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PART | SUMMARY

This first quarterly report summarizes the progress made in the preliminary design
phose of the project. To date no contract changes have been requested, but the
status of the certification to be done by Underwriter's Laboratory, of the Proposed
Inctrumentation Plan and of the Operational Site Definition are given in Part il -

Contract.

The Development and Verification Plan Schedule is given in Part 111, The schedule
of future deliverables as the Final System Specification is subject to the date when
the government designates the operational sites.

A description of the Technical Performance is given in Part IV, The system has
been defined and major hardware approaches sclccle‘d. A two-pass air-heating
collector was selected based on efficiency, case of installation and development
status.  An Fneigy Transport Module,ETM, has been designed to compactly contain

all the mechanical and electiical contiol components. The interfaces with the ETM

are simplified, easing installation.

The next important step is to build the hardware needed for verification testing,
including <olar panels and an ETM. The solar panels will be tested on an instru-
mented test stand by Fern Engineering, and the ETM will be evaluated at the UL

Loboratories in similar way that conventional HVAC subsystems are evaluated.

A list of Document and Rrowing Submittals aic piovided at the end of the report.



PART I CONTRACT

CHANGES: No contract changes have been requested.
As a result of the preliminary design studies the solar system configura-
tion was changed from what was proposed. These changes are:
1) The solar collector configuration was changed from a single-
pass to a two-pass flow arrangement whereby the circulated air
picks up heat fiom both sides of the absorber. The rationale for
the change is that the two-pass is more efficient, eases installa-
tion and the development status is the same as the single-pass
collector.
2) The system configuration was changed to centralize all mechani-
cal components and controls into o single packoge, named the
Encigy Transport Module (ETM). By centializing mcchonic'o|
and clectrical functions in the ETM, installation will be simpli-
fied. System certification is also simplified os the complete ETM

can be shipped to an independent testing loboratory.

PROPOSED INSTRUMENTATION PLAN: A Proposed Instrumentation Plan, Fern
Engincering Proposal F-312, was submitted to NASA with pricing on

1-24-76. The plan is based on the tentative site at Tunkhana, Pa. The

approved P.I,P. is cxpected by 3-10-77.

CERTIFICATION: The Underwriters Laboratory was given initial funding to

familiarize themselves with the systcin and to prepare a Certification

Plan. Mecetings were held with U L. p:ionnel on 12-27-76 and 1-24-77

(PDR).



CERTIFICATION, continued:

The scope of the U,L, effort was discussed jointly with NASA and U. L,
representatives at the PDR,  As a result of the joint PDR meeting U. L,
will concentrate on the safety aspects, covering those requirements speci-
fied in the "Interim Performance Criteria", as well as those requirements
that will ensure compliance with National Codes and Standards. It is
anticipated that UL will test, i1 its own laboratory, an ETM module,
contalning the mecnanical and electrical control components. UL will
provide a document that describes the system, describes the test and
evaluation they have done and which indicates safety criteria for appli-

cation of the equipment. .

OPERATIONAL SITE DEFINITION:  Definition of the operational sites was
scheduled for the PDR, however, the government has not as yet defined
them. Delay in site definition will delay the final system specification.

In order to assist NASA in site definition, several alternative methods

of system retro-fit were presented to NASA at the PDR.



PART Il SCHEDULE
The Development Plan Schedule is given in Table 111-1,

The Design Data required for Government Furnished Site Data Acquisition “ub-

system was furnished in the form of a Proposed Instrumentation Plan (PIP) per tocu-
ment SHC 1006, This document was imade available to Fein at the contract
negotiations, and conformance to it required definition of the system and of the
operational site. Preliminary site information wasd.ained  fiom NASA on Decem-

.

ber 17 and then was used to develop the PIP,

The Preliminary Design Review and Quaiterly Design Review were rescheduled ot

the convenience of the government per TD-04 (AH-001%0).

