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Abstr_ac_t 
The l i m i t e d  accuracy of e x i s t i n g  c l o s u r e  t o r q u e  t e s t e r s  and 

t h e  s u b j e c t i v i t y  o f  t h e  measurements impar ted  by human o p e r a t o r s  
has l e d  t o  t h e  development o f  an automated c l o s u r e  t a s t i n g  mac- 
h ine ,  t h e  Ruto-Torque. 

R s  packaging requ i remen ts  become more s t r i n g e n t  i n  o rde r  t o  
p r o v i d e  improved consumer s a f e t y  and p r o d u c t  i n t e g r i t y ,  improved 
qua1 i t y  c o n t r o l  t echn iques  become necessary.  Torque t e s t i n g  of 
c l o s u r e s  has r e l i e d  f o r  yea rs  on a manua l l y  ope ra ted  s p r i n g  s c a l e  
w i t h  a c la imed  accuracy o f  p lus o r  m i n u s  f o u r  p e r c e n t  (4%)  f u l l  
sca le.  The c l o s u r e  t e s t i n g  p rocess  becomes more i n a c c u r a t e  when 
you add t o  t h i s  e r r o r  t h e  i n c o n a l s t e n c i e s  due t o  r e a d i n g  e r r o r s ,  
d a t a  e n t r y / a n e l  y s i s  e r r o r s ,  and o p e r a t o r  t echn ique  ( I ) .  
Outomation o f  t h e  c l o s u r e  t o r q u e  t e s t i n g  proces5 narrows t h e  range  
o f  e r r o r s  down t o  those  o f  t h e  machine i t s e l f  which a r e  e a s i l y  
q u a n t i f i e d  b y  a c a l i b r a t i o n  procedure.  C u r r e n t l y  a v a i l a b l e  s p r i n g  
s c a l e  c l o s u r e  t e s t e r s  have n o  p r o v i s i o n  f o r  measur ing downward 
f o r c e  needed t o  engage c h i l d - r e s i s t a n t  (CR) c l o s u r e s ,  r e q u i r i n g  
t h e  u s e r  to develop t h e i r  own apparatus ( 2 ) .  

C u r r e n t l y ,  t h e  Outo-Torque is b e i n g  used f o r  u n i v e r s i t y  
r e s e a r c h  and by major  pha rmaceu t i ca l  companies i n  both t h e  package 
development and q u a l i t y  assurance t e s t  a rea  t o  suppor t  t h e  
p r o d u c t i v i t y  o f  m u l t i p l e  l i n e s .  

T h i s  paper d e s c r i b e s  t h e  Ruto-Torque's a b i l i t y  t o  p r o v i d e  t h e  
q u a l i t y  a5surance needed i n  t h e  c l o s u r e  t o r q u e  t e s t i n g  process.  
Techn ica l  problems encountered and t h e i r  s o l u t i o n s  a r e  viewed f rom 
a genera l  systems automat ion p e r s p e c t i v e .  

I n t r o d u c t i o n  ----_------- 
D i  ~ . c u s s i  on5 w i  t h  Packaging Development Eng ineers  and market 

r e s e a r c h e r s  p o i n t e d  t o  t h e  need f o r  a machine t h a t  would meet t h e  
f o l l o w i n g  requ i remen ts .  

1. R u t o m a t i c a l l y  clamp t h e  c l o s u r e  and c o n t a i n e r  
c a n s l s t e n t l y  f o r  a wide range  o f  package types,  s i zes ,  
and c o n f i g u r a t i o n s  i n c l u d i n g  c h i l d  r e s i s t a n t  (CR) 
c l o s u r e s .  
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2726 JURUS AND HAUBER 

R E  N O  'J hL 
TORQUE 

FIGURE 1 - Forces  Applied t o  t h e  C l o s u r e  ahd  C o n t a i n e r  by 
t h e  Auto-Torque 

2. 

3. 

4. 

9. 

6. 

7 .  

Measure appl icat ion/ removal  to rque and downward f o r c e  
w i t h  g rea ter  accuracy than is c u r r e n t l y  a v a i l a b l e  (see 
F igu re  1 ) .  I n  add i t ion ,  t h e  contact  p r i ppe r  
c o n f i g u r a t i o n  should attempt t o  emulate t h e  hand. 

CIcquire da ta  i n  r e a l  t ime, analyze data and present  
r e s u l t s  i n  g raph ica l  or t abu la r  . form,  i n c l u d i n  
generat ion of  c o n t r o l  char ts .  

Be user f r i e n d l y  and prov ide  an operator  i n t e r f a c e  
s imple enough f o r  t h e  f i r s t  t ime user or u n s k i l l e d  
operator .  

