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ABSTRACT 

Operators of reel-to-reel plating l ines  must closely con t ro l  plating 
thickness.  Too much plating, and  t h e  plater  loses money. Too little plating, t h e  
Customer r e j ec t s  t h e  job. 

While s t anda rd  SPC techniques help cont ro l  plating th i ckness  in  many 
applications, reel-to-reel plating b r ings  special  problems. For job-shop platers ,  
t h i s  problem is par t icular ly  acute. With f a s t  l ine speeds  and  rout inely s h o r t  coils, 
operators  normally splice a n d  replace reels  e v e r y  t e n  t o  t h i r t y  minutes. 

How can platers use  SPC to  i n s u r e  t h a t  t h e y  meet plating th ickness  
specifications? How can t h e y  keep u p  with t h e  constant ly  changing  ree ls?  What 
shor tcu ts  would allow rap id  chart ing,  b u t  y e t  maintain adequate  control?  

This paper  w i l l  look a t  t h e  use  of Pre-Control, Narrow L i m i t  Gauging, a n d  
en t r a l  t a r g e t  control  of t h e  plating thickness .  The paper  w i l l  also d iscuss  using 

SPC t o  control  t h e  i n p u t s  t o  t h e  process ,  no t  j u s t  t h e  output .  S t anda rd  SPC 
char t s  help control  t h e  inpu t s ,  while t h e  modified techniques  control  t h e  outputs .  

DESCRIPTION O P  THE PROBLEM 

Reel-to-reel plating provides a convenient  method f o r  plating cont inuous 
s t r ip s  of subs t r a t e .  The s u b s t r a t e s  can r ange  from steel s t r ip ,  plated with zinc, 
to electronic lead frames,  plated with gold. The s u b s t r a t e  spools off o n e  reel, is 
guided th rough  t h e  cleaning a n d  plating solutions b y  rol lers ,  t h e n  collected on 
a take u p  reel. This allows plating p a r t s  too s m a l l ,  o r  too long, f o r  conventional 
rack plating. 

Frequently t h e  plater  must closely control  t h e  plating thickness .  
p*+CUhrlY with t h e  precious metals, t h e  plater needs  t o  cont ro l  t h e  plating 
, t b c k n e s s  closely. If he  fails t o  plate t h e  r equ i r ed  th ickness ,  t h e  customer may 
re jec t  t h e  lot. If t h e  plater  plates an  excess  of t h e  metal on t h e  s u b s t r a t e ,  he  
loses money. 

Statist ical  Process  Control offers  many advantages  t o  cont ro l  plating 
thickness- It acknowledges t h e  real i ty  of t h e  i n h e r e n t  process  variation, 
a*s*urement variation, a n d  unknown sources  of variation. Given t h e s e  variations,  

Operator must t ake  care  t o  not  overcont ro l  t h e  process ,  making correct ions 
when not needed. By u s e  of control  l i m i t s ,  with or without added  decision ru les ,  
lo" can a r ea l  change i n  t h e  process  ave rage  from t h e  normal variation. 
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Reel-to-reel plating p r e s e n t s  special  challenges i n  t h e  application of S P C  
f o r  plating th ickness  control. For those in job shop plating, t h e  challenges 
become part icular ly  acute.  With f a s t  line s p e e d s  a n d  routinely s h o r t  coils, 
opera tors  of reel-to-reel plating l ines  normally spice a n d  replace reels every  ten  
t o  t h i r t y  minutes. Added t o  t h i s  t i g h t  schedule,  t h e  opera tor  may also have 
responsibil i ty f o r  monitoring line processes,  maintaining t h e  machinery, and  
maintaining t h e  ba th  chemistry. Is it a n y  wonder t h a t  t h e s e  opera tors  pro tes t  
when on top  of a l l  this ,  w e  a s k  them to  keep S P C  c h a r t s ?  

Where can opera tors  f ind t h e  time t o  calculate control  l i m i t s  for each new 
coil? How can t h e y  even find t h e  t i m e  to  calculate t h e  a v e r a g e  a n d  r a n g e  for 
each sample? When w i l l  t h e y  fit in  t h e  time t o  c h a r t  all t h e  data onto  t h e  control 
c h a r t ?  More importantly,  when w i l l  t h e y  find t h e  time t o  look a t  t h e  c h a r t ,  and 
decide what t h e y  w i l l  do  t o  t h e  process? 

