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msTRAcT 
The a f fec t  of c q u t e r  i n s t a l k t i o n  on operators involved in 

capsule manufacture Is described. It is sham tht vorker morale 

can be coasidarably improved by the  assi.t.nce provided by a cao- 

putcr.  
AESmm!! 

In  1954 QPLith Kline Corp. i n s t a l l ed  its f i r s t  hard ge l a t in  

capsule manufacturing machine. 

c i l i t y  was expanded t o  i t s  currant sire ,  and the  c-ny n w  

operates 12 machines In a 24 hour, 7 d.y 8 week e f fo r t .  Produc- 

t i o n  capabi l i ty  is approxinutaly 2.5 b i l l i o n  caprules annually. 

Of t h i s  t o t a l  the l i on ' s  s h r e  is absorbed by SK6F k b s  and other 

Smith K l i n e  Corp. subs id ia r ies  with the remainder being sold t o  

other p h w c a u t i c a l  manufacturers. 

people d i r e c t l y  involved in the oparatiw of the 12 capsule ma 

chines and aux i l i a ry  equipment. 

t o r s ,  2 mechanics, 3 t ra ineer ,  5 supervisors and 1 ge la t in  chemist. 

Directly muaging the overall operation is a cbemical engineer. 

Dur- the next 13 y u r s  the  fa -  

There a r e  currently 31 

They include 20 =chine opera- 
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BACKGROUND 

For many years  t h e  making of hard g e l a t i n  capsules  was thought 

of more as an ar t  than a def inable  s c i e n t i f i c  process .  

Smith K l i n e ' s  atanageamat I n s t i t u t e d  a program t o  s tudy t h e  process 

In s u f f i c i e n t  d e t a i l  t h a t  t h e  cogent v a r i a b l e s  could be i d e n t i -  

f i e d .  

duct ion y i e l d  Increase and a c o n s i s t e n t l y  more uniform end product. 

This latter a s p e c t  was the  more important s i n c e  capsules  of incon- 

sistent q u a l i t y  and physical  c h a r a c t e r i s t i c s  are considerably more 

expensive t o  inspect and can c r e a t e  havoc when being f i l l e d  wi th  a 

drug product in high speed f i l l i n g  equipment. 

In 1968 

The j u s t i f i c a t i o n  f o r  t h i s  venture  was an a n t i c i p a t e d  pro- 

A p r o j e c t  t e a m  was  fonued and an IBM 1800 DATA ACQUISITION 

AND COt?I'ROL SYSTEn was leased t o  a t t a c h  t o  a "p i lo t"  capsule  manu- 

fac tur fng  machine. 

a b l e s  and IMtallUtiOXI of the  necessary Instrumentat ion t o  l n t e r -  

face  v i t h  the  computer "on line" analysis began in December of 1968. 

A f t e r  the s e l e c t i o n  of "critical" process v a r i -  

OBJECTIVES 

Minimize product visual dafec ts .  

Manufacture capsules  wi th  c o n s i s t e n t  dimensional 

characteristics 

Bhximize output  by minimizing machine d m  t i m e .  

Simplify t h e  opera tors '  dutims. 

lLppIuHcB 

The p r o j e c t  began by d t o r i n g  the procees v a r i a b l e s  and 

The capsule  s t o r i n g  the  r e s u l t s  on t h e  1800's magnetic d i s c s .  
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PEOPLE-COMPUTEB INTERFACE 

machine operator  was  i n s t r u c t e d  by t h e  computer t o  enter cor res -  
ponding q u a l i t y  information a t  t h e  same t i m e  v i a  a s p e c a i l l y  

designed console u n i t .  S t a t i s t i c a l  a n a l y s i s  of t h i s  data then 

led  t o  t h e  emphasis of c e r t a i n  process var iab les  and de-apphasis 

of others .  The most cri t ical  v a r i a b l e s  such as temperatures and 

v i s c o s i t y  were put under t h e  c o n t r o l  of t h e  computer. Fur ther  

a n a l y s i s  def ined f i n i t e  process s p e c i f i c a t i o n s  which were then 

used to  "direct"  t h e  capsule  machine. 

a t im of computer "d i rec t  d i g i t a l "  c o n t r o l  and "operator guide" 

cont ro l ,  1.e.. t h e  computer t e l l i n g  t h e  operator  how t o  set t h e  

var iab les .  Operating data v is -a -v is  improvemnt were then ob- 

t a ined  using t h i s  system. 

