here a three sigma upper control 

limit was decided on and therefore the upper control limit 



becomes: 

UCL == p + 3 sigma 

The lower control, limit, LCL, w:i.11 not be used here as-

will be explained later. The assumption of p 1 being 

accurately represented by~ rests on ~11 fraction 

defectives falling within the control limits. Howeverj 

judgement may rule in favor of this assumption despite 

there being points outside the limits (8). 
The ratlonal process of the fraction 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 from theoretical 

for each group and basis weight within the group could 

be considered to be a fraction defective, since it was a 

devia t:i.on from a des:Lred value, Se.condly, the n value for 

the situation for each group would be the total number of 

points (the total of the 11COUNT11 column in the output as 

shown in APPENDIX F) within that group. With these 

assumptions and the assumption that any points falling 

outside the control limits would not affect the considera-

tion of~ approximati~g p 1 the fraction defective for each 

group would becom~ the su~ of all the deviations from 
theoretical for each group divided by the sum of the 



~~is would give p. The 

uppe:r 1 control limit, UCL, is also developed. A large 

deviation indicates production far below the theoretically 

expected production. Since those above the theoretical 

values (b,2lcrw a LCL of zero) had aJ.:ceEtdy been elimj_nated., 

a LCL :ts not shown. 'l'he:r:efore, any deviation from theo-

retical which is greater than the UCL would be suspect 

of having ~ome assignable cause such as an error in record-

ing the base data and wohld therefore be checked and 

discarded as necessary. Individual checking ~as necessary 

since a pirticular deviation m~j have resulted from the 

combined data from several production runs and all of them 

may not have been questionable. 

This procedure was followed and seventeen items were 

discovered to have deviations greater than their respective 

upper control limits and were therefore eliminated. This 

brought to total forty-one questionable production runs 

that \•J'e:re dif5cai•ded from this study, but this i.n no way 

implies that the remaining data is to be trusted without 

question. This procedure has only eliminated those runs 

The items thus eliminated were done on a prior 

computer run and therefore do not show up in this report 

either in the raw historical data in APPENDIX Dor in the 

final staridards in APPENDIX F. However, once the initial 



questionable data was discarded and another run was made 

on the compuier, a new~ was developed as shown on the 

output in APPENDIX F along with the corr~sponding uppe~ 

control limit, UCL. This was included in the·final 

output for this study as a demonstration of how the 

program works. The UCL sh.own in this r•eport should not 

be applied to the deviations from theoretical again. The 

plots of' the or:lg_inal p and original UCL with all the 

deviations are shown in APPENDIX G. From these fraction 

defective control charts iri APPENDIX G the points outside 

the UCL were checked and eliminated as required and 

therefore do not show up in the final standards. 

The final standards information (APPENDIX F) as 

developed after the elimination of the questionable data 

was also plotted. The weighted average speeds (standard 
.. 

speeds) and the corresponding· theoretical productions are 

shown on the six graphs in APPENDIX H. 'I1he machine speeds 

for each group in general follow a curve similar to a 

negative exponential and the curves for the corresponding 

t;heoretice.1 productions form curves "mirroring" the speed 

curves. It should be noted that the curves are not smooth 

since many factors would cause slight deviations and 

would depend on the particular conditions on the paper 

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

the expected smooth curve is noted, a corresponding 



deviation is noted in the theoretical ~reduction as 
, , 

would be expected. The apparently larger deviations are 

simply due to the particular scales used. The deviations 

of the actuaJ pr•oduction from the theoretical production 

were already ·plotted in the fraction defective control 

charts for the previous run and were not plotted again 

for this reason. 1.rhe weighted average productions 

(standard productions) are shown in the "STANDARD NET 

PRODUCTION" column of APPENDIX F. 

The program was so designed that up to ten production 

runs for a given day could be'cbmpared with the historical 

standards 1n order to determine how close they we1"e met. 

The actual data for the production runs of Decembe_r 1, 

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

three pieces of dummy information in group six were entered· 

in order to demon~trate other features of the program. The 

final raw input data is shown in APPENDIX c. This data was 

sorted into ascending order by groups and had the theoretical 

production for each run calculated based on reported speed· 

and basis weight. ·The deviation from the theoretic~l for 

each production run was then ~ound and compared with the 

historical deviation as determined in the standards. 

Comparing deviations rather than production was felt to be 

more valj_d due to speed changes on .individual runs. Such 

changes sh6uld not affect the deviations as much as 



the production. ~£'he f:Lnal output ls sbown in APPENDIX 

E. The group six have basis 

weights fall:i.ng below, above, and between known points 

in the group six pr'oduction standards. When falling 

below or above, no standards could be computed and.the 

output indicates 11 ~-.--·~" for• standard speed, standard 

deviation, and difference. It also signals the fact 

that the potnt was outside the histor'ical range by (H 1 int., 

].• "'.[?; a~NTOT 111·r qm.1.t'"1·TDA.RD' S 11 , mt-e rioiv,t fa)., ·1· v•g '~et.ne::.n lr•·1or,rn ... _. _ .I\ ,.., ,'l. 'l J.IJ. !,' "'-' ... .i. .. d., U CJ'i', ,.._, n 

points had its values compared with a historical standard 

based on a linear interpolation between two known points 

of weighted average speeds and two known points of 

In the 11DIFFERENCEn column 

a negative d:tfference indicates that the run for that 

particular grade had fallen below the historical standard 

deviation. Such is the case for the sack grade (code 

0506) as shown. In addition., any deviation from theoret1-

cal that ls g1°eater than the corresponding UCL in the stand= 

ards could be easily checked and therefore signal that an. 

investigation for an assignable cause is necessary. 

Since each basis weight in each group may have its 
' particular running characteristics and problems, the 

discrete method cle,1r;;loped was felt to be frnperio:r to that; 

smooth., continuous curves for 

productions, or actual 



productions. With more data than was used in this 

investiga~ion it may be expected that the various curves 

would tend to smooth out somewhat. 

RECOMI'/fl3NQA11IQN,'.i_FOR FUR11HE:R WORK 

This study was concerned with a low-production spe-

cialty paper machine with many unique characteristics. 

Every specialty mill is somewhat unique unto itself but 

it is not inconceivable that the general approach 

developed in this study could, with minor modifica t:ions, 

be applied to other paper machines of this type and to 

those 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 should be carefully reviewed in order to eliminate 

as much of the bad as possible before starting the studies. 

Data for a fairly long period should be used., if possible, 

in order to obtain the best results. Of course, caution 

should be used in order that data before and after major 

machine modifications would not be mixed. 

If used in actual practice, updating procedures should 

be incorporated either in the program or in the data 

processing prior to the computer run. For example, only 

the more recent data for each basis weight in each group 

should be used to aid in keeping the standards abreast of 

the machine capabilities. Many of the features in the 



program in APPENDIX A could be eli~inated with a careful 

data processing procedure in actual practice and thereby 

reduce the computer 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 and standards 

development. 

EXAMPLE PRODUCTTON PROBLEM 

The following simple example shows how the standards 
-

in APPENDIX F could be used by production personnel in 

making an estimate of machine running time on a particular 

order' of paper. 

An order for 20,000 pounds_ of 189.pound basis weight 

Verigood blotting paper is to be made in 35 inch wide 

roll~. 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 in Production 

Standards Group 01 as found in APPENDIX F. By checking down 

the basis weight column for 189 pouµd paper, it is found 

that the standard speed at which the paper has b~en 

produced is 153 feet per minute so the initial machine set-

up should be at that speed. The standard production is 

46. 03 pounds/inch/hour•. Since the Hollywood machine is 

able to produce an eighty inch wide sheet of paper, the 

required 35 inch wide rolls could be made from a final trim 



width of 70 inches. This would mean that the machine 

should pr•oduce 

('70 inches) ( 1~6. 03 pounds/inch/hour) 

or 3,222.1 pounds per hour .. This would indicate a run 

time on the order of 

(20,000 pounds)/(3,2~22.1 pounds/hour) 

01~ 6. 21 hours. 



VII. 3UJ:F'1J\RY __ AND __ CONCIAf.§1.!.)NS 

The pu:r0 pose of thi8 sttidy was to explore a method 

for developing and setting production standards for a 

low-production fourdrinier paper machine producing a wide 

:range of specialty pa.per typer.:; over• a wide range of basis 

weighti3. 'fhe a.pp:r·oach was based primarily on noted 

deviations of actual production from production indicated 

from the application of the formula (or nomograph) 

describing the theoretical production possible. 

The study clearly shows that the theoretical. 

production was not met in any case although this was due 

to a variety of reasons such as the inabiliiy of makifig 

the calculations based on continuous, accurate basis weight 

values and mach:i.ne running speed values~ The devlations 

of the actual from the theoretical were shown to vary some-

what f1"om basis weight to basis ·weight as lvell as bet·ween 

the six major groups. In general the plot of machine speeds 

was s:l.mila1" to a nega'Gj_ve exponenttal curve and the 

corresponding theoretical productions formed curves 

rnirr·oring them. 

Usi.ng FOR'TH.AN IV on an IBM '360, a p1°ogr<3Xll eapa.ble of 

p 1oducti.on s ta.ndo.rcls was developed. 1I111e program is also 

capable of comparing production runs on a particular day 

=33-
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with the historical standards. 

With minor·changes such a prog~am and approach should 

be able to be applied in not only the particular situation 

under study but in other specialty mills and in high-

p:r.oduction mills·using the fourdI'inier paper machine. 

