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FOREWORD 

Th is  document i s  submitted i n  response t o  t h e  requirements o f  

DOE Contract  No. DE-AC03-79ET21007 dated 9/5/78, Col 1 e c t o r  Subsystem 

Statement o f  Work, Phase.1 Task C.2. 
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1 . O  INTRODUCTION 

1.1 Scope 

T h i  s Phase I I planning document presents . t h e  various consi dera- 
t i ohs  re la ted  t o  the  Phase I1 schedules, material control  and . 

personnel t r a i n ing  required t o  e f f ec t i ve ly  imp1 ement the  program. 

Purpose 

T h i s  document has been prepared t o  i den t i f y  the  flow char t s  and , 

schedules required t o  accomplish fabricat i 'on,  i n s t a l l a t i o n ,  check- 
out ,  and personnel t r a in ing  t o  support t he  P i l o t  Plant schedule. 
The planning addresses receiving,  s torage and shipment of raw 
mater ia ls ,  subassemblies, component, subsystems, and complete 
assemblies. The vendor a c t i v i t i e s  and t he  major Martin Marietta 
f a c i l  i t i e s  a r e  included. These a r e  the  Mirror '  Assembly a c t i v i t i e s  

a t  Pueblo, Colorado and the  he1 i o s t a t  assembly and i n s t a l  l a t i o n  . . 

a c t i v i t i e s  a t  t he  Barstow-Daggett Airport  and the so l a r  p lant .  

2.0 . APPLICABLE DOCUMENTS 

2.1 . The following documents, of the  l a t e s t  i s sue ,  form par t  of this 

document t o  the  extent  speci f ied  herein. .  

2.1 .1 Government Documents 

DE-AC03-79ET21007 DOE Contract,  "10 MWe Solar  Thermal Central. 

Receiver P i l o t   lent-collector Subsystem. 

2.1 .2 Martin Marietta Documents 

Plans: 
400500 2P Phase I1 Manufacturing Plan 
400500 4P Phase I1 Operating and Maintenance Equipment 
400500 5P Phase I1 Acceptance Plan 
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3.0 MIRROR MANUFACTURING. AT PUEBLO, COLORADO 

The Phase I 1  m i r r o r  assembly w i l l  be f a b r i c a t e d  i n  a ded ica ted  

m i r r o r  assembly p l a n t .  Th i s  p l a n t  w i l l  be l o c a t e d  a t  t h e  Pueblo 

Army Depot,l2 m i l e s  eas t  o f  Pueblo, Colorado. Th i s  l o c a t i o n  was 



se lec ted  t o  bo th  a i d  i n  n a t i o n a l  economics and f u l l  employment 

and t o  p rov ide  t h e  most c o s t  e f f e c t i v e  m i r r o r  product ion.  The 
. . 

a i d  t o  na t i ona l  economics i s  achieved by p rov id ing  employment i n  

an area t h a t  became employment d is t ressed '  due t o  cutbacks a t  t h e  

Pueblo Army Depot. 'The c o s t  e f f e c t i v i t y  o f  t h i s  l o c a t i o n  w i l l  

be achieved by: (1 )  o f f - s i t e  overhead ra tes ;  ( 2 )  a v a i l a b i l i t y  

o f  semi.sk i l led l a b o r  a t  reasonable ra tes ;  ( 3 )  low f a c i l i t y  lease 

and opera t ing  costs;  and ( 4 )  c lose  p r o x i m i t y  t o  t he  Denver D i v i s i o n ,  

which prov ides a  base f o r  management c o n t r o l ,  f a c i l i t y ,  t o o l i n g , .  

and techn ica l  support.  This  l o c a t i o n  requ i res  a  s i g n i f i c a n t  . .  

t r a n s p o r t a t i o n  e f f o r t .  However, the  b e n e f i t s  and savings f a r  . . 
outweigh t h e  t r a n s p o r t a t i o n  cos ts .  . . 

The m i r r o r  assembly manufactur ing b u i l d i n g  i s  w e l l  s u i t e d  t o  t h i s  

a c t i v i t y .  The b u i l d i n g  was o r i g i n a l  l y  designed as a  manufactur ing 

f a c i  1  i t y  f o r  m iss i l es ,  and thus incorpora tes  many manufactur ing 

capabi 1  i ti es requ i  red f o r  m i r r o r  assembly manufactur ing. Th i s  

reduces the  f a c i l i t y  setup and t e a r  down costs.  A l a y o u t  o f  t h e  

. m i r r o r  assembly p l a n t  i s  shown i n  F igu re  3-1. 