This waa done by a canbin- 

Variables  monitored o r  c o n t r o l l e d  during t h i s  data acqui-  

s i t i o n  per iod were: 

Gela t in  temperature during m e l t . !  

Vacuum during m e l t .  

Concentration of s o l i d s  during water d i l u t i o n .  

Gela t in  teapera ture  and v i s c o s i t y  a t  the  point  

where the capsule  is formed. 

Amount and temperature of a i r  a t  d i f f e r e n t  po in ts  

i n  t h e  drying cycle .  

Rela t ive  humidity of t h e  drying a i r .  

Capsule dune and w a l l  th ickness .  

lumber and type of v i s u a l  defec ts  found by the 

operator .  

Capsule counting. 
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Initial P e r i N  

Moat of t he  paople involvad in capsule manufacturing a t  the  

t h  t h i s  cont ro l  pro jec t  ws i n i t i a t e d  were personnel 

v i t h  up t o  14 years a p e r i e a c e  in capsule -king. Ae the  pro jec t  

developed, hwaver ,  it became apparent t h a t  t he re  were s u f f i c i e n t  

problanu t o  coavince everyone t h a t  we a11 had a l o t  t o  learn about 

-king hard g e l a t i n  capsules. 

For axample, the operator8 did not r e a l l y  understand how the 

capsule making procear worked; w h a t  e f fec ted  or af fec ted  the  va r i -  

ab les  nor exac t ly  h w  t he  f a 1  product 's  cha rac t e r i s t i c s  vere 

dependant upon thom v r r r lb l e r .  

the aup.rvisors t o t a l l y  understood the  aunufacturing process. It 

was c lea r ly  a s i t ua t ion  vhare trial and e r r o r  van the  pr inc ip le  

method of reso lu t ion  and the lack of complete process knowledge 

compounded tha problem. 

duplicate becausa the  cmbinnt ioo  of var iab les  war transient. In 

thir typa of s i t u a t i o n  the  people involved v i l l  of ten  polar ize  

i n t o  two amin groups. One group w i l l  say, "Since t h i r  i s  the  best  

we have aver made i t  mrut be tha bes t  t h a t  can bm made," and the  

othar group u i l l  say, 'Thia is acceptable but let's change a a m -  

thing, change anything, and re8 i f  i t  ge ts  be t te r . "  

To put i t  qu i t e  candidly not even 

A rua of goad product was of ten  hard t o  

Ttu logical r ebu t t a l  t o  tture porit iona is f i r s t , t !u t  other 

sources (cmpanies) are making a similar product wi th  e saan t iP l ly  

the  aama molding equipmnt .ad second. that thane sama othar 

sources bva  an apparently uniform product which probably implies 

8 Jnimum of processing chanws. 
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The purpore of the  contro1,coolputer war t o  help the  opera tors  

recall and assimilate the  d i v e r r e  information necessary to  t h e  pro- 

cesr, perform t h e  required calculat ion# and i n d i c a t e  the  need t o  

make t h e  changes necessary t o  quickly br ing t h e  procerr  back t o  an 

optimum state. 

