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FOREWORD 

Th is  f i n a l  r e p o r t  was prepared under subcon t rac t  AH-9-8043-1 as a  p a r t  o f  
S E R I  Task 5121.11, t he  Supply Task o f  the  Repowering S t ra tegy  Analys is .  The 
o b j e c t i v e  o f  t h e  Repowering S t ra tegy  Ana lys is  i s  t o  d e f i n e  a  government r o l e  
i n  repower ing - t h a t  c o n s t i t u t e s  an e f f i c i e n t  investment i n  p u r s u i t  o f  v i a b l e  
p r i v a t e  markets f o r  he l i os ta t -based  energy systems. The purpose o f  t h e  Sup- 
p l y  Task i s  t o  determine the  i n s t a l  l e d  cos t  o f  s o l a r  systems and components 
i n  a  repower ing program and o u t l i n e  t h e  manufac tu r ing  investment r e q u i r e d  t o  
achieve those costs .  

The o b j e c t i v e  of t h i s  s tudy i s  t o  es t imate  t he  manufactured cos t  o f  the  cur -  
r e n t  genera t ion  o f  h e l i o s t a t  desig'ns a t  va r i ous  p roduc t i on  volumes. To 
accompl ish t h i s  object'ive, t h i s  .study used two independent cos t  e s t i m a t i n g  
approaches. The f i r s t  was a  c o s t  es t ima te  de r i ved  by  o b t a i n i n g  vendor quo- 
t a t i o n s  on purchased p a r t s  and supp l ies '  and manual ly  computing t h e ' c o s t  o f  
t h e  l a b o r  and c a p i t a l  r e q u i r e d  t o  produce .a f i n i s h e d  h e l i o s t a t .  The second . 

approach was t he  use o f  the  JPL SAMICS methodology t o  per form r a p i d  paramet- 
r i c  analyses and s e n s i t i v i t y  s tud ies .  . Except f o r  t h e  common.data bases, 
these two approaches were used t o  produce independent answers t h a t  were com- 
pared t o  ensure t h e  v a l i d i t y  o f  t h e  est imates.  

The p r i n c i p a l  conc lus ion  o f  t h i s  s tudy i s  t h a t  second genera t ion  h e l i o s t a t s  
should be p roduc ib l e  a t  an i n s t a l l e d  cos t  o f  l ess  than $100/m2 a t  produc- 
t i o n  volumes o f  25,000 un i t s / yea r .  A second and more c o n t r o v e r s i a l , c o n c l u -  
s i on  i s  t h a t  mass p roduc t ion  bene f i t s  beg in  t o  appear a t  r e l a t i v e l y  low pro-  
d u c t i o n  volumes (5,000 t o  15,000 u n i t s / y e a r )  and t h a t  t h e r e  a re  r a t h e r  modest 
cos t  r educ t i ons  over the  upper range o f  p roduc t i on  r a t e s  used f o r  t h i s  s tudy 
(up t o  250,000 u n i t s / y e a r ) .  One u n d e r l y i n g  r a t i o n a l e  f o r  t h i s  conc lus ion  i s  
t h a t  even 250,000 u n i t s / y e a r  i s  r e l a t i v e l y  low p roduc t i on  by t h e  standards of 
mass p roduc t i on  i n d u s t r y .  Another reason f o r  t h i s  conc lus ion  i s  t h a t  much o f  
t he  d o l l a r  cos t  o f  a  h e l i o s t a t  i s  i n  m a t e r i a l s  o r  p a r t s  produced by h igh-  

' volume methods. Hence, some h i g h  volume b e n e f i t s  a re  achieved even a t  low 
volumes. Th is  second conc lus ion.  i m p l i e s  t h a t  t he  r e q u i r e d  l e v e l  o f  producer 
investment may be lower than  p r e v i o u s l y  thought  and t h a t  i n t e rmed ia te  h e l i o -  
s t a t  markets,may be access ib l e  w i t h o u t  ex tens i ve  government market 
i n t e r v e n t i o n .  

Dennis N. Horgan, Jr .  
P r o j e c t  Manager 
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SUMMARY 

Th i s  s tudy has two p r ima ry  o b j e c t i v e s .  The f i r s t  i s  t o  p r o v i d e  a  d e t a i l e d  
c o s t  e v a l u a t i o n  o f  the  second genera t ion  of DOE h e l i o s t a t s ,  f r om  which 
repower ing h e l i o s t a t  designs a re  l i k e l y  t o  be der i ved .  A  second o b j e c t i v e  i s  
t o  p rov i de  an a n a l y t i c a l  founda t ion  f o r  t h e  e v a l u a t i o n  o f  f u t u r e  h e l i o s t a t  
designs. 

The p r ima ry  conc lus ion  of t h i s  s tudy  i s  t h a t  t he  second gene ra t i on  o f  h e l i o -  
s t a t  designs should  cos t  approximatey $100/m2 a t  volumes o f  25,000 u n i t s /  
year .  Th is  p r i c e  f a l l s  t o  approx imate ly  $80/m2 a t  volumes o f  250,000 u n i t s /  
year .  A second conc lus ion  i s  t h a t  c o s t  r e d u c t i o n  beg ins  a t  r e l a t i v e l y  low 
p roduc t i on  volumes and t h a t  many p roduc t i on  b e n e f i t s  can be ob ta ined  a t  
p roduc t i on  r a t e s  o f  5,000 t o  15,000 u n i t s l y e a r .  Th is  conc lus ion ,  i f  sup- 
p o r t e d  by f u r t h e r  study, c o u l d  have s i g n i f i c a n t  i m p l i c a t i o n s  f o r  t h e  penet ra-  
t i o n  o f  i n t e rmed ia te  markets  and f o r  government commerc i a l i za t i on  programs. A 
t h i r d  conc lus ion  i s  t h a t  t he  SAMICS model and t h e  SAMIS I 1 1  program can be 
u s e f u l  t o o l s  i n  h e l i o s t a t  manufactur ing,  cos t i ng ,  and economics s t ud ies .  

Th i s  s tudy produced a  cos t  es t ima te  f o r  t h e  p roduc t i on  o f  t h e  McDonnell Doug- 
l a s  (MDAC) p r o t 3 t y p e  des ign by  gene ra t i ng  es t imates  o f  t h e  m a t e r i a l s ,  l abo r ,  
overhead and f a c i l i t i e s  cos t s  f o r  two d i f f e r e n t  p roduc t i on  scenar ios .  
The scenar ios  are:  

A low-volume f a c i l i t y  (25,000 h e l i o s t a t s  per  yea r )  w i t h  some expan- 
s i o n  c a p a b i l i t y .  T h i s  f a c i l i t y  r ep resen t s  t h e  t y p e  o f  f a c i l i t y  
needed t o  s e r v i c e  a  l i m i t e d  i n t e r m e d i a t e  h e l i o s t a t  market .  

A high-volume f a c i l i t y  (250,000 he1 i o s t a t s  .per y e a r )  u s i n g  h i g h  
l e v e l s  o f  p l a n t  i n t e g r a t i o n  t o  a t t a i n  t he  lowest  p roduc t i on  cos t .  
Such a f a c i l i t y  r ep resen t s  t h e  t ype  o f  p l a n t  which w i l l  be used t o  
s e r v i c e  a  mature h e l i o s t a t  market.  

The s tudy  used two independent c o s t  e s t i m a t i n g  approaches. The f i r s t  was a  
c o s t  es t ima te  de r i ved  by o b t a i n i n g  vendor q u o t a t i o n s  on purchased p a r t s  and 
supp l i es  and manua l l y  comput ing t h e  c o s t  o f  t h e  l a b o r  and c a p i t a l  r e q u i r e d  t o  
produce a  f i n i s h e d  h e l i o s t a t .  The second approach was L t ~ e  use o f  t he  JPL 
SAMICS methodology t o  perform r a p i d  pa rame t r i c  analyses and s e n s i t i v i t y  
s t ud ies .  The SAMICS methodology computes a  normat i ve  p r i c e  f o r  a  manufac- 
t u r e d  p roduc t  th rough  t h e  use of a  s tandard  procedure f o r  c a l c u l a t i n g  d i r e c t  
and i n d i r e c t  cos ts .  Th is  procedure i s  implemented by  a computer program 
(SAMIS 111) t o  speed t h e  c a l c u l a t i o n s  and a l l o w  a  wide v a r i e t y  o f  s e n s i t i v i t y  
and pa rame t r i c  s t u d i e s  t o  be performed. Except f o r  a  common da ta  base, these 
two approaches were used t o  produce independent answers t h a t  were compared t o  
ensure t he  v a l i d i t y  o f  the es t imates .  There i s  c l o s e  agreement between t he  
es t ima te  ob ta i ned  by  SAMICS arid t h e  manual c a l c u l a t i o n s .  



The conc lus ion  f rom the  s e n s i t i v i t y  t e s t s  i s  t h a t  t he  SAMICS p r i c e  es t imates  
are remarkably  robus t .  That i s ,  l a r g e  v a r i a t i o n s  i n  t h e  c o s t  of i n d i v i d u a l  
components a re  r e q u i r e d  t o  produce an apprec iab le  change i n  t h e  s e l l i n g  
p r i c e .  For example, a  r e d u c t i o n  o f  67% i n  t h e  p r i c e  o f  t h e  j ack  screw p ro -  
duces a  7% change i n  t he  manufactured p r i c e  o r  a  6% r e d w t i o n  i n  t h e  i n s t a l -  
l e d  p r i c e .  S ince components and m a t e r i a l s  can be p r i c e d  reasonably  accu- 
r a t e l y  ( p robab l y  + 10% i n  t o t a l )  f o r  t h i s  a p p l i c a t i o n ,  i t  appears . tha t  t he  
SAMICS p r i c e  e s t i i a t e s  a r e  r e l a t i v e l y  i n s e n s i t i v e  t o  random e r r o r s  i n  t h e  
p r i c i n g  o f  l abo r ,  c a p i t a l ,  o r  m a t e r i a l s .  

v i i i  
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SECTION 2.0 

INTRODUCTION 

This  s tudy  i s  an ana l ys i s  of the  c o s t  o f  'mass p roduc ing  a  r e c e n t l y  designed 
. 

p r o t o t y p e  h e l i o s t a t .  Th is  r e p o r t  i s  i n  two volumes. The f i r s t  volume con- 
t a i n s  t he  ana l ys i s  and conc lus ions of t he  study. The second volume c o n s i s t s  
o f  t e c h n i c a l  appendices which c o n t a i n  t h e  i n p u t  da ta  and summaries o f  t h e  
computer ou tpu t .  The f i r s t  p a r t  of t h i s  i n t r o d u c t i o n  i s  an overview o f  the  
Repowering S t ra tegy  Ana lys is  o f  which t h i s  s tudy  i s  a  p a r t .  The remainder 
examines the  scope and methodology of the  s tudy  and o u t l i n e s  t h i s  r e p o r t .  

1.1 PERSPECTIVE ON THE REPOWERING STRATEGY ANALYSIS 

The r e t r o f i t  o f  s o l a r  c e n t r a l  r e c e i v e r  heat' supply  systems t o  e x i s t i n g  steam- 
genera t ing  s t a t i o n s ,  an a p p l i c a t i o n  known as "repowering," i s  be ing  cons id-  
ered as a  major programmatic e f f o r t  by t h e  Department o f  Energy 's  Large So la r  
Cent ra l  Power Systems Program. Several  p romis ing  f e a t u r e s  o f  repower ing l ead  
t o  t h i s  i n t e r e s t :  

a Technica l :  Repowering o f f e r s  a  r e l a t i v e l y  l o w - r i s k  t e c h n i c a l  pa th  
t o  l a rge -sca le  t e s t  and demonstrat ion o f  c e n t r a l  r e c e i v e r  t echno l -  
ogy. P a r t i a l  r e l i a n c e  on e x i s t i n g  hardware p laces  bo th  cos t  and 
t e c h n i c a l  emphasis on t h e  heat  supp ly  system,'where t h e  major  uncer- 
t a i n t i e s  l i e .  However, t h e  h y b r i d  na tu re  o f  repowered p l a n t s  per -  
m i t s  them t o  operate even when t h e  s o l a r  heat  supp ly  system i s  n o t  
p r o v i d i n g  heat.  

,a  Demand: The conf inement o f  r i s k  t o  t he  s o l a r  p o r t i o n  o f  t he  p l a n t  
makes u t i l i t y  involvement more a t t r a c t i v e  and f a c i l i t a t e s  c o s t -  
sha r i ng  arrangements between t he  p u b l i c  and p r i v a t e  sec to rs .  E a r l y  
involvement o f  t h e  even tua l  user  group promises t o  inc rease  t h e  
market development va lue o f  the  t e s t  and demonstrat ion program i n  
severa l  impor tan t  areas, i n c l u d i n g  re levance,  c r e d i b i l i t y ,  in forma-  
t i o n  d isseminat ion,  and response. 

Supply: The requi rements f o r  c o s t  e f f e c t i v e n e s s  o f  t h e  s o l a r  heat  
supp ly  system are p o s s i b l y  l e s s  s t r i n g e n t  i n  repower ing than i n  new 
c a p a c i t y  a p p l i c a t i o n s .  If t h i s  i s  so, then  t h e  o p p o r t u n i t y  f o r  
e a r l y  hardware sa les  f o r  repower ing may be an impor tan t  advantage 
f o r  t h e  development o f  t h e  supp ly  i n d u s t r y .  

t ne rgy  D l s p l a c e r ~ i e r ~ l :  W t ~ i l e  tlse 1 i k e l y  popu la t i on  o f  repowerable 
p l a n t s  i n  t h e  Southwest i s  n o t  l a r g e  ( r o u g h l y  4-6 GWe), i t  i s  heav- 
i l y  r e l i a n t  on o i l  and gas. Thus the  d i r e c t  e f f e c t s  o f  repowering 

, on energy displacement a re  i n  t h e  des i r ed  ca tego r i es .  

The de te rmina t ion  o f  an app rop r i a te  government response t o  t h e  o p p o r t u n i t i e s  
o f  repower ing i s  an impor tan t  p o l i c y  ques t i on  and i s  t h e  major  reason f o r  t h e  
Repowering S t ra tegy  Ana lys is .  The Repowering Study o b j e c t i v e  i s  t o  def ine a  



government r o l e  i n  repower ing t h a t  c o n s t i t u t e s  an e f f i c i e n t  program i n v e s t -  
ment i n  p u r s u i t  of v i a b l e  p r i v a t e  markets f o r  he l i os ta t -based  energy systems. 
I n  suppor t  o f  t h a t  o b j e c t i v e ,  t h i s  s tudy  i s  designed t o  i d e n t i f y  t h e  scope 
and na tu re  o f  t h e  repower ing  o p p o r t u n i t y  w i t h i n  t he  l a r g e r  con tex t  o f  i t s  
c o n t r i b u t i o n s  t o  c e n t r a l  r e c e i v e r  technology development and comrnercial iza- 
t i o n .  

1.2 SCOPE AND LIMITATIONS OF THIS STUDY 

Th i s  s tudy  has two p r i m a r y  ob jec t i ves .  The f i r s t  i s  t o  p rov ide  a  d e t a i l e d  
c o s t  e v a l u a t i o n  o f  t he  second genera t ion  o f  DOE h e l i o s t a t s ,  f rom which 
repower ing h e l i o s t a t  des igns a re  l i k e l y  t o  be der ived.  A second o b j e c t i v e  
i s  t o  p rov ide  an a n a l y t i c a l  foundat ion  f o r  t h e  eva lua t i on  o f  f u t u r e  h e l i o s t a t  
designs. Each o f  these  o b j e c t i v e s  and t h e  l i m i t a t i o n s  on meet ing them w i l l  
bc discussed i n  t u r n  b t l 6 w .  

To p rov ide  a  d e t a i l e d  cos t  es t imate  f o r  t he  second genera t ion  p ro to t ype  
h e l i o s t a t s ,  t h i s  s tudy  used a specif ic  design. The design t.hat was chosen 
was t he  McDonnel 1 Doug1 as (MDAC) p r o t o t y p e  he1 i o s t a t  o f  August 1978. [I] Th is  
des ign was t h e  p roduc t  o f  t h e  DOE low-cost  h e l i o s t a t  program i n  which f o u r  
c o n t r a c t o r s  developed conceptual  designs f o r  h e l i o s t a t s  in tended t o  be more 
p r o d u c i b l e  and lower  i n  c o s t  than  e a r l i e r  designs. The MDAC design was cho- 
sen f o r  t h i s  s tudy  because Sandia had p r e v i o u s l y  se lec ted  t he  MDAC design as 
a  b a s i s  f o r  f o l l o w - o n  work.[2] A t  t h e  p resen t  t ime,  t h i s  gener ic  des ign 
appears t o  be one o f  t he  bes t  candidates f o r  a  repower ing h e l i o s t a t .  I n  
p a r t ,  t h i s  i s  due t o  i t s  g l a s s / s t e e l  c o n s t r u c t i o n  t h a t  does not '  have t h e  
t e c h n i c a l  r i s k s .  a t tendant  w i t h  p l a s t ' i c s .  I t a l s o  i s  a  mat-ure des ign which 
p rov ides  r e l a t i v e l y  complete i n f o r m a t i o n  f o r  a  c o s t  s tudy.  

The l i m i t a t i o n s  o f  t h i s  s tudy  a re  those o f  any d e t a i l e d  ma-nufacturing c o s t  
es t ima te  and a r e  b e s t  exp la i ned  i n  terms o f  what t h e  s tudy  does n o t  
a ~ c o m g l  i sh. 

Th is  s tudy  i s  a  d e t a i l e d  es t ima te  o f  t he  c o s t  t o  manufacture t h e  
MDAC p r o t o t y p e  design. Whi le we b e l i e v e  i t  t o  be g e n e r a l l y  a p p l i c -  
ab le  t o  s i m i l a r  h e l i o s t a t  designs, t h i s  s tudy  i s  n o t  a p p l i c a b l e  t o  
h e l i o s t a t s  which d i f f e r  r a d i c a l l y  i n  des ign o r  p roduc t i on  processes. 
For example, p l a s t i c  h e l i o s t a t  p r i c e s  cannot be Snferred f rom t h e  
da ta  p resen ted  here. 

Th is  s tudy  i s  n o t  a  f o r e c a s t  o f  market p r i c e s  nor  i s  i t  a  technology 
p r o j e c t i o n .  As w i l l  be discussed, t h e  p r i c e  p r o j e c t i o n s  g iven  here  
,irr h a c ~ r l  on dedicated mature f a c t o r i e s .  Vdr. i d l  iur15 irl design o r  
p r o d u c t i o n  scena r i o  w i l l  produce p r i c e s  d i f f e r e n t  than  those quoted 
here. Simi 1 a r l y ,  t he  'MDAC h e l i o s t a t  i s  n o t  an " u l t i m a t e "  he1 i o s t a t  
nor  a r e  t h e  p r i c e s  presented here  u l t i m a t e  h e l i o s t a t  p r i c e s .  

1.3 OVERVIEW OF THE STUDY METHODOLOGY 

The approach taken  f o r  t h i s  s tudy  was t o  produce a c o s t  es t ima te  f o r  t h e  
p roduc t i on  o f  t h e  MDAC design b y ' g e n e r a t i n g  es t imates  o f  t h e  m a t e r i a l s ,  



l abor ,  overhead, and f a c i l i t i e s  cos t s  f o r  two d i f f e r e n t  p roduc t i on  scenar ios .  
The scenar ios  are:  

A low-volume f a c i l i t y  (25,000 h e l i o s t a t s  per  yea r )  w i t h  some exp.an- 
s i o n  c a p a b i l i t y  r e p r e s e n t i n g  t h e  t ype  o f  f a c i l i t y  needed t o  s e r v i c e  
a  l i m i t e d  i n t e rmed ia te  h e l i o s t a t  market.  

A  high-volume f a c i l i t y  (250,000 h e l i o s t a t s  per  yea r )  u s i n g  h i g h  
l e v e l s  o f . p l a n t  i n t e g r a t i o n  t o  a t t a i n  t h e  lowest  p roduc t i on  c o s t  
r e p r e s e n t i n g  t h e  t ype  o f  p l a n t  which w i l l  be used t o  s e r v i c e  a  
mature ' h e l i o s t a t  market.  

The s tudy  r e l i e d  on t he  use o f  So la r  A r ray  Manufac tu r ing  I n d u s t r y  Cos t i ng  
Standards (SAMICS) [ 3 ]  methodology. Th i s  methodology computes a  normat i ve  
p r i c e  f o r  a  manufactured p roduc t  through t h e  use o f  a  s tandard procedure f o r  
c a l c u l a t i n g  d i r e c t  and i n d i r e c t  cos t .  Th i s  procedure i s  implemented by  a  
computer program (SAMIS 111) [ 4 ]  t o  speed t h e  c a l c u l a t i o n s  and a l l o w  a  wide 
v a r i e t y  o f  s e n s i t i v i t y  and paramet r i c  s t u d i e s  t o  be performed. For  s i m p l i c -  
i t y ,  t h e  term SAMICS i s  used throughout  t h i s  r e p o r t .  A l though t h e  methodol-  
ogy i s  a p p l i c a b l e  t o  a  wide v a r i e t y  o f  manufactured products ,  t h e  da ta  base 
was designed around p h o t o v o l t a i c  processes. As a  r e s u l t ,  a  major e f f o r t  o f  
t h i s  s tudy  was t h e  development o f  a  da ta  base s u i t a b l e  f o r  s o l a r  thermal  
systems. 

Whi le  a  d e t a i l e d  d i scuss ion  o f  t he  a n a l y t i c a l  methods used f o r  t h e  s tudy  w i l l  
be g i ven  i n  t h e  app rop r i a t e  sec t ions ,  an ' o u t l i n e  o f  t h e  methods used f o r  t h i s  
s tudy  i s  g  i ven be1 ow. 

The des ign i n f o r m a t i o n  needed f o r  c o s t  e s t i m a t i n g  was developed f rom 
t h e  MDAC p r o t o t y p e  des ign and supplemented where necessary t o  p ro -  
v i de  a  c o n s i s t e n t  bas i s  f o r  c o s t  es t ima t i ng .  

Process d e s c r i p t i o n s  were prepared beg inn ing  a t  t h e  lowes t  l e v e l  o f  
purchased m a t e r i a l  and proceeding th rough  assembly and i n s t a l l a t i o n .  
Steps such as t r a n s p o r t a t i o n  o f  m a t e r i a l ,  f i e l d  assembly, and check- 
o u t  were inc luded .  

The process d e s c r i p t i o n s  were i n p u t  i n t o  t h e  SAMICS computer model, 
which produced p r i c e  es t imates  f o r  va r i ous  p r o d u c t i o n  q u a n t i t i e s .  

P a r a l l e l  manual c o s t  es t imates  were performed a t  p roduc t i on  r a t e s  
o f  25,000 and 250,000 h e l i o s t a t s  per  year  t o  v a l i d a t e  t h e  SAMICS 
r e s u l t s .  

1.4 OUTLINE OF THE REPORT 

Th is  r e p o r t  i s  organized i n  a  c h r o n o l o g i c a l  fo rm t h a t  f o l l o w s  t h e  s tudy  meth- 
odology. Sec t i on  2 descr ibes  t h e  MDAC p r o t o t y p e  h e l i o s t a t .  Sec t ion  3 ou t -  
l i n e s  t h e  processes and equipment used t o  produce t h e  h e l i o s t a t ,  i n c l u d i n g  
p o s s i b l e  manufac tu r ing  t rades .  Manual c o s t  es t ima tes  a re  d iscussed i n  Sec- 
t i o n  4. Est imates produced by t h e  SAMICS computer model a re  presented i n  
Sec t ion  5. The f i n a l  sec t  i o n  d iscusses conc lus ions .  



SECTION 2.0 

HELIOSTAT DESIGN DESCRIPTION 

The h e l i o s t a t  c o n f i g u r a t i o n  i s  shown i n  F i g .  2-1. Th i s  des ign and. t h e  
d e s c r i p t i o n  a re  e x t r a c t e d  n e a r l y  ve rba t im  f rom t h e  MDAC pr .o to type h e l i o s t a t  
des ign  r e p o r t .  [I] 

The laminated m i r r o r  modules, each o f  which measures 1.22 by  3.35 m (48 by  
132 i n .  ) ,  a re  assembled i n  groups o f  s i x  on t h e i r  r e s p e c t i v e  suppor t  s t r u c -  
t u r e  assembl ies t o  produce a  r e f l e c t o r  assembly which measures 3.35 by  7.38 m 
(132 b y  290.5 i n . ) .  Two o f  these  r e f l e c t o r  assembl ies a r e  b o l t e d  t o  t h e  main 
beam on each s i d e  o f  t h e  d r i v e  u n i t  t o  produce o v e r a l l  dimensions o f  7.38 by  
7.42 m (298.5 by 292 In . ) ,  w i t h  a  s l o t  0.71 m (28 In . )  w ide down t h e - m i d d l e .  

2 t h e  r n e f l e c t i n g  ores i s  43.053 m- (5?8 .sq f t )  . 

Each o f  t h e  12 lamina ted  m i r r o r  modules i s  made b y  bonding a  m i r r o r e d  pane 
o f  1.52-mm-(0.060-in.-) t h i c k  f u s i o n  g lass  t o  a  pane o f  4.76-mm-(3/16-in.-) 
t h i c k  f l o a t  g lass .  These modules a re  s t i f f e n e d  w i t h  a  p a i r  o f  h a t - s e c t i o n  
16-gage s t e e l  s t r i n g e r s ,  which a re  p a r t  o f  t he  suppor t  s t r u c t u r e  assembly and 
a re  bonded t o  t k e ' g l a s s  when t h e  r e f l e c t o r  assemblv i s  f a b r i c a t e d .  Each o f  
t h e  12 s t i f f e n e r s  i s  a t tached  t o  t he  two c ross  Seams which r u n  t h e  l o n g  d i s -  
t ance  o f  t h e  r e f l e c t o r  assembly. Two d iagona l ,  t ape red  beams a t t a c h  t h e  
s h a ~ ~ o w  outboard c ross  beam t o -  t he  deep inboard  c ross  beam where t h e y  a t t a c h  
t o  t h e  t u b u l a r  main beam. The d iagona l  beams t i e  i n t o  t h e  outboard c ross  
beam a t  two p o i n t s  t h a t  are 4.26 m  (167.9 i n . )  apa r t .  Each r e f l e c t o r  
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assembly i s  b o l t e d  t o  a  f l a n g e  a t  each end of the  main beam, which i s  a  p a r t  
o f  t h e  d r i v e  u n i t .  

