
* 
1 1  ' 5  

- or. ( 9 3 9  
W '  E ' 

DOE /NASA CONTRACTOR , ( 

REPORT 

DOE/ NASA CR- 1615% 

DESIGN PACKAGE FOR SOLAR DOMESTIC HOT WATER SYSTEM 
- - - $ , - T W L I '  - -  .. r - I I " =  

- ,lJl :;T ,- ,; I1 = - By Elcam, IN. =< -r --,-IL 11 - - 

5330 Debbie Lane 
Santa Barbara, CA 93111 

Under Contract NAS8-32245 with 

& t i d  Aeronautics and Space AdmWtratbn 
George C. Marshall Spaoe Flight Center, Alabmm 868i2 

MASTER 

For the U. S, Department of Energy 

U.S. Department of Energy 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



I h i s  report was p r w d  t o  dacrtlnurt ~ r k  upamnorad by the 
Ihritad Statma Gavemma~t~ Wther tha U a i t d  Staeaa nos itr 
m t r  the Uaitd Stat- Dlpart5mht of Emergjr, the United 
Strfer Natiotul Amromauticr .ad Spwa Adaisistracioa, oar =v 
faderral oplgei.. , rrpr m y  of thmlr contractors, aubcengr1~. - a t  b 
or thrirr rcpSgeea, ppL.. q tmmaat]r, q m m  ar Implied, =r 

my WaL liability or ranpauibility far the ~CCUYOCP. 
c-1.-r, or uaafdxmem of any information, apPUr8fUI. 
product or procmra di.c2oa.d, or r.pr8arort that its usm w s . d  
not iafria.g8 privatdy ormd rights. 



TECHNICAL REPORT STANDARD TITLE PAGE
1. REPORT NO. 2, GOVERNMENT ACCESSION NO. 3.  RECIPIENT'S CATALOG NO.

DOE/NASA CR-161558
4. TITLE AND SUBTITLE 5. REPORT DATE

Design Package for Solar Domestic Hot Water System - September 1980
Elcam 6. PERFORMING ORGANIZATION CODE

7. AUTHOR(S) 8.PERFORMING ORGANIZATION REPORr #    #

9.  PERFORMING ORGANIZATION NAME AND ADDRESS 10. WORK UNIT NO.

Elcam,   Inc.
5330 Debbie Lane 11. CONTRACT OR GRANT NO.

Santa Barbara,   CA 93111 NAS8-32245
13. TYPE OF REPOR,' & PERIOD COVERED

12. SPONSORING AGENCY NAME AND ADDRESS Contractor Report
National Aeronautic s and Space Administration
Washington, D. C. 20546 14. SPONSORING AGENCY CODE

115. SUPPLEMENTARY NOTES

This work was done under the ieclinical management of Mr. Harry Harber,
George C. Marshall Space Flight Center, Alabama.

16. ABSTRACT                                                                                                  

This document contains information used to evaluate the initial design of the
Elcam, Inc., Solar Domestic Hot Water System. Included are such items as
the system performance specification, detailed design drawings and other
information.

Elcam,  Inc., has developed two solar heated prototype hot water systems and           I
two heat exchangers.  The hot water systems consist of the following subsystems:
collector, storage, control, transport, auxiliary energy, and government-furnished  '
Site Data Acquisition.  The two systenls are installed at Tempe, Arizona, and
San Diego, California.                                                                        -

The Final Design and Results are contained in documents DOE/NASA CR-161466
Solar Energy System Performance Evaluation-Seasonal Report for Elcam Tempe,
Arizona State University, Tenipe, Arizona; DOE/NASA CR-161481 Solar Energy
System Performance Evaluation -Seascmal Report for Elcam San Diego, San Diego,
California; and DOE/NASA CR-161492 Solar Energy System Evaluation-Final Report
for Elcam-Tempe, Tempe, Arizona and Elcam-San Diego, San Diego, California.

r

17. KEY WORDS 18. DISTRIBUTION STATEMENT UC-59c
  Unclassified- Unlimited

4---1WILLIAA£ A. BROOKSBANK,  JR.
Mgr., Solar Energy Applications Projects

19. SECURITY CLASSIF. (of this report ) 20. SECURITY CLASSIF. (of this page) 21. NO. OF PAGES 22. PRICE

Unclassified Unclassified 150 NTIS

MSFC - Form 8292 (Rev. December 1972) For sale by National Technical Information Service, Springfield, Virginia 2 2 1 5 1





TABLE OF CONTENTS

System Performance Specification ..................

Int r oducti on .

Applicable D o c u m e n t s. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1

Application of Interim Performance Criteria
by Type of S y s t e r n. . . . . . . . . . . . . . . . . . . ... 1

Deviations from Interirn Performance C r i t e r i a. . . . . . . . . . . .  8

Government Furnished Property . . . . · · · · · · · · · · .· 8

Governi-rient Directed Requirer7ients . . . . . . . . . . . . . . . . . . . . .8

Geographic Area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .8

System Appendices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .8

Appendix A. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .9

Appendix B. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1 2

Drawing List - Plioenix S i t e. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1 5

Drawing List - San Diego Site ........,.................... 23

Drawing s. .  ·  ·  ·  ·  ·  ·  ·  ·  ·  ·  ·  ·  ·  ·  ·  ·  ·  ·  ·  ·  ·  ·  ·  ·  ·  ·  ·  ·  ·  ·  ·  ·  ·  ·  ·  ·  ·  .  ·  ·  ·    2 7

Transmitted D r a w i n g s. . . . . . . . . . . . . . . . . . ' · · · · · · · · · · · · ·   126

.

DISCLAIMER

h·                                                                                                                                                                    This book was prepared Ds an account of work sponsored by an agency of the United States Government.

Neither the United hes Government nor any agency thereof. nor any of their employees, makes any

warranty. e:*ress or implied, or am any legal liability or responsibility for the accuracy.

completeness. or usefulr ess of any information. apparatus. product. or process disclosed. or
represents that its use would not infringe privately owned rights. Reference herein to any specific

commercial produci, process, or service by trade name. Trademark, manufacturer, or otherwise, does
riot necessarily constitute or imply its endorsement. recommendation. or favoring by the United

States Government  or any agency thereo f. The views and opinions of authors expressed herein do,not
necessarlly state or ref lect those o f the United SIates Governmen,or any agency

*reof.                                     I

iii

SUSTRIBUTIO:6 07 TMS DOCUE,13ZT IS UNLIM'ir'#0

11



-

Specification No.  SHC 3013
Page Date 28 Julv 78
Page     1      of   14

. 1.0    INTRODUCTION

This Performance Specification establishes the requirements for
6

'; the design and performance of the solar domestic hot water systems to
..

  be delivered. It designates the Interim Performance Criteria applicable

to the above systems and defines any deviations, if required.  The

appendices specify the performance for each type and size system and

the installation drawings.

2.0    APPLICABLE DOCUMENTS

2.1   Government Documents

Interim Performance Criteria for Solar Heating and Combined

Heating/Cooling Systems and Dwellings, January 1, 1975.  U.S. Department

of Housing and Urban Development

2.2   Contractor Documents

Direct Heating System (Frost Cycle), Dwg. #ESS-3, 15 Nov 76.

Direct Dump Option.. Dwg #ESS-5,     15.Nov   7 6.

2.3   Other Documents

3.0    APPLICATION OF INTERIM PERFORMANCE CRITERIA BY TYPE OF SYSTEM

The application of each paragraph of the Interim Performance

Criteria to each type system is provided in the following table.

1



Page   2       of    14
SHC 3013*PECIFICATBN NO. -

TABLEI IY Jan //
REVIITION _
DATI-

RESIDENTIAL SYSTEMS, INTERIM PERFORMANCE CRITERIA SUMMARYsbaer-10,6-
.Attlaijill                                                   littlriIKML

A  - AP LICABLE Tb SYSTEMS INDICATED H  - HEATING
1  - APPLICABLE TO SYSTEM AND i>Ut KINNG HC - HEATING ANC) COOLING

NA - NOT APPLICABLE                        '                                                  HW - HOT WATER                                                ..

TYPE TYPERESIDENTIAL INTERIM SYSTEMS RESIDENTIAL INTEFUM SYSTEMSPERFORMANCE CRITERIA PERFORN(ANCE CAITERIA            ·
PARAGRAPH PARMORAPHH    HC   HW                                H    HC    W

1.1 H and HC System    A     A     A    1.3.1  Collector Efficiency    A      A     A
Performance

1.4 Thermal  Storaga                   A            A           A

·1.1.1  Heating Design     I     I     NA
Temperatures 1.4.1  Storage Capacity and    A      A     A

Rate
1.1.2  Cooling Design NA    I · NA '

Temperatures 1.5 H bitability of         A      A     A
Occupind Spaces

1.1.3 Relative Humid-    I     I     NA
' tty and Water Vapor                          '                    1.5.1    Haat or Hunddity               I            I          I

Pre•sure         '                           Transfer Effects

1.1.4 Solar 'A     A    A l.6 Enargy Transport        A      A     A
Contribution Efficiency

1.1.5 Operation A     A    A 1.6.1 Thermal  Losies   and              A             A            A

impairnant Electrical Power

1.2 HW System         A     A     A 1.7 Control                 A      A     A

Subsy,tem performance
1.7.1 Installation and        A      A     A

1.2.1  Water Design .     I     I     I    Maintenance

Temperature
1.7.2  Manual Adjustment       A-     A     A

1.2.2  Storage Design A A    A
Capacity 1.7.3 Inl,abitid Space       A     A    NA
/                                            Temperature
1.2.3 Solar              A     A     A
Contribution 1.7.4  Hot Wator Temperature A A     A

1.2.4  Operational        A     A     A 1.8 Auxiliary Energy        A      A     A
Impairment

1.8.1  Design Loade            A      A     A
1.3 Collector         A     A     A
Porforisance

I                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                .)

2



...

Page _   3    of    14
(                                                                                   SHC 3013SPECIFICATION NO. -

TABLEI REVISION
CONTINUATION SHRET ,DATF

19 Jan 77-------
-

-

RESIDENTIAL SYSTEMS, INTERIM PERFORMANCE CRITERIA SUMMARY
SHEET-LOF.6

TYPE TYPE
RESIDENTIAL INTERIM ' SYSTEMS RESIDENTIALINTERIM S YETEMS

PERFORWANCE CRITERIA PERFORMMICE CRITERIA
  PARAGRAPH H HC HW PAn,KERAPH M HC HW

2.1 System Design     A      A     A    2.3.2  PressUre Test: A A A

Conditions     ·                    
       Potable Watar

2.1.1 Equipm•nt       A    A    A   2.3.3 Air Transport Systems
A A     A

Capabilitie•
2.4 Collector Adjustment    A    A    A

2.1.2 Noise or          A      A    A

Erosion-Corrosion         · 2.4.1 Orientation and Tilt    A    A    A

2.1.3 Operating       A    A   A 2.4.2 Mutual Shadowing      A   A   A

Condition•
2.5 Subsystem Isolation A A A

2.1.4      Fluid  Fl ow                     A               A            A

in Collectors 2.5.1 Shutdown in Multi- A A A
family Housing

2.1.5  Entrapped Wir      A       A      A
2.6 Heat Transfer Fluid A A A

-(     2.1.6 Thermal Expan-   A    A   A   Quality
•ion of Fluids

2.6.1  Liquid Quality A    A    A.

2.1.7  Preasure Drops A A     A
2.6.2  Air Quality A A A

2.1.8 Cond niate NA A NA

2.6.3  Fluid Quality . A A Aaimoval

2.2 Mechanical        A      A     A   2.6.4  Freezing Protection '   A     A    A

Stresses
2.7 pipins Supports A A A

2.2.1  Vibration         A    
  A     A

Stress Levels                              2.7.1  Applicable Plumbing A A     A

Standards

2.2.2  Vibration from A A     A

Moving Parts 2.8 Excessive Pressure A A A
and Temperature Protection

2.2.3 Water H, w:x,or     A     A    A
2.8.1  Reliaf Valves and A   A   A

2.2.4 Vacuum Rilief    A     A    A   Vents

Protection
3.1 Structural Design A    A     A

2.2.5  Thermal Changes   A      A     A    Basis

2.2.6  Flexible Joints A A     A    3.1.1  Applicabli Standards A A     A

2.3    Leakago           A      A    A

Prevention

2.3.1  Pressure Test:    A      A     A

Monpotable Fluids

3
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SPECIFICATION 90. SAC 3013-

TABLEI REVls#O
99 Jdn 1/CONTINUATION IHIRT

DATS ,  .   -  ,
;                                               7

RESIDENTIAL SYSTEMS, INTERIM PERFORNANCE CRITERIA SUMMARY
r:»72-0,16

RECIDENnAL INTERIM SYSTeWS MEt:In,mAL INTER#ll
TY'10  Yps

1

PfMFORMANCE CF¥ItERIA n M 1,(233.Attal OR Ilt Rl A SYSI-Twi
PARAGRAPH H HC H" · BARASNAPH   H HO Hw

r..  · ·

3.1.2  Service Loads     A      A A 3.8.2 Constrain Loads A          A          A

3.2 Failure Loads     A      A     A 3.9 Pending Condition        A      A     A
and Load Capacity

3.9.1 Desf:n Pravilion• A.A     A
3.2.1         U l t i m a t e     Load                        A                            A                       A

Combination• 4.1 Plbmbing and            A     A     A
Electrical Installation

3.2.2 Ice Loads       A     A    A
4.1.1  Plumbing Codes            A     A     A

3.2.3  Vihicular Loads   I      I     I

,

· 4.1.2 Elictricil Codis        A     A     A
3.2.4  Load Capacity     A      A     A

4.2 Fill-Sife Controls      A     A     A
3.3 Damage Control A A     A

4.2.1  Bletem Failure          A     A     A
3.3.1 Resistance to     A      A     A    Previntion
D•mase

4.2.2 Autor,tic pr ,suri     A    A    A
3.i.2  Glizins Disign A A     A    Relief Valves

3.4 Cyclic  Loade.          A             A          A 4.3 Firi Safety             A     A     A

3.4.1  Deflection        A      A     A    4.3.1  Applicable Firi         A     A     A
Limititions Standardi

3.3 Cutting of        I·     I     I    4.3.2  Pen.trations throuoh    I     i     I
Structural Ele ents lira Rit•d As•*abli•i

