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ABSTRACT 

T h i s paper d i s c u s s e s t h e development o f an 
expe r t system f o r d i a g n o s i n g prob lems l e a d i n g t o 
sheet b reaks on a papermak ing mach ine . Such a 
system i s expec ted t o r e s u l t i n b o t h energy and 
monetary s a v i n g s by r e d u c i n g bo th t h e f r e q u e n c y 
and d u r a t i o n o f unschedu led machine o u t a g e s . The 
knowledge base f o r t h i s sys tem, wh ich uses a 
commerc ia l s o f t w a r e s h e l l , i s s t i l l under c o n ­
s t r u c t i o n and c u r r e n t l y c o n t a i n s about 1600 r u l e s . 

One o f t h e un ique f e a t u r e s o f t h i s system i s 
t h e f a c t t h a t f o u r e x p e r t s a r e s u p p l y i n g t h e know­
l e d g e . These e x p e r t s a r e t h e s u p e r i n t e n d e n t s o f 
t h e f o u r paper machines a t t h e m i l l p a r t i c i p a t i n g 
i n t h e p r o j e c t . The advantages and d i s a d v a n t a g e s 
o f u s i n g t h i s many e x p e r t s a r e d i s c u s s e d , a s i s 
t h e method f o r h a n d l i n g t h e d i f f e r e n c e s between 
them i n t h e p r o t o t y p e sys tem. 

I INTRODUCTION 

E n e r g e t i c s , I n c o r p o r a t e d and Champion I n t e r ­
n a t i o n a l C o r p o r a t i o n a r e c u r r e n t l y engaged i n a 
j o i n t e f f o r t t o e x p l o r e t h e p o t e n t i a l use o f e x ­
p e r t systems i n t h e papermaking p r o c e s s . Ene r ­
g e t i c s i s p r o v i d i n g t h e knowledge e n g i n e e r i n g f o r 
t h e e f f o r t , w h i l e Champion p r o v i d e s t h e papermak­
i n g e x p e r t i s e . The work i s b e i n g funded by t h e 
U.S. Department of Energy (DOE) under t h e Smal l 
Bus iness I n n o v a t i o n Research Program, and b u i l d s 
on e a r l i e r w o r k , a l s o funded by DOE, conduc ted by 
E n e r g e t i c s i n a s s o c i a t i o n w i t h t h e S t . Regis 
Paper Company. 

II BACKGROUND, OBJECTIVES, AND SCOPE 

The o b j e c t i v e o f t h e p r o j e c t i s t o promote 
c o m m e r c i a l i z a t i o n o f e x p e r t sys tem t e c h n o l o g y 
w i t h i n t h e p u l p and paper i n d u s t r y t h r o u g h t h e 
c r e a t i o n o f a p r o t o t y p e e x p e r t sys tem. One of 
Champion's ma jo r reasons f o r p a r t i c i p a t i n g i n t h e 
p r o j e c t was to de te rm ine whether e x p e r t systems 
t e c h n o l o g y had p r a c t i c a l a p p l i c a b i l i t y f o r p a p e r -
mak ing . From t h e s t a n d p o i n t o f DOE, use of such 
t e c h n o l o g y by t h e p u l p and paper i n d u s t r y wou ld 
r e s u l t i n energy sav i ngs f r o m a r e d u c t i o n i n u n ­
schedu led machine downt ime. 

I n i t i a l p r o j e c t e f f o r t s f ocused o n t h e s e ­
l e c t i o n o f a n a p p r o p r i a t e a p p l i c a t i o n f o r a n e x ­
p e r t sys tem w i t h i n t h e i n d u s t r y . Cand ida te a p p l i ­

c a t i o n s were e v a l u a t e d based o n t h e i r p o t e n t i a l f o r 
s a v i n g s , and t h e a p p l i c a t i o n chosen was rep lacement 
o f wet f e l t s i n t h e p ress s e c t i o n o f t h e paper ma­
c h i n e . Wet f e l t s a r e used b o t h t o t r a n s p o r t t h e 
paper sheet and as a means of remov ing t h e w a te r 
and f i n e s t h a t a r e squeezed ou t o f t h e sheet by t h e 
p ress r o l l s . However, i t became i n c r e a s i n g l y c l e a r 
t h a t an e x p e r t system capab le o f recommending 
whether a f e l t s h o u l d be r e p l a c e d wou ld need to 
possess t h e c a p a b i l i t i e s f o r d i a g n o s i n g n o t o n l y 
p r e s s s e c t i o n p rob lems bu t many o t h e r prob lems on 
t h e mach ine . Because sheet b reaks on t h e machine 
a r e r e s p o n s i b l e f o r t h e m a j o r i t y o f unschedu led 
o u t a g e s , t h e scope o f t h e p r o j e c t was m o d i f i e d t o 
t h e d i a g n o s i s o f prob lems c a u s i n g sheet b r e a k s . 