The final computer outputs indicafe production 

standards and provide a means of comparing production 

runs against them. T_hey also provide a means of po1nting 

out questionable runs, which shoul9 then be checked out 

for assignable causes~ The standards wou1ct·provide a 

basis for standard cost accounting by product and by run 
in addition to other benefits such as providing a measurg 

of crew and machine pe1"formances. Changes in the machine 

could also be quickly checked as to their effectiveness. 

New products could be more accu1~ately pr:i.ced with such a 

costing system in operat~on; and products being made at 

a loss could be more easily identified. Other advantages 

c~uld be derived from a good, tisted'production standards 

procedure such as was developed in this investigation. 
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APPENDIX A 

LISTING OF PROGR~MS· 



C 
INTEGER GRADE" C 
REAi.. M" MIN 
DIMENSION GRAOE(lO}, BASIS(lO), TRlM(lOJ, SPEED(lOI, HRllO)v 

l MIN(lOI, PROD(lOJ~ ACPROD{lO)w ATPROD(lOlo DEVIAT(lO)v 
·2 TIME(lOJi NAME(lOlv NllOJ9 .TOTL(61 

DIMENSION BW(69400t, AVGSPl6?1DO)v AVPROD(&ulOD», THPROD{6~l00)~ 
1 PfRCNTl6 1 100)& STDNET{6 1 10Db, COUNT(6,lOOI, DIFF(6pl00) 

EQUIVALENCE IMINrM!t (HR,TIMEi 
COMMON BW9 AVGS?f AVPROD; THPRODo PERCNT,'TOTL, COUNT 

C READ UP TO 10 TYPES OF PAPERS FOR ONE DAY OF PRODUCTIONo 
DO 10 IJ==li; 10 
READ (5 9 10001 GRADE(IJ), NAMEflJJf BASISIIJ)1 TRIM(IJ), SPEED(!J}, 

1 HR(IJJ, MIN{IJ), PROD(IJ) 
IF (GRAbE(IJ~.EQcOO) GO TO 11 
N = 10 

10 CONTINUE 
GO TO 12 

11 N a= IJ - 1 
C WRITE OUT RAW INPUT DATA FOR PRUDUCTION RUN OF THAT DAY. 

12 1-lRITE (6,100) 
100 FORMAT (H-ll~22HRAH .INPUT DATt. FOR DAY,//i,Us5HGRt1DE,t1-X.,4HN/.i.t•'iEr14X11 

1 9HBASIS WT.,4Xw8HIN. TRIM14X?5HSPEED~4X115HHOURS.4X.4HMIN., 
2 l1Xrl0HPROOiJCTWi\l;,//} 

DO 200 I= lsN . 
WRITE (6~3001 GRADEfI)., NAME(IJ~ BASIS(X), TR!M{I}, SPEED(!)~ 

l HRtIJ, MINIII~ PRODl!D . . 
200 CONTINUE . 
300 FORMAT (2Xw13,5X~13,6X 1 F5.0i7X,F6.2,6X~F5.013X,F4.016XiF4.0,4X1 

· 1 FB.O) . 
C CONVERT HOURS ANO MINUTES TD DECIMAL PARTS OF HOURS. 

13 DO 20 I=l,N 
M(I) = MINIII / 60. 
TIME(I) = HR{I) + Mfl) 

20 CONlH-lUE 
C PUT AU DAYA INTO f,SCENDltNG ORDER BV PAPER GRADES .. 

DO 30 I=l,N 
IPl = I -t- l 
IF{IPl.GT.NJ GO TO 30 
DO 30 J=IPl,N 
IF (GRADEIIJ.LE.GRADE(J)) GO TO 30 
TEMPl = GRJ\DE(I} 
TEMP2 =- Nt,Mf! I) 
TEMP3"' BASISil, 
TEMP..!;, ... TRHH I) 
1EMP5 .. SPEFO~I} 
TBW6 ~- THlE(I) 
THH'7 = PROD{I) 



GRAOE(I) = GRADE(JJ 
NAME(I) = NAMEIJI 
BASIS{!}= BASIS(J) 
TRIM{I) = TRIMCJ! 
SPEED(II = SPEED(JJ 
TIME(I) = TIMECJ) 
PROD{!) = PROD(J) 
GRb.DE[J) "' TEMPl 
NAME( J l ::; TEMP2 
BASIS{J) = TEMP3 
TRHH J) = TEMPlt 
SPEEDIJI = TEMP5 
Hf·'iELH == TEMP6 
PROD(J) == TEMP7 

30 CONT INIJE 
DO -'-i-0 I:::l 9 N 

C COMPUTE LBS PER INCM PER HOUR FOR E.l\CM RU~J., 
ACPRODIII = PROD(I) / TRIMII! / TIME(IJ 

C COMPUTE Tl-lf:.ORETIC.ttl. LBS PER IN., PER HR" BASED ON SPEED., 
ATPROD(IJ = (SPEEDCI} * BASIS(lli / 600. 

C COMPUTE PERCENT DEVIlfLHlf'.l Of AC"i'U!tl FRON TMEOREHC/,H_., 
OEVIATII) = (ATPRDDIII - AGPRODIII) / ATPRODIII 

40 CONTINUE 
C CALL SUBROUTINE STDS TO COMPUTE STANDARDS. 

C.CiLt STDS 
\~RITE (6~2000) 

C COMPARE NEH DATA WITH STANDARDSc 
1i-l 00 50 I=l,N 

J = l 
C == 01 

42 IF {GRADE(I)oEQ.C) GO TO 43 
C = C + 01 
J = J l 
GO TO 42 

43 JX = TDTUJ) 
K = 1 

44 IF (BASIS{l)~EQ.BWIJ,KI! GO TO 45 
IF €BASISIIJoLT.BWiJvKII GO TD 46 
IF (BASIS{J).GT.BWIJ,KII GD TO 47 

C COMPUTE STANDARD NET PRODUCTION FOR INPUT RUN. 
45 DIFFfJ 1 KI = PERCNTCJgKI - DEVIATII) 

WRITE (6~30001 GRADECJl1 NAMEIJ) 1 BASIS(!), TRIMII), SPEED€Ilv 
l AVGSPIJ 1 K!~ TIMEIIi, AtPRODIII, DEVJATII), 
2 . PERCNJIJ,Klw PIFFIJ,K)o PROD([) 

GO TO 50 
46 WRITE (6 9 40001 GRADECI,, NAMEIJI~ BASISII)• TRIMIIl, SPEED(llt 

1 TIME(Il 1 ACPRODCII» DEVIATll)~ PRODIIJ 
GO TO 50 



47 IF (BAS!S(I)oLTeBW(JpJX)) GO TO 48 
WRITE (6e4000) GRADE(!), NAME€l), BASIS(I), TRIM{!), SPEED{!), 

l TIME~!), ACPROD(l}, DEVIATCI)v PROO(!) 
GO TO 50 

48 IF (BASIS(UoLTcBW(J,K+l-U .GO TO 49 
K = K + l 
GO TO 44 

C LINEAR INTERPOLATION BETWEEN TWO KNOWN STANDARDS TO FIND SPEED. 
49 US= AVGSPCJ,K+l) - (((BW(J,K+l) - BASIS(!))* (AVGSP(J,K+l) -

1 AVGSP( JvlO)) / ( BW(Jt1K+U .- BW(J,10)) 
C COMPUTE THEORETICAL LBS PER IN. PER HR. BASED ON SPEED. 

TP =(US* BASIS(I)) / 600. . 
C LINEAR INTERPOLATION BEHJEEN HID KNm.JN STANDARDS TO FIND PRODUCHOWo 

SAP = AVPROD(JvK+U-( ( (BW(JoKH )-BASIS( I) )'i<UVPROD(JwK+U·-
1 AVPRODfJ~K»)) / (BW(J,K+l)-BW(J,K)JB 

C COMPUTE PERCENT DEVIATION Of ACTUAL FROM. iHEORETICAL .. 
PC= (TP - SAP)/ TP 
DIFFER= _PC - OEViAT(l) 
WRITE (6,3000) GRADE(!I, NAME(I)u BASIS(!), TRIM(l)~ SPEED(I), USv 

1 TIME(l), ACPROO(I), DEVIAT(Ii, PCv OIFFERv PROD(I) 
50 CONTINUE 

C ~!RITE OUT FINAL STANDARDS INFORMATION .. 
JG= 00 
DO 60 J=l,6 
TPCNT = O. 
TCNT = Oo 
WRITE ( 61!5000) . 
JG= JG+ 01 
JX = TOTUJ) 
.DO 59 K::l,J>t 
WRITE (6v6000) JG, BW(J,K!v AVGSP(J,K>, AVPROD(J,K) 9 THPROD{J,K)v 

1 . ·PERCNTCJ,K)v COUNT(J,K) 
I~ (K.EQs48.0R.KoEQe96) WRITE (b,5000) 
TPCNT = (COUNT(J11l0 * PERCNHJelO) .+ TPCNT 
TCNT = COUNT&JvK) + TCNT 

59 CONTINUE 
C COMPUTE VALUES FOR P CONTROL CHART FOR PERCENT DEVIATIONS. 

PSAR = TPCNT / TCNT 
SIGMA= (JPBAR • (l.-PBARJ)/TCNT>•••5 
UCL= PBAR + (3.J•tSlGMA) 
WRITE (6117000) TPCNY 11 TCNh PBAR, UCL 