3.1 M i r r o r  Assembly Product ion Flow . . 

M i r r o r  assemblies w i l l  be f a b r i c a t e d  du r ing  Phase 11 i n  e s s e n t i a l l y  

t h e  same manner as was done f o r  Phase 1 ,excep t  h igh  volume t o o l i n g  

w i l l  be used. F igure  3-2 shows the  product ion  f l ow .  B r i e f l y  summa- 

r i zed ,  t h e  process cons i s t s  o f  t h e  f o l l o w i n g :  

( 1 )  M a t e r i a l  r e c e i v i n g  and i n s p e c t i o n  - Th is  task  prov ides t h e  

ma te r ia l  c o n t r o l  t o .  ensure smooth materi .al  f l o w  i n t o  p roduc t i on t  

'. I nspec t i on  w i l l  be l i m i t e d  t o  v e r ' i f y i n g  q u a n t i t i e s  and en te r i ng  

ma te r ia l  i n t o  i nven to ry  c o n t r o l  . A  f u l l  t ime  warehouseman w i  11 

be used t o  p rov ide  i nven to ry  c o n t r o l  for! a1 1  raw m a t e r i a l s  and 

t o  assure proper ma te r i a l  f l o w  o f  l i m i t e d  l i f e  components. 

The storage l o c a t i o n s  f o r  t h e  major components ( m i r r o r ,  s t e e l ,  

and honeycomb core)  a r e  shown on t h e  f a c i l i t y  f l o o r  p l a n  F igure  3-1. 
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Since the honeycomb core i s  pre-coated w i t h  adhesive i t  wi l l  be 
s tored i n  an aircondit ioned area.  
( 2 )  Steel pan preparation - This task  cons i s t s  of assembly l i n e  
inspection of t he  s t e e l  pan mater ia l ,  notching t he  corners,  punch- 
i n g  the  doubler locat ing holes, bending the  edges of the  s t e e l  
t o  form a pan, and crimping t he  pan edges. T h i s  operat ion wi l l  
be accomplished on specia l ized Phase I1  high volume tool ing 
designed spec i f i c a l l y  f o r  this  task .  

( 3 )  Mirror assembly layup - T h i s  t a sk  cons i s t s  of assembling 
the  mirror assembly components before bonding. The layup is  
ident ica l  t o  t h a t  done d u r i n g  Phase I except on a production 
l i n e  bas is .  The layup cons i s t s  of assembling the  foam adhesive, 
honeycomb core,  and aluminum tape i n t o  the  pan, laying thi's 
assembly over the  mirror on t he  bond t oo l ,  and vacuum bagging 
the  assembly. 

(4 )  Mirror assembly bonding - T h i s  task  cons i s t s  of r a i s i ng  
the  mirror assembly t o  the  curing temperature while holding i t  

i n  place agains t  the  forming bond tool w i t h  a f a s t  ac t ing vacuum 
bag. Although the  bonding process wi l l  be conceptually t he  same 
a s  t h a t  used f o r  Phase I ,  we have developed a new tool ing technique 
t h a t  w i  11 e l iminate  us'e of the la rge  curing oven. This wi l l  
i ncrease m i  r r o r  production r a t e s  and reduce production cos t .  

( 5 )  Contour and bond inspection - T h i s  task  cons i s t s  of s t a b i l i z i n g  
t he  mirror assembly temperature, verifying the  m i  r r o r  surface 
contour is  w i t h i n  design l i m i t s  and verifying t he  bond i s  good. 

Contours wil l  be inspected by physically measuring the  contour 
w i t h  a contour gage. The bond wi l l  be ve r i f i ed  on a sampling 
basis  (approximately one i n  every 20) by making t e s t  coupons 

t h a t  wil l  be des t ruc t ive ly  t e s t ed  i n  f l a tw i se  tension t o  ve r i fy  
bond i n t e g r i t y .  Contour inspection wi l l  be done before seal ing 

and doubler i n s t a l  l a t i o n  t o  prevent expending labor  and mater ia ls  . 

on any assemblies t h a t  wi l l  not meet qua1 i t y  control  requirements. 