The d r i v e  u n i t  cons i s t s  o f  an azimuth d r i v e  assembly, two l i n e a r  ac tua to r  
assemblies, a  drag l i n k ,  a  s h o r t  main beam, and t h e  pedesta l .  Maximum r o t a -  
t i o n  i n  e l e v a t i o n  i s  1900, ob ta ined  w i t h  a  motor -d r i ven  double- jack system. 
Maximum azimuth r o t a t i o n  i s  5400, ob ta ined  w i t h  a  motor -d r i ven  h e l i c o n  gear 
and harmonic d r i v e  mechanism. 

The pedesta l  i s  a  v e r t i c a l  tube  3.18 m  (125 i n . )  h igh.  A t  t h e  top, t h e  d r i v e  
u n i t  i s  welded to .  t h e  pedesta l ;  a t  t h e  bottom, t h e  lower  1.12 m  (44 i n . )  i s  
expanded. t o  g i v e  a  s l i g h t  taper  f o r  s l i p - j o i n t  at tachment t o  t he  r i g i d  foun-  
da t  i on. 

Connnectors and a  c i r c u i t  breaker  i n  a  j u n c t i o n  box l oca ted  on t he  s i d e  o f  
t h e  pedes ta l  j o i n  t h e  e l e c t r i c a l  system o f  t h e  h e l i o s t a t  w i t h  t h e  secondary 
power and da ta  feeders.  The c a b l i n g  i s  r ou ted  through t h e  ho l l ow  harmonic 
d r i v e  s h a f t  t o  t h e  h e l i o s t a t  c o n t r o l l e r  l o c a t e d  on t h e  t o p  o f  t h e  azimuth 
d r i v e  u n i t .  The he1 i o s t a t  c o n t r o l l e r  makes a1 1  c a l c u l a t i o n s  necessary t o  
opera te  t h e  h e l i o s t a t  and execute t r a c k i n g  and stowage a lgor i thms.  The power 
cab le  i s  rou ted  d i r e c t l y  t o  the motor c o n t r o l l e r s  l o c a t e d  on each motor. The 
h e l i o s t a t  c o n t r o l l e r  swi tches t h e  motors on and o f f  t o  execute t he  r e q u i r e d  
number o f  motor r e v o l u t i o n s .  Motor r e v o l u t i o n  feedback i s  p rov ided  by H a l l -  
e f f e c t  sensors on t h e  motors. 

The f i e l d  e l e c t r o n i c s  i n t e r f a c e  w i t h  t h e  system master c o n t r o l  and t h e  e l e c t -  
r i c  power genera t ion  subsystem. 

Wi th  t h i s  design, a  c o l l e c t o r  c o n t r o l l e r  may be used as a  separate c o n t r o l -  
l e r ,  o r  i t s  f u n c t i o n s  may be i nco rpo ra ted  i n t o  t h e  m a s t e r - c o n t r o l .  The c o l -  
l e c t o r  c o n t r o l l e r  commands o p e r a t i n g  modes, t r a n s m i t s  and coord ina tes  t he  
re fe rence  t ime, and reques ts  and rece i ves  da ta  f rom t h e  f i e l d  on t h e  h e l i o -  
s t a t ' s  s t a tus .  The c o l l e c t o r  c o n t r o l l e r  communicates w i t h  t h e  h e l i o s t a t s  
through a  s e r i e s  o f  da ta  d i s t r i b u t i o n  i n t e r f a c e s .  Data f rom t h e  c o l l e c t o r  
c o n t r o l l e r  are rece i ved  and rou ted  t o  one o f  15 t o  20 p a r a l l e l  da ta  feeders,  
a long which are l o c a t e d  24 h e l i o s t a t s .  

Data l i n k s  i n  t he  system are  made by means o f  f i  be r -op t i c s .  The f i  h e r - o p t i c s  
da ta  l i n k  p rov ides  a  n e a r l y  n o i s e - f r e e  environment and e l i m i n a t e s  t h e  need 
f o r  l i n e  d r i v e r s / r e c e i v e r s .  

The secondary da ta  feeder  connects each h e l i o s t a t  on t he  1  i n e  i n  se r i es .  
Data rece i ved  by  a  h e l i o s t a t  c o n t r o l l e r  a re  decoded, and, i f  addressed t o  t h e  
h e l i o s t a t  the  da ta  are r e t a i n e d  and a  message re l ayed  onto t he  nex t  h e l i o -  
s t a t ,  and then t o  a  da ta  d i s t r i b u t i o n  i n t e r f a c e  a t  t h e  end of t h e  l i n e .  If 
the da ta  a re  n o t  addressed t o  the  h e l i o s t a t ,  t h e  message i s  r e l ayed  t o  t he  
nex t  he1 i o s t a t .  

Power d i s t r i b u t i o n  resembles da ta  d i s t r i b u t i o n .  Power f rom the  e l e c t r i c  
power genera t ion  subsystem i s  t r a n s m i t t e d  i n  a  r a d i a l  n e t  t o  f i e l d  t r ans -  
formers.  Two t o  t h r e e  t rans fo rmers  a re  l oca ted  on each p r ima ry  power .feeder. 
The t rans fo rmers  a re  c o l l o c a t e d  w i t h  t h e  da ta  d i s t r i b u t i o n  i n t e r f a c e s .  The 
t ransformers reduce the 4160-vo l t  p r ima ry  power t o  t he  480-vo l t  secondary 
feeder  vo l tage .  



The secondary feeders  connect t h e  h e l i o s t a t s  i n  a  d a i s y  c h a i n  ( t h rough  
w i r i n g  w i t h  power tapped o f f  f o r  each he1 i q s t a t ) .  The c h a i n  i s  connected on 
each end t o  a  t r ans fo rmer  so a  , f a i l u r e  of a  t rans fo rmer  does n o t  r e s u l t  i n  
complete l o s s  o f  power t o  any h e l i o s t a t .  The f i b e r - o p t i c s  second.ary feeders  
and t he  secondary power feeders  are i n  t he  same cab le .  

The h e l i o s t a t s  a re  capab le  o f  o p e r a t i n g  independent l y  o f  t h e  da ta  network,  
except  f o r  commanding o p e r a t i n g  modes and upda t i ng  t ime  c a l c u l a t i o n s .  
Hence, a  f a i l u r e  o f  t h e  da ta  network would n o t  r e s u l t  i n  t h e  immediate 
shutdown o f  t h e  a f f e c t e d  p o r t i o n  o f  t h e  h e l i o s t a t  f i e l d .  



SECTION 3.0 

PROCESS AND EQUIPMENT DESCRIPTIONS 

3.1 MANUFACTURING 

Th is  s e c t i o n  o u t l i n e s  the  f a b r i c a t i o n  process f o r  t h i s  ana l ys i s .  The genera l  
approach t o  t h i s  s tudy  was t o  desc r i be  one workable  manufac tu r ing  process f o r  
t he  p r o t o t y p e  des ign se lected.  A l t e r n a t i v e s  cons idered a re  d iscussed a t  t h e  
end o f  t h i s  sec t i on .  The scope o f  t h e  s tudy  d i d  n o t  p r o v i d e  f o r  i n -dep th  
a n a l y s i s  o f  a l t e r n a t i v e s .  A d e t a i l e d  process s tep  . t a b l e  i s  i l l u s t r a t e d  i n  
F i g .  3-1. S i m i l a r  d e s c r i p t i o n s  f o r  each process a re  i nc l uded  i n  Appendix A. 
A  genera l  process d e s c r i p t i o n  i s  p rov i ded  below. 

PROCESS STEPS 
M I R R O R  MODULE ASSEMBLY 

1. Receive t h e  m i r r o r e d  f r o n t  surface and b a c k l i t e s  i n  c ra tes ,  by t r u c k  f rom 
t h e  s u p p l i e r .  T rans fe r  d i r e c t l y  t o  s to rage  w i t h  a  m o d i f i e d  f o r k l i f t .  

2. P u l l  smal l  m i r r o r  specimens f o r  a n a l y t i c a l  t e s t i n g .  
T rans fe r  g l ass  f r om  s to rage  t o  t h e  p rocess ing  l i n e ,  us i ng  s p e c i a l  f o r k -  
l i f t .  
Inspec t  a l ' l  m i r r o r e d  g l ass  and m i r r o r e d  su r f ace  f o r :  

m i r r o r  f i g u r e  
r e f l e c t i v i t y  
r e f l e c t o r  bond 
r e f  1  e c t o r  coverage ( v o i d s )  
r e f l e c t o r  q u a l i t y ,  e.g., t h i c kness  
mechanical  i n t e g r i t y  

w i t h  s p e c i a l l y  developed nondes t ruc t i ve  t e s t  equipment o p e r a t i n g  w i t h  
conveyor l i n e .  
Clean the  m i r r o r e d  su r f ace  w i t h  a  c l e a n i n g  method compat ib le  w i t h  
s u r f  ace p r o t e c t i o n .  Vacuum on ly ,  on t h e  conveyor l \ i n ~ .  
I nspec t  t he  b a c k l i t e  g lass  f o r  d imensional  c h a r a c t e r i s t i c s  and mechanical 
i r t t e y r i t v  w i t h  s p e c i a l l y  developed nondes t ruc t i ve  t e s t  equipment ope ra t -  
i n g  w i t h  t h e  conve.yor l i n e .  
Clean b a c k l i t e  w i t h  a  de te rgen t  wash, r i n s e ,  and h o t - a i r  dry ,  on t h e  
conveyor 1  ine.  
Spray g l ue  w i t h  a  g l ue r  o p e r a t i n g  on t h e  conveyor l i n e .  
Assemble t h e  m i r r o r e d  su r f ace  and t h e  b a c k l i t e  w i t h  conven t i ona l  conveyer 
l i n e  g lass  hand l i ng  equipment. , 

Press and cure  g lass  panels .  Th i s  a n a l y s i s  i s  based on a  mechanized 
plywood t y p e  p ress  w i t h  loader  and unlo.ader t o  ach ieve t h e  f u l l  c a p a c i t y  
O F  the coisveyor l i n e .  Th is  i s  a conse rva t i ve  approach. F l a t  p l ~ t e n s  
w i t h  plywood t y p e  presses can o p t i m i z e  m i r r o r  f i g u r e .  I f  s imp le  r o l l e r  
bonding systems a re  demonstrated t o  be e f f e c t i v e ,  t h e  equipment c o s t  f o r  
bonding can b e . g r e a t l y  reduced. 

F i g .  3-1. EXAMPLE P R ~ C E S S  STEP TABLE 



The m i r r o r  module i s  assembled f rom purchased m i r r o r  panels  and purchased 
b a c k l i t e s .  P a r t s  a re  cleaned, t h e  adhesive sprayed, and panels  assembled on 
a mechanized conveyor l i n e .  Panels a re  pressed i n  a  plywood-type p ress  f o r  
maximum su r face  r e g u l a r i t y .  The process f o r  assembling t he  m i r r o r  module i s  
i l l u s t r a t e d  i n  F ig .  3-2. 

Th i s  a n a l y s i s  i s  based on t he  use o f  purchased components f o r  t he  suppor t  
s t r u c t u r e .  A t  h i g h  p r o d u c t i o n  l e v e l s ,  i t  may be d e s i r a b l e  t o  s e t  up a r o l l -  
f o r m i n g  l i n e .  The b reakpo in t  f o r  t h i s  dec i s i on  w i l l  p robab ly  depend t o  a  
l a r g e  e x t e n t  on s i t e  l o c a t i o n s  and t r a n s p o r t a t i o n  requirements.  The suppor t  
s t r u c t u r e  i s  assembled w i t h  mechanized equipment as F ig .  3-3 i l l u s t r a t e s .  
The c lamping j i g s  a r e  s i m i l a r  f o r  low and high-volume produc t ion .  The spot -  
we ld i ng  heads a re  l a r g e l y  manual ly  operated a t  t he  lower p roduc t i on  l e v e l s ;  
a t  t h e  h i ghe r  p r o d u c t i o n  l e v e l s ,  spo t  welding, w i t h  m u l t i p l e  heads, i s  almost 
comp le te l y  mechanized. M i r r o r  modules a re  at tached t o  t he  suppor t  s t r u c t u r e  
w i t h  manual , j i gs ;  t h e  process i~ m ~ c h a n i 7 ~ A  a t  h i ghe r  p roduc t i on  l c v c l s .  

The azimuth d r i v e  hous ing components are f a b r i c a t e d  ons i t e ,  except  t h e  heavy 
p l a t e  ears,  which a re  p rocured  as  f i n i s h e d  p a r t s .  The azimuth d r i v e  housing 
assembly process i s  i l l u s t r a t e d  i n  F ig .  3-4. The d r i v e s  are assembled w i t h  
manual j i g s  and, t o o l i n g  a t  a l l  p r o d u c t i o n  l e v e l s .  Ex tens ive  t e s t  equipment 
i s  prov ided.  

The e l e v a t i o n  d r i v e  i s  assembled from f a b r i c a t e d  and purchased components. 
The d rag  l i n k  i s  assembled f rom purchased components, and t h e  l i n e a r  actua-  
t o r s  are purchased complete. The 16-in.-OD tube  o f  t he  main beam i s  f a b r i -  
ca ted  w i t h  an in-house p i p e  m i l l ;  t abs  and end f l anges  a re  procured as f i n -  
i shed  p a r t s  and assembled and machined as i l l u s t r a t e d  i n  F ig .  3-5. The com- 
ponents a re  assembled w i t h  manual j i g s  and t o o l s  a t  bo th  t h e  lower  and h ighe r  
p r o d u c t i o n  r a t e s .  Ex tens i ve  t e s t  equipment i s  contemplated. 

D r i v e  motors a r e  purchased complete and assembled i n  t h e  d r i v e  w i t h  manual 
j i g s  and t o o  Is .  

The 24-in. t ube  t h a t  forms t he  pedes ta l  i s  f a b r i c a t e d  w i t h  an in-house p i p e  
m i l l ;  t h e  cap and cover  a re  procured as f i n i s h e d  components. Mechanized a rc  
we ld i ng  i s  used t o  a t t a c h  t he  cap t o  t h e  tube, and t h e  tube  i s  expanded w i t h  
a hydros izer .  

3.2 INSTALLATION 

The i n s t a l l a t i o n  scena r i o  used f o r  t h i s  s tudy  was developed f rom the  p h i l o s -  
ophf t h a t  t h e  h i g h l y  r q p e t i t i v e  na tu re  o f  he1 i ns ta t .  i n s t a l l a t i o n  ope ra t i ons  
wou d j u s t i f y  t h e  deve lopment of spec ia l  purpose machines t o  improve produc- 
t i v i t y  and reduce cos t .  A l l  o f  t h e  ope ra t i ons  descr ibed  i n  t h i s  s e c t i o n  
.could be performed w i t h  genera l  pl.!rpose c o n s t r u c t i o n  machinery, b u t  t h c  
machines proposed here  o f f e r  higher l a b o r  and c a p i t a l  p r o d u c t i v i t y .  However, 
these  machines are r e l a t i v e l y  s imp le  adap ta t ions  o f  conven t iona l  machincry 
and cou ld  be developed w i t h o u t  ex tens i ve  research.  
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Fig .  3-2. REFLECTOR SURFACE ASSEMBLY 



F i g .  3-3. J I G  FOR AUTOMATIC CLAMPING AND 
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F i g .  ,3-4. AZIMUTH DRIVE HOUSING WELDMENT ASSEMBLY 



F ig .  3-5. M A I N  BEAM ASSEMBLY 
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For  t h i s  ana l ys i s ,  we chose a  h y p o t h e t i c a l  s i t e  i n  t h e  C a l i f o r n i a  deser t ,  n o t  
more than 100 m i l e s  f rom t h e  h e l i o s t a t  manufac tu r ing  p l a n t .  The f i r s t  s teps 
i n  i n s t a l l i n g  a  h e l i o s t a t  system a re  t o  su rvey  t h e  s i t e ,  d e f i n e  boundar ies,  
imp lan t  grade s takes f o r  l e v e l i n g ,  and l a y  o u t  access roads and h e l i o s t a t  
p o s i t i o n s .  There a re  20 h e l i o s t a t  l o c a t i o n s  per  acre,  and a  c o n t r o l  monument 
i s  p laced  on an average o f  every  2  acres.  

Y 

> 

The s i t e  i s  prepared by removing some su r f ace  v e g e t a t i o n  and l e v e l i n g  o r  t e r -  
r a c i n g  t he  area. Brush i s  removed w i t h  a  b u l l d o z e r  and c h a i n  combinat ion,  
Because t h e  C a l i f o r n i a  d e s e r t  i s  r e l a t i v e l y  l e v e l ,  t h e  l e v e l i n g  process i s  
expected t o  s h i f t  an average o f  3  i n .  o f  t o p  s o i l .  

7 
30 ' 

Once the.  s i t e  area i s  surveyed, c lea red ,  and leve led ,  road  r i gh t - o f -ways  a re  
graded and paved. Du r i ng  t h e  process, a  s o i l  s t a b i l i z e r  ( as  y e t  undef ined) 
i s  . l a i d  down t o  c o n t r o l  wind-generated p a r t i c u l a t e s .  Road c o n s t r u c t i o n  
i nc l udes  two passes w i t h  a  motor grader  and r o l l i n g .  S i t e  roads a re  su r -  
faced  w i t h  3  i n .  o f  aspha l t .  Us ing t h e  base f i g u r e  o f  20 t o  21  h e l i o s t a t s  per  
acre, i t  i s  assumed t h a t  10% o f  t h e  t o t a l  s i t e  area w i l l  be paved roads 
between rows o f  h e l i o s t a t s .  

Four s teps a re  necesary t o  prepare t h e  f ounda t i on  f o r  t h e  h e l i o s t a t :  1) 
d r i  1 l i n g  t h e  f ounda t i on  t ~ u l e ,  2 )  f a b r i c a t i n g  and t r a n s p o r t i n g  t h e  s t e e l  cage, 
3 )  i n s t a l l i n g  t h e  s t e e l  cage and s t e e l  tapered form, and 4 )  p o u r i n g  t h e  
concrete .  

Be fo re  concre te  i s  poured f o r  t h e  founda t ion ,  a  h o l e  i s  d r i l l e d  2 f t  i n  d i a -  
meter  and 22 f t  deep f o r  each h e l i o s t a t  (F i g .  3-6).  Cages made o f  430 1b of 
r e i n f o r c i n g  s t e e l  a re  p r e f a b r i c a t e d  near t h e  i n s t a l  1  a t i o n  s i t e  ( F i g .  3-7) and 
t r ucked  t o  h e l i o s t a t  l o c a t i o n s .  The f a b r i c a t e d  cages a re  lowered i n t o  t h e  
p r e - d r i l l e d  ho les  and f i t t e d  w i t h  a  s t e e l  tapered  form. The tapered  form, 
w i t h  a  s p e c i a l  h o l d i n g  dev ice,  f s  p o s i t i o n e d  w i t h  a f o r k l i f t ,  a s  F ig .  3-8 
i l l u s t r a t e s .  A t  t he  tower p roduc t i on  r a t e ,  conc re te  i s  con t rac ted  from l o c a l  
dea le rs ;  a t  t h e  h i ghe r  r a t e ,  i t  i s  produced i n  p o r t a b l e  ba tch  p l a n t s  and 
t r a n s p o r t e d  t o  t he  f ounda t i on  s i t e s  by a  conveyor o r  o t h e r  mechanized system 
(see F ig .  3-9).  

D r i v e  u n i l s  are t r ucked  f r om t h e  c e n t r a l  d i s t r i b u t i o n  p o i n t ,  a  maximum of 
100 m i l e s  f r om  t h e  s i t e .  Twelve d r i v e  u n i t s ,  each we igh ing  803 l b ,  a r e  
l oca ted  on each fl at-bed semi t r a i l e r  and t r a n s p o r t e d  t o  t h e  i n s t a l  1  a t i o n  
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area. Specia l  f i x t u r e s  a re  p rov ided  on t he  t r a i l e r s  so c r a t i n g  i s  n o t  
r equ i red .  The d r i v e / c o n t r o l  u n i t s  a re  unloaded d i r e c t l y  f rom the  t r u c k  and 
mounted on f ounda t i on  pedes ta l s  by a  s p e c i a l  mob i le  h y d r a u l i c  crane. 

I n s t a l l i n g  t he  power supp ly  system i .nvo lves l a y i n g  and connec t ing  t h e  cable,  
i n s t a l l i n g  t h e  power t rans fo rmer ,  and check ing t h e  e l e c t r i c a l  system. 

Power t rans fo rmer  i n s t a l l a t i o n  cos t s  i nc l ude  pou r i ng  a  concrete slab, i n s t a l -  
l i n g  a  cha in  l i n k  fence, and making t h e  e l e c t r i c a l  connect ions. 

Convent ional  f o r k l i f t s  and s e m i t r a i l e r s  t r a n s p o r t  the  cables f o r  t he  c o n t r o l  
and power supp ly  system. The i n t e r - h e l i o s t a t  f i e l d  c a b l i n g  i s  b u r i e d  27 i n .  
underground i n  a  s i n g l e  ope ra t i on  by a  cab le  plow. When t h e  cab les  have been 
bur ied ,  t h e  ends a re  a t tached  t o  t he  c o n t r o l  boxes on t h e  d r i v e  ~ r n i t s .  

K e f l e c t o r  panels  a re  t r ucked  on a s e m i t r a i l e r  approx imate ly  100 m i l e s  t o  t he  
i n s t a l l a t i o n  s i t e .  Costs a r e  i nc l uded  i n  t h e  es t ima te  f o r  f u e l  and mainten- 
ance and f o r  equ ipp ing  t h e  s e m i t r a i l e r  so t h a t  c r a t e s  are n o t  needed. A 
un ique s t r a d d l e  c rane  i s  used t o  un load and i n s t a l l  t h e  r e f l e c t o r  panel 
u n i t s .  

The h e l i o s t a t  system i s  checked t o  ensure t h a t  system elements are f u n c t i a n -  
i n g  p rope r l y .  Checks a re  performed on t h e  f o l l o w i n g  system elements: 

( 1 )  i n d i v i d u a l  h e l i o s t a t s  

( 2 )  smal l  groupings o f  h e l i o s t a t s  ope ra t i ng  o f f  t h e  same secondary 
feeder  cab1 e  

( 3 )  l a r g e r  groupings o f  h e l i o s t a t s  ope ra t i ng  o f f  t h e  same p r ima ry  
feeder  cab le  

( 4 )  the c n t i r c  h e l i o s t a t  f i e l d .  

H e l i o s t a t s  are i n d i v i d u a l l y  a l i gned  t o  ensure t h a t  each h e l i o s t a t  t r a c k s  t he  
sun i n  i t s  unique, y e t  p roper  tash ion .  Al ignments a r e  made i n  bo th  an i n t e r -  
a c t i v e  man-machi ne a1 i gnment mode and an automat ic  search a1 ignment mode. 

3.3 POSSIBLE MAKE-OR-BUY TRADES 

The f o l l o w i n g  d i scuss ion  cons iders  p o t e n t i a l  make-or-buy t rades  i n  h e l i o s t a t  
manufactur ing. P o t e n t i a l  t r ades  a re  n o t  analyzed i n  d e t a i l ,  b u t  a r e  d is - .  
cussed as i tems t h a t  should be cvns idc rcd  f o r  in -dep th  c lnc l l ys is , .usua l l y  near 
t h e  t ime  t h a t  a c t u a l  dec i s i ons  a re  necessary. 

The mass p roduc t i on  approach taken i n  t h i s  s tudy  i m p l i e s  t h a t  v e r t i c a l  i n t e -  
g r a t i o n  w i l l  t end  t o  produce lower manufactured cos t s  b y  a l l o w i n g  economies 
o f  sca le  and h lghe r  con t r i bu ted .  va lue f o r  t he  f i r m .  As a  r e s u l t ,  a  s i m p l i s -  
t i c  ana l ys i s  would conc lude t h a t  t h e  most economic cho'ice would be t o  make 
a l l  components i n  house. However, t h e r e  are a  v a r i e t y  o f  t e c h n i c a l ,  eco- 
nomic, and s t r a t e g i c  dec i s i ons  which i n f l u e n c e  t h e  d e c i s i o n  whether t o  make 
o r  buy a  p roduc t  o r  se rv i ce .  



I n  most cases, t he  optimum make-or-buy dec i s i on  w i l l  depend on f a c t o r s  vary-  
i n g  t o  some e x t e n t  w i t h  t ime. For  example, i f  U.S. bus iness i s  booming a t  
t h e  t ime  dec i s i ons  are made, s p e c i a l t y  houses may be loaded t o  t he  p o i n t  t h a t  
more' in-house work by  t h e  h e l i o s t a t  manufacturer  w i l l  be necessary. Subjec- 
t i v e  f a c t o r s ,  such as company t y p e  and p o l i c y  and i n d u s t r y  m a t u r i t y ,  a l s o  
a f f e c t  t h e  dec is ion .  Most o f  t h e  h e l i o s t a t ' s  p a r t s  can be made by  custom 
f a b r i c a t o r s  who own equipment s i zed  t o  produce t h e  volumes needed. A company 
new t o  t h e  h e l i o s t a t  bus iness would use s p e c i a l t y  f a b r i c a t o r s  t o  a  l a r g e  
e x t e n t  i n i t i a l l y ,  making p a r t s  in-house as t h e  i n d u s t r y  matures and i t s  
f u t u r e  becomes more p r e d i c t a b l e .  A t y p i c a l  o p e r a t i n g  company would r e q u i r e  
t h a t  the  cos t  o f  new equipment t o  make a  p a r t  in-house would be p a i d  back i n  
sav ings i n  two years  o r  less .  That t i m e  requ i rement  c o u l d  be shor tened i f  
the  market were unce r t a i n .  However, a  company w i t h  cash may choose t o  i n v e s t  
i n  i t s  own p l a n t  on t h e  b a s i s  o f  more normal re tu rn -on- inves tment  c r i t e r i a .  