THE SOLUTIONS DESCRIBED 

This paper  p r e s e n t s  s e v e r a l  sugges ted  solutions t o  t h i s  real world problem. i 
We do not p r e s e n t  t h e s e  solutions to  determine t h e  one  ‘best’  solution. The J 
solutions a r e  not  mutually exclusive, and you should not  see a n y  one  of them a s  
t h e  b e s t  in  a l l  si tuations.  Any one  of t h e s e  solutions may work in  a given plant,  
or it may t a k e  a combination of s e v e r a l  of t h e  solutions t o  solve t h e  problem. 

The solutions presented  i n  t h i s  paper  are:  

1. Central  Targe t  Control Charts  

2. P r e  - Control Charts  

3. Graphical Medians -- Range Charts  

4. Narrow L i m i t  Gauging 

5. Computer Based Control Charting 

6. Fully Automated Data Collection end  Analysis 

7. Controlling t h e  I n p u t s  

1. C E N T R A L  TARGET CONTROL CHARTS 

Central  Target Control (CTC) c h a r t s  offer a great reduct ion in  the 
calculations needed for s t a n d a r d  control  char ts .  This reduct ion comes a t  the 
expense of sensi t ivi ty  in  detect ing changes.  If t h e  c h a r t  meets t h e  conditions and 
assumptions under ly ing  it, t h e n  it remains more t h a n  sens i t ive  for normal use. 

I 

The name ‘Central  Target‘  der ives  from t r y i n g  to  keep t h e  plating thickness 
centered within t h e  specified tolerance. In  use,  you do  not  calculate control 
l i m i t s .  Ins tead you u s e  t h e  plating th ickness  tolerance.  This simplifies t h e  task 
of t h e  operator ,  as t h e y  do  not  calculate new cont ro l  l i m i t s  f o r  each reel. A s  
t h e  operator  places a new ree l  on t h e  plating machine, t h e  only information 
needed to  s t a r t  t h e  control  c h a r t  f o r  t h a t  ree l  is t h e  plating th ickness  tolerance. 
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you cannot control  e v e r y  process  with s u c h  a simple control  char t .  I n  
particular, processes controllable with , th i s  c h a r t  must have small amounts of 
process variation compared t o  t h e  tolerance range. If t h e  to ta l  process  s p r e a d  
occupies 75 X of t h e  tolerance,  o r  less, you can control  t h e  process  with a 
Central Target  Control Chart. 

D~ not  t a k e  t h i s  requirement  l ightly.  Rarely w i l l  a process  not  present ly  
under spC meet t h i s  requirement.  This solution works bes t  on existing l ines,  with 
a large amount of da ta  available t o  determine t h e  amount of process spread .  Such 
a s tudy w i l l  also allow a determination of a n y  plating jobs t h a t  may not  follow t h e  
'normal' process  spread .  You can t h e n  t r e a t  t h e s e  jobs  separately from t h e  o t h e r  
jobs. 

T~ use  t h e  Central  Targe t  method, t h e  opera tor  takes  t h e  plating t h i c k n e s s  
tolerance for  t h e  ree l  a n d  divides it into f o u r  o r  e ight  sections. The divisor  
depends on t h e  estimated percentage  of t h e  tolerance occupied b y  t h e  normal 
process variation. E t h e  process  variation fills 75 p e r  cent  of t h e  tolerance,  
divide t h e  tolerance i n t o  e ight  sections.  If t h e  process  variation fills 50 p e r  cent  
of t h e  tolerance, divide t h e  tolerance i n t o  f o u r  sections. 

I n  e i ther  case, a n y  point i n  t h e  outermost  zone, on e i ther  s i d e ' o f  t h e  
average, shows t h e  process  dr i f t ing  o u t  of control. The opera tor  must t a k e  
corrective action t o  p r e v e n t  production of defective plating. It is v e r y  important  
t h a t  t h e  plating th ickness  a v e r a g e  fa l l  near  t h e  nominal of t h e  tolerance.  A s h i f t  
from t h e  nominal value weakens t h e  detectabi l i ty  on t h e  s ide  away from t h e  move. 
Pigure 1 shows two examples of Central  Targe t  Control Charts.  