The Verification Plan is in accordance with the Verification Matrix for Doc.
“Interim Peformance Criteria for Solar Heating and Conbined Heating & Cool ng

Systems and Dwellings" Janvary 1, 1975, The Verification Plan was divided Tito

p 1250 S, ind ;l\ H\c D(‘Vt'lupllu'nf P;IU‘.,O LO\‘I_'H".! l‘y ”\iS qU.II'L'Ily It v it !ln,- e ..,{5

wore limited 1o Similarity and Analysis. The status of all Verification Items is
r

given in Table 111-2, The Document and Diawing Nos. refened to therein cre

identified in Section IV-D "Data Subniittals",
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TABLE [11-1

DEVELOPMENT SCHEDULE

Contract
It System  Actual
Authority ~to-Proceed 0
Design Data Required for
Government Furnished Site
Data Acquisition Subsystem
(SDAS) 12/23/76 1/24/77
Prcliminary Design Review 1/1/77 1/24/77
Quarterly Review 1/1/77 1/24/77
Piototype Design Review 5/5/77
Instiumentation Required for SDAS 5/19/77
Quarterly Review 5/5/77
SDAS Required 7/7/77
First Article Review 7/7/77
Quarterly Review 7/7/77
Quaiterly Review
Delivery of Prototype Systems 7/21/77
Installation Review 9/ /77
Operational Test Review 3/9/78
Completion of Contiact
Requirements 4/1/78

Contract
_2nd System

12/23/76
1/1/77
\/\/77
5/5/77
7/1/77
5/5/77
8/18/77
9//77

9/1/77

9/15/77
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PART IV_TECHNICAL PERFORMANCE

——— — e —

A. DESCRIPTION OF WORK

System Detinition:  Fifteen alternative approaches to the system con-
figuration were studied, parametizing the number and location of the
dampers, the number and location of the fans, the inteiface locations
with the furnace (viz, vpstream, downstream or parallel interfaces), the
size and type of subsystems and operating modes. The system criteria are
defined in Table V-1,

The reculting key ststem definition features are given in Table V-2, The
vatious operating modes are depicted in Figures V-1 to V-3, Because
air-heating solar collectors are vsed, dircet <olar heating is possible.
The signal from the first-staoge of a two-stage room thermostat (T1) is used
to activate Mode I, A collector thermostat, (TC) inhibits Mode 1, unless
the collecton temperature has increased sufficiently (nominally 1000F) to
cloce the collector thermostat circuit, All contiol functions are handled
by Class 2 ciicuits. Relays located in the ETM regulate the action of the
| 'nwms, damp(‘fs and of the pump. Roth the furnace fan and the <olar
collector operate in the ditect heating mode. The temperature of the

aii deliverod by the collector ranges from 90 to 140°F for Mode 1. Mode
2, Fueigy Storage is activated cither by a signal fiom stage 2 of the room
thermostat when the furnace burner is started, and ‘or by a signal from the

ditferentiol thermostat having «ensors uttached to the absorber and o the

soroge tank 8), Stmultancous operation of the furnace burner and the

¢ S e

10



solar collector delivering heated air is inhibited by the control; this
avoids the possibility of overheating the house , as well as sending
heated air to the collactor. In Mode 2, air is circulated through the

collector and over the finned heat exchanger in the ETM,

The pump in the ETM circulates water from the cooler regions of the

storage tanks through the heat exchanger, thereby transporting solar

energy to heated water storage. The air is returned to the collector for
reheating when it exits from the heat exchanger. As the collector will

be sized to be able to supply much more than the demand on a clear day,
the operating mode will switch back and forth between direct solar heating
and storage during a typical clear day. On cloudy days, a greater pro-
portion of time will be spent in direct heating. The direct heating mode is
the most efficient thermodynamically, as the temperature of the air entering

the collector is lowest for this mode.

Mode 3 is heating by stored energy. This mode is activated by a signal
f.om Stage 1 of the room thermostat, when the collector thermostat is
open, e.g. cloudy periods and night. Mode 3 operation is inhibited by
a storage thermostat which will preclude operation if the water tempera-
tu e in the warmer regions of the storage tank is not sufficient for heating

purposes (e.g. nominally greater than 90°F).

The storage sybsystem utilizes potable water. The storage subsystem is

pressurized and connected to the DHW tank; a DHW draw causes a draw

11 ORIGINAL PAGE IS
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on the heated stored water, thereby reducing the encrgy required to
heat the DHW to the set temperature.  An expansion tank, provided
with a diaphragm and prechaige of air is used to limit system pressuies

between 50 and 80 psia while preventing any backflow.