Make-or-buy dec i s i ons  i n  themselves a re  n o t  expected t o  have a  major e f f e c t  
on h e l i o s t a t  cos ts .  However, t h e y  can have a  s i g n i f i c a n t  e f f e c t  on t h e  cap- 
i t a l  investment  r e q u i r e d  t o  produce h e l i o s t a t s .  

3.3.1 M i r r o r  Module Components--Mirrored Glass 

The MDAC a n a l y s i s [ l ] .  cons iders  m i r r o r i n g  t h e  su r f ace  o f  t h e  g l ass  i n  t h e  m i r -  
r o r  module assembly process. Because m i r r o r i n g  i s  a  s p e c i a l i z e d  process t o  
a  l a r g e  ex ten t ,  we f e e l  t h a t  a  company new t o  t h e  bus iness o f  manufac tu r ing  
h e l i o s t a t s  may n o t  handle  t h e  m i r r o r i n g  in-house f o r  smal l  volumes, a l though  
i n  high-volume p roduc t ion ,  t h e  development o f  in-house m i r r o r i n g  c a p a b i l i t y  
c o u l d  be warranted. 

- 
I f  m i r r o r i n g  i s  done o f f s i t e ,  s p e c i a l  ca re  must be taken i n  p r0 tec t i n . g  t he  
back su r f ace  o f  t h e  m i r r o r .  P r o t e c t i o n  methods c o m p a t i b l e - w i t h  b o t h  sh ip -  
p i n g  and m i r r o r  module bonding may r e q u i r e  development. 

O f f s i t e  f a b r i c a t i o n  o f  t h e  m i r r o r  module, which i n v o l v e s  g l u e i n g  t h e  m i r r o r e d  
su r f ace  t o  t he  b a c k l i t e ,  c o u l d  be p a r t i c u l a r l y  d e s i r a b l e  t o  m in im ize  hand l i ng  
i f  t h i n n e r  g lasses a re  developed. Genera l l y ,  g l ass  can be sh ipped w i t h  ve r y  
l i t t l e  breakage i f  i t  i s  p r o p e r l y  packed. I f  the  m i r r o r i n g  and assembly are 
done c l o s e  t o  t h e  g l ass  p l a f i t ,  sh i pp ing  c o s t s  shou ld  n o t  be g r e a t e r  than  
s h i p p i n g  cos ts  f o r  t h e  g lass  i t s e l f .  A l though our  es t ima tes  a re  based on 
assembly o f  t h e  m i r r o r  module g l ass  sandwich a t  t h e  h e l i o s t a t  manufac tu r ing  
p l a n t ,  we f e e l  t he re  i s  a  r e a l  p o s s i b i l i t y  t h a t  t h e  assembled panels  w i l l  be 
p rocured  o f f  s i  t e .  

3.3.2 Support  S t r u c t u r e  

I n  t he  suppor t  s t r u c t u r e  t h e r e  are fourb t ypes  o f  components: 

l i g h t - w e i g h t  r o l l - f o r m e d  s e c t i o n s  J 

heavy-weight r o l l - f o r m e d  s e c t i o n s  



smal l  angles 

f as tene rs .  

Because r o l l  f o r m i n g  i s  i n h e r e n t l y  a  ve ry  high-volume process, l a r g e  q u a n t i -  
t i e s  can be produced by s p e c i a l t y  f a b r i c a t o r s  i n  a  s h o r t  t ime.  R o l l  f o rm ing  
m igh t  thus  bes t  be done o f f s i t e ,  except  f o r  two cons idera t ions .  One i s  sh ip -  
p i n g  and t h e  o t h e r  i s  t h e  r e l a t i v e l y  low c o s t  o f  r o l l  f o rm ing  equipment. 

Ro l l - fo rmed shapes g e n e r a l l y  r e q u i r e  much g rea te r  sh ipp ing  volume than c o i l  
s tock.  I t  i s  p o s s i b l e  t h a t  t h e  l i g h t - w e i g h t  h a t - s e c t i o n  p ieces cou ld  be r o l l  
formed w i t h  a  s l i g h t  taper  so t h a t  t h e y  would s tack.  I f  so, a d d i t i o n a l  sh ip -  
p i n g  c o s t s  c o u l d  be almost e l im ina ted .  

R o l l - f o r n ~ i r i g  equipment i s  r e l a t i v e l y  low cost .  For example, t h e  h a t  sec t i ons  
w i l l  be prorl1.1ced w i t h  a r o l l  f o r ~ n c r  opera t ing  a t  about 60 ft/rnin. l 'here are 
24 h a t  sec t i ons  per  h e l i o s t a t ,  o r  600,000 u n i t s / y r  a t  t h e  25,000 h e l i o s t a t s /  
yr p roduc t i on  r a t e .  Each h a t  s e c t i o n  measures about 11 f t  long. F i v e  h a t  
sec t i ons  can be produced per  minute,  or w i t h  a t.wn-shSft ope ra t i on  o f  3,024 
h r l y r ,  907,000 u n i t s  can be produced each year  ( 5  X 3024 X 60 = 907,000 
u n i t s l y r ) .  The r o l l - f o r m i n g  equipment cos t s  about $100,000. The annual cos t  
o f  p rocured  p a r t s  i s  about $2,700,000 ($4.50 X 600,000). The c o s t  of t h e  
r o l l - f o r m i n g  equipment f o r  t he  h a t  sec t i ons  spread over t he  p roduc t i on  year  
i s  thus  r e l a t i v e l y  v e r y  smal l .  Each h a t  s e c t i o n  s t r i n g e r  weighs about 14.4 
Ib ;  t he  raw s tock  c o s t s  about $3.24 per  s t r i n g e r  (14.4 l b  X $0.225/1b = 
$3.24). The d i f f e r e n c e  between t h e  quoted p r i c e  o f  $4.50 and t h e  raw mater-  
i a l  cos t  i s  about $1 .25 /un i tY  o r  $750,00O/yr. Equipment w r i t e - o f f  and f o u r  
ope ra to r s  cou ld  e a s i l y  be handled w i t h i n  t h i s  amount. . 
I n  t he  heavy-weight r o l l - f o r m e d  sec t ions ,  s h i p p i n g  cos t s  can become more s i g -  
n i f i c a n t .  Again, i t  may be p o s s i b l e  t o  r o l l  fo rm most o f  t h e  shapes so t h a t .  
p ieces  can be s tacked and p u t  i n  t he  f i n a l  form w i t h  r e l a t i v e l y  inexpens ive  
t o o l i n g  and equipment a t  t h e  h e l i o s t a t  manufac tu r ing  p l a n t .  

However, because of t he  r e l a t i v e l y  low equipment c o s t  (on t h e  o rde r  o f  
$350,000 f o r  these  s e c t i o n s ) ,  i t  may prove d e s i r a b l e  t o  s e t  up r o l l - f o r m i n g  
ope ra t i ons  even i f  t h e  equipment i s  o p e r a t i n g  o n l y  10 t o  30% o f  t h e  t ime, 

The l i g h t - w e i g h t  angles and smal l  p ieces  can he r e a d i l y  formed and punched 
by high-volume s p e c i a l t y  shops. U n t i l  a  new bus iness matures, these  compon- 
en t s  may w e l l  be p rocured  o f f s i t e .  

I n  t he  support  s t r u c t u r e ,  as i n  t h e  balance o f  t h e  h e l i o s t a t ,  i t  i s  expected 
t h a t  a l l  standard f as ten ing  dev ices w i l l  hc procured  offsite. 

3.3.3 Azimuth D r i v e  Housing 

Whi le  t h i s  ana l ys i s  uses a  weldment f o r  t h e  a z i m u t h . d r i v e  housing, we f e e l  
t h i s  component process needs f u r t h e r  cons ide ra t i on .  Cast ings and f o r g i n g  
should a l so  be considered, p r i m a r i l y  because t he  weight  o f  m a t e r i a l s  



r e q u i r e d  can be l ess .  Th is  recommendation cou ld  be m o d i f i e d  on t h e  b a s i s  of 
f u r t h e r  s tudy  o f  i . n e r t i a 1  welding. P r e l i m i n a r y  vendor i n fo rma t i on  i n d i c a t e s  
t h e  housing and f l e x  s p l i n e  may be s i m p l i f i e d  t o  s i g n i f i c a n t l y  reduce t h e  
cos t  o f  the  assembly w i t h  i n e r t i a l  welding; however, any dec is ions  about t he  
a p p l S c a b i l i t y  o f  i n e r t i a l  we ld ing  t o  these components w i l l  depend on demon- 
s t r a t i o n  o f  des ign and f a b r i c a t i o n  f e a s i b i l i t y .  

If we assume t h a t  t h e  housing i s  produced as a weldment, t h e r e  a re  f o u r  t ypes  
o f  components: 

(1) heavy t u b i n g  

( 2 )  l i g h t  t u b i n g  

( 3 )  f lame-c.ut shapes 

( 4 )  large-d iameter  c i r c l e s .  

The heavy t u b i n g  can be ob ta ined  as a s tandard tube  o r  p i p e  c u t  t o  leng th ,  
a l though r o l l i n g  t h e  p i p e  t o  form and we ld ing  i t  as a r i n g  should be cons id-  
ered, p a r t i c u l a r l y  a t  h i gh  p roduc t i on  volumes. The tubes can p robab ly  be 
procured almost as i nexpens i ve l y  o f f s i t e  as t hey  can be f a b r i c a t e d  in-house. 
I f  the  components are procured i n  t u b i n g  form, t h e  sh ipp ing  cos t s  f o r  bo th  
c u t  and uncut  a re  almost t h e  same. 

The smal l  t u b u l a r  pieces, l i k e  the  smal l  p a r t s  f o r  t h e  suppor t  s t r u c t u r e ,  
can be r e a d i l y  procured f rom s p e c i a l t y  houses a t  r e l a t i v e l y  low cos t .  The 
p r i n c i p a l  cons ide ra t i ons  are the  p roduc t i on  schedu l ing  and t h e  p o t e n t i a l  f o r  
minor  changes. 

The heavy, ou te r  r e t a i n e r  r i n g  may be c u t  f rom p l a t e ,  and i f  a s u p p l i e r  has 
a use f.or t h e  "donut hole," t h i s  may be t h e  bes t  approach. However, t o  
reduce b.asic m a t e r i a l  r equ i red ,  t h e  r i n g  can be r o l l e d  f rom bar  s tock and 
b u t t  welded o r  ob ta ined  as a c a s t i n g  o r  f o r g i n g .  Th i s  p i ece  w i l l  p robab l y  
be procured o f f s i t e  u n t i l  t he  company produces l a r g e  volumes o f  h e l i o s t a t s .  

The l a r g e  d i s c  f o r  t h e  t o p  o f  t h e  hous ing can p robab l y  be procured a t  minimum 
cos t  f rom a f l  ame-cut t ing house i n  smal l  q u a n t i t i e s  and f rom a l a r g e  press 
opera to r  i n  t h e  l a r g e r  q u a n t i t i e s .  Because t h e  volumes r e q u i r e d  a re  r e l a -  
t i v e l y  smal l  f o r  a  press opera t ion ,  p ieces  are l i k e l y  t o  be procured o f f s i t e  
f o r  some time. 

The ears can most l i k e l y  be procured o f f s i t e  f rom a f l a m e - c u t t i n g  house. 
U l t i m n t ~ l y ,  in-hou.se c u t t i n q ,  p o s s i b l y  p lasma- je t ,  may be wor thwh i le .  The 
ears might  .a lso be f o rged  when h igh  voluifles are ul r ld i~sed.  Du r i ng  t;hc e a r l y  
days when t h e  p ieces  are f lame cu t ,  rounded corners,  tapers ,  and t h e  l i k e  
can be e l i m i n a t e d  so t h a t  t he  p ieces  can be c u t  f rv l i i  bar. s tock.  

The housing w i l l  p robab ly  be machined in-house, p r i m a r i l y  because o f  q u a l i t y  
and schedu l ing  cons idera t ions .  



3.3.4 ,Azimuth D r i v e  Components 

The components o f  t h e  azimuth d r i ve ,  o t h e r  than t h e  housing, are: 

( 1 )  smal l  t u b i n g  

( 2 )  smal l  punched components 

( 3 )  gear components 

( 4 )  heavy r i n g s .  

The smal l  tubes and punched components can be ob ta ined  f rom s p e c i a l t y  houses 
a t  c o m p e t i t i v e  c o s t  u n t i l  t h e  i n d u s t r y  m a t ~ ~ r p s .  The heavy r e t a i n c r  r i n g  and 
c i r c u l a r  sp l i ne ,  as w i t h  t h e  ou te r  r e t a i n e r  r i n g  i n  t he  azim11t.h d r i v e  houc- 
- i r~y ,  car1 be flame cu!, forged,  r o l l e d  and welded, o r  cas t .  Machining o f  
these  components i s  l i k e l y  t o  be done in-house. However, a  d e t a i l e d  ana l ys i s  
o f  these  systems w i l l  be r e q u i r e d  a t  t h e  t i m e  o f  procurement. 

The j o i n i n g  o f  smal l  components, f o r  example t he  we ld ing  o f  t h e  d r i v e  s h a f t  - 
t o  t h e  wave-generator p lug,  can e a s i l y  be done in-house, and i t  may be d e s i r -  
a b l e  t o  procure we ld ing  equipment t o  perform t h i s  k i n d  nf opera t ion .  

The b roach ing  and he'at t r e a t i n g  o f  gear t e e t h  w i l l  p robab l y  be donc in-house 
f o r  qua l i  ty .  c o n t r o l  purposes. I n  very  smal l  q u a n t i t i e s ,  these opera t ions  
may be done by simp.le machin ing i n  s p e c i a l t y  houses. 

3.3.5 E l e v a t i o n  D r i v e  -- 

The main beam, b e i n g  ,s tandard  ~ i p e ,  can h~ prnc~.rrrld wry inexpcns i  v c l y  as 
raw stock.  Because o f  sh ipp ing  cons ide ra t i ons .  i t  may be r l ~ s i r a b l e  t o  p ro -  
curse the majn beam f rom a  p i p e  mi 11 t h a t  makes bo th  t he  beam and t h e  pedes ta l  
p i pes  c l o s e r  t n  t.he h e l i o s t a t  s i t e .  For  h i g h  volume, t h e  p i p e  m i l l  c o u l d  be 
in-house. The most economical way t o  c u t  and end f i n i s h  t h e  main beam w i l l  
be decided on t h e  b a s i s  o f  d e t a i l e d  analyses a t  t h e  t ime. S p e c i a l t y  c u t t i n g  
houses can p rov ide  t h i - 2  s e r v i c e  a t  ve ry  c o m p e t i t i v e  cnqt ,  and whether a p i p c  
.Is shlpped as a  whole ;or i n  p a r t s  has l i t t l e  e f f e c t  on t h e  sh ipp ing  cos ts .  
Because t he  end p 1 a t . e ~  f g r  t he  main beam can be c u t  w i t h  r e l a l i v e l y  low-cost  
machinery and because h o l e  p a t t e r n s  may be mod i f ied ,  i t  may he hest t o  p ro -  
duce these  components ons i  t e .  

Whether the dray l i n k  I s  bes t  produced as a  weldment o r  by  f o r g i n g  o r  c a s t i n g  
w i l l  be determined hy a d e t a i l e d  ana l ys i s .  Dl-i 11 ing ,  pr.ess ing, and reaming 
w i l l  most l i k e l y  be done in-house. 

3.3.6 Pedestal  

Because o f  sh ipp ing  cos ts ,  in-house f a b r i c a t i o n  o f  t h e  tube  f o r  t h e  pedes ta l  
may be cheapest. Pedesta l  caps p robab l y  w i  11 be procured o f f s i t e  because 
t h e y  are.- n o t  needed i n  s u f f i c i e n t  volume t o  warrant  purchas ing a  f o rm ing  
p ress  even a t  t h e  h i ghe r  p roduc t i on  r a t e s .  



3.3.7 Foundat ion 

There has been cons iderab le  d iscuss ion  of t he  best  method of assembl ing t h e  
r e i n f o r c i n g  s t e e l  f o r  t h e  foundat ion.  Our op in ion ,  based on o n l y  crude 
ana lys is ,  i s  t h a t  a  semipor tab le  f i e l d - t y p e  shop t h a t  assembles t h e  cages, 
us i ng  mechanized equipment and a minimum o f  ope ra to r s  i s , b e s t .  

One p o s s i b l e  method f o r  f a b r i c a t i n g  t h e  p resen t  f ounda t i on  des ign i s  t o  pre-  
c a s t  a  r e i n f o r c e d  s t r u c t u r e  i n  a  semipor tab le  p l a n t  operated i n  t h e  f i e l d .  
Th is  method cou ld  save concrete.  A spun-cast foundat ion, o r  a  cardboard 
core, can reduce concre te  needs by up t o  50%. Mechanizing t h e  i n s t a l  l a t i o n  
o f  a  precast  pos t  c.an be s imp le r  and i n s t a l l a t i o n  l a b o r  can be minimized. 

Concrete f o r  foundat ions  can be ob ta ined  by  procurement f rom a l o c a l  ready- 
mix  supp l i e r .  However, a  p o r t a b l e  batch p l a n t  ope ra t i on  by t h e  c o n t r a c t o r  
may prove bes t .  A t  t h e  r a t e  o f  25,000 u n i t s  per  year,  75,000 yards  o f  con- 
c r e t e  would be needed per year .  The p resen t  p r i c e  f o r  ready-mix concre te  i s  
about $35/yd, o r  $105 per  h e l i o s t a t .  Wi th  a  f i ve - sack  mix,  t h e  cement w i l l  
cos t  o n l y  about $9/yd i n  bu lk .  If sand, g rave l ,  and water are reasonably  
a v a i l a b l e  a t  t h e  s i t e ,  a  p o r t a b l e  ba t ch  p l a n t  m igh t  be economical. I f  t h e  
i n g r e d i e n t s  i n  the  concre te  cos t  $15, about $20/yd i s  a v a i l a b l e  f o r  equipment 
and labor ;  $20 X 75,000 y d / y r  i s  $1,500,000., That amount would pay f o r  a  
batch p l a n t  and a f a i r  amount o f  labor .  

The t h i n ,  tapered  cap w i l l  p robab ly  be f a b r i c a t e d  o n s i t e  by  an inexpensive- 
P i t t s b u r g h  seam-type f o rm ing  process s i m i l a r  t o  t h a t  used w i t h  s tove  p ipe.  

3.3.8 Con t ro l s  

C o n t r o l s  f o r  the  h e l i o s t a t  may be produced in-house o r  procured o f f s i t e .  
Components such as t h e  computer ch ips  w i l l  a lmost s u r e l y  be bought o f f s i t e .  

- The p roduc t ion  process would then i n v o l v e  assembling procured components. 
The make-or-buy d e c i s i o n  f o r  t h i s  ope ra t i on  i s  more l i k e l y  t o  be based on 
t he  background o f  t he  manufacturer  than on economic cons idera t ions .  Con t ro l s  
can be produced by  s p e c i a l t y  houses, b u t  t h e  h e l i o s t a t  manufacturer  may o p t  
t o  produce them i f  deve lop ing  t h a t  p roduc t i on  c a p a b i l i t y  f i t s  h i s  long-range 
goal  s. 



SECTION 4.0 

MANUAL COST ESTIMATE 

4.1 PROCEDURE 

The approach t o  c o s t i n g  was b a s i c a l l y  as f o l l o w s :  

Develop d e t a i l e d  designs. 

Es t imate  m a t e r i a l  costs .  

Develop process f l o w  sheet.  

Develop man~rf a r t i r r i n q  p l a n s .  

Develop manufac tu r ing  cos ts .  

Th is  manual ana l ys i s ,  i n  a d d i t i o n  t o  p r o v i d i n g  f o r  a  complete cos t  es t imate  
a t  two p r o d u c t i o n  r a t e s ,  p rov ides  t h e  i n p u t  da ta  f o r  t h e  SAMICS computer 
model es t ima te  descr ibed  i n  Sect ion 5.0 o f  t h i s  r e p o r t .  

The s tudy  used t h e  des ign  i n f o r m a t i o n  i n  t h e  MDAC 1978 p r o t o t y p e  h e l i o s t a t  
r e p o r t  [I] (see Sec t ion  2.0). The d e t a i l  necessary f o r  cos t  e s t i m a t i n g  was 
added by  P a c i f i c  Nor thwest  Labora to ry  w i t h  s u b s t a n t i a l  ass is tance  f rom McDon- 
n e l l  Douglas. McDonnell Douglas has n o t  reviewed o r  concurred w i t h  t he  
d e t a i  1  added. 

As p r e v i o u s l y  noted, t he  s tudy  assumes a  con t i nuous l y  o p e r a t i n g  p l a n t .  Th is  , 

t y p e  o f  o p e r a t i o n  would no rma l l y  be achieved i n  t h e  second o r  t h i r d  year  
a f t e r  s t a r t u p . .  I t r e q u i r e s  a  c o n t i n u a l  market. A l l  d o l l a r  f i g u r e s  are e a r l y  
t o  mid-1979. 

4.2 MANUFAC IUKlNG COST ESTIMATE 

4.2.1 General 

. , The ground r u l e s  f o r  t he  ope ra t i on  o f  a manufactur ing f a c i l i t y  t o  produce 
t h e  h e l l o s t a t  assume t h e  f o l l o w i n g :  

A low-volume f a c i l i t y  (25,000 h e l i o s t a t s  per  yea r )  w i t h  some expan- 
s i o n  c a p a b i l i t y .  Th is  f a c i l i t y  r ep resen ts  t h e  t ype  o f  f a c i l i t y  
needed t o  s e r v i c e  a  l i m i t e d  i n te rmed ia te  h e l i o s t a t  market. 

A high-volume f a c i l i t y  (250,000 h e l i o s t a t s  pe r  yea r )  u s i n g  h i g h  
l e v e l s ' o f  p l a n t  i n t e g r a t i o n  t o  a t t a i n  t h e  lowes t  p roduc t i on  cos t .  
Such a  f a c i l i t y  represen ts  t h e  t ype  o f  p l a n t  which w i l l  be used t o  
s e r v i c e  a  mature he1 i o s t a t  market.  



Some fo rm o f  q u o t a t i o n , . c a t a l o g  p r i c e ,  o r  vendor es t ima te  has been ob ta ined  on 
a l l  t h e  s i g n i f i c a n t  components o f  t h e  h e l i o s t a t .  Whi1.e some q u o t a t i o n s  o r  
es t imates  are no t  f i r m  and may change when f i r m  quo ta t i ons  are rece ived ,  d i r e c t .  
m a t e r i a l s  c o s t  es t imates  a re  b e l i e v e d  t o  be reasonab ly  accurate .  M a t e r i a l s  
are es t imated  f o r  p roduc t i on  r a t e s  o f  2,500.and 100,000 h e l i o s t a t s  per  year ,  
as w e l l  as r a t e s  o f  25,000 and 250,000 u n i t s  per  year .  The p r ima ry  reason f o r  
i n c l u d i n g  t he  2,500 and 100,000 cases f o r  m a t e r i a l s  es t imates  was t o  p r o v i d e  
a d d i t i o n a l  p o i n t s  f o r  e x t r a p o l a t i o n  i n  t h e  SAMICS program. Th i s  es t ima te  
assumes t h a t  c a p i t a l  f a c i l i t i e s  r e q u i r e d  by supp l i e r s ,  such as a  new g lass  
making f a c i l i t y ,  would be i nc l uded  i n  s u p p l i e r s  cos ts .  

Process . d e s c r i p t i o n s  were prepared beg inn ing  a t  t h e  lowes t  l e v e l  o f  purchased 
m a t e r i  a1 (which c o u l d  be a  component such as a  motor,  o r  raw s t o c k )  and p ro -  
ceeding through assembly and i n s t a l l a t i o n .  Steps such as t r a n s p o r t a t i o n  o f  
m a t e r i a l  and f i e l d  assembly and check-outs were inc luded .  Process d e s c r i p t i o n s  
were prepared i n  a  fo rm s u i t a b l e  f o r  use i n  t h e  SAMICS computer program. 

Equipment d e s c r i p t i o n s ,  p l a n t  l ayou t s ,  and manpower requ i rements  were developed 
' based on t he  above process d e s c r i p t i o n s .  D e t a i l e d  manufac tu r ing  c o s t  work 

sheets  ( i l l u s t r a t e d  i n  F ig .  4-1) were used t o  es t ima te  manpower and equipment 
requi rements .  The balance o f  t h e  work sheets w i l l  be round i n  Appendix B. 
P roduc t ion  scenar ios  a re  p r e l i m i n a r y ,  and c o s t  es t ima tes  f o r  s p e c i a l  mechanized 
equipment are based p r i m a r i l y  on judgment. However, t h e r e  i s  s u f f i c i e n t  con- 
se r va t i sm  i n  t h e  t o t a l  o f  annua l i zed  equipment c o s t s  and d i r e c t  l a b o r  cos t s  

' t h a t  the  d i r e c t  manufac tu r ing  cos t s  a re  b e l i e v e d  t o  be i n  a  reasonable  range. 

The i n d i r e c t  cos t s  used a re  based on a  l i m i t e d  a n a l y s i s  o f  i n d u s t r i e s  s i m i l a r  
t o  the  h e l i o s t a t  i n d u s t r y .  , I f  t he  i n d u s t r y  s t r u c t u r e  f o r  h e l i o s t a t s  d i f f e r s  
g r e a t l y  f rom t h e  s t r u c t u r e  we have assumed, t hen  i n d i r e c t  c o s t s  would vary.  
I t  i s  u n l i k e l y  t h a t  t h e y  would va r y  s u f f i c i e n t l y  t o  cause a  d i f f e r e n c e  o f  more 
than  25% i n  t h e  t o t a l  c o s t  es t imates .  

