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1 .0 INTRODUCTION 

1 .I Program Overview 

This repo r t  documents the  a c t i v i t i e s  and r e s u l t s  r e l a t i n g  t o  General 

E l e c t r i c ' s  approach t o  the  pre l im inary  design of a low cos t  p o i n t  focus so la r  con- 

centrator .  The program spanned twenty-two weeks, s f  x weeks o f  parameter analys is  

and s ix teen weeks of analysis,  design and product ion assessment a c t i v i t y .  The 

ove ra l l  schedule of  a c t i v i t y  i s  shown i n  F igure 1-1.. The f i r s t  task, Parameter 

Optimization, involved the model l ing and t rade-o f fs  associated w i t h  p red i c t i ng  the 

concentrator performance and establ i s h i  ng the subsystem design requirements. Once 

a se t  of subsystem design requirements were set, the pre l im inary  design (Task 2) 

and the product ion assessment (Task 4) commenced. The primary ob jec t i ve  of t h i s  

a c t i v i t y  was t o  develop subsystem designs t h a t  were responsive t o  the establ  ished 

app l i ca t i on  requirements, compatible w i t h  volume and prototype product ion tech- 

niques and offered low cos t  so lu t ions  t o  meeting the subsystem requirements. 

Task 3 documented the appropr iate in ter faces w i t h  the rece iver  and engine and w i t h  

the ground. 

P r i o r  t o  i n i t i a t i n g  a c t i v i t y  on Phase I, a set  o f  ob jec t ives  were establ ished 

for the Program. These object ives are: 

1 ) Develop a pre l iminary design f o r  a low cos t  p o i n t  focus s ~ l a r  concrntra- 

t o r .  The key phrase i s  low cos t .  Since the index o f  performance f o r  

the design was cost/performance, s i g n i f i c a n t  a t t e n t i o n  was p i  aced on 

evolv ing a design tha t  was as cos t  e f fec t ive  as possible. 

2)  Demonstrate c r i t i c a l  mater ial /process systems. A novel aspect of the 

desigri i s  the use o f  moldable p l a s t i c  parabol ic d i sh  segments. I t  was 

deemed necessary t o  demonstrate a t  the sample specimen leve l  t h a t  the 

mater ia l  t ha t  we recomnend i n  the design d i d  indeed produce a p l a s t i c  

molded m i r ro r .  



Figure 1-1. Phase I Program Schedule 
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3) Assess volume product ion requirements. With low cos t  as the major theme 

i n  the Program, i t  was important t o  i nves t i ga te  the manufacturing imp1 i ca -  

t i ons  of the design and assess the types and nature o f  the equipment t h a t  

would be needed t o  produce the concentrator i n  h igh  volumes. (100,000 

un i  ts/year base1 i ne) . 
4) Establ ish a Phase II/Phase I11 manufacturing approach. Since there i s  a 

near term requirement f o r  the concentrators, i t  was requi red t h a t  the 

concept lend i t s e l f  t o  near term production, Thus a1 terations/compro- 

mises i n  the concept would have t o  be i d e n t i f i e d ,  however, an evo lu t ion  

would have t o  be establ ished from prototypes through t o  production. 

With these ob jec t ives  i n  mind analysis,  design, t e s t i n g  and manufacturi ng assess- 

ments commenced for  Phase I o f  the Low Cost Po in t  Focus Solar Concentrator 

1.2 Pre l iminary Desiqn Methodclogy 

There are  a number o f  elements t o  General E l e c t r i c  's  p re l  iminary design 

methodology which warrant some discussion. These e l  ements represent a u n i f i e d  and 

systematic approach t o  the design a c t i v i t y .  They are: 

1 )  design t o  cos t  

2) requirements exami na t ion  

3 )  e f f i c i e n t  s t ruc tu ra l  design 

4 )  reference diameter design 

The f i r s t  concept i s  t h a t  o f  design-to-cost. I n  p r i n c i p l e ,  t h i s  approach 

establ ishes subsystem cos t  goal s r e l a t i v e  t o  an ove ra l l  system cost  goal . As the 

subsystems a re  designed they have a spec i f i c  t a rge t  cost  t h a t  they must meet. 

This design t o  cos t  approach i s  shown schematical ly i n  Figure 1-2. Using the 

General Zl e c t r i c  TC-600 parabol i c  d ish  concentrator as a base1 i ne  design, the 
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Figure 1-2. Desi gn-To-Cost Methodology 



costs were exarnlned (Flgure 1-3). It became obvlous t h a t  c e r t a i n  subsystms were 

h igh  c o s t  centers and d i f f e r e n t  approaches would have t o  be taken I f  lower cos t  

so lu t lons  were t o  be found. I n  t h i s  Instance the  d lsh/st ructure,  mount subsystem 

and assembly costs were d e f l n l  t e  h l  gh cos t  areas. As a r e s u l t  t he  low cos t  p o i n t  

focus concentrator design presents more cos t  e f f e c t i v e  sol  u t ions  i n  these areas. 

The actual cos t  ta rge ts  were establ ished i n  the proposal and represent a balance 

between subsys tem cost  and subsystem funct ion.  

The second major element o f  General E l e c t r i c ' s  design methodoldgy involves a 

careful examination o f  the design requirements. By understanding the weight and 

cos t  imp l ica t ions  o f  a l l  the major design requirements, cos t  e f f e c t i v e  re laxa t i on  

o f  those requirements can be made. Speci f ic  requirements t h a t  were studied dur ing 

t h i s  phase o f  the program were: 

0 operat ing and surv iva l  wind loads 

0 i c e  and snow loads 

A ISC code requirements 

a Seismic loads 

0 operat ion and o r i e n t a t i o n  requirements 

0 l i f e  and r e l i a b i l i t y  

While some o f  these requirements had l i t t l e  impact on cost, others had major im- 

pacts and forced a re - th ink ing  o f  some o f  the subsystem design approaches. 

The t h i r d  major element o f  the design was to  recognize t h a t  e f f i c i e n t  s t ruc-  

t u r a l  designs y i e l d  low weight components and, as long as "exo t i cv  mater ia ls  are 

no t  used, low weight y i e l d s  low cost.  This p r i r c i p l e ,  more than any other,  s i g -  

n i f i c a n t l y  shaped the conf igura t ion  o f  the concentrator.  The design t h a t  evolved 

i s  very e f f i c i e n t  f o r  a l l  subsystems, and through the use o f  low cos t  per pound 

materials,  has resu l ted  i n  a low cos t  design. 
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Figure 1-3. Cost Examination 



Final ly ,  the pre l  lmlnary design n9asc c q l l s  f o r  a diameter "optimi tat ion".  

t Since performance varies 1 i t t l e  w i th in  s f ? ?  range o f  interest ,  cost trends w i l l  

I 
* e 

~ s t a b l i s h  a diameter recomnendation, I n  order t o  f u l l y  understand the lmplica- 

t -. 
t ions and costs of diameter effects, i t  was f i r s t  necessary t o  complete a prel im- 

inary  design i n  a1 1 i t s  aspects. For t h i s  reason a reference diameter was chose? 

- 1  and detai led analysis and design data were generated. Then members and components 

were ..:sized under the new diameter conditions. This way meaningful cost versus 

I 
s i r e  information can be generated. The reference s ize  was chosen to  be 7 meters 

based on General E lec t r i c ' s  re la ted experience a t  tha t  size. The range studied 

was 7-12 meters. 

W? t h  t h i s  methodology, the prel  iminary design evol ved f o r  General E lec t r i c ' s  

approach t o  a low cost  po in t  focus concentrator. Section 2 presents a b r i e f  des- 

c r i p t i o n  of the recommended desigf. as i t  evolved. Section 3 presents the resu l t s  

of the Parameter Analysis and Subsystem Requirements Development. Sections 4 

through 10 discuss the deta f ls  of the concepts that  were investigated and Sections 

11 and 12 the production assessment and concentrator economics. Section 13 pre- 

sents the resu l ts  o f  the diameter scal ing and Section 14 discusses the approach 

t o  the near term prototypes. 
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CONCENTRATOR DESCRIPTION 



2.0 CONCENTRATOR DESCRIPTION 

There are a number o f  characteristics of General E lec t r i c ' s  approach t o  a low 

cost concentrator. The concentrator i s  a point  focus, s ingle re f lec t ton  exposed 

parabolic concentrator which tracks the sun i n  two axis. I n  an attempt to  reduce 

cost and increase performance, the concentrator dlsh i s  constructed o f  i n j ec t i on  

molded p las t i c  m i r ro r  segments. The degree o f  mold rep1 i ca t ion  o f  the ding Pro- 

cess insures a high accuracy 1 i gh t  weight part.  In jec t ion  molding f s  desirable as 

a volume production technique. Furthermore, the design freedom inherent i n  the use 

of moldable p las t ics  permits msny time saving and cost reduction features. 

Another feature of General E lec t r i c ' s  approach i s  t o  make the re f l ec to r  system 

an integral  part  of the dish structure system. The re f l ec to r  :s to  be molded i n t o  

the p las t i c  part, thus el iminat ing a f i e l d  assembly operation. The en t i r e  re-  

f lector /d ish then becomes a hjgh volume production, l i g h t  weight un f t .  The l i g h t  

weignt o f  the d ish translates i n t o  cost savings across the en t i re  concentrator. 

Mount structure, dr ive  motor sizes and foundation requirements can a1 1 be reduced. 

To help fact1 i t a t e  an understanding o f  the prel  iminnry design apgroach taken 

w i th  the low cost concentrator, a scale model was constructed. This mde l  i s  

shown i n  Figures 2-1 through 2-3. 

The concentrator has been divided i n to  major subsystems. The dish i s  con- 

structed of molded glass reinforced epoxy wi th an in tegra l  st ructural  r i b  pat tern 

on the back side to  provide f o r  s t i f fness.  There are eight  internat r i b s  w i th in  

t h ~  dlsh t o  provide for support and alignment o f  the dish gore segments as well  as 

added strength t o  the assembled parabol i c  dish. There ~ n t e r q a l  r i b s  add consider- 

able st i f fness t o  the design while minirzizing the loads and thus weight o f  p las t i c  

muterial i n  the gores. The addit ional blockage i s  smll (see Figure 2-2)  and the 

weight reduction benefits are we1 1 worth t he i r  inclusion. The re f l ec to r  na te r ia l  
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selected f o r  near term prototypes i s  an aluminized polyester  f i l m  t h a t  has been 

molded i n  place. This f i l m  i s  UV res is tan t ,  conforms t o  the double curvature o f  

the paraboloid, has exce l len t  specu lar i ty  and very low cost.  An advantage o f  the 

molding process i s  t h a t  the  s u b s t i t u t i o n  o f  s i l ve red  systems as they are  developed 

i s  r e a d i l y  permitted. Thus, higher performance po ten t i a l s  e x i s t .  

The mount subsystem selected i s  an azimuth-elevat ion conf igura t ion .  A s ig -  

n i f i c a n t  advantage o f  t h i s  mount approach i s  t h a t  i t  permits the stow o r i e n t a t i o n  

depicted i n  Figure 2-3. The inver ted  stow s i g n i f i c a n t l y  reduces su rv i va l  wind 

loads, provides fo r  convenient access t o  the receiver/engine and o f f e r s  good pro- 

t e c t i o n  f o r  the r e f l e c t o r  surface. Being an e f f i c i e n t  s t ruc tu ra l  design, the  

selected mount conf igura t ion  provides f o r  low cost,  The inver ted  n i g h t  t ime stow- 

age o f  the r e f l e c t o r  provides f o r  minimum cleaning of the r e f l e c t o r  f i l m .  Another 

feature o f  the mount subsystem i s  t h a t  no f i e l d  welding i s  required. 

The d r i v e  subsystem t h a t  was selected consis ts  o f  a cable and drum. The ;able 

i s  provided w i t h  a r o l l e d  guide from rece iver  t o  counterweight. This t rack  a lso  

acts t o  provide ex t ra  s t i f f n e s s  i n  the receiver/engine mount. Major features of  

t h i s  approach are low cost, low motor p a r a s i t i c  power, h igh  d r i v e  s t i f f n e s s  and 

i n s e n s i t i v i t y  t o  environmental factors.  

The foundation subsystem t h a t  was selected i s  a r o l l e d  I-beam sec t ion  mounted 

on simple concrete p i l i ngs .  The foundation i s  dispersed and thus concrete i s  

minimized. This approach t o  the foundt t ion lends i t s e l f  t o  q ~ i c k  assembly and a 

minimum o f  s i t e  preparation. 

The cont ro l  subsystem selected i s  a hybr id system w i t h  a pos i t i on  p red i c t i ve  

mode f o r  coarse cont ro l  and then a f i b e r  o p t i c  based closed loop con t ro l  on the 

receiver  f o r  f i n a l  posi t ion ing.  



The details of the selected approaches and their cost predictions are pre- 

sented in the following sections, and i t  i s  significant t o  note t h a t  the selected 

design meets the cost/performance goals establ ished by JPL in the RFP. Figure 

2-4 depicts the evolution of costs from current solar thermal concentrators t o  

estirna ted subsystem costs. In several key areas. namely the d l  sh, ref1 ector, 

mount and assembly, substantial gains have been made. Both the reflector and the 

drive system are well below the cost goals established i n  the proposal. 

The fol lowing sections will discuss the subsystem design selection in depth. 

Included are analysis, design detai 1 s ,  product ion assessments and costing assess- 

ments for General Electric's prel imi nary design of the low cost p o i n t  focus solar 

cc ncentrator. 

. - - -  - 
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I 
SIFT* x  SIFT^ x $ / F T ~  x 

DISH/STRUCTURE I 

1 6.90 23 2.25 22.5 2.62 31 
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Figure 2-4. Concentrator Data Sumnary 
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. 3.0 SUBSYSTEM REQUIREMENTS DEVELOPMENT 

The ob jec t ives  o f  the  subsystem requ i  rements development a c t i v i t y  were to: . 
1) i d e n t i f y  the performance and cos t  parameters 

. - 2) determine the performance and cos t  s e n s i t i v i t y  t o  va r i a t i ons  i n  the key 

parameters 

3) assess the f i r s t  order performance/cost trends and provide d i r e c t i o n  i n  

"opt imiz ing"  subsystem p re l  imi nary design select ions.  

By s t a r t i n g  w i t h  speci f ied system requirements and model 1 i n g  and analyzing 

. . the concentrator performance and cost, a set  o f  subsystem deslgn requirements were 

establ ished t o  ensure t h a t  the subsystem design approaches were cons is ten t  w i t h  

the concentrator app l i ca t i on  requirements, The d e t a i l s  and r e s u l t s  o f  t h i s  system 

analys is  are presented i n  t h i s  section. 

3.1 System Requirements 

The design o f  the  concentrator must meet the spec i f i ed  app l i ca t i on  requ i re -  

ments as given i n  the  RFP. These requirements are summarized i n  Table 3-1. The 

key operat ing requirement i s  the  rece iver  operat ing temperature o f  1 7 0 0 ~ ~ .  I n  

order t o  achieve t h i s  operat ing temperature and s t i l l  minimize r a d i a t i o n  losszs 
t 

from the receiver,  l a rge  concentrat ion r a t i o s  and an a c c u r a b  o p t i c a l  surface are 

required. The design o f  the d i s h  subsystem must a lso  mainta in i t s  o p t i c a l  i n -  

t e g r i  t y  under the speci f ied environmental requirements. T3e 1 oads and de f l ec t i ons  

caused by wind, i c e  and snow n o t  on ly  impact performance, bu t  a l so  have a d i r e c t  

impact on cost  since they determine the weight and st rength o f  the s t r u c t u r a l  

elements i n  the concentrator design. I n  t h i s  area, considerable a t t e n t i o n  has 

hem paid t o  the design imp l ica t ions  o f  these environmental requirements and, 

where appropriate, recommendations have been made as t o  t h e i r  v a l i d i t y .  



Table 3-1. Sys tern Requirements 

3.2 Subsystem Parameters 

The parameters used i n  the analysis of the concentrator are i den t i f i ed  in 

Table 3-2. The key parameters i n  the analysis are the dish diameter, focal 

length, concentration ra t i o ,  surface slope er ror  and t o t a l  re f1  e c t i v i  t y  of the 

dish surface. 

CATEGORY 

Configuration 

Performance 

Opera t i o n  

Envi ronment 

REQUIREMENTS 

e Point Focus Concentrator 
Two Axis Tracking 

5-15 Meters Diameter 

State-of-themArt 

0.004 - 0.012 Kwth/$ 
a 30 Years L i f e  

a High R e l i a b i l i t y  - 
e Design Inso la t ion = 800 5 ( a t t s / ~ ~  

a Receiver Temperature = 1 700°F 
@ Receiver Shadowing = 1% 

-20°F -+ 140°F Ambient Temperature 
a 0% - 100% Relat ive Humidity 
e 3/4" Hai l  Impact 

1" Ice/12" Snow Blanket 
Wind: 30 MPH + 20% Gusts Operating 

60 MPH Slew-to-Stow 
100 MPH Survival 

7 



Table 3-2. Subsystem Parameters 

KEY PARAMETERS DESCRIPTION 

z Diameter Of sh Aperture Olameter 
E 
f F/D Focal Length/Di ameter 

3 "s Shadow1 ng Factor 
m 
LL 
Z "c Construct ion Factor ("Crack" Losses) 

8 t Dish Mater ia l  Thickness 

Slope Er ror  Deviat ion o f  Surface from True Parabola 

$ Specular E r m r  Spread of Energy O f f  o f  Ref lec tor  Surface 
Concentration Rat io Receiver Aperture ArealDish Aperture Area 

8 Dish Def lect ion Def lec t ion  of Dish Slope under Wind Loads 
P. 

Tracking Er ror  Misfocus Due t o  Po in t ing  Inaccuracies 
C 

3.3 Subsystem Models 

I n  order t o  make the  necessary trade-offs and es tab l ish  the c r i t e r i a  f o r  the 

p re l  iminary design selections, a n a l y t i c a l  models were developed t o  def ine  the  

opt ica l ,  thermal and s t ruc tu ra l  performance charac te r i s t i c  o f  the concentrator. 

3.3.1 Configurat ion Model 

A simple conf igurat ion model i s  provided t o  mathematically r e l a t e  the geo- 

metr ic  variables t o  the o p t i c a l  and thermal parameters used i n  the  systems 

analysis. The three key geometric var iables are: 

1) The r i m  angle (0,) o f  the dish, which i s  used t o  determine the o p t i c a l  

performance; 

2)  The parabol ic surface area, which i s  used t o  determine the cost  and 

weight o f  the dish; and 

3) The aperture diameter of the d i sh  which i s  used t o  scale system per for -  

mance, cost  and weight cha rac te r i s t i cs  



+ The geometric p ro f i l e  o f  a parabolic dlsh I s  deflned as a functfon o f  the focal 

length, f, by R = 25 /(1+6,a . where 

Aperture Dia., d = 2 r  = 2RSlnQ 

Dish Depth, h = 8 - RCos e 

Therefore, the r i m  angle, I s  so le ly  a funct ion o f  the non-dimensional focal 

length, f /D. 

The surface area of a paraboloid i s  defined geometrically by the relat lonship, 

The surface area can then be expressed i n  the non-dimensiontl form o f  surface-to- 

aperture area ra t io ,  A , / A A .  

where - 
subst i tu t ing gives, a 

A 

the focal length, f/D, and the r i m  angle, go, as shown i n  Figure 3rl. 





3.3.2 Optical Model 

The opt ica l  model i s  based on an analysis by A. C. Ku and i s  described i n  

de ta i l  i n  Appendix A-1. Mathemntical equations are derived which give the spat ia l  

spread of the ref lected energy as a funct ion o f  the RMS opt ica l  errott  and the r i m  

angle of the dlsh. The major assumption of the analysis i s  tha t  the op t i ca l  er ror  

i s  rardom f n  nature and can be described by a Gaussian d i s t r i bu t i on  function. 

Also, i t  i s  assumed that  the re f lec ted beams are symnetric w i th  respect to  t h e i r  

respective axis. 

Using t h i s  analysi s, the opt ica l  in tercept  fac tor  i s  defined by 

where 

CR = concentration r a t i o  

f = focal le9gth. ft. 

= STD deviat ion i n  f lux d is t r ibu t ion ,  ft. 

b = STD deviat ion it! opt i ca l  error ,  rad. 

0 = d ish aperture diameter, ft. 

= d ish r i m  angle, deg. 

and 

Ts = const. = .0024 rad. 

qp = const. = .0030 rati. 

= 1/8" to  1/4 '  = .00218 t o  .00436 rad. 



Some s impl i fy ing  assumptions a re  made i n  the  o p t i c a l  model w i t h  regard t o  the  

o p t l c a l  e r rors .  Oeflect ion and t rack ing  er rors  a n  t reated as a Mas, befng de- 

pended on t lw and environment, and do not  d i r e c t l y  impact the o p t i c a l  trade-offs.  

'60th er rors  are  considered as they impact other  design c r i t e r i a .  

^ ? t i c a l  spreads due t o  the so lar  source and specu lar l ty  d i s t r i b u t l o n s  are 

assumed a t  nominal values. Since slope e r r o r  I s  the dominate o p t i c a l  p a r a m t r r  

compared t o  the source and s p u u l a r  spreeds, devlat lons I n  t h e i r  RMS values w i l l  

no t  significantly af fec t  the  analysis. A l l  of the RMS op t i ca l ,  source, and 

mcchanlcal e r rors  are assumed t o  be normally d i s t r i b u t e d  over the aperture area 

o f  the dish. The surface slope er ror .  rsL I s  l d e n t l f i e d  as the Independent 

var iab le  i n  the analysis and values of i / 8 O  (.00218 rad. ), 3/16' (.00327 rad. ) 

and 1/4" (.OM36 rad.) were selected as being a represknta t iv t  v a r i a t i o n  f o r  a 

h igh  qua1 1 ty ,  manufacturabl e o p t i c a l  surface. 

3.3.3 T h e m 1  Performance Model 

The thermal performance model i s  def ined by the net  thermal energy del ivered 

t o  receiver  less the thermal energy losses i n  the receiver,  as def ined by the 

application requirenents. The thermal energy del ivered i s  a func t ion  o f  a design 

so la r  i nso la t i on  r a t e  o f  C.8 ~ ~ / r n 2  (as specif ied),  the d ish  diameter o r  aperture 

area, the surface r e f l e c t i v i t y ,  the op t i ca l  i n te rcep t  factor, and georrretric fac- 

t o r s  f n  shadowing and construct ion tha t  reduce the ef fect ive aperture area. The 

receiver  t h e m 1  energy losres a t  the required temperature leve ls  are a func t ion  

o f  the aper iure area of thereceiver, as  defined by 119 KUTH per rn2, which can be 

redef ined i n  terms o f  concentrat ion r a t i o ,  CR, and aperture area o f  the dish. 

The resu l t i ng  mathematical model f o r  thermal performance i s  def ined as  fo l lows:  





Figure 3-2 .  Intercept Sensitivity t o  Focal Length 



such as speculari ty, only become s ign i f i can t  when the small slope errors can not 

be obtained. Variations i n  the in tercept  factor w i th  focal length also demon- 

s t ra te  tha t  w i th  small slope errors, the focal length could vary from 0.35 t o  0.70 

without a s i gn i f i can t  compromise i n  op t i ca l  performance. WS t h  higher slope 

errors, i n  the order of a 1/4-degree, the e f fec ts  o f  focal length and concentra- 

t i o n  r a t i o  on opt ica l  performance become more pronounced. 

Typical var iat ions i n  opt ica l  performance wi th  slope e r ro r  and concentration 

r a t i o  are shown i n  Figure 3-3 '  f o r  a focal length o f  f / D  = 0.5. These resu l ts  

demonstrate the importance of small slope errors i n  achieving the op t i ca l  perfor-  

mance w i th  high concentration ra t ios ,  as required f o r  the spec i f ic  engine appl i -  

cations. Also, the resu l ts  ind icate  tha t  f o r  the appropriate range i n  concen- 

t r a t i o n  r a t i o  (1 100-2000) f o r  the appl icat ion, an RMS slope e r ro r  o f  118-degree 

w i l l  provide good opt ica l  performance and fu r ther  reductions i n  slope er ror  w i l l  

not s ign i f i can t l y  enhance performance. Variations i n  the opt ica l  in tercept  fac tor  

w i th  concentration r a t i o  a1 so demonstrates tha t  low concentration ra t i os  are re-  

quired w i th  the higher slope errors f o r  good opt ica l  performance. However, good 

opt ica l  intercept  performance a t  the lower concentration ra t i os  w i  11 be coinpro- 

mised by poor thermal performance, which i s  addressed and optimized i n  Section 3.5. 

3.5 Thermal Performance Trade-offs 

The key parameters i n  the thermal performance model1 ing are the opt ica l  i n -  

tercept fac tor  and the concentration ra t i o .  As a dependent variable, the i n t e r -  

cept fac tor  was derived i n  Section 3.4 as a funct ion o f  focal length (f/D), the 

slope e r ro r  (CTSL), and the concentration r a t i o  ( C R ) ,  a1 1 o f  which are retained 

as independent variables i n  the thermal analysis. Other independent variables i n  

the thermal an i l ys is  include the surface r e f l e c t i v i t y  ( j ) ,  a dish construct ion 

facror ($), and a shadowing fac tor  ( )  a l l  o f  which are assumed as constants 



Figure  3-3. I n t e r c e p t  S e n s i t i v i t y  t o  rsL, CR 



Figure 3-4. V a r i a t i o n  i n  Thermal Performance w i t h  CR, qL 
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F igure  3-5. V a r i a t i o n  i n  Thermal Performance w i t h  CR, csL 



a f f e c t i n g  on ly  the  performance l e v e l  and no t  the trends o r  t rade-of fs .  The de- 

s ign  so la r  i n s o l a t i o n  l e v e l  and the  engine thermal losses are a p p l i c a t i o n  r e -  

quirements, as specif ied. 

Typical va r i a t i ons  i n  the  thermal performance ( K W ~ " / ~ ~ )  w i t h  slope e r r o r  and 

concentrat ion r a t i o  a re  shown i n  Figures 3-4 through 3-7 f o r  foca l  lengths o f  ' 

0.35, 0.40, 0.50 and 0.60, respect ive ly .  These r e s u l t s  i n d i c a t e  an optimum 

thermal performance and an optimum concentrat ion r a t i o  f o r  any given focal  length  

and slope e r ro r .  In opt imiz ing  thermal performance, the concentrat ion r a t i o  i s  

a lso optimized and thus becomes a dependent va r i ab le  i n  the analys is .  

Var iat ions i n  the optimum thermal performance w i t h  slope e r r o r  are shown i n  

Figure 3-8 as a func t ion  o f  focal  length. For a given slope e r r o r  the ef fect  

o f  focal  length  on the optimum thermal performance i s  demonstrated and ind ica tes  

t h a t  maximum thermal performance i s  obtained w i t h  a foca l  length  o f  f / d  = 0.50. 

The optimum concentrat ion r a t i o  i s  a lso  shown i n  Figure 3-8 as i t  depends on 

slope e r r o r  and focal  length. 

Var iat ions i n  the optimum thermal performance w i t h  foca l  length  are  shown i n  

Figure 3-9 as a func t ion  o f  slope e r r o r  t o  demonstrate the performance sensi- 

t i v i t y  t o  focal  length. The r e s u l t s  show t h a t  f o r  any given slope er ror ,  the 

focal  length  could vary from 0.4 t o  0.6 wi thout  a s i g n i f i c a n t  compromise i n  ther -  

mal performance. Also, Figures 3-4 through 3-7 i nd i ca te  t h a t  w i t h  small slope 

errors,  an "off-optimum" (CROpT - + 200) concentrat ion r a t i o  w i  11 not  s i g n i f i c a n t l y  

compromi se thermal performance. 

A very s i g n i f i c a n t  observat ion i s  made i n  Figure .;-9 t ha t  the nptimum con- 

cen t ra t i on  r a t i o  i s  dependent on focal  length  and no t  v ice  versa. I t  i s  c l e a r l y  



F igure  3-6. V a r i a t i o n  i n  Thermal Performance w i t h  CR, qL 
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F igure  3-7. V a r i a t i o n  i n  Thermal Performance w i t h  CR. TsL 
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Figure  3-3. Optimum KWTH. CR A s  A Function o f  csL. - f / O  
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surface op t l ca l  qua l l ty .  The appropriate conclusion I s  tha t  the concentration 

I ra t io ,  not  the focal length, should vary w i th  surface opt ica l  qua1 i t y  f o r  maximum 

f thermal performance, as indicated i n  F I g u n  3-8. The optimum focal length, i n  

1 terms o f  opt ica l  and thermal performance (KHtH) i s  shown t o  be approximately f/D 

f 0.5. 

3.6 Ef fec t  o f  Tracking at:d Def lect ion Bias Errors 

The system analysis and sens i t i v i t i e s  tha t  were d i  scussed above were con- 

% ducted a'lsuming tha t  the concentrator was al igned w i t h  the sun. Two primary 
rl 
:I sources o f  bias errors have been considered and which must be factored i n t o  the 

subsystem requirements determination, the t racking bias and the dish gore deflec- 

t i o n  under wlnd loads. Figure 3-10 presents the s e n s i t i v i t y  of the in tercept  

fac tor  t o  the t racking bias error .  As can be seen, a bias error o f  - + 0.125 

degrees resu l t s  i n  1 i t t l e  loss of intercepted receiver energy. This value i s  

also consistent w i th  achievable pos i t ion sensing accuracies and dr ive system 

st i f fness.  The second key bias parameters tha t  was studied i s  the gore def lect ion.  

This parameter i s  a measure o f  the bending o f  the dish gore away from the para- 

bolo id shape due t o  wind and grav i ty  loading. I t  i s  a measure of how much s t i f f -  

ness i s  required o f  the dish structure and thus d i r e c t l y  influence cost. A 3e- 

t a i l e d  discussion o f  the analysis i s  presented i n  Appendix A-2 and the resu l ts  

are presented i n  Figure 3-1 1. As can be seen, deflections of an indiv idual  gore 

can be as high as 0.25' wi th  only an addi t ional  It loss i n  intercept  factor .  By 

designing the gore st i f fness for t h i s  amount of def lect lon a t  maximum operational 

wind loading, weight of the dish gores can be kept to  a minimum. The implicat ions 

of t h i s  analysis w i l l  be discussed i n  Section 4. 







As a result  of the concentrator parametric analysis, a se t  of  subsystem 

parameters were specified which will serve as the design requirements for  the sub- 

system ;-el iminary design detailed i n  the following sections. The following con- 

clusions can be drawn: 

1)  The optical model indicated a strong dependence of performance on 

slope error. The value of 0.125' RMS slope error i s  specified as  the 

dish gol.r , m n ~ f a c t u r i ~ q  accuracy. 

