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INTRODUCT [ON

This is the seventeenth monthly status report prepared by AiResearch
Manufacturing Company of California under Contract NAS8-3209! for the National
Aeronautics and Space Administration Marshall $pace Flight Center (MSFC). The
report summarizes activities from April | to April 30, 1978.

For simplicity in reporting, activities are reported by subject matter
rather than by WBS item number.

MEETINGS, REVIEWS, AND MAJOR EVENTS
Activities during April were as follows
° A program review meeting was held at AiResearch from March 29
through April 4, 1978 (5 work days) with Mr James Clark of NASA
in attendance.

PROGRAM PLANNING AND CONTROL

Site Activitties

During April, the site and site equipment status charts requested by NASA
were generated as completely as possibie. It was found that approximately 30
charts are necessary to outline the site and major subsystem status to the
requested depth of penetration. After further familiarization with the usage
of these charts, the number of charts possibly may be reduced to eliminate
redundancy and render the charts more easily assimilated and more readrly issued.

Site and Site Equipment Status Charts

The following charts were submitted in preliminary form in mid-April-

Chart | Operational Test Site Status

Chart 2 Heat Pump Development and Test Schedule (charts issued
for 3 3~ton heat pump sites and 2 75-ton heat pump sites)

Chart 3 Operational Test Site Subsystem Schedule (sample only)
Chart 4 Operational Test Site Installation Schedule (sample only)
Chart 5 GFE Delivery Dates for System Equipment (:)

Chart 6 Daystar Collector Delivery Schedule ~ 1978 (:)

Chart 7 Site Equipment Disposition and Costs

Chart 8 Travel Budget for Future Site Visits

Chart 9  Heat Pump Delivery Schedule

(:7 Blank form to be completed by NASA

-~
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Status of Instrumentation System Planning Information {1SP1)

Site

Allaire Park, N.J.
]

Lawrenceburg, Tenn.

Harrisonburg, Va.
Novato, Ca.

St. Louis, Mo.
Los Angeles, Ca.
Houston, Tex.

Las Vegas, Nev.

Program Documentation

ISPI

Revision

A

NC

Remarks-

Revision B in progress to revise liquid flow=-
meter ranges per SDAS remarks

Revision A in progress, to be issued pending
receipt of information from SDAS personnel

To be started this month

No action as vyet, site recently reactivated
No action, site not yet determined
No action, site not yet determined

Submitted April 25, 1978

Revision D in progress to incorporate SDAS
remarks and to revise schematic

The following documents were prepared in accordance with the requirements
of Appendix A of the statement of work.

a. Sixteenth Monthly Status Report 76~13110(16), dated April 10, 1978

(DR500-11}.

b. Quarterly Contractor Financial Management Report {DR500-27).

Other publications were submitted during April to the parties listed as

tabulated below

(:) SDAS comments were from Mr. George Mizell of [BM/Huntsville per telecon on

May 1, 1978,

! AIRESEARCH MANUFACTURING COMPANY

OF CALIFORNIA
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Submi ttal

Date Jo Subject
L4-4-78 J. Clark (NASA/MSFC), Mueller Lawrenceburg, Tenn. Site ISP]
Assoclates and F. Rushing, Forms

Lawrenceburg, Tenn.

4-12-78 J. Clark Site and Solar System Status Charts

4-25-78 J. Clark and E. Samfield, Houston Site ISPl, Rev. C
Univ. of Houston

4-26-78 J. Clark Solar Energy Usage Table
SYSTEM DEVELOPMENT

The activities reported below involve heat pump component design,
fabrication and testing, and heat pump package development.

Component Design, Fabrication and Test

1. Turbomachine

(a) 3-Ton Unit

Cooling tests have been completed on the 3-ton test system. The system
was operated in the motor-driven and the turbine-driven modes with performance
results as predicted. The plumbing changes underway on the prototrype unit at
Dunham-Bush will not be incorporated in the test system and all subsequent
system testing will be conducted at the Harrisburg, Va. facility. Two turbo-
compressors have been shipped to support the test effort.

(b) 25-Ton Unit

Testing 1n the heating mode at speeds from 35,000 to 40,000 rpm resulted
1n contact between the rotor and motor stator. Analysis indicated that the
rotor-stator clearance was marginal and a stator has been reworked to Incresase
the gap to 0.020 inches, This unit will be assembled and tested early in May.

(¢) 75-Ton Unit

Testing of the unit continued through the month with various bearing
modi fications, The final configuration i1s an assembiy which provides an
0.005 in. ,radial sway space in the journal bearings. (Tests were conducted
with 0.003 and 0.007 in. sway spaces.) A unit has been completely assembled
and tested to 22,000 rpm. 1t will be sent to Dunham-Bush the first week in
Hay.

Unit No. 2 is being assembled and will be available for test late in May.

= A-3 76~13110(17)
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2. Motor Controller

(a) 3-Ton _Controller

Tests are being conducted on the heat pump package at Dunham-Bush.

(b) 25-Ton Controller

System testing of this controller is continuing. Investigation of the
motor mechanical problems is still in progress,

(c) 75-Ton Controller

Controlier No. 1 has been tested at 90 percent speed with an unloaded
motor. At that speed, uneven margin times were observed in the inverter
devices., This problem will be investigated further when another motor
becomes available. !

Controller No. 2 is 95 percent complete.

3. System Controller

The interface unit between the system and motor controlier has been
modified to output the motor speed signal only after the motor controlier
ready signal 1s received.

4, PR~11 Liquid Pump

(a) 3-Ton Unit

Three pump units were delivered in March. Testing is now at the sub-
system level.

(b) 25-Ton Unit

Parts have been received for three pumps. One pump has been assembled
and Is in test,

Heat Pump Design, Fabrication and Test

1. Design

As a result of continuing 3-ton unit testing, considerable recircuiting
is required. These changes will not be incorporated in drawings until tests
confirm no additional changes are required.

2. Prototypes

The revisions noted last month have been made on the second of three
3-ton prototypes. This unit was cleaned with tricholoroethylene before
revisions,

76-13110(17)
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The motor control panel was reworked as a result of February-March tests.
The second 3-ton heat pump was reconfigqured to eliminate restrictions at the
compressor inlet and discharge. The evaporator inlef manifold was divided into
four sections and 12 distributor tubes were incorporated for better flow dis-
tribution., Strainers were added at the turbine and compressor inlets.

3. Testing

Testing of the 3-ton system was resumed with the modified motor contreller,
piping at the turbocompressor with reduced restrictions and a 12-tube evaporator
infet mani1foid.

Operation with the force-cooled motor controller was normal and the
temperature levels were maintatned within the expected range. The starting,
current limit and speed control functions performed normally. Compressor
performance improved to the values obtained during the breadboard test as a
result of the plumbing changes. The 12-tube distrtbutor improved refrigerant
distribution in the evaporator buft not enough to provide the required system
cooling capacity. Discussion with the vendor and subsequent analysis has
resulted 1n a distribution system modification which will be incorporated for
testing which will resume in May.

Testing for the month was concluded when the turbocompresser could not
be restarted after shutdown. Teardown of the unit revealed oil and solid
particles which resulted i1n excessive starting torque, This contamination came
from the system heat exchangers which were not properly cleaned upon receipt
for test. It was resolved that all components would be thoroughly flushed with
trichloroethylene and that strainers would be installed at the turbomachine
inlets A secondary problem was uncovered in the motor controlier when starts
were attempted with the high torque compressor. A new circuit wili be installed
to disconnect power when motor start does not occur within a time Timit to be
determined. This circuit will protect the controller in the event of compressor
failure.

A-~5 76-13110(17)
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INTRODUCT 10N

. This is the eighteenth monthly status report prepared by AiResearch
Manufacturing Company of California under Contract NAS8-3209! for the Nationazl
Aeronautics and Space Administration Marshall Space Flight Center (MSFC). The
report summarizes activities from May | to May 31, 1978, except for site
status charts which reflect NASA comments received on June 6 and 7.

For simﬁ!Icnty in reporting, activities are reported by subject matter
rather than by WBS i1tem number.

MEETENGS, REVIEWS AND MAJOR ACTIVITIES

A contract review meeting was hald on May 11, 1978 at AiResearch (Torrance)
with Mssrs. Bill Brooksbank, Larry Marshall, Jim Clark, Byron Crider and Claude
Dorning of NASA/MSFC in attendance. Contractual scope, financial status, hard=
ware development status and program schedule were reviewed 1n detail.

PROGRAM PLANNING AND CONTROL

Site Activities

Deliveries of heat pumps were delayed 3 to 5 weeks (see Chart 9 of Appendix
A) due to rotor rub during development tests of the 3-ton unit turbocompressor
and the heat exchanger contaminant problem reported last month for the 3=ton
heat pump tests at Dunham-Bush. Deliveries of heat exchangers for the 75-ton
heat pump are also 2 months tardy, but schedule tightening is expected to
recover | month of this delay.

Site and Site Equipment Status Charts

The site status charts previously submitted to NASA in mid~April were up-
dated on May 4 and again during a NASA~AiResearch program review meeting on June 6
through 8. The June updated charts are included in Appendix A of this report.

Chart | Operational Test Site Status

Chart 2 Heat Pump Development and Test Schedule (8 heat pumps)

Chart 3 Operational Test $ite Subsystem Schedule (all sites except Los Angeles)

Chart 4 Operational Test Site Installation Schedule (all sites except Los
Angeles)

Chart 9 Heat Pump Dellivery Schedule
Charts 5, 6, 7 and 8 presenting GFE delivery dates, collector delivery dates,
site equipment costs and future site visit travel budgets were deleted this month

since there were no changes from the previously submitted information.

Subsystems Updated

As a result of recent component and subsystem tests, various component
arrangement and plumbing changes have been made to improve overall performance.
During May the schematic diagrams for the subsystem and system have been
revised to reflect these changes. Figures | through 5 of this report present
these changes.

AIRESEARCH MANUFACTURING GOMPANY 76-13110(18)
OF CALIFORNIA
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Status of Instrumentation System Planning Information (ISPI)

Site Revislon Remarks

Allalire park, N.J. A Revision B submitted May 23, 1978

Lawrenceburg, Tnn. NC Revision A submitted May 19, 1978

Harrisonburg, Va. - In process, awaiting air duct details from
Dunham-Bush

Novato, Ca. - No action as yet, site recently reactsvated

St. Louls, Mo. - No action, site not yet determined

Los Angeles, Ca. i e No action, site not yet determined

Houston, Tex. c Submitted.-Aprii 25, 19;8, awaiting AP from
{BM/MSFC

Las Vegas, Nev. C Revision D submitted May 31, 1978.

Program Documentation

a.

b.