I n  making t he  manual c o s t  es t imate,  we have assumed t h a t  a  s i n g l e  company o r  
o p e r a t i o n  per forms t h e  complete job,  f rom m a t e r i a l s  procurement th rough  i n s t a l -  
l a t i o n  and s t a r t u p  o f  t he  he1 i o s t a t  f i e l d .  S l i g h t l y  d i f f e r e n t  e s t i m a t i n g  pro-  
cedures were used f o r  manufac tu r ing  and i n s t a l l a t i o n  t o  p r o v i d e  f o r  d i f f e r e n t  
overhead systems. 

4.2.2 D i r e c t  M a t e r i a l s  

D i r e c t  m a t e r i a l s  a re  summarized i n  Table  4-1 and d e t a i l e d  i n  Table  4-2. 
Table  4-2 i s  i n c l u d e d  t o  show t h e  e x t e n t  o f  t h e . d e t a i 1  on d i r e c t  m a t e r i a l s .  
Except f o r  c o n t r o l s  and i n s t a l l a t i o n ,  t h e  c o s t  o f  every  i t e m  has been i d e n t i -  
f i e d ,  even washers c o s t i n g  l e s s  than  one- ten th  o f  a  cen t  each. ( I f  t h e  quoted 
c o s t  o f  an itel11 was l e s s  than $0.01, i t  was es t imated  a t  $0.01 i n  t h i s  
document .. ) 
Costs f o r  d i r e c t  m a t e r i a l s  were es t imated  by o b t a i n i n g  f o rma l  o r  i n f o r m a l  q u ~ -  
t a t i o n s  o r  es t ima tes  f rom,vendors  on bo th  f i n i s h e d  p a r t s  and raw m a t e r i a l s .  
I n  genera l ,  t h e  approach t o  o b t a i n i n g  es t ima tes  was t o  ask vendors f o r  a  d e f e n - c  
s i b l e  eng inee r i ng  es t ima te  r a t h e r  than  a f o rma l  quo ta t i on .  The raw m a t e r i a l s  
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Table 4-1. SUMMARY OF DIRECT MATERIAL COSTS FOR MANUFACTURING 

Do1 l a r s  pe r  He1 i o s t a t  
a t  Given Annual Product ion '  Rate 

25,000 100,000 250,000 

M i  r r o r  ~ o d u l  ea (911.20) 624.40 (879.92) 612.68 (848.74) 601.18 
Support  S t r u c t u r e  361.16 353.00 345.03 
Azimuth D r i v e  280.72 270.91 264.49 
E l e v a t i o n  D r i v e  703.67 670.59 639.66 
Motors 174.56 146.86 140.96 
Pedestal, 77.22 74.87 72.52 

-Con t ro l s  (342.72) 150.00 (315.05) 140.00 (296.52) 130.00 

A1 1 owance f o r  M a t e r i a l s  
Not D e t a i l e d  and Y i e l d  50.00 50.00 50.00 

To ta l  D i r e c t  M a t e r i a l s ,  Mfg. $2,421.73 $2,319.31 $2,243.84 

a~umbers  i n parentheses a r e  based on quo ta t i ons  o r  es t imates  today. Reduct ion 
t o  t h e  number a c t u a l l y  used i s  based on f o recas t s  f o r  a c o n t i n u i n g  p l a n t  
ope ra t i on  i n  t h e  e a r l y  1980s. 



T a b l e  4-2. DIRECT MATERIALS COST ESTIMATE FOR EACH PRODUCTION LEVEL 

Cost 
D o l l a r s  per  H e l i o s t a t  a t  

Account Quant  U n i t  
Given Annual P roduc t ion  Rate_ 

No. D e s c r i p t i v e  Name Y e r H  P r i c e  25,000 100,000 250,000 

MIRROR MODULE 

E-21203-0 M i r r o r  Pane1 ,' 48 x 132, s i l v e r e d  12 48.40 580.80 554.40 528.00 
46.20 

E-21204-0 Glass Panel,  F l o a t ,  48 x 132 12 24.20 290.40 287.52 284.64 
23.96 

E-29301 Adhesive, M i r r o r  Module 

S u b t o t a l ,  M i r r o r  Module 311.20 879.92 848.74 
-- --.---...- ...,-.-. --- _____- . _ . . . ... .- - 

E-21205-u M i r r o r  Module Components (Forecas t  f o r  624.40 612.68 601.18 
c o n t i n u i n g  p l a n t  o p e r a t i o n .  Other  m i r r o r  
module component va lues  p r o v i d e d  f o r  
r e f e r e n c e  o n l y .  ) 
. . -. - - - .- - - - - - 

SUPPORT STRUCTURE ' 

E-23203-0 Outboard Cross Beam 2 14.61 29.22 28.64 28 ..06 
14.32 
14.03 

E-23202-D Inboard  Cross Beam, McO-0 P r o t o t y p e  2 43.77 87.54 85.70 84.08 
42.89 
42.04 

E-23404-0 Diagonal Ream, McO .D P r o t o t y p e  4 70749' -"8i-.96- 80.32 78.72- 
20.08 
19.68 , 

R,, 46 - -.- E-23206-0 Ha L Sec t i on  St . i f fener .  McD-0 P r o t o t y p e  24 4.54 i n  106.50 . 1.- 
4.45 

. . 4.36 
E - 2 3 2 0 7 4  O u t b ~ b r ~ d  Arly le  - McD-U P r o t o t y p e  4 0.09 0.36 0.36 0.36 , 

0 .09 
0.09 

E-23208-D Inboard  Angle - McO-0 P r o t o t y p e  4 0.23 Ox-- 0.88 0.84 
U.22 

E-23209-0 Gusset Angle - McD-D Prototype 

E-27201-D C l i n c h  Nut - 1/4"  

E-27203-U Washer, SAE F l a t ,  1 /4  

0.01 
E-27302-D A d h e s i v e , M i r r o r t n H a t  S e c t i o n , .  1.7 20.00 3 4 . 0 ' 0 -  3 2 2 0 ; -  30.69 

MCD-D P r o t o t y p e  19.00 
18.05 -- - -- 

S u b t o t a l ,  Suppor t  S t r u c t u r e  361.16 353.00 345.03 



Table 4-2. (Cont'd) 

Cost 
Account 

No. D e s c r i p t i v e  Name 

D o l l a r s  per  H e l i o s t a t  a t  

Quant  U n i t  
Given Annual P r o d u c t i o n  Rate 

Per H P r i c e  25,000 100,000 250,000 

AZIMUTH DRIVE 

E-22.401-D Main C y l i n d e r ,  AZ DR HSG, 16 OD x .5 w a l l  1 
x 5.5, Raw Stock 

E-22402-D R e t a i n e r ,  AZ DR HSG, 14 I D  x 20 I D  x 1.25 1 
R o l l e d  f rom Bar Stock 

E-23003-D Top, AZ DR HSG, 16 D x 112 t, 1 

E-22404-D Motor  Mount, AZ DR HSG, 112 x 4 x 8 2 
Raw Stock 

E-22405-D Motor  Mount, AZ DR HSG, 112 x 4 x 7 2 
Raw Stock 

E-22406-D S h a f t  Mount, AZ DR HSG, 3.25. OD x 1.75 I D  
x 3, Raw Stock 1 

E-23007-D Ears, AZ DR HSG, 1 114 x 5 x 9 2 

E-23008-13 W r s ,  AZ DR HSG, 1 114 x 8 x 14 2 

E-22409-D Mernbrar~e, AZ DR, 10  OD x . I 5 6  1 
Raw Stock 

E-22410-D Tube, AZ DR, 10 OD x . I 5 6  x 8 
Raw Stock 

E-22411-D S p l i n e ,  AZ DR, 10  OD x .312 x 3 1 
Raw Stock 

E-22412-D Doubler ,  AZ DR, 6.5 OD x .375 
Raw Stock 

E-22413-D Plug, AZ DR, 7.0 OD x 1.5, 
Raw Stock 

E-22414-0 D r i v e  Shaft, AZ DR, 1.75 OD x .75 I D  1 
x 10.75, Raw Stock 

E-2241 5-D Reta iner -Oute r ,  AZ DR, 19.625 OD 1 
x 15.1875 I D  x 1.25, Raw Stock 

E-22416-D Pan O i l ,  AZ, DR, 15 OD x . I 2 5  
Raw Stnck 

E-2241'7-0 C i r c u l a r  S p l i n e ,  AZ DR, 15 OD x 10 I D  1 
x .2.75, Raw Stock 



I 
Tab le  4-2. (Cont ' d )  

Cost 
Account 

No. D e s c r i p t i v e  Name 

D o l l a r s  per  H e l i o s t a t  a t  

Quant  U n i t  Given Annual P roduc t ion  Rate 

Per H P r i c e  25,000 100,000 250,000 

E-22418-D Tube, E lec .  Wire, AZ DR, .688 OD 1 
x 0.63 w a l l  x 13, Raw Stock 

E-22419-D Cover, AZ DR, 9 OD x .125, Raw Stock 1 

E-22420-D Cover, AZ DR, 8 OD x .125, Raw Stock 1 

E-26001-D He l i con ,  AZ DR 1 

E-26002-0 P i n i o n ,  He l i con ,  AZ DR 1 

E-26003-D Ring. P i n i o n ,  R e t . ,  AZ DR. 314 c x t ~ r n a l  1 

E-26004-D Shim-gear, AZ DR, 1 .50 OD x 1.125 I D  1 

E-26005-D Key-gear, AZ DR, Use 114 x 114 x 1 square 1 

E-26006-D Nut-gear. AZ DR, Use I", AFBMA Std  W-05 1 

E-26007-D Washer-gear, AZ DR, Use I", AFDMA Std  W-05.1 

E-26008-D Bear ing -Dr ive  Sha f t ,  AZ DR, Use 1 I D  
x 2 1 / 4  OD x 314 L 1 

E-26009-D Ring, Bear ing  Ret., AZ OR, 2 114 OD 1 
i n t e r n a l  

E-26010-D Bushing, P i v o t ,  AZ DR, KJS-1616060 2 

E-26011-D Bear ing,  AZ DR, BB-2151 1 

E-26012-D Bear ing,  AZ DR, BB-2149, T u r r e t  1 

E-270024  B o l t ,  AZ DR, 112 x 2, Class 5 8 

E-27003-D B o l l ,  AZ DR, 112 x 3, c l a s s  5 8 



Table 4-2. (Cont 'd )  

Cost 
Account 

No. D e s c r i p t i v e  Name 

D o l l a r s  per  H e l i o s t a t  a t  

Quant  U n i t  Given Annual P r o d u c t i o n  Rate 

Per H P r i c e  25,000 100,000 250,000' 

E-27004-D Washer, AZ DR, '1/2 

E-270054  Screw, AZ DRY 1 /2  L, FH 

E-27006-D B o l t ,  AZ DR, High S t r e n g t h  

E-270074  Nut ,  AZ DRY High S t r e n g t h  

E-28001-D Clamp, AZ DR, Wire Tube 

E-27009-D >crew, AZ DRY Cover t o  D r i v e  

E-28002-D Grommet, AZ DR 1 

Sub to ta l ,  Azimuth D r i v e  

ELEVATION DRIVE 

E-23021-D Sides, Drag L i n k ,  EL DR, 8 x 24 x 3/4 2 
b lank  

E-23022-0 Ears, Drag L i n k ,  EL DR, 4 x 14 x 314 2 
b lank  

E-23023-D Top, Drag L i n k ,  EL DR, 15 x 20 x 1 /2  1 
b lank  

E-22432-D Tube, EL DR, 16 OD x . I 0 5  x 81 1/2, 1 
Raw C o i l  

E-23025-D Tab, Actuator , .  EL DR, .5  x 10 x 10 2 
b lank  

E-23026-D Tab, Hinge, El. DR, .5 x 9 9 b l a n k  4 

E-22427-D Flange, EL DR, .625 x 18  x 18 2 
Raw Stock 

E-22428-D Tube, C l e v i s ,  EL DR, 1 OD x 3/4 I D  2 

E-26013-D Rushing, EL DR. KJS 1620060 2 

E-26014-D Bushing, EL DR, KJS 1624060 2 



Table 4-2. (Con t ' d )  

Cost D o l l a r s  per H e l i o s t a t  a t  

Account Quant U n i t  Given Annual Product ion Rate 

No. D e s c r i p t i v e  Name Per H P r i c e  25,000 100,000 250,000 

Bushing, EL DR, 1612060 

Seal, EL DR, 1 x 1 1/12 

0.18 
Seal, EL DR, 1 1/2 x 2 x 1/8 8 0.20 1.60 1.52 1.44 

0.19 

Seal, EL DR, 1 1 / 2  x 2 x 1/4 

0.18 
Shim, EL DR, 3/4 ID x 1 1/2 OD x 1/8 4 0.13 0.52 .48 0.48 

n . i ?  
0.12 

Shim, EL DR, 1 I D  x 1 1/2 OD x 1/16 4 0.07 0.28 0.28 0.24 
?,07 
0.06 

Shim, EL DR, 1 I D  x 1 1/2 OD x 1/8 6 0.10 0.60 0.60 0.54 
' . 0.10 

0.09 
B o l t ,  EL DR, 3/4 x 5, Class 5 2 0.43 0.86 0.84 0.84 

0.42 
0.42 

Thrus t  Bearing, EL DR, KTM 1628063 4 0.21 0.84 0.80 0.76 
0.20 

Nut, EL DR, .75 

0.25 
Bushing, Clamp Up, EL DR, .75 Dia 2 0.10 0.20 0 .20  0.18 

x 5 lonq,  Class 8 0.10 - - 
0 -09  

Bo l t ,  Rod End, EL DR, 314 x 3 1/4, 2 0.35 0 .70  0 ,G8 0.66 
Class 8 0.34 

Nut, Rod End ,  EL DK, 314 

0.25 
Bushing, Clamp Up, EL DR 2 0.10 0.20 0 .20  0 .18 

0.1U - 0.09 
Jack, Screw, EL DR 2 293.00 586.00 556.70 529.26 

278.35 
264.43 

Shaft, P ivo t ,  EL DR, 1 1/8 T, 1"  Shaf t ,  4 1 .OO 4.00 3.80 3.64 
2 LG 0.95 

0. 91 r 

Washer, CL O R ,  'AN-9GO-416L, Lawrqence Eng. 4 U.1U 0.40 -OL. 40 0.36 
0.10 

Subtota l ,  E leva t i on  D r i ve  703.67 670.59 639,6_ 



Tab le  4-2. (Cont 'd )  

Cost 001 l a r s  per  He1 i o s t a t  a t  

Account Quant U n i t  Given Annual P roduc t ion  Rate 

No. D e s c r i p t i v e  Name Per H . P r i c e  25,000 100,000 250,000 

MOTORS 

E-28003-D Motors, T rack ing ,  1 /4  HP 

. E-28004-D Motors, Stowage, 1 / 4 H P  

E-28005-D Motors, Azimuth 1 

E-27016-0 B o l t s ,  Motor,  1 /4 x 1, Class 2 8 

E-27017-0 Nuts, Motor ,  1 /4  . 8 

E-27018-0' Washer, Flotor,  1 /4 8 

S u b t o t a l ,  Flotors 

PEDESTAL - 
E-22433-0 Tube, Pedesta l ,  24" OD x . I 0 5  w a l l  

x 123.5 C o i l  Stock 1 

~ 1 2 3 0 3 0 - 0  Cap, Pedesta l ,  .375 x 30 x 30 b l a n k  1 
Raw Stock 

E-23031-D Cover, Pedesta l ,  .0396 x 30 x 30 b l a n k  1 

S u b t o t a l ,  .Pedesta l  77.22 74.87 72.52 

CONTROLS 

E-28201-0 Microprocessor ,  INTEL 8748, 3030204 1 

E-28202-D Quad O i f f  L i n e  D r i v e r ,  OS 1488 N a t i o n a l ,  2 
3U3U2U5 

E-28203-0 Quad D i f f  ~ i n e '  Receiver ,  N a t i o n a l  OS 2 
1489, 3030206 

E-28204-0 . Hex D F l i p  Flop, T. I. 74174, 3030207 , 3 

E-282054  Capac i to r ,  .1 u f  @ 50V Sprague, 3 
(Cramer) 3030208 

E-28206-D Pywer Supply, Semiconductor CKT, 1 
MP 1.5, 750/2.15.100, 3030209 



T a b l e  4-2. (Cont 'd )  

Cost 
Accour~ t Quant  

No. D e s c r i p t i v e  Name Per H 
- 

E-28207-D P l a s t i c  Rox, Mac Oac, 3030210 1 

E-28208-0 24 P i n  Connector ,  Cramer-Amphenol 24- 1 
28P 303021 1 . 

E-28209-0 O p t i c a l  T ransce ive r ,  Spec t ron ics ,  1 
WPX-4141 Trans,  SPX-4140 Receiver ,  
3020204 

E-28210-0 Earom, 128 x 8, N i t r o n  NC7053PC 8 

E-28211 -D U a r t ,  T. I., TMS 601 1 1 

E-28212-D Hal 1 E f f e c t  Sensor M i c r o s w i t c h  
1AV3A, 2040201 

E-28213-0 L i n e  D r i v e r ,  F a i r c h i l d  9614, 2040202 3 

E-28214-D Fer rous  Meta l  D i s c ,  Mac Oac 2040203 3 

E-28215-0 L i n e  Receiver ,  F a i r c h i  l d  961 5, 2040301 1 

E-28216-0 Opto T r i a c ,  Moto ro la  MOC 3011, 2040302 4 

E-28217-D R e s i s t o r ,  Cramer Ca ta luy ,  2040303 4 

E-28218-0 C a p a c i t o r ,  .1  u f  @ 1400 V ,  Cramer 4 
Ca ta log  PKMlOPl , 2040301 

C-213219 .O  PC Board, 6"  x 6"  p l a t e d  t h r u  1 
e l e c t r o n i c  l a y o u t  f a b r i c a t o r s ,  
2040335 

E-28220-0 P l a s t i c  Cover, Mac Oac, 2040306 1 

E- 28221-0 Connectors f o r  f i b e r  o p t i c  couple,  2 
e s t i m a t e ,  2050303 . 

E-28222-0 P C B o a r d , 4 "  x 5 "  p l a t e d t h r u  1 
e l e c t r o n i c  l a ~ y o u t  fabricators, 
.3U3U201 

E-28223-ll 26 P i n  Cnnnector,  Cramcr-Amphenol 1 
24-28 S, 3030203 

E-28224-D C e n t r a l  Computer, a l l o w  

S u b t o t a l ,  C o n t r o l s  

E-28250.D ConLr.ul ( F o r e c a s t  f o r  c o n t i n u i n g  p l a n t  1 
o p e r a t i o n .  O ther  c o n t r o l  component 
Val ues p r o v i d e d  f o r  r e f e r e n c e  o n l y .  ) 

D u l l a r s  per  H e l i o s t a t  d t  

U n i t  Given Annual P r o d u c t i o n  Rate 

P r i c e  75,000 100,000 250,000 

3 .  fin T4'- - ' .3-6.4- 
3.60 3.56 

3.60 



cos t s  were o f ten  p rov i ded  as formal quo ta t i ons .  I n  cases where an engineer-  
i n g  es t ima te  was used, t h e  c o s t s  have g e n e r a l l y  been compared w i t h  s i m i l a r  
components and are i n  a reasonable  range. I n  some cases, judgment has been 
' app l i ed  t o .  produce a  c o s t  b e l i e v e d  t o  be compat ib le  w i t h  t h e  "s teady  
s t a t e "  ground r u l e s .  

Costs f o r  raw m a t e r i a l s ,  such as s t e e l ,  were p rov i ded  by  vendors as t h e  p r i c e  
f o r  t h e  h i g h e s t  q u a n t i t y  b racke t .  Th i s  p r i c e  was g e n e r a l l y  used f o r  t h e  
25,000 p roduc t i on  l e v e l .  For t he  100,000 and 250,000 l e v e l s ,  i t  was assumed 
t ha t 'modes t  improvements c o u l d  be made th rough  n e g o t i a t i o n .  I n  p r a c t i c e ,  i t  
i s  expected t h a t  s i g n i f i c a n t  r e d u c t i o n s  i n  t h e  t o t a l  d i r e c t  m a t e r i a l s  c o s t  
c o u l d  be made th rough  des ign  improvements and n e g o t i a t i o n .  

I n  t h e  case o f  c o n t r o l  components and m i r r o r s ,  c u r r e n t  c o s t  f i g u r e s  were 
ob ta i ned  f rom vendors and reduced t o  p r o v i d e  f o r  r e d u c t i o n s  f o r e c a s t  i n  
component c o s t  and t o  a l l o w  f o r  des ign  improvements. 

4.2.3 D i r e c t  Labor 

T y p i c a l  ass,umptions f o r  t he  o p e r a t i n g  c o n d i t i o n s  used i n  t h e  manual a n a l y s i s  
a re  l i s t e d  below. 

. p roduc t i on  r a t e  25,000 h e l i o s t a t s / y r  

o p e r a t i n g  e f f i c i e n c y  90% 

work d a y s l y r  240 

h r / y r  (240 d a y s l y r  X 7 man-hr/day- 
s h i f t  X 0.90 o p e r a t i n g ' e f f i c i e n c y )  1512 m a n - h r / y r - s h i f t  

ope ra t i on  - s h i f t s / d a y  2  

i h r / y r ,  two s h i f t s  3024 

The d e t a i l e d  manpower es t imates  a r e  based on t h e  number o f  men r e q u i r e d  to 
opera te  a  s tep,  u s i n g  t h e  1512 man-hours pe r  s h i f t  l i s t e d  and assuming t h a t  
a  second person i s  r e q u i r e d  i f  t h e  p i ece  r a t e  exceeds 1512. I f  one person 
i s  r equ i r ed ,  he i s  p a i d  f o r  2080 hours.  T h i s  produces a conse rva t i ve  l a b o r  
requi rement ,  because i f  a  person i s  n o t  f u l l y  u t i l i z e d  on one s tep,  he may 
per fo rm o t h e r  ope ra t i ons .  

D i r e c t  manpower es t imates  a r e  summarized i n  Table  4-3. These es t imates  a r e  
based on p r e l i m i n a r y  equipment des ign,  es t ima ted  crews f o r  commerc ia l ly  
a v a i l a b l e  equipment, and judgment. For  ma jo r  ope ra t i ons ,  a  s tep-by-s tep,  
moderate ly  conse rva t i ve  a n a l y s i s  has been made i n  t h e  Manufac tu r ing  Cost 
Es t imate  Work Sheet fo rmat  (see F ig .  4 - I ) , .  O p t i m i z a t i o n  o f  processes and 
equipment f o r  any s t e p  m igh t  reduce 'personne l  and equipment requi rements  by  ' 

20 t o  30%. I n  t h e  s teps  t h a t  r e q u i r e  many ope ra to r s ,  o p t i m i z a t i o n  m igh t  even 
reduce t h e  personnel  needed by 50 t o  75%. On t h e  o t h e r  hand, some processes 
ar.~cl equci pn~er-I t ni-iylrt ieequii'e inore peop le  o r  c o s t  more t h a n  t h i s  1  i m i  t e d  



T a b l e  4-3. D I R E C T  LABOR REQUIREMENTS FOR MANUFACTURING 

Persons R e q ~ j i r e d  at. Given Ann l~a l  .Prnd l l c t inn  Rate 

Per S h i f t  To ta l  2 S h i f t s  

25,000 250,000 25,000 250,000 -- ---------- 
11 - 26 - 22 - 52 - 

I tem 

MIRROR MODULE 

PANEL-SUPPORT STRUCTURE 

AZIMUTH DRIVE 
Housing Assy 

Main C y l i n d e r  
Reta iner  
S h a f t  Mount 
Motor Mount 
Ears (Procured) 
Welding 
Machining 

~ l e x  S p l i n e  
Membranes 
T I I ~ P ~  
~ p l  i neb 
F i e x  S p l i n e  nssy 

D r i v e - P l u g  
~ l u g b  
D r i v e  s h a f t b  
vr l ve  F i u q  Assy 

C i r c u l a r  S p l i n e  

Doublera 

p a n - o i l a  

Tube-Elec Wire b 

Cover, 9 - in .  ODa 

Cover, 8 - in .  00' 

Azimuth D r i v e  Assy 

ELEVATION DRIVE-PEDESTAL 
Drag L ink  

Sirips (Prn turpd)  
Ears (Procured) 
Top (Procured) 
Drag L ink  Assy . 

Main Beam 
Tubec 
Tab, Ac tua tor  (p rocured)  
Tau, n l r ~  e (Prucured) 
F l a m e  ( j r o c u r e d )  
~ u b e :  ~ j e v i s  ~prbcured) 
Main Beam Assy 

Pedestal  
Lap (rrocurea) 
Cover. (Pr'ocur.eJ) 
Tubec 
peaesral  ~ s s y  

E l e v a t i o n  D r i v e  Assembly 

CONTROLS, a l l o w  

CENTRAL QUALITY CONTROL, a l  low 

LOAD 

TOTAL, MANUEACTURI NG 

a Labor a l l  shown under f l e x  s p l i n e  membrane. 
b Labor a l l  shown under f l e x  s p l i n e  tube. 
c Main beam tube and pedestal  tube f a b r i c a t e d  i n  same p ipe  m i l l .  
d Goes t o  high-speed p i p e  m i l l .  



a n a l y s i s  i n d i c a t e s .  .Wh i le  some s i g n i f i c a n t  r e d u c t i o n s  a r e  b e l i e v e d  p o s s i b l e  
t h r o u g h  o p t i m i z a t i o n  s t u d i e s ,  such improvements a r e  c o n s i d e r e d  t o  be a  
con t ingency  a g a i n s t  unforeseen inc reases .  The o v e r a l l  r e s u l t  i s  b e l i e v e d  t o  
be m o d e r a t e l y  c o n s e r v a t i v e .  