3.5.1  Design            I      I     I 4.4 Toxic                     A     A     A
Provisions

4.4.1 Prorisions of Catch    A    A    A
3.6 Creep and         I      I     I    Basing
Residual Deflection

4.4.2 Detection of Toxic      A    A    A
3.6.1 Deflaction       I     I    I   and Fla:t,*ble Fluids
Limitations

4.5 Safity _I I I
3.7 Hail Resistance A A    A

4.5.1 K„-rgency Egress       I    I    I
3:7.1  Hail Siza and A A     A    and Access

Loading
4.5.2 Identification and      A     A     A

3.8 Constraint        A      A     A    Location of Controls
Load"

4.6 Protiction of Potabli   A     A     A
3.8.1  Foundation        A      A     A    Water and Circulated Air
Settlement

4
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SPECIFICATIOW NO -

SHC 3013
-(

M F VI K\           TA.BLEI 0.'...0 979 Jan // .:
1

RESIDENTIAL SYSTEMS, INTERIM PERFORMANCE CRITERIA SUMMARY
*115ET.A..00 -6-1     I

APPURATinw
IrtllmMiLL

A  - APPLICABLE TO SYSTEMS INDICATED                                           H - HEATING
1  -AP LICABLE TOSYSTEMANDBUILDINO HC - HEATINO ARO COOUNa        i

NA - NOT AMLICASLE · HW - HOt WAYEM

RESIDENTIAL INTERIM TYPS
RESIDENTIAL INTERIM TYPE

*EAPORMANCE CRITERIA
PERPORMAR  CRITERIA s y :¥6 esSYSTEMS

PARAGRAPH PAMAO«APHHHCHW H HC HW
4.6.1 Contamination A A A    5.2.4 Leakat•, A     .A    A C
b, Materials

5.2.5  D•terlotition of       A     A    A
4

4.6.2  Separation        A    A A Cask•ta and S•clants
o'f Circulation Loops

5.2.6 Traosmisiton     A  A A
4 K6.3  Backflow          A    A    A    Losies Due to Outtiesing
Pr•vention

5.3  Chemical Compatibility A A    A
4.6.4  Growth of Funsi A A A    of Components

4.7  Ixc..sive           A    A A 5.3.1 Materials/Transfer  A  ·A  A
Surface Tinparaturu Fluid Compatibility

( 4.7.1 Prot•ction A A    A    5.3.2  Corrosion of A A    A
fron Heated Coeon•nts Dis.imilar MAtlrials

5.1  Eff•ct• of A    A    A    5.3.3  Corrosion by           A     A    A
External Enviromant Leachable Substanc•

5.1.1 Solar A   A. A 5.3.4  Eff•cts of D•coa-      A'   A    A
D**radation position Products      •

/
5.4  Componints Iavolving     A     A    A5.1.2  Soil Corrosion A A    A    Moving Parts

5.1.3 Airborne A    A    A    5.4.1  Wear an# /atitua       A     A    A
Follutanta

6.1  Accessibility for        A     A    A
3.1.4  Dirt Retention    A A A    Maintenance
on Covar Plate Surface

6.1.1  Ace.ss for Syst•.      A     A    A
3.1.3  Abrasive W•ar A A A    Maintenance

'         5.1.6  Ylutt•ring by A A A    6.1.2  Access for aysti,
Wind '                   ·                     Monitoring
5.2  Texparaturi and A A A    6.1.3  Draining and           A     A    AFilling of Liquid.
Pressur• R•sistance

5.2.1 Th•Inal A    A    A    6.1.4  Flushins of Liquids    A   ,  A    A
-

Ds:radation Subsystaa,
3.2.2 Det•rtoration A A A 6.1.5 Filt•rs A A    Aof Hait Transfir Fluids

6.1.6  Potable Witer          A     A   .A  s3.2.3  Thormal Cyclins   A    A    A   Shutoff»
Str•.sas

5                       ·
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SPECIFICATION HO. SHC 3013      f
TABLEI REVISION                                      

DATE 19 Jan 77 .

RESIDENTIAL SYSTEMS, INTERIM PERFORMANCE CRITERIA SUMMARY
81'.50Tl.OP £

NWfAI19 i 33211/DO//7,
A  - APPUCABLe TO SYST, Ut INDICATED H  -HeAT»*0
1    - A/PLICABLE TO SYSTRM AND-BUIL Ng HC - HEATING AND ODOUNGWA - NOT APPLICAOLE   ·                                                                         HW - HOT WATER

LRESIDENTIAL INTERIM TYFE
RESJ DENTIALINTEMIM TYPEPERFORMANCE CRITERIA SYST-EMS             PERFORMACCE 19fTERIA SY#8,48PARAORAPH H HC EW H . 149 M.

PAR/{9#Afu

6.2 Installation,   A A A 7.3.1  Space Us• I 1 IOparation and Mzinte-
nanca Minual 7.3.2  Shidins of Adjacent     I      I     IStructures
6.2.1 Installation A    A    AInstructions                         7.3.3 Impact on            I     I    I

Environ,iant6.2'.2   Maintsaince              A        A        Aand Operation      ·                      7.3.4 Vi.w I I IIn•tructions
8.1  Interfatence with         I      I     I

<       6.2.3 Maintenance A A A    Machanical Operationplan.
8.1.1  Block,%• of Solar I·I  I6.2.4 R•plao•mant A A A    subsy.teiParts
8.1.2  Shadins of              1      I     I6.3  Repair and A A A    collactorService Perionnal
8,1.3  Sensor Luchtio=        I      I     I6.3.1  *aintenanci of A    A    A

H and HC Syst'al
8.2     M6Chant«11   and                               I               I             I6.3.2  Maintening• of    A A A     Electrical Yunctfatting of:

DSW System Dw•lling and Site

7.1  Design .            I    I    I    8.2.1  Exhaust and Venting    I     I    I
7.1.1  Dwelling Da•ign    I     I     I    8.2.2  Utilities               I      I     I
7.1.2 Mobile Home I I I 8.3  Mechanical and            I      I     IDe•ign

Electrical Functioning
7.1.3  Site Design I     I     I    of. Connectioas

7.1.4 Passiv• Use of     I     I     I    8.3.1  Plumbine                I      I     IConnaotionsSolar Energy

7.2  Adequate Space       I     I I 8.3.2  Electrical               I      I     IConnactiona
7.2.1  Collector Area I II

9.1  Structural                I      I     I7.2.2  Storage Ar•a II I    Intogrity

7.2.3  Utility Ohases     I     I     I    9.1.1  Move:unt %0              I      .I     IAdjacent Structuras7.3  Functionins         I     I     I
of Dwalling Site 9.2 Structural 1  "I   I

Integrity of Dwolling
7.-     -     4

6
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TABLEI REVINON
CONTINUATION SHERT 19 Jan //

DATI

RESIDENTIAL SYSTEMS, INTERIM PERFORMANCE CRITERIA SUMMARY
t;ZET-Lop.L

TYps TYPR
RE:IDENTIAL INTERIM SYSTEMS p   N IAL INTEFUM *YOTil:AS

PEMFOMMANCE CR17"RIA
*Ali*6RAPH H .KC

N';'S C;ITGRIA
PARAGRAPH H HC   H#

/' 9.2.1 Loads     I  I I  11.3.1 *4*orial A     A    A
Cogpatibility

9.2.2 PenItration of   I      I     I
structural Mambirs 12.1 Maintainability of 'I   I   I

M, HC, 19 b s telas
9:3              s truc tural                    I                 I               I
Conn•ctions 12.1.1  Acces.ibility III

9.3.1 Structural       I      I     I    12.1.2 Misuse I.I I

Connections
12,1.3  P• r,nanent Main tan-     I     I     I

9.3.2 Brittl• Sub- I      I     I    ance Accisaori•s

syst•m
12.2 Maintainability of     I     I     I

9.3.3 Str•nith and     I      I     I    Dwelling and Bite
Btiffnass

12,2.1  Accessibility·          I     I     I

(
10.1 Safety of        I      I     I

Dwilling and Site 12,2.2 Ice Bans               I     I     I

10.1.1 Fire I      I     I 12.3 Conn•ctions                            I            I            I

10.1,2 Accidents I      I     I    12.3.1 Accessibility "I  I  I

11.1 Durability       III 13.1 Vi,ual Charactor- I I I
istics of Dwelling and Site

11.1.1 Vegetation · I I      I

13.1.1  Dwallins              I     I     I

11.2 Durability and   I      I     I
Raliability of ns-elling 13.1.2 Maighborhood     I I I
and Site

11.2.1  Chemical         A      A     A

Corrosion

11.2.2  Hiat and         I  '   I     I
Moisturi

11.2.3  Exterior         I      I     I
Pinatration•

11.3 Durability and   A      A     A

Raliability of
Connections

..

t.
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Specification No. SHC 3013

Page Date 9 November 1978
Page 8- -  --67  7 14

4.0 DEVIATIONS FROM INTERIM PERFORMANCE CRITERIA

No deviations required.

5. 0 GOVERNMENT FURNISHED PROPERTY

5.1 Site Data Acquisition Subsystem (SDAS) to be furnished.                     -

6.0 GOVERNMENT DIRECTED REQUIREMENTS

7.0 GEOGRAPHIC AREA

7.1 Domestic hot water systems for single family residences
.

are for installation in any region of the United States.  Operating alti-

tude is not restricted.

8.0 SYSTEM APPENDICES

8.1 Appenidix A - Direct Heating System, Single Family

Residence, Model Number 250C with Direct Dump Option.

8.2   Appendix B - Direct Heating System, Single Family Residence,
Model Number 250C with Direct Dump Option.

L

--

8
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APPENDIX A 

1.0 SYSTE.M IDENTIFICATION 
. . 

. . 

. ,  . This Appendix def ines t h e  performance and i n s t a l l a t i o n  drawings 
7 ,  , . 
. C .  f o r  domestic water hea t ing  systems, ~ o d e l  ' Number 250C .. with Direct Dump Option. 

. . . . . . .  . . 

SYSTEM PERFORMANCE SHEETS 

, . 2.1 _Si",te 
. . 

. " 
The system is to be installed in a single family residence 1oc.ated 

. . . . . . 
. .  . . . . . 

at the Encinitas Road Station, in the County of San Diego, State of California. 
, . 

2.2 Hot Water 

Seventy- f ive ga l l ons  o f  po tab le  h o t  water  s h a l l  be d e l i v e r e d  

p e r  day a t  temperatures no less  than 140'~. Recovery r a t e  s h a l l  be no 

l e s s  than 23.0 gal lons/hour from 60'~. t o  140'~. (based upon i n p u t  t o  

s torage from t h e  s o l a r  system and/or t h e  opera t ion  o f  two i n s t a l l e d  4.5 KW 

e l e c t r i c  elements as necessary). The average h o t  water  h e a t i n g  l o a d  w i l l  

6 be 1.79 x 10 BTU/month o f  which no more than 30% i s  provided by aux i  1 i a r y  

energy on an annual ized basis.  

2.3 Opera t i nq~equ ' i remen ts  

The maximum e l e c t r i ' c a l  energy requ i red  t o  operate t h e  complete 

s o l a r  system, exc lud ing t h e  two 4.'5 KU elements, a t  i t s  r a t e d  c a p a c i t y  s h a l l  

be no greater  than 0.150KW. The average y e a r l y  energy r e q u i r e d  t o  d r i v e  

t h e  system ( i n c l u d i n g  c o n t r o l  energy) s h a l l  be no g rza te r  than 400 KWH. 

* Note: Th is  f i g u r e  i s  an annual ized average based on an expected average 
system e f f i c i e n c y  o f  40%, a f i x e d  t i lt angle o f  30°, and i n s o l a t i o n  .da ta  
from La J o l l a ,  C a l i f o r n i a .  
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2.4 Physical  Data 

The f o l  lowing subsystems s h a l l  have 

I 

Design L i f e  Weight ( f i l l e d )  ~ n s t a l l a t i o n  

no less  than no g rea te r  than Dimens ion  

Col 1 e c t o r  10 years 3.1 l b / f t 2  4.8-3/4"x96-3/4"x3-7/16" 

Energy Transport  . . 
. . I n s u l a t e d  P i p i n g  10 years .4 I b / l i  ft . 1.625" d i a  

, . Pump 10 years 12 I b  4-7/8"x5" x7-5/16" 

C o n t r o l l e r  10 years 5 l b  6-3/4"x5-1/2"x2-1/4" 

Pre-heat and 
Storage Tank 10 years 580 l b  58-1 /4"x20-1/2" 

3.0 INSTALLATION DRAWING SHEETS 

Drawing # ' T i  tl e . ' 

. . 

ESE- 1 Cu l l  t t ~ L u i '  

ESE- 2 

ESE- 3 

ESE-6. 

ESE-8 

ESE-9 

ESE- 15 

So la r  Tank 

E l  e .et r i  c Tank 

CASCADE Autocontro l  

S106B Relay 

CASCADE Va 1 ve . . . . 

Pump - Grundfos 25-42-SF 
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4.0 EXISTING MODEL 250C cons i s t s  o f  the  fo l l ow ing :  

1. ' 64 sq. ft. t o t a l  area (60 sq. ft. e f f e c t i v e  absorber area)  

i n  two c o l l e c t o r s  o f  header c o n f i g u r a t i c n  w i t h  an e f f i c i e n c y  as descr ibed 

i n  F igure  1.1, page 2 o f  t he  updated proposal dated 9 June 76. 

2. 104 ga l l ons  o f  s torage capac i t y  i n  two tanks. The hea t  l o s s  

a t  design tempcraturcs i s  246 BTU/ h r .  f rom each tank. 

3. A c o n t r o l  system as descr ibed i n  the proposal and update. 

4. A t r a n s p o r t  system w i t h  approximately s i x t y  f e e t  o f  3/4 i n . ,  

Type M copper t u b i n g  (7/8 i n c h  '0.D.) covered w i t h  1-5/8 i n c h  O.D. i n s u l a -  

t i o n  (3/8 i nch  w a l l ) .  The f l o w  r a t e  i s  2.5 gpm. 

' 5. Direct Dump System which includes: three port DD valve; 

p ressure  switch; vacuum relief valve; checlc valve; a i r  vent valve; 

. . Direct D c .  

5.  0 Solar insolation for  which the existing system i.s rated against a r e  

dgta:lfrom Santa Maria,  California, found on page 17 of ASHRAE's Low . . 

Temperature Engineering Application of Solar Energy (1967). In addition, 

I since 19 September 76, insolation in the plane of the collectors has been 

measured  and recorded at  the Operating Prototype. 
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APPENDIX B 

1.0 SYSTEM IDENTIFICATION 

T h i s  Appendix defines the performance and ins ta l  la t ion drawings 

f o r  domestic water heating sys  terrs , Model Number 250C with Direct D~~ Option. 

2.0 SYSTEM PERFORMANCE SHEETS 

2.1 S i t e  

The system i s  t o  be ins ta l led  at Arizona State University 

. , F a r m  House #I,. Tempe, Arizona 852.81. 
. . .- . . - . . . . . . . - .. . . . . - . . 

2.2 Hot Water 
. . 

Seventy-five gallons of potable hot water shall  be delivered 

p e r d a y  a t  temperatures no less  than 140'~. Recovery rate, shal l  be no 

' . l e s s  than 23.0 gallons/hour from 60'~. t o  140'~. (based upon input to  
. . 

storage from the s o l a r  system and/or the operation of two ins ta l led  4.5KW 

e l e c t r i c  elements as necessary). The average hot water heating load will  

6 rk 
. . 

be 1.79 x 10 BTU/month of which no more than 15%1s provided by auxiliary 

. energy on an' annualized basis. 