Seventeenth Monthly Status Report 76~13110(16), dated May 10, 1978
(DRS00-11).

Quarterly Contractor Financial Management Report (DR500-27).

Other publications were submitted during May to the parties listed as
tabulated below:

Submittal
Date

5=1=78

5=1=78

5=19=78

5-23-78

5=31=78

To

[BM/MSFC

Timmerman Engrg., Inc.,
Houston, Tex.

J. Clark (NASA/MSFC), Mueller
Associates and F. Rushing,
Lawrenceburyg, Tenn.

J. Clark, Mueller Associates

J. Clark, R. Joeckel and
L. Borns

‘amsse AIRESEARCH MANUFACTURING COMPANY

OF CALIFORNIA

Subject

Storage Tank Drawings H=TX~M2=2,
H=-T¥X=M2~3

Drawing 2101876 (of the 75-ton heat
pump turbocompressor motor controller)

Lawrenceburg, Tenn. Site 1SP! Forms,
Revision A
Allatre State Park, N.J. Site [SPI,

Revision B

Las Vegas, Nev. Site [SPI,
Revision D

76=13110(18)



SYSTEM DEVELOPMENT

The activities reported below involve heat pump component design, fabrica-
tion and testing, and heat pump package development.

Component Design, Fabrication and Test

i Turbomachine
(a) 3-Tom Unit

All activity has been at Dunham=Bush. One unit was returned because it
would not start repeatedly. Unit disassembly-revealed that one sensor had
become detached from its magnet.

Another unit was sent to Dunham=-Bush. On the initial startup in the
system, an intermiftent rubbing noise occurred at 60,000 rpm. This unit was
bench tested exactly as returned, to 75,000 rpm several times without noise.
A system problem associated with physical distortion is suspected, and a
fixture for testing the effects of distortion is being fabricated.

(b) 25-Ton Unit

The month was spent trying to determine the cause of the high speed
rubbing. The rubbing was time related. Upon disassembly, rubbing evidence
was very slight and not in the same location. Time vs speed is as follows:

35,000 rpm - | hr
38,000 rpm =~ 12 to I5 min.
40,000 rpm - 6 to 8 min.

This speed/time relationship was repeatable with various modifications.

Near the end of the month, a bench test run was made at 38,000 rpm. The
rub occurred after 7 min. The unit was disassembled within 5 minutes and it
was discovered that the tie bolt and magnetic rotor were extremely hot and
that the lock-up torque was essentially zero. (Tie bolt and rotor ‘temperatures
were approximately 200%F.) It was concluded that there is self=-induced heating
in the rotor causing excessive tie bolt temperature and loss of lock=up. Increased
lockup was attempted with the identical unit. No rub occcurred in [4 minutes.
Immediate disassembly produced evidence that this new lock-up torque (600 in.
1b) should be sufficient. The unit has been rebuilt and 1s being Instalied fn
the system for tests under load.

(¢} 75-Ton Unit

Unit No. | has been shipped to Dunham=Bush. Unit No. 2 is assembled and
in the electric laboratory for test.

~ 76~13110(18)
AIRESEARCH MANUFACTURING COMPANY
o OF CALUIFORNIA B.8




2. Motor Controller

{a) 3=Ton Controller

Tests are being conducted on the heat pump package at Dunham-Bush.

(b) 25=Ton Controller

System testing of this controlier is continuing. Investigation of the
motor mechanical problems is still in progress.

(¢) 75-Ton Controller

Investigation of uneven margin times in the inverter at high motor speed
is continuing.

Controller No. 2 is 95 percent complete.

3. System Controller

The interface unit between the system and motor controller has been modi«
fied to output the motor speed signal only after the motor controller ready
signal 1s received.

4. R=i1l Liquid Pump

{(a) 3-Ton Unit

Three pump units were delivered in March. Testing Is now at the subsystem
level.

(b) 25-=Ton Unit

Parts have been received for three pumps. One pump has been tested and
shipped to Dunham-Bush. Flow rate for this unit was slightly low because of
internal leakage. Rework of this pump (and the remaining two) is being held

in abeyance pending system test evaluation.

Heat Pump Design, Fabrication and Test

| Design

The 3-ton plumbing changes reported last month have not been evaluated
due to the compressor starting problems presently under investigation. Drawing
changes will be deferred until testing confirms that no additional changes are
required.

~ 76=13110(18)

l{@amuayy)| AIRESEARCH MANUFACTURING COMPANY
— OF CALIFORNIA B-9




2. Prototypes

Two 3-ton heat pump packages are assembled and available for the test
program. A 25-ton package is partially assembled, ready for instaliation of
the turbocompressor next month. The 75-ton systems are waliting receipt of heat
exchangers by Dunham=Bush West Hartford now scheduled for June delivery.

3. Testing |

Testing during May is described i1n the turbomachine tests section.

\;A—) AIRESEARCH MANUFACTUR&!;%SS%?}:: B- 1 0 76=131 lo( Ia)




Chart

2a
2b
2c
2d
2e
2f

APPENDIX A

SITE STATUS CHARTS (ATTACHMENTS)

Title

Operational Test Site

Heat
Heat
Heat
Heat
Heat
Heat
Heat
Heat

Pump
Pump
Pump
Pump
Pump
Pump
Pump
Pump

Development
Development
Development
Development
Development
Development
Development

Development

Operational
Operational
Operational
Operational
Operational
{peratianal
Operational
Operational
Operational
Operational
Operational
Operational
Operational

Operational

Test
Test
Test
Test
Test
Test
Test
Test
Test
Test
Test
Test
Test
Test

Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site

Status

and Test Schedule {Lawrenceburg, Tenn.)

and Test Schedule (Harrisonburg, Va.)

and Test Schedule (Allaire State Park, N.J.)
and Test Schedule (Novato, Ca.)

and Test Schedule (St. Louis, Mo.)

and Test Schedule (Los Angeles, Ca.)

and Test Schedule {Houston, Tx.)

and Test Schedule {Las Vegas, Nev.)
Subsystem Schedule (Allaire State Park, N.J.)
Installation Schedule (Allaire State Park, N.J.)
Subsystem Schedule (Lawrenceburg, Tenn.)
Installation Schedule (Lawrenceburg, Tenn.)
Subsystem Schedule {Harrisonburg, Va.)
Installation Schedule {Harrisonburg, Va.)
Subsystem Schedule (Novato, Ca.)
Installation Schedule {Novato, Ca.)
Subsystem Schedule (St. Louis, Mo,)
Installation Schedule (St. Louis, Mo.)
Subsystem Schedule {Houston, Tx.)
Installation Schedule {Houston, Tx.)
Subsystem Schedule (Las Vegas, Nev.)
Installation Schedule {Las Vegas, Nev.)

Heat Pump Delivery Schedule

76-13110( 18)
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HEAT PUMP |
|
NOVATO, CA. T A R PRy , 1
A8l |T bt
K
ALLAIRE PARK, N.J. [ HEAT PUMP
SITE L e \ T
’Ea I t Ic L]
H N v
| HEAT PUMP -
LAWRENCEBURG, TENN. siTe - - -
i) I g’ !
1l
HEAT PUMP '
] i
HARR 1SONBURG, VA. FSITE D " =
iy cl’
ST. LOUIS, MO. HLEAT_TUNE
Y LD
H
HEAT PUMP
1.0S ANGELE . i —
LES, CA ' SITE Y .reo
i
; HEAT PUMP
HOUSTON, TEX. Fsiie , = - i
d A '
H
HEAT PUMP
LAS VEGAS, NEV. }
’ ' SHTE D B T W LT
1
H-Heat Pump Assembly, Test and Delivery to Site C~System Installation Checkout

T-System Test Operations
i-System Installation

D~System installatlion Design
B~System Installation Bids

SOLAR HEATING AND COOLING SYSTEMS OPERAT IONAL TEST SITE STATUS




SOLAR HEATING AND COOLING SYSTEM
HEAT PUMP DEVELOPMENT AND TEST SCHEDULE
UNIT: -l (loweeicesues)

] 1]
QEVELOPHENT/HFG, MARCH | APRIL may | Juse JULY  :AUGUST | SEPTEMOER

TASKS 123‘|123Al256lI23-Ii}&!ZJf-lZ}A

1. Component Oavelsoment COMPLJ!'Q N

1. Mazor=Cantrslier COMPIG"'g
2. Turba « Comprasscr C‘.crmph&e,

3, Fyll Current Start Test f-OMP e

11, Faprication & Assembiv

[}
—— i ————

1. Turbe = Corpressor Como leca
2. Controiler I Comp lete
3. HMotor Cemo lete

4, Hakt « Exchangars Compiate : OF POPR QUPT‘@
5
1
|
[

g
S
72

S, Jucting and Piope Complecs
4. Hiring Complats
7 Assanbly Hardware e
3, Chass s Assambly ———

II1. Subsvszem Jeveicomest !

1. Freon Charge

2 Baear:ing Startiag
3. Bcaring Cocling
& Motor Coalng

5. Motor Catibration

-

C?hin p/e/'e

5, Eleczronce Scability
1 Coempryssor Calibration

Turbina Calibration

| I' lI I

Expansion Valwn Calikratign

[0, Prassurs drop
11, Pumn Coatrols

12. Freon Invantory w—

l

13, System, Jontrollar, [atar<ace

V. Subsvirem Varification

1, Heating Cooscity {Oesign Pount) _—
2, Heating Capacity 7GF* Designj —_
3. Coultng tapacity {Dasign Pgint} —
&, Cowling Capaclity {Of~ Dasign,
5. Gver Yoltage Tast

—
N
4 Under Voltaas Test ——
7. Failure Yodos {5 imulaced) —
2. davarmmnt Inipeetion W O !
V. Prapzraticr & Qgilvery 1 -<

— v Or"aq{no.\ mileshene,
w AIRESEARCH mmuucfunét;tacgg;g\':: O ﬂe_ﬁd\e&uh& mi\gﬁ'\'onb

CHART 2
* Date: E~12-78
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-SOLAR HEATING AND COOLING SYSTEM
HEAT PUMP DEVELOPMENT AND TEST SCHEDULE
UNIT:_. R =2 h(' (22 SONBLUREG )

NARCH APRIL HAY JUHE JuLy | augustT | sEPTERGER

DEVELOPHENT/HFG,
TASKS T % 2 3 AT Z % &)1 € 3 411 2 3 4t & 3 &iE 2 9 4

i. Camoonent Oavelooment

1. Hotor
2. ‘Turbo « Cowpresser (/‘JG 2 /ZEC?L’}QED)
3. Full Currant Start Test
I Esbrication & Aspembly —)

1, Turbo = Carpressor Cewp lace

1 2. cantroiler Comp lats _2
3. Hotor i Compiate o
4, Haat = Exchangers Complatw g
5. Ducting and Pips Coamplete r %
&, ¥Wiring Compiate o
7 Assanb @ Hardwars — U
8, Chassis Assambly ‘————