Tn Tab le  4-4, t h e  manpower requ i rements  a r e  c o n v e r t e d  t o  c o s t s  a t  a  s t r a i g h t  
$12 p e r  hour  (wh ich  i n c l u d e s  f r i n g e  b e n e f i t s )  , w i t h  h o u r s '  e s t a b l  i s h e d  as 
f o l l o w s :  

P r o d u c t i o n  
Ra te  -- M a n - h r / h e l i o s t a t  p e r  man 

25,000 2080 + 25,000 = 0.0832 
250,000 2080 + 250,000 = 0.00832 

D e t a i l e d  e s t i m a t e s '  were based on a  p r o d u c t i o n  r a t e  o f  25,000 he1 i o s t a t s  p e r  
year ,  w i  t i1  mod i f  i c a t i o n  f o r  h i g h e r  volumes. 

Tab le  4-4. SUMMARY OF MANUFACTURING DIRECT LABOR COSTS 
FOR EACH PRODUCTION LEVEL 

T o t a l  No. o f  Persons T o t a l  Man-hr p e r  T o t a l  D i r e c t  Labor Cost  
a t  G iven Annual H e l i o s t a t  a t  G iven p e r  H e l i o s t a t  a t  G iven 
P r o d u c t i o n  Rate Annual P r o d u c t i o n  Rate  Annual P r o d u c t i o n   ate^ 

I tem 25,000 250,000 25,000 250,000 25,000 250,000 
- -- 

M i r r o r  Module Assy 22 52 1.83 0.43 21.96 5.16 
Panel Support  

S t r u c t u r e  Assy 40 210 3.33 1.75 39.96 21 .OO 
Azimuth D r i v e  86 3 74 7.16 3.11 85.92 37.32 
E l e v a t i o n  D r i v e  

Pedesta l  88 376 7.32 3.13 87.84 37.56 
C o n t r o l s  2 8 120 2.33 1 .OO 27.96 12.00 
Cen t ra l  QC , 12 4 0 1.00 0.33 12 .OO 3.96 
Load - 8 - 3 2 0.67 0.27 8.04 3.24 - - 
TOTAL, MANUFACTURING 284 - - - - - 1204 23.64 10.02 8283.68 8120.24 

- - - 
-- 

a F igu red  a t  8121hr i n c l u d i n g  b e n e f i t s .  

4.2.4 M a n u f a c t u r i n g  Equipment and F a c i l i t y  Requirements 

Equ ip~ i ient  q u a r ~ t i t i e s  werc developed f r n m  the  M a n u f a c t u r i n g  Cost  E s t i m a t e  Work 
Sheets. The b a s i c  r e q u i r e m e n t s  were devel 'oped f o r  t h e  p r o d u c t i o n  r a t e  o f  
25,000 h e l i u s t a t s  pe r  y c a r ;  m o d i f i c a t i o n s  were made f o r  mechan iza t ion  a t  
h i g h e r  volumes. A  s i n g l e  des ign  was assumed.. Equipment flexibility Tor 
o t h e r  h e l i o s t a t  des igns  was n o t  cons ide red .  

Costs  f o r  s p e c i a l  machines, such as t h e  s u p p o r t  w e l d i n g  j i g s ,  were e s t i m a t e d  
f r o m  an u n d e t a i l  ed concep tua l  ske tch  by  an i n d i v i d u a l  exper ienced  i n  d e a l i n g  
w i t h  s i m i l a r  machines. The c o s t s  o f  s t a n d a r d  machines were based on an 
e n g i n e e r i n g  e s t i m a t e  p r o v i d e d  by  t h e  s u p p l i e r  f o r  t h e  b d ~ e  machine and 
judgment e s t i m a t e s  f o r  t o o l i n g  and mechan iza t ion .  T h i s  approach p r o v i d e s  



es t ima tes  which, i n  summary, a re  p robab ly  w i t h i n  35%. However, even i f  they  
a re  o f f  by  a f a c t o r  o f  two o r  so, t h e  e f f e c t  on h e l i o s t a t  c o s t  i s  n o t  g rea t .  
Equipment. cos t s  are summarized i n  Table 4-5. 

Table 4-5. COST SUMMARY FOR MANUFACTURING CAPITAL EQUIPMENT 

Thousands n f  D o l l a r s  , 

a t  Given Annual P roduc t i on  Rate 

I t em 25,000 250,000 

MIRROR MODULE 

PANEL-SUPPORT STRUCTURE 

AZIMUTH DRIVE 
Housing Assy 

Main C y l i n d ~ r  
Retainel-  
Sha f t  Mounf 
Motor Mount 
Ears (Procured)  
Welding 
Machin ing 

f l e r  5p l  irle 
Membr anea 
~ u b e ~  
Spl i neb 
F lex  S p l i n e  Assy 

Dr ive-P lug 
Plug" 
D r i v e  Shaf tb  

Re ta i  ner-Outer 
C i r c u l a r  S p l i n e  
nnub le ra  
Pan-Oi l a  
Tube-Elec w i reb  
Cover, 9- in .  ODa 
Lbver,  8 - i n .  O D ~  
Azimuth D r i v e  Assy 

ELEVATION DRIVE-PEDESTAL 
Drag L ink  

Sides (Procured)  
F a i r ?  ( P I  ubur,cd) 
f o p  (Procured 
Drag L i n k  Assy 

Main  Beam 
TubeC 
Tab, Ac tua to r  (I 'rocur~ed) 
Tab, Hinge (Procured)  
Flange (Procured)  
Tube, C l e v i s  (Procured)  
Main Beam Assy 

Pedesta l  
Cap (Procured)  
Cover (Procured)  
Tttbec 
Pedesta l  Assy 

E leva r ron  U v i v e  A~.sel~~bly 

CONTROLS. a1 low 

CENTRAI QllAL ITY CONTROL, 01 low 

LOAD, a l l o w  100 - 400 - 
TOTAL, MANUFACTURING 

-- - ---- 
a Equipment a l l  show11 under f l e x  s p l i n e  membrane. 

Equipment a l l  shown under f l e x  s p l i n e  tube.  
c Equipment a l l ' shown  under main beam tube. 



Al though t he  est imates do n o t  cons ider  i t  i n  depth, smooth i n t e g r a t i o n  of 
a l l  t h e  smal l  p a r t s  p roduc t i on  s teps should reduce equipment and p l a n t  
requi rements.  

P l a n t  l ayou t s  f o r  each o f  t he  process steps, such as t h e  example i n  F ig .  4-2, 
were prepared based on process d e s c r i p t i o n s .  The balance o f  t h e  l ayou ts  can 
be found i n  Appendix C. These l ayou ts  were used t o  p rov ide  t h e  requi rements 
f o r  b u i l d i n g  space and t o  a s s i s t  i n  manpower est imates.  

F i g .  4-2. PLANT LAYOUT MIRROR MODULE ASSEMBLY LINE 

I ASSEMBLE PRESS - 

Table 4-6 summarizes es t imates  o f  in-process s to rage  space requi rements made 
t o  a s s i s t  i n  making p l a n t  layou ts .  An i n t e n s i v e  e f f o r t  t o  i n t e g r a t e  and 
op t im i ze  these  l a y o u t s  would s i g n i f i c a n t l y  reduce o v e r a l l  p l a n t  area r e q u i r e -  
ments. P l a n t  areas based on these  l ayou ts  are summarized i n  Tables 4-7 
and 4-8. 

I P S  

Table 4-6. IN-PROCESS STORAGE 
SPACE REQUIREMENTS 

~quare" 'Feet of '  P l a n t  
Space Needed a t  Given 
Annual P roduc t i on  Rate 

Hours o f  I n -  

REJ 

TRANSFER 

I t em  
Ref 1  e c t o r  Su r f  ace 
Back 1  i t e  
M i r r o r  Modu 1  e  
Inboard  Cross Beam 
Outboard Cross Beam 
Diagonal Beam 
Hat Sec t ion  S t r i n g e r s  
Supp'ort S t r u c t u r e  Angle, a1 low 
Mir.t*or Module w/S t r ingers  
Assembled Ref  1  ecLvr Panel 

INSPECT l NSP 

I P S  

Process Storage 
2 
2 
2  
2 
2 
2  
2 
2 
2 
2 

CLEAN 

REJ 

270' -1 

. 

GLUE 

I N S P  

t 

CLEAN 



T a b l e  4-7. MANUFACTURING FLOOR SPACE REQUIREMENTS FOR 
25,000 HELIOSTATS PER YEAR 

Space Requirements, ftL - 
I tern H i B a y  L o B a y  O f f i c e  Warehouse Pad 

- -  ~ 

MIRROR MODULE ASSEMBLY 

PANEL-SUPPORT STRUCTURE ASSY 

AZIMUTH DRIVE 

Housing 
Main Cy l  i nder 
Reta iner  
Motor Mount 
S l ld f t  Mount. I 

We1 d i  ng 
Machin ing 

Components 
I-+t.he 
Press 
F l e x  S p l i n e  Assy 
P l u g  Assy. 
C i r c u l a r  S p l i n e  
Outer R e t a i n ~ r  

Azimuth D r i v e  Assy 

tLEVATION DRIVE-PEDESTAL 

Drag L ink  Assy 
P ipe  F a b r i c a t i o n  
Main Beam Assy 
Pedestal  Assy 
E lev  Drive-Ped Assy 

CENTRAL QUALITY CONTROL 

CONTROL ASSY AND POWER SUPPLY, a l l o w  3,000 

LOAD 

Subto ta l  Manufact .~rr ing 107,260 5,000 

ENGINEERING, a l l ow  1,000 1,000 

SERVICE, a l l o w  2,000 , 2,000 

ADMINISTRATION, a l l o w  

S l ~ h t o t a l  - S u p p o r t  3, OQO 3,000 

TOTAL f t2  110,250 8,000 
U n i t  Cost p e r  f t2 
To ta l  Cost  

TOTAL CUSl 



T a b 1  e 4-8. MANUF'ACTURING FLOOR SPACE REQUIREMENTS FOR 
2 5 0 , 0 0 0  H E L I O S T A T S  PER YEAR 

-p - - - - 

Space Requirements, f t  2 

I tem Hi  Bay Lo Bay O f f i c e  Warehouse Pad 

MIRROR MODULE ASSEMBLY 56,700 1'8,000 

PANEL-SUPPORT STRUCTURE ASSY 143,800 5,000 169,000 

AZIMUTH DRIVE 164,700 6,000 50,000 

Housing 
Main Cy l i nde r  16,800 
Retainer 5,000 
Motor Mount 1,200 
Shaf t  Mount 1.400 
We1 d ing  ' 25,000 
Machining 27,000 

Components 
Lathe 9,000 

1,800 Press 
F lex  Sp' l ine Assy 17,800 
P lug  Assy 1,500 
Circul .ar  Sp l i ne  14,200 
Outer Reta iner  9,000 

Azimuth D r i v e  Assy 35,000 

ELEVATION DRIVE-PEDESTAL 97,000 

Drag Link Assy 12,000 
P ipe  F a b r i c a t i o n  15,000, 
Main Beam Assy 25,000 
Pedestal  Assy 15,000 
E lev  Drive-Ped Assy 30,000 

CENTRAL QUALITY CONTROL 3,000 

CONTROL ASSY AND POWER SUPPLY, a l l ow  

LOAD 

Subto ta l  - Manufactur ing 465,200 

ENGINEERING, a l l ow  3,000 

S E R V I C E ,  a l l ow  7,000 

ADMINISTRATION, a l l ow  

Subto ta l  - Support 10,000 

TOTAL f t 2  475,200 
U n i t  Cost per f t 2  8 35 
Tota l  Cost 816,632,000 

22,000 44,000 
8 30 8 15 
8660, OUU 6b6U, 000 

TOTAL COST 819,907,000 



B u i l d i n g  area es t ima tes  a re  based on these l a y o u t s  f o r  t h e  p roduc t i on  l e v e l  
o f  25,000 h e l i o s t a t s  p e r  year .  Est imates f o r  t h e  h i ghe r  l e v e l s  were ca l cu -  
l a t e d  based on h ighe r  mechanizat ion. Est imates o f  t he  l and  areas (Tab le  4-9) 
a r e  s imp l y  an area t h r e e  t imes  l a r g e r  than  a l l  b u i l d i n g s  and pads. 

Table 4-9. LAND REQUIREMENTS FOR MANUFACTURING 

T o t a l  B ldg2 T o t a l  Land 

He1 i o s t a t s  Space, . f t  Area Required Cost Per Acre Land Cost, 
Per Year ( I n c l u d i n g  Pad) ft2 Acres Improved, $ Improved, $ 

4.2.5 Support F a c i l i t i e s ,  Engineer ing,  and Cont ingency 

The es t imates  cons ider  suppor t  f a c i l i t i e s  as an al lowance. F i f t e e n  percen t  
each was added f o r  eng inee r i ng  and con t ingency  cos ts .  The 15% f o r  engineer-  
i n g  cos t s  i s  h i ghe r  than  a convent iona l  a r c h i t e c t ' s  fee,  b u t  i s ,  Sn t h i s  
w r i t e r ' s  exper ience, w i t h i n  a  normal range f o r  t h i s  t y p e  o f  p l a n t  design. 
The con t ingency  i s  p rov ided  f o r  i tems such as process s teps t h a t  a re  n o t  
foreseen,  machinery t h a t  i s  more compl i ca ted  than  expected, and es t ima te  
inadequacies t h a t  may r e s u l t  f rom the  moderate degree of . d e t a i l  .in t h i s  
s tudy.  Normal ly,  a  g r e a t e r  con t ingency  W O I J ~ ~  p robab l y  be used a t  t11.i~ stage 
of design.  However, because o f  t he  conse rva t i ve  ph i losophy  used i n  est ima- 
t i n g ,  t h i s  percentage was cons idered  reasonable.  From a p r a c t i c a l  stand- 
p o i n t ,  t h e  f a c i l i t i e s  c o u l d  d e f i n i t e l y  be b u i l t  w i t h i n  t h e  es t imates  by 
a d j u s t i n g  make-or-buy dec i s i ons  t o  f i t  t h e  f a c i l i t y  d o l l a r s  a v a i l a b l e .  

4.2.6 C a p i t a l  Cvs t Summary 

Es t imated  c a p i t a l  cos t s  are summarized i n  Table 4-10. These cos ts  were used 
w i t h  a  20% f i x e d  charge r a t e  t o  o b t a i n  t h e  c a s t  pe r  h e l l 6 s t a t .  

The f i x e d  charge r a t e  conver ts  the  c a p i t a l i z e d  c o s t  i n t o  a  s e r i e s  o f  un i f o rm  
annual c o s t s  over  t h e  l i f e  o f  t h e  asset.  The annual c o s t  i s  d i v i d e d  by  t h e  
annual p roduc t i on  r a t e  t o  determine t he  app rop r i a te  cos t  f o r  each h e l i o s t a t .  
The f i x e d  charge r a t e  i n c l u d e s  p r o v i s i o n s  for.  a r r ~ o r t i z a t i o n  o f  t h e  asset ,  
r e t u r n  on investment,  income taxes, p r o p e r t y  taxes, and c a p i t a l  r e p a i r s .  I n  
a  more d e t a i l e d  manual ana l ys i s ,  d i f f e r e n t  f ixed-charge r a t e s ,  p o s s i b l y  
h i ghe r ,  m igh t  be used on some equipment. The SAMICS model p rov ides  f o r  d i f -  
f e r e n t  equipment l i f e t i m e s  and thus  cons iders  d i f f e r e n t  f i x e d  charge r a t e s .  



Tab le  4-10. SUMMARY OF CAPITAL COSTS FOR MANUFACTURING 

Thousands o f  D o l l a r s  a t  
Given Annual P r o d u c t i o n  Ra te  

I t e m  25,000 250,000 

Land and Roads 
B u i l d i n g s  
M a n u f a c t u r i n g  -Equipment 
Support  Equipment, a l l o w  
Suppor t  F a c i l i t i e s ,  a l l o w  

Eng ineer ing ,  15% 
Cont ingency,  15% 

TOTAL 

Annua l i zed  C a p i t a l  Cost  
pe r  H e l i o s t a t ,  20% 
F i x e d  Charges 

4.2.7 D i r e c t  Manu fac tu r inq  Cost  sum mar.^ 

D i r e c t  m a n u f a c t u r i n g  c o s t s  a r e  summarized i n  T a b l e  4-11. These c o s t s  were 
used w i t h  company c o s t s  and i n s t a l l a t i o n  c o s t s  t o  a r r i v e  a t  a reasonab le  
c o s t  f o r  t h e  i n s t a l l e d  h e l i o s t a t .  

Tab1 e 4-1 1 . ESTIMATED DIRECT MAFIUFACTURIr4G COSTS, 1979 DOLLARS 

D o l l a r s  p e r  H e l i o s t a t  a t  
Given Annual P r o d u c t i o n  Ra te  

I tem 25,000 250,000 

D i r e c t  Costs 
~ i r e c t  M a t e r i a l s  
D i r e c t  Labor 283.68 120.24 

I n d i r e c t  M a n u f a c t u r i n g  
Expense and Cont i ngenc.y 100.00 50.00 

s u b t o t a l  - D i r e c t  and 
I n d i r e c t  M a n u f a c t u r i n g  Costs 2,805.41 2,414.08 

Annua l i zed  C a p i t a l  Cost  p e r  
H e l i  o s t a t ,  20% F i x e d  Charges 257.60 128.72 

TOTAL PER HELIOSTAT 3,063.01 2,542.80 
TOTAL PER SU METERa $ 62.44 -... $ 51.84 

. 
a 

49,053 m2 
p e r  h e l i o s t a t .  



4.3 INSTALLATION 

It was assumed t h a t  20 t o  21 h e l i o s t a t s  would be i n s t a l l e d  per  acre. The 
g r e a t e r  Los Angeles area was cons idered  t h e  c e n t r a l  d i s t r i b u t i o n  ~ o i n t  f o r  
h e l i o s t a t s  and c o n s t r u c t i o n  m a t e r i a l s ,  a t r a v e l  d i s t ance  o f  approx i~na te ly  
100 m i l e s .  

M a t e r i a l ,  l abor ,  equipment costs ,  and t r a n s p o r t a t i o n  were i n d i v i d u a l l y  ana- 
lyzed.  These es t ima tes  a r e  summarized i n  Tables 4-12 th rough 4-15. 

Table 4-12. COST SUMMARY OF DIRECT MATERIALS FOR INSTALLATION 

D01l;rr.s per He1 io i t a t " ' a t  -'- 
Q u a n t i t y  Given Annual Product  i IJ~I R a t ~  ---.. > _- 

Per Url i L 
I tem He1 i o s t a t  Pr i ce ,  $ 25,000 250,000 

Land 
S t a b i i i z a t i o n ,  a l l o w  
3 - i n .  Aspha l t  Cover 
Rebar, Foundat ion 

Tapered Pipe, Foundat ion 

Concrete,  Foundat ion 

P r ima ry  Feeder Cable 

Secvr~dary Feeder Cab1 e 

M i s c e l  laneous E l e c t r i c a l  
Equ i p rn~n t  

TOTAL 



Table 4-13. DIRECT MANPOWER FOR INSTALLATION 

I tem 

Persons ~ e e d e d  a a t  Given 
Annual Produc t ion  Rate 

25,000 250,000 

Purchase S i t e  
Clear /Level  S i t e  
Cover /S tab i l  i z e  S i t e ,  a1 lowb 
D r i l l  Foundat ion Hole 
Fab/Trans Rebar Cage 
I n s t a l l  Rebar Cage 
Fab/Trans S tee l  Form 
I n s t a l l  Form/Concrete 
Load/Trans Pedes ta l /Dr ive  
I n s t a l l  Pedes ta l /Dr ive  
Purchase/Trans Pr imary  C a b l e .  
Purchase/Trans Secondary Cable 
I n s t a l l  Cable 
Connect Cable t o  H e l i o s t a t s  
Transpor t  M i r r o r  Panels (Unload) 
I n s t a l l  M i r r o r  Panels 
Pu rchase / I ns ta l l  Power Supply 
E l e c t r i c a l  Checkout 
H e l i o s t a t  Al ignment . 

Subtota l .  - T ranspo r fa t i on  
Sub to ta l  - S i t e  

TOTAL 

-- 
a ~ u l t i ~ l e  s h i f t  p roduc t i on  ( t o t a l  manpower i n c l u d i n g  a l l  

s h i f t  requ i rements ) .  
The term l la l low" means t h a t  t h i s  i t e m  has no t  been e s t i -  
mated i n  d e t a i l  and a  number which i s  p a r t l y  o r  a l l  j udg-  
ment i s  used. 



Tab le  4-14. CAPITAL EQUIPMENT COST FOR INSTALLATION 

I tem 

Thousands of D o l l a r s  a t  
Given Annual Produc t ion  Rate 

25,000 250,000 

Purchase S i t e  
C lear /Leve l  S i t e  
C o v e r / S t a b i l i z e  S i t e ,  a l l o w  
D r i l l  Foundat ion Ho le  
Fab/Trans Rebar Cage 
I n s t a l l  Rebar Cage 
Fab/Trans S tee l  Form 
I n s t  a1 1 For .~~~/Concre te  
Lgad/Tranr Pcdest al/Dr. ivc 
I n s t a l l  Pedes ta l /D r i ve  
Purchase/Trans Pr imary  Cable 
Purchase/Trans Secondary Cable 
I n s t a l  1 Cable 
Connect Cable t o  H e l i o s t a t s  
T ranspor t  M i r r o r  Panels (un load)  
I n s t a l l  M i r r o r  Panels  
P u r c h a s e / I n s t a l l  Power Supply 
E l e c t r i c a l  Checkout 
H e l i o s t a t  Al ignment 

Sub to ta l  $3,831 $41,205 

Contingency, 15% 575 6,181 
Eng ineer ing ,  15% 575 6,181 

TOTAL $4,981 
---. ....- ' - , 

$53,567 - 



Table 4-15. ESTIMATED INSTALLATION COSTS, 1979 DOLLARS 

I t em 

D o l l a r s  per  H e l i o s t a t  a t  
Given Produc t ion  Rate 

25,000 250,000 

D i r e ~ t  Costs 
D i r e c t  M a t e r i a l  
D i r e c t  Labor 

( i nc l udes  overhead) 

Equipment Costs 
Equipment, a t  20% F ixed  

Charges 
Equipment Operat ion, a l l o w  

Sub to ta l  - D i r e c t  and 
Equipment Costs 

General Cont rac to r  Cont ingency 
and Fee 

TOTAL, INSTALLATION 

M a t e r i a l  cos t s  i nc l ude  l and  and m a t e r i a l s  f o r  s o i l  s t a b i  1  i z a t i o n .  These 
cos t s  a re  n o t  always i nc l uded  i n  h e l i o s t a t  c o s t  est imates.  They do n o t  
g r e a t l y  a f f e c t  the t o t a l  cos t ,  b u t  are a  requirement.  The l and  c o s t  i s  based 
on va lues p rov ided  by  r e a l  e s t a t e  agents i n  t h e  B.arstow area. 

An optimum method o f  s o i l  s t a b i l i z a t i o n  has n o t  been determined; hence t h i s  
va lue  i s  s imp ly  an al lowance. 

Labor charges were taken f rom the 1979 Means Cost Manual [5] based on s t r a i g h t  
t ime  o n l y  and s t a t e d  i n  d o l l a r s  pe r  hour. A l l  l a b o r  charges i n c l u d e  two r a t e  
values. The f i r s t  i s  a  base r a t e  p l u s  f r i n g e  b e n e f i t s .  The second i s  t h e  
burden r a t e  r e f l e c t i n g  overhead and p r o f i t .  Equipment c o s t s  a re  es t imated  
on t he  bas i s  t h a t  a l l  equipment, i n c l u d i n g  t r a n s p o r t a t i q n  equipment, w i l l  be 
purchased by t h e  h e l i o s t a t  s u p p l i e r  and i n s t a l l e r .  Much o f  t h i s  equipment 
w i l l  be designed and b u i l t  especSal ly  f o r  t h i s  opera t ion .  

Opera t ing  c o s t s  a re  based on va lues f rom t h e  Means Cost Manual. The i n c r e -  
mental  c o s t  o f  t r u c k  ope ra t i on  was based on government f i g u r e s  f o r  a  d i e s e l  
v e h i c l e  averaging 6 m i l es /ga l ,  w i t h  a  c o s t  o f  f11e1 a t  $0.60/gal (May, 1979 
f i gure)  . 
The genera l  c o n t r a c t o r  cont ingency and f e e  i s  es t imated  a t  10%. Th i s  c o s t  
m igh t  be lower  i n  a  r o u t i n e  opera t ion .  



4.4 COST SUMMARY 

Company c o s t s  f o r  manufac tu r ing  a r e  summarized i n  Table 4-16 f o r  t h e  250,000 
h e l i o s t a t / y e a r  case. The t a b l e  i n c l u d e s  a l l  manufactur ing cos t s  i n  a business, 
summarized i n  t h e  f o rma t  o f  an IRS co rpo ra te  income t a x  form. 

Tab1 e 4-1 6. MANUFACTURING COIIPANY COST ELENEflTS ( ILLUSTRATIVE PROFIT 
AND LOSS STATEMENT) FOR 250,000 HELIOSTATS PER YEAR 

I tem 
D o l l a r s  pe r  

He1 i o s t a t  

INCOME 
Gross Receipts-, Less Returns and A1 lowances 
Less Cost of Goods So ld  ( i n c l u d e s  i n d i r e c t  

manufac tu r ing  expenses) 
Gross P r o f  i t 
Other Income 

T o t a l  Income 

DEDUCTIONS 
Compensation o f  O f f i c e r s  
S a l a r i e s  and Wages ( n o t  deducted e l  sewhere) 
Repai rs  
Bad Debts 
Rents, L i g h t ,  and Heat 
Taxes 
In te res t .  
Amor t i za t i on  
Deprec i a t  i o n  

Curl l r .  i lru 1 i orls 
Adver.1 i s  i r ~ y  

1 
.Working C a p i t a l  I n t e r e s t  

Pension, P r o f  i t -S l iar i i t ig ,  e l c .  
Employee B e n e f i t  Proqrams 
Other Deduct ions 
Legal and Account ing Fees 
Consul t a r ~ t s  
T rave l  
Product  Development 

T o t a l  Deduct ions 

Taxable Income 
Income Tax 
Net A f t e r  Taxes 

a Equipment on ly ,  c o n s t r u c t i o n  i n t w i s t .  on h e l i o s t a t  f i e l d  
no t  inc luded .  
D i r e c t  l a b o r  b e n e f i t s  i nc l uded  i n  $12/hr. 