A modular packoge, identified as The Energy Transport Madule (ETM)
has been designed to house the heat exchanger, all mechanical compo-
nents and electiical controls. The ETM will be instolled adjocent to

the bm'k--up warm-air furnoce. Connects with the tTM are:

o Two air duct connections with the back-up furnace.
") Two air duct connections with the solar collector.,
o Class=Two citcuit (24v) connections to the thermostats.,

o Furnace power tun to ETM for pnm||«‘| contiol of
furnace fon,
o Power to the ETM,

o Two piping connections with the storoge w‘wy.\lvm.

The air ducting, piping and storage are insulated.

The thermal resistance values aie:

Air Ducting =rs
Storage R 30
Piping R 3

Collectors:  The collector altematives studied are given in Toble 1IV-3,
Performance analyses hove been comied oot considering; a) the wlor

enerqy tronsmission and -‘\\.\n,»';nn of cach cover, b)) the radiated infia
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red transmission and absorption of each cover, ¢) the convection losses
between covers and on the exterior, d) the solar energy absorption ef-
ficiency of the absorber, e) the emissivity of the internal duct surfaces,
f) the roughness of the internal duct surfaces, g) the amount of insula-

tion, h) duct size, i) air velocity and j) air-flow distribution.

The two-pass collector design, whereby the air flows over the front of
the absorber and returns in back of the absorber, was found to have
superior thermal performance. The front-to-back two-pass collector
simplifies installation as the inlet and outlet ducts are adjacent to each
other on one end of the collector. The present baseline design approach
is given in Table IV-4, The frame construction approach is still under
study, comparing the cost of aluminum vs steel. A 20-year design life-
time is desired, and it is felt that hot-dipped galvanized and bonderized
steel can provide the lifetime. Of concern is the future price of alumi-
num as projections indicate a 30% increase this year alone. A glass
cover was selectedvis-s-vis a plastic cover tc preclude any external fire

hazard and to use the proven structural capacity and durability of glass.

The calculated performance of several key alternatives is shown in

Figure IV-4. Small gains are possible by refinements of the internal
design of the ducts; these are currently being left as future product
improvements. The alternative of using FEP instead of KALWALL is
currently being pursued. The FEP has a low index of refraction, re-

sulting insmaller reflection losses than for glass. The FEP has greater

13
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transparency to infia=red transmission, but the net performance benefit
is significant.  In addition, as the absorber temperature increases during
a no-low condition, the infrared transmission increases, thereby re-

ducing the no-flow temperature.

The vee of selective surfoces wos studied, and although they can improve

poformance at high temperatures, the no Hlow temperature is markedly

tncrcased, aggravating material i .p-iu'u‘vnt\ for the collectors. Asan

indicator of the collector peformance in ¢ Qmparison with other systems,

the coleulated results were s pvlin‘powd on an available correlation of

poblished manufacturers data in Figure IV=5. The comparison in Figure

IV -4 indicates that the baseline collector has mem-mmcc m‘ml' to high

quality doubleglased colledtors being manuofag tored, and collectors with

'-:\_::\if:‘ «n\l') Lottt .\m(\‘uu. anee e either fog osed o1 have ‘o“ .\\-ppn‘\\;on

Jdoevices (. lective « .w?in-), fire convedtion a\-:\pwwm,\‘. As p\\;nh'd out

aboy ¢, the no flow 1 npe ot e w Hl increase as loes SUPPLessors are added

w that active contiol of the no How condition is nn]:'iu-d. As one of the

“l.\iv" qvi\‘l‘“l\(‘\, 'h\\\r\c'l, 1‘\(‘ . \‘”1\ tors must \Ul\;\ [N ATS] How fm\diﬁons

vesolting from loes of pow withoot e .;v»'.! ":'”‘} hence, based on the

. - . ) h)
current lmit in no flow e poratore to JAU7F at the ol wother, the collec=

tor p Jormance is at the vppet -.!_n' of the curvent state of the ~ant,

‘--\'|(‘:'\ Pl'l{\‘l:”\"\\ [ Systom P formanc e « WL t Lattans were \\lllll'\{ out
) b,

! wative site lecation at Tl’.,“n!:\d, Pa.

over @ heating teason for the b

. .
Four system oltematives waie « valvated vsing the pya neters shown in

14




Table IV-5. The results shown in Table IV-5 illustrate the effect of
collector size, storage capacity and use of a reflector. A typical in-
stallation for this house would be two rows of panels running the full
length of the house having a 300 ff2 collector aperture , and would pro-
vide 40% of the space heating. The system performance will depend on
site location, insulative quality of the house and of the system component.
Based on the performance calculations, a preliminary system performance

specification was developed and is given in Table IV-6.