(6) Doubler i n s t a l l a t i o n  - Th is  task  cons i s t s  o f  i n s t a l l i n g  and 

sea l i ng  t h e  r i v - n u t s  i n  t h e  doublers and bonding t h e  doublers 

onto the  back o f  the  m i r r o r  assembly. Th is  ope ra t i on  i s  performed 

us ing  1 o c a t i  ng t o o l  i ng t o  v e r i f y  c o r r e c t  doubler  1 ocat ion .  The 

bond system used i s  a ra 'p id cure mod i f i ed  a c r y l i c  adhesive se lec ted  

f o r  i t s  assembly l i n e  c o m p a t i b i l i t y ,  h igh  s t rength ,  and l ong  l i f e  

p rope r t i es .  Un l i ke  many o t h e r  adhesive systems i t  a l s o  forms an 

excel l e n t  long-1 i f e  seal .  

( 7 )  M i  r r o r  assembly opera t ions  - M i r r o r  assembly opera t ions  

between bonding and s e a l i n g  w i l l  be performed i n  a dehumidf ied 

area t o  ensure t h a t  no mois ture  i s  trapped w i t h i n  t h e  assembly. 

The m i r r o r  assembly w i l l  be sealed us ing  manual ly c o n t r o l  l e d  

semiautomatic assemblyl ine techniques. This  inc ludes  us ing  b u l k  

sea ler  meter and mix subsystems and new preparat ion,  s e a l i n g  

and QC i nspec t i on  techniques t o  e l  i m i  na te  seal imper fec t ions  

experienced du r ing  Phase I. The m i r r o r  a s s e m b l y ~ w i l l  be com- 

p l  e t e l y  sealed before  i t  1 eaves t h e  dehumi d i  f i.ed area. 

(8)  F i n a l  i nspec t i on  and rework - A1 1 m i r r o r  assemblies w i  11 ' 

pass a f i n a l  i nspec t i on  be fo re  pack and ship.  Rework and touchup 

w i l l  be performed as requ i red  where p r a c t i ' c a l .  Unusable m i r r o r s  

and m i r r o r  assemblies w i l l  be scrapped. 

( 9 )  Pack and s h i p  - Completed m i r r o r  assemblies w i l l .  be packed 

on s p e c i a l l y  designed reusable p a l l e t s  f o r  shipment t o  the '  Barstow 

f i n a l  assembly f a c i l i t y .  These p a l l e t s  w i l l  p rov ide  maximum 

packing d e n s i t y  a t  minimum cos t .  Each p a l l e t  w i l l  h o l d  14 m i r r o r '  

assemblies packaged on edge. The m i r r o r  assemblies w i l l  be bonded 

onto t h e  p a l l e t s  w i t h  padded support  frames around t h e  assemblies. 

These frames w i l l  remove p o i n t  loads t h a t  cou ld  damage the  

, .  assemblies i n  a s t r u c t u r a l  package. The assemblies w i l l  be shipped 
v i a  s e m i t r a i l e r  w i t h  16 p a l l e t s  per  t r a i l e r .  Th is  prov ides t h e  

maximum sh ipp ing  dens i t y  poss ib le  t o  min imize sh ipp ing  cos ts .  I n  

add i t i on ,  t he  semi t r a i  l e r s  w i  11 be equipped t o  p i c k  up honeycomb 

core on t h e  r e t u r n  t r i p  and thus prov ide  the  maximum e f f i c i e n c y  

i n  sh ipping.  



3.2 Mirror Assembly Production and. Training Schedule 

The mirror assembly production f a c i l i t y  will be s e t  up  and pro- 

duction techniques verified during the f i r s t  s ix  months a f t e r  

Phase 11 contract award. This will also require that  a l l  mass . 

production tooling (Table 3-1) b e  designed, fabricateh or  pur -  

chased, instal led and checked out during the same 6 month period. 

Mirror assembly production i s  scheduled t o  begin on 2 June 1980 

with a single s h i f t  training operation. This s h i f t  will have a 

two week training and process cer t i f ica t ion  period.   he -2nd 'and 

3rd s h i f t s  will begin training on 16 June 1980 and 23 June 1980 

respectively.  Each of these s h i f t s  will have a one week training 

period before the i r  production count begins. Production will  then ; > 

continue on, a 5-day-per-week. 3-shif t  basi,s unti 1 the required I 

23,500 mirror assembl i e s  have been produced. ' The completion of 

the mirror assembly production i s  scheduled fo r  mid April 1981. 