Prove rugged and r e l i a b l e  i n  p roduc t ion  environmen 

t h e  

9. 

Be e a s i l y  adapted t o  f u l l y  automatic loading/unloading 
and t e s t i n g  f o r  on - l i ne  q u a l i t y  c o n t r o l ,  i.e., c lose  
t h e  loop on the  c losu re  adjustment process. 

CIllow easy calibration/verification of  r e s u l t s  and 
computer system v a l i d a t i o n .  

D i f f e r e n t  requirements o f  Packaging Development Engineer ing 
and Q u a l i t y  Rssurance Inspec tors  a rb  met w i t h  d i f f e r e n t  sof tware 
packages. The labo ra to ry  sof tware f o r  Packaging Development 
Engineer ing is capable o f  soph is t i ca ted  ana lys i s  such as to rque 
r e t e n t i o n  s tud ies  whereas the  q u a l i t y  assurance sof tware is 
opt imized f o r  r a p i d  ana lys i s  and d i s p l a y  o f  data. 
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AUTOMATED TORQUE SENSING EQUIPMENT 2727 
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TORQUE LOAD C E L L  
B A S E P L A T E  
G U I D E  R O E S  
LOWER ROI'AT I N G  P L A T E  
MOVING P L A T E  
F O R C E  LOAD C E L L  
S U P P O R T  R I N G  
C A P  MOTOR 
S P R I N G S  
U P P E R  R O T A T I N G  P L A T E  
F O R C E  S E R V O  MOPOR 
B A L L  S C R E W  
C H U C K  J A W  A S S E M B L Y  
B O T T L E  C L A M P  MOI'OR 
TORQUE S E R V O  MOTOR 

FIGURE 2 - Major Components o f  the T e s t  Head 
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2728 JURUS AND HAUBER 

REMOVAL TORQUE AND FORCE DATA 1-28-88 BOTTLE ID:bot#16 CLOSURE ID:cap#16 T:9.16 F:19.95 

2.50 E+' i 
2.25 4 
2.00 _I4- 

o'oo&O 0!50 1.bO l k 0  2.b0 2:50 3.b0 3/50 4.b0 4:50 5.bO E +: 
DATA SAMPLE NUMBER 

FIGURE 3 - Removal Torque and Force  f o r  a 38mm C h i l d  R e s i s t a n t  C l o s u r e  

Srste!?! !&siw 
an auto-Torque c o n s i s t s  o f  t h r e e  major components: a t e s t  

head, an e l e c t r o n i c s  c a b i n e t  and a computer. 

The t e s t  head (see F i g u r e  2 )  c o n t a i n s  s e l f  c e n t e r i n g  jaws t o  
clamp t h e  c o n t a i n e r  and c l o s u r e ,  a f o r c e  m o t o r / l e a d  screw 
mechanism, a t o r q u e  m o t o r / r o t a t o r  and l o a d  c e l l s .  I n te rchangeab le  
jaws a l l o w  f o r  r e l i a b l e  g r i p p i n g  o f  odd shaped b o t t l e s .  

E l e c t r i c a l  i n t e r f a c e s  between t h e  computer and t h e  t e s t  head 
a r e  i n c l u d e d  i n  t h e  e l e c t r o n i c s  c a b i n e t  a l o n g  w i t h  power s u p p l i e s  
and motor d r i v e r s .  

On IBM PC o r  c o m p a t i b l e  computer was chosen due t o  i t 5  wide 
I n d u s t r i a l  acceptance, r e l i a b i l i t y  and ease of use. c o l o r  
d i s p l a y  is used t o  p r o v i d e  a v i v i d  Q r a p h i c a l  user  i n t e r f a c e .  

The auto-Torque So f tware  is a menu d r i v e n  system which l l s t s  
t h e  o p t i o n s  a v a i l a b l e  t o  t h e  user ,  prompts t h e  user  f o r  any 
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AUTOMATED TORQUE SENSING EQUIPMENT 2729 

Individual Measurements Chart Pkg Line No. 2 

Product: Control Test Op: MC Date: 1-29-88 Time: 9:39AM 
Lot Number: 2 Unit Size: 30ml 

40 

30 

Lu 
3 

0 
I- 

a 
a 20 

U 
A10 

LI 

C 
U - UCL > 13.0 
L - LCL < 5.0,1 d 2  #3 #4 s5 #6 $7 #8 ' - ' c L < 5 . 0 9 . 3 2  9.03 9.87 8.07 9.31 10.78 9.31 9.19 

SAMPLES 

A - AVE 9 4 

FIGURE 4 - C o n t r o l  Chart  of I n d i v i d u a l  Specimens f o r  One (1) Hour 
. .  

rime Per iod  

i n fo rma t ion  requ i red  t o  per fo rm the  chosen act ion,  c o n t r o l s  the  
hardware du r ing  t e s t i n g ,  and d i sp lays  t h e  r e s u l t s  o f  t he  t e s t s  i n  
e i t h e r  tabu la r  o r  g raph ica l  f o r m s .  Software is w r i t t e n  i n  Turbo 
Pascal# and runs on an IEM PC under the  MS-DOS+. 