I n  Table 4-16, t h e  c o s t  o f  goods s o l d  and f i xed-charge  c o s t s  a re  based on 
modera te ly  d e t a i l e d  analyses. The o the r  numbers are based on l i m i t e d  analy-  
s i s  and can vary  s i g n . i f i c a n t l y  f rom i n d u s t r y  t o  i n d u s t r y  o r  company t o  
company. 

I n s t a l l a t i o n  cos t s  a re  summarized w i t h  manufac tu r ing  cos t s  i n  Table 4-17. 
The a d d i t i o n  o f  i n s t a l l a t i o n  c o s t s  t o  manufac tu r ing  c o s t s  p rov ides  a  t o t a l  
es t imated  i n s t a l l e d  cos t  o f  $3,993.52 pe r  h e l i o s t a t ,  o r  $81.42 per  square 
meter f o r  t h e  250,000 h e l i o s t a t / y e a r  case. 

Table 4-17. TOTAL INSTALLED HELIOSTAT COST 
FOR 250,000 HELIOSTATS PER YEAR 

Cost Der H e l i o s t a t .  $ , - 
Manufac tu r ing  I n s t a l  1  a t i o n  T o t a l  

D i r e c t  M a t e r i  a1 2,243.84 458.32 2,702.16- 
D i r e c t  Labor 120.24 238.39 358.63 
IME '&  Cont ingency 50.00 60.00 110.00 
Annual ized C a p i t a l  128.72 42.85 171.57 
OH and P r o f i t  571.20 79.96 651.16 

TOTAL 3,114.00 879.52 3,993.52 

4.5 COMPARISON WITH McDONNELL DOUGLAS ESTIMATES 

one' o f  t h e  o b j e c t i v e s  o f  t h i s  a n a l y s i s  was t o  p rov ide  an independent, p re -  
sumably o b j e c t i v e  est imate.  The approach t o  t h i s ,  w i t h  r espec t  t o  t h e  
McDonnell Douglas i n fo rma t i on ,  was t o  r ead  th rough t h e i r  document, i n c l u d i n g  
p roduc t i on  methods; then proceed - independent ly  w i t h  r e fe rence  o n l y  t o  t h e  
des ign i n fo rma t i on .  There was l i t t l e  e f f o r t  t o  eva lua te  o r  even t o  under- 
s tand t he  p roduc t i on  scenar ios  used by McDonnell Douglas. We s t a r t e d  w i t h  a  
p a r t  des ign and used our  own conceptual  approach f o r ' p r o c e s s ,  equipment, and 
1  abor . 
I n  t he  course o f  o b t a i n i n g  es t imates  f o r  m a t e r i a l s  and components, we f r e -  
q u e n t l y  er.~countered vendors who had a l r eady  prepared q ~ ~ o t a t i o n s  f o r  
McDonnell Douglas. Thus severa'l m a t e r i a l s  cos t  es t imates  a re  l i k e l y  t o  be 
t h e  same, w i t h  adjustment f o r  i n f l a t i o n .  Often, we ob ta ined  an es t ima te  f o r  
t h e  s p e c i f i e d  p a r t  f rom a d i f f e r e n t  vendor. Whi le  our  m a t e r i a l s  cos t s  have 
n o t  been cross-checked aga ins t  McDonnell Douglas m a t e r i a l s  c o s t s  i t e m  b y  
i tem, we found severa l  i tems, such as motors, t h a t  had p r i c e s  i n  t h e  same 
genera l  range f r om d i f f e r e n t  vendors. 

Because o f  the  independence o f  our approach, i t  was w i t h  some s u r p r i s e  t h a t  
we fourld such c l o s e  agreement bctwccn our  manual c a l c ~ r l a t i n n s  f a r  t h e  
250,000 u n i t  per  year  case and McDonnell Douglas 's  250,000 u n i t  per  year  
10th-year  case. Th i s  i s  i l l u s t r a t e d  i n  Table 4-18. 



TABLE 4-18. COMPARISON OF HELIOSTAT COMPONENT COSTS 
-McDonald Dougl as, 250,000 He1 iostats per Yeara 
-Manual, 250,000 Helistats Per Year 

Labor Materi a1 s Cost. 
~ ~- 

Man Hours Per Heliostat Do1 1 ars Per He1 ikstat 
McDonnell Manual Difference McDonnell Manual Difference 
Doug1 as Doug1 as -- 

Total, Heliostat 23.8 22.2 -1.6 2070 2703 +633 

Total, Manu- 5.0 10.1 '+5.0 1700 2245 +545 
facturing 

Reflectivesurface 0.4 0.4 0.0 424 601 177 

M i r r o v  Support 
Structure 1.0 . 1.8 +O. 8 308 345 +37 

Azimuth Drive 1.4 3.1 +1.7 2-7 265 +58 

E 1 evat i on Drive 
Pedestal 0.9 3.1 +2.2 40 9 713- +304 

Motors 0.0 0.0 0.0 15 3 1/11 -12 

Controls and Power 
suPP 1~ 1.3 1.0 -0.3 199 130 -69 

Central QA and 
Loading, Allow - 0.6 +0.6 - 5 0 +50 

Installation, Field 
Assembly and 
Ghcclcout 10.8 12.2 , 4 . 6  3 /U 458 +88 

- --- 
a Easton, C. R., Sol ar Central Receiver Prototype He1 i ~stat. MDC-G-7399; 
McDonnell Douglas Corporation; August 1978; pp. 9-24. 

While the estimates are not directly comparable because of differences in make- 
or-buy, it is apparent that adjusting for one year of inflation would hring 
,t l.~erii ve r y  cl ose togee her. 

From Table 4-18 it is apparent that if we escalate 10% from the McDonnell 
Douglas 1978 estimates the only significant differences in materials costs are 
in the reflective surface ($424 plus 10% = $466 vs. $601), the elevation drive- 
pedestal ($409 plus 10% = $450 vs. $713), the controls ($199 plus 10% = $219 
vs. $130), and installation ($370 plus 10% = $407 vs. $458). These differences 
are readily explained. We have used purchased mirrors and McDonnell Douglas 
used an in-house mirroring process. Our estimated cost for elevation drive 
jack screws is $264.43 each, while the McDonnell Douglas estimated cost is 



$141.75. We have been s l i g h t l y  more o p t i m i s t i c  about t h e  p o t e n t i a l  f o r  c o s t  
r e d u c t i o n  i n  t h e  c o n t r o l  package. We have i nc l uded  l and  c o s t  and s i t e  work 
a t  $112 per  h e l i o s t a t  and t h i s  i s  n o t  i nc l uded  i n  t h e  McDonnell Douglas e s t i -  
mates. We f e e l  t h a t  w i t h  f u r t h ~ r  i n v e s t i g a t i o n  on our  p a r t  these  d i f f e r e n c e s  
would ve r y  l i k e l y  be reduced. Whi le  t h e  o v e r a l l  man-hours f o r  h e l i o s t a t  p ro -  
d u c t i o n  and i n s t a l l a t i o n  a re  ve r y  c l ose ,  t h e r e  a re  s i g n i f i c a n t  d i f f e r e n c e s  
i n  the  man-hours between manufac tu r ing  and i n s t a l l a t i o n .  Th i s  i s  appa ren t l y  
p a r t l y  because we have i n c l u d e d  some ope ra t i ons  i n  manufac tu r ing  which a re  
i nc l uded  i n  i n s t a l l a t i o n  i n  the  McDonnell Douglas es t ima te  and p a r t l y  because 
we have ,used a  h i ghe r  degree o f  mechan iza t ion  f o r  f i e l d  o p e r a t i o n s  and a  
lower degree o f  mechanizat ion i n  p roduc t ion .  Also,  McDonnell Douglas has 
es t ima ted  on t h e  b a s i s  o f ' p r o c u r i n g  some f i n i s h e d  p a r t s  t h a t  we have e s t i -  
mated as raw s tock,  w i t h  manufac tu r ing  ope ra t i ons  in-house. 

B v e r a l l ,  we f e e l  t h e  genera l  agreement o f  t h e  es t ima tes  i s  much more s i g n i f -  
i c a n t  than the  d i f f e r e n c e s .  



SECTION 5.0 

SAMICS COST ESTIMATE 

5.1  SAMICS DESCRIPTION 

The d e s c r i p t i o n  i n  t h i s  s e c t i o n  has been e x t r a c t e d  almost ve rba t im f rom 
Chamber la in 's  r e p o r t  on t h e  normat ive  p r i c e  f o r  a manufactured product .  131 

SAMICS p rov ides  s tandard formats,  data,  assumptions, and procedures f o r  
de te rm in ing  t h e  p r i c e  a h y p o t h e t i c a l  manufacturer  would have t o  o b t a i n  i n  t h e  
marke t  t o  r e a l i z e  a s p e c i f i e d  a f t e r - t a x  r a t e  o f  r e t u r n  on e q u i t y  f o r  a spec- 
i f i e d  l e v e l  o f  p roduc t ion .  

SAMICS was f i r s t  a p p l i e d  t o  s o l a r  c e l l  a r r a y  manufactur. ir ly. I n  o rde r  t o  
a p p l y  t h e  SAMICS methodology t o  o t h e r  i n d u s t r i e s ,  i t  i s  necessary t o  r e p l a c e  
t h e  s tandard i n d u s t r y  s t r u c t u r e  da ta  w i t h  da ta  t h a t  i s  app rop r i a te  t o  o t h e r  
i n d u s t r y .  It i s  a l s o  necessary t o  develop t h e  r e l e v a n t  process desc r i p -  
t i o n s .  These a re  s t r a i g h t f o r w a r d  procedures. 

The approach taken  by SAMICS i s  c o n c e p t u a l l y  v e r y  s imp le  and fundamental :  
d e s c r i b e  the  d i r e c t  requi rements of each manufactur ing process; determine 
t h e  personnel ,  f a c i l i t i e s ,  u t i l i t i e s ,  m a t e r i a l s ,  supp l ies ,  and number o f  
machines needed t o  produce a s p e c i f i e d  annual amount o f  t h e  f i n a l  product ;  
t h e n  i n f e r  t h e  f a c i l i t i e s ,  i n d i r e c t  personnel ,  and o t h e r  necessary suppor t  
requi rements.  To o b t a i n  a r e a l i s t i c  r e s ~ ~ l t ,  many p r a c t i c a l  comp l i ca t i ons  
a re  c a r e f u l l y  modeled. These compl i ca t ions ,  however, a r e  i n t e r n a l  t o  t h e  
model; a user need o n l y  desc r i be  t he  manufac tu r ing  process sequence and app ly  
SAMICS t o  produce an e s t i m a t e  o f  t he .marke t  p r i c e  t h a t  must be rece i ved  t o  
o b t a i n  a s p e c i f i e d  p r o f i t .  D e t a i l e d  manufactur ing c o s t  breakdowns a re  
developed a long t h e  way. 

The SAMICS methodology i s  v e r y  genera l  and i s  expected t o  be u s d l ~ l e  i n  v l r -  
t u a l l y  any marsufacturlng l r idus t ry .  SAMICS can be used t o  es t ima te  t h e  manu- 
f a c t u r i n y  cus l s  and p roduc t  p r i c e s  assoc ia ted  w i t h  process a l t e r n a t i v e s  f o r  
complete manufac tu r inq  sequences. Tt can 3 . 1 ~ 0 .  be used t o  ~ 5 5 ~ 5 3  t h e  i111pa~1 
of changes i n  f i n a n c i a l  parameters, such as cos t s  o f  i n p u t  goods o r  serv-  
i ces ,  i n f l a t i o n  ra tes ,  t a x  p o l i c i e s ,  i n t e r e s t  r a t e s ,  and r e q u i r e d  r e t u r n  on 
e q u i t y .  Economies o f  s c a l e  can a l s o  be i nves t i ga ted ,  as a l l  cos t s  and i n d i -  
r e c t  requ i rements  a re  descr ibed  as f u n c t i o n s  o f  annual q u a n t i t i e s .  

SAMICS i s  l i m i t e d  by a number o f  u n d e r l y i n g  assumptions. Perhaps t he  most 
impo r tan t  o f  these  i s  t h a t  t h e  market i n t e r a c t i o n  o f  supp ly  and demand i s  
ignored :  demand i s  assumed t o  be known, s teady over t i m ~ ,  and una f f ec ted  by 
t he  r e s u l t a n t  SAMlCS p r i c e  es t imate .  That i s ,  t h e  SAMICS p r i c e  i s  what t h e  
h y p o t h e t i c a l  i n d u s t r y  would have t o  be ab le  t o  charge i f  i t  were t o  recover  
a l l  o f  t h e  cos t s  o f  manufac tu r ing  and make a p r o f i t .  There i s  no guarantee 
t h a t  t h i s  p r i c e  would ever a c t u a l l y  occur i n  t he  market. A second major 
l i m i t i n g  assumption i s  t h a t  a l l  f a c t o r i e s  i n  t h e  i n d u s t r y  opera te  i n  a 
p r o d u c t i  on-1 i ne mode. The o p e r a t i n g  cos t s  (and revenues) o f  r e a l  companies 
v a r y  w i d e l y  f rom year  t o  year ,  e s p e c i a l l y  i n  t h e  f i r s t  few years  o f  opera- 
t i o n .  I q  o rder  t o  c a l c u l a t e  a unique annual c o s t  r a t e ,  SAMICS assumes t h a t  



the  modeled f a c t o r i e s  have reached a  s t eady -s ta te  o p e r a t i n g  c o n d i t i o n ,  b u t  
t h a t  t hey  a re  s t i l l  pay i ng  o f f  t h e  expenses o f  g e t t i n g  s t a r t e d .  The even- 
t u a l  f a c t o r y  shutdown i s  assumed t o  be so f a r  i n  t h e  f u t u r e  t h a t  i t s  e f f e c t s  
on c o s t s  a re  n e g l i g i b l e .  The r e s u l t a n t  smoothing o f  annual c o s t s  does t a k e  
i n t o  account e s c a l a t i o n  r a t e s  and each company's d i scoun t  r a t e .  

An ex tens i ve  body o f  s tandard ized  da ta  i s  a  p a r t  of SAMICS. Th i s  s tandard  
da ta  i nc l udes  i n d i r e c t  requ i rements  (such as how much b u i l d i n g  space i s  
needed f o r  each square meter o f  f a c t o r y  f l o o r  space), p r i c e  i n f o r m a t i o n  f o r  
a l l  d i r e c t  and i n d i r e c t  requ i rements ,  c a p i t a l  c o s t  e s t i m a t i n g  r e l a t i o n s h i p s  
f o r  each o f  t h e  f a c i l i t i e s  parameters,  and economic parameters (such as t he  
genera l  r a t e  o f  i n f l a t i o n  and t he  co rpo ra te  income t a x  r a t e  schedule) .  The 
casual  user  o f  SAMICS need n o t  concern h i m s e l f  w i t h  any o f  t h i s  s tandard  
data.  

T t  w i l l  g e n e r a l l y  be the  case t h a t  t he  most d i f f i c u l t ,  t ime-consuming a c t i v -  
i t y  i n  t h e  a p p l i c a t i o n  o f  SAMICS w i l l  be t h e  development o f  an i n i t i a l  s e t  
o f  process d e s c r i p t i o n s .  A d e t a i l e d  unders tand ing  o f  t h e  d i r e c t  r e q u i r e -  
ments f o r  each o f  t h e  processes i n  t h e  h y p o t h e t i c a l  companies i s  e s s e n t i a l  
f o r  t he  p r e p a r a t i o n  o f  any . d e t a i l e d  c o s t  es t imate .  

. 1 

Augmentation o f  t h e  s tandard ized  da ta  base i s  r equ i r ed .  P r i c e  i n f o r m a t i o n  
must be ob ta ined  f o r  any new k i n d s  o f  d i r e c t  o r  i n d i r e c t  requ i rements .  Cap- 
i t a l ' c o s t  e s t i m a t i n g  r e l a t i o n s h i p s  a re  needed f o r  any new k i n d s  .of f a c i l i -  

' t i e s  parameters, and r e l a t i o n s h i p s  among i n d i r e c t  requ i rements  must be 
developed f o r  every  new k i n d  o f  d i r e c t  and i n d i r e c t  requ i rement .  

5.2 MATERIALS INPUT 

D i r e c t  m a t e r i a l s  are prepared f o r  e n t r y  t o  SAMICS i n  t h e  f o rma t  o f  F i g .  5-.1. 
Expense i tems e n t r i e s  t o  SAMICS f o r  t h i s  a n a l y s i s  a re  sumrnarized i n  
Appendix D. 

Ma te r i a l ' s  cos t  es t imates  were en te red  f o r  f o u r  p r o d u c t i o n  r a t e s :  2,500, 
25,000, 100,000, and 250,000 h e l i o s t a t s  per  year .  The p r ima ry  reason f o r  
p r o v i d i n g  t he  2,500 ( n o t  shown i n  F ig .  5 - 1 )  and 100,000 cases f o r  m a t e r i a l s  
was t o  e s t a b l i s h  a d d i t i u r ~ d l  d a t a  p o i n t s  f o r  SAMICS e x t r a p n l a t i o n .  SAMICS 
i n t e r p o l a t e s  or  e x t r a p o l a t e s  f rom t h e  va lues  en te red  t o  produce cos t s  f o r  
t h e  p r o d u c t i o n  r a t e s  o f  i n t e r e s t .  

I n  SAMICS, t h e  program s e l e c t s  t h e  d i r e c t  m a t e r i a l s  cos t s  f o r  t h e  p r o d u c t i o n  
r a t e  se lec ted .  Hence, t h e  d i r e c t  m a t e r i a l s  c o s t s  shou ld  be t h e  same f o r  a  
g iven  p roduc t i on  r a t e  even though equipment, l abo r ,  and o t h e r  cos t s  w i l l  v a r y  
w i t h  t h e  t y p e  o f  equipment and process used. 



Refet-cnt: 
Nu~rhcr 

(Cost 
Acc t  No.) D e s c r i p t i v e  Name 

Main Cy l inder ,  AZ DR HSG,'16 OD x . 5 ' w a l l ! x  5.5 

Reta iner ,  AZ DR HSG, 14 I1 x 20 I D  x 1.25 

Top, AZ DR HSG, 16 0 x I/? t 

Motcr Mount, AZ DR HSG, 1'2 x 4 x 8 

Motor Mount, AZ DR HSG, 1;2 x 4 x 7 

Sha f t  Mount, AZ OR HSG, 3.25 CO x 1.75 I 0  x 3 

Ears, A2 DR HSG, 1 1/3 x E x S 

Ears, A2 DR HSG, 1 1 /4  x E x 14 

Membnne, AZ DR, 10 OD x . I 5 6  

Tube, AZ DR, 10 OD x . I 5 6  < 8 

S p l i r e ,  AZ DR, 10 OD x .31! x z. 

Doubl,er, AZ DR, 6.5 00 x .375 

Plug, AZ DR, 7.0 OD x 1 .5  

P r i c e  Pcr  Q u a n t i t y  I ( I n f l a - l Q u a n t I  Relat, ionrhip,s 1 , 1 1 u n i t  l l ~ u a n t i t y  
Q u a n t i t y  P r i c e - P r i c e  

Cy 1 i nder 

Re ta i  ner  

To P 

Mount 

Mount 

Mount 

Ear . 

.Ear 

Menbrane 

Tube 

S p l i n e  

Doubler 

P l  ug 

F i g .  5-1. SAMICS COST ACCOUNT ENTRIES-EXPENSE ITEM.; 



5.3 PROCESS, FACILITIES, AND LABOR INPUT - FORMAT A 

The i n f o r m a t i o n  developed above was used i n  t h e  p r e p a r a t i o n  o f  SAMICS i n p u t  
da ta  sheets [ 6 ] ,  as F igs .  5-2 and 5-3 i l l u s t r a t e .  Complete se ts  o f  SAMICS 
"Format A" da ta  a re  con ta ined  i n  Appendices E and F. F ig .  5-4 summarizes t h e  
Format A process d e s c r i p t i o n  sheets and t h e  r e l a t i o n s h i p  o f  each t o  t he  
o ther .  

SAMICS da ta  were prepared based on the 'manual  es t ima te  f o r  p roduc t i on  r a t e s  
o f  25,000 u n i t s  pe r  year  and 250,000 u n i t s  pe r  year.  A t  t h e  25,000 u n i t  p e r  
year  r a t e ,  equipment, process, and personnel es t imates  were based on t h e  
assumption t h a t  25,000 u n i t s  per  year  would be produced. Th i s  case i s  
r e f e r r e d  t o  as t he  25,000 u n i t  per  year  process. A t  t h e  250,000 u n i t  per  
yea r  r a t e ,  t h e  equipment, process, and personnel requi rements assumed a p ro -  
duc t i on  r a t e  o f  250,000 u n i t s  per year.  Th i s  case i s  r e f e r r e d  t o  as t h e  
250,000 u n i t  per  year  process. SAMICS uses t h e  equipment throughput  r a t e s  
and personnel requi rements o f  e i t h e r  case t o  produce requi rements f o r  o t h e r  
p roduc t i on  ra tes .  Because equipment, process, and personnel requi rements 
a re  d i f f e r e n t  f o r  t he  two processes, s l i g h t l y  d i f f e r e n t  r e s u l t s  w i l l  be 
ob ta ined  a t  any g iven  p r o d u c t i o n ' r a t e  es t imated  by  t h e  two processes. 

chamberlain [ 6 ]  p rov ides  a li ne-by - l i ne  exp lana t i on  o f  t h e  s tandard process 
D e s c r i p t i o n  f o r  e n t r y  i n  Format A. Th i s  exp lana t i on  i s  g i ven  n e a r l y  verba- 
t i m  i n  the  remainder o f  t h i s  sec t i on .  

Manufac tu r ing  technology, as descr ibed by a Format A f o r  each process, i s  a  
major  p a r t  o f  t h e  manufac tu r ing  i n d u s t r y ' s  i n p u t  t o  t h e  model' used i n  SAMICS 
t o  es t imate  t he  p r i c e s  o f  the  products  o f  t h a t  technology. F a b r i c a t i o n  o f  a  
company's p r o d u c t ( s )  g e n e r a l l y  r e q u i r e s  t h e  performance o f  a  sequence o f  
opera t ions  o r  processes. The purpose o f  Format A i.s t o  desc r i be  t h e  econom- 
i c a l l y  impor tan t  c h a r a c t e r i s t i c s  o f  one o f  these processes. 

Segregat ion o f  the  process sequence i n t o  separate processes i s ,  a t  l e a s t  i n  
some cases, somewhat a i - b i t r a r y .  I n  those  case.s, separate machines o r  sepa- 
r a t e  p ieces o f  apparatus should be d i s t i ngu i shed .  Format A u s u a l l y  descr ibes  
a p a r t i c u l a r  k i n d  o f  equipment b u t  sometimes Format A descr ibes  a c o l l e c t i o n  
o f  equipment, such as a q u a l i t y  c o n t r o l  i n s p e c t i o n  s t a t i o n  o r  p a r t  o f  a  , 

m a t e r i a l s  hand l i ng  system, A t  o t h e r  t imes, Format A descr ibes  a p rocess ing  
s tep  performed by s p e c i a l  f a c i l i t i e s ,  such as s to rage  between manufac tu r ing  
opera t ions .  

5.3.1 P a r t  1  - Product  D e s c r i p t i o n  

Park 1 o f  Format A descr ibes  t he  p r n r l ~ l c t  p r ~ d u c e d  by t he  process. Th i s  p a r t  
p rov ides  a p roduc t  name, which may be t h e  same name as t h e  process, a  b r i e f  
d e s c r i p t i o n  o f  t he  p roduc t  and t h e  u n i t s  o f  measure f o r  t h e  product .  

5.3.2 P a r t  2  - Process C h a r a c t e r i s t i c s  

Process c h a r a c t e r i s t i c s  s p e c i f y  t h e  o p e r a t i n g  parameters o f  a s i n g l e  
machine. Th is  p a r t  p rov ides  t h e  o'utput r a t e  o f  t h e  machine, which 



" 
FORMAT A 

$-- PROCESS DESCRIPTION 
JET PROPt'L.SIOS LABORATORY 
~ ~ i ~ o r a i r  I n ~ r i r r i r  01 T e r b n o l o 8 ~  Note: Names glven in brackets [ 1 
JAOO 04 CIO, , DI. / P a ~ r d r u .  ~ d i / .  91  103 are the names of process anributcs 

requested by the SAMIS Ill 
computer program. 

M I R O R  BOND A1 Process [Referent] 

A2 [Descriptive Namel 
MIRROR PANEL BONDING TO BACKLITE, INCLUDING RECEIVING 

INSPECTION AND CLEANING 

PAnT 1 a PRODUCT DCLCIIII'I lUN 

A3 [Product Referent] M I  RORBOND 

D~,crIp~lve Name [Product Name1 MTRROA MODULE I\SSEr.!ULY 

A5 Unit Of Measure [Product Units] M o D u ~ t  

PART 2 - PROCESS CHARACTERlSTlCS 

A6 [Output Rate] (Not Thruput) 5 Units (given on line A5) Per Operating Minute 

A7 Average Time at Station 15 Calendar Minutes (Used only to compute 
[Processing Time] In.pP6tess inventory) 

A8 Machine "Up" Time Fraction ' Operating Minutes Per Minute 
[Usace Fraction1 

PART 3 - EQUIPMENT COST FACTORS [Machine Description] 

A9 Component [Referent] BONDER. MIRINSP M I  kPKtSS 

A9a C~rqement IDercr~prive Name] (Optional) C l ~ a n i n g ,  NDT and Plywood 
Glue A p p k  n t h ~ r  Tvoe Press, 
Convcy - Modi f i cd  

1979 A10 Base Year For Equipment Prices [Price Year] -. 1979 1979 

A1 1 Purchase Price (9 Per Component) [Purchase Cost] 5253000 650,000 -- 925.000 

A12 Anticipated Useful Life (Years) [Useful Life] 15 10 2 0 

A13 [Salvage Vdlue] ($ Per Component) 50,000 . 10,000 10.000 

A14 [Removal and Installation Cost] ($/Component) 75 ,000 ..-,-... ,~ 25. o m  75 .ooo 

Note: The SAMIS Ill computer program also prompts for the [peyment float.interval1, the [inflation rate table], the 
[equipment tax depreciation methodl , a d  the [equipment book depreciation methud]. In  the LSA SAMICS context, 
use 0.0, (1975.6.0). DDB, and SL. 