111, Subsystwe Oaveicoment
1. Frson Charge
2. Bcaring Starting
3, Bearling Cooling
4, Motor Cooling
5, ¥otor Callbration
4, Elsctronic Stabrility
7. Compresscr Calibration (MT QEG U/QED)
8. Turbino Calibration
9. Expansion Valye Cailbration
19, Prassure Drop
11. Pump Controls
12. Freon Invantory
13. Systew, Controllar, Intarface

IV. Subsystem Varlfication
1. Heating Capacity {Design Point) -
2. Haating Gapscity (OFf Design)
3. Coollng Capacity (Oesign Point)
4. Cooling Capacity (OFF Dusign)
5. Ovar Voltage Test ——
4. Under Voltage Tast
7. Failure Hodes {Sieulazad)
8. Gavernment [nspection

¥. Preparation % Oclivery 7

ol

ARESEACH MANUFACTURING COMPANY Y Or .‘9'.““‘ rrilestong
OF CAUFORNIA ¢ Rescheduled rilestons

- —— — L e

, “THART 22«
B-14 = - Date: 6-12=78




SOLAR HEATING AND COOLING SYSTEM
HEAT PUMP DEVELOPMENT AND TEST SCHEDULE

UNIT:

-3 (ALLowes)

DEVELOPHENT/MFG,
TASKS

MARCH APRIL

MAY

| aune

t
L

“ULY

1 AUGUST

{rszpmasn

T2 3 2 3

bl 2 3

iti [

-

I 2 3 &

oz 3

-

T2 3 &

Comvonent Oevelopmant

|
A! ]

]

I

1. Hoter
2. Turbo « Comprassor

(Ne

I1.

I,

Iv

3, Putl Current Start Test

Fabrication & Assomorv

T REQG

-

L.
2.

Turte - Comorasser
Canerallar

Megor

Heat = Sxcnangurs
Sucting and Plpe
¥iring

Assanb 1@ Hardwars
Chassis Assembly

Subsystem Develicoment

1
2
LN
&

Feaon Charge

dearing Starsing
Bearing GCooling

Motar Looling

HMoter Calibration
Eleetronic Stabelicy
Compressar Calibrazian
Turbina Calibration
Exponsion Valye Caliorat
Presaure drop

Pump Cantrols

Freon [aventory

Systam, Congrabiler, I[nza

Suosdvsiom Yarifreat on
e

1
3
uy
5
4,
7.
1,

Yaating Cagacity {Design
Menting Capacity “9fF Dus
Cooting Caoacity {Oesign

Cooling Capac:ty {OF* Designs

Qver Voltage Taest
Undar Yoltage Tast
Fallure Modes (Simulated)

Govarnmant [nspeczion

¥, Prescraction & Delsvery

Como lece
Com lete |
Comp leca
{omolete
Compleca
Comuinca

(I

1on

r-acs

Potac)
rgn;
Patnc}

oT R=

QUIRED )

- —r— e —

/

AIRESEARCH MANUFACTURING COMPANY

V Original milestone,

I | cansa
-_—

QF CALIFQRNIA

{ Ruscheduled milestone

B-15

CHART 2b

Date:
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SOLAR HEATING AND COOLING SYSTEM
HEAT PUMP DEVELOPMENT AND TEST SCHEDULE

UNIT:

_23-4 [Movarn)

DEVELOPHENT/HFG,
TASKS

MARCH | APRIL

may | Juse JuLy

P AUGUST

| SEPTEHBER

12 3 441

¢ 3 &}l

23$!12351¢3

&

1 & o+ 4

T 2 3 4

1. Component Daveigoment
1. Motor
2. Turbo » Compressor
3. Full Current Start Test

I1. Fabrication % Assemsiy

1. Turbo « Camorassar
2, Cantroller

3, Mator

Hesat - Excaangers
. Dudting and Pioe
viring
Assonl IR, Haraware

mq:’ma

. Chass.s Assombliy

III. Subsvitoe Develdocest

1 Freson Charge

2. Bearing Starting

3 Bearing Cooling

4 Hotor (ealing

5, Mpoear Calibracion

4, Elactrontc Stabstity

? Compressor Calibration

8. Turbine Calcbration

7 Expansion Valye lalibration
10 Prossyre drop

Il Pump Cantrols

Fraon l’nvtntar\,

I3 System, Contralier, Interfics

IV, Subsverom Verificaticn

l. Hesting Capacity {Oasign Pornc}
Z. Hesting Capacity '0FF Design;
3, Cooling Capacity {Dusign Point)
&. Cooling Capacity (0f* Oesign,
S, Over Voitage Test
4 Under Voltage Test

Fallure Hodas ! Simulazed)
1. Government Inspectron

¥, Propzretion & Oqilvary

MNoT

Cam lete
Complete

Camieta -

REQULIRED ! |

acT Nay

e JAar FEBR

- —t — -

N l\

0
4

> NOTT REQLIZED

e rr —emr e —

| AIRESEARCH MAMLIFACTURING COMPANY

OF CALIFQRNIA

V Original milestone
{ Reacheduled milestone

CHART 2¢C
G=12=73

® Date:
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SOLAR HEATING AND COOLING SYSTEM
HEAT PUMP DEVELOPMENT AND TEST SCHEDULE
UNIT ___ 25 =) (57 Lows)

3 T
DEVELOPRENT/HFE, MARCH APRIL may | Jukg JULY  AUGUST  { SEPTEMEER

]
TASKS iZiEEIZSilZiA'}ZS&IZ.‘.LiZJiIZJ&
1

1. Lamsonent OJavelsoment

i

1. Motor COMFLLTE - !
2. Turbo - Compewssor T————— ‘
)

!

—— iy [ =

3 Full furrent Start Test MNA

I1. Fatriestion & dgssemblv

Turbo - Camreassor lomoleca
Caneroller Cemslete |
Mazor Como leta
Hegt « Exgnzngers Canplete 1

[ B A

Jucting and Pipe -t —

[ d

. Wiring

~4
.

Assamb [ Hardware Cxmmeati

o
-

Chassis Assenbly e————

115, Subsvazam Jevelgoment ocT | Nav CEC | JAand FEES ;| MAR APR

i Freon Sharge o —
2. Baaring Starting -
3, 8saring Coaling -—
& HMortor Cooling =y,
J. Motar Calibratien -

4, Eleceromic Stability - —
7 Compressor Callbratlon exOram———, [L— 3
8 Turtine Calibration b o

9 Zxpansion Valge Calibration c— i “‘_,_LNAL PAGE
10, Pressure Zrop S— QF Pooli g

[

I

11 Puma Conernls
i2. Freon [nvqntari’ ~
13 System, Sontrolier, Inter<aca 31

IV Subsvitem Verificat cr

i ¥eating Capacity (Dasign Point)
2. Hgating Capagity '0f¢ Jesign;
3, ¢oohing Cavac!ty {Design Point}
&, Coaling Capacity {(0f€ Dasign

3. Over Voltage Test

& Undor voltage Test
7. Failure Modas S imulaged)
2, Governmant lrioestion

M

¥, Propzration & delivary !

| : |

7 Or'\'gt'no! rmilestong,
PANY H
S MRESEARCH MMUFACTUH(;';%ACLOI;‘OHNIA <> Raschedule.d mllz‘&'{'anz,

CHART 24
* Date: é ’/2"78
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SOLAR HEATING AND COOLING SYSTEM
HEAT PUMP DEVELOPMENT AND TEST SCHEDULE

UNIT._ 25 -2 (los ANGELES

DEVELOPMENT/NFG,

TASKS

MARCH

| APRIL

mav | JuE

WwlULY

1 AUGUST

SEPTENBER
)

R

2 3 s}

2 3 A1l 2 3 a4

1

i 3 b i

2 3 4 ¢ 3 4

1.

1.

111

Iv.

Component Oevalacmart

1. Motor )
% Turbo « Cowrassor
3. Full Currsnc Start Test

Fapracavion & issamblv
1« Turbo = Comprassor
Cencrollar

Macor

Heast - Excnangers
Jusseng and Pipe
Wiring

7 Agsemb Ig Hardware
Chass:s Astamblv

Subsvstes Jeveicoment

|
A
3.
4, Motar Caoling

5. Motor Calibrazion

4, Elactronic Stamitity
7 Caoraressor Calibracion

Freon Charge
Saxring Starzing
faaring Coaling

Turbiine Calibration

9 Expansion Valye Calibration
fressure drop

Pump Cancrols

Fraon !rwcn:ory

Systam, Congralier, Inzerfacs

Subswvstem Varificaticr

1, Maating fasacity {Dasign Point)
Heoting Capacizy 7 2F# Jesign)
Cocling Capeeity {Oasign Pount}
Cooling Cavacity (0f Oesign,
Qwer Valtage Test

Under Voltage Test

Fallure Modes | 5umuisted)

aqvarnment Inspacticn

¥. Prepcratiom & Dslivery

Nor

Caomp lace
Campiete
Ceorplata
Como late

REQUIRED i

i
¢

i
|
l

Jawa

FeD

MAR, 1 APR

BAA

Jun RISTI

> NOT REQUIRED

o
! p

0
-

AIRESEARCH MANUFACTURING COMPANY

OF CALIFORNIA

T Original mideatone

{ Rescheduled milestone,
O This acheduled may be expe

shauld the &t.Lanie unit

by change of site.

dited one mon!ig

delweru be delaues

CHART
* Date:

e
£-12-78




SOLAR HEATING AND COOLING SYSTEM
HEAT PUMP DEVELOPMENT AND TEST SCHEDULE
UNIT: ‘25"’1 gdaggﬁd)

t
MARCH APRIL NAY H JU  RUBUST
DEVELUPMENT/NFG. ‘ Juke LY s

TASKS T 2 3 &1t 2 3 4«11 & 5 &1 2 3 & | ¢ 3 & 1 2 35 &

EPTEXBER
FIE

-t

I. Component Deveicoment W

. Motor Comp\e}e

P ) Bl sl

2. Turbo « Comprassor comphb P
3. Full Current Start Test Qam?1ebg —

I1, Fabrication & Assambiv

e e m———

|
f
!