2.3 Operatin'g Requirements 
. . 

The maximum elec t r ica l  energy required to  operate the com- 

plete  s o l a r  'system, excluding the two 4.5 KW elements, a t  i t s  rated capa- 

c i t y  sha l l  be no greater  than 0.150 KW. The average yearly energy required 

t o  drive the system (including control energy) shal l  be no greater than 

400 KWH. 

* Note: This f igure  is an annualized average based on an expectedo 
average system efficiency of. 400Jo,a fixed col lector  t i 1  t angle of 30 , 
and insolation data' frorn.Phoenix, Ar-izona. 
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2.4 Physical  D G  
. . 

.. The f o l l ow ing  subsy'stems s h a l l  have 

Design L i f e  Weight ( f i l l e d )  I n s t a l l a t i o n  

no less than ------ n o g r e a t e r  than - ---- Dimens i on  
I 

Col 1 ec to r  10 years 3.1 l b / f t 2  48-3/4"x96-3/4"x3-7/16'' 

Energy Transport 
Insu la ted '  P ip ing  10 years 1.625" d i a  

Pump 10 years 12 l b  . 4-7/8" ~ 5 "  ~7-5 /16"  
\ 

Con t ro l l e r  10 years 5 1b 6-314~x5-1/2"~2-114" 

Pre-heat and 
Storage Tank 10 years 

. . 

. . 3.0 INSTALLATION DRAWING SHEETS 
. . 

Drawing # T i t l e .  

Col 1 ec to r  
b 

Solar. Tank ESE-2 

ESE- 3 : E l e c t r i c  Tank 

ESE-6 CASCADE Autocontrol  

CKSCADE Valve 
. . 

ESE- 15 Pump - Grundfos 25-42-SF 



. . S p e c i f i c a t i o n  Plo. SHC 301 3 
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4.0 EXISTING MODEL 250C. cons i s t s  of  the  fo l low ing:  

1. 64 sq. ft. t o t a l  area (60 sq. ft. e f f e c t i v e  absorber area) 

i n  two c o l l e c t o r s  o f  header c o n f i  g u r a t i c n  w i t h  an e f f i c i e n c y  as descr ibed 

: i n  F i g u r e  1.1, page 2 o f  t h e  updated proposal dated 9 June 76. 
- I 

, 2. 104 g a l l o n s  o f  s torage capac i t y  i n  two tanks. The h e a t  loss 

a t  design temperatures i s  246 BTU/ h r .  f roni each tank. * 

3. A c o n t r o l  system as descr ibed i n  the proposal and update. 
.. 

. . 
, 4. A t r a n s p o r t  system w i t h  appr&imately s i x t y  f e e t  o f  3/4 in . ,  

. . . . 
Type M copper t u b i n g  (7/8 i n c h  O.C.) covered w i t h  1-5/8 i n c h  O.D. i n s u l a -  

. . tSon (3/8 i n c h  w a l l ) .  The f l o w  r a t e  i s  2.5 gpm. 1 
. . 

5 .  Direct Dump System which includes: three port-DD valve: ' ,  

p r e s s u r e  switch; vacuum relief valve; check valve; a i r  vent valve; 
. . .  

. . Direc t  D-ics packape. 

da ta . f rom Santa Mar ia ,  California, found on page 17 of ASHRAE1s Low 
. . 

Temperature Engineering Application of Solar  Energy  (1967). In addition, 
U 

. . s ince  19 September 76, insolation in the plane of the collectors has  bee? 

: m e a s u r e d  and recorded at the Operating Prototype. 

. . . . 
. . . .  

. . 
~. . ,  

. . . .  

. . 

' . /  - . . 

. . . -. , . 
5 . .  



CONTRACT' NAS8- 32245 

ESC- 1 i! 

.SANTA BARBARA., CA. 

AUGUST 1977 



LEVEL S - SYSTEM CONFIGURATIONS 

S 5  D i r e c t  Dumpopt ion 
. . , . .  . . 

: LEVEL E - ELEMENTS . . 
. . 

. . .  

. ' . - "E l  C o l l  e c t o r  

, '*J' E2 S o l a r  Tank 
. .. 

€ 3  , E l e c t r i c  Tank 

-. 3 s  . . 

E9 CASCADE Va lve  

El5 Pump- Grundfos UP25-42SF 

E l 8  Pump Assembly 

E l 9  CASCADE Autocont r o l  Assembly 

DRAWING .NUt.!BER PAGE NR --- 
ESS-5 . 2 7 

. . 
ESE- I 

.. . . . .  .. . . - . . . . . . . 

ESE-9 32  

ESE- 15 

ESE-18 

ESE- 19 

Drawing L i s t  
Contract  NAS8-32245 - 



LEVEL P - PARTS 

COLLECTOR 

CP1 Absorber Snap F i n  

CP2 Absorber Waterway 

CP3 Side Channel 

\ . CP4 Cove S t r i p  

CP5 Cross Channel 

CP6 Absorber Res t ra in t  

CP7 Gaskets 

CP8 Cover - Glasteel 

CP9 'F i  berg1 ass Cover Assembly 

CPlO Rubber Grommet 

CPl l  Rear Insu la t ion/A l  uminum Sheet 

CP12 Side I nsu la t i on  
8 

CP13 Pop Rivets 

CP14 Corner Brackets 

CP15 Label 

CP16 Waterway Cap 

CP17 Channel Box Assembly *. 

CP18 Backing Sheet 

CP19 Sealant 

. . CP20 Sealing Tape 

DRAWING NUMBER Page Nr - 

ESP- C6 38 

Drawing. L i s t  
Contract NAS8- 32245 - 



.. . AUTOCONTROL . . DRAW1 NG NUI,IBER page Nr 
. . 

AP1 .Cover '?. ESP-AI 541 55  

AP2 Label - Autocontrol  .' ESP-A? 56 

AP3 Base P la te  .; ESP-A3 5 7 

AP4 , s t a i d  O f f  -ESP-A4 , 58 : 

AP5 Heat Sink ESP-A5 5 9 

AP6 Screw - SeJf Tapping 

AP8 Pr in ted  Wi r ing  Board Assembly 

AP9 I .C. Socket , 

APlO I. C. LM 324N - Quad Op Amp 

APl l  I.C. CD 4011 Logic Chip ES'P-~1 1 6 4 

AP12 Trans is to r  2N 4401 
. . ESP-A12 6 5 

AP13 Trans is to r  2N4403 ESP-A1 3 66 

AP14 T r i a c  (Thy r i s t o r )  2N6070A 

AP15 Regulator UA7812 

AP16 Relay LCIC-2P-gC12 

AP17 Switch SPST 

AP18 Switch, Center O f f  SPDT 

AP19 Diode I N  4002 

AP20 ZENER Diode I N  5231B 

AP21 LED Lamp 

AP23 Fuse 

AP24 Capaci tor 1000 MF 

AP25 Capacitor 100 MF 

. . . > AP28 Resistor  20K 
. ...__ . .' . 
, , . . . . 
+ - ;  . . AP29 Resistor  75K 

. . 

ES P-.A 14 

ESP- A1 5 

ESP-A1 6 

. ESP-A17 

ESP- 18 

" I  ESP-A19 

.* ESP-A20 

- . . . . . . 

Drawing L i s t  
. . Contract  NAS8- 32245 
. . 

18 



DRAWING NUMBER Page Nr 

. . AUTOCONTROL (cont inued) 

AP30 R e s i s t o r  5.11K 

AP31 R e s i s t o r  0.8K 
.. . 

AP32 R e s i s t o r  2.OK 

AP33 R e s i s t o r  1.2K 

. .. AP34 R e s i s t o r  1.OK 

AP35 Res is to r  10 K 

. . AP36 Res is to r  0.3% 

AP37 Res is to r  l O O K  

AP38. Res is to r  2.2K 

AP39. Res is to r  0.68K 

AP40 Res is to r  2K 

. . 
AP41 Res is to r  4.75K 

AP42 'Res i s t o r  4.64 K  

AP45 Potent iometer  

AP46 Square B a r r e l  Terminal 

. .  ' 

AP48 Screw, Pan tiead 

* 

~ p 5 1  Nut Hex 

. . 
~ p 5 2  I . C .  LM39.11 Sensor 

Drawing L i s t  
NAS8-32245 



AUTOCONTROL ( c o n t i  nued) 

~ ~ 5 3 '  "sensor Car t r idge 
, . . .  

AP54. Res is to r  - Ca l i b ra t i on .  

I .  AP57 Sensor Cable Assembly 

AP58, - F lag  Terminal ' 

DRAWING NUMBER Page Nr. 

AP60 ' .  Washer - F l a t  ESP-A60 100. 

~ ~ 6 1 "  I n s u l a t i o n  Shrinkable : ESP-A61 101 

Cable 

Casting Compound - Epoxy 

Label C i r c u i t  Board 

Label , Control  

Washer, F l a t  

Washer, Lock Spring 

Lead Set . 

ESP-A62 

.: ESP-A63 . 

'.\. ESP- A64 

ESP-A65 

' - .  ESP- A66 

ESP-A67. 

... ESP-A68 . ,  

AP69, Mounti ng Bracket CSP-A69 

AP71, Switch, Low Pressure " -  ESP-A71 110 

AP72 W i  r i n g  Diagram, D i  r e c t  Dump Val ve ESP- ~ 7 3  . ' 113 ... . 

AP73 C i r c u i t  Board Assembly, D i rec t  Dump ESP-A73 

AP75 Lead Set "A" FSP-A75 

AP76 'Standoff,  Male-Female ESP-A76 

AP77 Cable, D i r ec t  Dump 

AP78 Cable, Pressure S w i  tch  ESP- A78 
. .. 

, AP79. Fuseholder 'ESP-A79 

' - AP80 Bracket S t r a i n  R e l i e f  ESP-A80 
. . 

AP81 Capacitor, 2.2 MF 
. , 

AP82 Capaci tor ,  .012 MF ESP-A82 

~ ~ 8 3  Capaci to r ,  .033 MF 

.. 
Drawing L i s t  
Contract NAS8-32245 



C a p a c i t o r ,  2200 MF 

R e s i s t o r  3.3K 

R e s i s t o r ,  3.3M 

R e s i s t o r ,  . 1  2K 

Trans former 

Relay,  DPDT 

Box, E l e c t r i c  

C i r c u i t  Board Asse is~bl~  

Ci r c u i  t ~ o a r d '  Assembly, 

Cable 

Cable,  Power, 24V 

SlORAGE TANK - - 
TP2 Sensor R e s t r a i n t  P l a t e  

TP5 Gasket 

LEVEL I - INSTALLATI ON -- - . - - - . - 

1 P  Pipe Hanger 

I2 ,Check Valve 

. . 
I 3  P & T Valve  

15 Gate Valve 

*: : I 6  ' Pressure Re. l ief  Valve 

I 7  Housing 

Dump Option 

DRAWING NUMBER . Page Nr - 
ESP-A84 

ESI-1 

ESI-2 

ESI - 3  

ESI - 5  

'. ESI-6 

'..: ESI-7 
- . . . . . . - . . . . . 

. .  , 

Drawing L i s t  
Contract NAS8- 32245 



, . 
. . LEVEL. I - INSTALLATION (continued) 

, . . . . . . . . . . . . 

I 1 0  Cable Connector 
. . . . 

' I 1 2  Tempering Valve 

I 1 3  S106B Relay Assembly 

I 1 4  Vent Valve, A i r  
. . 

3 .  

. 115 Check Valve 

DRAWING NUMBER 

ESI-10 

Page ~ ' r  

Drawing L i s t  
Contract NAS8-32245 



. .  . 
SAN DIEGO 

DRAWING L I S T  

CONTRACT NAS8- 32245 

ESC-7a-S.  D. 

SUNSPOT CASCADE SOLAR DOMESl'IC WATER HEATING SYSTEM 

ELCAM, I N C .  

SANTA BARBARA, CA 

REVISED A P R I L  1978 



LEVEL S - SYSTEM CONFIGURATIONS 

. , 
5 8  SUNSPOT Gas Cascade 

. . 

DRAWING NUMBER Page' Nr 

ESS-8 123 

LEVEL E - ELEMENTS 

" E l  Co l l ec to r  ESE-1 

: E2 . Sola r  Tank 

E3 E l e c t r i c  Tank 

E4 Gas Tank 

E9 CASCADE Valve 

ESE-2 

ESE- 3 

ESE-4 

ESE-9 

E l 5  Pump - Grundfos UP25-42SF ESE- 1 5 

CASCADE Model # I 5 0  Autocontrol Assembly ESE- 20 

Drawing L i s t  
Contract NAS8-32245 



LEVEL P - PARTS 

COLLECTOR 

CP1 Absorber Snap F i n  

CP2 Absorber Waterway 

CP3 ' Side Channel 

CP4 Cove S t r i p  

CP5 Cross Channel 

CP6 Absorber Res t ra i n t  

C P ~  Gaskets 

. CPlO Rubber Grommet 

CPll Rear Insulation/Aluminum Sheet 
. . . . 

. . .  
4 ' .  

. , :. CP12 Side I n s u l a t i o n  

: . .  
, , 

, , 
CP13 Pop Rivets 

. ,. 

. .  . . CP14 Corner Brackets 

. . 
CP15 Label 

CP16 Waterway Cap 

CP17 Channel Box Assembly 

CP18 Backing Sheet 

.. . CP19 Sealant 

CP20 Seal ing Tape 

CP21 Glass Cover 

DRAWING NUBER page' Nr 

ESP- C5 

ESP-C10 

ESP- C11 

ESP-C15 47 

ESP-C16 48 

'".* ESP-C17 2 sheets 49/50 

ESP-C18 5 1 

ESP- 19 52 

ESP-C2O 5 3 

ESP-C21 . - . 125 

~ r a w i n g  L i s t  . 
. . Con t r a c t  NAS& 32245 



LEVEL I - INSTALLATION 

I 1  Pipe Hanger 

12 Check Valve 

13  P & T V a l v e  

15 Gate .Valve 

. . 16 Pressure Rel ie f  Valve 

17 Housing 

# .  19 Flex ib leConnect isn 

,110 Cable Connector 

. , 114 Vent Valve, A i r  

DRAWING NUMBER Page Nr 

Drawing L i s t  
Con t r a c t  NAS8-32245 



RELIEF VALVE 

--- Wl LDlhlG &NV€l-OPE -- 

SEL\EF VALVE 

CASCADE 

COLD 
-------.--Q-- W A T a  

SUPPLY 

s.m Du.lr U*l 
M A  UlUU WI "$1, 

,mnc mu) 



NOES: 
I .  A55EMBLE PER E t d G l u E ~ 3 2 1 d ~  

SPEC 

'2. INSTALL LABEL IN Lm'TIQ4 5'4 OWL 
MhRk W\TH MOD NO. SER NO. 