2 )  The analysis indicated an optimum focal length of f/D = 0.5 w i t h  a weak 

dependence of performance on C'D between 0.4 and 0.6. 

3) The thermal model indicated that  the optimum performance i s  a strong 

function of slope error and a weak function of focal length and that 

the optimum concentration ratio will vary w i t h  slope error. The 

following values were specified: 

CR = 1800 

i 4 )  Tracking and gore deflection bias errors were determined to be - + 1/8O I 
and 1 / 4 O  respectively. 

5) No sianificant ~erformance trends existed with diameter. Diameter 



SECTION 4.0 

DISH SUBSYSTEM 



4.0 DISH S3BSYSTEII 

4.1 Dish I i a t e r i a l  Select ion 

The disl, subsystem i s  represented by a s t r u c t u r a l  substrate and metal1 i c  

r e f l e c t o r  mater ia l .  This sect ion describes on ly  the d ish  substrate, and the 

mater ia ls  t h a t  L v e  been considered and selected f o r  the  manufacture o f  these 

d ish  structures. 

Prime considerat ions f o r  the se lec t ion  o f  mater ia ls  f o r  t h i s  app l i ca t i on  

were cost, modulus, design and process f l e x i b i l i t y ,  and use h is tory .  Based 

on these considerations, mater ia l  type and composition was then establ ished 

t o  provide the  s t r u c t u r a l  p roper t ies  and charac te r i s t i cs  t o  meet per formnce 

requi  rements . 
Glass re in forced p l a s t i c  was selected as the  prime mater ia l  because i t  

provides a system w i t h  good mechanical and thernal  propert ies and low cost.  

Typical re in forced and unreinforced p l a s t i c  p roper t ies  are shown i n  Tab1 e 1-1 . 
Reinforced property data shown were obtained by the use of 30-40 percent 

continuous strand glass mat. 

S ign i f i cant  features of glass re in forced p l a s t i c s  are given i n  Table 4-2. 

Parts consol idat ion i n  the d ish  s t ruc tu re  r e f e r s  t o  incorporat ion o f  r i b s  and 

the i n - s i t u  molding o f  the r e f l e c t o r  i n  a s ing le  co-cure operation. Lower p a r t  

f i n i s h i n g  costs are possib le because the p a r t  i s  molded net.  Edge t r i m i n g  

and seal ing i s  the  only post-mold f i n i s h i n g  required. Because o f  exce l len t  

weathering and s t ruc tu ra l  i n t e g r i t y  , GRP provides longer 1 i f e  and lower main- 

tenance. Occasional r e f l e c t o r  replacement and pa in t i ng  o r  seal i ng  should be 

the only maintenance required. With increased valume requirements, the p a r t  

cost  should be reduced. 



T a b l e  4-1. T y p i c a l  GRP M a t e r i a l  P r o p e r t i e s  

TYPICAL 
UN-REINFORCED 

TYPICAL 
- RE I NFORCED . FLEXURAL MODULUS, x l o 6  p s i  

FLEXURAL STRENGTH, x 10' p s i  

e COEFF. OF LINEAR THERMAL 
EXP., I N / I N I ° F  x 

r CREEP RUPTURE, x 103 p s i  
(UP TO 1900  HOURS) 

e PROCESS REQUIREMENTS MODERATE TO 
HIGH 

LOW MODERATE 

MATERIAL COSTS HIGH LOW 

GRP SELECTED FOR 

THIS APPLICATION i 1 





The recomnended mater ia l  system i s  shown i n  Table 4-3 and consists of basic- 

al:y an epoxy res in,  f i l l e r s  and continuocs glass strand mat reinforcement. 

Exact amounts of each ingred ient  w i l l  be establ ished for  each process used. A 

low temperature i n i t i a t e d  c a t a l y s t  system w i l l  be used t o  cure the mater ia l  

system i n  the  mold. The propr ie tary  c a t a l y s t  was developed by General E lec t r i c ,  

and provides a 2-3 minute cure system h t  150-200°F. 

Resins 

The res ins  systems evaluated were epoxy and polyester,  both thermosett ing 

resins. Both systems provide design and processing f l e x i  b i l  i ty. They can be 

cured e i t h e r  by room temperature reac t i ve  ca ta l ys ts  o r  temperature i n i t i a t e d  

cata lysts.  This al lows them t o  be cured by most any ava i l ab le  process. The 

key requirements used i n  the r e s i n  select ior i  process are shown i n  Table 4-4. 

Epoxy r e s i n  provides the best po ten t ia l  f o r  long 1 i f e  because i t  i s  character- 

ized p r i n c i p a l l y  by good dimensional s t a b i l i t y .  Polyesters must be f i l l e d  w i t h  

addi t ives (styrene) t o  reduce shrinkage. When f i l l e d  w i t h  par t icu la tes ,  a low 

cost  mater ia l  system i s  possible. Glass re in forced epoxy has been used exten- 

s i v e l y  i n  a i r c r a f t  and Naval ship-board radome and radar app l ica t ions  f o r  over 

f i f t e e n  years as we l l  as extensive use i n  the pleasure boat industry.  F i e l d  

repa i rs  c *e easi !y and qu ick l y  made w i t h  epoxies. 

F i l l e r s  

F i l l e r s  are used f o r  several reasons: t o  reduce shrinkage and subsequent 

cracking i n  res in  r i c h  areas, improve surface qua l i t y ,  improve st i f fness and, 

p r i n c i p a l l y ,  t o  reduce cost  o f  the epoxy system selected. Table 4-5 provides 

a l i s t  o f  candidate f i l l e r s  t h a t  can be used i n  t h i s  app l ica t ion .  The most common- 

l y  used f i  1 l e r s  are calcium carbonate and clays; however, calcium metasi 1 ica tes  

i s  now being used t o  replace p a r t  o f  the glass f i b e r  i n  g l a s s - f i l l e d  systems 



t + 

Lower Component cost  by par ts  consol i t ia t ion as demonstrated 
i n  automotive indust ry  ( G r i  l i e  opening panels) 

Design F l e x i b i l i t y  

Lower F in ish ing  Cost 

Lower Maintenance Cost 

Longer L i f e  

Corrosion Resistant 

Lower Cost i n  High Volume 

Dimensional S t a b i l i t y  
C 

-__----.- 

* -.e - - a  

f o r  Reaction I n j e c t i o n  Mclding. E i the r  Calc i  um Carbonate o r  Calcium Metasi 1 - 
i c a t e  w i l l  be used i n  the dish s t ruc tu re  composition. 

Table 4-2. GRP Features 

I 

I 
1 

Reinforcements 

Glass mat reinforcements provide the  improved mechanical porper t ies  shown 

i n  Table 4-1. This i s  the  p r i n c i p a l  re in fo rc ing  mater ia l  i n  the system, supp- 

lemented by i n t e r s t i t i a l  improvements provided by f i l l e r s .  Continuous strand 

glass mat, as shown i n  Table 4-6 w i l l  be used i n  the d ish  substrate because of 

i t s  good formabi l  i t y  over the curved mold surface, f i b e r  wash resistance, high 

bulk fac to r  and uniform p a r t  f i l l - o u t .  These charac ter is t i cs  are particu1a:ly 

important f o r  the  Resin Transfer Molding (RTM) and L iqu id  Reaction I n j e c t i o n  

Molding (LRI3) processes selected f o r  low and h igh volume d i s h  production. 

Continuous mat i s  amenable t o  most any molding process; whereas, the other  

forms 1 i s t e d  i n  Tab1 e 4-6 are process 1 i m i  ted. 





Table 4-5. Use o f  F i t  l e r s  

9 . 
Surface F i n i s h  

WHY FILLERS Good M o l d a b i l i t y  
Low Cost 

Low Shrinkage 
v 

Calcium Carbonate 

CANDIDATE FILLERS S i l i c a s  
S i l  i ca tes  

Clays 

Oxides 

Gel Coats 

Table 4-7 ind ica tes  why gel coats a re  used and the types considered fo r  

use i n  dishes. 

F i r s t  of a l l ,  gel  coats are used i n  t h i s  a p p l i c a t i c n  t o  prov ide a h igh  

q u a l i t y  r e f l e c t i n g  surface. I n  experiments conducted i n  our laaora tory  w i t h  

ve i l / sur face  mats versus unreinforcea gels, i t  was found t h a t  the l a t t e r  pro- 

vided the smoothest surface f i n i s h  and prevented f i b e r  show-thru on the r e f l e c t -  

o r  surface. And, t h i s  i s  p r i m a r i l y  why such systems w i l l  be used i n  the d ish  

appl i ca t i on .  

I t  i s  preferable t o  use the parent o r  prime r e s i n  p r i m a r i l y  from a compat- 

i b i l i t y  and s t a b i l i t y  standpoint. Polyesters w i t h  a s l i g h t  amount o f  s i l i c a  

f i l l e r  would be the  second choice, because o f  t h e i r  s i m i l a r i t i e s  i n  proper t ies,  

and a lso  because of t h e i r  low cost. 



Table 4-6. Ref nforcement 

. 
Improved Propert ies 

WHY RE1 NFORCEMENT Dfmensional S t a b i l i t y  

Res I s tance M i  crocrac k f  ng 

Chopped Strand (Random) i 

CANDIDATE RE1 NFORCEMENT Continuous Mat 

Oriented Mat 

Woven Fabric 
6 * 

Table 4-7. Gel Coats 

v I 

Surface F i n i s h  

Improve Weathering 
WHY GEL COATS ImpactjAbrasion Resistance 

Necessary t o  El  iminate F i  ber  
Show t h r u  on Ref lec tor  

Parent System 
CANDIDATE GEL COATS Urethanes 

Polyesters . i 

4.2 Dish Prel iminary Desiqn 

Having selected a mater ia l  system t o  be used i n  the fab r i ca t i on  of the 

gores there remains the task o f  developing a pre l im inary  design. The method- 

ology used t o  define the pre l im inary  design parameters i s  a l o g i c a l  sequence 

s t a r t i n g  w i t h  t h e  design requirements shown i n  Table 4-8. Alnost a1 l of these 

design and operat ing requirements were given i n  E x h i b i t  V I I  of the o r i g i n a l  

JPL Request for  Proposal. 

The next step i n  the sequence was t o  es tab l i sh  c red ib le  load case from 

the requirements and use these, along w i t h  representat ive mater ia l  proper t ies,  



t o  perform the s t ruc tu ra l  analysis required t o  determine the gore design geometry. 

1 = -  

The d e t a i l s  o f  how t h i s  was accomplished are explained i n  the  fo l l ow ing  gars- 

graphs. 

Perhaps the most d 4 f f i c u l t  po r t i on  of the design task was the establishment 

o f  r e a l i s t i c  design cases. The o p t i c a l  performance i s  an important d r i v e r  f o r  

the d ish  design. Not on ly  are there ref lectance and specul a r i  t y  requi rements , 
but  a lso requirements on d i s h  shape change, s p e c i f i c a l l y  the  .25* o f  edge slope 

change o r  def lect ion, See Figure 4-2. These requirements combined w i t h  the  over- 

a l l  program object ives of low cost placed heavy emphasis on es tab l ish ing  rea l -  

i s t i c  load cases l e s t  the thickness and therefore the  weight be overestimated. 

The requirement "30 mph operat ing x 1.2 gusts" was examined i n  l i g h t  o f  the  above. 

Figure 4-1 shows a compilat ion o f  i n s o l a t i o n  versus wind speed taken from NOAA 

weather tapes fo r  selected s ights.  This f i g u r e  c l e a r l y  ind ica tes  t h a t  over 92: 

of the yea r l y  ava i l ab le  energy i s  received wh i le  wind speeds are less  than 

20 mph. 

Table 4-8. Dish Requirements Sumnary 

30 mph Operate x 1.2 Gusts 

100 mph Survival (Stowed) Stow through 60 mph 

1 i n .  Ice112 in.Snow w i t h e  = . I  water 

-20°F t o  140°F 

.75 inch Diameter Ha i l  

Sand, Rain, Fog, 100% RH, Dew, Frost  

Seismic: 1 Ver t i ca l  .25, Latera l  Simultaneously 

30 Year L i f e  
b 

Freezing and Thawing 

Ocean Shore Environment 

. X O  R i m  Def lec t ion  

.125" Slope Er ror  
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I f  the design pressure 'loading corresponding t o  20 mph i s  used w l  t h  .2S0 

edge d e f l e c t i o n  the r e s u l t i n g  d l sh  s t ruc ture  w i l l  be l i g h t e r  than t h a t  deslgned 

f o r  30 mph and .2S0, From Figure 4-2 i t  can be seen t h a t  i f  we asswm the shape 

change t o  be l i n e a r  w i t h  pressure (most s h e l l  so lu t i on  are) then w i t h  a  design 

pa in t  of 2.5 p s f  and .2S0, the  def lec t ion  a t  5 psf should be . 5 O  f o r  the same 

thickness. Thus the slope in te rcep t  f a c t o r  from 20 mph t o  30 mph goes from ,99 

t o  ,95 but  on ly  fo r  8% of the year, 

The design pressure load was there fore  se t  a t  the vector sum o f  the 20 mph 

2 wind load and an assumed 2 I b s / f t  d l sh  s t ruc tu re  weight. The va l i da t i on  f o r  

the above assumptions w i l l  be j u s t i f i e d  i n  the resu l t s  of the d ish  s t ruc tu ra l  

analysts. The d ish  i s  therefore designed f c r  de f l ec t i on  and checked f o r  Rax- 

imum stress. I n  addition, gusts were not  used as a  primary design c r i t e r i a  

since h i s t o r i c a l l y  they are short  t ime phenomena about a  steady s ta te  value. 

Thus, stresses were checked a t  30 mph x 1.2. The remainder o f  the design require-  

ments had no major impact on the s t ruc tu ra l  deslsn. 

Table 4-9 shows a  t yp i ca l  se t  of mater ia l  propert ies f o r  glass re inforced 

p l a s t i c s  - GRP. For the s t ruc tu ra l  design and weight ca lcu la t ions  i t  was assumed 
6 t h a t  the mater ia l  had a  room temperature modulus o f  2 x 10 p s i  and a  SpGr o f  

S t ruc tura l  Analysfs 

The design conf igurat ion analyzed i n  t h i s  sect ion evolved from considerat ion 

o f  receiver/engine mount concept and d r i v e  concepts. Figure 4-3 shows the  

c u r c i f o n  st ructured formed by :he i n te rsec t i on  of the mount i n te rna l  r i b  and 

the d r i ve  i n te rna l  r i b .  Due t o  the concentrated loads a t  the receive . ' e n g i ~ e  

support and the d ish  mount, i t  was decided tha t  metal s t ruc tu re  should be jsed 

f o r  the in te rna l  r i b  since metals have higher s t i f fness  and st rength t c  provide 



F igure  4-3. Prel im ina ry  Mount and D r i v e  Frame Con f igu ra t ion  





Table 4-9. Mater ia l  Proper t ies 

ROOM TEMP ELEVATED TEMP 

6 8 O F  140°F 

Spec i f i c  Grav i ty  1.5-2.0 

Expansion Coe f f i c i en t  (8-20)xl o - ~  --- 
Poission Rat io .25 --- 

6 Modulus x  10 1.5-2.5 1  .O-1.5 

Tensi le  Strength 10,000-30,000 ? -12,000 

Compressive Strength 1 5,000- 35,000 --- 
Fat ique l o6  PSI 5,000- 1  5,000 

Creep Rupture 4,000 B l o 6  Hrs --- 
% Glass F u l l  20- 30 

F 

For a  uni formly loaded sector  w i t h  r a d i a l  edges clamped and outer  edge f ree,  

on ly  the equation f o r  maximum edge d e f l e c t i o n  was given: 

To develop an approximate r e l a t i o n s h i p  f o r  the edge slope o f  a  f l a t  p l a t e  

sector i t  was assumed t h a t  the r a t i o  o f  slope equal led the d e f l e c t i o n  r a t i o .  

e s =  @p (k%z) 
However, t h i s  approximate r e l a t i o n s h i p  f o r  the r i m  slope change does no t  

account f o r  the s t r u c t u r a l  d i f fe rences between a  p l a t e  and a  s h e l l  o f  revo lu t ion .  

Shel ls o f  revo lu t i on  are inherent ly  s t i f f e r ,  the p la tes  under uni formly d i s t r i b -  

uted loading due t o  the membrane ac t icn .  To est imate a  co r rec t i on  f o r  t h i s  added 

she l l  s t i f f ness  over a  f l a t  p la te ,  the edge slope re la t i onsh ips  were obtained 

f o r  the cases shown i n  Figures 4-4 and 4-5. The equation fo r  edge r o t a t i o n  of 

the f l a t  p l a t e  i s  given by; 



Figure 4-4 

and for  the shallow sper ica l  s h e l l  by 

\ Ly-i R\ 
M.t, i 
C, -- I ,' 30 
l------ I-/# 

Figure 4-5 

The r a t i o  o f  the edge slopes f o r  these two cases provides a  co r rec t i on  f o r  

the  s h e l l  s t i f f n e s s .  I f  the slope co r rec t i on  f o r  the p l a t e  sector  i s  now 

applied, an approximate re la t i onsh ip  f o r  the  slope o f  a  parabol ic  sector  i s  

given by; 

Estimates o f  gore thickness obtained using the .25" r i m  r o t a t i o n  and 2.5 l b s / f t  

load r e s u l t s  i n  h igh gore weight because the mater ia l  was no t  being used e f f -  

e c t i v e l y .  An a l t e rna te  design approach was t o  use a  t h i n  she l l  w i t h  g r i d  

r e i n f o r c i n g  r i b s  as shown i n  Figure 4-6. 



Thus an equivalent  thickness was used f o r  +he s t i f f ness  o f  the sheet / r ib  pa t te rn  

w i t h  t h a t  s t i f f ness  being given by the  equation 

Where Iact i s  ca lcu la ted  about the N.A. of the sec t ion  shown i n  Figure 4-7. 

I 

Figure 4-7 

Further t i s  ca lcu la ted  as a func t ion  o f  the  pressure loading Yand  the 
eq v 

gore r i m  r o t a t i o n  8ps from 

then tact i s  given above. The re- 

6 sul  t s  of these ca lcu la t ions  f o r  an e l a s t i c  modulus o f  2 x 10 and two i n t e r n a l  

r i b  conf igurat ions are p l o t t e d  i n  Figure 4-d f o r  the given she l l  reinforcement 
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cbqd 
geometry. This supe& p l o t  provides parametric data on actual  shel 1 thickness 

as a func t ion  o f  gore r i m  r o t a t i o n  and uniform pressure load. The imp l i ca t i on  

i s  q u i t e  c lear ,  t h a t  e igh t  i n t e r n a l  metal r i b s  r e s u l t  i n  approximately h a l f  t he  

required p l a s t i c  s h e l l  thickness f o r  the same ,25' r i m  angular d e f l e c t i o n  and 

2.5 psf. This r e s u l t s  i n  a more e f f i c i e n t  use o f  the comparatively expensive 

p l a s t i c  ($1.25/lbs) wh i le  t rad ing  t h i s  against  an increase i n  the  cost  and 

weight o f  the  aluminum i n t e r n a l  trusses (about $l.OO/lb). Figure 4-9 shows 

essen t ia l l y  the same data except t h a t  an allowance has been made f o r  the  potent- 

i a l  e f f e c t s  o f  a lower modulus p l a s t i c  r i b .  With the  same design requirements, 

the e igh t  i n t e r n a l  r i b  case requires an actual  she l l  thickness o f  .I75 inches 

w i t h  a r e i n f o r c i n g  r i b  height  of .875 inches. 

A cursory examination o f  the s h e l l  stresses as a funct ion of loading and 

thickness i s  shown i n  Figure 4-10. Under the  assumed she l l  weight o f  2 I b s l f t  2 

ac t ing  alone, the tangent ia l  edge stresses are about 1500 ps i .  The add i t i on  

o f  a 20 mph wind pressure increases rT t o  2000 ps i .  For the 1 inch i c e  and 

12 inch o f  snow a t  0 mph, the 12 inch o f  snow i s  most severe a t  a pressure 

2 loading o f  6.2 l b s / f t  o r  about 4000 ps i .  The design c r i t e r i a  f o r  t h i s  non- 

operat ing case i s  t h a t  the t e n s i l e  s t rength (%10,000) o f  t he  mater ia l  

not  be exceeded. 

Other areas o f  concern, s t r u c t u r a l l y ,  are panel buckl ing, l oca l  panel 

bending st ress and h a i l  impact. Figure 4-11 shows the r e s u l t s  o f  a shallow 

spherical shel 1 buckl i n g  analys is  using the method given i n  Reference Bruhn. 

For  the 7" d ish  geometry and a 12 inch re in fo rc ing  r i b  pattens, a she l l  t h i ck -  

ness of . I75 inch gives a bucl:ling pressure of 1 .5  ps i .  100 mph i s  a press- 

ure loading o f  .I736 psi ,  r e s u l t i n g  i n  a l a rge  margin. Local panel bending 



Figure 4-9. Ef fect  o f  Pressure Loading and Angular 
Deflection on Shell Thickness 
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Figure 4-1 0. Gore Tangential Stresses 
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Figure 4.11. Shallow Spherical  She1 1 Euckl ing  Analysis 



however, even a t  100 mph, t h i s  stress adds about 250 ps i  t o  the general shel l  

bending stresses. 

Final ly,  h a i l  impact was examined as a 3/4 inch diameter b a l l  impacting the 

p las t i c  a t  terminal v e l o d t y  o f  Vt  = 120 mph. The k lne t i c  energy i n  the h a l l  

pa r t l c l e  a t  the ins tant  o f  impact i s  about 3.8 f t - lbs .  The avai lable IZOD data 

f o r  GRP shows values greater than 5 f t - 1  bs a t  6 8 O F .  While t h i s  i s  not a large 

spread between appl led and a1 lowable. i t  i s  nonetheless post t lve .  

The structural  analysl s conducted during t h i s  study examined gross ef fects 

and d id  not attempt t o  pred ic t  a f i n a l  stress p ic ture f o r  the gore segment, 

par t i cu la r l y  the metal/plast ic inter face o r  the de ta i l s  o f  the p las t i c l p l as t i c  

jo in ts .  While edge thicknesses were estimated (.40 inches). only a f i n i  t e  element 

computer analysis o f  t h i s  she l l  s t ructure would al low us t o  do f i n a l  s iz ing and 

detai led j o i n t  design. It i s  f e l t  tha t  the estimates o f  shel l  thickness, r i b  

spacing and height have been examined i n  enough depth so tha t  the weight 

estimates used f o r  costing and dish subsystem are reasonable. 
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5 * 0 REFLECTOR 

5.1 In t roduc t ion  

The basel in@ 7 meter p o i n t  focus d l s h  requi res 435 ft2 o f  r e f l e c t o r  surface 

formed as a paraboloid w i t h  an f / O  o f  ,5 .  The design d iv ides  the r e f l e c t o r  I n t o  

e i g h t  separate segments and each segment i n t o  two equal area gores. The area o f  

each gore i s  a 3 0  square feet .  This sect ion discusses the o p t i c a l  and r e l i a b i l i t y  

requirements o f  the re f lec tor ;  the candidates which sat1 s f i e d  these requi  rements; 

the t e s t i n g  program through which the candidates were placed; and f i n a l l y ,  the 

r e f 1  ec tor  se lec t ion  f o r  the prototype concentrators. Mai ntenance o f  the r e f 1  ec tor  

choice i s  a lso  discussed. Note t h a t  the r e f l e c t o r  choice i s  based on s ta te-o f -  

the-ar t  technology and present ly  ava i l ab le  cos t  estimates. As volumes 4ncrea.e 

the a v a i l a b i l i t y  o f  such r e f l e c t o r  candidates as s i l v e r  on4 p ro tec t i ve  systems 

such as glass w i l l  undoubtedly increase wh i le  t h e i r  costs decrease. The design 

a1 lows such candidates t o  be in tegra ted  w i t h  the substrate as they become 

ava i l ab le  and cos t  e f fec t i ve .  

5.2 Requirements 

Major determinants i n  the cos t  ef fect iveness of a so la r  c o l l e c t o r  a re  the 

o p t i c a l  charac ter is t i cs ,  re1 i a b i l  i ty ,  and cos t  of the re f l ec to r .  The major 

o p t i c a l  cha rac te r i s t i cs  a re  the t o t a l  so la r  ref lect iv i ty, ,~, and the specu lar i ty .  

Speculari ty i s  given i n  m i l  1 i rad ians  as a;' where represents the cone angle 

through which one standard dev ia t ion  (63X) of  the re f lec ted  energy passes. Higher 

specu lar i ty  thus impl ies smal ler values o f c ?  Co l lec tor  e f f i c i e n c y  has been 

quan t i f i ed  as a func t ion  o f f '  3nd.o': The cost  effectiveness o f  a so la r  r e f l e c t o r  

i s  determined by ,.) and?- i n  combination w i t h  re1 i a b i l  i t y  and cost. 

As an example, the increase i n  performance obtained by changiqg from an a lu -  

minum r e f l e c t o r  ( 2  = .32) t o  a s i l v e r  r e f l e c t o r  (;'= . 9 2 )  i s  cos t  e f fec t i ve  on ly  



I f  the Increase i n  c o s t  i s  less  than $.65/ft2. To bound the  problem, however, 

the f o l  lowing se t  o f  base1 l ne  requf rcmants was establ  ished. 

The o p t i c a l  and cos t  requirements o f  the r e f l e c t o r  a re  t h a t  the t ~ t a l  so la r  

r e f l e c t i v l  t y  be greater  than .8, the  beam spread be less  than 3 m i l l  i rad is%s,  

and the cos t  be l ess  than ~ . 5 0 / f t * .  A r e l i a b i l l t y g o a l  o f  30 years was set.  Re- 

1 f a b i l l  t y  i s  t reated as a goal s lnce so la r  r e f l e c t o r  serv ice data o f  such du ra t l on  

i s  unavailable. Ref lec tor  l i f e  most be i n f e r r e d  f r o m  accelerated outdoor t e s t s  

and c a r e f u l l y  con t ro l l ed  indoor bench tes ts .  F f n a l l y *  the r e f l e c t o r  must take 

the paraboloidal shape and be compatible w i t h  a glass r e i n f g e d  epoxy substrate. 

The paraboloidal shape can be achieved by us ing a r e f l e c t o r  which has t h a t  shape 

o r  using the substrate to  hold &n atherwise f l a t  sheet i n  the requi red shape. 

5.3 Ref lec tor  Candidates 

I n f t i a l  r e f l e c t o r  approaches can be grouped as metalized fi lms, glass mi r ro rs ,  

and d i r e c t  pa r t  meta l izat ion.  The l a t t e r  category w i l l  be discussed f i r s t .  This 

approach mfnimizes the i n teg ra t i on  o f  the r e f l e c t o r  w i t h  the substrate. The gore 

i s  f i r s t  molded t o  the proper o p t i c a l  shape. A f t e r  molding,a t h i n  metal ized l a y e r  

i s  appl ied t o  the gore surface. This requi res tha t  the surface o f  the molded 

p:ece be specular. This requirement i s  separate from slope e r r o r  considerat ions. 

Specular i ty  i s  requii-ed s ince the gore i s  de f i n ing  the smoothness of the r e f l e c t i v e  

layer .  I n  t h i s  approach, the gore serves the same specu la r i t y  func t ion  as does 

the glass i n  a s i l ve red  m i r ro r .  

A p o t e n t i a l l y  promising s i l v e r  deposi t ion approach i s  the s i l v e r  p r e c i p i t a t e  

method. The s i l v e r  p r e c i p i t a t e  approach i s  a quick and inexpensive process of 

spraying genuine s i l v e r  on v i r t u a l  l y  any substrate. This technique d i f f e r s  s i g -  

n i f i c a n t l y  from the vacuum meta l i z ing  and e lec t rop la t i ng  methods i n  both the 

method o f  deposi t ion and equipment required. I n  the spray p l a t i n g  method, the 

s i l v e r  p l a t i n g  i s  deposited by chemical react ions o f  water based solut ions or\ 



the substrate. The so lu t ions  arc sprayed on w i t h  spec ia l l y  designed spray guns 

and, t h e ~ e f o r e ,  there i s  no l a rge  c a p i t a l  expense associated w i t h  t h i s  method as 

compared w i t h  other  methods of p la t ing .  

Another aspect o f  t h i s  process i s  the speed w i t h  which a s i l v e r  p l a t i n g  can 

be deposited on the  substrate. Objects can be p la ted  i n  t h i s  manner i n  1 i t e r a l l y  

seconds compared t o  the 10-20 minutes o r  more for an e l e c t r o p l a t i n g  o r  vacuum 

metal i z i n g  cycle. Speci f ica l ly ,  the spray q t i n g  method o f  metal i z i n g  consis ts  

of f i r s t ,  a b r i e f  r i nse  w i t h  the f i r s t  gun w i t h  a c t i v a t o r  s o l u t i o n  which prepares 

the surface t o  receive the metal, fo l lowed by a b r i e f  r i n s e  w i t h  the demineralized 

water gun. The ob?ect i s  then ready t o  receive the s i l v e r  so lut ions from the t h i r d  

gun fol lowed by a quick r i n s e  w i t h  demineral i zed  water. 

Perhaps the most important aspect o f  t h i s  method i s  i t s  v e r s a t i l i t y  and low 

equipment and mater ia l  cost.  These features combine t o  make the process wel l  

su i ted  f o r  the present prototype design and mater ia l  development phase the so la r  

industry  i s  in.  Combined w i t h  t h i s  i s  the  added fea ture  t h a t  the process can be 

adapted t o  an automatic conveyorized spray coat ing l i n e  making i t  p o t e n t i a l l y  

su i tab le  f o r  la rge  production. 

The process described above generates a f r o n t  surface s i l v e r  m i r r o r  which 

must then be environmentally protected. A cos t  e f f e c t i v e  and r e l i a b l e  p ro tec t i ve  

system which could be sprayed on the s i l ve red  p a r t  has no t  y e t  been developed. 

Thus, the d i r e c t  p a r t  metal i zat ion approach shows h igh  po ten t i a l  bu t  requi res 

substant ial  development i n  the area o f  a p ro tec t i ve  coating. Glass mi r ro rs  may 

also be integrated w i th  the GRP substrate approach. Glass i s  produced i n  high 

volume as f l a t  sheet. After s i l v e r i n g  such sheets must be formed i n t o  the re -  

quired paraboloidal shape. Two techniques are ava i lab le .  Sagging glass i s  

equivalent t o  thermal ly forming i t  i n t o  the proper shape. The m i r ro r  would 

then be bonded to  the gorp substrate o r  the gore would be molded behind the 



mi r ro r .  With zero external  load on the r e f l e c t o r ,  there  would be no loading on 

the bond surface between the glass and substrate. I f  the thermal c o e f f i c i e n t s  

a re  matched between the glass and substrate, thermal stresses w i l l  no t  develop. 