1. Turbo « Comprassor Comoiste
2. controller } Complete
3. Hotor Lomnlets
4, #aat = Exchengers --

1
- [}
T
'

5. Ducting and Pipe i —

- -

%, Wiring - ~t ——mexs
7. Assemb ! Hardoars - J—
8, Chassis Assembly -

113, Subsystem Daveloomant <EPT ooT
——

1. frean Charge

H

"y

2. Baaring Starting

3, Baaring Loohling
#otor Cocling

3. Hotor Calibratien

&, Elactromic Stability

|

7. Compressor Calibration Sv—

8, Turbine Calibration oo

9, Expansion Valys Calibration .
—

|

:
2

AL PAGE-1g

10, Pressure Drop

11, Pump Controis ——
12, Freon Inventor -—
13. System, Contreliar, Interface s

1V. Subsvstom Verificaclen SePT ocTY

1. Huating tapacity (Design Point) —
2. #enting Capacity (OF* Design} -
3, Cooling Capasity {Dasign Pornt} o]
4, Cooling Capacity (Of* Dasien, et
S, Over Voltags Tast

6, Undar Voltace Tast

7. Fallure Hodes !Siowlatad)
8. Govermmant Inspection

%

V. Preocratinn & Dalivary

S Y W

v Ofiginol milestone
AIRESEARCH HANUFACTURING COMPARY & Qogcheduled mlestone

- THART 2f
B-19 * Date: E—12-78




SOLAR HEATING AND COOLING SYSTEM

HEAT PUMP DEVELOPMENT AND TEST SCHEDULE
UNIT:_75-2 (Las Vegas)

OEVELOPMENT/HFG.
TASKS

MARCH i APRIL

MAY

| June

«ULv

1 AUGUST

| SEPTEHBER

P2 3 &1 2 3 &1

z 3

.

1

i - & 1

F- B I

-]

I. Cotponent Cavelcomant
1. Hoger
2. Turba = Comprazsor

3 Full Current Start Tast
I1. Fabrication & Assamblv

Turbo - Comaressor

o

Contral lar
. Hotor
Heat - Excnangers

LU )

Juciing and Pipe

[+
.

'dirmg

=3

Agsemabiy Hardwaras
Chussis Agsambly

-

I11. Sub3sviton Develovme-t

1 Frign Lhargs

2. Smaring Starting

5. Bearing Coaling

4, Mator Cooling

3, Mocor Calibracion

4, Elactronic Stabihity

7. Camoressor Calikracion

. Turbina Calibrat:an

? GCxpansien Valyve Lalibracicn
Prossurs Orop

{1 Pusp Controis

12 Frwon Inventary

3.

IV. Subsvitem Yerifigatren

l. Hesting Capacity (Dasign an:)%l
2. Heating Capacity 'OF% Dasignj -~wee
3, Cooling Caoecity {Design Poainc)

&, Conling Cacacity (OF4 Design,
5. Qver Voltage Test

8. Under Voltage Tast

¥ Fallure Modes {Smulatad}

4, Gavarmrent Inssecticn
Y. Pravcration & Dalivary

NOT | REQUIRED |

—_— e

Comolete

Conmplate
Camolate
Completa
Complece
Comp lata

P ov

DeL.

S Al

FED

Syste, Gontrallar, [nterface

> NOoT

REQUIRED

(T ""i

o

-

=5

e

AIRESEARCH MANUFACTURING COMPANY

V Original milestore
¢ Rescheduled milestone

OF CALIFORHIA

B~-20

CHART 29
" Date-
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SOLAR HEATING AND COOLING SUBSYSTEHS
OFERATIONAL TEST SITE SUASYSTEM SCHEDULE

site Avence Stare fmie, NS

JAN FEB MHAR APR HAY JUN Jul AUG SEP ocTy HOV DEC
SUBSYSTEM
& Heat Pump
{See Chart 1) A 0
# Collector 5/5
I Bevelop Requts CompPLETE .- - i S - e
. 2 Dallivary —_ -3 4] - ——
« Storage 575 o TV B o B
l. Develop Specs. CORIPLETE —_—— e it m e | em—— e e q-—
2 Procure e — ——— — -
3 Bulivary A bt
e Data 575 T "——' -
. Davalop ISPI Wllﬁh? - | m— . e . —_
2 Review & Approve r—’/ﬁfx — . . —— —_— e -
3. Procure (N ASA) - —— DR n—
4, Delivery _.{.A_Jc_‘l‘ié_) —— - — et v I - — - - LY - - e mm —
® Systan Contraller $/S - —%"‘-‘\‘-_ - T B R N R T T
1 Hanufacture bf _EonIPLETE
2. Ship to 0/B I - Viy
3 Delivery il i | A +
» DIM - Preheater - T
1 Develop Speucs CompPLeTe 4 . -
2, Procura ! - -
3 Delivery __ — == = oE - & s
OTHCR RAJOR COHPONERTS T == "ﬁg - == ¥ S e = = e e —
¢ Coollng Tower g %
1 Devalop Specs LonlPLETE O YV . o N -
2 Procure J—— — P 3 —_— - e —— —— ——
3, Dellvary _ ‘.-h ﬁ_ - - . A ° i
o Auxillary Heater
1. Develop Specs _ComprLeETE R
2, Procure
3. Daliver - _ b® J
ey A Original milestone O Resch-e?mled mllestone % Generat contractor procured Il.em— o : B
mmmmmuw&mﬂmﬁ:
gg::‘ 36—!2-2&

o mrer———
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SOLAR HEATING AHD COOLING SUBSYSTEKS
OPERATIONAL TEST SITE INSTALLATEON SCHEDULE

SIE _Aremer Sare Fee, Mo/

THSTALLATION/OPERATION
TASKS

FEB

APR

HAY

JUN

JL

AUG

SEP

ocT

KoV DEC

BLDG CONSTRUCTION/MOD

l. Design
a System Req. Inputs
b Design Roviews

2, Construction

a Collector Interface
Interface
Interface

b. Backup Syst
c. Other Equip

CompiL. ETE

e TE

SOLAR SYSTEM INSTALLATION

I, ASE Selection
Sys Installation Design
Selact Contractor
Install Collector /8
Install Storage S/5
Install DM Preheat §/5
Install Data §/5

Install Sys Control §/5

Install Heat Pump §/6

om s

v o

ComPLETE

Ce

MPLETE

SYSTEM CHECKQUT

i, Leakage Test

[l
.

Balance Collector Fleld
Wiring C/0 and Test

. Functional Test A1} Modes
Instrumentation Verification
System Turn-On

P

o wm

7. Systom Acceptance Tests

UPERATIONAL TESTING

I, Data Acquisition
2 Scheduio Haintenance
3 Performance Reports

_TBP

i

[P

e o AINLSLAKLH BANUEACIGHIKG COMPARY
|~ OF CALWORNS

O Original milestone

{ Rescheduled milastone

Chart 4

bate _6-12~74
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SOLAR HEATING AND COOLING SUBSYSTEMS
OPERATIONAL TEST SITE SUBSYSTEM SCHEDULE

SITE _Lwrpepcr i 5, TN

JAN FEB HAR APR HAY Juh Jutb AUG SEP T L DEC
SUBSYSTEH .
* Heat Pump
(See Chart |) A h
e tallector $/S T -~ -
| Davelop Reguis - CompPLalE: o - e e - ——
2 Delivery e e = —— Fal -
e Storage 5/5 ) A R B R
i Davelop Specs. ComfAere R — e e —— . - [ — -
2. Procure - o r———— - ———— -
3 pelivery _ JiNg
e Data /5 - - 0T T "_' - I
1 Develop ISPI . p o [ ——— —
2 Review & Approve - v s A‘Q_—--_:A ———— ———a — -
3, Procure _Q.ji\f‘l}. ———— e ]
4, Delivery . -—__(_—,\:}—_——ﬁ‘—?ﬂ)_ —— I Rt —— e wm e e <P P = N U= _ e
® System Controller 5/
1 Hanufacture ConPLETE
2 Ship vo D/B .Y/ /- N —— ] —— -
| 3. Dellvery [E——. A @
s DHY - Priheater
1. Develop Spees ComPLEIE !
Z Procure . _rb.:__. — ° - - ——
3 Delivary R — ‘ﬂ 7
“GTHER HAJOR CONPONINTS SRR # e s e e =
¢ Coaling Tawer g GE)
I, Davalop Spacs .QQ&’PLQTE‘__ — OP?__ _ - - -
2 fProcure — — e, B i — -
3 pellvary — R E_b&! A? - .
& Auxillary Heater e 5 )
| Develop Specs N YL — ——
2, Procure fIA :é_a—_:___
3 Deliver AL/ ]
s PR A original Milestone { Rescheduled milestone s General contractorjprocured l:-em o T
(Gmmapnry) A il i ANY
Py of CALFAMA charc 3

Date &—2-78



SOLAR HEATING AND COOLING SUBSYSTEMS
OPERATIONAL TEST STTE INSTALLATION SCHEDULE

STTE L AWRENCEDLIG 7, TE .

*"57’“‘"‘3‘;%"“““"“" JAN FEB HAR APR HAY Jul JuL AUG SEP 0T Hov OEC

BLOG, CONSTRUCTION/HOD
l. Design COpMALETE

i
a System Req. Inputs ConFLETE, : .
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INTRODUCT 10N

This is the nineteenth monthly status report prepared by AiResearch
Manufacturing Company of California under Contract NAS8-32091 for the National
Aeronautics and Space Administration Marshall Space Flight Center (MSFC). The
report summarizes activities from June | to June 30, 1978, except for site
status charts which reflect NASA comments recetved on June 6 and 7.

For simplicity in reporting, activities are reported by subject matter
rather than by WBS item number.

MEETINGS, REVIEWS AND MAJOR ACTIVITIES

Activities during June were as follows-

h
CAXNETY
.

A program review meeting was held at AiResearch on June & and 7, 1978,
with NASA/MSFC representatives James Clark and Robert Gunner in
attendance. Site schedules and component delivery dates were the
major topic. (Revised site schedules from this meeting were included
in the May progress report.)

A system design presentation was made to representatives of the
Bonneville Power Authority, the owner of the Redmond, Oregon,
proposed site on June 8, 1978. (Redmond, Oregon, is an alternate for
the now-defunct Los Angeles light commercial SHAC site.)

Job Meeting No. 5 was held at Houston on June 15, 1978 with Mssrs.
Clark and Gunner of NASA and Mr. Paul Benson of AiResearch attending.
It was found that the storage tank was installed backwards to allow
easier access Into the tank man-hole. AiResearch agreed with
Timmerman Engineers, Inc. to allow tank modification to permit instal-
lation of the horizontal temperature probes from the open slde. The
DHW preheater was too high for this building. |t was redesigned to
fit within the 19 ft allowable vertical space. Consequently, its
capacity was reduced hy 25 percent.