---- Desiqc Considerat ions -__----------- 
The CIuto-TDrque seems decept ive ly  simple, i t s  f u n c t i o n  is 

t o  clamp the  conta iner  and c losure,  apply  downward f o r c e  i n  the  case of 
CR c losu res  and remove the  c losu re  w h i l e  mon i to r ing  f o r c e  and torque. 
However, as i s  always the  case when automating a func t i on  pre-  
v i o u s l y  performed by humafls, s u b t l e  ac t i ons  of t he  operator  
become d i f f i c u l t  tasks  f o r  a computer t o  emulate. For example, 
how does one determine when a c losu re  was removed? To an operator 
the answer i s  DbVfDUS bu t  e computer r e q u i r e s  an a lgo r i t hm t o  
mechanize the  dec i s ion  maklng process. 

CIfter several approaches were t r i e d ,  i t  was determined t h a t  
a p rese t  minimum downward f o r c e  would be maintained ( f o r  CR 
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2730 JURUS AND HAUBER 

c l o s u r e s )  v i a  c l o s e d  l o o p  c o n t r o l  w h i l e  t h e  c l o s u r e  is r o t a t e d  
th rough  a p r e s e t  angle.  The peak t o r q u e  r e a d i n g  is r e t a i n e d  as 
t h e  removal  t o r q u e  value. 

C a l i b r a t i o n  of t h e  auto-Torque is s i m p l e  and s t r a i g h t f o r w a r d  
b u t  r e q u i r e s  some s p e c i a l  c o n s i d e r a t i o n  i n  o rde r  t o  measure t h e  
machine's f u l l  accuracy.  The s t a r t i n g  p o i n t  is CISTM s tandard  
D3474-80 "Checking t h e  C a l l b r a t i o n  o f  Torque Me te rs  Used i n  
Packaglnq a p p l i c a t i o n s "  which d e s c r i b e s  wrapping a s t r i n g  around a 
c i r c u l a r  p l a t e  a t t a c h e d  t o  t h e  t o r q u e  meter,  over a p u l l e y  and 
hanging dead we igh ts  f rom t h e  s t r i n g .  When t h e  accuracy approach- 
es 1% o f  f u l l  sca le ,  f a c t o r s  such as s t r i n g  d iameter ,  p u l l e y  
r u n o u t  and p u l l e y  f r i c t i o n  become c r i t i c a l .  For  example, u s i n g  a 
0.050 i n c h  d iameter  s t r i n g  on a 3 i n c h  d iameter  c i r c u l a r  p l a t e  
would r e s u l t  i n  a 1 / 2 % . e r r o r .  Such an e r r o r  would n o t  b e  n o t i c e -  
a b l e  w i t h  a manual s p r i n g  s c a l e  t y p e  t e s t e r  b u t  would decrease t h e  
accuracy a v a i l a b l e  w i t h  t h e  auto-Torque by almost one h a l f .  I n  
r e a l  numbers, f o r  a f u l l  s c a l e  t o r q u e  o f  4 0  i n c h  pounds, t h e  au to -  
Torque's accuracy is 0.3 i n c h  pounds whereas a s p r i n g  s c a l e  
t e s t e r ' s  accuracy is 2 i n c h  pounds ( 4 %  o f  50 i n c h  pounds f u l l  
s c a l e ) .  I t  is a l s o  i m p o r t a n t  t o  do t h e  t o r q u e  c a l i b r a t i o n  w i t h  
we igh ts  on t h e  p l a t f o r m  r e p r e s e n t a t i v e  o f  t h e  downward f o r c e  
expected t o  be a p p l i e d  t o  t h e  cap so t h a t  b e a r i n g  f r i c t i o n  i5 
taken I n t o  account.  

Data_ f 3 ~ a l r a i s  and Reeor_fr E e ~ e ~ a t L o ~  
a f t e r  a s i m p l e  removal t o r q u e  t e s t  is performed, a c h a r t  is 

generated which shows t h e  maximum t o r q u e  va lue.  F i g u r e  3 shows a 
3Bmm c h i  I d - r e s i s t a n t  c l o s u r e  b e i n g  removed w i t h i n  m i  11 i seconds, a5 
w e l l  as d e p i c t i n g  a downward f o r c e  a p p l i e d  t o  t h e  c l o s u r e .  0 h i g h  
speed l o a d  c e l l  c o l l e c t s  t h e  d i s c r e t e  s i g n a l s  which r e s u l t  i n  t h e  
I n d i v i d u a l  d a t a  p o i n t s  b e i n g  p l o t t e d .  