A second technique i s  ava i l ab le  t o  generate a paraboloid from an i n i t i a l l y  

f l a t  g lass surface. I n  t h i s  approach the glass i s  e l a s t i c a l l y  deformed i n t o  the 

requi red shape and he ld  i n  t h i s  p o s i t i o n  by a bond between the glass and substrate. 

Note t h a t  the bond i n  t h i s  case i s  stressed con t i nua l l y  -- independent o f  whether 

the r e f l e c t o r  i s  ex te rna l l y  loaded. Furthermore, t he  glass i s  e l a s t i c a l l y  stressed 

i n  t h i s  design. The stresses generated by the d e f l e c t i o n  i n t o  the  paraboloidal 

. . shape must, o f  course, no t  exceed the  st rength o f  the glass. The s t ress  generated 

by deforming a f l a t  piece o f  glass i s  propor t ional  t o  the maximum def lec t ion  and 

glass thickness. The requi red d e f l e c t i o n  i s  reduced as s m l  l e r  m i r r o r  segments 

are  used. Chemical strengthening o f  the  glass may be used t o  achieve l a rge  de- 

f l e c t i o n s  wi thout  glass breakage. I n  t h i s  process the ou ter  surfaces o f  the glass 

a re  pu t  i n  compression (-40,000 p s i )  through a chemical d i f f u s i o n  technique com- 

merc ia l l y  ava i l ab le  through Corning Glass Works. Such preloading al lows t e n s i l e  

loading a t  the surface t o  approach 40,000 ps i  before the glass i s  t r u l y  pu t  i n  

tension and i s  near i t s  f r a c t u r e  po in t .  

This glass may be deformed i n t o  the requi red shape by the proper con t ro l  o f  

segment size, glass t h i c ~ n e s s  and chemical strengthening. The l a t t e r  may not  be 

required if a proper balance can be achieved w i t h  the f i r s t  two design parameters. 

The glass i t s e l f  should have no problem achieving a t h i r t y - y e a r  l i f e  goal. 

The h igh l y  reac t i ve  s i l v e r  layer ,  however, must be we l l  protected i n  order  t o  

c la im such a predic ted 1 i f e .  At  the present, however, cos t  i s  a more serious con- 

s ide ra t i on  than protection o f  the s i l  ver layer .  F i  f t y  m i  1 chemical ly strengthened 

glass was quoted by Corning Glass Works a t  $5.00/ f tZ f o r  a 50,000 square f o o t  

order.  This cost  does no t  inc lude s i l v e r i n g  o r  p ro tec t ion  o f  the s i l ve red  layer .  



Without chemical strengthening glass cos t  for  Corning 0317 50 m i l  glass i s  $1.59 

i n  quant i ty .  Again, s i l v e r i n g  i s  no t  included. Corning i s  p resent ly  s tudying 

the p r o d u c i b i l i t y  o f  20 m i l  glass. Costs a re  as y e t  unavai lable. The major point ,  

however, i s  t h a t  a t  the present, glass m i r r o r  costs, whether sagged, e l a s t i c a l l y  

deformed, o r  chemical ly strengthened, exceed the  cos t  bogie o f  $.50/ft2. As 

higher volumes reduce glass costs t o  a cos t  e f f e c t i v e  range, glass m i r ro rs  can 

be in tegra ted  i n t o  the  substrate design. The major requirement w i l l  be t h a t  the  

thermal c o e f f i c i e n t  o f  expansion,c(, o f  the substrate match t h a t  of the glass. 

The range o f  4 f o r  epoxy r e s i n  GRP spans t h a t  of glass and such a match i s  there- 

f o r e  feasib le.  

The t h i r d  r e f l e c t o r  c lass  considered f o r  i n t e g r a t i o n  w i t h  the GRP substrate 

was metal ized f i lms.  As w i t h  glass mir rors,  two techniques a re  ava i l ab le  t o  gen- 

e ra te  the paraboloid shape. The f i l m  may e i t h e r  be thermal ly  formed i n t o  the re -  

qui red shape o r  e l a s t i c a l l y  held i n  shape by the  substrate. Figure 5-1 shows the 

metal ized f i l m  candidates considered f o r  the p o i n t  focus concentrator.  Note t h a t  

i n  each case the f i l m  i s  metal i zed  by a c c i  1 process i n  a vacuum chamber. Co i l  

speeds are on the order  of 150 f t /min.  During a s ing le  blow down o f  the vacuum 

chamber as much as 50,000 f t 2  o f  r e f l e c t i v e  f i i m  may be metalized. The cos t  o f  

commercial meta l i z ing  i s  on the order o f  $.05/ f t2  when h igh  volume c o i l  processes 

are used. Also note t h a t  r e f l e c t i v e  f i l m s  i n  general are character ized by high 

specu lar i ty  (due t o  f i l m  smoothness). The f i r s t  four  candidates o f  Figure 5-1 
/J have less than 3 m i l l i r a d i a n s  beam spread ( a  (3 m i l l i r a d i a n s ) .  

The f i r s t  f i l m  l i s t e d  i n  Figure 5-1 i s  ava i lab le  from the 3M Company and has 

substant ia l  f i e l d  serv ice data. The p ro tec t i ve  coat ing i s  c l e a r  a c r y l i c .  The 

f i l m  i s  commercially so ld w i t h  a pressure sens i t i ve  adhesive on the reverse side. 

This a l l c i ~ s  convenient laminat ion o f  the f i l m  by hand. The second r e f l e c t o r  i s  

a composite f i l m  ava i l ab le  commercially from Mar t in  Processing. The upper l aye r  





i s  a h igh  c l a r i t y  3 m i l  UV s tab le  f i l m  so ld  under the tradename LLUMAR. UV absor- 

bers are  added t o  the f i l m  i n  a dying process. This f i l m  i s  c u r r e n t l y  i n  use as 

a g laz ing  on commercial f l a t - p i a t e  so la r  c o l l e c t o r s  and has been i n  use f o r  15 

years as a greenhouse glazing. The lower f i l m  i s  a l - m i l  c l e a r  polyester  f i l m .  

The upper f i l m  i s  vacuum metal i zed  t o  a thickness having a res is tance o f  less  than 

one ohm per  square. The two f i l m s  are  laminated w i t h  the meta l i z ing  sealed i n  

between. I C I  ( t h i r d  f i l m  candidate o f  Figure 5-1) a l so  s e l l s  a UV s tab le  polyester .  

I n  t h i s  case the s t a b i l i z e r  i s  added as the  f i l m  i s  f i r s t  polymerized. An advan- 

tage o f  t h i s  approach i s  t h a t  the  d i s t r i b u t i o n  o f  absorber i s  constant across the 

thickness of the f i l m .  While a dy ing process r e s u l t s  i n  a d i f f u s i o n  p r o f i l e  o f  

absorber from each surface o f  the f i lm,  I C I ' s  product i s  i n  the development r l  

stage. I t  w i l l  be marketed as a polyester  f i l m  alone. The user must meta l i ze  and 

perform any f u r t h e r  laminat ion. The f o u r t h  candidate o f  F igure 5-1 i s  the com- 

merc ia l l y  ava i l ab le  Sheldahl f i l m .  I t s  main d i f f e rence  from the Mar t i n  composite 

i s  t h a t  the upper l aye r  i s  Teflon ra the r  than UV s tab le  polyester .  This choice 

f o r  t he  p ro tec t i ve  coat ing  subs tan t i a l l y  a f fec ts  the pr ice .  The f i r s t  four f i l m s  

o f  Figure 5-1 would be st retched over a mandrel o f  the proper shape. The GRP gore 

would then be molded behind the stretched f i l m .  The bond between tne molded gore 

and f i l m  would then maintain the f i l m  i n  proper o p t i c a l  shape. The s t re t ch ing  o f  

the candidate f i l m  and i t s  i n teg ra t i on  w i t h  the substrate i s  discussed i n  a sep- 

arate sect ion. The l a s t  two re f l ec to rs  of F igure 5-1 would be thcrmoformed i n t o  

the co r rec t  shape before mating w i t h  the GRP substrate, Candidate f i v e  u t i l i z e s  

f o i l  hot  stamping. Kurz-Hastings manufactures wood g ra in  and o ther  decorat ive 

f o i l s  which are  hot  stamped t o  the surface o f  p l a s t i c s  such as ABS. One of tne 

f o i l s  i s  an aluminum r e f l e c t i v e  f o i l  present ly  used f o r  i n t e r i o r  automotive t r i m .  

The f i r s t  candidate, a lso from Kurz-Hastings, i s  a composite f i l m  marketed f o r  

e x t e r i o r  automotive t r im.  



5.4 Re f lec to r  Tes t i ng  

As p a r t  of the r e f l e c t o r  surface developrr~ent task o f  the low cos t  concentra- 

t o r  program, four o f  the r e f l e c t o r  f i l m s  l i s t e d  i n  F igure 5-1 were subjected t o  a 

b a t t w y  of screening tes ts .  These t e s t s  were designed t o  evaluate the  d u r a b i l i t y  

o f  the  candidate r e f l  ec to r  mater ia l  s t o  severe accelerated environmental condi t ions . 
The r e f l e c t o r  mater ia l  s inves t iga ted  were: 

1 ) Scotch Cal 5400 

2)  Mar t i n  UV Stable Polyester  

3)  Kurt-Hastings Metal i zed  ABS 

4) Kurt-Hast i  ngs Metal i zed PVC 

The assessment of a r e f l e c t o r ' s  environmental s t a b i l i t y  was based on o p t i c a l  

performance before and a f t e r  tes t ing .  Results o f  t h i s  t e s t i n g  has l e d  t o  the 

se lec t ion  of a leading candidate f o r  the re f l ec to r .  

The o p t i c a l  property charac ter iza t ion  o f  r e f l e c t o r  mater ia ls  consis ts  o f  

three tests:  1 ) Total  Hemispherical Ref1 ectance, 2) D i f f use  Reflectance, and 

3 )  Specular Reflectance. 

Total  Hemispherical Reflectance - This measurenent i s  obtained w i t h  a Beckman 

DK-IL spectroreflectometer. The measurement consis ts  o f  determining the r e f l e c -  

tance cha rac te r i s t i cs  of each r e f l  ec tor  mater ia l ,  based on a Ba2S04 reference 

standard, as a funct ion of wavelength from 350 t o  1750fiM weighted against  the 

so la r  spectrum and sumned. 

D i f f use  Reflectance - This measurement i s  a lso  obtained w i t h  the Beckman 

spectroref lectometer.  The measurement cons is ts  o f  determining the non-specular o r  

d i f f u s e  component o f  the re f lec tance cha rac te r i s t i cs  o f  each r e f l e c t o r  mater ia l .  

Also, the data i s  referenced t o  a Ba2SO4 standard over the wavelength range o f  350 

t o  1750pM weighted against  the so la r  spectrum and summed. This measurement i s  

not  designed t o  g ive specular re f lec tance information, b u t  i s  used on ly  as an i n -  



d i c a t i o n  o f  how a samples' di f fuse ref lectance component may change a f t e r  exposure 

t o  environmental tes ts .  

Specular Reflectance - I n  order  t o  complete the charac ter iza t ion  o f  a r e f l e c -  

t i n g  surface, the r e f l e c t e d  beam p r o f i l c  a f  the specular r e f l e c t e d  component over 

the wavelength range 350-1750fiM must be determined. As a f i r s t  approximation t o  

t h i s  measurement, and as a t o o l  t o  ob ta in  pre l im inary  data, t h i s  measurement i s  

obtained a t  one wtrvelength ( . 6328A) .  This i s  accomplished w i t h  the a i d  o f  a 

l ase r  specular ref lectometer.  The instrument consis ts  o f  source op t i cs  and detec- 

t o r  op t ics .  The source o p t i c s  cons i s t  o f  a He1 ium-Neon laser,  a beam expander and 

a beam-defining aperture. The detector  op t i cs  cons is t  o f  a va r iab le  c o l l e c t i n g  

aperture and a s i l i c o n  detector  mounted i n s i d e  an i n t e g r a t i n g  chamber. 

Each o f  the r e f l e c t o r  samples was tested according t o  t e s t  procedures designed 

t o  simulate long-term exposure t o  outdoor condi t ions t h a t  would be encountered by 

a so la r  co l l ec to r .  Unfortunately, no uni form se t  o f  t e s t  standards has been estab- 

1 ished i n  the indus t ry  f o r  t e s t i n g  s ~ l a r  r e f 1  ec tor  surfaces. Therefore, these 

tes ts  a re  the most appropriate ones developed by the Mater ia ls  Engineering Depart- 

nlent o f  GE t o  s u i t a b l y  ob ta in  simulat ions o f  10-20 year r e f l e c t o r  surface exposure 

by short- term acce lera t ion  test:. 

The fo l l ow ing  are the environmental t es t s  t o  which the r e f l e c t o r  samples were 

exposed : 

Precond i t ion ing  - A1 1 t e s t  samples were condit ioned f o r  24 hours a t  45 + 5 - 
percent r e l a t i v e  humidity and 21 - + 1°C immediately p r i o r  t o  and a f t e r  environ- 

mental t es t s  f o r  t he  purpose o f  measuring physical o r  o p t i c a l  performance. P r i o r  

h i s t o r y  i s  maintained. 

S a l t  Spray (Fog) Test - This t e s t  i s  t o  determine the r e l a t i v e  corros ion re-  

sistance of coated r e f l e c t o r  samples. The t e s t  i s  conducted i n  a standard s a l t  

spray chamber i n  accordance w i t h  ASTM-B117-64 f o r  15 days. 



Temperature Cycle S t a b i l i t y  - The purpose o f  t h i s  t e s t  i s  t o  determine re-  

fl ector  sample thermal s tab i  1 i t y  t o  freeze-thaw-dry cycles. Samples are  exposed 

t o  25 cyc les o f  the fo l lowing:  20 minutes + 70°F, 2 hours - 65OF, 20 minutes + 

70°F, 2 hours + 150°F, 20 minutes 70°F, etc .  This t e s t  was no t  designed t o  examine 

the  s t ruc tu ra l  i n t e g r i t y  of substrate mater ia ls ,  bu t  on l y  t o  determine i f  any op- 

t i c a l  parameters would be a f fec ted  by a freeze-thaw-dry cyc le.  

Abrasion - This t e s t  i s  designed t o  determine the r e l a t i v e  res is tance o f  f i l m  

and coat ing  systems t o  abrasion by fa1 l i n g  sand and d i r t .  Natural s i l i c a  sand and 

d i r t  a re  a1 lowed t o  fa1 1 on a 3 cm2 area o f  a sample a t  a r a t e  of  15-20 gmslmin. 

i n  increments of 3~ gms. (FED-STD-141A, Method 6191 Equivalent) .  This i s  a com- 

para t ive  test ,  where the o p t i c a l  r e s u l t s  of the samples were compared t o  those o f  

glass micro-sheet exposed t o  i d e n t i c a l  abrasion tests.  (Sand - natura l  s i l i c a  o f  

a grade, which passes through a No. 100 sieve; D i r t  - l oca l  v a r i e t y  o f  a grade 

which a lso passes through a No. 100 s ieve) .  

Accelerated Weatherinq - The purpose o f  t h i s  t e s t  i s  t o  determine the e f f e c t s  

o f  a given se t  of heat, moisture and UV exposure cyc les on the  r e f l e c t o r  samples. 

Based on ASTM-G53-77, t he  t e s t  cons is ts  o f  exposing the samples t o  16 t o  20 hours 

o f  condensation produced by exposing the t e s t  surface t o  a heated, llO°F, satur- 

ated mix ture  o f  a i r  and water vapor (93 - + 3 percent r e l a t i v e  humidity),  wh i l e  the 

samples' reverse s ide i s  exposed t o  coo l ing  room a i r .  The samples are  then ex- 

posed t o  simulated so la r  UV (20 sun equivalent)  a t  a temperature of 150°F for  four  

hours. The t e s t  i s  f o r  15 cycles. 

Cleaning Maintenance - Concentrating so la r  energy c o l l e c t o r s  a re  requi red t o  

maintain t h e i r  specular r e f l e c t i n g  q u a l i t y  i n  order  t o  achieve e f fec t i ve  energy 

transfer.  Since these concentrators are located i n  an outdoor environment, they 

w i l l  be exposed t o  dust, d i r t  and r a i n  d e ~ o s i  t s  over l o n g  periods w i t h  consequent 



residue build-up. I n  order  t o  con t i nua l l y  mainta in the re f l ec tance  q u a l i t y  o f  

the concentrator i n  t h i s  environment, per iod ic  removal o f  these res idue deposi ts  

i s  required i n  such a way as n o t  t o  damage the surface o f  the r e f l e c t o r .  

The i n t e n t  o f  t h i s  t e s t  was t o  determine the washab i l i t y  of s o i l e d  r e f l e c t o r  

samples when exposed t o  a c leaning technique. 

The c leaning method consisted o f  a r e l a t i v e l y  low pressure detergent spray 

and r inse.  Visual appearance was noted and re f lec tance measurements were taken 

p r i o r  t o  and fo l lowing contaminating exposure and c leaning operations. A "Porto- 

B las t "  washer operated a t  75 p s i  a t  a f low r a t e  o f  3 1 i t e r s  per  minute w i t h  a 

nozzle v e l o c i t y  o f  31 m/s was used. The c leaning s o l u t i o n  consisted o f  a two 

percent s o l u t i o n  by volume of "Hurr i-Clear" SH No. F1-42 biodegradable detergent 

and warm tap water. 
At ,' 

The m i r r o r  samples were contaminated w i t h  l ocal d ry  d r i  t t h a t  was ground f i n e  

and dumped on the r e f l e c t o r  samples w i t h  the excess removed. A f i n e  tap  water 

spray was allowed t o  f a l l  on d i r t y  r e f l e c t o r  samples, and then the samples were 

placed i n  an oven and baked a t  175OF f o r  20 minutes. Each r e f l e c t o r  sample under- 

went 10 contamination and c leaning cycles. 

The r e s u l t s  o f  t h i s  t e s t i n g  program are  shown i n  Figure 5-2. I n  general the 

most severe t e s t  was the weathering cycle. Scotch Cal and the metal i zed  ABS com- 

p l e t e l y  f a i l e d  t h i s  t es t .  A f t e r  t h i s  t e s t  essen t i a l l y  a l l  re f lec tance was d i f f u s e .  

The f i l m  which showed the l e a s t  degradation was the Mar t in  composite. Also note 

t h a t  the sal t res is tance and cleanabi l i t y  o f  the Mar t in  f i l m  are equivalent  t o  

t h a t  of Scotch Cal. As shown by Figure 5-2 the Mar t in  f i l m  i s  the most environ- 

mental ly s tab le  f i l m  tested by the GE Mater ia ls  Department. I t  also compares 

favcrably  w i t h  surface conversion aluminum r e f l e c t o r s  such as Kingslux when run 

through the same bench t e s t  cyc le.  
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Figure 5-2. Ref lector  Bench Test Results 



Scal ing from bench tes ts  t o  r e l i a b l e  f i e l d  l i f e  p red ic t ions  i s  d i f f i c u l t ,  

Therefore, the 11 te ra tu re  was searched f o r  ca re fu l  l y  con t ro l  l e d  outdoor t e s t s  o f  

r e f l e c t i v e  f i lms .  Reference A  describes a  t e s t  o f  e i g h t  r e f l e c t o r s ,  one o f  which 

was Scotch Cal , a r e f l e c t o r  tes ted  i n  the  GE bench t e s t  program. Samples were 

exposed a t  e i g h t  times normal so la r  i n t e n s i t y  (by us ing concentrat ing mi r ro rs ) .  

D i s t i l l e d  water was sprayed onto the samples f o r  e i g h t  minutes o f  each sunny hour. 

Tests were conducted a t  Desert Sunshine Test Labs and l as ted  a  t o t a l  o f  2 1/2 

years. A t  the t e s t ' s  conclusion the amount o f  r a d i a t i o n  which f a l l s  i n  20 years 

f e l l  on each sample. L i s ted  below i s  the t e s t  h i s t o r y  o f  the Scotch Cat sample. 

MATERIAL 

3M Scotch Cal 

t-WEEKS ( CLEAN 

52 .81 

97 .73 
129 .69 

A f t e r  129 weeks a t  e igh t  suns, the authors repo r t  t h a t  the tnef lector  was 

s t i l l  specular w i t h  a  t o t a l  re f lec tance of 69%. The same sample completely f a i l e d  

the GE accelerated weathering t e s t  and thus, helps c a l i b r a t e  the seve r i t y  o f  t h i s  

t es t .  Scal ing from t h i s  t e s t  t o  p red ic t ions  o f  f i e l d  l i f e  remains d i f f i c u l t .  

However, t e s t  r e s u l t s  lead t o  the conclusion t h a t  the Mar t in  f i l m  i s  s u b s t a n t i a l l y  

more environmentally s tab le  than Scotch Cal and should have a  greater  f i e l d  l i f e  

(on the order o f  15 years greater) .  I n  add i t i on  the major component o f  the 

Mar t in  f i lm ,  the LLUMAR upper layer,  has been i n  the f i e l d  f o r  over 15 years w i t h  

s a t i s f a c t o r y  serv ice as a  greenhouse glazing. The above, i n  combination, w i t h  the 

low cos t  o f  the Mar t in  f i l m ,  has l e d  t o  i t s  choice as the near-term r e f l e c t o r  f o r  

low cos t  concentrator dish. Other re f l ec to rs  o f  h igher  t o t a l  r e f l e c t i v i t y  w i l l  

replace the Mar t in  f i l m  when t h e i r  costs make such a change cos t  ef fect ive.  
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PROCEDURE 
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FREQUENCY 

-- TBD - INVERTED STOWAGE 

Figure 5-3. Recomnended Cleaning Procedure 



Periodic cleaning o f  the re f lec to r ,  whether a f i l m  o r  glass mirror, w i i l  be 

required t o  maintain peak per fomnce .  The cleaning t e s t  cycle has shown the 

Mart in f i l m  t o  be cleanable. Twenty spray-type cleanups o f  a complete layer o f  

baked-on d i r t  had a minor e f f ec t  on reflectivity. During a 15 year l i f e  only 90 

cleanlngs (of a small amount o f  d i r t )  would be r q u i r e d  w i th  a bi-monthly main- 

tenance schedule. Note that  d i r t  build-up i s  a strong funct ion o f  r e f l ec to r  

stowage or ientat ion.  Reference A contains a study o f  dust build-up rates. The 

data I s  shown i n  Figure 5-3 (expressed as degradation i n  r e f l e c t i v i  t y )  f o r  f i v e  

separate stowage orientat ions. The present design i s  comparable t o  the or ienta-  

t i o n  2; i.e., the re f l ec to r  i s  face down when the sun i s  not shining. This 

or ienta t ion minimizes dust bulld-up and w i l l  therefore reduce cleaning require- 

ments. 

5.5 Test Samples 

The re f lec to r  must be physical ly  integrated wfth the GRP substrate. The sub- 

s t ra te  must hold the re f lec to r  i n  the proper opt ica l  or ientat ion.  Specularity of 

the re f l ec to r  must be maintained. Thermal loading o f  the re f l ec to r  must not d is -  

t o r t  the optics. Several ref lector-substrate composites were manufactured t o  

dernonstrste the compat ib i l i ty  o f  the f i l m  re f lec tor  and GRP substrate. These 

sampl es were used t o  i d e n t i f y  acceptable process and manufacturing techniques. 

The Mart in r e f l ec t i ve  f i l m  was f i r s t  stretched i n  a frame under b i -ax ia l  

tension. The frame was then pressed ever a piece o f  glass such that  the f i l m  

was int imately i n  contact w i th  the glass surface. An epoxy f iberglass sub- 

s t ra te  was then layed up behind the f i l m .  A f te r  curing, the composite was i n -  

spected f a r  opt ica l  properties ( r e f l ec t i v i t y ,  speculari ty, and smoothness) and 

f o r  adhesion between the f i l m  and p las t ic .  



Thl s t e s t  program i d e n t l  f l e d  several key manufacturing and process consid- 

erat ions. For the f i r s t  samples, a contlnuous strand c l o t h  was placed behind the 

f l l m  and a layup o f  the deslgn e p x y  r e s l n  was made. A vacuum bag was used dur ing  

curing. This process resu l ted  i n  an unacceptable r e f l e c t o r .  F ibers from the mat 

d e f o m d  the f i l m  surface. Local unacceptable slope e r ro rs  resul ted.  This pro- 

blem i s  i d e n t i f i e d  as f i b e r  show through i n  the discussion below. 

The next r e f l e c t o r  samples were manufactured w i t h  d v e i l  (sur fac ing  mat) 

located between the f i l m  and r e i n f o r c i n g  mat. However, even the r e l a t i v e l y  f i n e  

tex ture  of the v e i l  d i s t o r t e d  the f i l m  surface and was considered unacceptable. 

The f i b e r  show-through problem was u l t i m a t e l y  solved by using a gelcoat of 

epoxy on the f i l m  surface. A gelcoat i s  a l a y e r  o f  r e s i n  which i s  allowed t o  

cure before the molding process i s  continued. A f t e r  the gelcoat has cured, the 

re in fo rc ing  mat was proper ly  placed and a hand layup o f  the epoxy r e s i n  was made. 

This technique solved the f i b e r  show-through problem. Figures 5-4 through 5-7 

dep ic t  a sequence o f  steps leading t o  a small p l a s t i c  parabol ic dish. A smooth 

f i b e r - f r e e  f i l m  surface was obtained. Note tha t  the slope e r r o r  o f  the r e s u l t i n g  

d i s h  i s  q u i t e  visable. This resu l ted  from the fac t  t h a t  the mold was a spun 

aluminum dish. The spinning marks were rep1 ica ted  very accurately and re inforce 

the f a c t  t hd t  the accuracy o f  the molded p a r t  l i e s  i n  the accuracy of the mold. 

Several manufacturing processes were studied t o  maximize the adhesioq be- 

tween the f i l m  and gelcoat. With no surface preparat ion, peel s t rength between 

the f i l m  and substrate was minimal. Etching o f  the f i l m  surface was therefore 

invest igated. Experiments were conducted w i t h  two etching agents: Ecco prime 

(a l la i lab le  from Emerson and Cuming, Inc. )  and chromic acid. The l a t t e r  agent 

proved t o  be more e f f e c t i v e .  I t  was determined tha t  adequate peel s t rength nas 

dchieved when the composite Mar t in  f i l m  separated before the fond between the 

lower f i l m  and gelcoat f a i l e d .  A chromic ac id  etch, allowed to s i t  f o r  



approximately one hour, s a t i s f i e d  t h i s  requirement. 

R e f l e c t i v i t y  o f  the composite r e f l e c t o r s  was measured and compared t o  t h a t  

o f  the unstretched f i l m .  No decrease i n  re f lec tance was measured. The t e s t  

samples proved the f e a s i b i l i t y  o f  molding a GRP substrate behind a f i l m  s t retched 

t o  the proper shape. Important considerat ions a re  the smoothness o f  the molc 

surface (g lass i n  the case o f  the t e s t  samples), the need f o r  a gelcoat, and 

proper preparat ion o f  the f i l m  surface. 
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6.0 MOUNT SUBSYSTEM 

The mount subsystem shown i n  Figure 6-1 i s  the r e s u l t  o f  an e a r l y  conf ig -  

u r a t i o n  t rade-o f f  between a sing1 e pedestal polar  (equator ia l  ) mount and the  

A 2  EL c o n f i  gurat ion. The conf igurat ion a1 lows the rece iver leng i  ne t o  be stowed 

v e r t i c a l l y  down which i s  one o f  the requirements given i n  Table 6-1. Further, 

t h i s  conf igura t ion  al lows the loads t o  be d i s t r i b u t e d  over a wide base r a t h e r  

than a s ing le  pedestal, r e s u l t i n g  i n  lower loads i n t o  the foundations and 

l i g h t e r  mount members, as w i l l  be seen. 

The next phase i n  the mount design i s  t o  deternine which loading case re- 

sul t ed  i n  the most severe loads i n t o  the foundation and mount members. The 

number o f  loading cases considered i s  shown i n  Figure 6-2. 

A s i m p l i f i e d  model (as shown i n  Case I ) ,  was used t o  determine the mag- 

n i tude o f  the forces P1 and P2. The r e s u l t s  o f  t h i s  analys is  showed Case V I  

t o  g i ve  the h ighest  loads (Table 6-2). However, Case V I  was considered as too 

improbable t o  become a design case so Case I 1  was selected as the next most 

rea l  i s t i c  case based on the simpl i f i e d  model. 

Another b r i e f  analys is  conducted p r i o r  t o  the f i n a l  member s i z i n g  was the 

Mount Attachment Trade-Off shown i n  Table 6-3. I n  t h i s  study, i t  was assumed 

t h a t  the receiver/engine weight was 1000 lbs.  and the d i sh  and i n t e r n a l  r i b  

weight was 1000 lbs .  Further, the d i s h  was i n  tho 6 A.M. p o s i t i o n  w i t h  the 

wind a t  30 mph from the west w i th  l g  v e r t i c a l  and 1/49 l a t e r a l .  I n  add i t i on  t o  

g r a v i t y  loading, note a l r ~  t h a t  i n  Case I, a l l  base spoke members, 3-9-6, 

4-9-7, and 5-9-2 had I, ( i n e r t i a )  values o f  1 .O in4  i n  Cases 11, 111, and I V .  

I, was 100 in4. The r e s u l t s  shown under "Def lect ions"  were obtained by running 

a simpl i f i e d  version of a computer program c a l l e d  FEAST. 



F igure  6-1. P r e l  im inary  Mount and D r i ve  Frame C , ~ n f i g u r a t i u n  

6- 2 



Table 6-1. Mount Requirements Summary 

1. Allow 210' Azimuth 

2, Allow 180' Elevat ion 

3. Carry, wi thout  Y ie ld ing  o r  Buck1 ing, the Weight and Aero Loads 
o f  ReceiverIEngine and Dish St ruc ture  

4. Use Commercially Ava i lab le  Hardware 

5, Provide f o r  Stow Capab i l i t y  w i t h  Receiver/Engine Ver t i ca l  1y Down 

6. Provide Load Paths i n t o  Foundation 

7. F i e l d  Assembly w i thout  Welding - 
This code requi red t h a t  member geometry and end coordinates d e f i n i t i o n  be entered, 

along w i t h  boundary condi t ions and the above loading, t o  ob ta in  a so lu t ion .  The 

so lu t i on  c l e a r l y  shows t h a t  f o r  Cases 11, 111, and I V ,  l a rge  member s izes 

(120 l b s l f t ,  18-20 i n .  diameter) are requi red and def lect ions are s t i l l  30 times 

too large. From t h i s  analysis,  Case I was chosen f o r  f u r t h e r  study. Case I has 

s i x  symmetric attachment po in ts  t h a t  can take on ly  v e r t i c a l  tension o r  compress- 

ion, bu t  no s ide load. Only the p i n t l e  can take s ide loading. 