The m i l l s e l e c t e d by Champion to supp l y t h e 
papermak ing knowledge needed to deve lop t h e system 
was i t s C o u r t l a n d , Alabama m i l l . There a r e f o u r 
paper machines a t t h i s m i l l : two F o u r d r i n i e r 
machines and two t w i n - w i r e mach ines . On a F o u r d r i ­
n i e r mach ine , s t o c k i s sprayed o n t o a h o r i z o n t a l 
w i r e ; on a t w i n - w i r e mach ine , t h e s t o c k i s sprayed 
v e r t i c a l l y between two c o n v e r g i n g w i r e s . P r o d u c t s 
o f t h i s m i l l i n c l u d e r e g i s t e r bond , x e r o g r a p h i c , 
o f f s e t , and coa ted p a p e r . 

I l l THE EXPERTS 

One o f t h e more unusua l f e a t u r e s o f t h i s e x ­
p e r t sys tem i s t h e f a c t t h a t t h e r e a r e f o u r e x p e r t s 
s u p p l y i n g t h e know ledge . T h i s was n o t done by 
c h o i c e , bu t r a t h e r by n e c e s s i t y . Champion had d e ­
t e r m i n e d t h a t t h e peop le most knowledgeab le about 
d i a g n o s i n g paper machine prob lems were t h e machine 
s u p e r i n t e n d e n t s (one per m a c h i n e ) . However, b e ­
cause t h e paper i n d u s t r y i s h i g h l y p r o d u c t i o n -
o r i e n t e d , and because t h e machine s u p e r i n t e n d e n t s 
a r e i n v o l v e d i n t h e d a y - t o - d a y o p e r a t i o n s o f r u n ­
n i n g t h e mach ine , i t was r e a l i z e d t h a t n o s i n g l e 
e x p e r t c o u l d devo te t h e necessa ry amount o f t i m e t o 
t h e p r o j e c t . T h e r e f o r e , a l l f o u r s u p e r i n t e n d e n t s 
were i n v i t e d t o and agreed t o p a r t i c i p a t e . 

The use o f f o u r e x p e r t s had b o t h advantages 
and d i s a d v a n t a g e s over t h e c o n v e n t i o n a l method o f 
u s i n g a s i n g l e e x p e r t . H i g h e r l e v e l s o f i n s i g h t 
i n t o papermak ing and machine t r o u b l e s h o o t i n g were 
ga ined b y v i e w i n g them f rom f o u r d i f f e r e n t p e r s p e c ­
t i v e s . Perhaps t h e b i g g e s t b e n e f i t o f u s i n g m u l ­
t i p l e e x p e r t s was t h e c r o s s - c h e c k i n g t h a t i t a l l o w ­
e d . Machine prob lems or i s s u e s r a i s e d by one e x ­
p e r t c o u l d be b rough t up w i t h o t h e r e x p e r t s who had 
n o t men t ioned them b e f o r e , e n a b l i n g a more compre-
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hensive coverage of the various types of problems 
that could occur. Another advantage of using the 
four superintendents was that it helped to prevent 
the project from interfering too much with the 
day-to-day operations of the m i l l . Although re­
t i red or o f f - l ine personnel may have had more time 
to give for answering questions, it was fe l t that 
the benefit of using the high quality information 
acquired from on-line personnel far outweighed 
the higher ava i lab i l i ty of the of f - l ine experts. 

In terms of the amount of knowledge acquired 
as a function of time, the use of four experts was 
at a disadvantage compared to using just one ex­
pert. Four hours of interviewing four experts 
(one at a time) was def ini tely less productive 
than four hours of interviewing a single expert. 
There was no way to avoid covering some of the 
same material with each expert because of what 
could be considered the major disadvantage of us­
ing multiple experts, at least for this applica­
t ion: the experts didn't always agree on standard 
operating procedures, much less troubleshooting 
techniques. For example, each press fe l t has as­
sociated high pressure showers that can be run on 
i t . Of the four experts, one runs the high pres­
sure showers one hour every eight-hour sh i f t , two 
run the showers when they are having runabil i ty 
problems or abnormal sheet moisture profi les that 
are caused by the fe l t s , and one has only ever 
run the showers once in the past f ive years. 