It is n o t  surprirming tht a quantrrm jump i n  t h e  technology 

of an es tab l i shed  process rhould cause sane apprehension in the 

minds of those who are f a m i l i a r  wi th  an o l d  system. The group who 

considered cur ren t  output t o  be good enough perceived a subjec t ive  

menace in the  p o t e n t i a l  of t h e  new system. This f e a r  is d i f f i c u l t  

t o  descr ibe  but seemed t o  relate t o  t h e  p o r r i b i l i t y  t h a t  accepted 

technology would be proven wrong and therefore  an adverse r e f l e c t i o n  

vould be cast on t h e i r  previous b e s t  e f f o r t s .  

t h e  camputer as a device intended t o  do t h e  work which they thought 

was  t h e i r  primary funct ion,  i . e . ,  making changer in the  process 

v a r i a b l e s  t o  ge t  an improved product. Coxwequently they saw t h e i r  

jobs  in jeopardy. 

The o ther  group saw 

One of t h e  i n i t i a l  ob jec t ives  of t h e  nw e n t e r p r i s e  was t o  

educate  t h e  operators  in t h e  real purpose of t h e  computer installa- 

t i o n  and its expected b e n e f i t s .  

v i a  l e c t u r e s  f o l l m e d  by quest ion and answer res r ions .  The longer 

term goal  was  t o  keep everyone advised of t h e  progress of t h e  in- 

s t a l l a t i o n  and per iodica l ly  update t h e  group on t h e  data a c q u i r i t i o n  

r e s u l t s  from t h e  p i l o t  machine operation. This  latter per iod l a s t e d  

f o r  about a y u r .  

were t h e  successfu l  c a p l e t i o n  of t h e  p i l o t  program leading t o  t h e  

The educat ional  program was s t a r t e d  

Two s i g n i f i c a n t  developments during t h a t  t h  
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decisioa t o  extend computer cont ro l  t o  a l l  12 nuchines and the 

general acceptance of the computer and its poten t ia l s  by both 

the operators and t h e i r  supervisors. 

CURRmr STATUS 

Svstera 

As curren t ly  in s t a l l ed ,  the  system senses the process va r l -  

ab l e r ,  maker changer i f  required, accepts operator input and d l s  

plays information v i a  the following sensor points and terminals: 

24 ga la t in  temperature poin ts  

24 v a t e r  jacket points 

12 a i r  temperature points 

24 g e l a t i n  v i scos i ty  points and feedvater valves 

12 dryiw a i r  relative humidity points 

1 e lec t ronic  r u l e  (kg.) 

2 solenoid va t e r  valves f o r  g e l a t i n  preparation 

1 IBbi e l e c t r i c  typewri te r /pr in te r  

Effects 

It vas proven that  the data procarnor could e f f ec t ive ly  and 

e f f i c fen t ly  handle many of the  dut ies  vhich previously had been 

the exclusive province of the operator. 

controlled the  ge l a t in  r incoa i ty  in the dip pot by reacting t o  

c h n g e s  in the g e l a t i n  t q r a t u r e  and prwiding  au toaut ic  water 

addition. This resu l ted  in a ca tn is tency  of caprule w a l l  thick- 

ness vhich van swmral orders of tmgnitude b e t t e r  than vhen the 

operators controlled the d r c o n i t y  nunually. 

The ry8t.m monitored and 

This uniformity In 
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g e l a t i n  th idmess  has resu l ted  in g rea t ly  improved capsule 

s t r ipp ing  and t r i d n g  functions by the machine. 

cont ro l  has then improvpd the  qua l i t y  of the  capsules while re- 

ducing the  operator's d i r e c t  manual e f f o r t  in an important area 

of capsule qua l i ty  control.  

This viscos i ty  

A srcoad e f f ec t  noted is the part the computer plays in  the 

melting and mixing of the raw material ge l a t in  before it is de- 

l ivered  t o  the capsule making machines. Under current procedures 

the  operator takes one manual v i scos i ty  check (Pipette method) of 

the g e l a t i n  so lu t ion  as it is being drawn from the vacum melting 

tanks i n t o  t ransfer  cans. This viscos i ty  reading (in cantipoise 

uni te )  becamas one fac tor  which in conjunction with the ge l a t in  

temperature and weight of so lu t ion  in the t ransfer  cans is entered 

i n t o  a stored equation i n  the cen t r a l  processing uni t .  The com- 

puter then determiner the amount of water which must be added t o  

bring t h i s  ge l a t in  t o  a predetermined v iscos i ty  a t  the operating 

tempersture of the machine d ip  pot. 

added a u t a m t i c a l l y  v ia  an e lec t ronic  sca le  and solenoid operated 

feed water valves. Thus the operator is essen t i a l ly  re l ieved  of 

the  computation and manual water addi t ion  previously requirsd. 