F i g .  5-2. FORMAT A: PROCESS DESCRIPTION, PAGE ONE 



Format A: Process Description (Continued) 

A15 Process Referent (From Page 1 Line A l )  MIRORBOND 

PART4 - DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnel) 
[Facilities and Personnel Requirements] 

A16 A18 A19 A17 

Catalog Number Amount Requlred 
[Expense l tem Per Machine (Per Shift) Units Requirement Description 

Referent] [Amount per hqachine] 

A-2097D 18,900 Sq F t  Manufactur ing Space, H i  Bay 
5-3/52-D 7 Person/Shi f t  Produc t ion  Machine Operator  . 
5-3720D 4 Person/Shi f t  I n s ~ e c t o r / Q u a l  i t y  Contro l .  

PART 5 - DIRECT REQUIREMENTS PER MACHINE PER MINUTE 
[Byproduct Outputs1 and [Util it ies and Commodities Requirements] 

A20 A22 A23 A21 
Catalog Number Amount Required 
[Expense Item Per Machine Per Minute, ' Units Requirement Description 

Referent] [Amount per Cycle] 

C-10325 1 . O  -- kW h E l e c t r i c i t y  
C-1016B 0.125 Cu ft Water 
C-10485 0.117 Gal lons Fuel O i l  
C-2032D 3.0 Cu ft Compressed A i r  
C-40101 D 0.17 Lb Deterqent  
t-21201 D 5.02 M i r r o r  M i r r o r  Panel 
k-21202D 5.02 L i  t e  Glass Panel 
E-27301 D 0.85 Gal lons  Adhesive 

PART 6 - INTRA-INDUSTRY PRODUCT(S) REQUIRED [Required Products] 

A24 A28 A26 A27 A2 5 
[Product [ ~ ~ e l d l *  [Ideal !atlo]** Uf 
Reference] (%I  Units O u t / ~ n i t s .  ln  Units Of A26*** Product Name 

Prepared by K Drumhel l e r  Date 6/29/79 . 

* 100% minus percentage of required product lost. 
** Assume 100% yield here. 
** Examples: Rlodules/Cell or Cells/\~afer. 

F ig .  5-3. FORMAT A: PROCESS DESCRIPTION,  PAGE TWO 



M I  RORBOND -PANELASY 1 

DRLIASY ELDRASY 

BIGP1P.E - MNBMASY 

M A I N C Y L  

RETAINHS 

MOTORMT 

SHAFTMT 
LOADHt 

F i g .  5-4. SAMICS FORMAT A SUMMARY-25,000 PROCESS 

COMPLATH 

COMPRES 

FLXSPLIN 

PI .IJG 

C l R S P l l N  

KLI'AINOU - t L  



determines t h e  number o f  machines requ i red .  I t  a l s o  p rov ides  t h e  t ime  a t  t h e  
s t a t i o n  f o r  c a l c u l a t i o n  of in-process i n v e n t o r y  work ing c a p i t a l  requi rements 
and t h e  o p e r a t i n g  e f f i c i e n c y  o f  t h e  s t a t i o n .  

5.3.3 P a r t  3 - Equipment Cost Fac to r s  
I 

When d i f f e r e n t  components o f  the  "machine" have d i f f e r e n t  l i f e t i m e s ,  equip-  
ment c o s t  f a c t o r s  must be p rov ided  f o r  each component, though p ieces  o f  
equipment w i t h  t he  same l i f e t i m e s  may be t r e a t e d  as a s i n g l e  component. 
Columns a re  p rov ided  i n  P a r t  3, l i n e s  A9 through A14, f o r  e n t z r i n g  t h e  corn- 
ponent data. 

5.3.4 P a r t  4 - D i r e c t  Requirements Per Machine ( F a c i l i t i e s )  o r  Per Machine 
Per S h i f t  (Personnel )  

Some o f  the d i r e c t  requi rements o f  the  process depend n o t  on t h e  ope ra t i on  
o f  t h e  machine, b u t  'on t h e  ex i s tence  o f  t h e  machine i n  t h e  p roduc t i on  area.. 
The bes t  example of t h i s  i s  the  f l o o r  space requi rement ,  which c l e a r l y  e x i s t s  
even i f  t h e  machine i s  comple te ly  i d l e .  Other f a c i l i t i e s  parameters and 
d i r e c t  personnel requi rements depend on t he  number of machines assumed t o  be 
.in cont inuous opera t ion .  

5.3.5 P a r t  5 - D i r e c t  Requirements Per M inu te  

Some o f  t h e  d j r e c t  requi rements o f  t h e  process depend upon t h e  e x t e n t  t o  
which the machine i s  operated, e s p e c i a l l y  u , t i l i t i e s ,  by-products,  and 
commodit ies. 

5.3.6' P a r t  6 - I n t r a - I n d u s t r y  P roduc t ( s )  ~ e ~ i i r e d  

Products a re  d i s t i n g u i s h e d  f rom commodit ies by t h e  f a c t  t h a t  p roduc ts  a re  
produced by processes w i t h i n  the modeled i n d u s t r y ,  w h i l e  commodit ies a re  
produced o u t s i d e  t h e  modeled i n d u s t r y .  P a r t  6 o f  Format A p rov ides  a r e f e r -  
ence t o  the  i n p u t  p r o d u c t ( s )  processed by t he  process be ing  descr ibed.  

5.4 SAMICS RESULTS 

SAMICS. o u t p u t  f o r  t h e  25,000 and 250,000 u n i t .  pe r  year  cases a re  found i n  
Appendices G and H. As i l l u s t r a t e d  i n  Fi.g. 5-5, a SAMICS ou tpu t  summary f o r  
a 25,000 u n i t  per  year  p roduc t i on  r a t e  u s i n g  a 25,000 u n i t  per  year  process, 
SAMICS summarizes 

c a p i t a l  
m a t e r i a l s  
1 abor 
i n d i r e c t s .  



COMPANY: H E L I O 2 5 K ,  COh1PANY TO hlANUFACTURE I IEL IOSTATS AT 2 5 K  BASE LEVEL 
PRODUCTS: LOADHEL 
QUAIIT I T Y :  2.500E.t .04 
P R I C E :  3 5 6 6 . 6 2 9  

3 (  1 9 7 3 ) /  
HEL.1OSTAT 

COMPANY t4ARKUP = 1 . 3 6 8  T IMES ( D I R E C T  EXPENSES PLUS EXTERNAL PRODUCT COSTS) 

C A P I T A L  VALUES 
I N F L A I U H  ( 1 9 7 9  TO 1 9 7 9 ) :  1 . 0 0 0 0  - -------- I N  $ (1979 ) - - - - - - - - -  

I N I T I A L  BOOK TAXABLE 
F A C I L I T I E S  6 4 3 7 6 3 3 .  1 5 9 5 2 4 5 .  1 3 2 7 0 9 5 .  
EOUIPhlENT 1 9 1 4 8 9 9 2 .  6 9 0 2 6 8 6 .  3 6 2 4 7 7 9 .  
WORKING 1 4 0 4 1 1 3 0 .  1 4 0 4 1 1 3 0 .  1 4 0 4 1 1 3 0 .  
LAND 2 1 8 7 2 9 .  2 1 8 7 2 9 .  2 1 8 7 2 9 .  --------- --------- --------- 

TOTAL 3 9 8 4 6 4 6 4 .  2 2 7 5 7 7 7 6 .  1 9 2 1 2 5 2 8 .  

DEFLATOR ( 1 9 7 9  .TO 1 9 7 9 ) ~  1 . 0 0 0 0  --------- I N  $ (1979 ) - - - - - - - - -  
I N I T I A L  BOOK TAXABLE 
6 4 3 7 6 3 3 .  1 5 9 5 2 4 5 .  1 3 2 7 8 9 5 .  

1 9 1 4 0 9 9 2 .  6 9 0 2 6 8 6 .  3 6 2 4 7 7 9 .  
1 4 0 4 1 1 3 0 .  1 4 0 4 1 1 3 0 .  1 4 0 4 1 1 3 0 .  

2 1 8 7 2 9 .  2 1 8 7 2 9 .  2 1 8 7 2 9 .  --------- --------- --------- 
3 9 8 4 6 4 6 4 .  2 2 7 5 7 7 7 6 .  1 9 2 1 2 5 2 8 .  

F lNANC I A L  PARAMETERS 
COST 01: RATE OF 95T l lRN  DEOT LEVERAGE INCOME FAX 
CAPI 'TAL ON EQUITY  INTEREST RATE ( T O T A L ~ F O U ~ ~ Y )  R A l E  

-CALCULATED- - INPUT-  - INPUT-  - INPUT-  -CALCULATED- 
1 7 . 5 0 %  , 2 0 . 0 0 %  1 0 . 0 0 %  1 . 2 0 0  4 9 . 9 1 %  

TIME PARAMETERS 
CONSTRUCTION LEAD TIME = 0. YEARS, STARTUP PERIOD = 0 .  YEARS 
RAN M A T E R I A L  INVEIJTORY T I M E  ( I N P I J T )  = .Od3 YEARS ( 3 0 . 4  DAYS)  
JEIPROCESS INVENTORY T IME (CALCULATED)  = . 0 0 4  YEARS ( ' 5 7 5 . 0  M INUTES)  

( M U L T I P L I E D  BY 1 . 0  FOR WORKING C A P I T A L  CALCULATION) .  
F I N l S I i E D  GOODS INVENTORY T I M E  ( I N P U T )  = . I 2 0  YEARS ( 4 3 . 8  DAYS)  
'ACCOIJN TS RECEIVABLE  TUftNOVER T l M E  ( I N P U T )  = . I 2 0  YEARS ( 4 3 . 8  DAYS)  
ACCOUNTS PAYABLE TURNOVER l lhlE ( I N P U T )  = . I 2 0  YEARS ( 43 .0  DAYS) 

A L L  COMPANY EXPENSES ARE I N  $ ( 1 9 7 9 )  
COMPANY D I R E C T  EXPENSES 6 5 , 2 0 1  , 9 0 4 .  

.COMPANY D l  RECT LABOR EXPENSES 4 , 4 0 3 , 5 7 5 .  
COl4PANY DIRECT h lATERIALS AND SUPPL IES  6 0 , 6 9 5 , 4 7 2 .  
COMPANY D IRECT BYPRODUCT EXPENSES 0 .  
COMPANY D I R E C l  U T I L I T I E S  EXPENSES 1 0 2 , 8 9 3 .  

COMf'AtlY 1 NDIRECT EXPENSES 2 , 6 0 2 , 8 0 3 .  
COLlPANY l N D I R C C T  LAOOH EXPENSES 2 , 3 0 6 , 7 9 2 .  
COfAPAt.(Y I tdDI I tECT M A T E R I I I . ~  S ANO SIIPPI.II;b 196,330.  
CflrAPANY I N D I R E C T  AYPRODUCT EXPENSES 1 , 7 3 7 .  
COMPANY I~IDIIIECT U T I L I T I  L S  LXYENSES Y U , U I Y .  

COMPANY BY PRODUC l INCUh l t  ( 0 . 1  

COMPANY C A P I T A L  EXPENSES 7 , 5 8 6 , 5 0 8 .  
COMPAIJY EQUIPMENT REPLACEMENT ' 1 1 5 4 4 , 8 0 5 .  
COMPANY F A C I L I T I E S  REPLACEMENT 2 1 4 , 5 8 7 .  
COMPANY AMORTIZED ONE-TIME'  COSTS 0. 

. COhlPANY ICJTEREST ON DEBT 3 7 6 , 5 5 0 .  
COMPAl.IY RETUIZN ON EQUITY 3 , 7 6 5 , 5 0 5 .  
COMPANY NON- INCORlE TAXES 9 9 , 9 5 2 .  
CORIPANY INSII I IAI~ICE PREhtlIIMS 1 , 5 0 5 , 1 0 9 .  

COMI'ANY I NL'UME TAXEZ 3 , 0 3 5 , 1 0 2 .  

COMPANY M I SCELLANEOIJS 8 , 8 4 6 , 6 2 8 .  

COMPANY EXTERNAL PRODUCT COST 0. 
------am-- 

COMPANY TOTAL 1AYNUAL EXPENSES 89.. 1 6 5 , 6 8 0 .  

F i g .  5-5.' SAMICS OUTPUT SUMMARY - 25,000 Uni ts per Year 
25,000 Uni ts per Year Process 



The c a p i t a l  summary i nc l udes  equipment and b u i l d i n g s  descr ibed  i n  t he  Format 
A forms p l u s  f a c i l i t i e s  i nc l uded  i n  SAMICS as requi rements t o  suppor t  t h e  
s p e c i f i e d  operat ions.  The work ing c a p i t a l  requi rements are c a l c u l a t e d  on the  
b a s i s  o f  i n v e n t o r i e s ,  i n t e r e s t ,  s a l a r i e s ,  and o t h e r  i tems no rma l l y  r e q u i r e d  
t o  keep the  business opera t ing .  

M a t e r i a l s  requirements a re  c a l c u l a t e d  d i r e c t l y  f rom the  e n t r i e s  i n  Format A 
and t h e  c o s t  account ca ta log .  SAMICS c a l c u l a t e s  t o t a l  m a t e r i a l s  r e q u i r e -  
ments on the  bas i s  o f  the  i n i t i a l  requi rements p l u s  t he  y i e l d s  i nco rpo ra ted  
i n  each process s tep.  

Labor requi rements are c a l c u l a t e d  based on t he  manpower i n d i c a t e d  i n  Format A 
and t h e  s a l a r i e s  i n d i c a t e d  i n  t h e  c o s t  account ca ta l og .  Labor c a l c u l a t i o n s  
i n  SAMICS assume t h a t  opera to rs  are a t  t he  machine o n l y  as r e q u i r e d  t o  meet 
t h e  s p e c i f i e d  p roduc t ion .  When r e q u i r e d  p roduc t i on  i s  completed a t  a  pa r -  
t i c u l  ar machine, t he  opera to r  moves t o  another machine. S p e c i f i e d  y i e l d s  and 
machine up t i m e  ( o p e r a t i n g  e f f i c i e n c y )  a re  cons idered  i n  l a b o r  c a l c u l a t i o n s .  

The cos t  o f  labor ,  m a t e r i a l s ,  and c a p i t a l  as a  percentage o f  the  t o t a l  manu- 
f a c t u r i n g  c o s t  and as a  f u n c t i o n  o f  p roduc t i on  r a t e  i s  i l l u s t r a t e d  i n  
F ig .  5-6. 

I 

TAXES AND MI SC. . 

83,4 - a - 
80- - - LABOR 84.3 84.5 84.5, 

a I r - - - - 
6 7  76.3 C A P I T A L  76.8 76.7 76.5 

75.1 - - - 
68.3 68.9 68.9 

- 
MATERIALS 

54.1 

- 

- . . 

I I I I I I I I 1 
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1 5 10 15 20 25 t COMPRESSED SCALE '" 
THOUSANDS OF HELIOSTATS MANUFACTURED PER YEAR 

F ig .  5-6.. PERCENTAGE OF TOTAL FACTORY COST VS. QUANTITY MANUFACTURED 
(25K P l a i l t )  



One o f  the p r i n c i p a l  advantages o f  SAMICS i s  i l l u s t r a t e d  i n  Table 5-1. Once 
i n f o r m a t i o n  i s  i n p u t ,  p r o d u c t i o n  cos t s  f o r  d i f f e r e n t  p roduc t i on  r a t e s  can be 
e s t a b l i s h e d  v e r y  q u i c k l y .  For t h i s  ana lys is ,  t he  process i n f o r m a t i o n  devel -  
oped f o r  p r o d u c t i o n  r a t e s  o f  25,000 h e l i o s t a t s  pe r  year  and 250,000 h e l i o -  
s t a t s  per  year  was used. Once these processes.were i npu t ,  estSmated cos t s  
f o r  o t h e r  p r o d u c t i o n  r a t e s  were produced w i t h  a  few minutes o f  computer t ime. 
Tab le  5-1 summarizes es t imated  cos t s  f o r  p roduc t i on  r a t e s  f rom 2,500 u n i t s  
p e r  yea r  t o  1,000,000 pe r  year .  These r e s u l t s  a re  shown g r a p h i c a l l y  i n  
F ig .  5-7. Resu l t s  summaries f o r  each o f  the  cases i n  Tab le .5 -1  a re  found i n  
Appendices I and J. 

An i n t e r e s t i n g  p o i n t  from Table 5-1 and F ig .  5-7 i s  t h a t  t he  cos t s  ob ta ined  
a t  t h e  25,000 u n i t  p e r  yea r  p r o d u c t i o n  r a t e  a re  lower  w i t h  t h e  process and 
equipment da ta  f o r  t h e  250,000 u n i t  per  year  p roduc t i on  r a t e .  I f  the  p l a n t  
des ign were op t im ized ,  i t  would be expected t h a t  t h e  25,000 process param- 
e t e r s  would produce t he  lower cos t  a t  25,000 u n i t s  per  year.' There are sev- 
e r a l  reasons f o r  t h i s  anomaly, t h e  p r i n c i p a l  one i s  p robab l y  t h a t  t h e  
processes and equipment are n o t  op t i~ r r i zed .  

F i g u r e  5-7 i s  d e r i v e d  f r om t h e  paramet r i c  r e s i z i n g  o f  t h e  p l a n t  f a c i l i t i e s  
and shows t he  impact o f  d i s t r i b u t i n g  p l a n t  overheads over a larger volurne uf  
p roduc t .  However, t h i s  cu rve  i s  a  s t a t i c  c o s t  cu rve  and should n o t  he 
i n t e r p r e t e d  as the  cost-volume curve  which would be seen i n  a  growing indus-  
t ry.  SAMICS has t h e  a b i l i t y  t o  va ry  p roduc t i on '  r a t e  independent ly  o f  t h e  
processes used, w h i l e  i n  a  growing i n d u s t r y  (and most c o s t  s t ud ies  condu.cted 
t o  da te )  t h e  processes a r e  coupled t o  t h e  p roduc t i on  volume. The sequence o f  
dec i s i ons  which leads  t o  a  t r a j e c t o r y  o f  p r i c e s  over t ime  o r  p roduc t i on  
q u a n t i t y  were n o t  modeled i n  t h i s  s tudy  nor  a re  t h e y  e x p l i c i t l y  con ta ined  i n  
t h e  SAMICS methodo 1og.y. 

Table 5-1. SAMICS ESTIMATED COSTS FOR .HELIOSTATS, FOB .FACTORYa 

- - . - - .. .. . .. , . . . . . .- . .. . .. . 

D o l l a r s  per  H e l i o s t a t  a t  
Given Annual Produc t ion  Rate 

Number o f  He1 i o s t a t s  
Produced per  Year 25,00O/yr Process 250,00O/yr Process 

2,500 
5,000 

10,000 
.25,000 
I no, ooo 
250,000 
500,000 

1,000,000 

a 49,053 1112 per h e l i o s t a t .  
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Fig.  5-7. HELIOSTAT PRICE-QUANTITY RELATIONSHIPS 



I n  p roduc ing  t h e  da ta  f o r  these curves, SAMICS s e l e c t s  a  proper  m a t e r i a l  cos t  
f o r  t h e  p r o d u c t i o n  r a t e ,  u s i n g  t h e  p roper  number of machines f o r  t h e  p a r t i c -  
u l a r  p roduc t i on  r a t e  and s p e c i f i e d  process and 'app l y i ng  t h e  proper  number o f  
peop le  t o  opera te  t h e  machines. I t  a l s o  adds t h e  overheads. A t  t h e  25,000 
u n i t  per year p r o d u c t i o n  r a t e  u s i n g  the  25,000 u n i t  per  year  process, most 
o p e r a t i o n s  r e q u i r e  o n l y  one machine. I f  t h e  p roduc t i on  r a t e  i s  reduced t o  
5,000 u n i t s  per  year  and t h e  25,000 u n i t  per  year  process i s  used, almost t he  
same number o f  machines w i l l  be requ i red .  Wi th  t h e  250,000 u n i t  per  year  
process, one of each machine i s  needed a t  t h e  5,000 u n i t  per  year  p roduc t i on  
r a t e ,  b u t  t he  machines would, i n  t o t a l ,  be more h i g h l y  mechanized and thus  
more c o s t l y .  Hence t h e  equipment cos t  f o r  a  p roduc t i on  r a t e  of.5,000 u n i t s  
pe r  y e a r  would u s u a l l y  be g r e a t e r  w i t h  a  250,000 u n i t  per  year  process than  
w i t h  a  25,000 u n i t  per  year  process. A t  p roduc t i on  r a t e s  o f  1 o r  1000 u n i t s  
p e r  year ,  t h e r e  would be almost enough machines t o  produce 25,000 u n i t s  i n  
e i t h e r  case, so t he  equipment c o s t  per  h e l i o s t a t  would be ve ry  l a rge .  A t  a  
p r o d u c t i o n  r a t e  o f  50,000 u n i t s  pe r  year ,  two p ieces  of equipment would be 

- r e q u i r e d  f o r  seve ra l  ope ra t i ons  w i t h  t he  25,000 u n i t  per  year  process, b u t  
because of h i ghe r  speeds, fewer p ieces  o f  equipment m igh t  be r e q u i r e d  f o r  a  
p r o d u c t i o n  r a t e  o f  50,000 u n i t s  per  year  w i t h  t he  250,OUO u n i t  per  year  
process.  Thus t h e  equipment c o s t  f o r  a  p roduc t i on  r a t e  o f  50,000 u n i t s  pe r  
year  m igh t  be l e s s  w i t h  a  250,000 u n i t  per  year  process than  w i t h  a  25,,000 
u n i t  p e r  year  process. 

F i g .  5-8 summarizes t he  r e s u l t s  of t he  250,000 u n i t  per  year  case us ing  t h e  
250,000 u n i t  p e r  yea r  process. The f u l l  r e s u l t s  o f  t h i s  case, found i n  
Appendix G, i l l u s t r a t e  t h e  ex ten t  of SAMICS i n p u t  t o  suppor t  f a c i l i t i e s  and 
overhead f u n c t i o n s .  

I n d i r e c t  cos ts  f o r  t h e  250,000 u n i t  per  year  process - 250,000 u n i t  per year  
p r o d u c t i o n  r a t e  a re  shown i n  F ig .  5-9. The i n d i r e c t  cos t s  i n  SAMICS were n o t  
rev iewed i n  depth i n  t h i s  ana l ys i s .  A r ev i ew  o f  i n d i r e c t s  i n  comparable 
i n d u s t r i e s  and development o f  a  new da ta  base f o r  i n d i r e c t  cos t s  cou ld  r e s u l t  
i n  a  d i f f e r e n t  t o t a l  cos t .  However, i t  i s  u n l s i k e l y  t h a t  such a  rev iew  would 
r e s u l t  i n  c o s t  changes o f  more than  25%. 

The es t imated  c o s t  of a  h e l i o s t a t  manufactured w i t h  t h e  250,000 u n i t  per  year  
process a t  a  p r o d u c t i o n  r a t e  o f  250,000 u n i t s  per  year  i s  $3068.83 
(Tab le  5-2).  Wi th  es t imated  i n s t a l l a t i o n  cos t s  o f  $879.52 ( f r om Table 4-15), 
t h i s  p rov ides  a  t o t a l  c o s t  o f  $3948.35, o r  $80.4Y/mL f o r  a  528 - f t 2  
(49,053-m2) h e l i o s t a t .  

5.5 SAMICS - MANUAL COMPARISON 

A  comparison o f  the  t o t a l  manufactur ing company cos t s  a r r i v e d  a t  manual ly  and 
w i t h  SAMICS f o r  t h e  250,000 u n i t s  pe r  year  case i s  shown i n  Table 5-3. 

There i s  c l ose  agreement between t h e  es t ima te  ob ta ined  by SAMICS and t h e  
manual c a l c u l a t i o n s .  Both methods used i d e n t i c a l  s t a r t i n g  numbers f o r  the  
d i r e c t  labor ,  m a t e r i a l s ,  and equipment cos ts .  I n  t h e  manual c a l c u l a t i o n s ,  
t h e  d i r e c t  l a b o r  requi rements were based on t h e  assumption t h a t  i f  a  person 



COMPANY:  , H E L I O 2 5 O K ,  COMPANY T O  M A N U F A C T U R E  I i E L I O S T A T S  A T  2 5 0 K  B A S E  L E V E L  
P R 0 3 U C T S :  LOADI IE  L 2  
QLJA!JTITY:  2 . 5 0 0 E + 0 5  
P R I C E  : 306il. 83 1  

a (  1 9 7 9 1 1  
I I E L I O S T A T  

COhlPANY fvlAHKUP = 1 . 3 0 9  T I M E S  ( D I R E C T  E X P E N S E S  P L U S  E X T E R N A L  PRODUCT C O S T S )  

C A P I T A L  V A L U E S  
I N F L A T O R  ( 1 9 7 9  T O  1 9 7 9 ) .  1 . 0 0 0 0  --------- I N  $ (  1 9 7 9  )---------  

INITI'AL UOOK T A X A B L E  
F A C I  L I  T I E S  2 9 0 9 0 0 8 0 .  7 2  1 0 5 0 6 .  6 0 0 2 0 8 2 .  
E O U I P M E r J T  1 0 I . 1 1 9 4 9 3 2 .  3 9 7 U G 9 1 2 .  2 0 9 8 6 G U U .  
I J O R K I N G  1 2 4 2 9 9 3 0 0 . 1 2 4 2 9 9 2 0 0 . 1 2 4 2 9 9 2 0 0 .  
L A N D  0 2 9 9 2 0 .  8 2 9 9 2 0 .  8 2 9 9 2 0 .  --------- --------- --------- 

T O T A L  2~34~2192.172126~28.152ii7ua~. 