A t  t he  t ime the i n i t i a l  attachment t rade -o f f  was being conducted, i t  was 

not iced t h a t  the unsymetrical geometry and weight d i s t r i b u t i o n  o f  the d i sh  about 

the mount e leva t ion  ax i s  was r e s u l t i n g  i n  h igh  X-component loads. Further, the 

s t i f f ness  o f  the i n t e r n a l  r i b  between mount bearings 1 and 2 coupled w i t h  a Z 

r e s t r a i n t  boundary condf t i on ,  resu l ted  i n  l a rge  Z-forces. These two condi t i c n s  

caused the frame o r  mount member sizes t o  be about seven inches i n  diameter and 

very heavy, even w i t h  ,109 inch wa l l  thicknesses. By p lac ing  a counterweight 

symmerical l y  opposite the receiver lengine and by designing the j o i n t s  1 and 2 

t o  take x and y loads only, the member sizes and hence weights, could be reduced. 





Tab1 e 6-2. Load Case Table 

WICI'D VEL 

-- i 

DEAD LOAC I --- 

30MFH 3WPH 30P?H 1 OOHPH 

1" ICE 



Table 6-3. h u n t  Attachment Trade-off 

LOAh TO BASE F W E  

CASE1 I = i n  4 

CASES 11, 111 & I V  I = 10G i n  4 

JOINT FX 

CASE 

6 Uheels 
(Tens & Cmp) 
Wheels 5, 8 
Cmpression Only 

3 UHEELS 8,4,6 
(Tens 6 Comp) 
P in t le  Only 

MFLECTIONS 

JOINT DEFLECTIONS 

X Y z 
1 -.026 7.052 . I90  
2 -.026 -.052 - .1W 

1 -.447 - . I61 1.725 
2 -.447 - . I61 -1.725 

1 -.440 - . I60  1.725 
2 -.022 -2.351 -4.26 

1 -0447 -2.389 6.089 
2 -0447 -2.389 -6.089 



The above design boundary condi t i ons  were inputs  t o  the  FEAST code w i t h  members 

4 
= .  

having an 1, o f  1 .D i n  . The load and component weight were as fo l lows : 

I - Recelver/Engine w t .  - 600 1 bs. 

- Counter w t .  - 600 1 bs. 

- Aerodynamic drag - 1407 1 bs, 

- Dish subsystem w t .  - 870 lbs .  

- Appl i e d  l g  v e r t i c a l  1/4g l a t e r a l ,  simultaneously 

The r e s u l t s  o f  the FEAST run are  shown i n  Tables 6-4, 6-5, 6-6 f o r  de- 

f l e c t i o n  of member j o i n t s ,  a x i a l  loads and v e r t l c a l  attachment forces, respect- 

i v e l y .  From Table 6-5 the member a x i a l  loads were used i n  conjunct ion w f  t h  the 

A I S C  code t o  determine the p ipe geometry requi red t o  prevent column buck1 i n g  

f o r  f i x e d  end columns under the given loads. Figure 6-3 i s  an excerpt from the 

A f S C  Handbook, seventh ed i t i on ,  and shows t h a t  f o r  f i x e d  end tondi t ions,  the 

k l  f i x i t y  c o e f f i c i e n t  i s  .65.  This c o e f f i c i e n t  wits used t o  ca lcu la te  7 dur ing 

k 1 the member s iz ing .  Members were s ized such t h a t  7 ( r  i s  radius o f  gyra t ion  

k 1 and 1 i s  the actual length)  C_ 120. Knowing 7 , the value of  Fa i s  determined 

k 1 by t ab le  loak-up f o r  F = 36ksi. For example: wf t h  ;- equal t o  110, Fa = 
Y 

11.67ksi. 

The a1 lowable buckl: ng load i s  obtained by mu1 t i  p l y i  ng Fa by the p i  p t  metal 

area corresponding t o  the r value o f  the p ipe used to  ca lcu la te  ( k l l r ) .  Fa 

i s  ca lcu la ted  from the formula g i ven  i n  Figure 6-3, i tem 1.5.1.3.2. This i s  

the Euler column formula corrected f o r  var ia t ions  i n  p i p e  manufacturing t o l e r -  

ances such as pipe o r  tube bow, vc r i a t i ons  i n  wa l l  thickness and pipe concen- 

t r i c i t y .  The A I S C  code i s  a conservative design method and therefore other  design 

c r i t e r i a  were studied to  understacd t h e i r  e f fect  c f  p ipe s i ze  and t o t a l  weight. 





Table 6 .4  

F E A S T  

11/1/77 

F i n i t e  Element Analysis o f  Structures 

Col lector  Base: . 6  Wheels 
Bandwidth - 53 0 Passes Required 

Results o f  Load Case I 

DEFLECTIONS 
JOINT X Y Z 0 X 0 Y 0 Z 

NO. ( I N )  ( I N )  ( I N )  (RAD) ( RAD) ( RAD) 
1 -1.487E-02 -1.608E-02 3.795E-02 3.026E-04 -2.768E-05 6.748E-05 



Table 6-5. Member Ax ia l  Loads 

FX8ER AXIAL LO&-LBS frC~aER AXIAL m-LBs 
557 557 

1 
2.34 

2 
2394 

1-7 ' ?  1021 1m 

Table 6-6. Forces o f  Attachments 

JOINT F X F Y FZ MX MY MZ 
NO. ( L R )  (LB (LB) ( IN-LB) (IN-LB) ( IN-LB) 

1 -8.61 5E-02 -2.039E 03 -7.629E-06 -5.603E-06 1.192E-06 -3.01OE-06 
3 -1.144E-05 4.193E 02 7.629E-06 -7.379604 -3.445E-04 9.537E-04 
8 -4.753E-06 2.390E 03 5.722E-06 4.268E-04 -4.945E-04 1.490E-07 
7 3.815E-05 -7.687E 02 1.1442-05 6.969E-04 1.446E-03 -1.219E-03 
4 0. 4.193E 02 1.907E-06 -1.919E-04 7.71 3E-05 -1.419E-03 
9 1.523E 03 -2.434E 00 -4.768E-06 6.773E-04 3.324E-04 2.003E-03 
6 0. -7.687E02 3.815E-06 2.308E-04 -3.428E-04 1.151E-03 
2 -8.61 5E 02 -2.039E 03 - 7.629E-06 7.749E-06 -4.768E-07 -1.818E-06 
5 3.353E-08 2.390E 03 -6.676E-06 -4.268E-04 7.701 GO5 1 .192E-07 

10 2.000E02 -2.809E-06 0. 0. 0. 6.886E-05 



= .  

Table 6-7 i s  a s t r u c t u r a l  weight summary showing the e f f e c t  o f  d i f f e r e n t  design 

I -  c r i t e r i a .  The f i r s t  column shows member weights based on code requirements 
* 

k 1 L - <120 71, .  Fa = r E2 w i t h  the load determined from the  simul taneous 
4 r 

appl icaton o f  wind, weight, and seismic. The second column shows member weights 

obtained by us ing a h igher  Fa. The l a r g e r  Fa was j u s t i f i e d  based on f a b r i c a t i n g  

tube from s tee l  sheet and drawing them over a mandrel i n  the pro jec ts  own p ipe 

factory. I n  t h i s  way, there i s  b e t t e r  cont ro l  over the manufacturing to lerance 

and a higher Fa based on t i g h t e r  tolerances, i s  j u s t i f i e d .  I t  appears t h a t  a 

maximum of about 220 l bs .  could be removed from the member weights depending on 

the design c r i t e r i a  and loading requirements. For the purpose o f  t h i s  study, 

the members s ized i n  column one are recommended and shown i n  Figures 6-4 and 6-5. 

During the  de ta i l ed  design phase, i t  w i l l  be important t o  reassess some of 

the decisions made dur ing t h i s  pre l iminary design i n  the  areas o f  mount member 

conf igurat ion,  i n t e r n a l  r i b  geometry, d ish  support span and the number of  mount- 

foundation attachment points .  While t h i s  add i t i ona l  work may r e s u l t  i n  aore 

members and a s l i g h t l y  d i f fe ren t  mount conf igurat ion,  the r e s u l t s  could be a 

1 i g h t e r  more e f f i c i e n t  s t ruc tu re  w i t h  more s tab le  sect ions. 
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T a b l e  6-7. S t r u c t u r a l  W e i g h t  Sumnary 

DESIGN CRITERIA  

MEMBER 

1 .  TRUSS 

2. RING 

3. SPOKES 

4 .  INTERNAL R IBS (ALUM) 

5. ELEVATICN DRIVE FRAME 

6 .  RECEIVER SUPPORT MEMBERS 

A1 SC CLOSE TOLER 
l g  VERT 1 / 4 9  LAT l g  VERT 1/4gLAT 

A ISC 
NO SEISMIC  

CLOSE TOLER 
NO SEISMIC  

162 

76.9 

76.9 



Figure  6-4. Frame Member S izes  
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7.0 DRIVE SUBSYSTEM 

7.1 Dr i ve  Requirements 

The d r i v e  subsystem serves t o  mainta in the co1 l e c t o r  i n  proper a1 ignment f o r  

maximum energy co l l ec t i on .  As such, i t  must have p rov i s ion  f o r  sun t rack ing  i n  

azimuth and elevat ion, w i t h  .an e r r o r  o f  f_ 118' max. The d r i v e  must accompl i s h  two 

o ther  func t ions  - r e t u r n  the  d i s h  t o  the  s t a r t i n g  pos i t i on  a f t e r  sunset and per- 
1 a . - L , -  

G!C..- .*'i 
form a r a p i d  defocusing a t  the r a t e  of 112 deglsec. Tracking ra tes  i n  bt/lilllfk 

are  .002-.02 degrees per second and .00417 degrees per second (max) i n  azimuth. 

Add i t iona l ly ,  the  d r i v e  must e x h i b i t  a  s u f f i c i e n t l y  h igh  s t i f f n e s s  and d r i v i n g  

torque t o  meet the accuracy requirements under gust  load condi t ions.  

Dr ive  cos t  was se t  a t  $1 . 0 / f t 2  as a goal. 

7.2 Dr ive  Options Studied 

From a v a r i e t y  o f  past and cu r ren t  studies, GE gained an i n s i g h t  i n t o  the  

s u i t a b i l i t y  of a range o f  d r i ves  i n  s p e c i f i c  so la r  c o l l e c t o r  appl icat ions.  These 

range from d i r e c t  d r ives  through a l a rge  diameter sector gear about the  e levat ion  

and azimuth axes t o  c lock d r i ves  mounted d i r e c t l y  on the a x i s  dr iven.  Consistent 

w i t h  the goal o f  a low-cost dr ive,  the  choice was narrowed down t o  three candidate 

systems: Motorized Screw Jack, F r i c t i o n  Drive, and Cable and Drum. Table 7-1 

summarizes the sal i e n t  features o f  the three dr ives.  The motorized screw jack i s  

d r iven by an e l e c t r i c  motor whose output speed was reduced by means o f  a worm and 

p in ion  gear box. The l i n e a r  motion o f  the jack screw i s  converted t o  angular 

motion by means o f  a b e l l  crank. This 1 i m i t s  the angle t o  f a r  l nss  than the 180" 

requi red f o r  the azimuth. To extend the angular range, a second screw jack i s  

added i n  ser ies  w i t h  the f i r s t .  Although i n  a l l  o ther  respects the motorized 

screw jack meets design requirements, the complexity and h igh cos t  o f  a tandem 

arrangement make t h i s  d r i v e  unat t rac t ive .  



T a b l e  7-1. D r i v e  O p t i o n s  S t u d i e d  

APPROACH 

MOTORIZED 
SCREW JACK 

FRICTION 
DRIVE 

ADVANTAGES 

OFF-THE-SHELF 
TC-600 EXPERIENCE 

r PROVEN ENVIRONMENTAL 
OPERATION 

r SIMPLE DESIGN WITH 
MINIMUM PARTS 

I CABLE AND r COMPATIBLE WITH MOUNT 
DRUM r UNSOPHISTICATED 

COMPONENTS 
8 PROVEN DESIGN 

ALLOWS LOOSE TOLERANCES 
HIGH STIFFNESS 

- 

DISADVANTAGES 1 COST 

8 PR EC I S I ON MECHAN I SM 
r TRAVEL LIMITATIONS 
e COST 

r REQUIRES ST IFF  
ACCURATE STRUCTURE 
AND LARGE CONTACT 
FORCES TO MEET 
STIFFNESS REQUIREMENTS 

ENVI RONMENTAL 
OPERATION TO BE 
DETERMI NED 
I N  THIS APPLICATION 

I 
! 
! 

CAdLE AND DRUM DRIVE SELECTED FOR PRELIMINARY DESIGN N 



An a l ternate  approach was t o  use geared down e l e c t r i c  motors whose output 

shafts d r i ve  f r i c t i o n  wheels that  r i d e  on c i r cu la r  tracks running about the per i -  

meter o f  the d ish azimuth and elevation axes, respectively; t h i s  i s  a gear d r i ve  

without the expense o f  cu t t i ng  gears on the d r i v i ng  and dr iven gears. As the 

tab le  shows, t h i s  approach i s  much more cost  e f f ec t i ve  than the screw jack but 

requires high strength t rack surfaces t o  maintain high tangential force without 

sl ipping. This structure and d r i ve  mounts accordingly have t o  be s t i f fened  

leading t o  increased cost. 

The selected d r i ve  uses an a i r c r a f t  cable wrapped about a gear motor-driven 

capstan to  provide the d r i v ing  force. The cables are attached a t  e i the r  end t o  

the c i r cu la r  d r i ve  structure. As the motor-driven capstan (on the stat ionary 

frame) rotates, the cable pu l l s  the co l lec to r  frame along as i t  passes over the 

capstan. Tensioning pul leys on e i the r  side o f  the capstan assure tha t  proper 

f r i c t i o n  forces are maintained between the cable and capstan t o  provide the re-  

quired d r i v i ng  torque. 

7.3 Drive Subsystem Descript ion 

The primary d r i ve  motor i s  a Von Weise Gear Company Model VW47 geared down 

t o  y i e l d  2 RPM a t  the output shaft. The motor, I n  turn, drives a pa i r  o f  cap- 

stans arranged as shown i n  Figure 7-1 Drive Subsystem Mechanism. The need f o r  

two capstans arose from the f a c t  tha t  a cable wrapped 360' about a s ingle cap- 

stan tends t o  r i d e  up on the adjoin ing strands and jam the dr ive.  By using two 

capstans, the cable can be so wrapped that  no physical contact between the 

adjoining strands occurs. Since bath capstans are motor driven, the torque pro- 

duced i s  su f f i c ien t  to  meet dr ive requirements. Bearings, cab1 es, sprockets, 

shafts and chains are a1 1 o f f  -the-shelf hardware. The only non-commercial elements 

are the capstan and support st ructure - both simple and cheap t o  design and 



Figure 7-1.  Dr ive  Subsystm :lechanism 
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manufacture. To prevent back-driving, the d r l ve  motor contains a solenoid oper- 

ated f r i c t i o n  brake. The d r i v i ng  motor i s  1/6 HP, permanent s p l i t  capacitor, 

y ie ld lng  6000 in - lbs  o f  torque a t  the output shaft.  The d r i v i ng  r a t e  a t  the d ish 

w i l l  be 1/2°/second, d ictated by the defocuslng requirement. I n  the tracking made 

where rates vary between .002 and -02 degrees/suond, but the d r i v i ng  ra te  i s  1/2 

degreelswond, the motor w i l l  be pulsed a t  a duty cycle conslsteltt w i th  point ing 

er ror  requirements. With an er ror  band o f  2 x .I degrees, a power pulse of 

.2  de rees 
8 .4 seconds w i l l  d r i ve  the dish through the width o f  the e r ro r  band. 

A t  a sun ra te  o f  .002 degrees per second, i t  w i l l  take 100 seconds "o f f "  time be- 

fore  the next pulse needs t o  be applied. A t  sun rates of .02 degrces/suond, the 

"off" time w i l l  be 10 seconds. I n  any event, t h i s  i s  a low duty cycle and very 

well  suited f o r  the selected motor. During re turn  t o  the morning posit ion, the " rn 

180 de rees motor w i l l  be run continuot.tsly f o r  &, * 360 seconds o r  s i x  minutes. To 

promote heat d iss ipat ion i n  the contQuous d r i ve  mode, the motor i s  fan cooled. 

Bearings, chains and sprockets have been selected f o r G a r  1 i f e  under one d a i l y  

back and f o r t h  excursion cycle. The cdble selected i s  a i r c r a f t  qua1 i t y  capable 

o f  100,000 bending cycles over thi? capstan diameter. This o f f e r s  a large margin 

compared w i th  the expected bending cycles due t o  d a i l y  operation. Similarly. the 

cable diameter o f  0.29 inches assures a d r i ve  angular s t i f fness  which i s  three 
Q 

times higher than that  required f o r  point ing accuracy. Under worst case gust 
0 

condition. the cable s t r e N t h  o f f e r s  a safety factor o f  5:1. It should be noted 

tha t  only ine r t ia ,  f r i c t i o n  and aerodynamic forces need t o  be overcome by the 

drlve, since the dish w i l l  be counter-balanced t o  avoid any unbalanced torques. 

7.4 Drive Subsystem 5peci f icat ion 
4 

Table 7-2 sumnar izes the sal i en t  performance requirements based on dynamic, .. 
environmental, and cost considerations. 

7 - 5 
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Table 7-2. Spec i f i ca t ion  Sumnary 

Two-Axis Dr ive -- l i 2  Deg/Sec Continuous 
Dr ip  Proof Enclosure, Fan-Cool ed Motor 
Bra kc on Motor t o  Prevent Bac k -Dr i v i  ng 
Permanently Lubricated Bearings 
Comntrcial ly Avai lable Hardware 
Unattended Operation - M I  nimum Maintenance 
2 RPM, 3600 In-Lbs Torque t Motor 

4: 1 Safety Factor 
8 System S t i f f ness  0.35 x 10 Ft-Lb/Rad 

20 Year L i f e  
Typical Duty Cycle Tracking 1/2 Sec "On" - 50 S e e  " O f f  
Power Consumpti on hot  t o  Exceed 0.2 KUHRIDaylAxi s 

7.5 Dr ive Subsystem Cost S m r y  

The low cos t  d r i v e  design concept benef i ts  from the 20:l gear reduct ion i n -  

herent i n  the arrangement o f  the d r i v e  frame f o r  the e levat ion  d r i v e  and the 

foundation r a i l  which serves a lso as the d r i v e  frame f o r  the azimuth dr ive.  This 

allows the use of a low-cost "of f - the-shel f "  gear motor w i t h  a 900:l r a t f o .  The 

drum mechanism i s  a fabr ica ted steel  weldment f i t t e d  w i t h  simple capstans, pul leys,  

shafts, springs, sleeve bearings, sprockets and chain which are stock items and 

ava i l ab le  i n  mass-produced quant i t ies .  The cable i s  a l so  a stock i t em  ava i l ab le  

pre-stretched t o  the required spec i f i ca t ion  a t  low cost. For a summary of d r i v e  

subsystem costs (both dr ives  i den t i ca l  ), see Table 7-3. 

Table 7-3. Dr ive  Subsysten; Cost S u m r y  

e Cable 5 5.00 I 
- Drum Mechanism 96.00 

a Sprockets 15.00 

Gear Yotor 65.00 (See Appendix 8 f o r  Estimate from 
Van Wiese Gear Company) I 

I 
Track 25.00 I 

5206.10/Axis J O . ~ O / F ~ ~ / P ~ ~ S  
I 
I 
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8.0 CONTROL SUBSYSTEM 

? 
4 . * The p r i n c i p a l  func t ion  o f  the con t ro l  subsystem i s  t o  p o i n t  the  concentrator 

1 
a t  the  sun as accurate ly  as possible. The requirements placed on the con t ro l  sub- 

1 

! i, system are  ou t l i ned  i n  Table 8-1, and the major subsystem components are shown 
i 
i r -  i n  Figure 8-1. 
i 
r .  

. Ye 

i 
b 

Under a cen t ra l  computer con t ro l  , the  system operates t o t a l l y  automatical  l y  

L ; 

I I** 

u t i l i z i n g  potentiometers f o r  coarse t rack ing  and a f i b e r - o p t i c  closed-loop system 

f 
i - f o r  f i n e  pos i t ion ing ,  a1 so, on-si  t e  manual cont ro l  has been provided t o  over r ide  

I -= the computer con t ro l  . 
f -- An emergency power system f o r  defocus o f  the  concentrator under a cond i t i on  f 

s m 

o f  a power f a i l u r e  has been incorporated i n t o  the design. The source f o r  the  . - '9 
defocus power comes from the receiver/engine assembly. A t h e m i  l o g  capac i ty  

i - =  
k .- which would completely remove the  focused image from the rece iver  i s  the necessary 
= .  

1 + = 
; requirement t o  enable i t s  use i n  t h i s  mode. 

I n  the design o f  the subsystem, special  a t t e n t i o n  has been focused on 
f :. 

l i g h t n i n g  protect ion.  Special devices and c i r c u i t r y  have been incorporated t o  

achieve a degree o f  1 i gh tn ing  protect ion.  

" - 8.1 Sun-Tracking Mode 

. -  Algorithms are  b u i l t  i n t o  the cen t ra l  computer which are  used t o  ca l cu la te  

- .  
ephemeris data. The concentrator i s  pointed toward the sun v ia  a closed-loop 

con t ro l  system which u t i l  i r e s  potentiometer posi t i o n  sensors. Ephemeris data 

ind icates where the sun should be a t  each i n s t a n t  i n  t ime and the p o s i t i o n  

potentiometers i n d i c a t e  where the concentrator i s  a c t u a l l y  po in t ing .  Control 

l o g i c  w i l l  compare the ephemeris data w i t h  the p o s i t i o n  sensor data and generate 

the appropr iate motor con t ro l  s ignals t o  keep the d ish  p o i n t i n g  a t  the sun w i t h  

an accuracy o f  - + 1 degree i n  both azimuth and e levat ion.  





Table 8-1. Cont ro ls /E lec t r i ca l  Subsystem Requirements 

- Addi t ional  accuracy i s  requi red t o  p roper ly  focus the system and t h i s  con- 

Sun Tracking - Coarse 

Sun Tracking - Fine 

Non-Tracki ng 

- 

t * %  

t r o l  i s  implemented through sun sensors. iwc p a i r s  o f  f i b e r  o p t i c s  operate as 
f - -  

Achieve coarse sun t rack ing  o f  2 lo i n  both 
azimuth and e levat ion  

Absol u t e  sun post t i o n  us ing programed 
ephemeris data 

Feedback: Potentiometer 

Cnntrol :  Azimuth and e leva t i on  d r i v e  motors 

Achieve f i n e  sun t rack ing  of + 1/8O accuracy 
i n  both azimuth and e leva t i on  

Absolute focused sun image using f i b e r  o p t i c s  

Feedback: Opt ica l  sensor 

Control  s : D r i  ve motors 

Provide f o r  stowing concentrator f o r :  
Night time, Maintenance, inclement weather 

Provide h igh  speed defocus on overtemperature 
using rece iver  vounted RTD 

\ 

- s 

the sun sensors so t h a t  f o r  any misalignment d i f f e r e n t i a l  s igna ls  represent ing 

_. azimuth o r  e leva t i on  are  provided t o  the cond i t ion ing  e lec t ron ics .  These s ignal  s 
x 

t are processed by the microprocessor t o  a f f e c t  the  appropriate motor cont ro l .  

- - I n  the morning, the concentrator begins t o  t rack  the sun v i a  ephemeris s t a r t -  

1 up data. When s u f f i c i e n t  so la r  i n s o l a t i o n  i s  avai lab le,  an automatic swi tch from 1 7 -  

: potentiometer t o  o p t i c a l  t r ack ing  w i l l  occur. A t  sunset, the concentrator w i l l  
i 

be returned t o  a stow pos i t ion .  

& 
I This hyb r id  cont ro l  system was chosen because i t  i s  a cost-ef fect ive system 
; .  
S which provides the high degree o f  t rack ing  accuracy ;equi red. Potentiometers 

I r 
a are i n  standard use i n  servo-posit ion cont ro ls  but 
.; 



cannot supply the  accuracy required. F ibe r  o p t i c s  were chosen f o r  f i n e  tunlng 

on the basis  of prototype development on the GE TC-600 c o l l e c t o r .  Tables 8-2 

through 8-4 present a summary of the  sun-tracking mode. 

8.2 Central  Computer 

The cen t ra l  computer handles a minimal amount o f  s ignal  processing due t o  

the c a p a b i l i t i e s  o f  the l o c a l  microprocessor. The con t ro l  funct ions performed by 

the  cen t ra l  computer are shown i n  Table 8-5. A l l  concentrator/computer comnand 

s ignals w i l l  be processzd v i a  comnand protocol  a t  RS-422 signal  leve ls .  This 

scheme g r e a t l y  minimizes the complexity of the e lec t ron i cs  and the w i r i n g  between 

the cen t ra l  computer and the concentrator. 

Th-a s scheme of 1 ocal m i  croprosessor/control  computer a1 1 ows a great  deal of 

f l e x i b i l i t y  t o  be b u i l t  i n t o  the system. It frees the cen t ra l  computer from ex- 

cessive data processing wh i l e  a l low ing f o r  l o c a l i z e d  con t ro l  o f  a ser ies  o f  

concentrators. 

Table 8-2. Sun Tracker Sensor 

3ual Mode 

- Coarse p o i n t  computer data 

- Fine p o i n t  o p t i c a l  sensing 

Acqc i s i t i on  by computer data 

- tlccuracy 2 .125" 
Automatic switch on a c q u i s i t i o n  (computer t o  t racker  mode): 

Supervisory cont ro l  ava i l ab le  t h r u  ephemeris data 

Local con t ro l  through mount e;ectronlcs box 



Table 8-3. Computer Data Mode 

- Comnand Signal s Gener ated by Central  Computer 

- Command Signal sent t o  Concentrator 

- Feedback Pots on Azimuth and Elevat ion Axis 

- Pot Pos i t ion  D i g i t i z e d  and Compared t o  Comnand Signal 

- Er ror  Signal Generated f o r  Appropriate Axis and D i rec t i on  

-Update Command Sequenced a t  Microprocessor Level 

Table 8-4. Opt ica l  Sensing Mode 

Table 8-5. Functions of the Central  Computer 

i 

- Generate Ephemeris Data 

- Generate Star t -up and Nightt ime Stow Data 

- Provide Emergency Stow Signal 

- Process Over-Temperature Defocus N o t i f i c a t i o n  Signal 

- S i l i c o n  Photo Diodes used as Detectors A1 igned w i t h  Axes 

- View Wings o f  Ref lected Image a t  Focal Plane 

- Sense Image S h i f t  t h r u  Imbalance o f  Flux Level ' 

- Generate E r ro r  Signal from Dif ference Signal 

- Update Comnand Sequenced a t  Microprocessor Level 

- F iber  Optics Coup1 ing1Electronics Box Mounted on Receiver 
A 

I 



1 -  1 Table 8-6. Functions o f  Local Microprocessor 
[ . '* 

s s 8.3 Control  E lec t ron ics  

I The e lec t ron ics  f o r  an operat ional  concentrator are shown i n  Figure 8-2. 

9 - Process and Compare Ephemeris Data w i t h  Potentiometer Data 

- Process F ibe r  Opt ic  Data 

- E f f e c t  Proper Motor Control Signals 

- Process Star t -up and Stow Signals 

- Defocus Concentrator on Over-Tempera t u r e  Condit ion 

- Process Emergency Stow Signal 
m 

f 

- - The system incorporates inexpensive in tegra ted  c i r c u i t s  and d i sc re te  l o g i c  f o r  

a - s ignal  condi t ion ing.  Signal processing i s  imp1 emented through a microprocessor 
t 

. 

1 
f -  i which was chosen f o r  the reason t h a t  i t  represents an exce l l en t  compromise 
J 

I 

i i * between minimum cos t  and f l e x i b i l i t y .  It f rees the cen t ra l  computer 
! 

from excessive data processing; i t  a1 lows the experimental f l e x i  b i l  i t i e s  t o  
* 

be b u i l t  i n t o  the prototype system; and f i n a l l y ,  the  technology i n  t h i s  area 

. . i s  developing so r a p i d l y  t h a t  implementation on such a l a rge  scale w i t h  the  

1 -  special  i zed  microprocessor uni  t appears t o  be very cost  e f f e c t i v e .  The con t ro l  
i 
i functions performed by t he microprocessor a re  shown i n  Table 8-6. 
i 
i 
L Coarse pos i t i on ing  con t ro l  o f  the concentrator i s  actuated through axes- 

mounted potentiometers. A condi t ioned voltage s ignal  corresponding t o  the  

p o s i t i o n  o f  the  ax i s  w i l l  be converted through an A/D converter before being 

processed by the microprocessor. A comparison w i l l  be made w i t h  the ephemeris 
F 
1 data sent t o  the microprocessor from the  cent ra l  computer. Appropriate motor 

cont ro l  s ignal s w i  11 then be generated. Automatic swi tchover t o  o p t i c a l  t rack-  

f i ng  w i l l  occur whenever a determined threshold l e v e l  i s  achieved. S im i l a r l y ,  

a drop below t h i s  l eve l  w i l l  t u r n  cont ro l  back over t o  the servo-loop. 

8-6 
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Fine pos i t i on  cont ro l  w i l l  be achieved through f i b e r  o p t i c  1 i g h t  sensing. 

. , Two f i b e r  opti: pa i r s  w i l l  be a l igned w i t h  the axes o f  r o t a t i o n  o f  the  system 

such t h a t  a di f ferent!al  c ignal  w i l l  a r i s e  when an imbalaljce i n  the  energy 
s ,  

i n t e n s i t y  d i s t r i b u t i o n  ex is ts .  The signal w i t  1 be received through f i b e r - o p t i c  

- .  channels and propsr ly  attenuated previous t o  diode sensing and conversion t o  an 

e l e c t r i c a l  s ignal .  The detected s ignal  w i  11 be ampl i f i e d  and processed through 

sumnation and d i f fe rence ampl i f i e r s  incorporated w i t h  a d i v i d e r  network. This 

w i l l  enable f l u x  sensing independent o f  so lar  ! n t e n ~ i - y .  As long as the  minimal 

threshold 1 eve1 o f  detect ion i s  achieved, the cont ro l  e lec t ron ics  w i  11 operate 

i n  the sun sensing mode w i t h  the output  voltage proport ional  t o  the e r r o r  angle. 