It is interest ing t o  point o u t  t h a t  a plating shop h a s  used t h i s  technique  
f o r  many years,  with great success .  Only within t h e  last t e n  t o  fif teen y e a r s  has  
Dr. Taguchi demonstrated t h e  importance,  a n d  g r e a t  value, of producing all p a r t s  
near t h e  nominal, ins tead  of a t  t h e  extremes. 

2. PRE - CONTROL CHARTS 

Frank Satterthwaite developed Pre-Control c h a r t s  while working for t h e  
Consulting f i r m  of Rath a n d  Strong. Pre-Control offers  a n  al ternat ive t o  s t a n d a r d  
Shewhart t y p e  control  char t s .  The consul tan t  Dorian Shanin remains on: of t h e  
leading proponents of Pre-control ' ,  along with hls  disciple, Keki Bhote . While 
* i m h r  in  some ways t o  Central  Target  char t s ,  Pre-Control of fe rs  s e v e r a l  
refinements. t h a t  improve t h e  uti l i ty of t h e  technique. 

Pre-Control uses  f o u r  basic r u l e s  f o r  c h a r t  formation and  operation, 

Step one: 

(I Divide t h e  specification width b y  4. The two innermost q u a r t e r s  form t h e  
zone." The boundary  between t h i s  cen t ra l  a r e a  a n d  t h e  o u t e r  two q u a r t e r s  

form the "pc Control'' lines. These o u t e r  two q u a r t e r s  a r e  t h e  "yellow zone." The 
'"* Outside t h e  specification l i m i t s  is t h e  " red  zone." 
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S t e p  Two: 

To determine a preliminary estimate of t h e  p r e s e n t  process  capabili ty,  t a k e  
f ive consecutive p a r t s  from t h e  process  output .  If f ive  consecutive p a r t s  fall  
within t h e  green zone, before  two consecutive p a r t s  fa l l  within t h e  yellow zone, 
consider t h e  process in  a s t a t e  of control. 

If even one p a r t  fa l ls  outs ide t h e  green zone from t h e  first five, t h e  
process  is not in control. You must t a k e  correct ive action t o  improve t h e  process 
before s t a r t i n g  production. 

S t e p  Three: 

Once you s t a r t  production, t a k e  two consecutive samples from t h e  process  
o u t p u t  o n  some periodic basis. 

1. If both fal l  within t h e  g r e e n  zone, continue production without 
change. 

2. If one p a r t  falls  in  t h e  g r e e n  zone, with t h e  o t h e r  in  t h e  yellow 
zone, consider t h e  process  

3. If both p a r t s  fa l l  within t h e  yellow zones, two possible actions 
exist. If both p a r t s  fa l l  i n  t h e  same yellow zone, you must a d j u s t  t h e  
process.  If t h e  parts a r e  in  opposite yellow zones, t h e  process  is out 
of control, a n d  production must s top.  Do not  resume production until 
you discover  t h e  cause of t h e  excess variation, a n d  c o r r e c t  it. 

4. If even one  p a r t  from t h e  sample falls  i n  t h e  r e d  zone, all 
production must stop. This means t h e  p a r t  is defective. You must 
find t h e  cause a n d  t a k e  correct ive action. 

in  control,  a n d  continue production. 

Anytime you s top  production as a r e s u l t  of violating r u l e s  3 or 4 ,  
r e t u r n  t o  S t e p  Two above, a n d  i n s u r e  t h e  process  h a s  r e t u r n e d  t o  a s t a t e  of 
control  by producing f i v e  consecut ive p a r t s  within t h e  green  zone. 

S t e p  Four: 

Calculate t h e  f r e q u e n c y  f o r  t a k i n g  t h e  two consecutive samples by  dividing 
t h e  average  time between s topping  production by six. If t h e  process  r u n s  fo r  s ix  
d a y s  without breaking r u l e  j or 4 ,  t h e n  t a k e  t h e  two samples once a day. 
For example, a process  t h a t  a v e r a g e s  60 minutes between s toppages  would 
r e q u i r e  samples every  10 minutes. 