INSIDE 



GASKET, P A W  

A W R B E R  

! 
CP\ 2 - 001 I 

i 

SEAL TAPE CP\ 8 (REF) 

5lDE INSULATIO 
A 5 5 0 R B s  5uAP 
WATERWAY REQD 

SECTION A-A 



NOTES: 

I .tVIATBZlAL : 
6-53 - LINED TANK 
STDRUE OR HEATER 
MODEL. SEE Tp&E 3: 

2.VENDOR: 
A 0  SM\TH CORP 
FSCM h J O . 2 8 6 \  \ 

3, P A R T  NO. W05T \NQ,UDE 
w e  DA'SMNO. 

re: €2-001 

CODE 

c = rNLe T 31'4 NPT 
O = DRAW V4LVE 

@? 
E = 3& F E M A E  NPT 

n _I _ - .-% -, 1 I ESH MODELS 
F r ELECTR\C&L W T R M C E  

/ 



I TABLE 1 
v 

5 E C S  - 001 - 002 
MODEL (>ag= WC-* 

I A =  REU€F V A L V E  

B= OUTLET 3/4 NPT 
C =  lNL€"T 3/4 NPT SANTA BARBARA. 5330 DEBBIE CALIF. 93111 LANE 

D r DR&N VALVE 064-m 

INE. 
M m t o n  Licenm No 290399 

NOTE: PART NO.MUST 
CNCL D A 3 H  N O ,  m ~ ~ u m a  IICVISIGNS PART NUMBER 

klM!sa OT)(t!nwmE no o l r r  n T  

e E3 -001 VEU~LD D ~ U U  
, 

PART NAME 

€3 
n t o a  - * 

m * o a  , -, 
ANDUUR f 

ELECTRI C TANK 
w *T 

$--A 1 C M K  0 
-lQ&veOu "̂ " MOUE +3gw4mE \ 

O A 2 3  w 7 6  D I A W I M G  NO 

m b ~ ~  A . Tn~CCo A*p rn ESE-3 - 
3 1  



GGW'UR&L PURPOSE 
WATER VALVE,  MOTOR -\VEN 
MoDEL 76 18 

2. v i?z~eow:  
&AVER-CoLMAM CCo. 
F 5 C M  NO* 05624 

3. SPEC\ F\CAT\OFJS: ----- 
FOR 4-oer-ro IWF WATER 
E Z ~ O  F MA% AMBlENT 

MOTOR 24-C 60 HZ 
5 W  6RPM 

MAX P\FFERE)Jr\AL PR-5 \a=\ 
M A X  "STATIC PRE55URE 125 F% 

COPPER TUB 
3 PLACF33 



3LON 
33~~32v~an~ 

S\HL HSlNlj 
M3VlS 

. * -. 
''d3ZIV (331V 3 \ QF5 \ r 

NOt'>\3'67g SS31=5CIl] 
E-ON NII~W HL~ M IV'OJ HSI N 14 '1w~ 

3alAN3 (3~ 1007tl) wT1d W3H3 
:HS\NIJ 3hU-331- 'G 

'ON W3SA 
-03 STVL~W Sa70MAS9 

; aoalvah z 



- - 

W3-E 3: 
I. MATERtAL: 

COPPER TUE, ROU~-JQ ~ E ~ M L E S S  ,HMO 
DRAWN, T Y P E  M - OPTION ALLOY 330. 

2'. ALL 5 ~ h M 5  S H A U  rjG 0RmED W S t U  
' UNIBWAZE" 45% S~LUEFE ALLOY. PD \5 - 1% 

WRklU&UT CQP'PWT 

3. PDi5 F \TT\QGS A P E  FPDM: W D  CAP 
F9-E LP3 - DODGE TOBE CO. i 2 SSAL END W Z T H  

CQ16 CLOSUPI 





WALL '. 
250 

4 
.w 



G W E N  6063 TEMPER T52 
OIE s~c-r\ot+ NO. t 3 9 9 7 ( ~ ~ a ~ )  

DUCOMMUN METALS 4 SUPPLY 
FSC \\/\ NO. \a108 

. 

3,PROTECTIVE FIN\SH: a:n , Y.. - -#L. - - 2 . .:,* 
ELECTRo- DEP051TED 

.; -'t;,, 

COMMERC\ A L  DARK 
BRONZE. 

C 

ZPL 

- ' - .' ;-?-' 6-5. -- 
~PART N%: IE&%' A (FA, B REF I REMARKS 



TABLE 1 

PART NO. RE W, AR US 

CP6 - 0 0 1  CUT INTO .m -36 LEN5TH5 

C P 6  -002 LENGTH A 5  WILL SUPPLIED 



NOTES; 

I. MATERIAL: 
V Y N l L  RUBBER 5\R\P. 
CLOSED CELL S P o M G E  

i D U R o M t E R 4 0 - 5 0  
1 COLO R BLACK. PRESSURE-SENS\T'T\VE 
I 

ADHES\VE R A c K m  W \ W  
Pw-C.T\VE BACKlN6 PAPER, I * 

ADHESIVE ,005 7 

u 

I)CVIsICNs CART NUUOCR 

10 0.r. mv CP7 

H-+-I CART M A U L  

GASKET 





2. CORrJERs MUST DE FREE 
FROM BURR5 kt40 4iw nRP 
E13GE5. 

3. FRAME M R W B E R S  ARE 
M A C E  FROM P L  ALLOY 
2024 -T4 R E c T M L E  
WRS .125 x 7 5  COLD 
FIUISHED ROLLED. 

4. LOWER uffi FRME MU5T HAVE 
2 NORX'S5  .SO-.5Z WtoE x .38- 90 
DEEP CENTERED 0N47.90 DiMr 

SECTION B-B 

I2 HOLES 

F R A M E  I"4UST FOLLOW MEMDEFZS 

O V E R  - L A P  P A T ~ N  
SHOWN A T  

ALL 4 CORNERS 



NOTES: 
I. MAERIAL: 

RUBBER 7 SYNTHETIC 
COLOR BLXK, DURO 55 

- I,, - I - 
2 .VENDOR(S) ' -- '4 - 

RUBBEr;'CRAFT CoRP 

FSCM No- 77969 

- TABLE 1 

8330 DEOBIE U N E  
SANTA OAREARA. CALIF. 99111 

ncmr 

A EGEflM. INE. 



1 E9: 
~.MATER\AL: 

INSULATION SOA=D,R\G\D CEUULAR u 5 - n ~   CORE^ 
LAM\NhTEO COE35muCT\QN. W\TH 
/ALUM ALLOY FOl L B O T H  SIDES (CEU~EX CORP) 
ALU M SHEET ON OhlE 5tDE BY ELCAM ,\ NC. 

FscM NO. 86\05 

I 
- - 

S ~ C I ~ I C D  O~CIYIL . 
n + o p e  PART WAUL 

u r t o ~ 0 4  ' a  
A N O U U l  t , 

REAR INsWLATIW 



I.NsuLATI ON BOARD, R\GID CELLULAR P L A ~ T I C  C O P E  I 51NCIt-E F A C E  CONSTRUCTION. 
ALUM m\L BOTH S\DES. 

'2.VENDOR: 

THE CELOTEX W R P .  
F S C M  NO, 86105 
PART NO, TF - 400 

CLOSED-CELL CELLULAR . 

- 
REFLECTIVE 

TABLE. I 
t 

s a w  Dcnnlc U N C  

U W l A  D4RBARk CALII. #1111 
M O N E  964 *,a 

r 
WLClANCLS I)CVISICNS CAR1 NUU(IEl  

UNLESS ~ ~ H C R W I S C  .... m. 
SCCClrlED DECIMAL - 

=o(+0.03 * ? A l l  NAME 

CP12 
axz ZOO , 

ANGUUR t 
I 

D R A n  

SIDE INSULATION 
a 

OI.". .. ..1,.a.. 

TWPMSPM * c ~ " . ~ 4 - . ~ - ~ o ~  L 
C*. O 

D*l i8  NOV7 o---+-a -0 

- --A ... C.0 
- -a=* 0--- - -- - "P-CIZ 

44 
- .------A_-- - . - -  --- 



NOTES.' 

1. MATERIAL: 
ALUMWUM ALLOY BL\h)D 
=.\VET, SEE: VEIJ DOR SPEC. 

TYPE AD-BS NE AD-H . - 002 

B E A K .  MAMDREL- HOLLOW CORE - 
OPEN -END CLOSED- ELID 

TABLE z . 
PAaT NO. VENDOR PART-. mlli r n * R ~ A n ~  1330  DCmmrc attr. sstls u r n s  . 

C P l q - ~ o l  AD43 BS 
M O N C  9w U.9 

'CPI-~-OQZ A ~ 4 5  H. M, INE. 
CP17-003 AD4203 

W v ~ l o n  Lken-• No. 290399 

IOLERANCCI  R L V I S I C N S  PAR1 N U Y 8 C R  

UNLESS OIMLRWISC "0 o.,. a* 
a r c c l r l c o  DECIMAL 

n t 0 0  I PART NAYC 

cp13 
U X  * 0.0 

A N G U U R  r I POP RIVET 
c6smtxk . TWOMSOQ 

n..-.l.. .=*,. ,,,, .lc5'fjkOLE-~ 
4 f D m  H R  -4 ua,,7k C*. 0 o.."*-a"o 

 PLY A I..CgO .,.. ESP-C13 
43 



- -. -- 

NOTES: 
1. MATERIAL: 

CARSDN STEEL 

Z PROTE m \ V E  FIh)\SH: 

ZINC PLATE 

.I98 -Z04 DIA A 

I 
UNLESS OTMCRWISE 

S?ECIfIEO DEClMAL 

.ac * 0 . 0 2  
U ( X * O d -  

ANGUUR f q0 

REVISICNS PART NUMBER 

-0 DhTS =. CP 14 
I 

- -- 
1 
- CO~JEF? BRACKET 

8 
..-* .I 

*. YHQ~!E~~M--*-::~: - w ~ L , ~ s h m  I - 
4 

€*R D EF "-oc , --.- - . . -  ...--H?R 1"25'~0!J%- ... C E O  .PC 0 



\. W E R I A L :  
PHOTOGRAPH\ C PAPER.  
PRESSURE - SWS\T\V€ 
ADHES\VE BACKED W\TH 
PROTECTIVE BACKING 
PAPER. 

1.30 
SERIAL NO. 

ELCAM INe. UNTA UARBARA, GAL. USA 

w M ,  INC. 
Em(*-don Lk.n.0 No. 2903- 

U N C  . 
*S111 

4.8C.S 



I NOTES: 
\.MmER\AL: 
V\EJYL PLASTIC 
C;oLon RED , 

2. VEM can: 
S I N C U R  $C RUSH INC. 
FSCM U O  

I 
#3M O t b b l t  W E  - 

SANVA BARBAR& CALI*. 93111 

PHONE S64 a693 

M, IME. 
Cm(nctmn Lk(c.nu Nm. ZScUn 

m L L I A N C E S  

UNLfSS OTMtRWISC 

morlro o r c t r A r  

xx,oaZ 
U X  * 00 

ANGULAR * 
O R A n  

. 

I ) E V I S l G W S  

,* . 
8 

a 

I 

4 

PART N U Y m E I  

PART WAUL 

CP16 

VINYL C l . - o s ~ ~ ~  

48 

fCW*w 
CD.10 

on,. 
- 

m. 

~mncmo 

"̂ "NOEJE 
...a 

~. W W E ~  
.CC o 

* 



2. CORNERS MUST BE FREE: FROM BURRS 
ANP 5W-IAR.P Gm GES. 

3. AFTER F A e R  \cATlOkJ % TQUW -UP 
B O N D  CP7 GASkET TO 5UPFAcE 





NOTE 5; 
I. MATERIAL: 

ALUMINUM AUDY SHEET 

I 
CMPsN bob1 T E M P E R  T6 

5330 DEBBIE U N E  
SANTA IARBARA. CALIF. 93111 

064-8616 

1 SPECIFIED DECIMAL b--+-&. I I 
.XX * 0.0 

.XXX * 0.0 

ANGULAR f 

Ebm&. 
spzb A 

5 1 

I 

a 

: ,. 

PART NAME 

B C K I  NC 5t4EET 

LMK 8 

7I1CCD 
1"&4?!%_7_1 
APP D 





I'' -- - -- - 
IVUL LL,. 

.MATER\AL: 
CLEAR FLM TPWE(SMIL THICK) 
EOUBL€ ADHE5w€ cmATFn 

\\ 
TAP€ NO, b66 
SCOKtt " BRAND 
3 / 4 W \ D E  x 36 YARD k L L  

%.VENDOR: 
M\NN M\NIMG d MFG CO. 
5 0 26066 

R &: " lhc- -<:y - 
1.L , 

& 

TOLERANCES 

UNLESS OTHERWISE 
SPECIFIED DECIMAL 

J a t O . 0  - 
Xa( * 0.0 - 

ANGULAR f , 
D M  

53 

5330 DEBOIE LANE 
SANTA BARBARA. CALIF. SSI11 @... IN.. 

SS4-8676 

Cwhcton Lkens. No 290399 

PART NUMBER . 

PART NAME 

CP20 
SEALItdG TAPE 

""' N0t.l~ q&s N m  L 

IILVISIONS 

NO 

' 

, 

a 

8 

oat. mv 

- 







NOTES : 

1. MATERIAL: 
PHOTOGRAPH I C PAPER 
PRESSURE SENSITIVE ADHESIVE 

BACKED WITH PROTECTIVE BACKING 
PAPER l 

L.& .-A 1 SOLAR WATER HEATINO SYBTEMS 

1 CASCADE AUTOCONTROL I 

\- ,005 THICK 



NO. \ % b A  (+ 048) 

CLEAR: -CHFCMATE 
SPEC QQ-2-325 

A .I%-.I62 4 ,  
6 .203--209 5 
c ,108-,113 2 



C -.- 

NOTES: 
\. MARIAL: 

ALUM ALLOY 
CMP5N 201 1 ,TWPBRT3 

2. PROTEcTl V E  FI h)\GH ; 
CLEAR CHROMA- 

3. PART NO. 2\06 -63'2 -&-0 (PL~F) 
WART NO. 350 -14\1-0ffb-\6(C&~~0~) I ,  



Na-3: 
\. MATERIAL: 

ALUM1bJUM ALLOY 
CMEE~J 6063 -EMPER T5 

2, m = c T l V E  Flu\ 5H '. 
-EM FILM ( ~ U D \ ~ ) E )  
FlUSH COAT W \W MAWIN 

--. NO . '23 ( ~sm-~ejs BLACK) 
. 013 \UD\C&EQ SURFACES. 

5330 DEBBIE LANE 
SANTA BARBARA, CALIF. ,3111 

964-W7L 

TOLERANCES 

UNLESS OTHERWISE 
SPECIFIED DECIMAL 

.XX * 0.0 2 
X U  f 0.0 - 

ANGULAR * 
O R A n  

EO 

PART NUMBER 

A P  5 
PART NAME 

HEAT 51 NK 

R C V l S l C N S  

W V  

s 

a 

NO 

' 
1 

DAII. 