A site owners meeting and heat pump review were held at Harrisonburg,
Virginia, on June 20 with Mssrs. Benson and H. Yee of AiResearch and
Mr. Clark of NASA present. Major items discussed were delivery
schedules, means to expedite component delivery, review of the ISP
and the best way to return Houston site instrumentation erroneously
shipped to Dunham-Bush by [|BM/Huntsville personnel.

A bid meeting was held for the Allaire State Park site on June 27,
1978, in preparation for selection of a contractor. All bids were
too high.

MRESEARCH MANUFACTURING COMPANY 76-13110(19)
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Activities scheduled for the month of July include:
e A quarterly review meeting at AiResearch on July 10 and }i, 1978,

@ A contractor/owner Interface meeting with the Botineville Powsr
Authority régarding a SHAC site at Redmond, Oregon, on July 12, 1978. |

e A contractor/owner interface meeting at Novato, Calif., on July 13,
1978.

o A contractor/owner interface meeting at Houston, Texas, on July 20,
1978.

Site and Site Equipment Status Charts

Site Status Charts | through 4 were updated on June 4 through June 8 at
the monthly program review meeting. At that time, it was decided to delete
Charts 5 through 8 since the dates and costs of these charts does not ?hange
often. Chart 5 (previously Chart 9) the heat pump delivery schedute, in
contrast, is subject to frequent change depending on development test results).
This chart was updated on July 14, 1978 to reflect Dunham=Bush heat pump test
estimates received early in July. Charts | through 4 have not been upd?teq to
agree with the latest information because of progress report time restrictions.
Charts 1 through 5 are included in Appendix A of this report.

Subsystems Updated

Figures 1 through 4 of this report were presented in last month's report,
They have been corrected to delete the cooling tower (which is not part of the
heating and cooling freon subsystem) and to denote that the collector, interchanger
and storage loops are not shown., In addition, Figure 4 { the Las Vegas sub=
system schematic) has been altered slightly at the auxiliary boiler to be con-
sistent with the site equipment A and E drawings.

~ -13150(1¢9
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Figure 2,25-Ton/600 KBTUH Coollkg and Heating Freon Subsystem Schematic
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Status of Instrumentation System Planning Information (ISPI)

Site Revision Remarks
Allaire Park, N.J. B Revision B submitted May 23, 1978. Called Mr.

G. Mizell of |BM-Huntsville on June 23, 1978
with updated air duct sizes at W400 and W450.

Lawrenceburg, Tn. A Revision A submitted May 19, 1978. Provided
Mr. Mizell with insulation thicknesses for each
system loop on June 23, 1978

Harrisonburg, Va. .- Original version ISPI submitted June 27, 1978.
Novato, Ca. - No action as yet, site recently reactivated.
St. Louis, Mo. , - No action, site not yet determined.

Los Angeles, Ca. - No act‘i:on, site not yet determined,

Houston, Tx. D Submitted June 29, 1978, 4 temperéture probes

and one flowmeter deleted, | wattmeter added to
measure R=fl pump electrical energy.

Las Vegas, Nv. D Revision D submitted May 31, 1978, Revision E
in progress to incorporate latest Houston site
instrumentation changes noted above.

Program Documentation

a. Eighteenth Monthly Status Report 76~13110(18), dated June 9, 1978
(DR500=11).

+

B. Quarterly Contractor Financial Management Report (DR500-27).

Other publications were submitted during May to the parties listed as
tabulated below:

. Submittal
Date To Subject
6=15-78 J. Clark (NASA/MSFC) Freon Selector Valve Proposal
6=-22~78 J. Clark (NASA/MSFC) Drawings SK~60516 and S$K-60562 {of
the solar collector temperature
sensor installation)
6-27-78 J. Clark and C. Reichelderfer Harrisonburg, Virginia,Site ISPI
(of Dunham=Bush, Inc.) (no revision)
6-29-78 J. Clark and E. Samfield (of Houston, Texas, Site iSPI,
the Univ. of Houston) Revision D
Eamosra)| AIRESEARCH MANUFACTURING COMPANY 76=13110(19)
W OF CALIFORNIA -




SYSTEM DEVELOPMENT

The activities reported below involve heat pump component design, fabrica-
tion and testing, and heat pump package development.

Component Design, Fabrication and Test

f. Turbomachine

{a) 3=Ton Unit

Two units were shipped to Dunham~Bush for test. When tested at AiResearch,
both units exhibited no unusual characteristics. One unit was damaged in ship-
ment, but when bench-tested at Dunham=Bush, it appeared to be satisfactory.

When it was installed and operated in the heat pump system, noise occurred at
approximately 58,000 rpm. The system was shut down and the unit removed. The

second unit was installed and the results were identical, i.e.-~noise at 58,000

rpm. The units were returned and examined. One unit appeared to have been out of
balance causing excessive rubbing. The second unit exhibited only minor marks

which may have resulted from rubbing. Both rotors have been rebalanced and one

unit has been built and tested in excess of 60,000 rpm at AiResearch. It was decided
that the Dunham-Bush system would be shipped and set up at AiResearch. This has been
accomplished and testing should begin by mid-July,

(b) 25-Ton Unit

A unit with increased tie~bolt torque was installed in the system and
tested for several hours at speeds in excess of 38,000 rpm and up as high as
42,000 rpm. HNo hitting occurred. The unit was disassembled and Inspected.
Everything appeared to be in good condition. The unit was cleaned, reassembled
and bench tested. It has been shipped to Dunham-Bush for package tests.

Unit No. 2 will be available for test July 15, 1978,
{c) 75-Ton Unit

Unit No. 2 was tested in the laboratory and exhibited a condition where
the turbine wheel became warm in approximately 2 minutes. Thls can only be
caused by rubbing. Upon disassembly, it was found that the teflon coating had
not been properly applied and that flaking was occurring causing the bearing
to rub and heat the rotor. New bearings are being fabricated from new material.
The unit should be available for test by mid=July

b M -
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2. Motor Controller

(a) 3-Ton Controller

Tests will be conducted on the heat pump package at AiResearch.

(b) 25~Ton Controller

Maximum load, maximum speed tests have been satisfactorily run. The
ability of the motor controlier to recover from line voltage interrupts has
also been established. Controller No. | has been shipped to Dunham-Bush while
Controlier No. 2 is 30 percent complete.

(¢) 75-Ton Controller

Investigation of uneven margin times in the inverter will be concluded
when a motor is avaijlable.

Controller No. 2 is complieted and awaiting checkout. This will be
accomplished when a motor is available.

3. System Controller

The interface unit between the system and motor controller has been modi-
fied to output the motor speed signal only after the motor controller ready
signal is received.

4. R=I!1 Liguid Pump

(a) 3=Ton Unit

Three pump units were delivered in March. Testing is now at the subsystem .
level,

(b) 25-Ton Unit

Parts have been received for three pumps. One pump has been tested and
shipped to Dunham~Bush. Flow rate for this unit was slightly low because of
internal leakage. Rework of this pump (and the remaining two) is being held

in abeyance pending system test evaluation.

Heat Pump Desian, Fabrication and Test

l. Components

Two additional four-way reversing valves have been received for the 3-ton
heat pump for a total of four. The four-way reversing valve for the 25-ton
machine is now promised for June 30 delivery but was not received during the
month.

Two interchangers for the 75~ton machine have been received and are mounted
on the base.

~ 1 -
ARESEARCH MAKUFACTURING CoMpANY 76-13110(19)
< OF CALIFORNIA
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2. Assembly

Two 3~ton heat pumps are assembled and ready for installation of the
turbocompressor and RI1 pump. Assembly of the 75-ton units will proceed on a
two shift basis. The turbocompressor, RI-} pump and feversing valve will be
instalied in the 25«ton as soon as possibie without interference with work on
the 75=ton units.

3. Tests of 3~-Ton Heat Pump

A 3~ton turbocompressor and a motor controller were received from
AiResearch on June 2!. Although the carton was essentially undamaged and the
contents were well packed for foam plastic, the motor controller was badly
damaged. Components had pulled loose from the mountings and rivets used to
attach the door had sheared off.

A second compressor and motor controller were shipped by AiResearch and
were received at Dunham~Bush on June 22. The first compressor was bench tested
and appeared to operate satisfactorily. The compressor and motor controlier
were then installed on the 3~ton tested unit and the system was evacuated and
charged with75 1b of RII.

Tests were started on June 23. With the unit in the cooling mode, speed
of the compressor was raised to 55,000 rpm. Suction lines were getting cold
when a rattling noise started. Slowing the compressor down to about 45,000 rpm
reduced the noise. Increasing the speed caused the noise to return. The com=
pressor was removed from the system. No visible abnormalities were found. A
dial indicator placed on the end of the shaft revealed no runout.

The second turbocompressor was installed in the machine. The heat pump
system was evacuated and charged with 75 1b of RIl. It was again run in the
cooling mode for about 5 minutes at 45,000 rpm. When the speed was increased
to 55,000 rpm, the same noise mentioned previously occurred. When the compres-
sor was slowed down to 45,000 rpm, the noise disappeared but returned when
speed was Increased to 55,000 rpm. The motor temperature increased, probably
because of the low pressure differential and insufficient RIl flow through the
motor. At 55,000 ‘rpm, the motor was pulling maximum current. The
current limiter was operating, resulting in speed fluctuation of about 100 to
200 rpm. The turbocompressor was shut down and removed for inspection. Again
there were no visible signs of damage and the rotor turned freely by hand. '
Both compressors were returned to AiResearch for analysis. (See Page 8, Section la,)

> 76=13110(19)
[GarRETE)| MRESEARCH MANUFACTURING COMPANY
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APPENDIX A
SITE STATUS CHARTS (ATTACHMENTS)

Chart Title

Operational Test Site Status

2 Heat Pump Development and Test Schedule ( Lawrenceburg, Tenn.)
2a Heat Pump Pevelopment and Test Schedule (Harrisonburg, Va.)
2b Heat Pump Development and Test Schedule {Allaire State Park, N.J.)
2¢ Heat Pump Development and Test Schedule (Novato, Ca.)
24 Heal Pump Development and Test Schedule (St. Louis, Mo.)
2e Heat Pump Development and Test Schedule (los Angeles, Ca.)
2f Heat Pump Development and Test Schedule {Houston, Tx.)
2g Heat Pump Development and Test Schedule {Las Vegas, Nev.,)
Operational Test Site Subsystem Schedule (Allaire State Park, N.J.)
4 Operational Test Site Installation Schedule (Allaire State Park, N.J.)
3a Operational Test Site Subsystem Schedule (Lawrenceburg, Tenn.)
4a Operational Test Site instal]ation Schedule (Lawrenceburg, Tenn.)
3b Operational Test Site Subsystem Schedule (Harrisonburg, Va.)
4b Operational Test Site Instaliation Schedule (Harrfsonhurg, Va,)
3c Operational Test Site Subsystem Schedule {Novato, Ca.)
4c Operational Test Site Installation Schedule (Novato, Ca.)
3d Operational Test Site Subsystem Schedule (st. Louis, Mo.)
4d Operational Test Site Installation Schedule (St. Louis, Mo.)
3f Operational Test Site Subsystem Schedule {Houston, Tx.)
4f Operational Test Site Installation Schedule (Houston, Tx.)
3g Operational Test Site Subsystem Schedule {Las Vegas, Nev.)
4y Operational Test Site Installation Schedule (Las Vegas, Nev.)
5 Heat Pump Delivery Schedule
m AIRESEARCH MANUFACTURING COMPANY 76= ]3 ] IO( ]9)