Certification Plan:  Two meetings were held with representatives of the

Underwriter's Laboratory to devise a certification plan. At present, UL
is developing a plan to meet the safety criteria of national codes and
sk‘mdords and at the HUD Interior Performance Doc. - 1-1-75, UL has
been provided with drawings, analysis and descriptions of the system.

ae certification plan is summarized in Table IV-7.

Retrofit Studies: System design must consider the diverse aspects of retro-

fit approaches. Alternctive opproaches are sketched in Figures 1V-6 to
IV-11. Actual retrofit installations will be dependent on house orienta-
tion, available lot space, location of chimneys and vents, roof pitch
and gables, local building codes, and accessibility to the installed
heating plant. The finalization of a system specification will depend

at least on the features of the site noted above,

URIGINAL PAGE [s
OF POOR QUALITY
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B. FORECAST OF ACTIVITIES TO COMPLETE TASKS

e — o . i e e et . e+ et et . . - ——— et - e et

Piototype Design:  Prototype design will continue, refining the design,

performing engincering and cost analysss, developing specifications

and preparing fabrication drawings.

P::v_«:‘f\p.nlvm,"!fl__ififgtig_rz_T»v.sf_ipg': Solar collector performance verifi-
cation will be achieved via testing a nominal 100 it collector array
instrumented in accordance with NBS 'ASTM recommendations and

tested in accordance with criteria being developed by ASHRAE and HUD,
An Energy Transport Module, (ETM), mechanically and electricatly com-

plete will be fabricated, tested and sent to the Underwriter's Laboratories

for safety verification.

Final S}'sh*m S_Eecificoﬁon: A final system specification will be devel-

e e

oped upon selection of the operational test sites by the goveinment,

Installation Diawings:  Installation drawings will be developed when

the Final System Specification is completed.

Piototype Hardware Fobrication: Release of diawings for fabiication
will be done when all specifications are finalized and the prototype

system is approved. Production studies will be made to select the ap-

proach providing the best advantages,

Installation Proposals:  Proposals for installing the systems will be
e s }

developed upon request of the government,

lo
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C. Identification of Major Problem Areas or Difficulties Encountered:

To date, the primary effort has been in preliminary design and
selection of hardware approaches. Hence, problem solving is
a continuing effort, but at the moment, no major problems or

difficulties have as yet been encountered.

D. Data Submittals:

A list of document submittals is given in Table V-8, Drawing

submittals are given in Table IV-9.

17




KEY SYSTEM CRITERIA

o SAFETY § RewaBILITY

e ABIDE BY NAT/ONAL CODES &STANDARDS

e AVOID PREHEATING FURNACE AIR

e AVOID S/IMOULTANEOUS START UP OF ALL AMOTORS
eAWID BACKFIOWS :

o VUSE CERTIFIED FQUIPMENT

o USE TEAMPERED GLASS

e ANVOID HAZARDOUS USE OF MATERIALS

o DESIGN TO WITHSTAND NO=- FLOW TEMPERATURES

2 AVOID FOTEANT/AL DUCT OBSTRUCTIONS +N BACK-UP OF (¢

e LOCATE FANS IN CCOLEST LOCAT OANS
e PROVIDE STORAGE TEMPERATURE LIMIT
e PROVIDE PRESSURE RILIEF

¢ FCONOMIC
e SIMPLIFY INSTALLATION
o AVOID FXCESSIVE FAN £ PUMP ROWER
o SELECT EktficicnT FANS f'I‘JOTORS
O SYSTEM FFFICIENCY AT LEAST STATE-CF-ANT W [Growrn
o EASE CF. MAINTENANCE

oAARRETING
o AVAILADBLE SUrMER T
e RETRO-FIT  ADAFTAE'CITY
o KEDUCE FPAy-~cFF FCRIOD

W\ \%
¥ AL, ¥ }‘\..,\ |
0&369&“ L\\.-.\,

ORAWN

‘ Ney Srsrem Cpirersq
FERN ENGINEERING [< S il :
BUZZARDS BAY, MASSACHUSETTS OATE

U.S.A. e

~

18

i
i
i
i
]
i'