While you do not  have  t o  plot t h e  d a t a  f o r  Pre-Control to  work, I always 
advise  t h a t  you do not  s k i p  t h i s  s tep.  Plotting t h e  d a t a  w i l l  of ten reveal subt le  
p a t t e r n s  or  c lus te rs  in  t h e  data ,  t h a t  reduce  t h e  sensi t ivi ty  of t h e  tes t .  The 
plotting t a k e s  so l i t t le time, t h e  potential  benefi ts  f a r  outweigh t h e  time spent .  

3. GRAPHICAL ?;EDTAW -- R A X G E  CHARTS'  - - Control char t s '  us ing t h e  sample median, X, p rovide  a reasonable  a l ternat ive 
t o  X c h a r t s  fo r  measured (var iab les )  data .  Kedian c h a r t s  tell  us t h e  process  
center  location and t h e y  answer  t h e  same quest ions as a c h a r t  f o r  averages.  
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lotting medians of fe rs  s e v e r a l  advantages  t o  plotting averages.  

1) xedian cha r t s  a r e  simple to use. A f t e r  calculating t h e  centerline a n d  
control l i m i t s ,  you do  not  need a n y  o the r  calculations t o  plot t h e  sample 
results.  

2) Operators need only plot individual  readings  on a graph  so it is 
easier  t o  g e t  a SPC cont ro l  c h a r t  program accepted in t h e  shop. 

3) When using c h a r t s  f o r  medians, you plot t h e  individual  measurements 
direct ly  on t h e  cha r t ,  so it may not  need t o  write down t h e  ac tua l  
numbers. 

4 )  
set, t h e  c h a r t  provides  a f a s t ,  accura te  tool f o r  process  control. 

For a given sample size,  medians c h a r t s  lack t h e  sensi t ivi ty  to  process  
hanges a s  c h a r t s  f o r  averages .  I n  most s i tuat ions t h i s  is of minor consequence 

:onsidering how easy  t h e  c h a r t s  a r e  t o  use. 

Since th i s  c h a r t  r e q u i r e s  no calculations, once t h e  control  l i m i t s  are 

The R c h a r t  fo r  r anges  is t h e  same a s  t h a t  used in  ??-R char t s .  You should 
lo t  u se  t h e  median c h a r t  without t h e  R char t .  A R c h a r t  is necessary  t o  de t ec t  
>a t te rns  caused by  variations in  t h e  process  spread .  

Haking the  Chart f o r  Medians and RanZes, X-R Charts 

Set  up  t h e  c h a r t  a s  if you were making a n  2-R char t .  Gather t h e  
measurements on 20 or more samples of size n in  production order .  During t h e  
.nit ial  performance s t u d y  period write down t h e  data, even  if you do not plan 
3 do so once t h e  c h a r t  e n t e r s  rout ine  use. 

N 

Plot t h e  individual  r ead ings  on t h e  u p p e r  graph .  Find t h e  median value a n d  
circle it. Small sample sizes cons is t ing  of a n  odd number of measurements (n-3, 
5. and 7) are ideal  f o r  median cha r t s .  Connect t h e  sample medians with s t r a i g h t  
fines t o  emphasize t h e  p a t t e r n  profile. Again, du r ing  t h e  s t u d y  period, write down 
:he median values. 

You can obtain r a n g e  values  by sub t r ac t ing  t h e  lowest reading  from t h e  
highest reading in  t h e  sample. you could also count  t h e  increments  between t h e  
*Xtrame values on t h e  plot. A t h i r d  method t r a n s f e r s  t h e  in t e rva l  between extreme 
values to  t h e  edge  of a piece of paper .  You t h e n  t r a n s f e r  t h a t  dis tance onto t h e  
R chart. 

A fou r th  al ternat ive,  a n d  t h e  one  I prefer ,  involves  t h e  u s e  of a clear piece 
Of PhSt iC.  Calculate t h e  con t ro l  l i m i t s  f o r  t h e  r a n g e  a n d  mark them on t h e  c lear  
Puce Of Plastic. Once you have  plot ted t h e  sample values on t h e  medians cha r t ,  
*et the  Piece of plastic over  them. If all t h e  points lie within t h e  l i m i t s ,  t h e  
range is in control. 

l) 

2, 

Obtain t h e  center l ine  a n d  cont ro l  l i m i t s  f o r  t h e  R c h a r t  a s  before. 