This signal w i l l  then undergo A/D conversion before being processed by the  micro- 

processor. Appropriate motor cont ro l  s ignal  s w i  11 then be generated. There are 

two pa i r s  o f  f i b e r  o p t i c  p o s i t i o n  sensors; one f o r  azimuth and one p a i r  fo r  

elevat ion. They w i l l  be mounted a t  the  foca l  plane perpendicular t o  the a x i s  

I 
I '  they w i l l  con t ro l .  A t  l e v e l s  below the threshold, the potentiometers w i l l  

actuate cont ro l .  

The receiver  w i l l  have an RTD located i n  i t  t o  sense f o r  an over-temperature 

condit ion. Threshold detect ion w i l l  occur when the over-temperature s ta te  i s  

reached. This signal w i l l  be processed through the microprocessor and the  

I e levat ion  motor w i l l  be ac t iva ted t o  e f f e c t  an emergency defocus. Simul tan- 

t eously, the cont ro l  computer w i l l  be informed o f  the alarm condi t ion.  

The motor decode and cont ro l  c i r c u i t r y  accepts in format i  on frrm the micro- 

b 
i 

processor t o  a f f e c t  appropriate motor operation. Included i n  the design are 

l i m i t i n g  switches t o  sense the end o f  the motors t raversa l  f o r  automatic shut- 
r 

i o f f .  L ightn ing pro tec t ion  has been incorporated i n t o  the w i r i n g  f o r  the motors. 

I Manual contro l  has been designed i n t o  the motor cont ro l  c i r c u i t r y .  The manual 



slgnal overrides the microprocessor control  s l  gnal s . 
8.4 Controls Cost Sumnary 

Using the c i r c u l  t r y  described i n  Paragraph 8-3, vendor contacts were made 

and cost estimates were generated f o r  the control  subsystems. The production 

costs presented i n  Table 8-7 re f l ec t  mass production 1 t v e l  s where considerable 

parts consol i da t ion  has been achieved by using functional chips. The costs o f  

prototypes would r e f l e c t  hand wi r ing o f  many components. 

L 

Table 8-7. Control s/Electronics Cost Sumnary 

PRODUCTION COST, 9 

40 

, I 

6 5 

7 5 

2 5 

10 

I 
FUNCTIONAL BLOCK 

Potentiometer 
Posit ion OP AMPS 
Sensing 

Fiber Optic 

Posi t i o n  
Sensing 

L 

Motor Switching 
C i r cu i t r y  

and 
Protect ion 

Data Transmit and 
Receiver 

M i  crncompu t e r  
Sys tem 

MAJOR COMPONENTS 

Potentiometers 
OP AMPS 
C i r cu i t r y  

Fiber Optic Cables of 
5 '  Length 

OP AMPS 
Anal og D i  v i ders 
Thresh01 d Detectors 
S i  1 icon Photo Diodes 
L ight  Attenuation Blocks 
C i r cu i t r y  

Re1 ays 
Microswi tches 
C i  r cu i  t r y  

Recei ver 
Transmitter 
Band Rate Generator 
U ART 
C i r cu i t r y  

Exampl e ; 
8049 - INTEL 

Complete System 



Table 8-7. Controls/Electronlcs Cost Sumnary (cont. - .  

FUNCTIONAL BLOCK MAJOR COMPONENTS PRODUCTION COST, S 
Analog Signal A/D Converter 
Convert Ion MUX Switch 35 

I I 

Hous I ng Electronics Box Uni t  
Connectors e tc .  

2 P.C. Boards 20 
Mlsc. 

Other Power Supply 40 
L 

Control s/Electronics - $310 
Production Cost 
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9.0 FOUNDAT ION SUBSYST EF4 

The foundation subsystem consf s ts  o f  the f a l l  assembly and the r a i l  supports. 

The concept tha t  has been used throughout the l a t t e r  po r t ion  o f  t h i s  study was 

tttat the mount was attached to  the r a i l  assembly through a wheel cast ing capable 

o f  k t h  up and down load as shown i n  Figure 9-1, The design o f  the ra t1  assmbly 

and s u b s ~ u l t n t  foundations to  support it, ccrrrpl fed w i th  the requlremtnts I I s tad  

be1 ow : 

e Rai l  assembly must support the weight and l i v e  loads of the dish and 

support structure. 

0 The foundation members must not f a l l ,  pul l -out ,  sink o r  ro ta te  undtr 

appl ied loading. 

0 Foundation design must be compatible w i th  2000 1bs/ f t2 s o i l  bearing 

a1 lowable. 

o Foundation design must penetrate below f r o s t  l i ne .  P 

s 
8 Rai l  assembly design per A ISC Code. 

For the r a l l  assembly, A36 steel was used during the design development. 

S l r ing  o f  the r a i l  a lso involved picking the number o f  p i1  ings since that  deter- 

mined the beam span and of fset .  Flgure 9-2 shows a sumnary o f  the method o f  

analysis used t o  s ize the r a i l .  The worst case loading condi t ion i s  w i th  the 

maximum down load o f  2390 1 bs. appl ied t o  midspan between supports. 

Beam stresses i n  both tors ion and bending were determined using the 

equations shown and the geometry ft:~. .? 6 p i l e  design and b 12 p i l e  design. 

With a 4 inch wide flange team required, the 6 p i l e  design has shear 

stresses i n  excess o f  the allowables set  f o r t h  i n  the  A I S C  Code f o r  A36 steel .  

However, the I ?  p i l e  design yielded a 12W22 as meeting the requirements and was 

chosen along wi th  12 supports as the prel iminary de; ~ g n  f o r  the r a i l  assembly. 



F i g u r e  9-1 .  D e t a i l  C - Wheel Ff t t i n g  

9-2 





Figure 9-3. P i l e  Geometry 

9-4 



Next, the p i l i ngs  were sized t o  meet both down and upload capabi l i ty .  As 

i t  turned out, the down load o r  s o i l  bearing sized the p i 1  ing didmeter whi le the 

depth was determined by f r o s t  l ine ,  r o ta t i on  or  pu l lou t  requirements. For i n -  

stance, the 12 p i 1  ings tha t  support the r a i l  assembly have a diameter o f  1.5 feet .  

This was determined by equating the down load t o  the s o i l  bearing capacity f o r  a 

p i l i n g  o f  diameter, D, as follows: 

Down load - 2390 lbs. 

Soi 1 bearing pressure - 2000 1 b s l f t 2  
l bs  f l  D~ Soi l  bearing capacity = 2000 - 
ft2  4 

Equating capacity t o  appl ied loaa and solving f o r  D is :  

Pul lout  o f  the p i1  ings f o r  the r a i l  assembly supports determine t h e i r  

length. The act ive  pu l lou t  length was assumed t o  s t a r t  9.9 inches below undis- 

turbed so i l .  The s o i l  pu l lou t  shear value was assumed t o  be 125 l bs / f t 2 *  f o r  

soi 1 bearing o f  2000 1bs/ft2. Further, the t o t a l  pu l lout  load was calculated as 

the sum o f  the p i l e  weight and sk in  f r i c t i o n .  

Considering an act ive  p i l i n g  below each of two wheels shown i n  Figure 9-3. 

P i l e  Shear = V D LA x 125 1bs/ft2 

D = 1.5' Assume LA = 3 ft. min. 

Total Pul lout  = wtpile + Shear 



f 
I , 

The p f n t l e  i s  designed t o  support i t s  own weight without s inking and not  

r o ta te  under the appl ied loads. Sizing of the p i n t l e  i s  an i t e r a t i v e  process 

star ted by ca lcu la t ing a soi  1 bearing diameter based on an assumed length. Next, t I 
I %* 

using the analysis proposed by Czernick, Figures 9-4 and 9-5, ca lcu la te  the re-  
F 
t 
i .. quired p i l e  length t o  r e s i s t  the appl ied moment of 2003 in- lbs  and a shear o f  

ew 
1583 lbs  denoted by M and H, respectively i n  Figure 9-4. Having determined the 

length, recalculate the p i l e  weight and see i f  i t  i s  consistent w i th  the s o i l  

bearing diameter. If i t  is ,  then L i s  a solut ion. For D = 2 feet, H = 1583 1 bs., 

M = 2003 in-1 bs, i t  was determined t ha t  the requir:d length was 10 feet f o r  the 

p in t ie .  

An a1 ternate foundation design approach examined b r i e f l y  was the dr iven 

p i1  ing. However, beside the p i l e  dr iver,  a cut-of f  torch o r  saw would be re-  

quired t o  r a v e  the excess length allowed f o r  deformation. Further, dr iven 

p i 1  ings would require greater length t o  compensate f o r  l o s t  s o i l  bearing i n  the 

cross-section. This concept was discarded on cost, but may have fu ture  appl i- 

cat ion advantages that  would require i t  to  be reconsidered. 

Final ly ,  the extrapolat ion of the 12 p i l e  design t o  a continuous foundation 

was examined on cost. Table 9-1 sumnarires the resu l t s  o f  t h i s  comparison. 

Based on an assumption that  the minimum depth o f  a foundation i s  three f ee t  a 
below grade f o r  f r o s t  1 ine protect ion, the continuous foundation, w i th  a 1 i gh t -  

weight 4 inch flange section 8W10, i s  more expensive than the 12 p i l e  concept. 

The p i1  ings as determined i n  t h i s  study would, o f  course, be re inforced 

concrete p i1  ings wi th  t i ed - i n  anchor bo l t s  f o r  attaching the r a i l  assembly. 
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Figure 9-4. P i n t l e  Foundation Analysis 
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Figure 9-5. P i n t l e  Foundation Analysis 



Tab1 e 9-1 . Foundation Cost Trade-Of f 

CONTINUOUS RING FOUNDATION 3 . 5 '  x D X l t  w i t h  8W10 

CONCRETE 

COST = Volume x $ /yd3  = -- nDLt x $100 /yd3  = 27 943 

RAIL - 
2 1  8 COST = L b s / F t  x F t  x $/Lb = l O n D  x . 3 0  $ 1  = - j j  

12 PILES + RAIL ASSEMBLY 

CONCRETE 

l2 n'2 L x $ 1 0 0 / ~ d ~  = 333 COST = Volume x $ /yd3  = x --- 
4 

RAIL 
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- 1  10.1 Assembly Requirements 
i s 

The i m p r a c t i c a l i t y  of shipping f a c t o r j  assembled cot l ec to rs  leads t o  the 

i 
i. requirement f o r  f i e l d  assembly; because t h i s  w i l l  be labor  intensive, i t  i s  

I necessary t o  provide for  an assembly technique reau i r i ng  minimum t ime and s k i l l s  
1 
< i n  the f i e ld .  Therefore, the major elements o f  the colltrctr>r, namely, t he  d ish.  

assembly, mount, and foundation have been broken down i n t o  piece pa r t s  and sub- . . 
assembl i es which meet the combined requirements o f  fac tory  mass product ion and 

f i e l d  assembly techniques. These requirements include: 

i 
1 o Handling and shipping l i m i t a t i o n s  f o r  s i ze  and weight 
: Minimized number of par ts  consistent  w i t h  above 

e Maximized factory assembly o f  components combining as many features 

as p rac t i ca l  

e Modularized assemblies 

a Maxi wm u t i l  i z a t i o n  o f  automated machinery f o r  component product ion 

and assembly 

0 Minimized labor requirements both i n  fac tory  and f i e l d ,  p a r t i c u l a r l y  

sk i l l ed .  

These requirements have been met i n  the design; add i t iona l  features imple- 

menting low-cost assembly include: 

0 Se l f - j i gg ing  assemblies requ i r i ng  minimum f i x t u r i n g  
i 

Simple quick assembly fastening systems - no f i e l d  welding required 
, 

a Color coded par ts  - i d i o t  proof assembly 

Factory assembled e l e c t r i c a l  harness 

e Foundation design a1 lows for ninirnized s i t e  preparat ion and grading 



i 
I 10.2 Factory Part Production and Assembly 

The major co l lec to r  components and subassembly production i s  described 
b 

below. 

10.2.1 Gores 

The process for the production o f  the GRP gores i s  discussed i n  Sectlon 11. 

10.2.2 Ribs 

The a1 uminum a1 toy r i b  truss ;ubassembly has stretch-formed extruded lower 

cap members providing the accurate d ish contour. The complete r i b  subassembly i s  

b u i l t  i n  a f i x t u r e  providing accurate locat ion and f l a t n e ~ s  a f t e r  assembly o f  

the members and end fi tt ings.  This i s  a typ ica l  high production a i r c r a f t  factory 

assembly technique. 

10.2.3 Mount 

The production quant i ty  requirement f o r  the tubular steel  members (350,000 

lbs/day) j u s t i f y  the investment i n  dedicated tube m i l l s  to  produce these parts. 

The members w i l l  be made from sheet stock, r o l l e d  and seam welded, nosed and 

trimned t o  exact length and painted. The d a i l y  production requirement f o r  the 

2400 caster f i  t t ings,  800 receiver suppor t l r ib  f i t t i n g s ,  800 r i b  gimbal f i t t i n g s ,  

800 mount gimbal f i t t i ngs ,  and 400 each o f  foundation and mount p i n t l e  f i t t i n g s  

1 i kewi se j u s t i f i e s  the investment o f  mu1 ti-headed automated we1 ding equipment. 

Again, t h i s  i s  a proven high-production technique typ ica i  i n  the motorcycle 

industry. 

10.2.4 Drives 

The azimuth and elevation d r i ve  assemblies are ident ica l ;  therefore, the 

d a i l y  production output i s  800 uni ts.  These are factory assembled wi th  purchased 

parts (gear motor, sprockets, chain bearings, capstans, etc.) .  This i s  typical  

of automotive-type production assembly. 



10.2.5 Foundation 

Tk,c foundation r a i l  i s  made from s tee l  I-beam pre- ro l led  t o  the required 

radius; i t  i s  made i n  segments t o  f a c i l i t a t e  handling and f i e l d  assembly by two 

men. The foundation bo l t s  are attached t o  the concrete r e i n f o r c i n g  s tee l  

s t ruc tures  which are  pre- fabr icated i n the  fac tory .  

10.2.6 P a l l e t  

The funct ions o f  p a r t  storage i n  both factory, f i e l d  and shipping are com- 

bined i n  spec ia l l y  designed reusable p a l l e t s  which house a complete k i t  o f  par ts  

f o r  ind iv idua l  co l lec tors .  

10.3 S i t e  Assembly 

Table 10-1 and Figure 10-1 show the s i t e  assembly task sequence, labor, 

and equipment costs. It i s  evident from Table 10-1 t h a t  the foundation i s  a 

major cont r ibu tor  t o  the s i t e  assembly cost; the foundation approach selected 

using mechanized hole d r i l l  ing, simple concrete forms, a1 igmnent and 1 eve1 1 i n g  

features, and p re fo rmd r a i l s  clamped i n  place, has g rea t l y  reduced the  cos t  

r e l a t i v e  t o  conventional foundation methods. 

10.3.1 Detai led Descr ipt ion o f  S i t e  Assembly 

The p a l l e t s  are  unloaded a t  the s i t e  and loaded onto a specia l ized par ts  

t ruck  which i s  provided w i t h  an a i r  compressor, l i g h t  crane, hand too ls ,  and 

storage f o r  f i x t u r e s  required f o r  the c o l l e c t o r  assembly. Rough grading on ly  i s  

required f o r  the s i t e  preparat ion as the foundation design i s  to le ran t  t o  ground 

leve l  var ia t ions  w i t h i n  approximately f 6". The centers of the co l l ec to rs  are 

marked ou t  and foundation holes are bored w i t h  a specia l ized power ear th  auger. 

The prefabr icated concrete r e f  n forc lng  w i t h  foundation b o l t s  attached are lowered 

i n t o  the holes and attached t o  the pos i t ion ing  f i x t u r e  and leve l l ed  a f t e r  disposable 



Table 10-1. Si te  Assembly - Labor, Tooling, Plant and Equipment 

1. P a r t s  I ' n l0~d .4  a t  S l t e  La U a s r b l c  ?&llet 
(Xni ludtd  la Shlibplr: Cor t )  

2. S t t c  P r r p d r a t i o n ,  C.1 r Scrub. Ibryh C r d c ,  
Nark Our FouJ r t1 -m (. r.ter8 

1. Yore Fwrmda~ion k l c s  

I. P a r r  Concrctc  Toundrtlon 
1 2  P i l i n g s  L C m t r e  P i n t l e  

5 .  A,rcrr.hle F t u n d ~ t i a n  Uar ls  (12 ?rctormcd bild 
an; T I  a d  FLntla u l l ! ~  B r a r i a l  

6. Aa,G-hlL h o r i z o n t a l  F r m e  - : 841.hlt "uvahlr T i n ~ l c  - ' : , ~ n l  R 1d1 11 l r ( a d c r s  - t C,rc..r FlttLngr v l t h  Caster ukccl*  - 6 Tic  ' ' <aSr r r  - Azlrzlth L I.¶cv.atloa Drlvc A s s r 3 1 y  h l r l e s  

1. A s . . r h l e  Clcvr t lor ,  C h b r l  F i t t l n j i r  
I! , in 6 . i . m a 1  t!mbrrs 

a. A ~ - ~ ~ ~ l ~ i *  ;,i'h 

- A.-.v . I&.  L I i t s  ~ i t h  S p l i c e  P l a t e s  - .. a .  !,In L Inner Gores - A. ,r-blr I Outer Cores 
i t &  i u r r i ,  In  L ib  Ch .mr l s  Lorbtry  Dcr icc  

9 .  A,<,-, , l a  1.L.1r to Fr a ~ e  - Ad: .<a.%:ir:% - b, i r i n i  t..p% 

10. Finnllr. .  S t r - ~  t u r r l  A*scrbly 
A!.$ C.-< i r r  r  Cupport L Hctb r r8  
A.Id Count c ~ r c r g h t  S u p p r t  L N d c r r  
Add jlrIvc F r m d  
.Ud 3 r l v r  Cables 

I  I .  h r s c ~ b l r  Sussarb. Cunrre l  b x  k ULrlrl;  b l r e 8 8  UIw rucltiwtrr.. 
QIck q.+.t M m  





Af te r  the concrete I s  poured and allowed t o  set  (several done i n  sequence), 

the foundation r a l l  s (sing12 heaviest pa r t  - 138#) are put i n  pos i t ion and then 

the f l x t u r e  I s  removed. The foundatlon p l n t l e  f i t t i n g  1s then assembled. The 

SIX caster f l t t l n g s  are r o l l e d  onto the r a i l  assembly and the horizontal frame i s  

assembled and completed w i t h  both the d r i ve  assanbl'its. 

The elevation gimbal f i t t i n g s  and mount main and diagonal members are attached 

to  the horizontal frame. No f i x tu re  i s  required as these parts are self-digging. 

The dlsh i s  being assembled a t  another adjacent locat ion on a f i x t u r e  which 

may be incorporated w i th  the foundation posi t ioning f i x tu re .  This task may be 

1 i star ted i n  para l le l  w i th  the horizontal frame assembly. The dish r i b  subassemblies 
F ~ 

are placed i n  the f i x t u r e  and sp l ice  plates attached. The inner gores and the 

outer gores are s l i d  i n t o  place and are f ixed w i th  quick-locking devices. The 

en t i re  d lsh i s  then 1 i f t c d  by the crane and placed, re f lec tor  side dom, on the 

gimbal f i t t i n g s .  The sleeve bearings are s l i d  onto the shafts, and the bearing 

caps bol ted down. 

The receiver support attachment, f i t t i n g  support members and d r i ve  frame i s  

then attached (no j igg ing required), the dish i s  inverted and the ident ica l  pro- 

cedure repeated for the counterweight assembly. The counterweight i s  assembled 

and dish again rotated and receiver i s  attbched. The sensors, controls wi r ing har- 

ness and dr ive cables are attached, and alignment of  the potentiometers .~mp le te  

the job. 

10.4 On-Site Assembly Equipment and Costs 

The fo l lowing specialized mobile equipment and f ix tures w i l l  be required f o r  

f i e l d  assembly: 

Specialized Power Earth Auqer - SZ00.000. This  machine w i l l  be dn adaptation 

o f  the standard augers used f o r  excavating holes for telephone and l i g h t  power 

l ines.  I t  w i l l  be modified t o  automatically bore f i r s t  the p i n t l e  hole a t  a 



designated l oca t i on  and then the 12 r a i l  p i 1  i n g  holes i n  a c i r c u l a r ,  equa l ly  spaced 

pat te rn  a t  spec i f ied  radius from the  cen t ra l  p i n t l e  hole. The machine w i l l  be de- 
I 

signed t o  bore holes a t  maximum r a t e  o f  40 per hour, which provides adequate 

capacSty f o r  i n s t a l  1 i n g  40 concentrators i n  a two -sh i f t  operat ion. 

Special ized Parts - Truck and L i q h t  Crane - $100,000. .- This specia l ized 

mobile equipment w i l l  dispense par ts  f o r  each 3ssembly f r o m  a k i t  as needed. It 

w i l l  inc lude a l i g h t  crane f o r  ho i s t i ng  and l o c a t i n g  heavier parts, assemhi i t s ,  

and f i x t u r e s .  

Dish Assembly F i x tu re  - $50,000. This w i l l  be a mobile work p la t fo rm w i t h  

she l te r  inc ludi f ig  a f i x t u r e  for a id ing  i n  rap id  assembly o f  the r e f l e c t o r  gores 

and a1 uminum r i b s  

Foundation B o l t  Posi t ion ing F i x tu re  - $50,000. This f i x t u r e  w i l l  l oca te  

the foundation r z i l  and p i n t l e  b o l t s  accurately wh i le  the concrete i s  being poured; 

i t  i s  provided w - t h  a device t o  ensure t h a t  the foundation i s  l eve l .  

I n  a d d i t i o ~  t o  t h i s  unique equipment, o ther  s t a n d ~ r d  i tems common t o  modern 

outdoor s teel  construct ion w i l l  be included a t  an estimated cos t  o f  $50,000. 

Equipment Quotas f o r  Hiqh Volume Production and Capi ta l  Investment. The 

elapsed time usage of the various items o f  equipment were used t o  es tab l i sh  the 

quota o f  each i tem f o r  a f u l l  u t i l i z a t i o n  i n  high volume f i e l d  assembly i n  the 

range o f  10,000-1 00,OOG un i  tslyear-. See Tab1 e 10-2. 



Table 10-2. S i t e  Assembly Equipment Cost (8000 Units/Year - 32 Units/Day) 

E 
"> 

EQU I PMENT (USEIUN IT)  USAGE EQUIPMENT CAPITAL 
HOURS FACTOR QUOTA COST $ 

Special i r e d  Power Earth 2.0 .314 4 800,000 
Auger 

Special i r e d  Parts Truck/ 3.35 .527 7 700, OOG 
Crane 

0 Foundation B o l t  Pos i t ion ing  0.5 .078 1 50,000 
F i x t u r e  

Dish Assembly F i x tu re  0.75 . I  18 2 100,000 

0 Standard Outdoor Steel -- -- ---- ---- 50,000 
Construct ion Equipment 

TOTAL 1,700,000 1 
L 

USAGE USEIUNIT HRS 
FACTOR 

=+ FOUND. BOLTFIX. U.F. = & . =  .078 

U.F. EQUIPMENT = - 
QUOTA .078 FOUND. BOLT FIX. USED = .5 HRS x 32 UNITS 

= 16 HOURS 

Using the foundation b o l t  f i x t u r e  as the l e a s t  denominator, the equipment 

quota f o r  balanced usage i s  ca lcu lated.  The t o t a l  c a p i t a l  equipment cos t  o f  

$1 ,700,000 represects a f a c i  1 i t y  w i t h  a maximum capaci ty  of two assembl i es per 

hour o r  8000 per year on a two -sh i f t  basis. 

S i t e  Assembly Costs. Al lowing f o r  a labor  e f f i c i e n c y  o f  63%, the costs i n  

Table 10-3 are ca lcu la ted  f o r  8000 uni ts /year .  The c a p i t a l  costs a re  shown con- 

serva t ive ly  amortized a t  15Zlyear and t h i s  i s  shown t o  have a minor e f f e c t .  



Table 10-3. S i t e  Assembly Costs - 8000/Year 

Equipment Amortization: $255,000 (1 5%) 

+ 166,640 Man Hours = 
@ $2O/Hour $3,578,000(Labor and Overhead) 

Assembly Cost/Uni t = $447.25 ( $ 1 . 0 8 / ~ t ~ )  

10.5 Maintenance Assessment 

The c o l l e c t o r  has been designed w i t h  minimum maintenance as one o f  the  p r i -  

mary goals. The maintenance requirements f o r  the  various components are enumerated 

i n  Table 10-4*. Good a c c e s s i b i l i t y  f o r  serv ice o r  replacement i s  provided f o r  a l l  

the  components. 

*These estimates are based on vendor contacts f o r  spec i f i c  components. 



ITEM SERVICE FREQUENCY MAN-HOURS/YF9!? 

Gore Ref lector  Surface Cleaning - 2% Detergent/Water B i  - i ionthly 3.0 
75 ps i  Spray Wash Estimate - 

See Section 5 

r Replacement 15 Years 

Drives r Cable Lubr icat ion Annual 0.25 

a Cable Tension Check and Adjust Annua 1 0.25 

Elevation Bearings 0 Rep1 acement (unusual l y  severe As Required 1 .O 
environmental condi t ions) 

Caster Bearings Replacement (unusually severe As Required 
environmental condi t ions) 

P in t l e  Gearing r Replacement (unusually severe ;id Required 
environmental condi t i ons )  

Control r Potentiometer Check and Adjust Annual 0.5 

Closed Loop Tracking Adjustment Annua t 1 .O 
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1 1 .0 PLASTIC PROCESSING ASSESSMENT 

There are numerous processes ava i l ab le  t o  produce d i sh  s t ruc tures  from glass 

re inforced p l a s t i c  mater ia ls .  Compression and t rans fe r  molding are  the  two main 

methods used t o  produce molded par ts  from thermosett ing p las t i cs ,  which has been 

selected as the d i sh  mater ia l .  

A number of factors must be c o x i d e r e d  and understood i n  any molding process 

if good moldings are  t o  be obtained. The major f ac to rs  a re  the mater ia l  composi- 

t ion ,  molds and the parameters a f f e c t i n g  the r e s i n  ~n!ymer iza t ion  process. I n  tu rn ,  

these factors af fect  the cos t  of t he  par t .  

I n  our assessment of molding processes fo r  the  f a b r i c a t i o n  o f  d i sh  st ructures,  

considerat ion was given t o  low, medium and h igh  volume processes. A process was 

selected from each o f  the three categories, w i t h  r a t i o n a l e  given f o r  each selec- 

t i on .  

11.1 Low Volume Production 

Low volume product ion i s  t y p i f i e d  by open and closed mold processing. Table 

11-1 shows some of the processes f o r  each type. We used the open mold hand l ay -  

up process fo r  f a b r i c a t i n g  1 meter prototype un i t s .  This p a r t i c u l a r  process was 

the l e a s t  cos t l y  f o r  developing i n - s i  t u  cur ing  and bonding procedures, which could 

u l t i m a t e l y  be used i n  medium and h igh volume processes. I n  the hand lay-up process, 

vacuum bag pressure was u t i l i z e d  to  achieve greater  f i b e r  mat compaction, low void 

content and good p a r t  uni formi ty .  

Some of the cha rac te r i s t i cs  of the hand lay-up process are: 

1. No shape of s ize  l i m i t a t i o n .  6 .  Output i s  low. 

2 .  Molds are inexpensive. 7. Labor lun i t  high. 

3. Design i s  easy t o  change. 

4. Lowest c a p i t a l  investment. 

5. Q u a l i t y  o f  the laminate i s  dependent upon the operator.  
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The general process steps used fo r  hand lay-up vacuum bag cure are  as 

fo l  1 ows : 

1. Continuous glass strand mat and thermosett ing r e s i n  are l a i d  up on a 

male mold. 

2. The mater ia ls  a re  then covered w i t h  a f l e x i b l e  f i l m  diaphragm (vacuum 

bag) and the f i l m  i s  sealed t o  the mold. 

3. Pressure i s  app l ied  t o  the la id -up  mater ia ls  by c rea t i ng  a vacuum be- 

tween them and the diaphragm. 

Mater ia l  s can be room temperature cured o r  cured a t  elevated temperatures. 

11.2 Medium Volume Production 

The more s fgn i f i can t  medium volume processes are  shown i n  Table 11-2. Auto- 

clave molding i s  included i n  t h i s  category because c e r t a i n  shapes and s izes can 

be processed i n  l a rge  numbers dur ing a s ing le  cure cyc le.  This could reduce 

p a r t  cost  f o r  l a rge  quant i ty .  

However, Resin Transfer Molding (RTM) has been selected for  medium d i s h  

volumns fo r  t h i s  app l ica t ion  because i t  i s  a t  present commercially ava i l ab le  fo r  

l a rge  p a r t  processing. Also, t o o l i n g  and equipment costs a re  low. Some character- 

i s t i c s  of the RTM process are as fol lows: 

1. Void content i s  lowered. Therefore, dens i ty  and p a r t  i n t e g r i t y  are 

higher. Structure i s  higher qua1 i t y .  

2.  Process capaci ty  i s  about 6-8 par ts  per man hour. 

3.  Parts can be cured a t  room temperature as wel l  as low temperature - 
150-200'~. 





11.3 High Volume Production 

Current ly  under development w i t h i n  the General E l e c t r l c  Company I s  the Hot 

Rarln Transfrr Molding process (HRTM). This process I s  s i m i l a r  t o  the RTM process 

j u s t  described, except t h a t  the HRTM process I s  being developed t o  accommodate a 

short  cure time, low temperature cure epoxy system. Mentioned e a r l i e r  i n  t h i s  

section, i t  i s  important t o  understand the r e s i n  polymerizat ion process, Epoxy 

systems usua l ly  provide st ructures w i t h  s i m i l a r  propert ies regardless of process. 

This epoxy system i s  unique becuase o f  the short  cure cyc le  and w i t h  a combination 

o f  f i l l e r s ,  etc., i s  low cost. Most o f  the  process development work underway now 

i s  t o  es tab l ish  f i n a l i z e d  cycles f o r  l a rge  par ts ,  and t o  develop i n - s i t u  molding 

techniques fo r  the r e f l e c t o r  mater ia l .  This technology w i l l  a l so  be usable f n  

L iqu id  I n j e c t i o n  Reaction Molding (LIRM), which i s  shown as a h igh  volume process 

i n  Table 11-3. Also ind ica ted as a h igh volume process i n  the tab le  i s  compression 

molding. This process i s  we l l  established, but  t o o l i n g  and equipment costs are 

extremely high. These high costs are the d r i ve rs  toward developing mater ia ls  f o r  

f a s t  cyc le  times, and low t o o l i n g  costs. 