R R P T T ro e

PR O TR



WORKING FLU/IDS

Q AIR HEATED SOLAR COLLECTORS

OPOTABLE WATER STORAGE

OPERATING MODES

@O DIRECT SFACE HEATING BY SOLAR HERTED AlA

O STCRAGE OF SOLAR ENERGYy BY HEATING \VATER
Q SPACE HEATING BY STORED SOLAR ENERGY
QFREHEATED DHW DRAWN FROM STORAGE
GENKUP FURNACE

MEACYUP \WATER MEATER

S
ORIGINAL PAGE
OF POOR QUALITY

e - . —— -

b ARRABNRRRS NGNSV T I

URANN
D e e PL = : =
FERN ENGIEERING [ | Tl v oW L{' IJ
CUZZARDS EAY, MASSACHUSETTS Y 5=
‘J.S.A. l=24- 77 |OWG. NO. BEY,
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COULLECTOR ALTERNATIVES STUDIED

o FLOW PATH

e SINGLE PASS IN FRONT OF ABSORBER ,2 COVERS
eSINGLE FASS REAR OF ABSORBER ,2 COVERS
e DOUBLE PASS FRONT TO REAR,2ZCOVERS

e DOULBLE FPAHSS
e ROLGI{NCESS
e EALSSIVITY O©OF DUCT WALLS

REARRK TO FRONT ) / COVER

o OUTER COVER
e KALWALL FRP
o GLASS

o/ NNER COVER

e KAL\WALL FRP
e FEP FitM

o PABSCREC R
e XM NENTEL /6 1t AL
e RLACK CHROME
e BLACK COPreER

e TNSULAT 2N
o FIEERSLFES
e URETHANE
o | LOCPANURATE
e THICKNES S

T T T R T D A T e e—

& f’r..'/;/,,('
e bXxrhulell Acon; wom
P T4 = o “reee
£ \v. /"—JD
e SILE
s SY2 7S GuLncs v iex 26 GLRss
ORAWN
COlLEeTeR ATEANATIVES
FERN ENGINEERING e FALLE W-3
BUIZARDS BAY, MASSACHUSETTS T
U.S.A. OWG. NO. REV,

=52




SELECTED COULLECTOR AFPFRIAGCH

e FLOW PATH

e TWO PASS FRINT TO REAR
e SMOOTH SURFACES
o NO DUCT ComT//GS

P OL TER CO VER
o LOW IRGN TEIFERED GLASS

0 'AANER CoVER
o KALWALL FRP

0 ABSORSAER
e 2N NEXTEL] L AL AL.

e INSULAT/ON
o FIBERGLASS N 1HOT TonE
o ! SOCYRAURATE CON FERp)ETER

o FSAME

MELDED STEEL /EB:ntecre 7' o~ MAN FEAAE

oRL. Extrus;ins ek Tihss  (Qavik

S/I2&

e 16X 26 GLAsS

iy

-y
(RAWN
— SELECTED COLLECTOR LBIFFoAcsH (s
FERN ENCINZERING [ ST ()
BUZZARDS BAY, MASSACHUSETTS m— J &
US.A. OWG, NO. FEV.
21
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TABLE V-6
SYSTEM PERFORMANCE SPECIFICATION

e et . e — -—
apm————

Specification No,
APPENDIX A Page Date

Page of

SYSTEM IDENTIFICATION

This Appendix defines the performance and installation
drawings for (Enter type of system), (Enter Contractor Name),
System Model Number (Enter Model Number).

SYSTEM PERFORMANCE SHEETS

Site -
The system shall be installed in a  residence in the city of
Tunkhana county of .

— : yof . state of Pepnsylvania °

Heating gipacitj w

The system will provide solar energy for 40 % of the average
total heating load during the heating season based on an average
total heating load of,,?,ix/o(‘BTU/Month and a peak heating load

of 26550  B7TU/hr.

Looling Capacity

Thr vystenr wid-provide saolar cuergy for _____ 701 the
total- vouling-1oad-durdng the caaling Brxsony-baood-On.an.average
fovil- couting toad- of------- BTU/Momtirand a- peak cooling laad

O =T B Tt e,

Auxilia IX_EQ_CES)'

The average rate of auxiliary energy uscd for heating shzll be no
greater than //.:if).'/‘()"B'I'U/Month of the total energy required for
heating, irncl\;i{;é-};ot water. This shall be ro greater than 60 %
of the total energy required for heating. The average rate i
amcHiary-encrpgy-ueed for-cooling-during the cooling-senvoen-shall
be-no-grvatvy ther=------- Bt YU/ Month---Fhis-shall-be-negreater

trin--------Frof-thetotxd-emrgy-reqnired-for-eooling.

e

* Based on 625400, &° F Design temp., 8 mos. heating season.