60 cmHINUE 
Cfto.Ll EXIT 

1000 FORMAT (I2pl2,2X,F3.0,2Xo F5e2t 2X, F3GO, 2Xt F2e0p F2.0, 2X,F6.0) 
2000 FORMAT (1Hl,16HDAlLY PRODUCTIDN?l//9X,5HBASIS,3X,6HINCHES,2X,5HSPE 

lEOt13X\l 81-lST J;.NDARDw3X,, ltHTIME ,3X, 10HPRODUCTIC!t~-.,2X,9HOEVIAT ION,2X, 8HST 
2ANOAR011 l6X, 7HLBS NET ,/,1X,51·1GRMEw3X,6!-IWE!iGH1" i;3X114-HTRIM113>r116HF .. P .. M 
3.,v 3Xv5HSPEED,5X,4Hl-!RS.,,3X, 9HlBS/ IN/HRv3X\! Bt·IFROM TH., ,3Xv9HDEVIATION 



4p2X110HDIFFERENGE~ZX,10HPRODUCTIDN,/v9X~7Hl24X36),//) 
3000 FORMAT (1XvI2.I2,3X,F5.093X,F6u213X•F5.0,4X,F5.0,3X~F6.2v4X~F6.2p 

15XiF7.4~4X~F7o4,5X~F7o4,4X,FB.O) 
4000 FORMAT ( lX, !2t! I213Y.~ F5,.0v 3X~ H>~ 2;3X~ F5.,0-p4·X~ 5H----·-, 3X, f 6., 2,4XF6,.2 

1., 5XF7 .. ~i~( g 61-1-·---··v 6Xi6H------r '~X, f-8.,0, 11-X 1 l 6Mi'WT IN ST ANDA RDS~ 
5000 FORMAT (1Hl,2DHPRODUCTION STANOARDS,///~9X,5H8ASISw5XwOHSTANDARD, 

15X?23HSTANDARD NET PRODUCTION.4X,liHTHEORETICAL~4X,l4HDEVIAT!ON FR 
IFPMl,6X~l5HL8S / IN~ I HR 

6000 FORMAT (lX913.5X,F5.0,6X~F5.0wl3~~F6.Z,16XeF6~2yl0X~F7.4~9X~F4.0) 
7000 FORMA l (I Ii 59X p6HTOHtlS, ll )hf 7., 4D 9Xv F4., 0 ~ll ti 75X~ 7!-IP-BAR "'o F 7 .,t; t 

·1 //i77X,5HUCL =~Fl.4» . 
END 



SU3ROUTHlE STDS 
INTEGER GRADE vG 
RF.AL MvMIN 
DIMENSION GRADE(400) 9 BASIS(400) 9 TRIM(400)p SPEED(400), HR(400)~ 

1 MINf400)~ PROD{400) 9 TIME(400)v Mt400), C(6)v KTOT(6)v 
2 TOTU6) 

DIMENSION Bl,H6v400), TR(6,400l, S(6v400), TU6v400), P(6v400), 
l WTSP(6vl00) 9 TPROD16,IOOJ, WPROD(6,100), AVGSP(6,l00Jv 
2 APROD(6,lOOJ, AVPR00(6,lOOiv THPROD(6,lOO), 
3 PERCNT(6,100l, STDNETi6,lOO), BSWTC6vlOO), COUNT(6,100) 

EQUIVALENCE {MIN,M), (HR,TIME) 
COMMON BH, AVGSP, AVPROD9 THPR009 PERCNT, TOTL, COUNT 
DATA C(l)v G(2t, CC3}p C(4)w C!5), C(6) / Ol,02,03w04,05,06 /· 

C READ UP TD 400 OLD DATA CARDS FOR STANOARDSo 
C 
C WARNING - A MAXIMUM OF 100 IN ANY ONE GROUP CAN BE ACCEPTED. 
C 

DO 1.0 IJ=l, 400 
READ (5,1000) GRADE[IJ), BASIS(IJ), TRIM(~JJv SPEED(IJ), HR(IJ)~ 

1 MIN(IJ), PROD(IJ) 
IF (GRADE(IJ).EQeOO) GO TO 11 
N = 400 

10 CONTINUE 
GO TO 12 

11 N = IJ - 1 
C WRITE OUT RAW HISTORICAL DATA. 

12 WRITE (6,100) 
100 FORMAT (1Hlvl9HRAW HISTORICAL DATA,// 9 1Xv5HGRADE,4X, 

l 9HBASIS WTet4X,8HIN. TRIM,4X,5HSPEEDv4Xv5HHOURSv4Xv4HMINov 
2 · 4XtlOHPRODUCTION9 //) 

DO 200 I= lvN 
WRITE (6,300) GRAOE{I), BASIS(!), TRIM{IJ 9 SPEED(I), HR(I), MIN(l) 

l ,PRDD!I) . 
IF 

lI.EQ&288e0R&IeEGo336eDReI.EQ.3ij4) WRITE ,C6,100) 
200 CONTINUE 
300 FORMAT (2X,I3,5X,F5~0y8X,F6e2,6X,F5.0v4X,F4o0e4X,F4o0w4X,f8.0) 

C CONVERT HOURS ANO Hll\lUTES TO DECIMAL PARTS Of I-IOURS .. 
13 00 20 I=lvN 

H(I) = MINdl) / 60. 
TIME(I) = HR(I) + M!I) 

20 CONTINUE 
C PLACE ALL DATA INTO SIX MAJOR PAPER GRADE TYPES. 

DO 30 I=l,6. 
K = 0 
DO 30 J=lvN 
IF (C(!)~NE.GRADE{J)} GO TD. 30 
K = K + l 



BW(I,K) = BASIS(J) 
TR(I&K.l = TRIM(J) 
S(I1K) = SPEED(J) 
Tl(IvK) = TIME(J) 
P<IrKf == PROD(J) 
KTOH I) = I< 

30 CONTINUE 
C COMBINE DATA WITHIN EACH GROUPo 

00 41 I= 1,6 
N = KTOT (I) 
00 41 J = 1,N 
WTSP(I9J) = Oo 
TPRODllvJ) = Oa 
WPROD(!,J) = O., 
TOTUU = O., 

41 CONTINUE 
DO 50 1=1116 
N = KTOT( I) 
L = 1 

44 DO 45 J = l,N 
IF (BW{I,J)oEQeOeO) GO TO 49 
VALUE= BW€I~J) 
GD TO 't7 

45 CONTINUE 
47 BSWTII,L) = BW(I,J). 

C COUNTER OF NUMBER WITHIN EACH ~ASIS WEIGHT. 
COUNT( I,U = .1 .. 

C RUNNING SUM OF SPEEO"TJMES PRODUCTIONc 
WTSP(I,L} = (S(I,J) • P(I,JJ) + WTSP(I,L) 

C RUNNIWG SUM OF NET PRDDUCTIONo 
TPROD(Ivl) = P(I,J) + TPROD!I,L) 

C COMPUTE WEIGHTED AVERAGE SPEED FDR EACH BASIS WEIGHT. 
AVGSP(lvl) = WTSPiI,L) / TP~bOCEwL). 

C COMPUTE ACTUAL LB/lN/HR PRODUCTION ... 
APRODCI,J) = P(I9J) / TR(IiJJ / TI{J,J) 

C RUNNING SUM .. , . 
WPROD{I~l) = (APROO(I,Jl * PCI,J)) + WPROD(I,LJ 

C RUNNING SUM OF WEIGHTED AVERAGE LB/IN/HR PRODUCTIONe 
AVPROD(I,LJ = WPROD(!9l) ./ TPROD(I,L) 

C THEORETICAL.LB/IN/HR BASED ON WEIGHTED AVERAGE SPEEDo 
THPROD{I,L) = (AVGSP!I,L) * SSWT(J,L)J / 6000 

C · DEVIATION OF ACTUAL FROM THEDRETICAle 
PERCNT(I,L) = (THPROD(l,L) - AVPROD!I,Ll! / JHPROD(I~L) 

C COUNTER ·OF NUMBER OF BASIS WEIGHT POINTS WITHIN EACH GROUPe 
TOTl(I) = TOTL(I) + le 
BtHI,J) = O.,O 
MN= J + l 
IF {MNoGT.N} GO TO 50 



DO '~8 K = MN" N 
IF (BW(I,K).NE.VALUE) GO TO 48 

C . COtiNTER OF NUMBER WITHIN EACH BASIS WEIGHTe 
COUNT(lwl) = COUNTllvL» + le 

C RUNNING SUH OF SPEED TIMES PRODUCTION. 
WTSP{I,LJ = (S(l,K) * P(I,K)) + WTSP(I,L) 

C RUNNING SUM OF NET PRUDUCTIONe 
TPROD(IvlJ = P(I,K) + TPROD(1,L) 

C COMPUTE ~EIGHTEO AVERAGE SPEED FOR EACH BASIS WEIGHT. 
AVGSP<I11U = HTSP<I,U / TPRODU,U 

C COMPUTE ACTUAL LB/IN/HR PRODUCTIONo 
APROD(I11K) = P(I,K) / TR(I,K) / Ti(I,K) 

C RUNNING SUM 
WPROD(I,L) = (APROD{I,K) * PCI,K)) + WPRODClvLB 

C RUNNING SUM OF WEIGHTED AVERAGE LB/IN/HR PRODUCTION. 
AVPROD(I,L) = WPRUD(I,L) / TPROD(I,L) 

C THEORETICAL LB/IN/HR BASED ON WEIGHTED AVERAGE SPEED. 
THPROD(I,L) = tAVGSPiivl) BSWff!vL)) / 600. 