Calculate t h e  center l ine  f o r  t h e  X c h a r t  by averaging  t h e  medians. 
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- 
We symbolize t h e  average  of t h e  medians w i t h y .  

3) L'se t h e  ave rage  range ,  R ,  t o  calculate dis tance between t h e  
centerline a n d  . t h e  l i m i t  Lines f o r  t h e  median cha r t .  You must u se  special  
A5 f ac to r s  t o  figure t h e  l i m i t s  f o r  medians. These fac tors  v a r y  with t h e  
sample size n. Tables in books on SPC list these  values. 

- 

I n t e r p r e t a t i o n  of Median and Range Charts ,  E-E. 
c- I n t e r p r e t  t h e  X-R c h a r t  f o r  out-of-control points,  unusua l  pa t t e rns ,  etc., 

t h e  same a s  f o r  t h e  SI-R cha r t s .  

Remember, if t h e  R c h a r t  is o$ of control,  you cannot  accura te ly  i n t e r p r e t  
t h e  X char t .  Do not i n t e r p r e t  t h e  X c h a r t  until t h e  R c h a r t  has  r e t u r n e d  to  a 
s t a t e  of control. 

4. S A R R O W  L I X I T  G A L ' G I S G  

e. 

If you can measure t h e  plating th ickness  with some t y p e  of a go/no-go 
gauge,  Karrow L i m i t  Gauging (SLG) may offer  a t i m e  sav ing  al ternat ive t o . t h e  
t radi t ional  control  char t s .  I n  pract ice  t h e  N L G  c h a r t  bea r s  many similarities t o  the  
Pre-Control c h a r t  d i scussed  earlier. I n  essence,  Karrow L i m i t  gauging  of fers  the  
advantages  of small sample sizes, a n d  good discrimination, with t h e  speed  and 
simplicity of go/no-go gauging.  

A s  i n  Pre-Control, you base  t h e  NLG control  l i m i t s  on t h e  tolerance range 
specified f o r  t h e  par t .  N L G  d i f fe rs  from Pre-Control in  t h a t  a n y  subdivision of 
t h e  tolerance in to  smaller zones depends  on having go/no-go gauges  within the 
tolerance band. These t i gh te r  gauges  allow t h e  u s e  of caut ionary lines, similar 
t o  t h e  yellow zone in  Pre-Control. 

For more information on Narrow L i m i t  Gauging, see reference  5. 

5. COXPL'TER B A S E D  C O S T R O L  C H A R T I S G  

One solution, used by  many, t u r n s  all t h e  calculation and  char t ing  ove r  
a computer. The opera tor  collects t h e  data ,  and  e n t e r s  it into a computer. Th 
computer calculates t h e  ave rage  a n d  range ,  a n d  produces  an updated  graph .  
some systems,  points  o u t  of control  genera te  an  e r r o r  message, with possi  
items to  check l is ted on t h e  sc reen ,  along with correct ive actions 6. 

6. F U L L Y  AUTOXATED DATA C O L L E C T I O N  AND ANALYSIS 

To reach our goal of maintaining control  of t h e  plating th ickness ,  wh 
a t  t h e  same t i m e  no t  overloading t h e  opera tor ,  w i l l  l ikely r equ i r e  some automat 
da ta  acquisit ion a n d  control  equipment. Operating u n d e r  t h e  control  of 
computer,  a senso r  measures one  of t h e  variables,  and  reco,rds  t h e  da ta  i n  
database.  To reach  full potential, t h e  system should also have t h e  capability 0 

closing t h e  loop, by  sending  o u t  a s igna l  t o  t u r n  on an  addition pump, or ma 
some o ther  ad jus tment .  The ope ra to r  should only need t o  monitor t h e  s y s t  
occasionally, providing serv ic ing  as needed. Some alarm mechanism should be 
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. 
part of t h e  system, to  s ignal  an  out-of-control condition. 

por many years ,  reel-to-reel precious metal p la te rs  have used continuous 
X-ray fluorescence ( X R F )  spectrophotometers  t o  measure t h e  plating 

thickness on t h e  reel, j u s t  as it comes o u t  of t h e  plating tank.  The X R P  uni t  can 
with a computer t h a t  controls  t h e  plating rectifier. If t h e  plating 

thickness climbs o u t  of control, t h e  X R F  can s igna l  t h e  rect i f ier  t o  r e d u c e  t h e  
amperage. If t h e  plating thickness  falls  o u t  of cont ro l  on t h e  low side,  t h e  X R P  
signals t h e  computer t o  increase  t h e  amperage from t h e  rectifier.  