>

Bt

iy

s
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TABLE V-6, conttnued

SYSTEM PERFORMANCE SPECIFICATION

P = e o —— . —— — — o ———— -— ——e = e —— .

Specification No, _
Page Date

Page of

Hot Water

40 ___gallons of potable {or uscable) hot water shall be delivered
at noless than _ gal/min at temperatures no lees than _ 120 OF,
Recovery time shall be no greater thap 2._2___ hours. The avcr.\g—cq
hot water heating load will be 1.68X0 BTU/Month of which 60 %
i{s provided by auxiliary encrgy. = e B SR

(75 gal/day w/washer, 3 BR, 1-1/2 bath)

Operating Requirements

The maximum electrical energy required to drive the solar portion of
the system at its rated capacity shall be no greater vhan A4S K. W,

*

The maxlmum electrical energy required to drive the co;{{ﬂetc_;yntcm
shall be no greater than 5 K.W. The average yecarly clectrical

Water-requliements for-cooling condensarsandforair-hamidification shall
be no greater-than————gal/hs,

* Includes operation of furnace fan to distribute air & KivHfor water heater,
Physical Data - Table III

— ———

The following subsystems shall have:

Design life no Weight (filled) Installation
leas than Jo geedter than,  dimennions
Heating 20 __yecars =5 200__. Ibs (TM 2?_.‘(_39}“_8 in.
Coothrg __years =23 - - I Bt
Furn, 30x30x48 in,
Auxiliary Energy ____20___ vears _“2__9‘09__ Ibs Tank 2 x 5x5 ft.
Storage 20 years __ 3000 1bs 3x9x5ft,
Potable Water - 40 years ___ 465 1bs 2x2x35f.
(or uscable) ~ (2 fs WS)
Collector 20 _years 6 1be/ft2 5' x 42" each
; s N ) =
FEnergy Transport __20 years ____47-_1» = 1ba/ftlair) _N/IA
Controls ___’2_0__~ ycars 25 each _ NfA

(Other)

energy required to drive the system shall be no greater than 4400 K, W. H.* :

-

e o e i 2l

Ahaog s Sl oo e ada Db haa L b e s el atibe  wimaie o ihea o o iy L ot

e bl o



SYSTEM PERFORNMANCE

SITE .
TUNKHANA, PA
1080 F72
HEAT LOSS /0 BTU J/F72-DD

SYSTEM FARAAMIETERS?
&o° T

SouTH AZ,
/0 MPH \Winds

-%ucr: £9E
Rsreq ™ <0
SYSTem COLLECTOR A ERTURE WATER Sro5ace  AIR FLOW  REFL, Ea M,
| 172 SQ.FT : 2000 Ibs 400 CIM /
2 172 2000 100 VAR
3 244 2000 00
4 2494 $000 oo /
KESULTS
SYSTITA1 ANNUAL FERCEATHEE AVG. Sysrepn: EFfcicicney™
HEAT/NG DEARND CD,J,F)
/ o8 e
2 =5 .69
3 &5 .38
4 47 =490

#NO CREDIT FOR TaSeimon Lasses

e ey
I OR AVN I

FERN ENGINEERING  [%7 e b T
BUZZARDS BAY, MASSACHUSETTS

DATE
U.S.A. 2 DG, s




CERTIFICAT/ON PLA N
REQUIREMENT ° CERTIFICATION THAT THE SYST ‘/a/ sSugs ’
D/CR COMPONENTS NEET ATISMAL § TANDA
¢ 5 -"('.O : @ C ’A‘S
SEE LRI SYSTEM REVIEW WITH LL /2/27) 76
PRELIMINARY UL ReERorT $7LAN  POR
AFPPRsfick S
SELE CT AFFROERIATL SMPONENT
A‘g)r‘;_‘ \ ~ S & vy 1) B o b o P Bt | e ™ , B o ) BB o,
Vi1l o = T B 9 1J EEIN D IO (..;,'\,,v/\D P L P ’//_;/.{:;,
e SUENIT DWGS ENCineER I T MM RErS IS TO =
4
FoR &vait r/c N
& IR 5N NE ol Dk B ST T - o i &
., Vi€ CONFIGURATICN CIANTROL DSCU, A
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