<~ OF CALIFORNIA C-11
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SOLAR HEATING AND COOLING SYSTEM
HEAT PUMP DEVELOPMENT AND TEST SCHEDULE
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-SOLAR HEATING AND COOLING SYSTEM
HEAT PUMP DEVELOPMENT AND TEST SCHEDULE

2 =2 (HameisonBuRs)
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SOLAR HEATING AND COOLING SYSTEM
HEAT PUMP DEVELOPMENT 'AND TEST SCHEDULE
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SOLAR HEATING AND COOLING SYSTEM
HEAT PUMP DEVELOPMENT AND TEST SCHEDULE
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SOLAR HEATING AND COOLING SYSTEM

HEAT PUMP DEVELOPMENT AND TEST_SCHEDULE
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SOLAR HEATING AND COOLING SYSTEM
HEAT PUMP DEVELOPMENT AND TEST SCHEDULE
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1] .
MAR APRI MAY
DEVELOPMENT/MFG CH 1 L JURE JULY | AUGUST

SEPTEMBER
1

TASKS 12 § &, ¢ ¥ & 2 & &1 2 3 & 1 ¢ 3 & 1 2 3 & PR

{. Componsnt Development
1 Motor Nor E&QUI%ED H

2. Turbo = Compressor
5 Full Cyrreat Scart Tast .

I
!
]
; |
|

R

I1. Fabricetion & Assembly "

,_

« Turbo » Compressor

Controller

. Motor Compiete
Heat = Excnengers Complete

Sucting and Pipe Corp late

. Miring Coampliate
Assamb 1@ Xaraware
B, Chassrs Asseanly

IR LR I

111, Subsysiem Development Jaw | FER [ mAam i APR MAY | Juw RYRTRY

b Freon Charge \

2, Bearing Starting

3. Bearing Cooling
& Moter Cooling
S, Motor Calibrgtion

6, Electronic Scatility » NOT ﬁ?EQUh?é’D

7 Compressor Calibracion

[ .

8 Turbina Calibration

Expansion Valye Latibration

10, Prussurs Orop
11 Pump Controls

12. Freon tnvnn:ery

13 System, Controiler, Interface

1V. Subsvsten Varif.caticoe

1. Msating Caosesty {(Dosign Point} |
2. Mesting Capscity Of* Design) "
3, Cooling Capacity {Design Point}
& Cooling Cooacity (OF4 Dasign} l
3. Over Voltage Test

&, Under Vaoltags Tast

7 Feilurs Hodes ! Simulated)

2 Govermmant Inspection

—

¥. Preperation & Delivery

b e ———

7 Origingl rudestone
CameaT) ARESEARCK MANUFACTURING CUMPANY o Rescheduled mﬂ&e.’wna ,

s OF CALIFORNIA
O 'ﬂms ?chenu may be expedited one monk:
d the 2t.Lanis unit delvery be delay

bg chonge of stte.

CHART 2e
‘ pate. &-}2-78

C-18



SOLAR HEATING AND COOLING SYSTEM
HEAT PUMP DEVELOPMENT AND TEST SCHEDULE
NIT:__75=] (tlopssrond)
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3 Govormmant Inspection 0
¥. #repzrotion & Delivery i _0 -

F V Original milestone
nw:. AIRESEARCE MANU ACTURQ[:GCSS}%P:':: o Reschaiuled mil&‘

CHART 28

" Date: & ~12-78




SOLAR HEATING AND COOLING SYSTEM
HEAT PUMP DEVELOPMENT AND TEST SCHEDULE

UNIT:_725-2 (Las VEzas)

DEVELOMMEHT/MFG,
TASKS

APRIL

HAY

[ June

JuLy

; AUGUST i SEPTEMBER

b2 2 4

1 2 3 &

I

&

i & &

P2 2 AItTSA

I. Component Oevelopment

l. Motor
2. Turbo = Compressor
3, Full Current Start Test

1. Fabrigation % Assembly
YTerbo « Compressor
Canzroller

Hotor

&, Hoat « Exchangers
Dueting and Pipe
Miring

Agsembly Hardware
Chass:s Assombly

ITI Subsystem Deveiovment

Frean Lharge
. Bearing Starting
Bcaring Cooling

& A N e

Kotor Cooling

5. Motor Callbraticn

6. Elagtronic Stabilaty
Comprassor Calikration
Turtivne Calibragten

§ Expsnsion Vaiye Calibration

Pressure Orop

Pump Controls

Fraon Invantnry

System, Controller, Interfece

IV. Subsvstem Verification

¥eoting Capacity {Design Point)
Heating Copacity 'OFf Dasign}
Cooling Capecrty (Dosign Point}
Cooling Capacity (0f* Deaign;
Ovar Voltago Test

H
2.
3
&
5.
4, Under Voltaga Test

7. Failira Modes 5 imuiated)

3 Govarnment Inspection

V. Properotion & Dallvary

NoT

Como lete
Complots
Complets
Complete
Comlete
Camplate

REQUIR

-

=D

I
I

oot

sV

U,

SAN

FED

AP

N NOT

REQUIRED

AIRESEARCH MANUFACTURING COMPANY
OF CALIFORNIA

v Or‘aginal milestone
{ Rescheduled milestone

C-20

CHART 29

* Date,

£~2=78
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SOLAR HEATING AND COOLING SUBSYSTEMS
OPERATIONAL TEST SITE SUBSYSTEM SCHEDULE

SITE Arerr2E Stare A, nJ

JAN FEB HAR APR MAY JUN Jut AUG SEP ocT NOV DEC
SUBSYSTEH }I ]
o ! ! i
(sec chare 1) | | : VN - S
® Collector 5/8 R f
} Develop Reqmts. LompreTlE - - ! . _ - - —
_ 2 Dallvery _ . J— f— 2 0 S— — — R — —
e Stora_g: S_):.S .
t. Develop Specs. LonmirLETE — b s e | — ] ——_ | = R
2. Procure — — R — —
h o
| 3e Dellvery _ — | =1: ﬁ_..__.-. e C A e
s Data 5/5 !
. Develop ISPI IZ/I‘-’TC bt g - ..‘ eyt - — -
2, Revlew & Approve B /Lzl/i/ —p_ —_— - —_—— -
3, Procure MS_&)_ T 1 — g ps—
4. Delivery AnASAN O Py g r S RS WOV S N gy [ U—— —
& System Controller 5/5 T I * i
l. Manufacture C‘OMPL&:TE
| 2., Ship to 0/B ———— e~ —_—— —— e e ¥
3, Delivery e — | = A 0 iy |
¢ DHW - Preheater 7 =1 E- - i
l. Develop Specs ComiPi ETTE %_Q_ - - -
2. Procure o] - . -
3 Dellvery — . _ﬁ [ | — _‘A __ :._.. - <?. — P e
OTHER HAJOR COHPONENTS T 1 - I 1 [~ ’” N ’
. Cooling Tower . E
! Devalop Specs ComiPLETE gg
2 Procure —_— .- — et ™ - e — - g
3. Delivery - . E —_—b A — C" — |- .
o Auxillary Heater
! Develop Specs LommeTe | | o —— N D
2, Procure
3 Deliver - A <>° X T 1=

=T

A Original mllcstone

AIRLSEARCH MANUFACTURING COMPANY
OF CALHORNIA

4] Resch:;iu led milestone

® General contractor procured ftem

Chart 3

Date & 278D
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SOLAR HEATING AND COOLING SUBSYSTEMS
OPERATIONAL TEST SITE INSTALLATION SCHEDULE

sITE _Auraee Sare A, N/

INSTALLATION/OPERATION

TASKS

JAR

FEB

HAR APR

MAY

JUN

Jul

AUG

SEP

ocT

KoV DEC

BLPG. CONSTRUCTION/HOD

Deslgn
a. System Req, Inputs
b. Pesign Roviews

Construction
., Collector Interface
b Backup Syst. Interfaca

c, Other Equip Interface

CompL ETE

i
C’OJV_J_PA.BTE

SOLAR SYSTEM INSTALLATION

L TR N1

S,
6,
7
]
9.

A&E Selectien
Sys Installation Design
Select Contractar
Install Collector §/8
Install Storage §/8
Install DY Preheat §/§
instal! Data $/5

Control $/5

Install Heat Pump §/5

Install Sys

ComLereE

— . ComPLETE

SYSTEM CHECKOUT

],
2,
3
4
5,

]

7.

Leakage Test

Batance Lollector Field
Wiring /0 and Test
Functlonal Test All Modes
Instrumentation Verification
System Turn-On

Systom Acgceptance Tosts

UPERATIONAL TESTING

}, Data Acquisition
2, Schedule Maintenance

3.

Performaace Reports

s 7

.
23

PR S S Sl

T

K AHTSEAREH MAHULAL] URING COMPANY
= Of CALIFORHIA

A Original milestone

h { Rescheduled milpstahe

—

Chart &

Date _B-12-78
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SOLAR HEATING AND COOLING SUBSYSTEMS
OPERATIONAL TEST SIVE SUBSYSTEM SCHEDULE

StTe _LAwpesrctgu 5, TEM.