similar units  have slowly made inroads  i n t o  controlling o t h e r  plating 
parameters in  rea l  time. .Electronic s t r e s s  g a u g e s  now available a r e  capable of 
measuring in te rna l  deposi t  s t r e s s  in  r e a l  time. The u n i t  can  connect,  t h r o u g h  a 
computer, t o  t h e  rectifier,  a d j u s t i n g  t h e  c u r r e n t  dens i ty  t o  maintain t h e  desired 
stress level. Plating r a t e  monitors can measure t h e  real t i m e  plating r a t e  of t h e  
.elution. while t h e  p a r t s  plate. If you locate t h e  monitor plates at  t h e  same 
c u r r e n t  densi ty  a n d  agitation conditions a s  t h e  par t s ,  v e r y  t i g h t  plating ranges  
f a n  result .  Even if you cannot  match t h e  exact plating conditions at  t h e  probe,  
a correlation may b e  possible between t h e  probe a n d  t h e  par t s ,  allowing improved 
p h t i n g  rate estimates. 

7. COSTROLLING THE INPUTS 

Controlling t h e  i n p u t s  t o  t h e  process  of fe rs  t h e  b e s t  overal l  solution t o  our 
problem. We can v i e w  processes  a s  computer programs. For a given set of inputs ,  
another  set of ou tputs  w i l l  resul t .  W e  readi ly  admit t h a t  r e a l  world processes  
seldom reach th i s  ideal, b u t  t h e  basic s t r a t e g y  remains t h e  same. We should 
s t r ive  t o  identify all t h e  i n p u t s  t o  a given process ,  measure t h e i r  effect  on t h e  
process, and t h e n  control  t h e  i n p u t s  t h a t  a f fec t  t h e  output .  

Each electroplating solution h a s  its own set of i n p u t s ,  a n d  differing s e t  of 
functions relating t h e  i n p u t s  to  t h e  outputs .  While t h e  exact s e t  of important 
inputs  varies with bath t y p e ,  cer ta in  fundamental  i n p u t  variables w i l l  usually 
need t igh t  control. 

YOU should control t h e  p l a t i n g  c u r r e n t  densi ty .  i n  electroplating solutions 
CbSelY.  Faraday’s l a w  s t a t e s  t h a t  t h e  amount of metal deposited depends  on t h e  
a ” m  Of c u r r e n t  applied, and  t h e  time of application. Since w e  want to control  
t h e  Plating thickness,  w e  need to  know t h e  s u r f a c e  area,  and  t h e  densi ty  of t h e  
0e-L Then, if we control  t h e  c u r r e n t  densi ty ,  w e  can estimate t h e  plating 
thickness by knowing t h e  time we plated t h e  par t .  

I n  controlling t h e  c u r r e n t  dens i ty ,  remember t h a t  c u r r e n t  dens i ty  contains 
Parts. The numerator contains t h e  c u r r e n t  applied from t h e  rectifier.  The 

denominator contains t h e  a r e a  plated. You must cont ro l  bo th  f o r  las t ing success.  
Often Platers forge t  t h e  denominator, a n d  s t a r t  t o  t h i n k  of long r u n n i n g  jobs a s  

many amps for so many minutes, The problem comes when someone places 
fewer Parts on a rack, t h u s  l e s s  area,  y e t  runs f o r  t h e  same amount of t i m e .  Only 
.feer overPbt ing  t h e  parts does t h e  opera tor  remember t h a t  h e  must concern 
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himself with more than  j u s t  t h e  amps, he must remember t h e  a r e a  a s  well. 