Character is t ics o f  the L IRM process are: 

1. Process capacity i s  i n  the order of 40 par ts  per hour. 

2. Mold costs are low. 

3. Capital  investment i s  lower. 

4. Higher q u a l i t y  par ts  are achievable. 

5. Lower in-mold and Je-mold times. 



Table 11-3 Typical High Volume Processes 

I # 
DEVELOP; CI1AL PROCESS 

-- L!!XdiD REACTION 

It l jECT ION 1W.DING 

WIDELY ACCFED 001ERIUULY AVA1LRel.E 
PDlDIfG FKms 
- VERl HIGH TOOCING A;Y) E(JJIm COSTS 

I - FAST CYCLE T I E S  



I n  compression molding the rtsln and reinforcement a re  premixed t o  form a 

molding compound, o r  the r e s i n  and r e l n f o r c m n t  a r e  mixed a t  the press. I n  LIRM. 

the reinforcement i s  placed i n  the mold, the n n l d  closed and r e s i n  In jec ted  i n  a 

steady stream through a mixihg head, 

Regardless o f  the process the glass re in fo rced p l a s t i c  p roper t ies  are  s im i l a r .  

This  i s  shown i n  the proper t ies  cha r t  i n  Table 11-4. It i s  noted t h a t  the r e s i n  

t rans fe r  and LIRM processes produce s t ruc tures  w i t h  equal expansion charac ter i  s t i c s  . 
assuming everyth ing I n  the molding mater ia l  i s  about the  same. 

11.4 Surmary 

F ina l l y ,  Table 11-5 provides a sumnary o f  the various processes avai lab le.  

and those processes selected f o r  near term and mass production. Note t h a t  the 

molding pressures f o r  RTEl and L IRM are  the same whereas comprenion molding i s  

extremely high. The lower pressures lead t o  lower t o o l i n g  costs. I n  the case 

o f  res in  t rans fer  molding, the lower volumes would no t  requ i re  an expensive mold, 

compared w i t h  the h igh volume L I R M  process. Cure t ime f o r  both processes i s  low 

when compared w i t h  the other  processes. Based upon the po ten t i a l  requirements of 

l O O K  u n i t s  per  year. i t  appears t h a t  the most 1 i kely  long term volume process i s  

LIRM, Resin Transfer Molding i s  selected f o r  near term u n t i l  the LIRM process i s  

f u l l y  developed two t o  three years from now. 



Table 11-1 GRP Material  Properties 

i - -  -- 
FLEX MODULUS 

PSI 
FLEX STREflGTH COEFFlClEM OF EXPANSION 

--- 
UPS I I JJCH) 1 NCH- OF 

1 . 0 - 1 . 2 ~ 1 0  6 
16-28 12-20x10'~ 

1 . 4 - 2 . 0 ~ 1 0  5 
20-24 8- 12x1 o ' ~  

I COXPZESS IG'I 1 . 9 - 2 . 0 ~ 1 0  6 18-30 1W-78x70-6 

1 IQ:' ID REt;CTION I I iJJLLTlGN 1.4-2.0~11) 6 
22- 26 8-1 2x10'~ 

L---- I ----311131c-. 



T a b l e  11-5 Process S e l e c t i o n  

C03Z.IERC I M LY AVAILABLE ?ROC ESS ------- 
RKSIN 1 

OPEN TRANSFER cwPrtr;sIoN 
FK)L 11 I HC MOLD l NG 

I--- 
AULD COUSTRULTION 

!:GLD ?EESSURi-, P S I  

ESTI*:;TED rn.; cosr, 3 

'?OLD :- IFE , F i:!liS 

CURE ICI-1P 

CURE i IME 

R.T.  275  - 350° F 

UP TO 8 hl?S 30-90 MIN 

DEY LLOP!-;ENTAL PROCESS 
. ~ l b l l l 0  
REACTION 
IIAJECTION 
MOLDING 

Hli!! W D E  . 
STEEL 

i'kOCI SS SELECTION DEPTNDS OM PRGDUCTION VOiU;.tE: 
01: TI11)AYS CO:.Z.!CRC IAl.LY A V A l  LADLE PROCCSSf:S, I{CSIN TRANSFER 
:;!Ii,D i i1G SELECTED FOR ttftlli TEN4 
I l iCi i  POTEi4TlAL LlR:-1 C,;LT.C'IED FOR MASS PRODUCTION 



SECTION 12.0 

F A C I L I T I E S  ASSESSMENT AND CONCENTRATOR ECONOMIES 
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i .  

12.0 FACILITY REQUIREMENTS AND CONCENTRATOR ECONOMICS 

12.1 I n t r o d u c t i o n  

This  s e c t i o n  presents the  r e s u l t s  o f  a  study o f  processes f o r  manufactur ing 

t he  parabo l i c  r e f l e c t o r  concentrator  a t  minimum cos t  as a f u n c t i o n  o f  y e a r l y  

product ion rate. Processes f o r  y e a r l y  p roduc t ion  ranging from pro to type  quan- 

i t i t i e s  t o  mass product ion were evaluated f o r  c a p i t a l  investment, ma te r i a l s  and 

1.  l a b o r  costs.  For each product ion l e v e l ,  an e f f o r t  was made t o  seek ou t  low- 

cos t  methods and mi nimum-cost ma te r i a l  s  compat ible w i t h  engineer ing requirements. 

I n  o rder  t o  analyze manufactur ing costs, f i v e  l e v e l s  o f  y e a r l y  p roduc t ion  

I ," r a t e s  were se l  ected: 

1  - 10 - (Prototype temporary t o o l i n g )  
(A1 1 components hand assembled) 

10 - 100 - 1 
1 

100 - 1,000 - )  Lou cos t  t i o l i n g  and standard 
) m a + . ~ r i a l s  used wherever p r a c t i c a l  

1,000 - 10,000 - )  
1 

10,000 - 100,000 ) ( F u l l y  t oo led  w i t h  cen t ra l  pa r t s  f a c t o r y  
ex tens ive ly  automated). 

t The nex t  s tep  i n  t he  ana lys is  was t o  chose ma te r i a l s  procurement methods, 

pa r t s  manufactur ing processes, and assembly sequences appropr ia te  t o  the  pro- 

duc t ion  ra te .  

For compi 1  i n g  costs,  est imates o f  ma te r i a l s  , 1 abor and equipment costs  

were obtained from equipment and ma te r i a l s  vendors and persons knowledgeable 

i n  the  appropr ia te  manufactur ing areas, both w i t h i n  and ou ts ide  o f  t he  General 

I E l e c t r i c  Company. 

I. For tunate ly ,  most o f  the  concentrator  components a re  f a i r l y  standard items 

t 
! which can be procured o f f - the-she l f ,  o r  a r e  very s i m i l a r  t o  c u r r e n t l y  manufactured 

i tems. The on ly  non-standard i tems are  t he  p l a s t i c  gores o f  the  pa rabo l i c  

- 



i 

r e f l e c t o r .  These prec is ion  re in fo rced p l a s t i c  pa r t s  some 2 x 3 meters i n  size, 

. . we1 ghlng 30 Kg and having a metal 1 i zed, specular r e f 1  e c t i v e  surface, represent 

a challenge f o r  low-cost mass production; therefore, the  work was d iv ided almost 
- .  

equal ly  between: 

1. Endeavors t o  minimize the  in-p lace cos t  o f  the  foundation 

and support frame 

2. Researching and evaluat ing po ten t i a l  low-cost p l a s t i c  

f a b r i c a t i o n  methods. 

The f i n a l  compi lat ion o f  costs i s  bel ieved t o  be a r e a l i s t i c  appraisal  o f  

the economics o f  manufacturing s o l a r  concentrators o f  the approximate s i z e  and 

design performance described herein. 

12.2 Select ion o f  Manufacturinq and Assembly Methods 

The par ts  which comprise the concentrator were evaluated w i t h  emphasis on 

low cost, r e l i a b i l i t y  and d u r a b i l i t y .  The fo l low ing i s  a b r i e f  descr ip t ion  of 

the process se lec t i on  c r i t e r i a  f o r  the p r i n c i p a l  categories o f  par ts ,  s t a r t i n g  
i 

a t  the ground and working up. 

The r a t i o  o f  factory manufacturing t o  f i e l d  cons t ruc t ion  w i l l  be proport-  

iona l  t o  the yea r l y  product ion volume. That i s ,  a t  low product ion l eve l s  

<10,00O/yr, most components w i l l  be purchased from spec ia l i zed  vendors. As 

product ion increases beyond the 10,00O/yr. l e v e l ,  a greater  percentage o f  the 

par ts  w i l l  be manufactured in-house. A t  the 100,00O/yr. l e v e l ,  i t  w i l l  be 

economical t o  manufacture a l l  the major s t ruc tu ra l  par ts  a t  a cent ra l  fac tory .  

Foundation 

For prototypes and low product icn ra tes  re in fo rced concrete w i t h  the 

azimuth r a i l  and p i n t l e  support bo l ted  on w i l l  comprise the foundation. 



Deta i l s  o f  the foundation s t ruc tu re  are  discussed i n  Sections 9 and 10. 

It i s  l i k e l y  t h a t  a t  l e v e l s  o f  product ion up t o  10,000, a l l  the s tee l  

foundation and frame pa r t s  w i l l  be purchased i n  f i n i s h e d  form. Beyond 10,000 

assemblies per year, in-house f a b r i c a t i o n  may be economic all^ favorable, bu t  

each p a r t  must be i n d i v i d u a l l y  evaluated. 

Support Frame 

I n  a1 1  f i e 1  d  a s s ~ b l y  beyond the prototype stage, a i r -d r i ven  wrenches, 

r i ve t - se ts  and o ther  power t o o l s  w i l l  be used t o  expedite the placement o f  

fasteners. 

Welded mechanical tub ing i s  t he  lowest-cost su i  tab1 e  s t r u c t u r a l  m ~ t e r i a l  . 
Figures on mater ia l  proper t ies,  wa l l  thickness un i fo rmi ty ,  straightness, and 

o v a l i t y  i n d i c a t e  t h a t  t h i s  type o f  s t r u c t u r a l  member i s  more than adequate. 

For the 100,000 per year product ion leve l ,  about 40,000 tons o f  tub ing  per year 

w i l l  be required. It w i l l  be economically favorable t o  manufacture these %trsuct-  

u ra l  members from s t e e l  s t r i p  a t  a  dedicated cent ra l  f ac to ry  f a c i l i t y .  

Re la t i ve l y  small quan t i t i es  o f  tubing f o r  up t o  ten  concentrators w i l l  

cost  about $.50/lb. Intermediate quan t i t i es  have been quoted a t  $.40/lb. 

Support Frame Tubing 

The s t r u c t u r a l  par ts  w i l l  be manufactured i n  a  tube m i l l  such as t h a t  

discussed i n  Appendix B. This f a c i l i t y  cont inuously converts ho t - ro l  l e d  s tee l  

cot 1  stock i n t o  welded-seam "mechanical" tubing. The m i l l  w i  11 be s e t  up w i t h  

automated c u t - o f f  and nosing o f  taper ing s ta t i ons  t o  shape the ends f o r  rap id  

on-s i te  assembly. For corros ion protect ion,  the tubing w i l l  be cleaned and 

painted o r  coated w i t h  a  type o f  aspha l t i c  r u s t  preventat ive s i m i l a r  t o  t h a t  

used on automotive frames. Immediately a f t e r  coat ing, the tubing w i l l  be auto- 

ma t i ca l l y  conveyed t o  the packaging center where i t  w i l l  be packaged i n  k i t  
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form along w i t h  the other  par ts .  

Support Frame Fabr icat ions 

Some o f  the  product o f  the  tube m i l l  w i l l  be d i ve r ted  t o  the fab r i ca t i ons  

center where i t  w i l l  be c u t  i n t o  sho r t  lengths and f u r t h e r  formed f o r  assembly 

i n t o  the various frame connecting f i t t i n g s .  

F u l l y  automated metal- inert-gas (MIG) welding w i l l  be used t o  assemble the 

fabr ica t ions ,  This process i s  c u r r e n t l y  used i n  the automotive industry ,  An 

example i s  the f u l l y  automated welding o f  tubu lar  s tee l  motorcycle frames. 

Preformed sect ions of tubing are  automatical ? y  j igged and we1 ded wi thout  d i r e c t  

labor.  Operating personnel a re  requi red on ly  f o r  rep lac ing  c o i l s  o f  welding 

w i re  and equipment adjustments. We1 ds have very h igh i n t e g r i  t y  and re1 i a b i  1 i t y  

because qua1 i t y  does not  depend on mood o r  s k i l l  o f  the  operator. M I G  welding 

i s  a  "clean" process which does no t  leave oxide o r  s lag  deposits so t h a t  tbe 

fabr ica t ions  can be e a s i l y  cleaned f o r  app l i ca t i on  o f  pa in t  o r  o ther  corros ion 

protect ion.  

A possib le a l t e r n a t i v e  t o  the corros ion pro tec t ion  step f o r  the s tee l  

frame par ts  i s  t o  produce them i n  a  Cor-Ten o r  "weathering" s tee l .  This mater ia l ,  

which commonly costs 25% more then 1020 o r  o ther  low-carbon steels ,  does not  

" r u s t  away" upon outdoor exposure. It forms a  tenacious, t h i n  surface cor r -  

osion f i l m  which protects against f u r t h e r  corrosion. Outdoor exposure i n  many 

urban, corros ive environments has proved i t s  excel l e n t  res is tance t o  r u s t .  

It i s  probable t h a t  the rece iver  mount and support above the r e f l e c t o r  would be 

painted o r  coated, however, t o  prevent s ta in ing  o f  the r e f l e c t o r  surface, but  

even t h i s  pa in t i ng  may no t  be necessary, s ince the r e f l e c t o r  w i l l  be stowed 

face-down on r a i n y  days. 



12.3 Hi qh Vol umc Production Requirements 

In  order  t o  produce 100,000 concentrators per year, a d a i l y  product ion 

r a t e  o f  400 concentrators w i l l  be needed. Summarized i n  Table 12-1 and 12-2, 

are the  processing capaci ty  and fab r i ca t i on  centers t h a t  w i l l  be needed t o  manu- 
. 

7-meter concentrators per year. 

12.4 F a c i l i t y  Economics 

Once the  product ion l e v e l s  are established, a f a c i l i t y  can be s ized and costed 

f o r  f a b r i c a t i n g  400 concentrators per day. Such a fac to ry  i s  depicted i n  

Figure 12-1 and the  support ing cos t ing  i s  summarized i n  Table 12-3. I t  i s  import-  

an t  t o  note t h a t  t h i s  i s  n o t  a l a rge  f a c i l i t y .  Even though the pounds o f  mater ia l  
s ;den- 

being processed i s  high, the mater ia l  res is tence t ime i s  short .  Secondly, amort- 

i z i n g  a 12 m i l l i o n  d o l l a r  f a c i l i t y  over 100,000 concentrators a t  15% per year, 

only  contr ibutes $18 t o  the cost  o f  the concentrator. The in fo rmat ion  contained 

i n  Table 12-3 resu l ted  from numerous vendor contacts. Records o f  these contacts 

are contained i n  Appendix B. 

Table 12-1. Production Requi rements 

( 7-Meter Reference) 

8 Processing Capab i l i t y  - 100,000 Un i ts lyear  - 400 UnitslDay 

MATERIAL DAILY PROCESSING, 1 b 

STELL 8a0 ,000 

A1 umi num 80,000 

P l a s t i c  350,000 

Purchased Parts 160,000 

Paint  6,000 



Table 12-2. Fab r i ca t i on  Centers 

FACILITY 

a Tube, Minimum 

a F i t t i n g  Fabr i  c a t i o n  

GRD Gore Fab r i ca t i on  

a Rib Fab r i ca t i on  

@ Pa in t  Shop 

a Packaging f o r  Shi pment 

a P a l l e t  Storage 

a Incoming Ma te r i a l  Storage ) 

DAILY CAPACITY 

144,000 f e e t  o f  Tube (27 M i l e s )  

8,000 Pieces 

6,800 Pieces 

3,200 Pieces 

18,000 Pieces 

3 Day Output 

Table 12-4 presents t h e  r e s u l t s  f o r  t h e  h i gh  volume concentrator .  The t o t a l  

cos t  represents a  f a c t o r y  p r i c e  and inc ludes  a p r i c e  t o  the user p lus  i n s t a l l -  

a t i on .  It i s  impor tan t  t o  note t h a t  t he re  w i l l  be an esca la t i on  i n  t h i s  p r i c e  

due t o  t he  d i s t r i b u t i o n  chain. A t y p i c a l  d i s t r i b u t i o n  chain f o r  t h i s  c lass  o f  

hardware would be one which deals d i r e c t l y  w i t h  t h e  u t i l i t y .  For t h i s  t ype  o f  

d i s t r i b u t i o n  chain, approximately 20 t o  30 percent would have t o  be added t o  

t he  fac to ry  p r i c e  t o  cover such i tems as app l i ca t i ons  engineer ing support, sales, 

and t ranspor ta t ion .  

12.5 Volume S e n s i t i v i t i e s  

F igure  12-2 shows t he  p r i n c i p a l  costs as a f u n c t i o n  o f  y e a r l y  p roduc t ion  

ra te .  

A t  the  100,000 concentrators /yr .  product ion l e v e l ,  the major mafiufacturing 

cos t  i s  the  cos t  of  the  ma te r i a l .  For example, the  p l a s t i c  r e f l e c t o r s  w i l l  c o s t  

$1,000 f o r  ma te r i a l s  and $25 f o r  f a b r i c a t i o n  labor .  A s i m i l a r  r e l a t i o n s h i p  holds 



Figure 12-1. 
Conceptual Layout o f  Factory 

For Production Level o f  100,000 Per Year 

Plas t ics  Molding 



CAP I TAL 
* 

TOOL ING OPERATING PERSONNEL 
INVESTMENT $ FLOOR SPACE PER SHIFT 

EQUIPMENT (Do1 l a r s )  X I n i  t i a l  ) (Yearly) ( ~ q .  Ft.) (Di r e c t  Labor) 

P l as t i c  Molding 3,750,000 1,000,000 100,000 10,000 25 

Tube M i l  1 1,315,000 65,000 30,000 15,000 4 

F i t t i n g  Fabr icat ion 1,000,000 200,000 50,000 10,000 10 

Rib Fabr icat ion 400,000 1 00,000 20,000 5,000 10 

Painting/Coating 300,000 1 00,000 20,000 10,000 10 

Packaging-Shipping 300,000 50,000 10,000 10,000 15 

Parts and Mater ia ls 1,000,000 100,000 50,000 10,OCO 5 

Storage lk 
Conveyance 

Bui ld ing 4,000,000 - - - - - - - - 

TOTAL -- 12,065,000 1,615,000 280,000 100,000 7 9 
(Includes a is les ,  
o f f i ces ,  etc.) 



Table 12-4. Co l lec tor  Un i t  Cost (100,00O/Yr) 

Subsys tei,i Breakdown 

TOTAL 
SUBSYSTEM MATERIAL WEIGHT Y COST S/LB SUBSYSTEM COST 

DISH GRP 870 1.25 1087.00 

REFLECTGR 85 .a0 

MOUNT - RIBS ALUM1 NUM 1 76 1 .OO - FRAME STEEL TUBE 866 0.35 - FITTINGS STEEL WELOMTS 191 0.50 588.40 
- BALLAST CONCRRE 600 0.023 

DRIVE PURCHASED 412.00 

CONTROL PURCHASED 310.00 

FOUNDATION STEEL SHAPE 873 1 t 5 ' ,  0.40 
STEEL FRITTING 24 l ' j '  0.50 614.80 
CONCRETE 11028 0.023 

SITE ASSEMBLY 447.00 

TOTAL 3544 .20 
> 



f o r  the suppor t  frame s t e e l  and t he  aluminum r i b s  f o r  t he  r e f l e c t o r .  

F i e l d  assembly w i l l  account f o r  a  h i gh  percentage o f  t h e  t o t a l  i n s t a l l e d  c o s t  

e s p e c i a l l y  a t  low l e v e l s  o f  product ion,  a1 though every e f f o r t  has been made t o  min- 

i m i  ze f i e l d  assembly labor .  Considerable savings were ob ta ined  by m in im i z i ng  t h e  

weight  o f  t h e  s t r u c t u r e  through e f f i c i e n t  design, thereby reduc ing t h e  weight  and 

s t r eng th  requirements o f  t h e  foundat ion.  

Another area which w i l l  c o n t r i b u t e  t o  .high cos ts  a t  t he  p ro to t ype  s tage i s  

t he  cos t  o f  t o o l i n g  (molds, f i x t u r e s ) .  Even low c o s t  "temporary" t o o l i n g  repre-  

sents a  major p o r t i o n  o f  t h e  c o s t  o f  t he  r e f l e c t o r  p l a s t i c  and t h e  r e f l e c t o r  r i b s ,  

A t  h i gh  y e a r l y  ra tes ,  on t he  o the r  hand, t o o l i n g  costs  become minor compared t o  

md te r i a l  costs .  For example, t h e  mold t o  produce f i v e  r e f l e c t o r s  by hand lay-up 

w i l l  cos t  $5,000, r e f l e c t o r  ma te r i a l s  w i l l  c o s t  $2,000 per r e f l e c t o r ,  and l a b o r  

$1,000 per r e f l e c t o r .  

Items i n  which c o s t  i s  l e a s t  s e n s i t i v e  t o  p roduc t ion  volume a re  s tandard pur- 

chased ma te r i a l s  and pa r t s ,  such as s t e e l  t ub i ng  and p l a s t i c  r e s i n .  Note above 

t h a t  the  r e s i n  and reinforcement f o r  one p ro to type  r e f l e c t o r  w i l l  c o s t  about $2,000, 

~ h i l e  a t  t he  100,000 per  year  l e v e l ,  r e s i n  and reinforcement c o s t  f s  $1,000 per 

r e f l e c t o r ,  s t 1  11 112 t h e  p ro to type  cost .  L ikewise, s t e e l  t ub i ng  i n  r e l a t i v e l y  smal l  

q u a n t i t i e s  w i l l  c o s t  about 9 .55  - $.60/lb. w h i l e  a t  even t h e  h i ghes t  p roduc t ion  

ra tes ,  i t s  cos t  w i l l  be about $.30/lb. 

I t  i s  i n t e r e s t i n g  t o  r e l a t e  the  "energy cos t "  per  concen t ra to r  t o  the concen- 

t r a t o r  output .  The f o l l o w i n g  a r e  est imated energy cos ts :  

Steel  .3 tons 

A1 rrmi num .09 

3600 Kw h r .  

5250 

P l a s t i c  . 4  - 6077 

Fab r i ca t i on  2 :; +3? --->I5375 Kw h r  
I n s t a l  l a t i o n  1  S 



I I f  the  output  i s  taken as 12,003 Kw h r / y r . ,  the energy payback per iod f o r  
E 

-4f the r e f l e c t o r  and support frame i s  1.28/yr, 

12.6 Concentrator Cost/Performance Rat io 

I - 

With the p r i c e  f o r  h igh volume concentrators and the performance estimates 

. L o f  Sect ion 3, the  $/Kwth can be computed. The r e s u l t  i s  shown i n  Figure 12-3. 

i The $/Kwth i s  presented as a funct ion o f  r e f l e c t o r  performance, once again t o  re fn -  

I .. force the agrument t h a t  s i l v e r e d  systems o f f e r  advantages i f  the cos t  comes down. 

I - It i s  a lso  important t o  note t h a t  even w i t h  the low cost  aluminum f i lms,  the goals 
? = 

establ ished by JPL can be met. 
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L 13.0 DESIGN SCALING 

13.1 Diameter Sca1 i nq 

In an effort to determine the effects of dish diameter on subsystem costs 

in $/ft2, the seven meter concept was scaled up to eleven meters. For the dish 

gores the same analysis technique was used for the nine and eleven meter dishes 

as was used on the seven mte r  dish. In a similar manner the mount and founda- 

tion size, weisht and costs were obtained. The results of this study are shown 

in Figures 13-1 and 13-2. These results along w i t h  similar estimates for the 

effects on controls, drive system, reflector and s i t e  assembly were then used 

to calculate the subsystem costs in $/ft2 which i s  presented in Figure 13-3. 

Sumning these individual costs results in the total concentrator cost in $ / f t2  

as shown in Figure 13-4. There is  a gradual decrease i n  specific cost with in- 

creases in dish diameter b u t  certainly not strong enough t o  pick a final optimum 

diameter without knowing more about the entire system requirements including 

electrical, instrumentation and control requirements for the receiver engine and 

the power distribution or collection network. 

Figure 13-4 a1 so shows the effect of diameter on $/Kllthermal based on 

reflector films of aluminum or silver being assumed to be equivalent i n  cost. I t  

shows the obvious potential of the high reflectivity of silver as compared to 

a1 uminum. However, the only proven method avai lab1 e t o  envi ronmental ly protect 

silver i s  with glass which makes the choice of glasslsilver less cost effective 

due t o  i t s  present high cost. 

Other design considerations that became apparent as a function of dish 

diameter were the manufacturing 1 imitations on gore size re1 a t i n g  t o  manufacturing 

processes. Figure 13-5 can be used t o  develop data on the impact of process vs. 
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CONCENTRATOR 
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F i g u r e  13-3. Subsystem C o s t  T r e n d s  
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Figure 13-4. C o n c e n t r a t o r  Cos t  T r e n d s  



Figure 13-5. Diameter L i m i t a t i o n s  



requi res t h a t  gore f r o n t  surface area be a maximum o f  25 ft2. As can be seen, 

t h i s  corresponds t o  two equal area pieces t o  make a seven meter d i s h  o r  three 

pieces t o  be able t o  make an e igh t  meter dish. Dish diameters l a r g e r  than t h i s  

mean more pieces would be required, perhaps f o u r  o r  f i v e  p ices f o r  an eleven 

meter dish. More pieces means more j o i n t s ,  more molds, and longer assembly times 

which t rans la tes  t o  h igher  $/ f t2 .  To make fewer pieces now b u t  be able to  make 

l a r g e r  dishes, t o  12 meters, would requ i re  the app l i ca t i on  o f  the Resin Transfer 

Molding technique which i s  app l icab le  f o r  low voSume production. The attainment 

o f  h igh  volume product ion o f  l a rge  diameter dishes w i l l  be possib le when the 

L iqu id  Reaction I n j e c t i o n  Molding (LRIM) process, present ly  under development, 

becomes ava i 1 abl  e. 

Table 13-1 sumnari zes the design scal i ng  imp1 i c a t i o n  as a func t i on  of 

process, d i sh  product ion quan t i t y  and product ion t ime reference. Speci f i c a l  l y ,  

Table 13-1 s ta tes  t h a t  near-term product ion o f  l a rge  diameter d i sh  prototypes can 

be accompl ished w i t h  the Resin Transfer Molding. Present 1 im i ta t i ons  o f  avai 1 - 
able h igh  volume molding processes w i l l  be extended when the LRIM process i s  

ava i lab le .  

13.2 Impact o f  1 200°F Cavi ty  

By reducing the c a v i t y  temperature from 1700°F t o  1200°F the thermal losses 

from the rece iver  are reduced subs tan t i a l l y  and the slope e r r o r  and concentrat ion 

r a t i o  changed accordingly.  The o p t i c a l  analys is  i s  presented i n  Figure 13-6. 

As can be seen, there are two approaches t h a t  can be taken. The f i r s t  would ho ld  

the performance l e v e l s  o f  the basel ine design and decrease the cos t  due t o  the 

less  accuracy. The second approach would no t  a l t e r  the design bu t  take the higher 

concentrator performance associated w i t h  the  lower receiver  temperature. Table 



Table 13-1. Diameter Scaling Conclusfons 

I 

PROCESS 
QUANTITY 
TIMING 

p\ N.4 
6-8 

8-1 0 

10-1 2 

> I 2  

PROTOTYPFS 
RESIN TRANSFERS 

< 100 
3-2 YEARS 

YES 

YES 

YES 

YES 1 NO I I ? 1 
li 

I I 

I 

LOK PROD 
COM?RESSION 
100- 1000 
2-5 YEARS 

YES 

? 

NO 

I 

HIGH PROD 
R I M  

10,000-100,000 
> 5 YEARS 

- 

YES I I 
I 

YES I 
___i 

I 
YES 

I 
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MESSAGES 

APPROACH 1 :  HOLD PERFORMANCE, DECREASE COST 

APPROACH 2: HOLD COST, INCREASE PERFOWANCE 

Figure 13-6. Effect o f  1 2 0 0 ° F  Cavity -- S y s t e m  A n a l y s i s  



Tab le  13-2. Effect of 1200°F C a v i t y  -- 7 M e t e r  Reference 

PARAMETER APPROACH 1 APPROACH 2 

SLOPE ERROR, DEGREES 

GORE DEFLECTION, DEGREES 

CONCENTRATION RAT I 0  650 1800 - 

DISH THICKNESS, INCH . I 4 5  INCH . I 6 5  INCH I 

O I SH COST, $/FT 2.30 2.63 

SYSTEM COST, $/ FT 8.22 8 .55  

PERFORMANCE, KWth 22 .2  24 .0  

153.3 147.5 

COST EFFECTIVE APPROACH WOULD BE TO NOT CHANGE DESIGN 

AND UTILIZE THE HIGHER PERFORMANCE ASSOCIATED WITH THE 

LOWER RECEIVER TEMPERATURE 



material would be necessary since more def lec t ion would be a1 lowed w i th  the lower 

concentration rat ios.  On a $/KWTH basis, approach 2. 4.e.. no change i n  design. 

would be the most cost  e f fec t ive .  

13.3 Impact o f  Receiver Weiqht 

The effect o f  increases i n  the receiver/engine weight i s  t o  increase the 

loads i n t o  the receiver/engine supports, mounts and foundation. The mount and 

foundation are doubly af fected because f o r  every pound o f  weight increase i n  

the receiver/engine, the ba l l as t  o r  counterbalance must be increased by the same 

amount. Figure 13-7 l i s t s  the effects o f  doublfng the weight of the receiver/ 

engine. Included i n  the increased concentrator cost are d o l l a r  estimates f o r  the 

increased cost o f  d r i ve  motor and brake system required by the increased mass 

moment o f  i ne r t ia .  Even wi th  these increases, the cost e f f ec t  i s  about a d o l l a r  

per square foot of cot l ec to r  aperture, which i s  not ins ign i f i can t .  