Y E h o E \  

D I A W I * C N O  

E5P- A 5  
D I A W N  m V  

n W  
C M U  0 

TRACI.0  

"A" F&L 
D? m7& 
ACC D  



NOTES : 
I .  MATERIAL: 

' TAPPING SCREW, 
SLOTTED PAN HEAD, 
STEELj CARBON 
A l  S l  1016 TO 1024 

TABLE I 

USA 570 TYPE T 
( N P E  2 3 )  

ION 

PART NO, , A 

AP6 -001 .256;270 

AP6 -002 .2567270 

TH r CKNESS HOLE SIZES FOR 
STEEG ALUM 

060 , 113 (#33) , 109 (7/64) 

, 083 ,116 (#32,) ,111 (#34) . 
I 

TOLERANUS I RLVISICNS PART NUMBER 

UNLESS OTHEIWISE I NO I ~ A T R  I .T AP 6 I 

H 

,072-082 

072-082 

I SCREWj SELF TAPPING 
a ?flBk=~t~ 
4 

C** 0 

*CALc t-u€ qwm 
-76 D I A W I I S  -0 

111.C.O 
- --. 

Arp rn ESP- A6 

L 

. 22- ,25 

.35 - ,38 

P 

,095-, 106 

,095- ,106 





NOTES : 

1, INTEGRATED C I RCU I T  SOCKET 
PART NO, =703-3777-01-04-12 

NO, OF CONTACTS = 14  

TERMINALS = SOLDER TAB 

2, SUGGESTED SOURCE($) OF SUPPLY: 

CAMBRIDGE THERMIONIC CORP (CAMBION) 

FSCM NO, 71273 
OK EQUIV 

Solder Tab with Anti-Moisture Bosses 
Dimensions 

I Z  



--___ - - - - -  -- - - -- - - 

NOTES : 

1, INTEGRATED C 1 RCU 1 T 

PART NO, LM324N 
OPERAT I ONAL AMPLI  F I ER 

2, SUGGESTED SOURCE(S) OF SUPPLY: 
NATIONAL SEM-COND CORP 

FSCM NO, 27014 

OR E Q U I V  

5330 OEBBIE LANE 
SANTA BARBARA, CALIF 93111 

OM.8676 

IN(?. 
Contracton Losen.. No 290399 

TOLLRANCES 

UNLESS OTUERWISE 
SPECIFIED DECIMAL 

XX* 0 0  9 

xXJt *oo -  
ANGULAR =t 
DRAFl 

h3  - - 

PART NUMBER 

PART NAME 

AP 10 

I , C , LP"1324N OPER-AMPL 
A W N  .v C ~ C C O ~ O L - )  "ALC )J--4isa~NOTE, - 

C Y *  0 O l A W l N C  no 

TIACID DA(c~E7!  APC o ESP-AlO 

R E V I S I C N S  

uo 

I - 

a 

4 

DATE 1 mr 



NOTES : 

I 

1. DIGITAL INTEGRATED CIRCUIT 
PART NO. CDllOl l  A/E,, QUAD 2 INPUT 

:- 4' 2, SUGGESTED SOURCE(S) OF SUPPLY: 
8 

, , R.C.A.  CORP SOLID STATE DIV 

I FSCM NO. 18714 
OR EQUIV 

C04011AE 

JEDEC M0001-M 
, . ~ e ~ u d  

! 
NOTES: - R.1.c 40 R u b  lo, Rmn- ISDEC PublacMm No. 13) 
fa kid L e d  hcdd Wkm. 
1. V h n  tbn &no IS wppk.d -16, m d .  clu umrimum M 

. Ouckmr In.rrow pwor,~onl wll noor, r r m d  0 013" l 0 . U  nun). ! 
2. Lads within 0 W (0.12 mm) r d w  of T w  Panion (m I 

J.~~q@nhronrl~.rh.nunitilinWld 
4 . ~ ~ i m c p . d l r d r p i a m k * 1 * n i o r  

- 
5330 DLBIIE LAME 

SANTA BAR- W I T .  9S111 

. . 
" 

I .  . 
* * -- .;. . --- 

- - 



I NOTES: 

1, TRANS I STOR 

PART NO, 2N4401 

2, SUGGESTED SOURCE(S) OF SUPPLY: 

FAIRCHILD SEMI-COND 
FSCI1 07263 

OR EQUIV 

U N I T  

TABLE I 
MAXIMUM RATINGS (TA = 25°C UNLESS OTHERWISE NOTED) 

5330 DEBBIE LANE 

RAT1 NG , 

COLLECTOR.- EMITTER VOLTAGE 

COLLECTOR BASE VOLTAGE 

EMITTER BASE VOLTAGE 

.COLLECTOR CURRENT-CONTINUOUS 

TOTAL DEVICE DISSIPATION , TA =256 
DERATE ABOVE 25"c 

OPERATING 8 STORAGE JUNCTION 
TEMPERATURE RANGE 

SANTA BARBARA. CALIF. 93111 

964-8676 

Contracton License No. 290399 

SYMBOL 

VCEO 

VCB 

VEB 

I c  

PD 

TJ TSTG 

VALUE. 

40 

60 

60 

600 ' 

310 
2 ,81 

-55 TO 
+135, 



RAT I NG SY MDOL VALUE U N I T  

COLLECTOR - EMITTER VOLTAGE VCEO 40 Vuc 

COLLCCTOR - BASE VOLTAGE VCB 40 VDC 
EMITTER - BASE VOLTAGE VEB 5 ,O  VDC 

COLLECTOR CURRENT - CONTINUOUS Ic 600 MADC 

T O T A L  D E V I C E  D I S $  P A T I O N  T A = ~ ~ O C  PD 310 MI{ t DERATE ABOVE 25 2 ,81  MW/"C 

OPERATING 8 STORAGE J U N C T I O N  TJ , T~TG 
-53 TO 

TEMPERATURE RANGE +I 5 
. , , I 

O C  



r 

NOTES : . .  . 

..49 L. 

' 1, T R I A C  (THYRISTOR) 
PART NO, GENERAL .ELECTR IC SC137-A 

OR 
PART NO, MOTOROLA 2N6070A 

2, SUGGESTED SOURCE(S) OF SUPPLY: 
MOTOROLA N SEMI-COND PRODUCTS D I V  
F s c M  N o ,  A4913 

GENERAL E L E C T R I C  CO, SEMI-CONDUCTOR 
.c 1 . 

FSCM NO, 09214 a y . , -3 . ,  

TYPE \ 
TABLE I 

- 

L 

PART NO, 

A'P 14  . 
TABLE II 

E L E C T R I C A L  S P E C I F I C A T I O N S  

L VENDOR PART NO8 

. 
CHARACTER I ST I c 
PEAK ON-STATE SURGE CURRENT 
ONE FULL CYCLE (NON REP) 

REPETITIVE OFF-STATE VOLTAGE 

RMS ON-SXATE CURRENT 
360 CONDUCTION 

PEAK.GATE TRIGGER CURRENT 

MAXIMUM VALUE (MA) 

MOTOROLA 

2N6070A 

GENERAL ELECTRIC 

SC137A 

SYMBOL 

I TSM - 
VDRM 

IT (RMS) 

QUADRANT 

I CTM 
@TJ Z ~ O C  

,175 
,130 

5330 DEBBIE LANE 

SANTA BARBARA. CALIF. 93111 

964-8676 

M. IN(?. 
Contr.cton License No. 290399 

MIN 

- 

- 

. -  

I 

i o  

3 - 1 2 3  t 
E3 

-T J? HEAT- S\NK 
COUTPICT AREA -13 
( e 0 l - m ~  

CASE 77-02 

TYP 

- 

- 

- 
Ic 
10' 

TOLERANCES 

UNLESS OTHERWISE 

SPECIFIED DECIMAL 

.XX * 0.0 - 
.XXX f 0.0 , 

ANGULAR f 

D R A n  

67 - - 

MAX 

30 

100 

3 

In 

10 

- 
UNIT 

AMPS 

VOLTS 
+ 

. . AMPS ' . 

IT 
10 

R E V l S l C N S  

NO 

8 

I 

a 

. 

PART NUMBER 

PART NAME 

AP 14  , 

' T R I A C  (THYRISTOR) 
D.LWN w. 

-f%OMSOU 
C M I  0 

- 
T I I C C D  

DIIK s. 

%<.LC 

- \  -- 
D'i' wc ,' 
A*. D 

""AW'N" "0 

ESP-A14 



r -C  I : 

1. YOLTAGE REGULATOR . 
PART NO, FUA 7812UC 

SUGGESTED SOURCE~S) OF SUPPLY: 

FAIRCHILD SEMI-COND 

FSCM 07263 

OR EQUIV, 

X *  these h O  -10111 0 1  Ihe 1voe number ~n* , 
ra te  r o l l q e  

.. ' Cg i m v o r s s  stability and  transens re. I 
' S W W .  

- .  . .... . .. . . 

HEAT S I N K  SURFAC 

ZPC+ c 3 PL 

E CONNECTED TO P I N  3 

5330 DEBBIE LANE 
SANTA BARBARA. CALIF. 93111 

964-8676 

Contractor, License No. 290399 

lOLERANCES 

UNLESS OTHERWISE 

SPECIFIED DECIMAL 

.XX + 0 0 - 
. x u  * 0.0 - 

ANGULAR * 
T;;;~R)'S 
7x 

A ~ Y  
b8  

R L V l S l C N S  

-0 

1 

a 

. =  

PART NUMBER 

AP 15 

ii N7612 VOLTAGE REGULATOR 
f&jNM.jOlJ 
cmn o 

TIACID 

oAvE 

*C.LC W l J ~  ".l..I.L 

S M - I  . De ,6 0"A"'"" "0 

ESP-A15 

*I 



NOTES : 

1, LC I C-UADC12 RELAY 

PART NO., LC I C-UADC12 

2, 'SUGGESTED SOURCE(S) OF SUP.PLY: 

O?!RON CORP OF AMERICA . . 

1050 . STATE . PARKWAY, 

SCIiAUMBURG, ILL, 60172 . . 

OR EQUIV, 

2 PL 
5330 DEBBIE U N E  

SANTA BARBARA. CALIF 93111 

984-8676 

Contr.cton L#c.ns. No  290399 



NOTES : 

I, SPSTSWITCH 

P A ~ T  NO, MTA-106D 

TYPE-SPST , CAMP@ \25 VAC 

2, SUGGESTED SOURCE (S> OF SUPPLY: 

ALCO ELECTWNIC PRODUCTS \hlC 

FSCM N 0 , 9 5 1 4 - 6  

OR EQUIV 

L 

RFCOMMEUOED PAUEL 

70 

CUTOUTS 

51JU DLLIBIE U N L  

SANTA BARBARA CALIF 93111 

964-8676 

Contracton Ltcsnr. No  290399 

ToLEnhNcEs  

UNLESS OTUERWISE 

SPECIFIED DECIMAL 

X X * O O  - 
X X X *  0 0  , 

ANGULAR e 
DRAFT 

R E V I S I C N S  

I 

1 

I 

a 

s 

PART NUMBER 

AP 17 
PART NAME 

SPST SWITCH 
D . l l *  .* 

THOMJO(II 
c..- 0 

V . A C I 0  

DATE mv 

)J O U E  

"'SM l ( O  ?;c. 
SE 
-.vrmn&L 

w a k  l 
O".Wl*C N O  

ESP-Al7 



NOTES : 

1, SPST SWITCH-CENTER OFF 

PART NO ,= MTA-106E-PC 

TYPE-SPDT ,6 AMP @ 125 VAC 

2, SUGGESTED SOURCE(S) OF SUPPLY: 

. . ALCO ELECTRONIC PRODUCTS INC 

FSCM NO ,951.44 

. OR EQUIV 

5330 DEBBIE LANE 

SANTA BARBARA. CALIF. 91111 

064-8678 

IESWIM. INE. 
contractom LiC;rm No. 290399 

I I 
TOLERANCES R L V l S l C N S  PART NUMBER 

AD 10 

I 
UNLESS OTHERWISE 

SPECIFIED DECIMAL 

.XX , 0.0 , - - .. . - 

wO I OATa i .I nr 10 
I PART NAME 

~ - - - . . - - . . - - - - - 
i CDI 

1 . 1  I I arDT SWITCH -CENTER OFF I . * * a t  u.u - 
ANGULAR f 



. . 

NOTES : 

1, DIODE 

PART NO, I N 4 0 0 2  

2, : SUGGESTED SOURCE (S) OF SUPPLY: 

MOTOROLA INC,  SEMI-COND PRODUCTS D I V  I 
; . FSCM NO, 0 4 7 1 3 .  . . I 

I , NON-REPETIT IVE PEAK SURGE CURRENT ( I ~ ~ c s w E ~ , ) =  3 0 ~  (RX\C~CLE)@~'~? hB 
AVERAGE R E C I T I F I E D  FORWARD CURRENT(Io) ; \,OAMP AT 7 5 0 ~  AMBlENT . , PEAK R E P E T I T I V E  REVERSE VOLTAGE ( M ~  cREP3) = \OOVDC 

6, M I N  8 FORWARD VOLTAGE VF M\N) = 0.7 v o.\ AMP, 25OC 7, MAX. FORWARD VOLTAGE VF MAX) = I . \  V AT 1.0 AMP, 25-C 
8, MAX# REVERSE CURRENT C: MAX) = 1Qp A,  25OC b~ \OOV 

5330 d f . 6 0 1 ~  LANE 
SANTA BARBARA. CALIF. 93111 , 

964-8676 

a Contractors License No. 290399 

TOLERANCES 

UNLESS OTHERWISC 

SPECIFIED DECIMAL 

.XX * 0.0 , 
.XXX * 0.0 - 

ANGULAR * 
DRAFT 

72 

HEVISICNS 

-0 

1 
' 

a 

1 

1. 

PART NUMBER 

PART NAME 

AP 19 .. 

I N 4 0 0 2  DIODE . . 
01.1.4 m. 
T ~ 0 w - w  

C * * ' O  

ImACID 

0111 

:--- 

m. 