JAN FED HAR APR MAY JUN JUL AUG SEP ocT ROV DEC
SUBSYSTEM
® Heat Pump i -
(See Chart 1) . A - e m —
e Coltector §/S
} Develop Reqmts . ComprTE —_ ! _ _ - . e —— . - —
___2 Delrvery — A i —_——— — -
& Storage $/S : I ) ) )
1. Develop Specs. ComMAere — . [ . —— | . -
2. Frocure [, —— -—_— I - e | ————
| 3. Delivary — [ Ii\ ] e |
* Data 5/5 T - T T T
i. Develop ISPI - - ee— . ——
Z Review & Approve otnmemng—— /rz.!:l.:-—:_A —— —- . ——— -
3, Procure ..@é?f_) O h—
4. Delivery Mﬁ) — — —_ | —— —— e - — e ) ———
@ System Controlleor $/5 1T T T T T |
1. Manufacture C\va’ﬂ_qu
2 Ship to 0/B N L. — -
3, Delivery l - A 9
e DHW - Preheater T — o T T
1 Develop Specs ComPLETE Q : . .
2 Procure —_——— - - - .m: E . —_ - ]
3 DOetivery e e e _A S M e
OTHER MAJOR COHPONENTS T B E 2 1 -7 1 7T T
# Coollng Tover 5] )
1 Develop Specs Con P ETE —g & - _— -
2 Procure — P P ..~ SR —_— —] -
3 Delivery - . P — é,&? - -
® Auxiliary Heater ]
1, Develop Specs N/A - —— | —— e - - —
2, Procure r/A —_ -
3 ODellver ALSA R - | —_
—— - —_ — . . = ————
@, ~ A Original Milestone { Rescheduled milestone o General contractor procured jzem
l-.:III' AIREDLARCH IIIINUHCIUﬁ&Méf‘C::::;':II:
chart 34

’

pate 5'-—-!2_:22.




SOLAR HEATING AND COOLING SUBSYSTEMS
OPERATIONAL TEST SITE INSTALLATION SCHEDULE

SITE [_Avw?ewsoum, [ B

msmua;}x\ggopsammu JAN FEB HAR APR HAY Ju L AUG SEP ocT HOV DEC

BLBG, CONSTRUCTION/HOD

i. Design COMPLETE

a, System Req. Inputs C’On_r?!"L.ETE.
b, Design Reviews ? ' ,

2 Construction

1
a. Collector Interface — A i . i —

b Backup Syst. Interface

. Other Equlp Intarface

¥e=D

SOLAR SYSTEM INSTALLATION

H
ASE Selection COMPLETE
Sys, Installation Design LOMPLETE
Select Contractor MNAA - [
Install Coltloctor S/§ Lomprey
. Install Storage S/S
Install DHY Prehoat 5/5
7 Install Data §/5
8 Install Sys CLontrol §/S
9. Install Heat Pump $/5

[< I - R

SYSTEH CHECKOUT

fs Leakage Test . _ N . _{u I D .
. Balance Collector Field - ———— == " !
+ Wirtng C/0 and Test k\ / -

2
3
4 Functional Test All Modes \'A'
5 Instrumentation Verification
[}
7

. System Turn-On - - af — - — —\S —————
System Acceptance Tests —_— ——— -

UPERATYONAL TESTING

LA s d
1. Data Acquisition o . - _ — - OXTZIT | —— o — | ——
2 Schedule Haintenance _1BR - — — o -
3 Performance Reports . X __A_. A A
- - LAk —
= A Original milestone {y Rescheduled miTestone
@ AMESEARCH MAHUFACTURING COMPANY
s OF CALIFORAIA Chart &4d-

pate Gwl2=P5



§¢-D

SOLAR HEATING AND COOLING SUBSYSTEMS
OPERATIONAL TEST SITE SUBSYSTEM SCHEDULE

sire MAgeisonsiizs, Vi

JAH FLB HAR APR HAY JUN JUL AUG SEP ocT NOV DEC
SUBSYSTEM
* Heat Pump
{See Chart 1) A
® Collector /5 —
1 Pevelop Regnts - CoMmPALETE — — . - -
2 Dallvery —_— i FAY
[ e Storage s/ ) I S
| Develop Specs. QOMF LETE U e e — I -_—
2 Procure —_— ———— ———— | — — - =
3, dellvery 2 9.
* Data 5/% T ' B T
1 Develop ISPI - — ity vy e —
2. Review & Approve o — r— b —— —— . —— -
, % Procure (nasadl o | hem— |
4. Delivery _(N_ASA_) R — - - | i ? —_— —_ — —
o System Controller 5/5 B T I T B
1 Mapufacture ComprL e —
2, Ship to D/B i | omemmm e - ——— &
3 Delivery — e b —_ /Xi: ¢
® DHW = Prehoater
1. Develop Specs CempPL ETE MLA :
2 Procure —_— _— | e e} ——— —_ —— -
3 Pellvery v Re) —— . Aﬁ- ﬁﬁ-;
OTHER MAJOR COMPONENTS i 1T T R S B
. Looling Tower 8 g')
| Develop Specs - LOMPLHTE Q ";“ —
2, Procure — —_— —_ ? _— —_ —
3, Dellvery — Q-f_ﬁ . A__ . _ ¢
® Auxtliary Heater Tn "5
1 Develop Specs _-N/A - —— i - —_
2, Procure N/A
3. Deliver NA‘\ v
Nﬂtmum MANUFACTURING COMPANY & orlglnal mitestone o Rescheduled milestone "
d OF CALIFORMA
chart 30

’

Date _itiﬂb



SOLAR HEATING AND COOLING SUBSYSTEHMS
OPERATIONAL TEST SITE INSTALLATION SCHEDULE

STTE #j 322 ooNFURA, ‘4

’"STM-L""'“S’:;"P ERATION SR FES HAR APR HAY JUN Jut G sep ocT Nov bEC
TA

BLDG CONSTRUCTIOR/HOD

1. Deslgn ComPLETE
a, System Req, Inputs CompesTe
b. Design Roviews

]
2, Constructfion |
' A |
a Lollector Interface — H
b, Backup Syst. Interface ! H A

¢. Other Equip. Interface —_—

97D

SOLAR SYSTEM INSTALLATION 4 H

\. ASE Selection ! compPLETE
2. Sys. Installation Design COMPLETE
5, Select Contractor NA
4, Install Collector §/5 w——] —_— —

Install Storage $/5 — e e mm o} ———f—— e
6, Install DHW Proheot $/5
7. Install Data $/S —————

Install Sys., Control S5/S U - — /= e e | —- [EU—

9., Install Heat Pump $/S _ =

SYSTEM CHECKOLT

+ Leakage Test

BaYanca Collector Ficld
Wirlng C/0 and Test

Functional Test All Modes e . —— — —_— I (USRI el

—_— e | == — — — = e m e | oere————— e = ——— | —mm——

3
System Turn-On . —_— — 4a q ————

2.
3
4,
5 Instrumentation Veriflcation IR —_————
6,
7 System Acceptance Tests huad o=

UPERATIOHAL TESTING

1. Data Acqufsition
2. Schedule Maintenance ____TQ.P - - —— - - -

: :: i
3 Performance Reports - - ‘ A A

@ A Original Milestone ¢ Rescheduled Milestone

KIRESLARTH MARUFACTURING CORFARY
Chart b

OF CALIKORMIA
Date é“i"‘za
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SOLAR HEATING AND COOLING SUBSYSTEMS
OPERATIONAL TEST SITE SUBSYSTEM SCHEDULE

SITE ggoVAza,g:’dggF:

JAK FEB MAR APR HAY JUN JuL AG SEP ocT NOV

SUBSYSTEH

®© Heat Pump
(See thart 1) A

® Collector §/5
1. Develop Regmts. Comprere

2, Delivery —

& Storage §/5

I, Develop Specs — -— e e - -

2. Procure - e -

3. Delivery A i

* Data S/S - 77 —| =

l. Bevelop ISPI - =

2. Review & Approve - }__(‘ —— R e S
3. Procure _(AASAY

4, Pelivery M&) _— - —— - m——in e | - o = | ———

a System Controller 5/S

I Manufacture

2, Ship to O/B .7/ DR B

3, Delivery Fa O

¢ Ditd - Preheater
1 Develop Spacs ComPLETE

2 Procure JOS— — —_] — -
3 Delivery —-@E@ A <>°

. H
e T e = = Ay — = o L a2 1 —— R S— ———— T e

OTHER HAJOR COHPONENTS
o Cooling Tower ) E -

1 Develop Specs N.'./‘!-_ ,&hﬁ_ .
2. Procure ____AJ/A ——— —_— @- ~ — —_— —_— e | — ] -

3. Delivery _,_,N//i et e it Q.;tv —

@ Auxiftlary Heater

I Develop Spacs k‘ ?ﬁ - g@__ " —_

2, Procure

3, Deliver A. >°

] A Original Milestone { Rescheduled Milestone © gGeneral contractor procured Item .
@ ARESEARCH MAMUFACTURING £ORFARY

- OF CILAFORNI
chart 3G

Date L4
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SOLAR HEATING AND COOLING SUBSYSTEMS
OPERATIOMAL TEST SITE INSTALLATION SCHEDULE

SITE

Novare CaciE

INSTALLATION/GPERATION

APR

HAY

JUN

JuL

AUG

SEP

®Y

L DEC

TASKS
8L0G. CONSTRUCTION/MOD

1. Dosign
a, System Req. Inputs
b, Deslgn Raviecws

2. Construction
a Collector interface
b, Backup Syst Interface
cs Other Equip Interface

—H0

SOLAR SYSTEM INSTALLATION

} A%E Selection

2 Sys. Installation Design
3, Select Contractor

4, Install Collector 5/5

5, Install Storage $/5

6. Install DM Proheat S/5
7. Install Data 5/§

8, Install Sys, Control 5/§
9. Install Heat Pump S/5

SYSTEM CHECKOUT

Leakage Test

. Balance Collector Fleld
¥iring £/0 and Test
Functional Test All Modes
Instrumantatlon Verlfication
System Turn-On

1. System Acceptance Tosts

OFERATIONAL TESTING

! Data Acquisition
2 Schodule Halptenance

3 Performance Reports

T8D

o
o
v
o
B

i MALSEARCH SUHUTACTURING COMPANT
e ] OF CALIOIMA
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919 ———

SOLAR HEATING AND COOLING SUBSYSTEMS
OPERATIONAL TEST SITE SUBSYSTEM SCHEDULE

SITE

Sr Lo, e

1978 ———

JAN

FEB

APR,

HAY

JUuL

SEP

ocT

SUBSYSTEM

® Heat Pump
{See Chart §)