C DEVIATION OF ACTUAL FROM THEORETICAL. 
PERCNT(Ivl) = (THPROD(Ivl) - AVPROD(Iwl)) I THPROO(l,L) 
BW( I wK) = 0.,0 

48 CONTHHJE 
~-9 l = L + 1 

IF (L.LEcNJ GO TO 44 
50 CONTINUE 

C INSURE THAT ALL Of THE BW ARRAY IS WIPEO OUT. 
DO 51 l =·1,6 
N = KTOT( U 

· 00 51 J = 1., N 
BW(I,J) = o.o 

51 CONTINUE 
·. C PLACE BSiH ARRAY INFORMATION INTIJ BLANK BW ARRAY .. 

DO 52 I = 1, 6 
K = KTOTU) 
00 52 J = lvK 
BWlI,J) = BSWT(!,J) 

52 CONTINUE 
C PUT ALL DATA IN ASCENDING ORDER BY BASIS WEIGHTS WITHIN EACH GROUP 

DO 60 !=1 9 6 
NI = KTDH I l 
DO 60 U:=lwNI 
IPl- = LI + l 
IF(IPloGT.NI} GO TO 60 
DO 60 J=IPl,NI 
IF (BW(l 9 L!J~LE.,BWCI•J)) GO TO 60 
TEMPl = sw«I~lIJ 
TEMP2 = AVGSP(I,l!) 
TEMP3 = AVPROO(I,ll) 



TEMP4 =. THPROD!I0LI) 
TEMPS= PERCNT{l,LI) 
TEMP&= COUNT«I~LI) 
BW{l,LI); BH(I2J) 
AVGSP{!vLI} = AVGSP(K,J) 
AVPROD{lvLI) = AVPROD(I,J) 
THPRODflvLI) = 
PERCNT(I~LI} = PERCNTfirJ! 
COUNT(loll} = COUNT{IvJ) 
B\,l( It,.l) : TEMPl 
AVGSPil,J) = TEHPZ 
AVPROD(I,JJ = TEMP3 
THPROD(lvJ) = TEMP4 
PERCNT(I,J) = TEHP5 
COUNT(l,J} = TEMP6 

60 CONH NUE 
C ELIMINATE ZEROS IN FINAL ARRAY., 

DO 70 I = li,6 
IX= 0 
NX = KTOH I) 
!JO 66 J = hNX 
IF (BW€I,J)GEQ~o~o> GO ro 66 
K ::: J 
DO 65 l = K,NX 
IX= l 
BW{I,IX) = BW(I,L) 
AVGSP(l,IX) = AVGSP(IulJ 
AVPROD(I~IX) = tVPRODfI~L) 
THPRODllolXi = THPROO(I~l) 
PERCNTtJplX) = PERCNT€1vl) 
COUNT(l~IX) = CDUNT(I,L) 

65 CONTINUE 
GO TO 70 

66 CONTINUE 
70 CONTINUE 

1000 FORHATtl2o 4Xp F3.0v 2X~ F5.2, 2X~ 2Xv F2.0, 2X? F6.0) 
RETURN 
END 



APPENDIX B 

SAMPLE RECORDING SREET 



Lot 
No. 

Order 
No. 

JrOAM NO. 79 

Customer 

--------- 0303 

0506 

3A-1 Filter 

50 50 

A!.Ct:MA::lUl !'APF.R CCM!'A~Y 
MOf.LY':iOO~ PA?~R MACHtM~ 
DAil. Y F'RO::iUCTIOt-1 SUMMARY 

70.25 146 

75.50 

14 :00 - PJ:l.'A!!l.S TO Nil 1nm RY - l'Ul' tiM W' RE 

.l :OO - CHANGE ~F ?RODUC'l: 

11 70.25 32.5 

75.SO 40.0 ---

Net 
Production 

4 1s - - i4 ~o 4,150 

1 po -



APPENDIX C 

RAW INPUT DATA li'OR DAY WI1J.•H DUMMY DATA 



R Ii, ltJ INPUT DiHA FOR DAY 

GR,!'.OE NAME Bt~SIS WT. Hl. TRIM SPEED HOURS MIN"' PRODUCTION 

6 10 237,,; 10 .. 00 S'·h• 1. o .. 2.300. 
6 10 410 .. 10 .• 00 35. l"' o ... 1650. 
6 10 60 .. 70 .. 00 250 .. 1 .. o .. 1700 .. 

3 62 .. 70.,25 1 1t6 .. J!r -eo. 15 .. 4150 .. ...., I 
5 (') 50 .. 75 .. 50 360 .. ,,,.,,. 45 .. 951.,6., V1 

\..,0 
I 



APPENDIX D 

RAW HISTORICAL DA'l1A 

(August 1, 1967 to December l, 1967) 



RAH HISTORICAL !JA TA 

GRADE BASIS HT .. IN,, TRIM SPEED HOURS MIN .. PRODUCT I._ON 

5 50., 69.,50 350 .. 4 .. 40 .. 84300 
3 85. 70075 132., 4,, 20., 5725 .. 
l 1130 77.,25 248., ,~., o .. 13240 .. 
5 51 .. 65.,50 350 .. 7o 30., uu.o., 
5 40. 74013 330., 1. 15., lf:BO .. 
1 195., 77,,z5 142., . 2 .. 250 8335 .. 
l 2270 77.,2.5 1300 5 .. 10 .. 16930., 
l 1890 77.,25 155c lo 40 .. 5380 .. 
1 2840 79 .. 00 83., 2.: 20 .. 6385., 
1 231., 77..,25 lJOe 1. 10 .. 49750 
1 189 .. 77 .. 25 155., le 40., 5380., 
1 28lto 79 .. 00 830 2. 20 .. 63850 
1 1119.,- 74000 200e 2 .. 50 .. 8920 .. 
3 63., 63 .. 00 178 .. 11 .. 10 .. 10065., 
3 14-5. 59000 146 .. o .. 25 .. 780. 
3 162 .. 59.00 1300 8 .. 20 .. 15960,. 
l 189., 77025 152., L, 10 .. 27 11-0., 
1 189., 81 .. 00 152 .. L, Q., 31800 
l 189., 77.25 152., 1. 15 .. 4930 .. 
1 193. 77.,25 152 .. 3., 20c 11255 .. 
l 193., 73.,50 152 .. 2., 35 .. 8530,, 
l 193 .. 77025 J.52 .. llo 45 .. 42580 .. 
5 60., -rs,, 75 330 .. 9. 45e 149100 
5 51., 12 .. 00 348 .. 1 .. 450 3980 .. 
3 113 .. 11 .. 50 21.5., 8., 350 22915., 
3 74,, 63.,00 157., lo 30., 1481., 
4 82 .. · 79.,25 350 .. 6., 35., 60150 
5· 52 .. 72e00 350 .. 1., o .. 2850 .. 
5 52 .. 77.,50 3500 5 .. 15., 10310., 
5 52., 78.,00 350., 2., o .. 3970., 
4 96. 80.,00 225 .. 6., 10 .. 14335., 
3 190., 78 .. 00 lOOo 11., 150 25415 .. 
3 190 .. 79.,50 100 .. 5., 45 ... 13640 .. 
6 1250 74.00 155., 2 .. 45 .. 59lt0., 
6 235., 74 .. 00 69 .. o., 1t.O .. 13300 
6 235., 74.,00 89., 11 .. 5. 260'1-5. 
l 193 .. 68.,25 120. p., 40 .. 33135 .. 
l 1q3., 69.,00 120,, 9., 55 .. 22225 .. 
l 193 .. 69000 120 .. 4., 40., lOit90 .. 
5 52 .. 65 .. 50 3610 11 .. lOe 20120., 
5 51. 65.,50 351 .. 2o 25 .. 4tA0., 
5 51 .. 74 .. 25 351., 2o 35., 5760.., 
3 125 .. 78000 95 .. 170 3,-:, " 23810 .. 
3 121., 1u.,oo 95 .. 3 .. 40,,, 50'~0 .. 
3 85., 79 .. 50 135 .. 5 .. o .. 6195,,, 
3 62 .. 68.,50 152 .. l 2., 20 .. 10665 .. 
l 193,, 77.,25 l"i2., lJ.., 35 .. '42390,, 
5 50., 79.,00 350 .. 2., 50,, 68l:-0., 