P l o t s  of  v a r i o u s  t e s t s  a v a i l a b l e  t o  t h e  user  i n c l u d e :  
a p p l i c a t i o n  f o r c e  and torque,  removal f o r c e  and torque,  r e t e n t i o n  
s tudy,  l i n e a r i t y  s tudy,  and r o t a t i o n a l  f o r c e  p l u s  a f u l l  f e a t u r e  
s t a t i s t i c a l  package and d a t a  management c a p a b i l i t y .  

I n  a d d i t i o n ,  t h e  Q u a l i t y  Rssurance I n s p e c t o r  can genera te  a 
c o n t r o l  c h a r t  w i t h  p re -se t  l i m i t s  t o  de te rm ine  t r e n d s  r e l a t i n g  t o  
t h e  s t a b i l i t y  o f  r a t a t i n g  l i n e  and m u l t i p l e  head cappers.  
S imul taneous r u n n i n g  p roduc t  l i n e s  can e a s i l y  be suppor ted by t h e  
auto-Torque. F i g u r e  4 shows an i n d i v i d u a l  measurement c o n t r o l  
c h a r t  w i t h  e i g h t  (E)  specimens taken over  an hour t i m e  p e r i o d j  an 
X c o n t r o l  c h a r t  can a l s o  be c o n f i g u r e d  t o  a s s i s t  t h e  Q u a l i t y  
assurance I n s p e c t o r .  

Now t h a t  t h e  auto-Torque Is a v a i l a b l e  t o  automate t o r q u e  
t e s t i n g ,  t h e  n e x t  l o g i c a l  s t e p  Is t o  automate t h e  sampl ing 
process. T h l s  w i l l  be accompl ished w i t h  t h e  use o f  an i nexpens fve  
p i c k  and p l a c e  r o b o t  and a b o t t l e  d i v e r t e r  on t h e  l i n e .  Repor t  
g e n e r a t i o n  c o u l d  be hardcopy, magnet ic media and/or  a d i r e c t  
connec t ion  t o  t h e  f a c t o r y  mainframe. 

Given automat ic  t o r q u e  t e s t i n g ,  sampl ing and r e p o r t  
genera t i on ,  t h e  f i n a l  s t e p  is t o  c l o s e  t h e  l o o p  on t h e  capp ing  
p rocess  by a l l o w i n g  t h e  Auto-Torque computer t o  adJust t h e  t o r q u e  
s e t t i n g  o f  t h e  capping machine. 
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AUTOMATED TORQUE SENSING EQUIPMENT 2731 

The AUto-TDrquf? au tomat i c  c l o s u r e  t e s t i n g  machine p r o v i d e s  
an accu ra te ,  r e p e a t a b l e  ,and r e l i a b l e  means t o  improve t h e  package 
t e s t i n g  q u a l i t y  c o n t r o l  process.  Computer c o n t r o l  f u r t h e r  i m -  
proves p r o d u c t i v i t y  b y  au tomat ing  s t a t i s t i c a l  d a t a  a n a l y s i s  and 
r e p o r t i n g  as w e l l  as d a t a  a c q u i s i t i o n .  

A v a i l a b i l i t y  o f  au tomat i c  c l o s u r e  t e s t i n g  s e t s  t h e  s tage  f o r  
au tomat i c  sampl ing and u l t i m a t e l y ,  au tomat i c  c l o s e d  l o o p  c o n t r o l  
o f  t h e  c l o s u r e  p rocess  f o r  cosmet i cs  and pharmaceu t i ca l s .  

FOOTNOTES 

SIBM i s  a tradernark o f  I n t e r n a t i o n a l  Business Machine Corp. 
#Turbo Pascal  i 5  a t rademark o f  B o r l a n d  I n t .  
+MS-DOS Is a trademark o f  M i c r o s o f t  

( 1 )  ASTM D3010 "Standard Test  Method f o r  Minimum A p p l i c a t i o n  
Torque of Type 1FI C h i l d - R e s i s t a n t  C losu res " ,  pg702, n o t e  3 L 4 

(2) CISTM D3471-82 "Standard Test  Method f o r  Top-Load-To-Engage 
Removal Lugs on t y p e  i A  C h i l d - R e s i s t a n t  Closures" .  
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