Hov

DEC

@ Collector 5/5
I, Deveiop Regmts
2 Dellvary

ComFLETE

* Storage $/5
1 Develop Specs
2, Procure

3 Detlvery

® fJata §/8
I Devalop I5PI
2 Review & Approve
3. Procure
4, Delivery

T o e - o

& System Controller 5/5
1. Manufacture
2 Ship to /B
3, Delivery

MASA

NASA

® DHW -~ Preheater
1 Develop Specs
2 Procure

_ > Delivery

DTHER MAJOR COHPONENTS
o Cacling Tower

! Develop Specs

2, Procure

3, Dativery

® Auxiliary Haater
| Develop Specs
2, Procure
3. Deliver

o

' ANESCARCH LANUFACTURING CONPANY
OF CALWDRNIA

Chart 3d

Date £-12-78_



SOLAR HEATING AND COOLING SUBSYSTEMS
OPERATTONAL TEST SETE INSTALLATION SCHEDULE

1979 o SITE _S7 Lowrs, Mo

1978 ———
‘NSTALU;:2:£°PE“ATI°“ JAN fEB HAR APR Hay JUN Jut AUG SEP ocT | wov DEC

0¢€-D

BLDG, CONSTRUCTION/KOD

i. Design - - — CoMmpPLETE _ —
a System Req Inputs __F . _t ] _@_ﬁr_ﬂ_’t__&.f_’& T T S R
b, Design Reviaws i J—— (N_'lsﬂ) —em e - | —_—
2, Construction 1 ! ' !,
a. Collector Interface — i ! | L .43-._ —
b. Backup Syst. Interface I U I NA i — — .
¢. Other Equip, Interface ————m - — —_— i - i | . e .
SOLAR SYSTEH INSTALLATION ' i T - k
1. AZE Selection l._ .__A’_/A_. —
2, Sys Instailation Dasign . LomprdTe — -
3, Select Contractor — —
4, Instal] Collector S/ - - — a— e — .
5. Install Storage $/5 - e T
6. Install DM Prehast $/S — _N/A
7. Install Data $/S . Py — —— e
8 Install Sys. Controt $/5 —_— _ —_ — —_—
9. Instail Heat Pump $/S — e b - —— | s [ e e ———

SYSTEM CHECKOUT

Leakage Test =

Balance Collector Field e
. Wiring /0 and Test b

Functional Test All Hodes ]
. Instrumentatlon Varificatlon b

th b o -

6. System Turn-On - a
7 System Acceptance Tests

UPERATIONAL TESTING

1. Data Acquisition - _ » tw — N D - ——— =
2 Schedule Haintenance ...E.__D — — . — — — - -
3. Performance Reports - A A " -

! AMRESEARCH MARUEACTURING CORPANT
Sy OF CALUORNIA

Chart 46‘

Date _&-12-7§



SOLAR HEATING AND CODLING SUBSYSTEMS
OPERATIONAL TEST SITE SUBSYSTEM SCHEDULE

SITE i/ausv‘uu,TEz

1€-D

JAN FEB MAR APR MAY JUN JuL AUG SEP ocT KOV DEG
SUBSYSTEM
® Heat Pump !
(See Chart 1) A O
® Lallector $/5
I Develop Rogats _.QQ&E_!:ALE__ —_— . - — - - - —_
2 Dellvery — SO = = e —
8 Storage $/% '
1. Develop Specs. ComeLETE . | —— e ] — - —— —_— - _
2, Procure _— R e —— -
3 Ddelivery | - A, — —
. Dat-;“S_/S |
I Develap 1SPI (11—1'5—77) —-pr—— - ey ] L _mm— . <% _
2 Review & Approve Prae———— S——— | 1.4.,;. - T - . — -
3, Procure (ﬂ.ﬁﬁ&,)_. _— o
4. Delivery MAsAd N S O S S — S p— — D R —
® System Controller $/8 I S ——_ ! .
| Manufacture COMPUHETE :
2 Ship to 0/B MA - - X
3, Delivery —_— 4 -+ S—
® D - Prehoater - .
| Develop Specs ————— j
2 Procure [N (U - —_— =t
3, Dellvery - e A e e L
OTHER HAJOR COMPOHENTS
. Cooling Tower
I fdevelop Specs _M/ﬂ N —
2, Procure ___H/é e N - — - —_— ] —_——_—] -
3, Delivery — l\f/A — - ]
© Auxiliary Heater
1, Develop Specs — ".—.‘/q - _—
2 Procure A
3 Deliver M/A -
= A Orlginal milestone { Rescheduted milestone
@ MRESEARCY mumlcfun&mr&m&
Chart 3'P
Date _Aﬂm



SOLAR HEATING AND COOLING SUBSYSTEMS
OPERATIOHAL TEST SITE INSTALLATION SCHECULE

SITE /-/auswvu, Tex

msm.mgg:gopmmmu JAN FEB HAR ARR HAY JUK Jut AUG SEP ocT NOV DEC

8LDG, CONSTRUCTION/HOD [

2e-0

1. Design COMPLETE . - - —
a. System Req, Inputs ComprLeTE O S S _ — e —— - — — b
b. Beslgn Reviews _{AASA) ,— . - Y V.
2. Construction R ! ! ! ; -
a. Collector Interface | - A [ 3 : Sl — —
b, Backup Syst. Interface N/A ! - ! : - —— e ———
c. Other Equlp, Intarface _E.Mﬁ_ — — . e — e I
SOLAR SYSTEM INSTALLATION :
|
l. AZE Selection N/A . I —_ e | — ———
Sys. Installation Design COMPLETE 0 ! N — W
3. Select Contractor COMPLEYE I - o e —_ -
4 Install Collector $/5 L

- e ——— ek £ — —— ———— ————

5. Install Storage §/§

6, Install DM4 Proheat 5/S
7 Install Data S/%
8
9

T

+ Install Sys Control §/§
« Install Heat Pump §/5

SYSYEM CHECKQUT

). Leakage Test

2 Balance Collector Field - _ . . - . - oY - -y -
3. Wiring €/0 and Test - [ —— - —_— - = —_——
4. Functional Test A}l Modes — - —— —_ — — - - - ‘,’\'—' = -
5. Instrumentation Verification — | e 2 —_ —_ (RPN —_— =
& System Turn-On —_—— . -- A\ 9,
7 System Acceptance Tests - - . - t — - _.L\._, .
UPERATIONAL TESTIHG
WA {
I+ Dats Acquisition - . - - —-. . —— ] m—— e — _— [ o g ov gy (F arhar s
2, Schadule Maintenance __@ —_ - - . - - -
L=Yis
3, Performance Reports (Mpfum‘_yj e
= A original milestone { Rescheduied milestone {3 Except for Instrumentation
@ MAESEARCH MARUFACTURING COMPANY -F
. ] OF CALFOANIA Chart 4

Date GZI;{ 8



SOLAR HEATING AHD COOLING SUBSYSTEMS
OPERATIONAL TEST SITE SUBSYSTEM SCHEDULE

site LAs VEl?ASﬁ/\/EV

JAN FEB HAR APR HAY JUN Jul AUG SEP oy HOV DEC

SUBSYSTEM

H 4
'(;:: cﬁt " A Q

® Coltector /5
1. Devalop Regmts _C_OJ_‘_’?_EEEI_E_ T

2, Doljvery ———. AS ¢

© Starage $/8 !
1. Develop Specs. oML ETE | . .. e e e e ) - e —— - —_—
2. Procure
3 Delivery t&

& Data 5-/5_.—
i, Develop ISPI (12-12-7‘7) = - e ——_ peetriey —_—

2 [ and
2 Review & Approve — e ——— P g e - i o o [ -

3. Procure (NASA)
4, Dellyery (Nﬂﬂﬂ}_

Il
_l_

£e-D

© Systom Controtler $/5 t

1. Manufacture .
2. Ship to B/8 Nla__ 1. —_
3, Delivery A &

® DiW ~ Prchoater ] |
i. Develop Specs CoMPLETE (@] 1. )

2. Procure _— — a | — —_— -
3, Delivery [ —

“OTHER PAJOR COMPONENTS il
® Cooling Tower
} Devaijop Specs _CoMPLETE

2, Procure — R

3, Delivary [
® Auxiliary Heater
1. Davelop Specs _._.!\ZA o —— ] — — ——
. Procure N/A
3, Deliver N/A

n

A Original Hllestone Rescheduled Hilestona ¢ General contractor procured |tem
T ¢ °
Ry of CALNONA Chart

g
. Date ﬁﬂbﬁ—

r—————
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SOLAR HEATING AND COQLING SUBSYSTEMS
OPERATIONAL TEST SITE INSTALLATION SCHEDULE

SITE LAs Vi udS, ey,

I"“‘“'-"';:g“ém’“”m“ JAN FEB HAR AR nAY JuN JuL AVG SEP oCcT KOV DEC
K
BLDG, COHSTRUCT ION/MOD
I. Design TE — .. - —

a, System Req Inputs COMF’L.ETE PO DU, . [ E___ . - — e e | e e

b. Design Reviews (‘MASQE ! p— - — e

1]
. 1

2, Construction : 1 . .

a. Collector Interface ! l;_ ! ?.._._ ——— _

b Backup Syst. Interfzce N/A " . ' - } -

c. Other Equip, Interface _‘\_}éﬁ, —— - —_ — - - —_—) —
"SOLAR SYSTEM INSTALLATION ‘
1 A Selection CompPreTe —_ b s e = - -
2, 5ys. Installation Design Comme ETE - JEUUUY RUSUETIR _
3, Select Contractor COMPLETE — P e R — —
4, Install Collector §/S -t — s | e e — N — -

Instali Storage $/S : - DU I SRR
6, Instakl DWW Preheat 5/5 - — ——— — -— — EaE
7. Install Data S/5 . - - - e e
8, Instal) Sys Control S§/§ e R S I A [ e amw — . ==
9 1Install Heat Pump S$/S — - — el e P I | L
SYSTEM CHECKOUT |§13 »
f. Leakage Test . _— — - . . — | - - - -5
2. Balance Collactor Fleld — ., - I - . —— —_— e =
3, Wiring C/0 and Test I S . I R —_ g f; —
4, Functional Test Ail Hodes samds v — - _L'j' — >§
3, Instrumentation Verlflcation ——t— — | —_ - 2 - 1
6 System Turn-On Q R — - o) 'Z u- - jLA%
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Heat Test
Turbocom= | Motor Freon Pump Start | Time, Test Ship Intended
Size Unit | pressor Control Pump Complete | Test Weeks | Comptete | Date Site
3 Ton &| Returned | Returned | Returned | Complete | 7-13%% | 4 ~ 810 8-17 | Lawrenceburg, TN
#2 | 7-20 7-20 7-20 7-28 7-31 4 8=25 8-31 | Harrisonburg, VA
43 727 7-27 7-27 8-4 8-28 4 9~25 10-2 | Allaire Park, N.J. |
#4 8-15 8-15 8-15 915 9-25 4 10-25 fl=1 | Novato, CA
25 Ton | #1 | Shipped Shipped | Shipped |7-28 12=5% | 14 3-30 4-7 | st. Louis, MO
#2 |8~ 9= 8~1 10~ 3=30 6 5~15 5-22 { Los Angeles, CA
75 Ton | #! | Shipped |7-20 Rec. 7-24 7-24 6 8~31 9-9 | Houston, TX
#2 7-28 7-28 Rec. 9-5 9-5 13 12=5 12-12 | Las Vegas, NV
*Testing of the 25-ton system will start earlier if a break occurs in the 75~ton system testing.
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Heat Pump Delivery Schedule