Again more of the  operators working time is avai lab le  f o r  checking 

other parameters of the capsules being produced. As an added plus 

the computer is f a r  more accurate, consistent and much f a s t e r  than 

the operators in making the water addition# and viscos i ty  ad jus t -  

ments. 

This quantity of water is 
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RESULTS - 
Primarily,  computer cont ro l  has created a s i t u a t i o n  where the 

operators a r e  f r e e  t o  apead the  major part of t h e i r  work day i n  

d i r e c t  qua l i t y  observation and adjustment of non-controlled func- 

t ions.  

molding s tage  has increased by more than 38% s ince  the  inception of 

the  program. 

a r e  very proud of i t .  

was  a r e l a t i v e l y  consistent scurce of complaints from the  Inspection, 

F i l l i n g  and Packaging areas.  The.current s i t ua t ion ,  however, is  

t h a t  cauplaints have declined dramatically and the  capsules have 

contributed t o  record production leve ls  in these areas.  

su l e  operators nw share in the pra i se  f o r  those achievements. 

As a consequence, the output of acceptabla capsules a t  the  

The operators are very aware of t h i s  improvament and 

In the "old days" the qua l i t y  of the capsules 

The cap-  

A secrmd and more subjective r e s u l t  of the  computer i n s t a l l a t i o n  

has been t h a t  the operators stand sacure in the knowledge tha t  they 

a r e  capable of maintaining an e f f ec t ive  conversational re la t ionship  

with a d i g i t a l  computer. 

They can, by observation of the+ monitor pr in tout ,  an t i c ipa t e  prob- 

l@dm s i tua t ions .  

They can ask questions and ge t  answers. 

The i n s t a l l a t i o n  has, in a very real sense, enriched t h e i r  jobs. 

They see improved output; they experience a reduction in rout ine  

e f f o r t ,  and they a r e  responsible f o r  t he  operation of the computer. 

The consistency and r e l i a b i l i t y  of caaputer cont ro l  has enabled 

the men t o  take be t t e r  advantage of holidays and vacation periods. 

Before its ins t a l l a t ion ,  the procedure f o r  s h u t d w  and then re -  

s t a r t i n g  the department was almost an exercise in f rus t r a t ion .  A l l  
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machines had t o  be stopped, r e r idua l  ge l a t in  removed from dip and 

storage pots and machines cleaned. 

f u l l  days before the  operators l e f t  f o r  a holiday period. 

start up t l m e  was about twice as long and on occaaion as much as 

14 days elapsed before acceptable capsules were produced. Under 

there  conditions, the only regularly scheduled " d m "  t i m e  was the  

annual two week plant s h u t d m  and the three or  four days a t  Chriet- 

mar. 

times longer than the holiday period i t s e l f .  

in tenus of scheduling and operator f rus t r a t ion  do not require any 

e labor. t ion. 

This took approximutely NO 

The 

The Christmas shutdown and start up often took three or  four 

The problem here 

Since the computer i n s t a l l a t i o n  the deparmont ha8 bean able  

t o  shutdown f o r  every holiday period scheduled by management. 

varied f r an  one t o  four days in length. 

a two s h i f t  atop on Ncol Year's Eve. 

t h i s  capabi l i ty  is that the preparation f o r  a shutdown is now about 

three hours and the start up t h e  l e s s  then one s h i f t .  As an exam- 

ple ,  the t o t a l  non-productive t i m e  aasociated with the New Year's 

Eve shutdown was less than r i x  hours. 