S C A L E  

NONE 

----2-If%7.k-- ... D 

.1.11"111 

%E€ MOTE \ 
O"aW4-C -0 

Fqp- A 19 



MAX 
2 PL 







..i,!s?"+.!.W?_-;-.F'i- '%. . 1 NOTES: 

I 1, C A P A C I T O R j  TANTALUM 

PART NO. WBR 1000-25 

. 1000 M F j  2 5 V D C j  

2, SUGGESTED SOURCE(S) O F  SUPPLY : 

CORN ING-DUB1 L I E R  #ELECTRON I CS. 
I 
. FSCM NO. 09023 

OR E Q U I V  

UNLESS OTHERWISE 

SPECIFIED DECIMAL 

.XX * 0.0 . 
.XXX * 0 .0  

ANGULAR * 

5330 DEBBIE LANE 
SANTA BARBARA. CALIF. O ~ I I I  

964-8676 

Contr.cton License No. '290399 
r 

I E V I S I G N S  PART NUMBER 

No OAT. ! .. A P  24 
PART NAME -1 CAPACITOR, lOOOMF 



1, CAPACITOR, TANTALUM 

PART NOl WBR 100-25 

I 100 MF, 2 5 V  

2 .  SUGGESTED SOURCE(S) OF SUPPLY: 

CORNING-DUBILIER ELECTRONICS 

FSCM NOl 09023 



NOTES : 

11 RESISTOR, FIXED 

2 0  K .+1X, . 2 5  WATT, 
TYPE, CERMET F I L M  

b 

2, CONTINUOUS AMBIENT TEMP 

70°c WITHOUT POWER DERATING 

3, SUGGESTED SOURCE (S) OF SUPPLY: 

ALLEN BRADLEY CO , 

FSCM NO, 0 1 1 2 1  

OR EQUIV 

t--T- 
1.62 - 
1.58 

2 QL 

L; a u - 1 :\17D'A - - - I 
I33 

'L27 " '  

J 

.oz3 D\A I' 
r 2 PL 

n L 
I 

TOLERANCES 

UNLESS OTHERWISE 

SPEClFlEO DECIMAL 

X X k O O  - 
X X X *  0 0  - 

ANGULAR f 

DRAFT 

78 

3330 DEBBIE LANE 

SANTA BARBARA. CALIF 93111 

@flM. .I% 
964-8676 

Contr*Cton Ltcens. No  290399 

PART NUMBER 

PART NAME 

AP 2 8  

I w* .. RES ISTOR j 20K 
SCILI - m + v c m n r L  

~ M S W  
C * *  0 

SEE 1 
.ba 0 1 . 1 1 m 0  -0 

T m A C C D  2;b - - - ESP-A28 - 

R E V l S l C N S  

wo 

' 
I 

I . 
-: 

DAVE 

- 

2 

8 -  



I NOTES: 

1, RESISTOR, FIXED 

75KJ+5%, ,25 WATT 

TYPE, CERMET F I L M  

2, CONTINUOUS AMBIENT TEMP 

70°C WITHOUT POWER DERATING 

3, SUGGESTED SOURCE(S) OF SUPPLY: 

ALLEN BRADLEY COO 

FSCM NO, 01121 

. OR EQUIV 

5330 DEBBIE LANE 
SANTA BARBARA, CALIF. 93111 

964-8676 

-?j Contractom License No. 290399 

TOLLRANCES 

UNLESS OTHERWISE 

SPECIFIED DECIMAL 

.XX + 0.0 - 
.XXX * 0.0 - 

ANGULAR 

DRAFT 

79 
. . 

R E V I S I O N S  

-0 

I 

a 
-. 

3 . 

PART NUMBER 

AP 29 

N A M R ~ ~  I STOR, 75K 
w *  .. 

C * I  0 
~ O M S ~ N  

- 
r R A c a 0  

o ~ r i  m. 

- 

* C A L I  
h)OllE 

L l k  , (@ - . .- - -- 
.PC o 

on.w,*. N O  

I 

ESP-A29 



NOTES : 

1, RESISTOR, F I X E D  

5 a 1 1 K j  21% a25 WATT 

TYPE, CERMET F I L M  

2, ' CONTINUOUS AMBIENT TEMP 

70°C  WITHOUT POWER DERATING 

3; SUGGESTED SOURCE(S) OF SUPPLY: 

ALLEN BRADLEY CO, 

FSCM 140, 01121 

OR EQUIV  

-- I.?; 

:" 1 I 

i: m . c " - - d I 

1 , 

+ *\:+!A 

t 4 

.0Z7 ,\A 
'I 

'OZ3 ZPL 

b 
TOLERANCES 

UNLESS OlHERWlSC 

SPECIFIED DECIMAL 

X X + O O  rr 

X X X * O O r  

ANGULAR f 

D R A n  

tlu 

5330 DEBBIE LANE 

SANTA BARBARA. CALIF 93111 

@fl.. ... 964-8676 

Conlrrcton L~censs N u  290399 

PART NUMBER 

PART NAME 

AP 30 

DI .W.4 m. 

RES I STOR, 5,l lK 
I . .C" IAL 

~ 5 o u  m c A " ~ ~ ~ ~  J E E \ ~ F  \ , 

C M R  D D l l C  0 1 1 W 1 1 6  10 

I..CIo 4 ? E ~ ~  E S P 4 3 0  

R L V l S l C N S  

no 

' 
, 
a 

4 

m 

OAT, m. 





11 RESISTOR, FIXED 

1 l O K j  i5%, 125 WATT 

2 CONTINUOUS AMBIENT TEMP 

70°C WITHOUT POWER DERATING 
3, SUGGESTED SOURCE(S) OF SUPPLY: 

ALLEN BRADLEY CO, 

FSCM NOl 0 1 1 2 1  

5330 DEBBIE LANE 

SANTA BARBARA. CALIF 93111 

964-8676 

Contracton License No  290399 

SPECIFIED DECIMAL 



11 RESISTORJ FIXED 

10K, +5ZJ , 2 5  WATT 

2 CONTINUOUS AMBIEfJT TEMP 

3, SUGGESTED SOURCE(S) OF SUPPLY: 

ALLEN BRADLEY CO , 

FSCM NO, 0 1 1 2 1  

I 

5330 DEBBIE LANE 
SANIA BARBARA. CALIF. ellll 

964-8676 

Contr.cton License No. 290399 

SPECIFIED DECIMAL 



. . 

. .. 

.. 
' 

. . .  
:>, > . 

, ' ' 390 OHMS; - 5 10X, .25 WATT 
. . ::: . TYPE C B  ' 

. .~ 
.. . . . .. 

. . . ,  . . ,  

. , , . . 2.1 : .  :CONTIBUOUS AMBIENT T E M P  
. 

. 

. . . .. . . 
. 
. . ,_ 
: 

.. . : >  7 0 ' ~  WITHOUT' POWER DERATING 
.; J . . . .. . . . 

, .. 

. " ':3 . .  ' SUGGESTED SOURCE (S) OF SUPPLY : 



I 

NOTES : 

11 RESISTOR, FIXED 

1 0 0 K j  +1Z, 825 WATT 

TYPE, CERMET F I L M  

2, CONTINUOUS AMBIENT TEMP 

'70°C WITHOUT POWER DERATING 

3, ,SUGGESTED SOURCE (S) OF SUPPLY: 
ALLEN BRADLEY CO, 

FSCM NO8 0 1 1 2 1  
OR EQUIV 

I 

, 

5330 DEBBIE LANE 

Contracton License No. 290399 

. 

TOLERANCLS 

UNLESS OTHERWISE 

SPEClFlCD DECIMAL 

.XX + 0.0 - 
' .XXX + 0.0 , 

ANGULAR + 
DRAFT 

85 s 

R E V I S I C N S  PART NUMBER 

AP 37 
PART NAME 

RES ISTORj lOOK 
. 

*O 

I 

a 

I . 
.. 

lI.C.D 

DIVE 

. - 

v 

- 
D..WN mv 

THOMSOM 
C * *  0 

,- - . -- 
A.C D ESP-A37 

N O N E  
vlbEC .. -- . .- - - - -. -- 

5- N6TE 1 - 
"..l.IAL 

D l A W l N G  N O  



. 

, . 

: , 
. 

. . 

. .  . 
. '. . .' . , . , " .  .... . . . . 

'. NOTES': . .  
. . 

' ,  , 1, RESISTOR, FIXED 
. 

I . .  . 2,2K, .+5%, . 5 0  WATT I 

. 
. '  . . 
. . 
. .  

. 

'. . " 
.. 

. 

1 .  

. .. . : . . :TYPE,, E B  . , I .  

.. . 
L 

. 
. 2 .  CONTINUOUS AMBIENT TEMP 
. . 

, ' ,  70°c WITHOUT~POWER DERATING ' 

. . 
I . '  . .  . . 
' . .  

:. . , . . 
'3 ,  SUGGESTED SOURCE (S) OF SUPPLY : 

. . . . . .  . ,  

. A L L E N  BRADLEY CO . . . 

0 .  

. . FSCM; NO. 01121 ' 
... - . O R  EQUIV . . 



NOTES : 

1, RESISTOR, FIXED 

680  OHMS, +lo%, ,50  WATT 

TYPE, EB 

2, CONTINUOUS AMBIENT TEMP 

70" WITHOUT POWER DERATING 

3, SUGGESTED SOURCE(S) OF SUPPLY: 

ALLEN BRADLEY CO , 

FSCM NO, 0 1 1 2 1  

OR EQUIV 

5330 DEBBIE LANE 
LAhTA tlAHBARA. CALIF. 93111 

864-8676 

q P f l M q  Contr.clon License IN[?. No. 290399 

TOLERANCES REVIS IGHS PART NUMBER 

UNLESS OTHERWISE NO D.,. I ., AP 39 
SPECIFIED DECIMAL 

.XX + 0.0 - 
.XXX * 0.0 - 

ANGULAR * 
DRAFT 

87 

I . PART NAME 

RESISTOR, 6 8 0 n  



.+ . . . 
. . . . . !  . . 

J". . . . . . . .  . . .  . . ' .  . . . . . . 

' 

. 

.. 

. 5 .  . .. 

. . 

TOLERANCES 

UNLESS OIHERWISE 

SPECIFIED DECIMAL 

.XX * 0.0 - 
.XXX -+ 0.0 - 

ANGULAR * t- 

: . . NOTES':. .. 
. . 

, 1, RESISTOR,' FIXED 

. 4175~;  +1X, .25 WATT 

' , ..:a TYPE, . CERMET F I LM 
. . . . 

' 2  . CONTINUOUS AMBIENT TEMP . 

70°C WITHOUT POWER DERATING . : 
. . :  ' . 

* ' 

3; ' SUGGESTED SOURCE(S) OF SUPPLY: , . 
' .  

'ALLEN BRADLEY COB . 

, 'FSCM NO ,: 0 1 1 2 1  . . .  . . 

. .., 

U R E Q U I V . :  . ' . . 
, .  . 

' I  . . . . . . .. 

, . I. ' 

1 ' .. . 
') . .  . 

. . . . 

5330 DEBBIE U N E  .. 
SANTA BARBARA. CALIF. 93111 

#64-8876 ' 

ConCc.~lon LicIns. No. 290399 

R E V l S l C N S  PART NUMBER I 
NO D.ra ! .. AP 4 1  

1 PART NAME 
I 

a RESISTOR, 4,75K . I 



NOTES : 

1, RESISTOR, FIXED 

4.6411 tlX, . 2 5  WATT 

TYPE, CERMET F I L M  

2, CONTINUOUS AMBIENT TEMP 

70°C WITHOUT POWER DERATING 

3, SUGGESTED SOURCE(S) OF SUPPLY: 

ALLEN BRADLEY CO , 

FSCM NO. 0 1 1 2 1  , 

OR EQUIV 

-- 1-62 - 
1.38 

2 P t  

t: n u r - 

K 2 7  DlA 
> 

023 

a 

p 

5330 DEBBIE LANE 
SANTA BARBARA CALIF 93111 

@flM, INE. 
964-6676 

Conlraclon Lacens. No 290399 

. 
TOLERANCES 

UNLESS OTHERWISE 

SPECIFIED DECIMAL 

X X * O O  

x x x  * 0 0  

ANGULAR 2 

DRAFT 

89 

PART NUMBER 

PART NAME 

AP 4 2  

.I* m. 

RES ISTOR, 4 . 64 K 
THO MW S C A L C  

C * .  D 
P o E  3 ~ L ~ o T e \ ,  

&"DEC 76 
O " . l l * C  *o 

T R A C E D  A,* 0 ESP-A42 

R E V l S l C N S  

w o  
.- 

I 

a . 
8 

DATE i m v  
.//,:/, 3& 

I I v 



:..; , L;: ~O*C.WITHOUT . . . . .  POMER DERATING 
. : .. " . . ,. .: . . . . . .  . . 
. . - .,. ' .*. . .. .. .\i. .* : ' ! .  
. . 

: - ., % ..  SUGGESTED .. . ;- SOURCE(S)' O F  SUPPLY : 
, . .  . - 

::':a : BRADLEY'.  CO , ;, 
i, . " .. , I 

. . I . . . .  
Contr*cton Licans. No. 290399 

, . , I 



NOTES : 

1, POTENTIOMETER 

TOP ADJUST 

10K, &20X, ,25 WATT 

PART NO, 3389P-1 -103  

2, SUGGESTED SOURCE (S) OF SUPPLY: 

BOURNS INC, TRIMPOT 

FSCM rlo, 32997  

OR EQUIV 

,200 MIN. ' 
,173 2 ,010 . 

.10 ' 

.020 SQUARE 
SOLDERABLE LEADS 

CLOCKWISE - 









c NOTES: 

1, LM3911  TEMPERATURE 

CONTROLLER I C  

SINGLE MONOLITHIC CHIP 

OPER TEMP RANGE - 2 5 O ~ - + 8 5 * ~  

2, SUGGESTED SOURCE(S) OF SUPPLY: 

NATIONAL SEMI C.OMD CORP 

FSCM NO, 27014 

OR EQUIV,  

5330 DEBBIE U N E  
SANTA BARBARA. CALIF. 93111 

SS4-1676 

Contractors Lmanu No 290399 

R E V I S I O N S  PART NUMBER 

UNLESS OTHERWISE n o  DIT. 

SPECIFIED DECIMAL 
.xx * 0.0 Ir 

' PART NAME 

m * o . a ,  a 
ANOUUR Tt 
DRAFT 

L M 3 9 1 1  TEMP CONT If, 
a ~ ; C > ~ ' S O ~ J  *cbLE h)m *EE 

ATEI IAL  

4 
C** D 

- 1 .  
OIAWl*G  040 

95 . Tl)AC.D APC D 
'6'3(478' ESP1A52 



\, COMPDulJD MUST 86 FLUSH TO -01 
BELOW SHELL "~UP-FACE. 
+. 

cT. A4SGMALE CoMPou~hns PEP- 
Elc)Q\k)EER\hSB S-. - 

REAM 
Bow euPx MA- AL: 

A 5  5HCWM COPPW TUWZ ,50 DlA 

VIEW A TYPE M 
CARTRIDGE SHELL AP53 - 001 
SCALE: FULL 

TIE PIN \%z 
TOGETHER 7 

3 R€QD 
AP6l- 003 x .62 tG 

UO-UI  
Y*IL-OYI.IIu 

IO*IUI  

AP63 C A ~ T I ~ J G  COWP-D 
RIG~D M\X: 
1 0 0  PA- 2141 LV ' 

- 50 PF-RT~ 1 5 ~ v  
SENSOR CARTRIDGE 



NOTES : I 
1, RESISTOR, F I X E D  

.25 WATT) *10°/' 
TYPE) CB 

2 ,  AT ASSEMBLY - SELECT ONE FROM THE" 
FOLLOWING VALUES I N  TABLE I. + -$ . 