D E F L A T O R  ( 1 9 7 9  TO 1 9 7 9 ) =  1 . 0 0 0 0  - - - - - - - - I N  s ( 1 9 7 9 ) - - - - - - - - -  

I N I T I A L  BOOK T A X A B L E  
2 9 0 9 8 0 8 0 .  7 2 1 0 5 0 6 .  6 0 0 2 0 0 2 .  

1 0 9 1 9 4 9 9 2 .  3 9 7 0 6 9 1 2 .  2 0 9 8 6 6 0 0 .  
1 2 4 2 9 9 2 0 0 . 1 2 4 2 9 9 2 0 0 . 1 2 4 2 9 9 2 0 0 .  

0 2 9 9 2 0 .  8 2 9 9 2 0 .  0 2 9 9 2 0 .  --------- --------- --------- 
2 6 3 4 2 2 1 9 2 . 1 7 2 1 2 6 5 2 0 . 1 5 2 1 1 7 8 0 8 .  

F INAI . IC I A L  P A l l A h l E ' I E I t S  
C O S l  01: H A T E  O F  R E T U R N  DEI3T L E V E R A G E  I N C O M E  T A X  
C A P I T A L  ON EQ1JI'T.Y I N T E R E S ' I  R A T E  ( T O T A L / E Q U  I T Y )  R A T E  

-CALCLJLATED-  - I N P U T -  - I N P U T -  - I N P U T -  - C A L C U L A T E D -  
1 7 . 5 0 %  2 0 . 0 0 1 6  1 0 . 0 0 %  1 . 2 0 0  5 0 . 0 6 %  

T  I l r lE  PAl lA?, lET E R S  
C C I J S l R l J i T l O N  L E A D  1  l h l E  = 0 .  Y E A R S .  S T A R T U P  P E R I O D  = 0. YEARS - 
I tAl \r  I A A T C H I A L  I N V l i N T O R Y  T  I l i l E  ( I N P U T )  = . O U 3  Y E A R S  ( 3 0 . 4  D A Y S )  
i r JP r ' (OCcSS INVEEITOI tY  T  l h l E  ( C A L C U L A T E , D )  = . 0 0 4  Y E A I I S  ( 5 7 5 . 0  M I N U T E S )  

( L I U L T I P L I  E D  UY 1 . 0  FOR W O R K I N G  C A P I T A L  C A L C U L A T I O N )  
' F I N I S H E D  GOODS I N V E N T O R Y  T I M E  ( I N P U T )  = . I 2 0  Y E A R S  ( 4 3 . 8  D A Y S )  
'ACCOUNTS R E C E I V A B L E  TORNOVER T I M E  ( I N P U T )  = . I 2 0  Y E A R S  ( 4 3 . 8  D A Y S )  
ZCCOUIJI 'S P A Y A B L E  T1JREIOVER T I M E  ( I N P U T )  = . I 2 0  Y E A I I S  ( 4 3 . 8  D A Y S )  

A L L  COblPArJY E X P E N S E S  ARE I N  S ( 1 9 7 0 )  
COAlPANY D  1 RECT E X P E N S E S  5 0 G . 0 4 1 , 6 0 0 .  

CCIILPANY ' D I R E C T  L A O O R ' E X P E N S E S  2 4 , 7 0 5 , 1 2 0 .  
. COlAPANY D I R E C T  R I A T E R I A L S  AND S U P P L I E S  5 6 0 , 5 f l 7 , 2 6 4 .  

COUPAN' I  OLHEC r OYPRODUCT. E X P E N S E S  0. 
COIvlPAtJY D I I 4 E C  T U T I  L I  T I E S  E X P E N S E S  7 4 3 , 2 7 3 .  

COMI'ANY I N D I R E C T  E X P E N S E S  1 4 , 2 3 2 , 3 4 4 .  
COIbIPANY I N D I R E C  l L A O O H .  E X P E N S E S  1 2 , 3 1 1 , 3 0 6 .  
(;OI.lPAPJY I N D I I ' l C C T  l l l A T E R I A L S  AND S U P P L I E S  1 , 0 7 4 , 6 1 9 .  
CCJhlPAlJY I F I D I I f E C T  MYPRODUCT E X P E N S E S  5 , 7 5 2 .  
COrdlPAtIY I N D I I < E C T  U T  I L I T 1  E S  E X P E N S E S  0 4 0 . 6 0 3 .  

COMPANY DYPRODUCT I N C O M E  ( 385. ) 

COMPANY C A P I T A L  E X P E N S E S  S 2 , 0 5 0 , 1 7 G .  
COLIPAIJY EQU I PhlEHT R E P L A C E h l E N T  8 , 5 9 1  ,550.  
COhlPANY F A C  l L I T  I E S  R E P L A C E M E N T  9 6 9 , 9 3 6 .  
COMPANY ALlORT I Z E D  O N E - T I M E  C O S T S  0 .  
CO;rlPANY I N T E R E S T  O N  DEB ' r  2 , 8 5 8 , 3 4 8 .  
COMPANY R E T U R N  ON E Q U I T Y  2 8 , 5 8 3 , 5 0 4 .  
COMPANY NON- INCOME T A X E S  5 4 3 , 1 7 9 .  
COMPANY I N S U R A N C E  P R E h l I U M S  1 0 , 5 0 3 , 6 8 9 .  

COhtPAtJY I NCOhlE T A X E S  2 9 , 5 0 4 , 7 5 2 .  

COMPANY Ill I S C E L L A N C O U S  85.380m416. 

COfl lPANY E X T E R N A L  PRODUCT C O S T  0.  ---------- 
COMPANY I U'f A L  A N N U A L  E X P E N S E S  767. ,  2 0 8 , 4 4 8 .  

F i g .  5-8. SAMICS OUTPUT SUMMARY - 250,000 U n i t s  Per Year 
250,000 U n i t s  Per  Year Process 



I N D I R E C T  R E Q U I R E M E N T S  
Q U A N I  l T V  P R I C E  C O S T  R E F E R E N T  

1 . 5 3 3 E i 0 5  I 7  3 0  2 6 6 4 2 2 3 .  A 2 2 7 2 1  
6 . 5 0 9 E i  0 4  2 9  2 3  1 9 0 2 7 1 5 .  A 2 1 2 5 1  
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Table 5-2. INSTALLED HELIOSTAT COST FOR 250,000 HELIOSTAT: 
PER YEAR, USING SAMICS VALUES 

-.-- 
Dollars per 

Item Idel iostat 

Cost of Manufacturing 3,068.83 
Cost of Installation 879.52 

Total Cost, Installed 

Installed Cost per Sq Meter $ 80.49 
- - - - - - . --.- 



T a b 1  e 5-3. COMPARISON OF TOTAL MANUFACTURING COSTS 

Manual, 250,000 H e l i o s t a t s  per  Year Process 
SAMICS, 250,000 H e l i o s t a t s  per  Year P roduc t i on  Rate 

I tem 

D o l l a r s  pe r  H e l i o s t a t  

Manual SAMICS 

INCOME 
Gross Receipts,  Less Returns  

and Allowances 
Less Cost o f  Golds Ss ld  

D i r e c t  M a t e r i a l s  
D i r e c t  Labor 
I n d i r e c t  Manufac tur ing  Expenses 

and Cont ingenc ies  
Gross P r o f i t  
Other Income 

To ta l  Income 

DEDUCTIONS 
Compensation o f  O f f i c e r s  
S a l a r i e s  and. Wages ( n o t  deducted 

e l  sewhere) 
Repa i rs  
Bed Debts 
Rent, L i g h t ,  and Heat 
Taxes 
I n t e r e s t  
Amor t i za t i on  
Dep rec ia t i on  

A d v e r t i s i n g  

I 
Working C a p i t a l  I n t e r e s t  
C o n t r i b u t i o n s  

Pension, P ro f i t -Sha r i ng ,  e t c .  
Employee B e n e f i t  Programs . 
Other Deductions' 
Legal  and Account ing Fees 
Consu l tan ts  
T rave l  
Product  Development 
Misce l laneous 

To ta l  Deduct ions 

Taxable Income 
Income Tax 
Net A f t e r  Taxes 



were r e q u i r e d  t o  ope ra te  a  machine he would work t h e  f u l l  s h i f t .  The SAMICS 
program was based on t h e  assumption t h a t  i f  a person were r e q u i r e d  o n l y  p a r t  
t i m e  a t  a  'machine he would lliove 'to o t h e r  ope ra t i ons  when he was f i n i s h e d  a t  
t h e  f i r s t  machine. Thus, t he  SAMICS program i n d i c a t e d  a  s l i g h t l y  lower 
d i r e c t  l a b o r  requ i rement  than t h e  manual c a l c u l a t i o n .  

I n  t he  manual es t imate ,  i n d i r e c t s  and p r o f i t s  were added manual ly,  o f t e n  as 
percentages on ly .  I n  SAMICS, i n d i r e c t s  were added f rom t h e  d e t a i l e d  da ta  
base o f  SAMICS,  w i t h  f i n a n c i a l  parameters p rov ided  by SERI. 

I n  SAMICS, an o v e r a l l  y i e l d  l o s s  o f  1% was used. I n  t h e  manual ca lcu l .a t ions ,  
y i e l d  was cons idered  o n l y  i n  t he  "a l lowance f o r  m a t e r i a l s  no t  d e t a i l e d . "  
SAMICS a l so  p rov ided  more s p e c i f i c  al lowances Tor.  t o o l s .  Thus, SAMICS mate- 
r i a l s  cos ts  are s l i g h t l y  h igher .  

C a p i t a l  cos t s  are lower  w i t h  SAMICS because SAMICS consi.ders t h e  p l a n t  t o  be 
~ I ' I  uper -aL i r~y  plai l l ;  and does n o t  i n c l u d e  removal, salvage value, and i n s t a l l -  
a t i o n  i n  the  c a p i t a l  cos t .  These were' i nc l uded  i n  t h e  manual c a l c u l a t i o n s .  
The eng inee r i ng  and con t ingency  c o s t s  c o u l d  have been f u r t h e r  increased t o  
compensate f o r  t h i s  d i f f e r e n c e  b u t  were i n t e n t i o n a l f y  l e f t  i n  t he  same range 
because t he  d e t a i l e d  overhead c a l c u l a t i o n s  o f  SAMICS a re  b e l i e v e d  t o  p rov ide  
more r e a l i s t i c  s teady-s ta te .  cos t s  i n  t h i s  way. 

5.6 SAMICS SENSITIVITY ANALYSIS 

The p r i c e  es t ima tes  produced by SAMICS a re  de r i ved  f rom es t imates  o f  t h e  
p r i c e  o f  m a t e r i a l s  and components used i n  h e l i o s t a t  manufacture and f r om 
es t ima tes  o f  t he  l a b o r  and c a p i t a l  r e q u i r e d  t o .  conver t  those m a t e r i a l s  i n t o  
a  f i n i s h e d  p roduc t .  To determine how s e n s i t i v e  t h e  h e l i o s t a t  p r i c e  i s  t o  
v a r i a t i o n s  i n  the  c o s t  o f  m a t e r i a l s ,  c a p i t a l ,  and l abo r ,  some s e n s i t i v i t y  
s t u d i e s  were performed on s e l e c t e d  cos ts .  

The s e n s i t i v i t y  ana1,ysis was performed by v a r y i n g  t h e  p r i c e s  i n p u t  t n  SAMTCS 
and re runn ing  t h e  program. t h i s  approach .was taken  i n  o rde r  t o  cap tu re  a l l  
o f  t he  i n d i r e c t  e f f e c t s  o f , c o s t  changes. As an example, t h e  p r i c e  o f  t h e  
e l e v a t i o n  j a c k  screw was changed f rom $293 t o  $100. The d i r e c t  savings a re  
$193 per  u n i t  o r  $386 pe r  h e l i o s t a t .  However, t h e  t o t a l  sav ings a re  $474 
p e r  h e l i o s t a t .  The d i f f e r e n c e  r e s u l t s  from a d d i t i o n a l  sav ings i n  t h e  c a p i -  
t a l  c o s t  ( t h e  debt  r e q u i r e d  t o  buy t h e  j ack  screws) and i n  taxes ( va lue  of 
i n v e n t o r y  and t o t a l  revenue) and m i s c e l l  aneous expenses which a r e  computed 
as a  percentage o f  the  t o t a l  cos t .  

The breakdown i s  as f o l l o w s :  

D i r e c t  M a t e r i a l s  

I n t e r e s t  on Debt 

Return .on E q u i t y  



Ins'urance. Premiums 3.23 

Income Taxes 13.49 

M i s c e l l  aneous 

The i n d i r e c t  sav ings can v a r y  depending on t h e  requi rements needed by a  prod-  
u c t  o r  process. As a  r e s u l t ,  the  o n l y  way t o  c o r r e c t l y  compute t h e  sav ings o f  
a  reduced i n p u t  c o s t  o r  process change i s  t o  r e r u n  t h e  program. 

Table 5-4 i s  a  summary o f  t he  s e n s i t i v i t y  runs  which were performed and t h e  
r e s u l t s  a re  d i sp layed  g r a p h i c a l l y  i n  F i g u r e  5-10. The most s e n s i t i v e  element 
among those t e s t e d  i s  t he  p r i c e  of the  e l e v a t i o n  jacks .  The l e a s t  s e n s i t i v e  
i s  t h e  al lowance f o r  eng ineer ing  and cont ingency.  However, t h e  conc lus ion  
f rom these s e n s i t i v i t y  t e s t s  i s  t h a t  the  SAMICS p r i c e  es t imates  a re  remarkably  
robus t .  That i s ,  l a r g e  v a r i a t i o n s  i n  t h e  c o s t  o f  i n d i v i d u a l  components a r e  
r e q u i r e d  t o  p roduc t  an apprec iab le  change i n  t he  s e l l i n g  p r i c e .  For example, 
a  r e d u c t i o n  o f  67% i n  t h e  p r i c e ' o f .  t h e  j a c k  sc rew~produces  a  7% change i n  t h e  
manufactured p r i c e  or,  a  6% r e d u c t i o n  i n  t h e  i n s t a l l e d  p r i c e .  Since components 
and' m a t e r i  a1 s  can .  be p r i c e d  reasonably  a c c u r a t e l y  ( p robab l y  + l o% i n  t o t a l )  f o r  
t h i s  a p p l i c a t i o n ,  i t  appears t h a t  t he  SAMICS p r i c e  estimates-are r e l a t i v e l y  
i n s e n s i t i v e  t o  random e r r o r s .  i n  t h e  p r i c i n g  o f  labor ,  c a p i t a l ,  o r  m a t e r i a l s .  

Table 5-4. SENSITIVITY ANALYSIS OF SAMICS P R I C E  ESTIMATES 
(AT 25,000 HELIOSTATS PER YEAR, NOT INSTALLED) 

Cost Do1 1  a r s  pe r  D o l l a r s  pe r  
I tem Category I tem He1 i o s t a t  

M i r r o r  Panel 
(12/Hel i o s t a t )  

Jack Screw 
(2/Hel i o s t a t )  

Azimuth Motor 
( l / H e l  i o s t a t )  

Con t ro l  
( l / H e l  i o s t a t )  

D i r e c t  L a b o r / S h i f t  

Eng ineer ing  Cont ingency 

High 
Nomi na 1  
Low 
High . 

Nominal 
Low 
High 
Nominal 
Low 
High 
Nominal 
Low 
High 
Nominal 
Low 
Nomi n a l  
Low 

a  Persons per  s h i f t  - n o t  d o l l a r s .  
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SECTION 6.0 

CONCLUSIONS 

The p r ima ry  conc lus ion  o f  t h i s  s tudy  i s  t h a t  t h e  second gene ra t i on  o f  he l io ;  
s t a t  des igns should  c o s t  approx imate ly  $100/m2 a t  volumes o f  25,000 u n i t s /  
year .  Th i s  p r i c e  f a l l s  t o  approx imate ly  $80/m2 a t  volumes o f  
250,000 u n i t s l y e a r .  

A second conc lus i on  i s  t h a t  c o s t  r e d u c t i o n  begins a t  r e l a t i v e l y  low produc- 
t i o n  volumes and t h a t  many p r o d u c t i o n  b e n e f i t s  can be ob ta i ned  a t  p r o d u c t i o n  
r a t e s  o f  5,000 t o  15,000 u n i t s / y e a r .  Th i s  conc lus ion ,  if suppor ted by  
f u r t h e r  s tudy,  c o u l d  have s i g n i f i c a n t  i m p l i c a t i o n s  f o r  t h e  p e n e t r a t i o n  o f  
i n t e r m e d i a t e  markets and f o r  government commerc i a l i za t i on  programs. 

A  t h i r d  conc lus i on  i s  t h a t  t h e  SAMICS model and t h e  SAMIS 111 program can be 
us'eful t o o l s  i n  h e l i o s t a t  manufactur ing,  c o s t i n g ,  and economics s t ud ies .  

Costs o f  $80 t o  $100/m2 

Th i s  study, a  p rev i ous  s tudy  by P a c i f i c  Northwest Labo ra to r y  [7 ] ,  s t u d i e s  by 
h e l i o s t a t  des igners  [Z] ,  and a  s tudy  by  A r t h u r  D. L i t t l e  [ 8 ]  a1 1  i n d i c a t e  
t h a t  $80/m2 t o  $100/m2 i s  a  r e a l i s t i c  range. 

I n  high-volume p roduc t ion ,  t h e  c o s t s  of m a t e r i a l s  a re  a  m a j o r i t y  o f  t h e  t o t a l  
cos t .  M a t e r i a l s  cos t s  f o r  a  g iven  des ign  can be es t imated  q u i t e  a c c u r a t e l y  
f o r  a  p a r t i c u l a r  t ime.  It i s  u s u a l l y  p o s s i b l e  t o  o b t a i n  q u o t a t i o n s  o r  ven- 
dor es t imates  on a l l  m a t e r i a l s .  Th i s  does n o t  mean t h a t  some c o s t  r e d u c t i o n  
cannot be achieved th rough  redes ign  of purc.hased components o r  s e r i o u s  nego- 
t i a t i o n  w i t h  raw m a t e r i a l  supp l i e r s .  I t  does no t  mean t h a t  a l l  e s t i m a t o r s  
w i l l  a r r i v e  a t  e x a c t l y  t h e  same number, f o r  d i f f e r e n t  e s t i m a t o r s  may use 
d i f f e r e n t  s u p p l i e r s  o r  d i f f e r e n t  i n t e r p r e t a t i o n  o f  s p e c i f i c a t i o n s .  D i f -  
f e r e n t  e s t i m a t o r s  may a l s o  use d i f f e r e n t  process y i e l d s ,  d i f f e r e n t  p rocured  
components o r  d i f f e r e n t  s p e c i f i c  t imes. It does mean t h a t  p r o p e r l y  prepared 
es t ima tes  o f  m a t e r i a l s  c o s t s  which use t h e  same d e f i n i t i o n  o f  m a t e r i a l s  a re  
l i k e l y  t o  be i n  reasonab ly  c l o s e  agreement and t h a t  a  manufacturer  can make 
an es t ima te  f o r  m a t e r i a l  c o s t s  and can t hen  produce a  p roduc t  a t  a  m a t e r i a l s  
c o s t  w i t h i n  t h a t  est imate.  However, a  manufacturer  cannot always a c c u r a t e l y  
p r e d i c t  i n f l a t i o n .  Normal ly ,  bo th  t h e  s u p p l i e r  and s e l l e r  w i l l  i n c l u d e  
c lauses  t o  p r o v i d e  f o r  i n f l a t i o n  e f f e c t s .  

P l a n t  c o s t  es t imates  and l a b o r  c o s t  es t ima tes  a re  s u b j e c t  t o  w ider  v a r i a t i o n  
between es t ima to r s  because, p a r t i c u l a r l y  a t  t h e  conceptua l  process des ign  
stage,  t h e  judgment o f  the est~irna~tor i s  a s i y r ~ i f i c a r i t :  f a c to r * .  11.1 th - i s  s tudy,  
approx imate ly  50% of t he  p l a n t  c o s t  and 50% o f  t h e  l a b o r  c o s t  a re  based on 
t h e  judgment o f  t h e  es t ima to r .  However, even i f  t h e  judgment p a r t  o f  t h e  
es t ima te  i s  o f f  by - + 50%, t h e  e f f e c t  on t h e  es t ima ted  c o s t  o f  t he  he1 i o s t a t  
would be sma l l .  

I n d i r e c t  cos ts ,  overheads, and r e t u r n  on investment  a re  a l s o  s u b j e c t  t o  s i g -  
n i f i c a n t  v a r i a t i o n .  These cos t s  w i l l  depend t o  a  l a r g e  e x t e n t  on t h e  char -  
a c t e r  o f  t h e  h e l i o s t a t  business. A r ev i ew  of overhead cos t s  f o r  a  number o f  
d i f f e r e n t  businesses i n d i c a t e s  t h a t  t h e  c o s t s  i n  t h i s  s tudy  a re  i n  a  



reasonab le  range. However, a  50% d i f f e r e n t  i n  overhead c o s t s  would cause 
o n l y  9.5% d i f f e r e n c e  i n  t h e  t o t a l  c o s t  es t imate .  

The modest e f f e c t  o f  changes i n  p l a n t ,  l abo r ,  and overhead c o s t s  on t o t a l  
c o s t  i s  i l l u s t r a t e d  i n  Table  6 -1  and i s  f u r t h e r  i l l u s t r a t e d  i n  t h e  SAMICS 
s e n s i t i v i t y  a n a l y s i s  o f  Sec t i on  5.6. 

As t h e  bus iness matures, 5 t  may be t h a t  requi rements  beyond t hose  embodied 
i n  t h e  p resen t  des ign  w i l l  evo lve.  Undoubtedly some des ign  changes. t h a t  
t end  t o  i nc rease  c o s t  w i l l  be made as a  r e s u l t  o f  o p e r a t i n g  and maintenance 
exper ience.  A lso,  some changes t h a t  w i l l  t end  t o  reduce c o s t s  w i l l  r e s u l t  
f r o m  p r o d u c t i o n  exper ience.  I n  balance, he1 i o s t a t  c o s t s  may v a r y  i n  p rac -  
t i c e .  I t  seems u n l i k e l y  t h a t  such v a r i a t i o n  w i l l  g r e a t l y  s h i f t  t h e  economic 
p o s i t i o n  o f  h e l i o s t a t  energy. 

Cost Reduc t . iu r~s  Bey .in a t  Luw V v l u ~ ~ l e  

One o f  the  fundamental  reasons why c o s t  r e d u c t i o n s  beg in  a t  low volume i s  
t h a t ,  p a r t i c u l a r l y  i n  t h e  des ign  used f o r  t h i s  ana l ys i s ,  much o f  t h e  h e l i o -  
s t a t  i s  produced by high-volume methods even a t  low volumes, W i t h  r o l l -  
formed shapes, a  c u s t o m ' r o l l  fo rmer  w i l l  charge f o r  t o o l i n g  and setup, b u t .  
t h e  a c t u a l  p r o d u c t i o n  r a t e  w i l l  be h igh .  F l o a t  g l ass  w i l l  be produced on a  
f l o a t  l i n e  a t  a  v e r y  h i g h  r a t e  whether you a re  buy ing  20,000 f t2 o r  
20,000,000 ft2. A modern, n u m e r i c a l l y  c o n t r o l l e d  l a t h e  can be programmed 
i n  a  m a t t e r  o f  m inu tes  t o  a  produce many o f  t h e  p a r t s  i n  t h i s  des ign  a t  
h igh-volume r a t e s .  

I n  t h i s  ana l ys i s ,  r e d u c t i o n s  i n  c o s t  between t h e  25,000 and t h e  250,000 u n i t s  
p e r  yea r  p r o d u c t i o n  r a t e s  a re  n o t  l a rge .  Th i s  i s  p a r t l y  because much o f  t h e  
h e l i o s t a t  c o s t  i s  i n  elements produced w i t h  high-volume techn iques  and p a r t l y  
because 250,000 u n i t s  p e r  year  i s  n o t  a  h i g h  enough p r o d u c t i o n  r a t e  t o  u t i -  
l i z e  g r e a t l y  d i f f e r e n t  p r o d u c t i o n  techniques.  

SAMICS--A Use fu l  Tool  

Once da ta  i s  i n p u t  f o r  a  p a r t i c u l a r  design, SAMICS can be used w i t h  a  m i n i -  
mum o f  e f f o r t  t o : ~  

- eva lua te  t h e  e f f e c t  o f  t p e c i f i c  des ign changes, p r o d u c t i o n  methods, 
o r  m a t e r i a l  changes on h e l i o s t a t  c o s t  

- p r o v i d e  c o s t s  f o r  a broad range of p roduc t i on  rates 

- eva lua te  t h e  e f f e c t s  o f  changes i n  genera l  overheads-or s p e c i f i c  
overhead i tems on t o t a l  h e l i o s t a t  cos t .  

SAMICS a l so  p r o v i d e s  a  c o n s i s t e n t  base f o r  comparison o f  d i f f e r e n t  des igns 
o r  processes and a  s tandard  techn ique  e a s i l y  lea rned  by people  i n  t h e  
bus i ness. 



Table  6-1. EFFECT OF CHANGES IN  LABOR, CAPITAL, AND OVERHEAD 
' COST ON INSTALLED HELIOSTAT COST - 250,000 PER YEAR 

MANUAL CASE 

Cost 
per  H e l i o s t a t  

s 

D i r e c t  M a t e r i a l  2702 
D i r e c t  Labor 359 
Annual ized C a p i t a l  

Cost 172 . 

Overheads 761 
T o t a l  Cost 3994 

% Change f r o m  O r i g i n a l  

Cost 
pe r  He1 i o s t . a t  

w i t h  50% 
Inc rease  i n  

D i r e c t  Labor, $ 

Cost 
p e r  He1 i o s t a t  

w i t h  50% Decrease 
i n  C a p i t a l  Cost, $ 

Cost 
. p e r  He1 i o s t a t  

w i t h  50% I n c r e a s e  
i n  Overheads, $ 
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