These 

We were even ab le  t o  e f f e c t  

The most remarkable aspect of 

The impact of t h i s  on the operators has been dramatic. They 

no longer dread the problem of r e s t a r t i ng ;  they look foward  t o  

and thoroughly enjoy t h e i r  holidays, and they react t o  there con- 

d i t i m s  with a reduced absence r a t e .  

r a t e  was  improved over 1971 by appraxfmately one equivalent Irun/ 

year. 

I n  1972, for example, t h e  
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T h i s  capac i ty  of being a b l e  t o  shutdown f o r  s h o r t  ho l iday  

per iods presented an i n t e r e s t i n g  si tuation. 

w a s  f i r s t  discussed,  mony opera tors  f e l t  t h a t  t h i s  w a s  a move 

designed t o  maneuver them out  of t h e i r  overtime pay f o r  hol iday 

periods. This a t t i t u d e  changed, however, w i t h  experience and 

wi th in  t h e  f i r s t  year  of computer c o n t r o l l e d  opera t ions ,  hol idays 

ware as c h e e r f u l l y  gree ted  by t h e  Capsule Haking Group a s  any 

o ther  group in t h e  plant .  

new experience f o r  a l l  involved. 

When t h e  c a p a b i l i t y  

Perhaps even more so because i t  w a s  a 

An example which f u r t h e r  i l l u s t r a t e s  our confidence in em- 

ployee acceptance of t h e  process  c o n t r o l l e r  is as follows: 

w e l l  e s t a b l i s h e d  hard capsule  manufacturer b u i l d  a new f a c i l i t y  

wi th in  80 miles of SK&F. They a d v e r t i s e d  t h e i r  need f o r  exper- 

ienced opera tors  in t h e  local newspapers. To our knowledge only 

one of our  employees i n v e s t i g a t e d  the  opportuni ty .  We f e e l  t h i s  

is a s t rong  i n d i c a t i o n  of job s a t i s f a c t i o n  and confidence i n  t h e  

cont inuing s e c u r i t y  and progress  of t h e i r  pos i t ions .  

A 

However, t h e r e  are NO s i d e s  t o  every c o i n  and one of t h e  draw- 

badre t o  t h e  use of t h e  canputer  is in  t h e  area of v i s c m i t y  con- 

t r o l  where t h e  amchine has had t h e  e f f e c t  of becoming a cru tch .  

In t h e  inf requent  instances (less than 4 times p e r  year)  where 

electrical o r  component f a i l u r e  has forced t h e  opera t ion  t o  go off  

line, t h e r e  has been an Initial per iod of extreme d i s o r g a n i z a t i o a  

while both opera tors  and superv isors  a t tempt  t o  recall and re -es tab-  

l i s h  t h e  manual methods t o  maintain the  machine output  of proper 

q u a l i t y .  In c e r t a i n  ins tances  t h i s  a t tempt  has not  been s u c c e e ~ f u l  
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PEOPLE-COMPUTER INTERFACE 

and good capsules were not  produced i n  s i g n i f i c a n t  q u a n t i t i e s  

u n t i l  the  computer was  put back on line. 

longat  the computer handles the  problems, the longer i t  w i l l  take 

f o r  t h e  operators  t o  r e l e a r n  hcu t o  work without it. 

It i s  l o g i c a l  that the  

SUMMARY 

The primary e f f e c t s  of the  computer i n s t a l l a t i o n  on t h e  

operators  have been: 

(1) Confidence in  t h e i r  a b i l i t y  t o  produce high q u a l i t y  

capsules. 

Simplif ied resu l t s -or ien ted  d u t i e s  wi th  no reduct ion 

i n  r e s p o n s i b i l i t i e s .  

(3) A b i l i t y  t o  plan and use holiday per iods more e f fec-  

t i v e  1 y . 
(4) Reduced abaenteeism and improved employee morale. 

(5) Certain manual s k i l l s  have de te r iora ted .  

In  general ,  the  computer pro jec t  was  w e l l  conceived and has 

(2) 

been e f f e c t i v e l y  implemented. I t s  r e s u l t s  have been b e n e f i c i a l  

t o  both employer and employee. 
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