Table 3-1 Mirror Module Tooling 

Name 

Bond Tools with Power Controls 

Mirror Loading Station with Boom 

Pan Assembly Handling Carts 

Steel Notch/Punch Tool 

Steel Forming/Crimp Tool 

Sealer Di spensi ng Guns 

Sealer Application Station 

Contour Check Tool 

H/C Core Instal la t ion Tool 

Steel Sheet Loading Tool 

Vacu-1.i f t  Device 

Miscellaneous Handling Carts 

Quan t i  ty 

16 each . 
8 each 

12 each 

1 each 

1 each 

2 each 

2 each 

1 each 

1 each 

1 each 

10 each 

29 each 



4.0 HELIOSTAT ASSEMBLY AND INSTALLATION 

4.1 Component Planning and Training Activities 

Components will be delivered from the various vendors to the 

Assembly Building (Hanger No. 6 at the Barstow-Daggett Airport). 

Deliveries will be made at a rate of 50 heliostats worth per 

week. For example, each heliostat requires 1 pedestal and two 

encoders. Therefore 50 pedestals and 100 encoders will be de-,' 

livered per week. The initial deliveries will be made starting 

July 1, 1980. This will provide a one month's backlog of hardware 

by the, time field installation starts on August 4, 1980. Storage 

of the electrical/electronic units and small structural units wi 11 
be within the assembly building. The larger structural units will 

be stored in leased aircraft-type nose hangers located within 300 ft. 

of the assembly building. In addition to providing a one-month's 

backlog, the early units will be used for training the "hands-on" job 

shop personnel by the Martin Marietta supervision, validating the 

ascembly procedures and tooling, and resolv'ing any potential assembly 

area problems. The initia1,job shop lead personnel will receive 

training starting four weeks prior to August 4, 1980. Additional 

job shop personnel will start two weeks prior to August 4 and the 
remainder (lower level jobs) wi.11 start on August 4. This 

staggered reporting schedule will provide for sufficient tralnlng 

of each group to ensure that the 'initial production rates can be 

achieved by the required starting date. 

The component delivery schedule is shown in Table 4-1. There are 

no raw materials identified in this table because only completed 

units will be delivered to the assembly building. 



Table 4-1 Component De l i ve ry  Schedule t o  Assembly Bui l d i n g 2  

. . 
To ta l  

I n i t i a l  F ina l  Q u a n t i t y  Q u a n t i t y  
D e l i  very De l i ve ry  Del ivered Inc lud ing  

Component Date Date Per Week Spares1 

~ n c o d e r s  07/01/80 04/01/81 100 3957 

t Motors 04/01/81' 100 3957. 

~i m i  t Switches 04/01/81 200 7869 

Cab1 i n g  

HFC 

HC 

Pedestal s 

Pedestal I n t e r f a c e  Adapter 

Control  Arms 

Rack Assembly 

E levat ion  Beam 

power Contro l  Boxes 

D r i  ve Mechani sm 

Facets See Paragraph 3.2 .-- 
Notes: 'Spares are inc luded f o r  2 years 

2Table i s  based on 1956 h e l i o s t a t s .  Q u a n t i t i e s  and dates w i l l  be . . 
ad jus ted i f  t o t a l  h e l i o s t a t  number i s  rev ised.  



4.2  He1 iostat Assembly Schedule 

Two major units will be assembled in the Assembly Building - the 
Drive Mechanism Assembly and the Reflective Assembly. The, flow 
diagram for these operations i s  shown in Figure 4-1. The com- 
ponents which will be attached t o  the.drive mechanism are the 
motors, encoders, l'imit switches and brackets, and the control . 

arms. Four collocated stations will be used for the drive 
assembly operation. These four stations wi 11 enable the production 
,rate of 9-10 units per day t o  be maintained. The encoders will 
be set t o  mechanical zero using the Encoder Zero Set 'Indicator. 
Next the drive mechanism will be fully checked o u t  with the 
Drive Mechanism Checkout Console. The units wi 11 be placed on 
the Drive Mechanism Transporter and moved t o  the fieid s i te  for 
installation on the pedestals. 

The reflective assembly operations are shown in Figure 4-1 in 
flow chart form and in Figure 4-2 pictorially. The bar joists 
will be bolted t o  the elevation beams and moved t o  the support' 
rack holding area. These units are then moved t o  the reflective 
assembly area for installation of the mirrors with previously 
installed mounting studs. The entire unit i s  then installed in 
the canting fixture where each facet i s  adjusted t o  a predeter- 
mined distance from the rack structure. The assembly i s  removed' 
from the fixture, covers are installed and the unit i s  loaded 
onto the mirror transporter. A maximum of five mirror assemblies. 
will be transported a t  one time the twomiles distance t o  the solar 
s i te .  The heliostat assembly and instal lation schedule i s  shown 
in Table 4-2. As shown, the assembly and installation rate i s  9 

heliostats per day for the f i r s t  three months. After this,  the 
daily rate i s  10 per day t o  adjust for piogress on the learning 
curve. . 
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F i g ~ r e  4-2 Re f lec t ive  Assembly Sequence 



Table 4-2 Heliostat  Assembly and In s t a l l a t i on  Schedule 

Average 
Working Days Daily Assembly ' &  Monthly . . 