RA!:-J HISTDRI CAL DATA 

GRADE BASIS LH .. IN .. mm SPEED HOURS MIN .. PRODUCTION 

-1 1930 71025 152,. 2., 15 .. 7270 .. 
3 6l}o 73,.50 172 .. u .. lOc L4690 .. 
3 61 .. 75.,50 160 .. 12., 1,,5., 15245 .. 
5 63 .. 60 .. 00 340., 2 .. LtO., 47!.5 .. 
5 50., 7 5 0 -,s 361 .. 18., 5., 38835., 
3 6lc, 7'3.,50 160 .. 12., o .. 12840 .. 
3 62 .. 73 ... 50 160 .. 5., 45., 6440 .. 
1 231., 79 .. 00 123 .. 1 .. 15 .. 2855., 
1 231,,, 76 .. 50 123 .. 1 .. 15., 2555 .. 
1 l93e 77 .. 25 150., 8 .. 30 .. 29235.,, 
1 193., 77 .. 25 150 .. 6 ... o .. 18800.., 
5 92 .. 11 .. 00 250., 5. 30., 14735 .. 
6 315 .. 1ft.00 54., 3o 15 .. 5615., 
3 165., 59 .. 00 130 .. 24 .. o .. 4·4-185 .. 
1 193 .. H.,25 150 .. 2. 55~ 93950 
1 1950 77 .. 25 135., 3., 150 9795., 
1 189 .. T/.,25 1250 3 .. 45 .. 10975., 
'• 82c 79.,00 230 .. 9., 30.., 16185 .. 
2 125., 76.,30 87 .. Bo o .. 7l;QO., 
6 208., 80.,00 85., 2.,. 35 .. 5895 .. 
6 l lt 1t., 79.,20 142 .. 1 .. so .. 43 1+0 .. 
l 120., 80.,00 165 .. 3 .. o., 7380 .. 
5 90c 58.,00 226 .. 2 .. 20., 3715 .. 
3 61., B .. 50 150 .. 2 1t,. o .. 262't5 .. 
3 62 .. 73 .. 50 150 .. 2. 30 .. 3035c 
3 62., 70.,00 150e 11., 550 11910 .. 
5 50 .. 75050 350., 2 .. 20 .. 4615., 
1 189 .. 11 .. 25 160., 4 .. 10., 13100 .. 
4 72., 71.,50 260., 6 .. 500 11390,. 
4 72. 79 .. 00 260 .. 8., 30., 18570 .. 
4 70., 79.,00 260., 1., o .. 2340., 
5 50., 75.,50 350 .. 1te '~5., 10295., 
5 50 .. 79,,50 350., 1 .. 55 .. 3945., 
3 106., 77.,50 200 .. 9 .. 30 .. 21630 ... 
4 72., 75050 250 .. 8 .. 40., 15035 .. 
lt 72. 79025 250., 1 .. 30., 2825 .. 
3 162., 69.,25 130., 13 .. so .. 31460., 
3 162., 67 .. 50 13Q.,_ 10., 15., 21215,., 
3 75. 59.00 1 1tO., 4., 300 3935., 
3 75., 59 .. 00 140.,, . 5 .. 15 .. 4990 .. 
6 223 .. 74.,00 80 .. 14., lt5o 25515 .. 
6 225., 7,..,00 82 .. 3 .. 1t5., 3335., 
6 78 .. 7 1to2.5 200., 5e 50., 94lt0.-, 
6 115 .. 74 .. 25 150., 5., 10 .. 10470 .. 
6 115., 74025 146 .. 6,. 25., 11255., 
6 255 .. 71~88 87 .. 6 .. 30., 19410.,. 
3 63 ... 73,.,50 160.- o .. 40 .. 935., 
3 l6 1t .. 59.,00 130 .. 11.,. 20 .. 32905., 



RAW HISTORICAL DATA 
., 

GRADE BASIS i.-JT., IN., mm SPEED HOURS MIN M PRODUCTION 

1 189 .. 77~25 155., o., 50. 3580., 
4 30., 79.,00 220 .. 3 ... o .. 65200 ' 
4 82 .. 79.,00 220., 8., 5" 20210 .. 
3 63., 73.,50 1600 2 .. 30., 2780. 
5. 50., 79 .. 50 3500 2 .. o .. 4 1tl5., 
5 60., 75 .. 75 3320 5o 55., 8645 .. 
5 50 .. 79.,75 3320 7 .. 25., 15950 .. 
l 189 .. n .. zs 155., 5., 35 .. l 98lt5,. 
l 189 .. 77 .. 25 l ~-') :,)L 2 .. 50., lll}",;-5., 
5 ~lOc 79.,25 350e 19., 400 36135 .. 
6 310. 74000 600 lo 10 .. 2590., 
6 265 .. 12 .. 00 75., 2., lOm 1+01~0 .. 
l 152., T(.,50 203 .. 2 .. l5o 6870 .. 
1 2270 77 .. 25 123., 5 .. 10., 17ft70 ... 
1 l B9o 77 .. 25 152 .. o. 400 2165 .. 
3 1280 69.,75 100 .. 7., 30., 9830., 
6 250., 71 .. 88 87 .. 1 .. 20 .. 3380 .. 
.s 2 11-0. 71.,83 87 .. 8 .. 30 .. 204"10 .. 
3 125 .. 69.,50 1000 5 .. Q., 71950. 
3 125., ·S9., 75 100., l6c 40., 23660., 
1 152., 77.,25 190., () t; 35,, 14000 
1 189., TTa2'5 1~;2., 4., 20 .. 16070., 
1 227. 60.,00 120., o .. 25 .. 1000 .. 
1 227., 12 .. 00 135., Oo 35., 1260., 
l 1320 55.,00 220 .. 5., 30., l't305., 
1 1890 77.,25 E50., 2 .. 50., 10460., 
1 152., 77.,25 210., lo 35 .. 6060 .. 
1 189., 77.,25 152 .. 2., 15 .. 8250 .. 
3 75. 71.,25 115., 4o 25,, 34100 
3 63., 71 .. 50 142., lo 35., 1535., 
3 85 .. 71.,56 132., 60 20 .. 7055 .. 
3 1250 -,6.,31 100 .. 9 .. 35., 5265 .. 
5 so .. 65.,50 34,0., 5. 30 .. 8930 .. 
4 80. 79.00 200., 5 .. o .. 10600 .. 
4 C}Oe 79.,00 208 .. 16., o. 36415,, 
5 50., 65 .. 50 3lt0., }., 15., 2160., 
1 1890 77 .. 25 165 .. 17., 30 .. 61900 .. 
l 189 .. 77.,25 150 .. lo 40., 5040 .. 
1 155., 77025 l.90 .. 2., 5 .. 7110., 
6 125 .. 74 .. 00 200., 2., o .. 54200 
6 2350 JL;., 00 6·1,. s .. 10 .. 14695., 
6 2350 74.,00 80 .. -, " 20 .. 17955., 
3 63 .. 73 .. 50 175 .. . 4., 300 5545 .. 
3 165 .. 59.,00 130 .. 9 .. 10., 17445 .. 
3 162., 59000 130. 80 30 .. 17480 .. 
2 120 .. 77.,50 1200 4., 10.., 7155., 
6 1 1t4., 80000 150., 2 .. 25 .. l,590,. 
6 l.,-t4 .. 79 .. 00 150 .. 9 .. so .. 27340 .. 



RAW HISTDR ICAL DAT/\ 

GR.t\DE BASIS WT., I No lRIM SPEED HOURS M!Nc · . PRODUC Tl ON 

1 189 .. 77 .. 25 125., 4., 40 .. 15910,. 
1 1890 77 .. 25 150 .. Q., ,,5., 19850 
l 189,, 77 .. 25 150 .. 1., 15 .. 5255 .. 
6 82 .. 79.,50 228., 2e 30., 5825., 
6 800 79.,50 228 .. 1 .. 10,, 2250., 
6 100., 75 .. 00 200 .. 1 .. 20 .. 3l30e 
6 10 .. 76 .. 88 275., 12., 150 26730 .. 
6 700 76.,88 275 .. 6 .. 20 .. l"t495 .. 
4 80., 79.,00 228 .. 4o 30 .. 11280., 
4 108 .. 78.-00 110., 8., Q., H390., 
2 54., 78,,00 285., 3 .. 55., 5520., 
2 1190 78 .. 00 123., 5 .. 55., 10205 .. 
2 lJ.9. 73.,25 123 .. 4. l 5o 7325 .. 
3 162 .. . . 59.,00 135., 9 .. 20 .. 20580., 
2 117 .. 78.,50 180., a .. o .. 20030 .. 
2 111 .. 78 .. 50 mo .. o .. 30., 1 11-10 .. 
1 189., 77.,25 11+5 .. 3., O,, 8 81't5 .. 
3 125., 79 .. 138 95. 12 ... 30 .. 1 n20., 
't as .. 79 .. 00 210 .. 2 .. 45., 6l:>600 

3 750 71.,50 115., 1 .. 35 .. 1430 .. 
.3 75 .. '>9.,00 155., 5., 15., 5770. 
3 75 .. 59.,00 155 .. 13 .. 55., 16105., 
l 189 .. 73.,50 1550 le 2 5 0 5010., 
1 227., 73.,50 123 .. 3 .. 400 12560. 
4 30 .. 79.,00 235 .. 2 .. lOe 3640 .. 
4 50., 76..,00 285 .. 3 .. 10 .. 5315 .. 
4 70,. 81 .. 00 225 .. 2 .. 50., 5205., 
4 10~ 79.,'50 225., 1 .. o. 1740 .. 
5 so .. 78.,50 360 .. 14 .. 20., 20 1+80., 
5 50 .. 78.,50 360., 5~- 5 .. 11910 .. 
5 'jQ., 78.,00 360 .. 14 .. 35,_ 31665., 
5 50 .. 76.,00 346 ... 13 .. 30.,_ 26545 .. 
'5 50. 76.,00 34L, 4 .. 10.,> 8590 .. 
6 144 .. 76.,25 150 .. a .. 55., . 21985., 
3 125 .. 78 .. 00 100 .. o .. 30 .. 650 .. 
3 125 .. 77 .. 25 98 .. 21 .. o .. 32185 .. 
5 60 .. 77.,50 340 .. 1,. 0., 2340., 
5 60 .. 77 .. 50 340 .. 3., 30., 6860 .. 
5 50 .. 69.50 361., 19., 350 35060 .. 
5 51. 77~25 361 .. 4 .. 45. 9410 .. 
1 190 .. -,s.,oo 1oq .. 2., 40 .. 6110 .. 
6 358., 71 .. 88 41 .. 3., 35.., 5115 .. 
6 365 .. 71 .. 88 52., 2 .. 10., 4825,. 
6 2 1-i-O .. 71.,33 13 a .. 3., 500 9210., 
6 240., 71.,88 as., 5., 20 .. 13320 .. 
6 235., H.,83 92,. 8 .. so .. 21110 .. 
6"' llO., n.,Ba 198 .. 6 .. ,.o .. 163 1,-5 .. 
6 230 .. 71.,88 85., o., 40., 1280., 