The differences in operating and trouble­
shooting procedures between experts is complicated 
by the differences between the four machines them­
selves, differences not only in specific equipment 
types but also in histor ical problem areas. For 
example, the two Fourdrinier machines at the 
Courtland m i l l have different types of press sec­
t ions; in addition, one of these machines has a 
much higher degree of computer control than the 
other. Only one of the four machines makes coated 
paper, which is much more problem-prone than un-
coated paper. 

IV HANDLING THE EXPERTS 

A l l of the above differences had to be dealt, 
with in the system in order to make it worthwhile 
to the m i l l . Focusing on one expert would be 
risky in terms of assuming that he would have 
enough time to devote to comprehensively test the 
system. Also, using a l l of the experts to test a 
system that focused on only one of them would 
give unsatisfactory results. The success of the 
project depends in large part on the attitude of 
the four experts toward the system prototype. 
The manner in which the differences between the 
four experts were incorporated into a single pro­
totype is outlined under Section V. 

Though unanticipated, the manner in which 
the experts were dealt with in order to extract 
the desired knowledge became an extremely impor­
tant factor in the development of the paper ma­
chine diagnostic expert system. An important 
aspect of this was to avoid interfering with 

their normal duties, because without their f u l l 
cooperation, a successful system could not be rea­
l ized. 

The knowledge acquisition or interviewing 
sessions were held approximately once every three 
to four weeks over a period of about two years. 
The sessions were held at the mi l l in the superin­
tendents' off ices. On one occasion a jo in t inter­
view session was held with two experts, but the 
more talkative expert dominated the conversation to 
such an extent that jo in t sessions were never again 
attempted. 

Preparation for each session was essential, 
especially the f i r s t session. Before the f i r s t 
t r i p to the m i l l , the knowledge engineer became 
knowledgeable on papermaking technology in order to 
get off to a good start with experts and begin to 
develop a good rapport with them. It was soon dis­
covered that the knowledge engineer would not only 
have to take the lead in setting the course of each 
session, but in most cases would have to have an 
entire session's worth of questions laid out in ad­
vance. Although the experts often related fa i r l y 
detailed case histories or discussed topics at 
length, the ball eventually came back to the know­
ledge engineer's court to continue the questioning. 
However, interview sessions never had a r ig id for­
mat; if a subject arose during a discussion, the 
engineer would pursue it while the expert's mind 
was s t i l l focused on i t . More about the knowledge 
acquisition strategy is discussed in the next sec­
t ion. 

In addition to being conversant in papermak­
ing technology, the knowledge engineer had to learn 
the specific slang used at the Courtland m i l l . The 
engineer also had to avoid using "high-tech" terms 
that might annoy the experts, men without formal 
education who have worked their way up through the 
various positions on the machine crew because of 
their technical and managerial sk i l l s . From the 
beginning, it was necessary to stress that an ex­
pert system is a tool that w i l l help them, not 
something that w i l l replace them. 

V SYSTEM DEVELOPMENT STRATEGY 

The information acquired during the f i r s t i n ­
terview session with the experts included equipment 
descriptions, major paper grades produced, general 
operating procedures, personnel responsibi l i t ies, 
maintenance schedules, and the degree of computer 
control. In addition, because wet f e l t problems 
were being used as a start ing point for the system, 
questions were asked on types of wet fe l ts used 
and on fe l t cleaning and maintenance. The next 
several sessions dealt with fe l t and press section 
problems in greater deta i l , and an overview of the 
different types of sheet defects that exist and 
their possible causes. This overview of sheet de­
fects provided "seeds", in the form of references 
to past problems and troubleshooting ef for ts, for 
developing a questioning strategy for the session. 
Using these "seeds", the knowledge engineer could 
encourage the expert to go through a case history 
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In as much detail as the expert could remember. In 
addition to case histor ies, any issues that were 
unclear once the knowledge engineer reviewed a 
session (a l l sessions were recorded on tape and 
later transcribed) were resolved at the next ses­
sion. 