. . Month Per Month Ins ta l  1 at ion Rate To t a  1 

1980 August 

September 

October 

November 

. December 

. . 

1981. , . .. January 

February 

March 

Apri 1 

May 

9 (Note 3) I 

9 

9 

10 

10 

Total 

1. s t a r t i n g  date i s  4 ~ i ~ u s t  1980 - Completion date is  29 May 1981. 

2. Working days per month do not include weekends and -holidays. 

3.  The da i ly  r a t e  fo r  August 1980 is  s l i g h t l y  l e s s  than 9 t o  al1ow;for 

s ta r t -up  operations.  

4. Total shown above i s  f o r  1956 he l i o s t a t s .  I f  o ther  quan t i t i e s  a r e  

required, the same production r a t e s  wil l  be maintained w i t h  the  

s t a r t i n g  o r  completion dates  adjusted accordingly. 



4.3 Heliostat Installation and Checkout Schedule 

The field site installation operations are shown in Figure 4-3 

in flow chart form and in Figure 4-4 pictorially. Pedestals 
' 

wi 11 be delivered d'irectly from the vendor or nose hanger storage' 
area and installed on the foundations. The power control box will 
be connected to the field supplied power cables. The drive 
mechanism will be mounted on the pedestal top and leveled using 
the leveling tool and the direct drive tool to rotate the drive 
around the azimuth axis. Instal lation of 'the reflective. assembly 
will be achieved by bolting the elevation beam to the control 
arms. This wi 11' be followed by cabling installation, HFC/HC or 
HC installation, and heliostat checkout. The installation schedule 

will be as shown in Table 4-2. Installations will take place'at 
the same rate as the assemblies. 

Heliostat checkout will occur at the same rate as the installation 
rate except that checkout will be the next day following installation. 
Checkout wi 11 be performed with the Manual Control Boxes, stimu- 
lators and the HAC. 

4.4 Tool Schedule 

Table 4-3 presents the tools which will be used at the, heliostat 
assembly building and at the solar plant. All the tool part 
numbers which end in digits have been previously designed in 
Phase I. These tool designs will be updated, where required to 
accommodate any Phase I 1  design changes, during the first two 
months of Phase 11. The tool drawing numbers which end in XX 

will be designed also during the first two'months of Phase 11. 
Tool fabrication and procurement of the.'.various units wi 11 occur 
from February 1, 1980 through June 1, 1980. Tools will be ini- 

tially delivered to the Daggett Assembly Building on May 1, 1980 

for installation and checkout prior to the first heliostat 

instal lation scheduled for August 1, 1980. 
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Table 4-3 Phase I 1  Assembly and I n s t a l l a t i o n  Tools 

Par t  Number Name 

Canting Tool 

Rack/Reflect ive Assembly F i x tu re /Do l l y  

M i r r o r  Assembly/Dolly 

Dr ive  Mechanism Assembly F i x t u r e  

Ref lec t ive  Assembly Handl ing S l i n g  

Dr ive  Mechanism L i f t i n g  Device 

Transporter Rack-Drive Un i t s  

Transporter Rack-Ref l e c t i  ve Assembly 

Dr ive  Motor-Di r e c t  Dr ive  Contro l  Box 

Checkout Console-Drive U n i t  

Encoder Zero Set I n d i c a t o r  

L i f t i n g  Adapter-Pedestal 

Adapter P la te-Ta lyve l  

F i e l d  Canting Tool .. . 
HC/HFC S t imu la to r  

Manual Contro l  Box 
b 

40M5005132772 Pro tec t i ve  Cover-Mirror 

40M50051327XX Encoder Bias Measurement System 

A i r  Compressor-30 CFM a t  150 p s i  

AC/DC Welder-350 amp 
/ '. 

Shop Tools (hand t o o l s )  

J i g  T rans i t s  

Op t i ca l  Level 

Q u a n t i t y  

1 each 

10 each 

8 each 

4 each 

4 each 

20 each 

2 each 

4 each. 

4 each 

1 each 

2 each 

2 each 

2 each 

2 each 

3 each 

6 each 

540 each 

1 each 

1 each 

1 each 

As Required 

2 each 

1 each 