RAW HISTORICAL D/HA 

GRADE BASIS lH .. IN., T:-lI M SP'.:ED HOURS MINo PRODUCT JON 

J. 139., 77.,25 155 .. o .. 35., 1815 .. 
1 189., 71.,25 155 .. 2 .. 45e 9285 .. 
4 90., 78 .. 00 200 .. 5 .. 15 .. 10845 .. 
1 227 .. 77025 125e 1 .. 20 .. 45350 
l 152 .. 77.25 in .. lo 25 .. 4470., 
1 189., 77.,25 150 .. 5 .. o .. 17250., 
l 152 .. rfe25 190 .. 3., l0o 111.·15 .. 
l 152 .. 11 .. 25 190 .. 1 .. Q., 3040 .. 
3 61. 73"50 l S2. 2o 10., 2270., 
3 61. 73.,50 162., 6. 30 .. 6965 .. 
3 108. 75.,00 208 .. 9. 35., 24910., 
3 61., 73.,50 lo2 .. 6 .. 50 .. 77750 
l 139., 11 .. 25 160 .. 1. o .. 3810 .. 
1 189 .. 77.,25 160., 12., 55., 50lt20., 
1 189. 77 .. 25 160. 1. 55., 7355 .. 
1 189 .. 77 .. 25 160., 1 .. 50., 3Ql~45., 
1 l 89., 71c25 152. Zo 300 9155 .. 
1 139., 77 .. 25 152., 1 .. 55., 6130.-.. 
5 500 48000 357., 9., Oo 119'~5 .. 
5 50. 48 .. 00 361 .. 2e 45 .. 36700 
5 50., 48 .. 00 35;1o 3., 400 51.60 .. 
5 50 .. 75e00 350 .. 8., 20 .. 18350., 
5 5•) .. 65 .. 50 3500 lOo 15 .. 20425 .. 
4 8'). 74 .. 00 2r1 .. o .. 35 .. 15450 
4 BO. 74 .. 00 237-e 3. 15 .. 7505 .. 
4 70,. 8 1J .. oo 266., 3 .. 35 .. 9770 .. 
4 90 .. 79.,00 190 .. 2e 30., 5500., 
.l't 70 .. 79 .. 00 2660 8 .. 15., 11~ 780,. 
4 80 .. 79.,00 228 .. 3 .. 30 .. 6740~ 
4 70., 79oJ0 247 .. 60 o .. 133300 
5 60e 75 .. '50 360 .. 2., o .. 5240., 
5 "iO., 55~50 361) .. 2 .. o .. 33'i0 .. 
5 50., 12 .. 00 360., 2., 20 .. 5020., 
4 10. 77.,50 2go., 4 .. 20 .. 10500 .. 
3 162. 59 .. 00 147., 4., 10 .. 8340 .. 
3 162. 59 .. 00 133 .. 13., 15 .. 25910 .. 
5 ':iO,. 78 .. 50 350 .. (J., 45 .. 21300 .. 
5 500 "/8.,50 350., 4,. 5"' :>. 11275. 
l 1140 78 .. 00 225 .. 2 .. 350 78550 
1 .189., 77 .. 25 150., 3., 15., 123350 
1 1890 73 .. 50 150 .. 2. 20 .. 61600 
l 221 .. 73 .. 50 125., z., 35 .. 9125. 
3 10 .. 66 .. 25 130,, 5 .. 50 .. 5065 .. 
3 70 .. 68.,75 130., 5 .. 25 .. 5240 .. 
4 90 .. "/9.,00 190., 4 .. 50 .. 9770., 
lt 70 .. 79.,00 245 .. 18 .. 5., 389800 
5. 50 .. 79 .. 50 350., 3,r) 25 .. 8730., 
5~ 50., 78.,50 · 350 .. 12 .. 5. 27950., 



RAW HI STOR I C/.1l OJHA 

GRADE BASIS \H., !Ne TRIM SPE.rn HOURS MIN .. PRODUCTION 

3 E,., 59.,00 156 .. 6., 15 .. 6880., 
3 75 .. 59000 156 .. 22., 15., .?.3420 .. 
l 3020 'j0.,00 85., o .. 45 .. 1370 .. 
1 227 .. 790 1.>0 123 .. o .. 50 .. 3040., 
1 227 .. so .. oo l.~3 .. o. 50 .. 2500 .. 
1 139., 71.,50 150 .. o .. 55~ 2510., 
5 1-tOo 69 .. 00 3-55 .. llo i)., 5755., 
5 40 .. n .. oo 355., 14. 250 22335 .. 
1 189 .. 77025 l?.tO .. 5 .. 1,0., J.8530., 
l 189 .. 71.,25 140., 1 .. 35. 53100 
l 189., 77.,25 1520 8., 50 .. 30785., 
5 60 .. 12 .. 00 310., 3 .. 30 .. 7650., 
1 189., . 77025 14 1-h 4., 10 .. 144650 
1 1890 80.,00 144., O .. 20c 900 .. 
1 152., 77 .. 25 195 .. 5. 10 .. 18l~J.5"' 
6 125., 74000 165., 2 .. 15 .. 5700 .. 
6 23'5., 7'¾o 00 80., a ... 40., 21610., 
6 2l+O .. 80 .. 0C 11. o., 30., 13'~0., 
6 315., 7Lt,. QQ 540 3o 45., 7455. 
5 60., 72000 332.o l 4o it5 .. 33900 .. 
3 162 .. 59 .. 00 J.33., 1 .. ·40 .. 16935., 
3 162.- 59.,00 133,, s .. Oo 10535., 
5 40 .. 60., -,s 360 .. 11 .. 20. 22575., 
5 40., 11 ... 00 361 .. 22 .. 400 30100 .. 
5 40., 78 .. 00 361., 9e Oe 13275e 
3 61 .. 73 .. 50 160 .. 60 o., 6455., 
2 181, .. 12.00 8l;}Q 9., 20 .. 13060., 
5 60., 75 .. 50 361., 6 .. 25 .. 17015 .. 
5 50., 72 .. 50 360,. 4., 10 .. 813/tOo 
5 50., 71.,50 360., lo 25 .. 3055 .. 
1 152 .. 77 .. 25 200., 2 .. 25 .. 8990., 
l 1890 77.,25 1500 1., 45~ !5180 .. 
6 94 .. 80.,00 200 .. 2., 15., 55300 
6 144 .. 80.00 125 .. 5., 15 .. 11435 .. 
6 144 .. 80 .. 00 125., 7., 4-0 .. 19135 .. 
6 275 .. 80.,00 ~-8., 5., 30., 10715 .. 
6 406., 80.,00 1tO .. s. 30., 15230 .. 
6 406., 80.,00 .ttO .. 3o 30,, 6680., 
5 600 12 .. 00 290., lS., 30c 36035., 
5 60., 72.,00 290., 8. o .. 16655., 
3 1620 59 .. 00 125., ll., 15 .. 220250 
3 162 .. 59.,00 125., 5 .. 20 .. 10920 .. 
3 850 12 .. 00 132 .. 9., 20 .. 11985 .. 
5 5(l., 67 .. 50 360 .. 6., 35., 13740 .. 
5 so.;. 78.,50 360,. 6 .. 20 .. 13300., 
i:;', 50e 65 .. 50 350., 5 .. 45 .. l008~i., 
3 61 .. 63.,,25 l 7,, .. 7.., 30 .. 7620 .. 



APPENDIX E 

DAILY PRODUCTION OUTPUT WITH DUMMY DifrA 



DAILY PRODUCTION 

BASIS INCHES SPEED STANDARD TIME .PROD!JCHON DEVIATION STANDARD LBS Nfl. 
GRADE WEIGHT Tfl.IM F.P.M. SPEf.D HRS. LBSHN/HR FROM TH. DEVIATION DIFFERENCE PRODUCTION 

(24X36) 

! 
3 3 62. 7 LI.?. 'j l 1t6. 153. 4.25 13.90 0.0787 0.1042 0.0255 4150. (j\ 
5 6 so. 7'i.50 3~itJ. 353. '•· 75 26.62 OoH28 0.0733 -0.0395 9545. f\) 
610 60. 70.00 250. 1.00 24.29 0.0.286 1100. NOT rn STANDARDS 
f, 1 0 237. 7().QI) 84. 85. 1.00 32.86 0.0097 0.0237 0.0190 2300 .. 
610 '~10. 10.00 35. 1.00 23.57 0.0144 1650. NOT .rn STANDARDS 



APPENDIX F 

PRODUCTION STANDARDS OU11PUT 



PRODUCTION STANDARDS 

GROUP 

1 
l 
l 
l 
l 
l 
• ... 
l 
1 
l 
l 
l 
1 
1 
l 

BASIS STANDARD 
WEIGHT SPEED (FPM) 
(24X36) 

113. 2 1•8-
114. 225 .. 
120 .. 165. 
L',2 .. 220 .. 
11+9 .. 200 .. 
152. 197., 
155 .. 190 • 
139 .. 153. 
190 .. 1()0 .. 