Figure 13-7. Ef fec t  of Receiver/Engi ne Weight 

a Impact on Mount and Foundation Subsystems 

e Doubling Weight 

-- Increases Mount Loads by 2400 Lbs 

I -- Increases Foundation Loads by 2900 Lbs I -- Increases Mount Member Weight by 300 Lbs 

-- Increases Foundation Weight by 10,000 Lbs 

-- Increases Concentrator Cost by $4& 
- 





14.0 PROTOTYPE CONCENTRATORS 

A key object ive i n  the Program was to  establ ish an approach t o  the manu- 

fsc tur lng o f  prototype concentra tors. The main d l  fferences between prototype 

. . concentrators and the mass produced versions l i e  i n  the areas o f  processing. 

The major processing var ia t ion i s  the molding o f  the p l as t i c  a ish gore. The 

r e s t  o f  the concentrator w i  11 be composed o f  the same materials and configura- 

t ions, however, ce r ta in  compromises w i l l  be made i n  order t o  use a l l  purchased 

hardware. For example, tho mount members w i l l  be sized t o  use o f f  the she l f  

tubing instead o f  the mass produced tube mi l1  product envisioned f o r  the high 

volume concentrators. Another compromise would be t o  use commercial l y  ~ v a i  l ab le  

clamping and jo in ing  systems f o r  the mount as opposed t o  the special i r e d  weld- 

m n t s  that  would be specif ied i n  the mass produced version. These are, however, 

differences o f  processes and labor content, not design approaches. 

i4.1 Resin Transfer Molding Process 

As discussed i n  Section 11, the choice o f  molding process f o r  GRP depends 

on production volume. For prototype quanti t ies, the process of  choice would be 

haqd lay-up or some other form o f  low pressure mom temperature molding. The 

process tha t  i s  recomnded far  Phase I11 o f  the Concentrator Program i s  the 

Resin Transfer Molding process. This process offers the sdvantages o f  closed 

mold processing as opposed t o  the opcn mold i n  hand lay-up. The major d is -  

advantage i s  tha t  the molding costs are s l  i g h t l y  higher ($25,000 versus $10,000). 

This cost d i f f e ren t i a l  1 s warranted considering the decrease i n  labor required 

t c  make the parts. 

Resin Transfer Molding (RTM) has become an effect ive technique for the 

aroduction o f  many Fiberglas reinforced p las t ics .  The s ize of parts that  can 

be produced i n  RTM i s  generally l im i ted  by the r e l a t i v e  cost o f  construct ing 



I 

molds and clamplnq equlpmtni. Typlcal p r t s  range from 1 square foo t  t o  45 

- square feet, a1 though p r t s  up t o  100 square feet  have been made. The RTM 

system I s  Inherently cleaner than open-mold techniques. I n  add1 t lon, once the 

I f par t  I s  designed and I t s  material system specified and developed on a proto- 

I 
type basls, f l n a l  production requlres a lower level  o f  operator s k i l l .  RTM 

k - 
defines both surfaces o f  the par t  and, w l  th proper molds and mold-clampfng de- 

1 vices, par t  thickness i s  h ighly reproduclble on a part- to-part  basls. Part 

reproduci b l l  1 t y  a1 lows the designer t o  cons lde r  the use o f  r t ruc tu ra l  adhesive 
i 
i. bonding and other assembly techniques. The RTM closed-mold prccess also affords 

the opportunity t o  integrate r i b  inserts, as we1 1 as metal and wood attachment 

plates. Specific d i rec t iona l ly -or iznted re f  nforcements can be located i n  

h ighly stressed areas. 

A fu r ther  advantage resu l ts  from the rapid introduct ion o f  the catalyzed 

resin. This feature allows much fas ter  gel and cure than normally associated 

wi th  open molding. A fas ter  cur ing cycle allows a high ra te  o f  output per RTM 

mold, compared tu  a spray-up o r  nand lay-up mold. The faster  cure also minimizes 

"a l l fgator ing"  or  gel coat attack by the back-up resins. 

Other features o f  the RTM process are: 

Mobile pumpfng equipment t o  allow sequential molding o f  a var ie ty  

o f  pa r t  shapes and sf zes; 

a Close?y-control led ma ter!al consumption and pumping time to reduce 

waste; 

The a b i l i t y  t o  get coat, pigment, post-f inish, and mold parts i n  

conjmct iot :  w i th  a ',:rermoplsstic sk in  (comoform). 

The re f l ec to r  f o r  the neat- term prototypes i s  the aluminized Mart in 

Processing Fi lm presented i n  Section 5. As demonstrated i n  the small d ish 



p a r t  development, the f i l ~  w i l l  s t r e t c h  r e a d i l y  t o  the degree o f  curvature 

needed w i th  no l ess  i n  r e f l e c t i v e  performance. 

14.2 Prototype Perfo. mance 

Using the r e f l e c t o r  p roper t ies  o f  the Mar t i n  Processing f i l m ,  the con- 

cent ra tor  performance has been ca lcu la ted  and i s  presented i n  F igure 14-1. The 

r e f l e c t o r  ef f ic iency,  i .e., the t o t a l  re f lec tance times the  a c t i v e  concentrator  

area, i s  ca lcu la ted  t o  be 0.769. With a 97% in te rcep t  f a c t o r  and the  spec i f i ed  

rece iver  losses, the resu l tan t  concentrator ef f ic iency i s  66%. A s i l v e r e d  r e -  

f l e c t o r  concentrator representat ive o f  a mass produced vers ion i s  c a r r i e d  f o r  
C P ~  o-rl5.-+ -s&itmn. 
14.3 Prototype Cost and Schedule 

A pre l iminary cos t ing  exercise and schedul ing  o f  a near term prototype 

program was made t o  ensure t h a t  the selected concept ,was indeed w i t h i n  the  

schedule goals of  JPL and a t  a cos t  compatible w i t h  near term hard l~are  a v a i l -  

a b i l  i t y .  Figure 14-2 presents an estimated prototype cos t  based on vendor 

quotes f o r  prototype quan t i t i es  for  both the 7 meter s ize  and an 71 meter 

concentrator. The estimated schedule i s  shown i n  Figure 14-3. 

I n  conclusion, the approach f o r  the prototype concentrators d i f f e r s  on1 y 

i n  the area o f  processes, s u b s t i t u t i n g  more labor  in tens ive  operat ions f o r  the  

automated ones envisioned f o r  the h igh  prcduct ion rates. Numerous vendor con- 

tacts, both w i t h  metal fabr ica tors  and p l a s t i c  molding operators, have substan- 

t i a t e d  the near term v i a b i l i t y  o f  the design approach. 
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TOTAL REFLECTANCE *EFFECTIVE AREA 

iNSOLATION - KW/M2 
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RECEIVER INTERCEPT FACTOR 
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th 

CONCENTRATOR EFFICIENCY.- % 
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CR 

MASS PRODUCTION PROTOTYPE 
0.8 0.8 

C;;; II .... vv.-
A~\JN\I"'VN\ 0.92 x 0.938 = 0.863 0.82 x 0.938 = 0.769 

0.97 0.97 
0.066 0.066 
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75.5% 66% 

Figure 14-1. Prototype Performance 
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APPENDIX A-1 

OPTICAL MODEL 

Oerivati on of Optical Model* 
. - Summa ry 

A method i s  described for  finding the flux distribution of reflected 

. radiation a t  the receiver located a t  the focus of a paraboljc dish. 

. - Equations are  derived which give the spatial  spread of the reflected 

energy as a function of the optical e r ror  and the collector rim angle. 
* - 

The energy ir,tercepted by a receiver of a given s ize can then be 

i obtained, and the optically optimum rim angle derived. . ~ 

The analysis follows that of L i u  and Jordan** [I9651 for  a f l a t  plate 

receiver. An error i n  L i u  and Jordan's analysis was found and corrected, 

leading to  different results from those presented in the i r  paper. 

@t ica l  Analysis 

The major assumption i n  this  analysis i s  that the optical error  i s  random 

i n  nature and can be described by a Gaussian distribue;ion function. I t  

F i s  further assumed that  the reflected beams are synmetric with respect t o  

the i r  respective axes. Consider the reflection of the incident para1 le i  
i 
t rays from s ring-shaped sector of the parabolic mirror, dA, which makes an 

angle 0 w i t h  the dish axis and extends a small angle do .  (See Figure A - 1 )  I 
* Memo from A .  C .  Ku to Dr. A .  Koenig 9/19/78. 

** "Performance and Eva1 uation of Concentrating Solar Coll ectors for 
Power Gener~tion", by B .  Y .  L i u  and 2 .  C .  Jordan, J .  o f  Engineering 
for Power, Jan. 1975. 



FIGURE A-1 PARABOLIC D f  SH GEOMETRY 



Let 6 be the standard d e v i a t i o n  o f  t he  o p t i c a l  e r r o r  (rad.) which i s  

independent o f  8. Then 

a, = Rb cos e 

where = Standard d e v i a t i o n  of s p a t i a l  d i s t r i b u t i o n  

o f  r e f l e c t e d  f l u x  from dAs ft. 

R = Distance between dA and the  focus, ft. 

8 = Po lar  angle of r e f l e c t i o n ,  degree. 

For a parabola i n  p o l a r  coordinates w i t h  the o r i g i n  a t  the focus, i t  can 

be shown t h a t  

where f = focal length,  ft. This equat ion shows t h a t  the mir ror- to- focus 

d is tance increases as dA moves away from the apex. 

Combining (1) and (2) ,  we have 

I t  should be noted t h a t  energy c o l l e c t e d  from dA i s  p ropor t iona l  t o  i t s  

pro jec ted  area on a plane normal t o  the ax i s  of the d i s h  dA,. Therefore, 

the variance o f  t$e  re f l ec ted  f l u x  a t  the focal plane, f l  2 ,  i s  the weighted 

2 .  average of the variance rG . 

JG'JA"- - 
0 2  = - SG~JA, 

S d  A" A. ( 4 )  

Where A, i s  the aper ture area of the d ish.  For a more vigorous d e r i v a t i o n  

o f  Eq. ( 4 ) ,  re fe r  t o  the o r i g i n a l  analys is  of L i u  and Jordan. 



The parabolic dish collector aperture area i s  

where Qo i s  the dlsh rim angle and Ro i s  the rim-to-focus distance. I t  

can be shown that 

(Note: I n  Liu and Jordan's original paper an incorrect expression for dAn 

was used). By Eqs ( 3 ) ,  ( 4 ) ,  ( 5 ) ,  and ( 6 ) ,  we have 

Hence 



The i n t e g r a t i o n  can be evaluated using the fol lowing formula: 

Therefore: 

( 7 )  

6 &re. - -  2&:43, w 
b r ' e .  +- 

I+-*** C I + ~ ~ B . ) ~  3(1+b~a.'j~ +3.3143 
Since 

Eq. (7 )  r e l a t e s  the spread of r e f l e c t e d  f lux t o  the r i m  angle Qo for a 

given dish radius. 



Intercept Factor 

The Gaussian distributfon of the reflected flux a t  the focus i s  

where I,,, = (total  reflected energy)/ ( 2 = r ) ,  w/m 2 

r = distance from focus, ft. 

6 = standard deviation of concentrated f l u x  d i s t r i  bution 

a t  focus, ft. 

For the cavity receiver, 1,, is the peak focal plane flux. 

The energy intercepted by a receiver of a given radius i s  

whfle the total  reflected energy i s  

The intercept factor i s  defined as 

it = 
reflected energy intercept by a receiver o f  radius r 

total  ref1 ected energy 



Theref ore ). ZowrJr t * C -1 *+rrdr 

Finally , 

Knowing the magnl tude of g from Eq. ( 7 )  , the intercept factor for a 

cavity receiver of radius r can then be ca'lculated. 



. - A-1.2 Exper imental  V e r i f i c a t i o n  o f  t h e  Area Weighted O p t i c a l  Model 

From an e n a l y t i c a l  s tandpo in t  t h e i r  a r e  severa l  ways t o  model t h e  o p t f c a l  

chara: ter is t ics  o f  t h e  parabo lo ida l  d i sh .  A  ve ry  p rec i se  way 1s t h r u  t h e  use 

o f  a  computer ized r a y  t r a c e  where a  bean  o r  ray,  from t h e  sun i s  d e f l e c t e d  by a  
t 

l o c a l  s lope  e r r o r  and spread due t o  t h e  r e f l e c t o r s  specu la r  c h a r a c t e r i s t i c s .  By 

per fo rming  t h i s  t r a c e  around t h e  d ish,  a  f o c a l  p lane  energy p r o f i l e  i s  poss ib le .  

The major drawback o f  t h i s  approach i s  t h a t  i t  i s  t ime  consuming and does n o t  

l e n d  i t s e l  f r e a d i l y  t o  systems t r a d e - o f f  a n d l y s i  s. Several c l osed  form 

mathmat ical  approaches have been suggested (as d iscussed i n  A-1 .l ) and w h i l e  

t hey  p rov ide  f o r  managable equat ions f o r  ana l ys i s ,  t h i s  v a l i d i t y  must be checked 

exper imenta l l y .  Such a  model c a l i b r a t i o n  was conducted on o t h e r  ongoing GE 

programs, t he  r e s u l t s  o f  which a r e  d iscussed below. 

A p ro to type  pa rabo l i c  d i s h  c o l l e c t o r  has been designed and cons t ruc ted  as t h e  f i r s t  

s t e p  i n  t h e  development o f  p o i n t  focus s o l a r  concen t ra to rs .  The d i s h  i s  cons t ruc ted  

o f  24 d i e  stamped alurnSnum "pe ta l s "  w i t h  a  r e f l e c t i v e  tape a p p l i e d  t o  t h e  

p a r a b o l i c  sur face.  The d i s h  d iameter  i s  3.77 meters w i t h  a f o c a l  l e n g t h  t o  

diameter r a t i o  o f  0.5. Two types o f  o p t i c a l  measurements have been done on t h i s  

p ro to t ype  d ish,  l a s e r  r a y  t r a c e  o f  t h e  i n d i v i d u a l  p e t a l s  and f l u x  mapping o f  t h e  

assembled d ish.  The l a s e r  r a y  t r aces  i n d i c a t e  a RMS s lope  e r r o r  o f  approx imate ly  

0.65 degrees. Using t h i s  value, a RMS specular  spead o f  2 mrads and a sun 

source e r r o r ,  t h e  c losed form models o f  Duff and of ku were used t o  p r e d i c t  t he  

percentage o f  foca l  p lan? energy cap tu red  by zhe c a v i t y  r e c e i v e r  as a  f u n c t i o n  

o f  aperature s i z e  ( o r  concen t ra t i on  r a t i o ) .  



flux mapping was performed on the assembled d lsh.  A gang o f  thertnal f:ux 

sensors were mounted on a t r a c k  a t  the  focal plane and t h e l  moved across the  

plane t o  record the f l u x  p r o f i l e .  This raw data was fed i n t o  a compute; and a 

th ree  dimensional f l a x  p r o f i l e  was reconstructed and then In teg ra ted  t o  detemmine 

the  amount o f  energy a t  t h e  focal  plane. Figure A-2 shows the computer re -  

constructed f l u x  d i s t r ? b u t i o n  a t  both the  geometric focal plane and a t  a plane 

3" forudard o f  t h i s .  As can be seen the  p r o f i l e  has a "normal" shape, thus 

i n d i c a t i n g  some val i d i t y  t o  the  RMS t reatment t f  slope e r ro rs .  Figure A-3 

presents the  r e s u l t s  o f  numerical i n teg ra t i ons  of t he  f l u x  p r o f i l e  when centered 

over a rece i ve r  o f  8 t h r u  12" diameter. As can be seen, the  method o f  Ku, i e  

the area weighted der iva t ion ,  agrees excel l e n t l y ,  and somewhat conservat i  vc1 y, 

w i t h  the  measured f l u x  p r o f i l e  from the  prototype c o l l e i t o t .  This c lose  agree-  

ment lends v a l i d i t y  t o  the  o p t i c a l  models used i n  the parameter analys is .  
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RECONSTRUCTED ENERGY FLUX PROF1 L E S  

GE E N G I N E E R I N G  PROTOTYPE COLLECTOR 

3" FORWARD 
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APPENDIX A-2 

OPTICAL DEFLECTION ANALYSIS 

INTRODtl: , ' ION & SUMMARY -- . 

The Energy distribution in the image plane of 'a paraboloidal concentrator with 

randomly distributed surface errors is usually described by two dimensional 

Gaussian spacial distribution. In the case of the low cost concentrating 

collector concept, eight sections or petals, each having a two dimensional 

paraboloidal contour are joined together to form a paraboloid of revolution. 

Precise alignment of these petals to insure that the center of the individual 

image distributions from each petal are co-located is necessary if the smallest 

distribution width is to be achieved. Maintaining such an alignment in the 
? T C S  C W C c  

of environmentally induced loads such as those caused Sy winds requires 

stiffening of the structure with the zssociated cost increase. Depending on 

the amount of lost energy under various loading conditions it may be cost effective 

to allow some spreading o f  the image distribution under wind loads if a significant 

amount of structural cost can be eliminated. 

This analysis assumes that the energy distribution from each segment of the 

paraboloid hds a two dimentional normal distribution. The spreading will occur 

*metrically about a central axis through the receiver aperture into eight separate 

distributions. As the petals open in a similar fashion to that of a rose, the 

energy falling within the aperture will decrease. The amplitude of the image 

distribution at any spacial positio~ is given by the SUIT of the contribution from 

each o f  the eight distributions. Total energy within the aperture is given by the 

weighted sum of all points within the aperture. 



ANALYSIS 

The energy d i s t r i b u t i o n  from a parabolo idal  sur face w i t h  random e r r o r s  

i s  assumed t o  have a  r a d i a l  f unc t i on  g iven i n  equation 1. 

- <5&3b' 

where 10 i s  a  cons t ra in t  r e l a t e d  t o  the  area of t he  paraboloid, r e f l e c t i v i t y ,  
' 

and the  so la r  i n t e n s i t y .  

6 i s  t h e s t a n d a r d d e v i a t i o n o f  t h e " e r r o r s " a s s o c i a t e d w i t h s 1 o p e  

errors,  sur face specul a r i  ty and the source function. 

It i s  assumed t h a t  each of these sources of image spread can be expressed as 

Gaussian d i s t r i b u t i o n s  so t h a t  aggregate standard dev ia t i on  i s  given by the  

square r o o t  o f  the  sum o f  the squares of the i nd i v idua l  d i s t r i b u t i o n s .  

when 6 = image standard dev ia t i on  

6 SL = standard dev ia t i on  o f  slope e r ro rs  

6 sp 
= standard dev ia t i on  due t o  sur face specu la r i t y  

6s = e f fec t ive  h a l f  width of the  sun 

As the paraboloid cpens, e igh t  separate d i s t r i b u t i o n s  are formed along axies 

spaced 45' from one another i n  the image plane. The amount o f  energy a t  a given 

p o s i t i o c  i~ the image plane i s  5:ven by the  sun of the c o n t r i b u t i o n  from each 

o f  the i nd i v idua l  d i s t r i b u t i o n s  
-(Po da 

FLr) = f .e re.- 
=n 

where 
/m = p o s i t i c n  of the mean o f  d i s t r i b u t i o n  n  

each o f  the d i s t r i b u t i o n s  from a s i n g l e  peta l  i s  no longer c i r c u l a r l y  symmetric 

bu t  forms an e l l i p s e  about i t s  ax i s  o f  symmetry. The apparent width o f  the 



distribution i s  greatest along the axis of symmetry of the petal and is  a 

mfnimm in the transverse axis as shown below: 

a' 

\ '. - \ 
\ 

The variation in the apparent CT as a function of the angular position 

d n  i s  approximately 6;, , 6; 1 & sbx@ + &'@] 

where 0 max is  the rim angle of the collector 

qn is the angular position within a given distribution n.  

The amount of energy fa1 ling within a given aperture radius can now be 

determined as a function of image spreading. The computation consists o f  

determining the summation of the cor~ tributions of each di s t r i  bution to each 

point within the aperture, weighing each point by the area func t i on  ( F ~ A P )  
A , - - -  i 

and summing over the aperture area. Figure ,l  shows the results for several 

) as a function of aperture radius (in c i s )  

A-7 4 





APPENDIX B 

SUPPORT1 NG PRODUCTION ASSESSMENT MATERIAL 

B-1 MOUNT MEMBER TUBING 

8-2 MOUNT F I T T I N G S  

B-3 D ISH RIBS 

8 -4  GORES 

B-5 DRIVE GEAR MOTOR 



B-1 MOUNT MEMBER TUBIRG 



SCHUMAG MACHINERY, INC. 

COMBINED TUBE WELDING AND DRAWING LINE FROM SCHUMAG 

General Description 

Escalating costs of labor and materials have increased 

interest in production methods that will bring offsetting 

savings. A critical look at the conventional tube-welding 

and tube-drawing lines for precision tubing reveals that 

these production lines involve a disproportionately larger 

amount of material-handling, labor, floor space etc., than 

needed in many other automated metal-forming systems. 

Our engineers speculated that the Schumag continuous 

drawing machine for wire drawing could be adapted to form a 

simplified tube-welding and drawing line. If so, the drawing 

machine would control stock movement through the tube-forming, 

tube-welding and tube-drawing steps, eliminating the material- 

handling between welding and drawing steps. 

Research into this feasibility has led to development of 

a one-pass, combined tube-welding and drawing machine. The 

first five production versions of the machine have now been 

installed and put into operation, with operating results 

exceeding expectations. 



. - - - 
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I 

The combined tube-welding and drawing machine elim- 

inates the calibrating operation for restoring welded-tube 1 

roundness and sizing the tube. It also eliminates the need 
4 

I 

to cut tubing to length and to point the lengths before 

the coiled strip, through the welder, through the drawing 

unit, and through the straightener. Only after straightening 

is the drawn tubing cut into commercial lengths. Figure 1 

shows the contrast between this new machine and the conven- 

tional line. 

Although the initial investment for the new, combined 

tube-welding and drawing line from Schumag is similar to that 

for a conventional line, operating costs are considerably lower. 

Among the factors reducing operating costs are: 

- Changeover to a different tubing size of cross-sectional 

shape is done in approximately one-tenth of the time; 

- Only one operator and one helper are needed instead of 

the usual five to seven workers; 

- Elimination of calibrating rolls and operation with 

fewer forming rolls halves tooling costs; 

Scrap in the form of cut ends is reduced to a tenth 

of the usual rate; and 

Floor space required for the new line is about 2,100 

square feet rather than approximately 7,500 square feet. 



Machine Description 

The design and operation of the new, one-pass tube-welding 

and drawing machine are most easily explained by describing the 

sequential steps that transform stainless or carbon-steel, 

aluminum or copper strip stock into precision-drawn tubing. The 

seven basic steps are ( A ) .  forming, (B) welding, (C)  weld-bead 

removal, (Dl cooling and lubricant application, (E) drawing, (F) 

straightening, and ( C )  cutting to commercial length. 

A. Forming - The tube former (Figure 2) has two non-driven 
strip-width-control sections, 6 driven forming sections, 

and 6 non-driven side-roll sections. 

An important feature of the tube former is the provision 

for quick change-over from one starting diameter to another. 

Forming rolls are shifted laterally, by pushbutton control 

from a machine-control console, to align any set of several 

alternate forming rolls for different starting diameters 

(Figure 3 ) .  Two men are able to make the change-over to a 

different starting diameter, including exchange of side 

rolls, in about 40 minutes. 

8. Welding - A welding station follows +e tube former. Three 

pairs of non-driven rolls close the tube tightly and guide it. 

A fixed aligning tab extends up into the slot of the moving 

tube, before the tube is closed, to prevent axial twisting. 
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In many respects, the seam-weldinq operation is sim- 

ilar to t h a t  on a conventional line. However, here t h e  

wslder.requires no drive system because the drawing unit 

= , pulln the tubing smoothly through the welder, controlling 

weld speed. 

* .  C. Weld-Bead Grinding - For stainless steel an abrasive-belt 
grinder on the line removes t h e  bead from the seam-weld, 

smoothing the tubing surface. For carbon steel tubing, an 

outer seas scarfer is used. 

D. Tube Cooling - Welded tubing passes through a trough where 
it is cooled by a water spray and then dried with compress- 

ed air. Drawing lubricant is thereafter applied to the 
i 

cooled tubing, readying it for drawing. 

Between the tube cooler and the drawing unit is a hy- 

draulically operated squeeze pointer. It is used only when 

starting a new production run of tubing in o r d e r  to get the 

pointed lead through the drawing die enabling the gripper 

jaws to grab it. 

E. Tube Drawing - It is the tube-drawi:g unit that permits 

tube forming and tube drawing to be combined into one 

continuous process. This unit consists of a die stand, 

followed by two drawing carriaues with their d r i v e s .  

Pneumatically operated jaws in each reciprocatitlg carriage 

a l t erra te ly  grip the tubing, pullinn it through the die 

in one smooth, continuous aotion. 
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Cams of special shape impart the reciprocating motion 

to the carriages and permit a return stroke that is faster 

then the forward pulling stroke. Because of the faster 

return, transfer of pulling action from one carriage to 

the other occurs shortly before the first carriage slows 

down for the retJrn stroke. The result is the smooth and 

continuous pulling motion essential for a high-quality weld. 

F. Straightening - After drawing, the tubing passes through 
a roller straightener comparable to that on a conventional 

lino. The operating principle of the straightener is to 

bend the tubing around two points of support until the 

outer layer has been stretched beyond the clastic limit so 

the tubing will not spring back. 

For best results in continuous, high-speed operation, the 

tubing is straightened several times in the vertical plane 

and in the horizontal plane. The first rolls for 

gtraightening in each plane band the tubing through a 

greater angle than do the following rolls. 

All upper rolls of the seven-roll vertical straightener 

arc driven. Only the first four rolls of the seven-roll 

hsrizontal straightener ere driven. 



Aligning the tube-travel axis of the straightener with the 

axis of the tube-drawing machine -- essential for 
straightness -- is simple. Adjustment at two points on the 

straightener completes alignment: one for vertical alignment 

and one for horizontal alignment. 

G .  Flying Saw Cut-Off - A flying saw cuts straightened tubing 

into commercial lengths. A proximity sensor or length 

counter triggers the saw cycle. 

The movable saw carriage rests on guide rails and is 

accelerated to line speed by a stroking cylinder. When 

line speed is attained, clamps on both sides of the saw 

blade grip the tubing firmly, holding the tubing against 

the saw carriage. After cutting occurs, the clamps release 

and the carriaqe returns to its starting position. 

Tubing cut to commercial lengths is discharged automatically 

onto a roller conveyor at the end of the line. 

Machine Advantages 

After this description of how the combined tube-welding and 

drawing machine operates, some of the advantaqes become clearer. 

First, the new machine produces multiple finished tube 

diameters or cross-sectional shapes from a single starting dia- 

meter and strip width. When starting diameter is unchanged, 

only the drawing unit needs retooling. Retooling consists of 

changing the die and the drawing jaws, requiring an average of 





The fifth advantage is tee saving in floor space: 
2,100 square feet compared with 7,500 square feet (195 m2 and 

700 m2). Size of the floor space needed for the new line is 

15 x 140 feet (4.6 x 42.7 m). 

Evaluating only two of the cost advantages -- labor and 
floor space -- with five .fewer workers and 5,400 fewer square 
feet, annual savings of $235,500 can be projected. 

5 workers @ $14,700 annually, including 

fringes, is $ 73,500 

5,400 square feet @ $30/square foot 

annually is $ 162,000 

Totalling $ 235,500 

As explained, the new, combined tube-welding and drawing 

line is more flexible than a conventional line. A wide range 

of precision tubing sizes and shapes can be drawn from the same 

starting size, diminishing the inventory of coiled strip. For 

size reductions greater than the 30 per cent permissible range, 

or a larger finished tube, the tube-former rolls are merely 

shifted laterally for the new strip width selected. 

Shape of the finished tube may be round, square, 

rectangular, oval, or most any special shape required. 



Size tolerances and surface finishes for the new and 

conventional methods are comparable. In production, it has 

been established that the new line permits tube tolerances 

to be made tighter .008" ( . 2  mn) , with an improvement in surface 

finish. With a hollow draft, material saved is calculated to 

amount to $ 85,000. annually based on-carbon steel drawn at ZI 

rate of 200 feet/minute (60 m/minute) for 6,000 hours. 

Machine Specifications 

KRZ-I for Stainless Steel Tubing 
Finished 0-Ds 6 - 30 mm 
Wall Thickness . 5  - 2 mm 
Drawpull 14300 lbs. 

KRZ-I1 for Stainless Steel Tubing 
Finished 0-Ds 10 - 42 rnrn 
Wall Thickness 1 - 3  mrn 
Drawpull 22000 lbs. 

KRZ-I11 for Stainless Steel Tubing 
Finished 0-Ds 16 - 76 mm 
Wall Thickness 1 - 3.5 mm 
Drawpull 33000 lbs. 

KRZ-I for Carbon Steel Tubing 
Finished 0-Ds 8 - 3 0 m m  
Wall Thickness . 5 - 2  mm 
Drawpull 14300 lbs. 

KRZ-I1 for Carbon Steel Tubing 
Finished 0-Ds 10 - 42 mm 
Wall Thickness 1 - 3  mm 
Drawpull 22000 lbs. 

KRZ-111 for Carbon Steel Tubing 
Finished 0-Ds 16 - 76 mm 
Wall Thickness 1 - 3.5 mm 
Drawpull 33000 lbs. 



F i n i s h e d  l e n g t h s  f r o m  3 meters ( 1 0  fee t )  upwards  l e n g t h  . 
t o l e r a n c e  max. + 1 0  mm ( . 3 9 4 " ) .  Max. l i n e  s ? e e d s  are  1 0 0  meters 

(320  f e e t )  per m i n u t e  f o r  c a r b o n  s tee l  ( d e p e n d i n g  on w a l l  t h i c k -  

n e s s  2nd 9 r e d u c t i o n ) .  

For s t a i n l e s s  s tee l  t h e  l i r n i t s  are p r e s e n t l y  a t  5 meters (16  feet) 

per  m i n u t e ,  w h e r e  t h e  s p e e d  is c o n t r o l l e d  b y  t h e  w e l d e r .  

~ g l i c a t i o n s  -- 

T u b i n g  f o r  a w i d e  r a n g e  of m a r k e t s  a n d  purposes c a n  be 

p r o l u c e d  r e a d i l y  a n d  e c o n o m i c a l l y  on  t h e  sarne combined t u b e -  

w e l d i n g  a n d  d r a w i n g  m a c h i n e .  I n  a d d i t i o n  t o  round t u b i n g  of 

s t a i n l e s s  s tee l  for food and b e v e r a g e  p r o c e s s i n g ,  t u b i n g  of 

.. . o t h e r  c r o s s - s e c t i o n a l  shapes may b e  u s e d  f o r  b u s i n e s s  and 

- - 
r e s i d 2 n t i a l  f u r n i t u r e .  