3, CALIBRATE SENSOR' ASSEMBLY PER 
ENGINEERING -SPEC, 

4 SUGGESTED SOURCE(S) OF SUPPLY: 
ALLEN BRADLEY CO1 
FSCM N O 1 0 1 1 2 1  
OR EQUIV 

TABLE I 
(SEE NOTE z 1 . - 2 

' VALUE 
PART NO, I N  OHMS 

AP 54 - 001 2; 7 
AP 54 - 00 
AP 54 - no3 $9 AP 54 - 004 ,9  

C 4 

VALUE 
PART NO, I N  OHMS 

AP 54 - 014 
AP 4 - 0 5  
A $4 - 0 i p  AF 4 - 0  

b 



- - --- - - - - - - - , - - 

?I .  STFZIP  END^ OF L E ~ D ~  .25 -,30 
AND -3~3~oEtZ 7-0 -h4\)3ALS !5€BhWEE - 
U 5 l N G  60-40 -JOLDEP,. 3 t ~  TABLE f CREPE P4PZR TkPE 

2, AtTEE AS5W6t -E  CHECK 
CABLE PER E N G I W ~ I N G  

FEMALE IERM\hIh,L 
F L A G  TYPE 
A P 5 8 - 0 8 \  

sL=VE GROMMET 
p61-004- CPiO-002 

TABLE I 
UPPWUI*  

W11 YIUL\ UU ( U I I  PART NO. CABLE LRJbTW rzg:mur I RU4ARK5 

AP57 - 001 \ '20" - I z4* WY-I.nONTH-YEq!? SEC_,CCT -IM R E 5  A P 5 4  
1e:211 t76 - sxx TO C&L\B~=I?= p e ~  E N ~ E  SPEC 

I 



NOTES: 

I- MATER~ AL: 
F L A G  TERM\h,AL 
F E W  hLE QL)\ CK. 5L\DE 
N O U -  \h)SVLATED 

PART UO. SEE TABLE 1 

2 .  VENDOR(S): 
MI NNESo?A MlMlhIG, M F G  ~ 0 ~ 3 4 )  

FSCM 75037 

-pi, a. TAB ,250 

7 
T A B  T ~ I C K N E ~ S  , O3O -.O3Z 

TABLE  1 
PART NO. 

AP.58-OO\ 

N R E  
RANGE 

22- \8 

' 3 M  CAT 
NO 1 

B32-OOl 

TOLElllNCCS 

UNLESS OTHCRWISC 

SPECIFIED DECIMAL 

.XX f 0.0 - 
.XXX * 0.0 , 

ANGULAR * 

G'-&~cnk 
n)L 

APPLY 
99 

5330 DEBBIE LANE 
SANTA BARBARA. CALIF. 93111 

@iw, me. 
864-8676 

Contrartors License No. 290399 

R L V l S l C N S  

,,0 

* - 

: . 

PART N U W E R  AP 
PART NAME 

FLAG TERM\NAL 
0".*11( m. 

THOM5OU 
C M K  D 

Tm a C E O  . 

,,A,a 'I 

"ALE NoNE 

23 ,& ,,I 
.. . .PC D 

D..llMG 10 0-L 

ESP-A58 
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, . . - .  a .  , . . . . . . . . . . . . . <  .:.. . : ': .. . . . . . . . . . .  . . 1 : ' 

2 , '  '. . . . 
' ..I. . . . . .  . . . . . . . . . . . .  .. ' _ %  . . r .  . . . . . . .  . . .  , . :.,., ' -  ... . . , . : > .  . . .  . .:. .' . -,. * ,v.: . . . . .  > ,.;. ; . ,< . .  . .  

. . . . . . : : :  : . ' . 
. . . . .  . . % . .  . . . . . :  . . : . . . . . . . . . . . . .  . '_ . . .' . . .  . . . . .  

, .,( . "  ' ' 
. . . . . . . .  

.LA. .  8 . . . , .. . . . . . . . .  . . t .  

.,: ..' :. . . . . . . . .  . ,  .. , 
. . . . . . TOLCRANCCI . , , a  ..,. . ? ,. ,. . l l E V l S l C N S  PART NUMBER - I ' I  

I ' 
. . . '' .,: . . 

. .  . . % .  UNLESS OTMERWISE NO oAva  mv 
I .  . . . I )  . I  . SPEclFlED DECIMAL . AP60, 

a . .  ,,,..,.!'.., ' 1 
. .  .XX * 0.0 - PART NAME 

. , .. . . . . .  . '.... I .XXX * 0.0 - 



.. . - . .-i... : > ' _T i_ .  -... , . - .--- - . . . .. - - 
. . N OTES I: 

. I .  MATERIAL : . . 

: ,Ih)SULAT\ON 9 HEAT-SI-\WNI(ABLE . . 1 .  . :  , 

: POLYV\NYL cHLOn\o€ (PVC) . . . . I '  

. _ j  

. COLOR, ~ E E  TABLE I , . .  

2.VENDOR: 
P O R T  P U 5 T l C S  INC.  
8037 E.5LAUSON AVE 
MONTEBELLO, CA, 90640 

. TABLE 1 

5330 DEBBIE LANE 
SANTA BARBARA CALIF. 93111 

964-8876 

PARTNO. \ZENDOE NO. 

A=\ -001 ~P30\-.093 
I D .  

.093 
,188 

,775 
-093 

AP61-002 

AP6I-003 

Am\-004- 

AP61-005 

TOLERANCES 

UNLESS OTncRwIsE 
SPECIFIED DECIMAL 

. X X  * 0.0 - 
.XXX * 0.0 , 

ANGULAR f 

G%DOR& 
' T 1 x ~ ~ ~ ~ y .  

FP301-.167 
FP301-6-375 
FP30I9B93 

FP30I - 

WALL 

-020 

.025 

.030 - 

.OZO 

e 

. e 

ESP- A6\ 
101 

COLOR 

CLEAR 

CL- 

C E R R  

DUCK 

R E V I S I C N S  

NO 

' 
I 

-1  

PART NUMBER 

APGI 

iKi%u~ ION ,SLIR\NKABCE 

D.,, . 1 .. 
I 

D*.WN m. 

lwt4-N C M I ' D  

T l l C l D  
~ l ~ N O V  

NahE 

LCC D 

DRawlNG "0 
%:)JOE \ 



- .  . . , . 

'N ,I.- 
" .. . . . .  

' I  ' 1 ,  MATERIAL: ': 

THREE CNDCT : WHT) DL\<, & R-, PVC IN5ULATlON. 
22 A W G , 5 m L N D a  7 /30  N O M O D  .I45 O V E R  JKT. 

. . ,.. F s C M  N O .  92\99 
. . 

. . . . 
. . .  . 

, . :, . 

; ' 



1, . MATERIAL: I I 
, . 

A ,  STYCAST 2741LV IS AN EPOXIDE CASTING RESIN AND SEALING COMPOUND : ' 

O F  CONTROLLED F L E X I B I L I T Y ,  I T  I S  USED FOR ELECTRONIC EMBEDMENT. . 

G OR CEMENTING OF METALS, CERAMICS AND P L A S T I C S ,  
STYCAST V I S  S U P P L I E D  AS FREE FLOWING L I Q U I D ,  IT I S  USED 
I N  CONJUNCTION W I T H  CATALYST 1 , ALSO A L I Q U I D ,  COLOR I S  BLACK,  

STYCAST 2741LV CAN BE CURED AT ROOM TEMP RATURE, OR AT ELEVATED 
TEMPERATURE I N  A SHORT PERIOD OF T I M E ,  F OT LI~FE OF THE CATALYZED 

EAST TWO HOURS, THE F L E X I B I L I T Y  AND HARDNESS OF CURED 
V IS CONTROLLED BY THE PROPORTION OF CATALYST 15LV WHICI 

I S  USED, 

FOR A RIGID MATERIAL USE; 

100 PARTS STYCAST 2 7 4 1 ~ ~  . 

50 PARTS CATALYST 15LV 

B. CATALYST 15 V I S  A F L E X I B L E  HARDNER, COLOR B L A C K ,  TEMPERATURES 
ABOVE 250° SHOULD B E  O R D I N A R I L Y  AVO IDEDo 

FSCM NO, 04522 

5330 DEBBIE LANE 

SANTA BARBARA. CALIF. 93111 

964-8676 

Contracton License No. 290399 

103 



~ - ' . .  PHOTOGRAPH I C '  PAPER . . 

PRESSURE SENSITIVE ADHESIVE 
. . . . 

. '  ' BACKED. WITH PROTECTIVE BACKING 

' I ,  PAPER,'. .  
. .. 

ELCAM INC. SANTA BARBARA, CAL. USA - 

5330 DEBBIE LANE , 

SANTA BARBARA. CALIF. 93111 

964-8676 

Contracton Liccns. No. 290399 ' 

R E V I S I G N S  PART NUMBER 

- --- AP 64 
' nA'c '- '' PART NAME 

- ---..- 
a LABEL, CIRCUIT CARD . 
a 

.- 

... - . --- ---. 
T I A C E D  

. . 

104 

r 
TOLERANCES 

UNLESS OTHERWISC 

SPECIFIED DECIMAL 

.XX * 0.0 2 
.XXX f 0.0 - 

ANGULAR t 
ORArT 



1, MATERIAL: 

PHOTOGRAPH I C PAPER 

. . 

. . -*-.-"...--. 

NOTES : 



.-'11c-,- 

hl OTES: 

\ .  MA-\ A.L: ' 

' .  L O W  CARBOU STEEL . . .  

COLD R0LLt52- COMMERC\AC 
u ~ ~ k d - \ . ~ ~  boa  \ , FULL HAP-0 

2,. PROTECTIVE F IN \~H :  
,CADIV\\UN\ PLb3-E s .  

. , 

T A B L E  I 

I 

' ,  , 

- 
. * . *  .. ~ 

: <.  
. . . .  5330 DEBBIE U N E  . . : .  . . . , SANTA BARBARA. CALIF. 93111 

964-8676 

. . 
. . ,  

.. . .  1 ' . . 
. - 

, . 
. , 

' j  - . . . .  . . . . Contractom License No. 290399 . . 
. . . . 
;.. , . TOLE~ANCCS RLVISIGNS . . .: , PART NUMBER 

AP 66 . . .  . . 

. . , . . .  
, ..1 . .  , . . 

' . 2 . -  . , 
. . . . .. . . . 

UNLESS OTHERWISE -0 o.~, . . 
SPECIFIED DECIMAL - . -- 

I .XX t 0.0 - PART NAME 

.XXX * 0.0 - 
ANGULAR = a - 

a D. w* .. WASHER, FLAT 
DRAFT *OMl;ou "^"WE qv \ -- 

C*I 0 

106 
- _ 

T l l c l o  .PP 0 

. . . I 



~ O T E S I  
\. M~TERI AL : 

=EEL, C&RBorJ 
CIObO TO C\O= 
R-KWELL'C "45 - 53, 

2. PROTECTIV E F\N\SH: 
CmM\UM PLb'TE, 

TABLE 1 

5330 DCEBIE LANE 
SANTA BARBARA, CALIF. 93111 @.. ME.  

06(-8676 

Contracton LK*nse No 290399 

b 
TOLERANCES U L V I S I C N S  PART NUMBER 

UNLESS OTHERWISE -0 D.I. a. 
SPECIFIED DECIMAL 

I PART NAME 

APG7 
at r 0.0 

X U *  0 0  
ANGULAR * a WASHER 9 LDOC SPRING 
D R & n  S . C A L I  UA1CI) IAL 

CM* b 
s-t-  mi\^ 

D.AWl*G NO 

8 
TRACID P^SP-!I& .PC D Ev-A67 

107 - 

PART NO. SCR 
SIZE A B c 

A P 6 7  - 001 4 ,  \ \S -*IZ\ ,209 MAX .,a25 M\N 

A P 6 7 - 0 0 2  6 ,141 -,I48 ,250 MP;X ,031 M \ M  

A P 6 7  -003 8 , 168-.I75 .293MhX , m M \ u  
4 A 





ACCESSORY 
ITEMS 

NOTE 
ONE 
FIG 

J21 

J2Z 

SHLD 
S T R I P  
LGTH 

T I N  
JACK 
S T R I P  
LGTH 

LEAD 
CUT 
LGTIi 

1 

2 

TERM 
AREA 

NO 

INSUL 
S T R I P  
LGTH 

*20 
a 2 0  
020 
* 20 
.20 
.38 
-38 
.20 

NOES: CC~WIUU -') 
SJ-IEET '2 

4. AWG \B HOOK-UP W\RE 
' - 0  \u5uL COLORwH7\ 5330 DEBBIE LANE 

- STpAWQ-  W\R& i SANTA BARBARA CALIF 93111 

964-8676 

5. SOLD- USIW 60/~:0 
SOLDER 

ELEflM. INI?. 
Contracton Lnccns. No 290399 

TOLERANCES I I E V I S I C N S  6? PART NUMBER 

CIRCUIT POINT 
FROM (A)  
TO (B )  

- 

* 7 .  

2.3,. 

-.. 

.zo 
*20 

UNLESS OTHERWISE 

SPECIFIED DECIMAL 

XX-cOO - 
XXXf  0 0  , 

ANGULAR f 

UUAFT 

WIRE 
MATL 
ITEM 

I 

3 

4 

4 

3 

- . 
r 

LEAD 
ITEM 

J14 

J I ~  

316 

311 

318 

AP6S 
PART NAME - 

LEAD 
LGTH 

.1, 

6.8 

6.8  

5.3. 

8.5 

- - -  

10 

' 
a 

a 

4 

m ESP-Ad8 

D A T E  I m r  

~ A ~ # I I & L  - 
0 1 . 1 1 1 0  "0 

D I A Y Y  .V _ 
C H I  D 

1 I . C I D  

SCALR - 
D L 1 1  - 

-- 
LCC D 









NOT€St 
I MAXERI AL: 

RUBBER, BUCJA W 
D ~ R O M E T ~ ~  55- 6 5  
(F 1 RM) 

I COLOR BLACK 

UNLESS OTHERWISE 
SPECIFIED DECIMAL 
.n 2 om i 
m * 0.0 , 

ANGULAR * 
DRAFT 

5330 DUBIE U N E  
SANTA BARBAR& CALIF. 93111 

964-8676 

I wEfll-., INE. 
REVIS IONS PART NUMBEII 

NO D.T. .I TP5 - - r 

I PART NAME 

GASKET 



/ FULL F?AQ 
1 

. . - - - - - .&..# - - 
I 

4 

I 

, 

I 

I E 
& 

~ 

-- m Ah- 
* - 

WTE.45" -.p 
1. M hTq\&L: 

&oE*\I$&?~ ALLOY EXT WS\W . . 
.cMPSG -3 TEMPER T5 
GS SECT\ON 668';386 

2, VFScrDoR: 
REWOW5 ~ n C f k L 5  CU. 
FSCM NO. 09963 

3,P~T€C-T\UE F\N\.SH: 
NONE 

- .  
-. 