An often overlooked control  variable f o r  electroplating, except  f o r  most 
chrome platers,  is voltage. Electroplating ba ths  form a simple d i rec t  c u r r e n t  (DC) 
circuit. D C  c i rcui ts  obey Ohm's l a w ,  which states t h a t  t h e  voltage drop  (E) i n  
t h e  circuit  equals  t h e  c u r r e n t  flow (I) in  t h e  circui t  times t h e  res i s tance  (R) of 
t h e  circuit. Expressed mathematically: 

E =  I R  

F r o m  t h i s  scientific principle w e  can gain more ins ight  i n t o  t h e  condition 
of a plating system. If t h e  voltage needed t o  maintain a given amount of amps 
changes,  then  t h e  resis tance of t h e  circui t  m u s t  have  changed.  If t h e  voltage 
drops ,  t h e  res i s tance  has  dropped.  If t h e  voltage rises, t h e  res i s tance  has  risen.  
The cause of t h e  change i n  res i s tance  could come from a change in bath 
chemistry,  or from physical causes ,  s u c h  a s  a poor connection. 

I n  reel-to-reel plating, t h e  voltage can g ive .an  ear ly  indication of t h e  need 
f o r  prevent ive maintenance. A simple control  c h a r t  on t h e  voltage requi red  t o  
maintain a set amperage level  can provide ear ly  warning of problems with passive 
anodes,  poor connections, worn contact  b r u s h e s ,  weak ba th  chemistry,  or 
changing area  of t h e  sur face  plated. 

Controlling t h e  i n p u t s  ties in  well with t h e  s ixth solution given above, use 
of automated da ta  acquisit ion and  control  devices. You can easily automatically 
measure and  cont ro l  t h e  solution temperatures ,  amperages,  voltages, a n d  s u b s t r a t e  
t r a n s f e r  rate.  You can buy  continuous,  on-line solution chemistry analyzers  for 
many plating solutions. 
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NOTES 

1.The authors would like to give credit to an experienced 
electroplater, Mr. Charles Patterson at Charles D. Snyder & s 
Inc.. He developed the method outlined here for plating to a 
central target, in order to cope with the time demands of his 
organization. 

Z.Shainin, Dorian. "Better Than Good Old X & R Charts asked 
Vendees." Transactions of 38th Annual Quality Congress. Chi 
ASQC Press, Milwaukee,WI. 1984. p 302-307. 

3.Bhote, Keki. World Class Quality: Using Design of Experim 
to Make it Happen. AMACOM, New York, NY. 1991 p 171-195. 

4.Material in this section first appeared as section 6.3 in 
Introduction to SPC for Surface Finishers. American 
Electroplaters and Surface Finishers Society. Orlando,FL. 1 
89-92. 

5.Yu, Shawn S . ,  Case, Kenneth E.. "An Updated Look At NLG F 
Process Control." Transactions of the 38th Annual Quality 
Congress. Chicago. ASQC Press, Milwaukee,WI. 1984. p308-314. 

6.For a discussion of the potential problems with this appro 
see: Sugg, David J. "Why Johnny Can't Do SPC." Proceedings 
79th AESF Annual Technical Conference- Session A, Quality a 
Statistical Methods. Atlanta: American Electroplaters and S 
Finishers Society, Orlando, FL. 1991. 
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Executive Director 
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12644 Research Parkway 
Orlando, FL 32826-3298 

Mr. J. Howard Schumaker Jr. 

As a representative for the Waste Reduction Resource 
Center and an AESF member, I attended the SURF/FIN ' 9 2  
technical conference in Atlanta on June 22-25. The 
conference was excellent and the proceedings are a major 
source of up-to-date information. 

I've attached a copy op'the WRRC operations. 
can see, we supply technical assistance and copies o€ 
technical articles on a no charge basis. 
Clearinghouse and Tech Assist group €or Region IV EPA. 

Two copies(two volumes each) of the International 
Technical Conference Proceedings June 22-25, 1 9 9 2  were 
purchased to become sources of information for Technology 
Transfer. One copy is in the EPA Region IV library Pn 
Atlanta. The other copy is being used as a reference 
document at the WRRC in Raleigh, NC. Reference Documents 
are used by many state offices, Universities, and 
industry. 
request by the general public. 

As you 

The WRRC is the 

The WRRC also sends copies of articles on 

I request that the WRRC and Region IV EPA Library be 
allowed to make copies of the papers in The Proceedings 
of the AESF Annual Technical Conference SURFIFIN 92. 
This will save us (taxpayer supported) the expense of 
contacting each authorlpresenter for copies of their 
presentations. 

respectfully 

Vic Young 
Staff Engineer 

Waste Reduction Resource Center 
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