A d d i t i o n a l  a p p l i c a t i o n s  i n c l u l e  h e a t  e x c h a n g e s ,  h i g h  

- . pressure t u b i n g ,  m e c h a n i c a l  p i p i n g ,  etc. 



>l< •• ~., ",., 1 •• , 

I"" •.•. rr.'" 

" . I 
" 

Co:nbined Tube Welding and Drawing Line, T) fpe "KRZ" 

1 
I 

2 
I 

34 
I I 

S 6 
I I 

7 
I 

1 .P"y-off 2 -Tube ffHmer 3 - Guide for the 4 • Welder 6 -W<11d Bead IIemoYoI •• Cool 
slol before 'he weld (be', grinder) 

7.Sqllftez. 

Pointer 

.--

-;1 
c", : 

I 
II! ... ;r 

!' Cc. 
~------------1r---------~1 
L--__ 2_~_;_-I_~_~'_".l 0 __ - --;,.I!_"_-_O __ '_"" -_"--_~-J 1 __ -J. 

.I 

• _ Drawing • - RaJ'.' 10 -Aying 11 -1oI1er 
Unit Straightener Sow CCIIIW)'Ot'" 

1.\"0' 

.Jooo 

---------~1 

0922 A7S.07.11 

" . .. 



POS. 9 

POS. 10 

SCHUMAO MACHINERY, INC. Q u 0 T A T 1 0  N #?I-553 

General E l e c t r i c  Company 
Schenectady, New York February 6,  1979 
--gll~~~.g~.--~--LI.-I~~g~~~.-----~-~-.--o~-.~o~.-----~-------~-~- 

1 
For i n  l i n e  forming, welding, drawing (sinking pass ) ,  s t r a igh ten ing  
and c u t t i n g  t o  length  of carbon steel tubing. 

i 
Working Range: 

I Finished Tube Diameters: .63OU - 3.00" 

Wall Thickness: .039" - .14OW (depending on 0-D) 

Max. Drawbar Pul l :  33,000 l b s .  

25 - 328 ft./min. 
8 

* Min. Finished Length: 20 f t .  1 = 

Max. Length Tolerance: - +.394" 

1 BASIC MACHINE PRICE: 
per drawing 0922 A75.07.11 
including tool ing  f o r  one f in ished  

Consisting Of: 

Dual Reel Pay-Off Pos. 1 $ 32,602.-- 

Tube Forming Unit  Pos. 2 $ 188,370.-- 

Tube Pos i t ioner  Pos. 3 Inc l .  i n  Pos. 2 

: External Weld Bead Scarfer  Pos. 5 Inc l .  i n  Pos. 2 
? =. 

Cooling Tower Pos. 6 Inc l .  i n  Pos. 2 t 
f 

Hydraulic Squeeze Pointer  Pos. 7 $ 41,469.-- 

t Drawing Unit with Single 
1 Speed Gear Box $ 246,612.-- 

Ver t ica l  61 Horizontal 
$ 93,800.-- 4 Straightener  

$ 130,000.-- 

Driven Exi t  Roller 
Conveyor, 23' long $ 17,250.-- 

% DC Drive Complete $ 61,715.-- 



REFERENCE X-31557 

YODER 

W-35 TUBE MILL 

FOR 

GENERAL ELECTRIC COMPANY 
SCHENECTADY, NEW YORK 

FEBRUARY 15, 1979 



PRODUCT 

3" O.D. by ,125'' w a l l  t o  
5" 0 . D .  by ,125" w a l l  maximum 

cut- to- length  t u b e  made from co ld  r o l l e d ,  h o t  r o l l e d  p i ck l ed  or  h o t  
r o l l e d  unpickled low carbon steel i n  c o i l e d  form s l i t  a c c u r a t e l y  t o  
width ,  The maximum w a l l  s p e c i f i c a t i o n  i s  based on s t r i p  hardness  
n o t  exceeding 75 Rockwell B or a maximum y i e l d  s t r e n g t h  of  45,000 psi. 

SPEED - 
50 t o  200 f e e t  p e r  minute. 

The speed a t  which a p a r t i c u l a r  tube  can be run depends upon t h e  
q u a l i t y  of material, o p e r a t o r  t echn ique ,  w a l l  t h i c k n e s s ,  and t h e  
d iamete r  o f  t h e  t u b e ,  Approximate a t t a i n a b l e  welding speeds are 
l i s t e d  below: 

WELDING SPEEDS FOR 
150 KW, 450 KHz 

TUBE SIZE INDUCTION WELDER 

3" 0 . D -  x ,125" w a l l  
5" O.D. x .125" w a l l  

160 FPM 
130 FPM 

MILL DIRECTION 
The t ube  m i l l  l i n e  w i l l  be f o r  r i g h t  t o  l e f t  hand ope ra t i on .  

ELECTRICAL SPECIFICATIONS 
460 v o l t 8  3 phase8  60 h e r t z ,  Power Supply. - -  - 
110 v o l t ,  1 phase ,  60 h e r t z ,  Control  Voltage.  

UTILITIES REQUIRED (Approximate) 
Electric Power -- 700 KVA. 
Cooling Water -- 50 GPM a t  7 5 O ~  (For R.F. Weld Power Uni t )  
Cooling Water -- 60 GPM (Cooling Trough and Weld Area) 
A i r  -- 10 CFM a t  80 p s i .  

PAINT 
-equipment w i l l  be pa in t ed  Conolac Industrial Enanel 880 
Blue Gray. 

Number of men r equ i r ed  t o  run l i n e  - four  ( 4 ) .  

Approximate f l o o r  space requ i red  - 250' long x 2 5 '  deep 
p l u s  space  r equ i r ed  f o r  m a t e r i a l  s t o r a g e  and handl ing.  



General Electric Co. 
Reference X-31557 -S2- I 

EQUIPMENT SUMMARY 

ITEM - DESCRIPTION 

1 Double Swivel C o i l  Reel 

2 End Detector 

8 3 Shear 6 End Welder 

4 S t r i p  S torage  System 

f - 5 W-35-7 Tube Forming Machi ne 

6 Welder Mechanical8 

7 Tube Cooling Sec t ion  

8 . W-35-3 Tube S i z i n g  & Stra igh ten ing  Machine 

9 Drive Connections 

Rotary Cutoff Machine 

I 11 Runout Table 

12 Drive Electrics 

150 KW Induct ion Welder 

TOTAL BALL PARK INVESTMENT 

Tooling 
One complete s e t  of  r o l l  t o o l i n g  w i l l  be 
approximately $25,000 t o  $ 6 5 , 0 0 0  per se t ,  
depending on tube  s i z e  t o  be made. Roll  
ma te r i a l  would be hiqh-carbon, high-chrome - 
t o o l  s t e e l .  



?N-LIT 1 4 4 1  RRV. 

TELEPHONE CALL RECORD 

*:&,, Frank Canda 
The Yoder Company 

offlo Cleveland, Ohio 

Date 2/13/79 

Cuntomer 

Time: 

Phone 8*216/631-0520 Ref, NO. 
I 

8 ~ b j - t  Tube 14111 f o r  Producing 40,000,000 tt./yr. of 4-1/2" x 1/8 
Wall Yechanical Steel Tubing. 

L 

Equipment: $800,000 
Tooling t $ 65,000 $25,00O/yr. Tooling Maintenance 
Facilities: 700 KVA 

50 gal./min. water 
10 cu.ft./min 85 Psi air 

Labor : 4 men - 2 shifts 
Space : 250 ft. x 40 ft. 10,000 sq. ft. 

+ 
5,000 sq.ft. material storage 

f' 

: Action required: (Yest (No)  

Copies to: 

S h i e l d s  M .  Bishop 
Signed 
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THE UTICA STEAM ENGINE & BOILER WORKS 
726-806 Y(hi terboro Street 

UTICA, NEW YORK 

F e b r u a r y  22, 1 9 7 9  

G e n e r a l  E l a c t r i c  'Co.. 
S h i e l d s  B i s h o p  
B u i l d i n g  10A 
Room 1 2 7  
S c h e n e c t a d y ,  N.Y. 1 2 3 4 5  

Dear  fir. Bishop:  

T h i s  w i l l  c o n f i r m  o u r  " b a l l p a r k w  p r i c e  f o r  
t r u n i o n  f i t t i n g s  f o r  t h e  S o l a r  C o n c e n t r a t o r .  

C a s t i n g s  o f  e i t h e r  ~ l u m i n u m  o r  c a s t  i r o n ,  
w i l l  b e  a p p r o x i m a t e l y  $40.00 e a c h  w i t h  a  o n e  
time c h a r g e  o f  a b o u t  $1200.00 f o r  p a t t e r n  
equ ipment .  F i t t i n g s  f a b r i c a t e d  f rom s t e e l  
t u b i n g  w i l l  a l s o  b e  a p p r o x i m a t e l y  $40.00. 

F i t t i n g s  f o r  o t h e r  p a r t s  o f  t h e  c o n c e n t r a t o r  
w i l l  b e  a b o u t  t h e  same, d e p e n d i n g  on c o m p l e x i t y .  

These  p r i c e s  a r e  v a l i d  f o r  p r o t o t y p e  q u a n t i -  
t i e s  o f  less  t h a n  200  p e r  s t y l e .  G r e a t e r  quan- 
t i t i e s  o f  c a s t i n g s  s h o u l d  p r o b a b l y  b e  s e p a r a t e l y  
price$ f o r  d i e  c a s t i n g  o r  o t h e r  h i g h  p r o d u c t i o n  
methods.  

S i n c e r e l y ,  

THE U T I C A  STEAfl ENGINE h BOILER WORKS 

E.  B u r r e l l  F i s h e r  
A s s i s t a n t  S e c r e t a r y  



*- .# #- - - 

i - , = 

Memo - 3/12/79 
. - . , 

AUTOMATED WELDING EQUIPMENT COSTS 

Mr. J.D. Carey, Manager, Metal Joining, Manufacturing 
Technology ~evelopment and Applications, General Electric Co., 
~chenectady, N.Y. (Phone 518/385-3056) was consulted concerning 
the cost of automated welding equipment for the fabricated hard- 
ware of the solar concentrator. Based on recent pricing of this 
type of equipment, Mr. Carey estimated the following costs for 
the equipment required: 

MIG-TIG Welding Machines - $ 7,000 ea. x 15 = $105,000 

Control Robots - $50,000 ea. x 15 = $750,000 - 
Total = $855,000 

SM Bishop 



- P 

i i r  
FH-887 tJbSi REV. 

TELEPHONE CALL RECORD 

- 3% I, From R e  SWett Date 3/1/79 
Swett 6 Swett Welding 

- Office Schenectady , NY Customer 

Phone (518) 393-0336 Ref. No. 

Subject Cost Estimate for LCC frame 
* 

Time: 

s Exclusive of the ribs for the reflector, Swett estimated 
a total cost of $4,500 for the moving part of the steelwork. 
Foundation cost would be additional. 

He estimated five woeks delivery after order placement. 

(This firm does a large part of steelwork fabrication 
for Automation Equipment Systems, Schenectady, Bldg. 10) 

Ac t i on  required: (Yes] (Nor 

I Copies to: 

- 
Signed S h i e l d s  Y. Bishop 
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NEW!'OWN, BUCKS COUNTY. PENNSYLVANIA 18940 (215) 968.3838 
TWX 510-667.2255 

F e b r u a r y  26 ,  1979 

i 

Genera l  E l e c t r i c  - Energy Sys tems  
B u i l d i n g  10 A ,  Room 127 
Schenec t ady ,  N. T. 12345 

- . 
A t t e n t i o n :  Mr. S h i e l d s  Bishop 

I 

i Dear M r .  Bishop:  

I n  r e s p o n s e  t o  y o u r  r e q u e s t  o f  o u r  Ronald Wi lks ,  we a r e  p l e a s e d  
t o  o f f e r  t o  m a n u f a c t u r e  and form t h e  l o w e r  r i b  c a p s  t o  a r a d i u s  
( t o  be  d e f i n e d )  d e s c r i b e d  by G.E. drawing  "LCC P r e l i m i n a r y  Concept 
#2 - 7 Meter  Dia." d a t e d  18  J a n u a r y  1979. I n  summary t h e  c o s t  f o r  
a c c o m p l i s h i n g  t h e  t a s k s  o u t l i n e d  a r e :  

Cos t  p e r  pc .  Too l ing  

Cap (made from S h e e t  m e t a l  $ 62.62 $ 800.00 
Se5 o f  p a r t s  p l u s  assembly  o f  r i b  462.38 1,500.00 

T o t a l  - $525.00 $2,300.00 

Cap (made from e x t r u s i o n )  68.12 1,453.00 
S e t  o r  p a r t s  p l u s  assembly  o f  r i b  456.88 1,500.00 

T o t a l  $525.00 $2,950.00 

1 se t  of  8 r i b s  

2-5 s e t s  o f  8 r i b s  

$525.00 e a c h  $4,200.00 t o t a l  

475.00 e a c h  3 ,800.00 t o t a l  

6--19 s e t s  o f  8 r i b s  435.00 e a c h  3,480.00 t o t a l  

The above p r i c e s  do n o t  i n c l u d e  end p i e c e s  s i n c e  we have t o o  l i t t l e  
i n f o r m a t i o n  on t h e  d e s i g n s .  

, 

If t h e  c a p s  are t o  be made from s h e e t  m e t a l ,  we'd recommend t h e  use  
o f  60611'4 aluminum s h e e t ;  i f  e x t r u d e d ,  recommend 6063T6. The 
p r i c e s  above i n c l u d e  m a t e r i a l .  

1 
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. * 
Too l ing  c o s t s  i n c l u d e :  . 

t 

.. S t r e t c h  d i e s  - $ 800.00 
E x t r u s i o n  d i e  - 650 .OO 

I . Assembly j ig  - 1,500.00 

The e x t r u s i o n  d i e  and assembly  j i g  would be u s a b l e  i n  p roduc ing  
l a r g e  q u a n t i t i e s ,  t h e  s t r e t c h  d i e  would n o t .  

' I  

F o r  p u r p o s e s  of p l a n n i n g  you shou ld  s a f e l y  e x p e c t  t o  have p a r t s  
w i t h i n  16  weeks a f ter  p lacement  o f  t h e  o r d e r ,  a s s e m b l i e s  w i t h i n  

I 20 weeks. 

A s  d i s c u s s e d  w i t h  Mike Concannon, we have s e v e r a l  s u g g e s t i o n s  which 
you migh t  c o n s i d e r  f o r  p r o d u c t i o n .  These i n c l u d e  i d e a s  which I 
b e l i e v e  Ron h a s  a l r e a d y  t r a n s m i t t e d ;  e.g., assembly  a t  t h e  s i t e  i n  
s p e c i a l l y  des igned  trailers and e x t r u d i n g  t h e  cap.  I n  a d d i t i o n ,  
p l e a s e  c o n s i d e r  t h e  d e s i g n  a t t a c h e d .  It p r o v i d e s  t h e  c a p a b i l i t y  
f o r  k e e p i n g  t h e  r e f l e c t o r  b a s e  un i form i n  t h i c k n e s s  r a t h e r  than  
r e q u i r i n g  a t h i c k  edge.  A d d i t i o n a l l y ,  i t  p e r m i t s  r a p i d  assembly.  
I f  you have any q u e s t i o n s ,  p l e a s e  fee l  f r e e  t o  c a l l  e i t h e r  Ron Wilks 
o r  me. Ron w i l l  be on t h e  wes t  c o a s t  u n t i l  Monday, 3/2/79. 

I hope t h i s  meets y o u r  needs ;  we are l o o k i n g  forward  w i t h  g r e a t  
a n t i c i p a t i o n  t o  working w i t h  you on t h i s  p r o j e c t .  If we can b e  o f  
any  o t h e r  a s s i s t a n c e ,  p l e a s e  c a l l  on us .  

RL:ac  
enc .  

Very t r u l y  y o u r s ,  

-LTE A I R C R ~ C O M P A N Y  

' P r e s i d e n t  

Copy: M. Concannon, G. E. 

R. Wilks ,  H, P l a t o n ,  J. Magalhaes ,  S. Evans,  L a v e l l e  A i r c r a f t  
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New Englancl Boat Ruilder~. Inc. 
Mar* 2,  1979 

M r .  Sh ie lds  M. Bishop 
Consultant, i h t a l s  Processing 
Building 10A, Room 127 
General E l e c t r i c  Co. 
One River Road 
Schenectady, NY 12345 

-. 
Dear Shie lds  : 

This w i l l  confirm our telephone conversation of 3/1/79 
regarding t h e  parabolic r e f l e c t o r s .  

The p r i ces  we have a r r ived  a t  are t e n t a t i v e  and are based 
on p a r t s  t h a t  a r e  s o l i d  polyester-f iberglasa o r  epoxy-fiberglass, 
1/bn t h i c k ,  with a 1/8" t h i c k  f lange  on t h e  s i d e s  t h a t  have t o  
be fastened toge the r  and a similar f lange  on t h e  perimeter edge 
f o r  s t i f f e n i n g  and strengthening. Pr ices  have a l s o  been based 
on, a. one mold f o r  each part, b. two molds f o r  each part .  

a. One mold b. Two molds 
Material Part  each: each: 
Polyester /glass  Perimeter $1 50.00 

n n Center $Zz::: 130.00 

I Epoxy/glass Perimeter 270.00 21 5.00 
n n Center 240.00 185.00 

Since we a r e  cu r ren t ly  making parabolic r e f l e c t o r s  f o r  
Sylvania i n  polyeater /glass ,  I f e e l  t h a t  t h e  polyester  pr ices  
above should be p r e t t y  close.  The only problem with them m i  h t  Q be t h e  f u t u r e  p r i ce  of polyester  r e s i n ,  which went up about 
late last year and is scheduled f o r  a similar increase  before 
June and some supp l i e r s  a r e  y e d i c t i n g  t h a t  by t h e  end of t h e  
year  t h e  pr ice  of r e s i n  could be jC$ higher than it was l a s t  
year. The p r i ce  of f i b e r g l a s s  a l s o  was r a i s e d  by about 1 6  l a te  
last year and w i l l  probably do t h e  sane again some s i n e  t h i s  year.  

Based on some ca lcu la t ions  we d id ,  t h e  perimeter pieces 
should weigh approximately 62 l b s .  ea. and t h e  cen te r  pieces 
44 1ba . ea. , including f langes.  

I n  regard t o  too l ing ,  t h i s  would be t h e  procedure: 
1. Make a model ( reversed)  of a complete 1/8 sec t ion .  
2. h k e  masters p a r t s  ( 2 )  from t h t  model. 
3. Kake molds from the  masters. 

Tentative p r i ces  f o r  these a r e  as follows: 
cont. 

* HARBOR ROAD MATTAPOISETT MASSACHUSElTS 02739 617*758~9050 



Model : $3300.00 
Masters: 600.00 ea., 2 req'd. 
Molds : 600.00 ea., a t  l e a s t  2 req'd. 

The f i n i s h  on t h e  model, and subsequently t h e  a a s t e r s ,  molds, 
and p a r t s ,  would be about equivalent t o  t h e  mold f i n i s h  f o r  t h e  
boats we make o r  t h e  r e f l e c t o r s .  This f i n i s h ,  which w i l l  have t o  
be more accura te ly  def ined,  is  not mir ror  shiny. The degree of 
f i n i s h  has a grea t  bearing on t h e  pr ice  of t h e  model, depending 
as it does on t h e  number of man hours of pol ishing by hand. 

If as many as 1600 p a r t s  were required i n  one year ,  a t  l e a s t  
6 molds of each p a r t  would be required,  8 of each would be b e t t e r .  
Of coume, t h i s  would a l s o  have t h e  e f f e c t  of lowering t h e  pr ice  
of t h e  pa r t s ,  possibly as much as 25%. 

Those parts, i n  polyester /glass ,  would be approximately 
equivalent i n  s t r e n g t h  proper t ies  t o  epoxy/glass, and would have 
somewhat b e t t e r  weathering properties.  We work with both of 
these  mater ia l s  and f i n d  t h e  polyester  e a s i e r  t o  handle and a l s o  
present l e s s  hea l th  problems. If you wanted epoxy/glass, it 
would probably be a good idea t o  t e s t  a t  l e a s t  one r e f l e c t o r  i n  
polyester /glass  as a cosparison. 

I n  regard t o  t h e  engineering of t h e  r e f l e c t o r ,  it is possible 
t o  make l i g h t e r  and s t ronger  parts by includin, some type of core ,  
such a s  honeycomb, end g ra in  balsa  o r  foam. However, it probably 
is bes t  t o  s t a r t  with t h e  simplest  type of construct ion and go on 
from there .  

f would l i k e  t o  thank you f o r  t h e  opportcnity t o  work with 
you on t h i s  pro jec t  afid look forward to -hea r fng  from you again. 



TELEPHONE CALL RECORD 

>:'#A 
F d 9  1 John Feroce Date 3/2/79 

New ~ngland Boat Builders, Inc. 
Office Mattapoisett, Mass. Curtomar 

Time: 

Phone 8*617/758-9050 Ref. No. 

Subject LCC Plastic Reflector Parts 
. 

For prototype, hand lay-up reflector gores, the following 

costs would apply: 

Model $3r330) 
Master Part 600) $5,100 tooling cost 
Molds (2) 1,200) . 

Gores would cost $ 185 Outer for the first nner 

Polyester 

80 pieces ( 5  reflectors) 
Each reflector would cost $2,800 in polyester 
arid $4,080 in epoxy. For 5 reflectors, tooling would 
cost $1,020 each. 

Letter confirming will follow. 

Action required: rYesr (No! 

Copies tot 

Signed Shields M. Bishop 



TELEPHONE CALL RECORD 

to Dr. S.H. Schroeter 
Sxwnx Dr. J.V. Crivello 

Polymer Studies Branch 
O f f i ~  CR 6 D 

Phone 5-8806 

Date 2/12/79 

Cu8tomer 

Ref. No. 

Time: 

~),,bj& Reaction Injection Molding of Large Epoxy Partswith ~cinforcement. 

Experimental moldings have been made in epoxy 28" x 18". 

but production is several years In the future. The epoxy at 

current costs, will be about $1.25 to $1.50/lb. The molding 

cycle will be about 2 minutes minimum. Premaurc requirements 

will be about 50 to 100 psi, resulting in relatively light 

equipment. 

Action required: tYes) 

Copies to: 

Signed Shields M. Bishop 



Ti me: 

FN-W? 14-1S* R8V. 

TELEPHONE CALL RECORD 

office warren, Michigan Customer 

- Phone 8*313/575-8993 Ref. No. 

P r e c i s i o n  a t t a i n a b l e  i n  Reaction I n j e c t i o n  Holding o f  urethane 
p l a r t i c  automotive f a s c i a s .  

Arnold est imated p r e c i s i o n  of l a r g e  RIM molded p a r t s  a s  wi th  a 
range of . 2 S I .  He referred  m e  to Mobay f o r  fur ther  information 
o n  R I M .  

(Arnold is author o f :  

AUTOMATION OF REACTION INJECTION YOLDING OF 
AUTOMOBILE FASCIAS 

a paper which appeared i n  Journal o f  C e l l u l a r  P l a s t i c s ,  May/June 

Action required: [Yes) (No1 

- Copies to: 

Signed 
S h i e l d s  Y.  Bishop 



TELEPHONE CALL RECORD 

To 
:. C#a Bruce Niekamp 

Z Ofti- Plarticr Businerr Div. 
. ~ 

Pittrfield, Mass. 
Phone 8*236-4178 

Date 2/9/79 

Curtorner 

Rot. No. 

T imo: 

s u b j a  Metallized Plastic Film8 

Niekamp raid that .003" Lexan film would cost QC/sq.ft. 

A *superm protective coating (proprietary) is under development 

which will make the Lexan U.V. and weather reristant for "many 

yearn". The plan is to get the "muper" coating down to 

3SC/sq.ft. Based on theme figures, it is conservative to 

estimate a Lexan metallized film @ SOC/sq.ft. 

Niekamp referred me to: 

Metallized Products Div. 
King Seeley Thermos Co. 
37 East St. 
Winchester, Mass. 01890 

8*  (617) 729-8300 
Robert W. Steevte ,  Plant Manager 

Action required: (Yes) !No1 

t I 

' Copies to: 
i 
i 

Signed Shields M. Bishop 



TELEPHONE CALL RECORD 

To 
dimm R.W. Steeves Date 2/9/79 

Metallized Products Div. 
Office King Seeley Thermos Co. Customer 

37 East St., Winchester, Mass, 01890 
Phone 8" (617). 729-8300 Ref. No. 

Subjat Cost & Quality of Metallized Plastic Film 

Time: 

A typical rate for metallized film is $300/roll. For 26" O ro 

x 6 ft. w i , + t  of .003" Lexan this is .34C/sq. ft. 

Steeves saiC King Seeley has developed and is patenting an 

inorganic coating for the a-~minum on metallized plastic film 

This inorganic film which is more transparent than other films 

is not degraded by W and is very corrosion resistant. He has 

many samples under test in various locations such as seashore, 

industrial, and desert areas. 

Action required: [Yes) [No, 

Copies to: 

Signed Shields M. Bishop 
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TO: 

FROM : 

DATE : 

SUBJECT: 

S t u :  

v o n  I V e i i s  G e c ~  C o m p a n y  
8353 Waaon lndumirl Pnrk St. Louir, Yo. O3126 314-OQ.ZlOQ 

INTER- OFFICE MEMO 

S t u  Young 

J i m  Evans 

Februa ry  15,  1979 

GE SPACE D I V I S I O N  
S e r g i e  Onuf re i czuk  

M i l t  and I have d i s c u s s e d  t h i s  p a r t i c u l a r  u n i t  i n  g r e a t  d e t a i l  
and w h i l e  S e r g i e  .r<ould l i k e  t o  work w i t h  t h e  WV77 o r  a  s i m i l a r  
worm g e a r  d r i v e  it i s  go ing  t o  i n c r e a s e  h i s  c o s t  t remendous ly .  
The r e a x t i o n  r e q u i r e d  i n  a worm g e a r  u n i t  would have an o v e r a l l  
e f f i c i e n c y  o f  approx ima te ly  28% t o  30%. T h i s  means w i t h  s 1 / 6  
H.P. motor,  which c o u l d  be t o t a l l y  e n c l o s e d  and s t i l l  r u n  f o r  
du ty  c y c l e  i n  t h e  n i g h t  mode o r s r e t u r n  mode, wou ld  n o t  produce  
t h e  4000+ i n c h  pounds t h a t  may be  r e q g i r e d .  I t  would t a k e  a t  
l e a s t  a  1 / 4  H.P. motor and p o s s i b l y  more because  o f  t h e  i n e f f -  
i c i e n c i e s .  

The 1 / 6  H.P. PSC Motor c o u l d  be used  on t h e  VW47 a s  we have 
s u g g e s t e d  and produce approx ima te ly  6,000 i n c h  pounds wj .  t h  no  
problem a t  a l l .  

To t o o l  t h e  gearmotor  we would n o t  a m o r t i z e  t h e  p i e c e  p l i c e  b u t  
would charge  t o o l i n g  up f r o n t  a s  u s u a l .  I t  would be between 
$20,000-$30,000,  The p i e c e  p r i c e  of t h e  u n i t  s e l f  e s t i m a t e d  would 
be  about  585-$95 depending upon t h e  motor c o s t  when we g o t  i n t o  
p r o d u c t i o n .  

As we have mentioned on t h e  VW47, t h e  b rake  t o  p r e v e n t  back d r i v i n g  
we know w i l l  w i t h s t a n d  b e t t e r  t!~;zn 500  i n c h  pounds back d r i v i n g  
f o r c e .  We b e l i e v e  it  would be b e t t e r  d e s i g n e d ,  b e t t e r  motor ,  b e t t e r  
u n i t  a l l  t h e  way around.  

The ques t i o n s  which Se rg i  c asiced mc conce rn ing  i n  r u s h  c u r r e n t ,  
gear s i z e  and !i:RSS, o r  1 n 0 t ~ ) 1 '  t i n i t ?  f i l l1 s p c c d ,  g e a r  box t i l l l ~  a t  
f u l l  speed ,  2nd o t i tput  t o r q u c  o r  r o t o r  o u t p u t  t o r q u e  arid gear  
e f f j . c ic r lcy  a r e  not: ava i l a l , l o  L~ccrluse I.:e do n o t  y e t  have t ! lnt  
alotor.  l l ic presc l l t  1 / G  1j .P .  lJSO i ; i ~ . c s r :  d c s l g n e d  t o  c i ~ i p l i c n t c  
t h e  t;l::;cled p o l e  1::otor ~ L I  \sf.tll  tllc rpati lre of  rcvcz.si :~g.  I t  lias 
a 4 3  o;ri;cc incli .cr;lrti!lg tc)rqae ancl 1 1 2  auncct i nch  runrl i l lg t o r q u c .  
This i ..: n o t  ;~JC(L:I:! t c  f CI. \!il;!t: t l l c y  !iced. 
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I n  terms of  e f f i c i e n c i e s  t h e  W 4 7  has approx ima te ly  60% througll  
t h e  g e a r t r a i n ,  a worm g e a r  u n i t  approx ima te ly  2 8 % - 3 0 % .  We s t i l l  
b e l i e v e  t h a t  t h e  VW47 w i t h  a b r a k e  would be t h e  c o r r e c t  way t o  
go and p r i c e  wise  would be l e s s  e x p e n s i v e  t h a n  t h e  worm g e a r  d r i v e  
under  any c o n d i t i o n s .  You can f i g u r e  approx ima te ly  $85 i n  q u a n t i t y  . 
f o r  t h e  V N 4 7  and i t  is p o s s i b l e  i n  t h e  100,000 lot he is l o o k i n g  
f o r  t h i s  cou ld  be  dropped t o  a b o u t  $65.00. 

( D i c t a t e d  b u t  n o t  r e a d )  



FN-887 ;J-651 REV. - 
TELEPHONE CALL RECORD 

. Xb[ 
From L. Snyder 

Specialist- Rates & Routes 
Office Schenectady Utilities Oper. 

Date 3/2/79 

Customer 

Phone 9*235-4634 ' Ref. No. 

Subject Shipping Cost for I,CC 

Action 

Co$( s 

req 

to: 

Time: 

Snyder said that the class 45 (machinery) rail freight rate 
for Louisville, Ky. to Los Angeles, CA. is $12.32/100 lbs. 
in carload quantities. 

S m d l  numbers (less than 10) would get a lower rate by 
motor truck, because the railroads do not ship less than 
carload quantities. However, shipping costs, even in 
small numbers should not exceed $15/100 lbs. for transportation 
from Louisville to Los Angeles. 

uired: (Yes) 

S h i e l d s  M. Bishop 
Signed 
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