. . 
TABLE I 

I 



PMT No. STYLE 5R-E 

1.2 -00 I ' 12 
2 3& 

W O ~ K I ~ G  PRESS. 125 LBS 
TEMP, '200" F M\hl 

2. ~ U G G E ~ T ~ D  50URCE(5) 
OF SUPPLY: 

F 5 C M  NO. 14959 

TABLE X 

5130 DLBBIL LANE 
SANTA BARBARl CALIF. 93111 

084-8676 

Contracton Licenu No. 290399 

.la * 0.0 - 

_ _  _ . _.a. 
~ - ..-- . . . .-. . .... - .  . .  



- -. 

' NO-5: 

. . I .MATEQ\AL: 
: . '. PRE~SURE / WPERATURE 

REL\k€ V A W E .  
AUTOMhnC -RESEATI~JG . . 

ComB\U&TOh! T Y P E .  ' . %,' 

BRASS ' COUSTRUCT ON 
. . ,h)o; 100 X L . .  ,,:.: 

. , 

PS\ ~ f f '  150 L85 
: : ,  TEMP 5- 2\o0t= 

\ .  

2.5UaGE5- 
. . . , ~ O U R C E ( ~ )  OF 

SOPPLY:  
WATTS . .- . . 

RBuLATOR CO. 
. F;ScN\~o.79227 

. . , I 

" .  . . 

, , 

\ . . 

. . 
. . 

.. . 



-- .*." 
NOTES: 

\ . MbTER (AL: 
B E A 5 5  SOLDER JOIMT 

SPECIFIED DECIMAL 

.W( * 0.0 - 
Xxx * 0.0 - 

ANOUUR f 

D R A n  

5330 DEBBIE U N E  

SANTA BARBARA CALIF. 93111 

864-8676 

-n,md'#m k;"" No. 290399 

c 
, 1 - 0 8  . 

2.16 

B 
3.20 
3.40 

? A m  NOe . 
15-oo\ 
, ~ ~ - o o z  

R E V I S I C N S  PART NUMBER 

wO DbT. I .. 15 

i 

5lZE 

112 
A 

1.85 
2.50 

I .  

8 

r 
PART NAME 

GATE .VALVE 
3 

117 

NOTE\ 
C " U ' 0  

r~ 

T l A C K O  

"^" NONE 
f ' g 0 ~  76 
ACP 0 



I MAT-\ AL,: 
PRES~LRE -El= VALVE 

, . 
.' . 

, , . . . . 
. . . .  ' 

. . . . .  ... . . . . . . . . . .  
. . ' I' 

j .  

L .  . . . . . i .  . ; s  , . 
. . . .  

. . I :. . . . 
. . . .  

q .  

TOLERANCES 

. , UNLESS OTHERWISE 
. . .  . . .  SPECIFIED DECIMAL . . . . .xx * 0.0 *- 

. . . . .  . . . , . '  . X U  * 0.0 r 
i.: . (  . , . . ANOUUR * 

. . . . ?&DoP'% 
. . . . . .  To 

~ P P W  . . .  
. * 

5330 DEBBIE LANE 
SANTA BARBARA, CALIF. 93111 , . 

981-8676 . . * 
. . .  

ELEflM,  INE. 
Contrmcton License No. 290399 P 

l lEVlSlGNS 

~o . 
I 

* 

' 

: 

PART NUMBER 

1 6  
PART NAME 

PTZF55URE R€L\EF VALVE 
WiYiiJ~o u 

CW.'O 

TIAClo 

orr. 

118 

"A" WLL W'MCTIE \ 
E wz 
A*c o 

my 











-- _ _  I . _.-.-. .-.-.l"bl\ ... .+'a".. ."..LA. . . . .. 

PR€SUQ&. RWEC 

A\R V W  

1 

I 
I 

I 

I 
HcrrCASCAtC- 1 COLD SUPPLY 

r 
I 

- 

, S6RvlCb HOT 

1 
- 

1 
- 

I 
I 1 I ,- - - - - - - -  - - -  - - - 4  

I 
I 

I 
i 

I - 
I 

I I 
I I 
I 
I 

I 
I 

I > 

I , ,  ,,- 
I 

CASabG I 

1 

I 

I 
I' 

-5 TANK 

I 
I 
I 
I 

- 

5330 DEBBIE LANE 

SANTA BARBARA. CALIF. 93111 

PHONE 964.8676 

b m r a a o n  L k e n u  M. YWlW 

TOLEIIAMCCS ., I C V I S I C N S  PART N U Y B E I  

UNLC8S OTHERWISE 

SrCCIFIED DEClUAL 

. x x  * 0.0 
.XXX f on 

A N O U U I I  : 
o n A n  . , 

. . .  

no 

a 

I 

I 

4 

m .  

0.r. 

3 
. .  "~ 

m r  

r ~ n r  NAUC 

G A S  CASCAE -TIC 
D..l* m. 

T u  
C U R  0 

T I A C I D  

.CA" - 
OAT. 3_ 
.PC 0 

8 .  

.I.V..lAL 
C 

D I A \ . 1 1 0  N O  

ESS -a 







EL CAMINO POOLS 9646929 . , 

EL CAMINO SOLAR SYSTEMS 964-8676 

INE. 
. . 

, I 
, :,. 

5330 DEBBIE-LN., SANTA BARBARA, CALIFORNIA 93111 

. . . . .  
. -  

( .  . . *': - 
I: . . .  . NASA ' ' 

r ' Marshal l  Space F l i g h t  Center 
.i 

. . Alabama 35812 
. . . , 

. . 
., . . A t ten t i on :  Mr. M i t c h e l l  Cash 

. . .  . . . . 
, . -  . . . . . . . . . .   ear M i  tch:  . 

3 %  
I .  

. , 

>i ;,. . 

wehereby t r a n s m i t  t he  documents requ i red  f o r  review p r i o r  t o -  PDRI, according 
. . 

I .  . . . . .  , . .  . . . t o  Contract  NAS8-32245, TD2 and TD3. Executed o r i g i n a l s  and two copies 
. . . . . .  . : . . of TD2.and TD3 a re  being mai led t o  you under separate cover. . . .  

I '  

I ' 

For you r  in format ion we have a l so  inc luded th ree copies o f  our c o l l e c t o r  . . 
' . data shee twh ich  has j u s t  come o f f  the press. . . . . . . .  . . 

:. , . . :We look  forward t o  your  comments and review. 
' I  . . . . .  . . .  

, . 
. . 
.I.. : ' . “' . Yours . 

. . .  . . . .  b . . .  . . . I . .  

. , 
.* ' . . 

. . .  Terenc 
Vice Pres iden . . . . .  

. . 

. . ~ n c l o s u r e s :  10 copfes, ESC-2, V e r i f i c a t i o n  Plan 
10 copies, ESC-7a, Drawing L i s t  . . . . . .  . . 

. _ . L a .  

. . . : .  , +... ' 10 copies, ESC-7b, Suggested Prototype Design Review Data 
. . .  

. . . . . .  2 copies, 1 reproducib le,  ESC-7c System Drawings 
10 copies, ESC-7d, Autocontrol  Logic a c .  

. ~ . r  ' , .  . . . . .  
: !.*< , . . . .  . 10 copies, ESC-7e, Measurement D e f i n i t i o n s  (Mini-P. I .P.) . ,  10 copies , ESC- 7f, Proposed Modi f i ca t ions  t o  SUNSPOT CASCADE 

' 

',"' 
! 4 , .  . . . . . . .  ,. 10 copies, ESC-7g, L i s t  o f  Mater ia ls  i n  Contact w i t h  Potable Water ' : 

. , ' i  - .  . 
I ) . ,  . . . 10 copies, ESC-15, Special Handling, I n s t a l l a t i o n  & Maintenance . . 

j l  ., . Tools L i s t  
. ,. 

. .I 10 copies, ESC-18 Hazards Analys is  
' I  1 

. . . . . .  D i s t r i b u t i o n ,  except f o r  drawings, as fol lows: 
, . :  . . , .1  copy t o  Contract ing O f f  icer/AP32 > .  

. . .  . , 

. . 2 copies t o  Technical Manager/FA32 
. . . . .  

, . . ,  . . , .  . 7 copies t o  SH&C Change Integration/FA02B . . 
.- . , 
I :: . . . . . 

% 1 

I ,  , . . . :! > . . . .  . . . . . . 126 
i ' . ' - . .  . .  . . . . .  . . . . .  . , 

. . '  . . 
. . 

,", . , 
. . 

I .  . . . ,, 



c o lon  RED 
2. VENDOR: 

SNCLALR W S H  
B C M  U O  
PART NO. 625-8 

I 

m L C l A l l C C I  I C V l S l C N S  PART M U Y B C I  

U.LcSs OT.cIWlsc I io I ma,. I .. CP16 I 
I J 

1 PART W A Y S  I VINYL CLOSURE 
I 1 1 1 C0.S 0 1 O..I I O..r4-. IP 





MOTE St 

I. MATERIAL: 
CARBON STEEL 

2. PRO=CT\VE FIUSH: 
ZINC PLATE 

3, MFG PA4Z-r N O ,  
S n N L E V  NO. 999 

. . 
$ 

.\98-204 DIA ,: 

CSK I20~~0.25 DiA 
4 HOLES ssw, o c e s t c  unr  . r 

BANTI BARBARA. cALl r .  93111 

PHONE 964.8693 

bnlncton  Lk.n.4 No. 190399 

TOLCRANCCS l C V l S l C N S  CART NUMBER 

UNLESS OTHERWISE 
BCCCI~ IED DECIMAL , * 0 . 0 2  

-0 CP 14 
U X  * 0.0 - 

oR A n  * 7 

011. a. 

CART NAME 

, 1 
4 

129 

CORNER BRACKET 
C*(r 0 

l*.CIO 











PURGE $ 
PRESSURE 

RELI ZF VAWE 

--- 

Slob6 RELAY 

I I W  D l l D l l  YUI 
U*,. n...lll& U,,.. ,,,I, 

.*DM .*14", 



VACUU M 

COLLECTOR 

CHECK 

/ ;I 
V E N T  

R E ~ J L ~ ~  < ~ ' r - ~ ~ ~ ~ ~ ~  ouMe ----- TANK - 1 8. OPEPATIN G TWO m R T  
CASCADE 

V A W E  

P U M P  bJ l&---LI i 

FILL & 
GRAIN 
VAWE 

C O W  
. WA- 
SUPPLY 

'""'""' DUMP AUK WITH 
lNTEFrm A L  .<..em= HEAT E X C W R  ...,.... 
c-. a 



t 

PURGE PRESSURE 
RELLEF VALVE 

GAhlGED 

REGULATOR 150P51 
----- 

3 PORT . 

WHEN PUMP OFF 
C O D  

4- WATER 
SUPPLY 

WATER 

- 
W 
01 3\06 B RELAY - 

. O L I U * C U  

""LIII OT*n(.Is, 
*nunro m**o-  ororn 

.-*.a - 
M C U U "  * 
ow,7 

.am 011.11 LUI 
.MI. ."".Am CIUI. ,3111 

1011 .mu,, 

@flM. Sn(.."." I*."" INE.  I. tMI 

.LII """It" 

.A", "111 

Dl ..-. RECT .. OUMP OPTION. 
OMCDN I """' - 

c.. 

..a can 
OV 6- """'" !'sf.' ' (ESS-5 

"C".UO*S 

.O 

a 

' 

O.- .. 



.... ..>: 

_____I_ ._ _ _ _  .. _ _._ _ __. _ . ... . . . . . . . .. .. 

VACUUM 
RELIEF 

REGULATOR 

THREE FDC 

-RAT\ N G- 
COLD . . 
WATER 
SUPPLY 

- 
W * 

. . 

IOLI..*LI, 

""LESS O I * c m r c  
WEClrllD 0rClr.L .". 110 - 
' .... 3 0 0  - 
.*G"U" L 

om." 

L3,O O C I I Z  Y*r 
I.",. eLI..IU 5111,. 1,111 

W O * E  (0869I 

C-10." Lac.".. *. IMt 

.a". .""el" 

,A". "A"C DUMP TANK WITH 
EXTERNAL HEAT EXCHPNCER ..- ., "..* NM """.' 
c.. 0 txA90u i s  n ... c.o \ $ $ ~ 0 V 7 6  ... s g5$-6 

"C"ISIC*3 

_O 

' 
-... .. 



- .  - .. .- .. . . - -. 
_ ________ _ _  _-. _ _ . _ .. ..... _- . . . . .- . . . . ... . .. . ..-.- .' .- - .- ' .. - 

NOTES: 
I. MATERIAL: 

G O P E R  TUBE, IUT)UIJD 5EAMLE55 ,H APD - 
D W N ,  T Y  P e  M - OPT\ON ALLOY 330. 

2 .  ALL SEAM5 SHALL BE BRAZED US\- 

UNIBRASE 45% 5 \ L W € U  ALLOY. r PDI5-154 
VVROUWT COPPEE 

3. P015 F \ T T \ Q G 5  A R E  FROM: E)-rD CAP 

PHELPS - DODGE 

END O F  TiJSE 
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PD15- 2.75 R 
SHORT RAD WROUGHT 
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NOTES: 

1. M A T E R I A L :  

ALUMINUM ALLOY EXTRUSION 

CMPSN 6063 TEMPER T6 
DIE SECTION NO. 61025 

2.. VENDOR: 
REYNOLDS METALS CO. 
FSCM NO. 

3 .  PROTECTIVE FINISH: 

ELECTRO - D E ~ 5 I T E D  
C O M M E P C . \ A L  DARK 
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1, N\P;TER\AL'. 

ALUM\ tJUM ALLOY E X f  W5ION 
CMPSN 6063 TEMPER T5 
DIE SECTIOM 66890 

2, VENDOR: 
R~YNOLDS METALS CO. 
FSCM NO. 

~ . ~ R O T E C T \ V E  FIN\SH: 
CHEM FILM (ALOOINE) ENTIRE 
PART,FlNlSW COATWIWMARTINNO.23 j (LUSTERLESS B L A C K ) O N  
lND l CATED AREA. 

FINISH TH\5 
5URFAC€,5EE 

un.LIU - UY PIV. mu1 
I*IIW 



3. PROTECTIVE FlN1SH: 
ELECT- - DEPOSITED 
COMMERCIAL DARK 
BROWN 

,097 -, I02 DI A THRU 
2 HOLES 7 
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4 B REF 4 
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MAX 2PL - *  k 2% 

TABLE I 



NOTES : 
I .  MATE~AL: 

- A\-UM\ NUM ALLY EXTPUS\BN 
CMPsN 6063 TEMPER T 5  
D\E SECT\ON NO* lb3 108 

2.VENDOR: 
REy~oC-05 METAL5 CO. 
FSCM NO* 

7. PROTECTIVE Fl hll SH: 
CMEM FILM ( AW~WE) ENTIE PART, 
COAT IWD\CATED AREA WtTM 
MARTIN NO. 4 (USTERLESS BLACK) 
A1 R DRY. 

SURFPCCE; SEE 
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