193 .. lL13 .. 
1958 138. 
221 .. 125 .. 
23:L. 126., 
234 .. 83_ .. 
302. 85 .. 

STANDARD NET PRODUCTION 
LBS / IN .. I .HR .. 

42~ 85 
38 .. 98 
30.-75 
47 .. 29 
"-i-2 .. 54 
45.0.t~ 
44 .. 18 
lt6 .. 03 
30 .. 55 
41 .. 99 
4le60 
44.,'92 
40 .. 91 
3"ho6·4 
36 .. 53 

THEOREHCAl 
PRO DUCHON 

46 .. 71 
42 .. 75 
33 .. 00 
48.,40 
49.,67 
1r-9.,8l 
49.,.08 
43.,20 
31 .. 67 
lt5.,86 
44 .. 92 
47 .. ·H 
48,,65 
39 .. 29 
42 .. 18 

TOTAlS 

DEVIATION FROM 
THEOREHCAl 

0 .. 0826 
0.,0881 
0,,,0682 
0.,0229 
O.,ll~34 
Q.,0959 
0 .. 0999 
Q,,,C450 
Q.,0353 
0 .. 084-2 
0 .. 0738 
0 .. 0524-
0 .. 1579 
Q.,].183 
0 .. 1Lt6 l 

5 .. 465-<1 

P-BAR ::: 0.0667 

UCl -· o .. ll.493 

. COUNT. 

1 .. 
1 ... 
le 
le 
Ji. 0 

s .. 
1." 

39 .. 
ll. .. 

! Ho C'I .,, 
,t;., -1=-
q i -" 
3., 
2o 
1 .. 

e2 .. 



PRODUCTION STANDARDS 

GROUP 

2 
2 
2 
2 
2 
2 

Bf1S IS 
WEIGHT 
q 2l~}C36) 

54 .. 
117. 
119. 
120. 
125. 
181 .. 

ST4NDARD 
SPEED {FPl'U 

285 .. 
180. 
123 .. 
120 .. 

8"7~ 
84 .. 

STANDARD NET PRODUCTION 
LBS I IN .. I HR& 

18 .. 07 
32 .. 16 
22 .. 70 
22 .. 16 
12 .. 12 
19,.,43 

TI--IEORET IC Al 
PRODUCTION 

25 .. 65 
35 .. 10 
2 1t .. 39 
24.,,00 
18 .. 12 
2:3 .. 34 

TOTALS 

DE'tf!ATION FROM 
THEOREHCAl 

0 .. 2956 
000838 
Q.,0693 
0 .. 0768 
0 .. 33H 
0 .. 2331 

1 .. 2426 

P-BAR = 0.1553 

ur1 ,.,_ = 005395 

COUNT 

1 ... 
2 .. 
2 .. 
1 .. I 
1 ... CJ\ 
1 .. v, 

G 

8 .. 



PRODUCTIUN STANDARDS 

GROUP 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

BASIS STANDARD 
WEIGHT SPEED (FPM) 
(24X36) 

61 .. 159. 
, .... t,.c.., 153 .. 
63 .. 1n .. 
64 .. 112. 
700 130 .. 
740 157 .. 
75 .. 150 .. 
85 .. 133. 

106. 200 .. 
1oa .. ;:ou .. 
113 .. 215 .. 
121 .. 95. 
125 .. 98 .. 
128 .. 100. 
145 .. 146 .. 
162 .. 131 .. 
164. 13!1 .. 
165 .. 130. 
l90o 100. 

STANDARD NET PRODUCTION 
l3S I IN. I HR. 

15.10 
14 .. 13 
15 .. 23 
17 .. 90 
13 .. 60 
15 .. 67 
17 .. 64 
11 .. 02 
29.-38 
34 .. 66 
34,..r,i-5 
17 .. 62 
18.,51 
18 .. 7/9 
31 .. 73 
33099 
32 .. 18 
31.50 
29.27 

THEORETl!CAl 
PRODUCTION 

16.12 
15 .. 18 
17 .. 99 
18 .. 35 
15 .. 17 
19 .. 36 
10 .. 81 
18 .. 79 
35 .. 33 
31.,L,4 
1t0o49 
19 .. H, 
20 .. 32 
21.,; 33 
35 .. 28 
35.4-2 
35053 
35.,75 
31.,61' 

TOTALS 

DEVIATION FROM 
THEORET!Ct.l 

0.0632 
0 .. 1042 
0 .. 1535 
0 .. 024£,. 
0 .. 1035 
Q.,].906 
0 .. 0622 
0 .. 0938 
0 .. 1685 
0.,0JL~J 
0 .. 14'93 
0.,0802 
0 .. 0889 
0~1192 
0 .. 1001 
0 .. 0405 
O.,O':iV,-5 
o .. :u.a;n 
0 .. 0751 

5 .. 2288 

?-BAR = 0 .. 0843 

UCL = 0-.1902 

COUNT 

e .. 
4. 
5.,, 

.1 .. 
2 .. 
1 .. 
8 .. 
4 .. 
1 .. 
1 .. 
1t '° 
lL, 
7., ! 1 .. CT\ 
l., °' n.., a 

1 .. 
2 ... 
2 .. 

62 .. 



PRODUCTION STANDARDS 

BASIS STANDARD 
GROUP. WEIGHT SPEED (FPM) 

(24X36) 

4 50. 285. 
4 10 .. 253. 
4 72. 256. 
L~ 800 223 .. 
4 82 .. 242 .. 
4 85 .. 210,,, 
4 90 .. 202. 
4 96. 225 .. 
4 1oa .. no .. 

STANDARD NET PRODUCTION 
LBS/ IN .. I HR .. 

22.08 
21' .. 53 
2L;.,~•9 
28,29 
25 .. DO 
29.74 
27 .. 82 
29 .. 06 
27,,.87 

THEORETltC!l.l. 
PROOUCTl[ON 

23.15 
29.,56 
30.15 
29 .. 73 
33 .. 10 
29 .. 75 · 
30 .. 33 
36000 
30 .. 60 

TOTALS 

DEVliArliON FROM 
THEORETICAL 

0.0101 
0 .. 0687 
0 .. 2036 
o .. o4B4 
Q.,.24<'~8 
0.0005 
0 .. 0829 
0 .. 1928 
0 .. 0893 

3~1212 

· P-BAR = O.lO<'tO 

UCL = Q..,2713 

COUNT 

1. 
8 .. 
4.,. 
7 .. 
3., ! 
1., 0\. 

-..;i 
<(~ .. I 
1 .. 
1~ 

30 .. 



PRODUCTION STANOARuS 

GROUP 

5 
5 
5 
5 
5 
5 
5 
5 

BASIS 
WEIGHT 
{24X36) 

40. 
so. 
51 .. 
52. 
60 .. 
630 
90 .. 
92 .. 

STANDARD 
SPEl::D (FPM) 

359 .. 
353 .. 
353 .. 
356 .. 
321 .. 
3l;.Q., 
2260 
250 .. 

STANDARD NET PRODUCTION 
lBS I II\!. I HR .. 

18.61 
27 .. 27 
26.,51 
28.,06 
28.,56 
29.,,47 
27 .. 89 
34 .. 79 

THEORET!CAl 
PRODUCHON 

23 .. 96 
29 ..... f3 
30 .. 01 
30.,86 
32 .. 06 
35 .. 70 
33 .. 90 
38,,,33 

TOH,lS 

DEVlATH3N FROM 
THEOREnCAl 

0.2232 
0 ... 0733 
0., :U.t1t6 
0 .. 0906 
0(;1093 
0.,171'½5 
o .. rrn 
0 .. 0923 

6 .. 2309 

P-BAR = 0 .. 1021 

UCl = 0 .. 2105 

COUNT 

6. 
33 .. ! 

5 .. 0'\ 
4., m 

lOo ' lo 
]. "' 
1 .. 

el .. 



PRODUCT)ON STANDARDS 

GROUP 

6 
6 
6 
6 
6 
() 

6 
6 
6 
f-, 

6 
(, 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

r:>ASIS 
l./E IG!iT 
{2 1tX36) 

70. 
78 .. 
80., 
82. 
9/t,. 

100 .. 
HO .. 
115. 
125 .. 
14{1-., 
.2()8., 
2:?3 .. 
225. 
230 .. 
235. 
2L~O .. 
250. 
255 .. 
265-. 
275 .. 
310. 
315 .. 
3'58. 
365. 
406. 

STANDARD 
SPEED (fPM) 

275. 
200. 
228. 
228 .. 
200. 
200. 
l98 .. 
1.,-tB. 
J.13 .. 
1 1+1. 

(.,_ '--o::>,. 
30. 
82. 
85. 
83 .. 
87 .. 
87. 
87 .. 
75 .. 
.58o 
60 .. 
5,11-,. 
41. 
52 .. 
£,O. 