After four or f ive interviewing sessions at 
the m i l l , it became apparent that decisions would 
have to be made on which machine problems would be 
covered in depth for inclusion in the expert sys­
tem, and which topics would be le f t for later ex­
ploration, time and money permitting. The method 
used for organizing the various problems and top­
ics into some kind of reference chart was the 
faul t - t ree method, most commonly used in r e l i a b i l ­
i t y analyses. Top-level fault trees were develop­
ed showing general categories of sheet defects 
that can lead to unscheduled machine outages. 
These categories (e .g . , holes, crushing) were then 
further subdivided, and separate fault trees were 
developed for each sub-category. In this way, a l l 
known possible causes of machine fa i lure due to 
sheet defects were i l lus t ra ted; any lower-level 
event within the tree (e.g. , slime on the shower 
pipes) can cause the top-level event in that tree 
(e.g. , hole in the sheet). 

In addition to developing the fault trees, 
the knowledge engineer la id out a description of 
the troubleshooting procedures for each expert. 
This included a l i s t of the possible types of 
clues that they look for both on the end of the 
sheet where the break occurred and in the various 
instrumentation readings, and how these items af­
fect where on the machine they go f i r s t in trying 
to solve the problem. These procedures were then 
reviewed with the experts and corrected as neces­
sary. 

The expert system software shell that was 
chosen for this project was EXPERT, developed by 
Weiss and Kulikowski at Rutgers University. 
EXPERT, which is written in FORTRAN, has been 
used most extensively in medical diagnostic ap­
pl ications. There were several features of this 
shell that emerged during the course of the pro­
ject as being part icularly helpful in the paper 
machine application. One of them was a bonus 
factor option that enabled less costly trouble­
shooting options to be explored before more 
l ike ly but much more costly options (e.g. , ones 
that involved shutting down the machine). Another 
feature was the ab i l i t y to set up multiple HH rule 
tables. In EXPERT, an HH rule table is a set of 
rules relating findings and hypotheses already 
determined to other hypotheses. The table i t se l f 
is triggered when an i n i t i a l " IF" condition is 
sat isf ied. 

The use of multiple HH rule tables in the 
prototype system became the primary means for 
incorporating the differences between the four 
experts into a single expert system. Rules that 
were common to a l l of the experts/machines were 
grouped in certain HH rule tables. Rules that 
applied to only one expert/machine or to a pa r t i ­
cular combination of experts/machines were organ­
ized into separate HH rule tables whose "IF" 

condition was that the case being run was for a 
given machine or one of two or three given ma­
chines. The questioning strategy within the sys­
tem was set up so that the f i r s t query made of the 
use was for his machine number. So far , th is 
methodology has proven satisfactory in handling 
the multiple experts; questions that do not apply 
to a particular machine are never asked for any 
cases run for that machine, and treatments that a 
certain expert would never perform are not recom­
mended to him. 

VI CONCLUSIONS 

Work to date on this project has shown the 
extreme importance of the interactions between the 
knowledge engineer and the domain expert or experts 
in determining the success of expert system devel­
opment. This importance has been pointed out by 
other practit ioners, but it is especially c r i t i ca l 
when multiple experts are used. Those who w i l l be 
supplying the knowledge should ideally be involved 
in project planning from the very beginning. How­
ever, the domain experts often have inadequate time 
or fami l iar i ty with software tools available to be 
able to serve as knowledge engineers themselves. 
A project team that includes both industr ial and 
computer-oriented personnel is recommended. 

For this particular application, it proved 
to be feasible to build a prototype expert system 
using more than one expert. This was possible 
because the prototype in a sense contained four 
smaller, customized systems in addition to a sec­
t ion of general rules in the knowledge base. It 
cannot be concluded from this work, however, 
whether using multiple experts to create a proto­
type expert system for a single machine, for ex­
ample, would have advantages over using a single 
expert. 

It is anticipated that the paper machine 
diagnostic expert system discussed in this paper 
w i l l be useful in several different capacities -
as a tool to aid operators in diagnosing problems 
that cannot be solved quickly by normal means, as 
a training tool for inexperienced personnel, and 
as a means of storing information related to hard-
to-solve cases that occur so infrequently that 
they are usually forgotten by the time they happen 
again. Although it is l ike ly that this system 
would have to be customized for each specific 
machine on which it is intended to be used, such 
an extensive groundwork has already been bui l t 
that customization efforts would not be prohibi­
t ive in terms of time or money. 

It is very l ike ly that additional opportuni­
t ies for expert system application in the pulp and 
paper industry exist. The Industry is investing 
heavily in various forms of computer process con­
t r o l , and should prove highly receptive to many 
forms of a r t i f i c i a l intel l igence. 
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