STANDARD NET PRODUCTION 
LBS / IN .. / HR .. 

28.87 
21.80 
24 .. 26 
29.31 
30 .. 72 
31.30 
34 .. H 
25.,39 
33 .. 24 
3ll_ .. 15 
28f!t52 
23.38 
30. 0 1!-

26 ... 71 
31 .. 53 
33ci86 
35 .. 27 
31.77 
25.90 
2Lt. 35 
30.00 
25.35 
22 .. 42 
.30 .. 98 
22.84 

THEORETICAL 
PRODUCHON 

32.08 
26 ... 00 
30.,Lt0 
31 .. 16 
31.,33 
33.,33 
36 .. 30 
28 .. 35 
35.,97 
33.,84 
29 .. 47 
29 .. 73 
30 .. 75 
32 .. 58 
32 .. 51 
34 .. 88 
36 .. 25 
36 .. 97 
33oB 
26.,58 
31 .. 00 
28.35 
24 .. 46 
31..63 
27 .. 07 

TOTALS 

DEVIATION FROM 
THEORETICAL 

0 .. 1002 
0 .. 1617 
0 .. 2020 
0,,0594 
0 .. 0195 
0.,0610 
0.,0604 
O .. l04l~ 
0 .. 0159 
o .. 0618 
0.,0320 
0 .. 2:us 
0 .. 0232 
o .. 1802 
D .. 0287 
0 .. 0293 
0 .. 0271. 
0 .. 1408 
0 .. 2182 
0 .. 0839 
0 .. 0~23 
Q.,1057 
0 .. O835 
0.,0206 
Q.,156]. 

3 .. 4405 

P-BAR = o .. o?a2 

UCl = 0 .. 1996 

COUNT 

2. 
. 1 .. 

1. 
l .. 
1 .. 
lo 
l " 
2 .. 
3 .. 
6 ... 
1 .. ! 
1 .. 0\ 

1..0 1 .. y 
1 .. 
6~ 

·4., 
1., 
l .. 
].,, 
1 .. 
]. ... 
2 .. 
l" 
l .. 
Ze 

44 .. 



APPENDIX G 

FRACTION DEFECTIVE CON'rROL CHARTS 
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30 

0 

0 
_Jjjo@ -0 ~o. o 0 

p 
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BASIS WEIGHT (24 x 36 inch~ 

GROUP NUM..BER 03 

p = 8.98% 
UCL= 19.78% 
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GROUP NUMBER 05 

p== 10.77% 
UCL= 22.49% 
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APPENDIX H 

GRA.PHS OP f"LIWHINE SPEEDS AND 

THEORETICAL PRODUCTION 
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APPENDIX I 

LIS'rINGS OF PRODUCTS BY GROUPS AND CODES 



PRODUQ 'l:_c ODE 

0101 
0102 
0103 
0104 
0105 
0106 
0107 
0108 
0109 
0110 
0111 
0112 
0113 
OllL~ 
0115 

0116 
0117 
0118 
0119 

GROUP NUMBER 01 

BLOT1rING . TYPES 

PRODUCT NAME 

Blotting 
:F'elt Molding 
Ground Rolls 
Ground Wood Tablet 
Interliner 
Mati-•ix 
Photo World 
Pulp Test 
Reliance 
Saturated Blotting 
Soft Blotting 
Special Blotting 
Ver:l,good 
{eliminated) 
Natural Kraft 

Saturating or 
Natural Kraft Filter· 

.Seed Germinating 
Natural Cushion Stock 
Embossing 
½ 'l'one 



P RODUC'r _ COE. 

0201 
0202 
0203 
0204 
0205 
0206 

GROUP NUivIBER 02 

CREPED FIL'1 1EW3 

Crepe F':L J. ter 
White Crepe Filter 
Special Crepe Filter 
cm 83 ci~epe 
GR 8l.J. 
GR 5~ Crepe Filter 



PRODUCT CODE 

0301 
0302 
0303 
0304 

0305 
0306 
0307 
0308 
0309 
0310 
0311 

0312 
0313 

0314 
0315 
0316 

-87-

GROUP NUMBER 03 

. FILTER 'TYPES 

PRODUCT NAME 

9000':F'ilter 
Micron Filter 
3Al Filter 
3AlJ. Filter 

(Wool Flock) 
3A2 Filter 
3Bl full Flow Filter 
3C2 Filte1". 
M & J Filter 
Banana Fi 1 ter 
3El Air Filter 
3Cl Soecial Kraft 

Fi1ter 
GR64056 White Filter 
3B6 Filter 

(Cotton Linte1 1s) 
3B5 :Filter 
Coaster Stock 
·3BlL Filter. 



PRODUCT CODE 

0401 
Qlt02 
0~-03 

-88-

GROUP NUMBER 04 

CREPED KRAFTS 

EBQDUCIJ.1 NAM§_ 

Crepe Tape 
Kraft Crepe 
H82 Kraft 



0501 
0502 
0503 
0501.~ 
0505 
0506 
0507 
0508 
0509 

GROUP NUMBER 05 

KHAPT PAPERS 

PRODUCT NtJv~ 

'I'ire Wrap 
Textile Wrap 
Coin·Wrap 
Kraft W:cap 
Shopping Bag 
Sack 
Dry wax 
Wet wax 
Tube .Stock 



PRODUCT CQ.DIL 

0601 
0602 
0603 
0604 

G HOUP NUitiBER ·06 

GASKE1r T.YPES 

P]:10DUCT NAM~ 

Battery Boa.rd 
Gaslwt 

·cover 
Album 



APPENDIX J 

GLOSSARY OF SOJV!.E PAPER MILL TERi\'IS 



.. 92-

BASIS WEIGHT - the weight in pounds· (English system) of one 
ream of a certain size sheet of paper. 

BREAST ROLL - a roll that supports the wire at the slice 
at the headbox. 

BEOKE - partly or completely marn.J.factured paper 
that does not leave the machine room as 
salable paper. 

CALENDER - a machine and its auxi.1:i.aries capable of 
producing a calendering action. 

CALENDERING - the basic action occurring when subjecting 
the web of more or less plastic material to 
pressure in its passage between two or more 
sets of adjacent rolls, the effect on the 
material being a change in the surface 
properties, usually improved smoothness, as 
well as luster or shine. 

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

COUCH ROLL a roll that d:r:ives the ·wire., aids in 
removing water, and transfers the paper 
from th~ wire t~ press sections. 

DRYERS - closed hollow heated cylinders that dry the 
paper by contact with its hot outer surface. 

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

FORM.4.TION - that quality \\lhich desc:C'ibes the structure 
of a sheet of paper (the manner in which the 
fibers are interlaced). 

FOURDRINIER 
PAPER MACHINE - a machine for making papsr·s in an endless 

web. 

HEADBOX - a device which receives stock (stuff) and 
delivers it onto the wire through the slice. 



IV"J.l\CHINE 
DIRECTION 

NIP 

- th~ direction of paper travel on the 
papermaking machine. 

- the point of contact between two roll~. 

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

REAM 

SLICE 

STOCK 

STUFF 

- a 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 delivers the 
stuff onto the wire in a uniform manner 
and with random orientation of the fibers. 

- see stuff. 

- wood pulp, chemicals, and other ingredients 
of paper in approximately~ 98 per cent 
water Solution at the headbox. Also 
called stock. 

SUC'11ION BOXES - suction devices that r?move water from 
the wire by a d'iffer·ence ·1n pressure 
between the top and bottom surfaces of 
the paper sheet, 

.TABLE ROLLS 

TAPPI 

WET END 

WIR.t~ 

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

- The Technical Association of the Pulp.and 
Paper Industry. 

- t~e section of a p~p~r machine where the 
wate1" content is v·e11y htgh and cons~Lsts 
of the headbox, wire, press sections, and 
associated parts. 

- a sheet of fine wire gauze joined by a 
seam to form a continuous band to take 
the mixture of fiber and water from the 
slice and drain water from it leaving a 
well-formed sheet of, paper ~n its surface. 
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SCHEMATIC OF A FOURDRINIER PAPER -MACHINE 
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A METHOD FOR DEVELOPING PRODUCTION ·srr·ANDARDS 

FOR A FOURDRINIER PAPER l\'11\CHINE 

PRODUCING .SPECIALTY PAPER GR.ADES 

(Winston Blaker Bolling) 

Abstract 

The purpose of this study was to explore a method 

for developing production standards for a low-production 

fourdrinier paper machine producing a wide range of 

specialty paper types. '11he approach was based primarily 

on noted historical deviations of actual production from 

production indicated from the use of formulas or nomographs 

describing the theoretical production possible. Using 

FORTRAN IV on an IBM 360., a program capable of accepting 

and analyzing historical data in order to develop production 

standards was developed. The program is also capable of 

comparing production runs on a particular day with the 

historical standards. A similar approach could be applied 

in both specialty mills and in high-production mills using 

the fourdrinier paper machine. The production standards 

developed from such a method would provide a basis for standard 

cost accounting by product and by production run, would permit 

evaluation of changes in the machine, and would provide a 

means to evaluate machi~e and crew perf6rmances. Quality :; . . 

control chart methods incorporated in the computer program 



would also aid in pointing out production runs with 

extreme deviations from the historical standards of 

production in order that checks could be made for assignable 

causes. 
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