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This project is a retrofit solar system integrated with an oxiatins’i;f

' The original building was constructed in 1959 as a City of Huntsville

‘V”T central recreation facility, It included a gymnasium and other recrsation
 program spaces totaling 12,000 sq. ft. of area. Subsequent municipal expan-

sion required larger decentralized recreation centers which eventually
relocated general recreation activities from this location.

In 1974, the original architect, W.R. Dickson, was commissioned to
design an expansion and renovation project for the building to provide
facilities for an active senior citizen's services and recreation program.
The expanded total area completed in 1975 was 16,000 sq. ft. Concurrent
with this design process, the City Council endorsed the architect's
recommendations that the conversion project include heating and electrical

‘modifications suitable for future interaction with a solar heating system

and conservation modifications. These measures required an additional

investment of about $25,000 at that time.

In 1976, the City of Huntsville sought and obtained a grant from the
Energy Research and Development Administration for funding a solar demon-
stration project. The city provided necessary local funds. Total budget
for the project from these combined funds was $183,210.

The existing building is of conventional concrete block and brick
bearing wall construction with flat roofs and insulating deck plank on
steel joist structure, High bearing walls are reinforced with masonry
pilasters accentuated on the exterior as an architectural motif. Floor
structure is concrete slab on grade. Existing heating is by gas-fired
hot water boiller and cooling is by conventional air-cooled refrigeration
for chilled water, Distribution is by hot or chilled water pumped throughout
the bullding typically to zone-controlled fan coil cabinet units,
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1.0 (cont.)

The solar system was designed to provide 85X of the estimated
annual space heating load and 85X of the estimated potable hot water

requirement. The back-up hot water is provided by ome 60 gallon gas
hot water heater,

The solar energy architectural collection system consists of 1795
square feet of Halstead Mitchell fin tube absorber plates mounted in a
box cast into Corotherm (prefabricated light weight concrete/fiberglas
panel) with excellent thermal resistance. The absorber plate is covered
with a single glaze, low iron, tempered glass pane. The 3,000 gallon
water storage tank is located behind the Coroiherm panels which are
structurally self-supporting. The solar heat transfer fluid is Dow Corning
Syltherm 444 Silicone Fluid which allows tie fluid to be pumped at -121°F and
generates essentially no vapor pressure at 600°F. This alleviates the
need for freeze protection through the system draining procedures. The
low vapor pressure allows for a simple closed loop design with no provisions
for stagnation conditions. When the system load and storage capacity have
been satisfied, the solar panels simply sit with the fluid in them.

The architectural solar collectors are grouped in two a:rays. The
solar collectors Array A consist of thirteen (13) collectors 26 feet in
length mounted on a integral toe footing anchored with a continuous
mounting angle. The solar collectors Array B consist of eleven (11)
collectors 26 feet in length and four (4) collectors 19 feet in length
mounted on angle stand~offs approximately eight feet above existing

ground level grade. All of the solar collectors are facing due south
at a fixed tilt angle of 60 degrees.

The project was initiated in May, 1978, and was operational in

December, 1978, with the completion of the acceptance test. The solar
project was dedicated December 19, 1978.

In addition to technological factors herein, the author places
particular emphasis on architectural design considerations. The project

is at the visual center point of the heart of Huntsville Civic Center
park area, and the visual impact is significant.
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2.0 SUMMARY OF PROJECT INFORMATION

Owner: City of Huntsville
Huntsville, Alabama
Project Manager: Glenn E. Wallace
City of Huntsville, Alabama
Designer: Project Architect - Dickson & Associates
£ i Huntsville, Alabama
e’ { Solar System - Solar Unlimited, Inc.
| Huntsville, Alabama
P Contractor: Parker Construction Company
DOE Technical Management: NASA/Marshall Space Flight Center, Alabama !
Operational Date: December, 1978 :
. Building: Senior Citizens Center
16,000 square feet
Location: City of Huntsville
300 Church Street
Huntsville, Alabama 35801

CLIMATOLOGICAL DATA

Latitude: 34°-4'N
Heating Degree Days: 3070 yearly
Average Temperature: 60.8°F

Average Insulation: 1400 BTU/ft2

/day

SOLAR ENERGY SYSTEM

- Sclar Collector Type: Flat Plate
' Glazing: 1/8" Single Pane Tempered Water White Crystal
Absorber Description: Fin & Tube
Absorber Coating: 3M Nextel
Transfer Fluid: Dow Corning Silicone 01l
Tilt Angle: 60° 5
Total Area: 1795 ft.” Net
Manufacturer: Solar Unlimited, Inc.
N Huntsville, Alabama
o Application: Heating -~ 857%
3 Hot Water - 85%
3 Storage Medium: Water
Container: Above Grade Steel Tank
Capacfty: 3,000 pallon

R

BACK-UP_ENERGY SYSTEM

Space Heating: CGas Fired Boiler - Hot Water Type
Hot Water: One 60 gallon Gas Heater

MMJ




2.1 SUMMARY OF PROJECT COST

Cost Element Estimated Coat Actual Cost
System Design $ 12,000 $ 12,000
Solar Hardware 76,834 79,834
Construction 95,700 96,376
Total Project Cost $184,534 $188,210
DOE FUNDING $121,937
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3.0 PROJECT CHRONOLOGICAL

February, 1977 - The City of Huntsville was advised that its proposal in
response to Program Opportunity Notice DSE~-76-2 for a solar energy
demonstration project had been selected for negotiation of a cooperative
agreement.

September, 1977 - The City of Huntsville was awarded a contract which stipu-
lated ERDA (DOE) would pay $121,937 of the estimated cost.

January, 1978 - The Final Design Review was held with Planning Research
Company and Marshall Space Flight Center personnel.

February, 1978 - A Pre-advertisement Conference was held to acquaint interested
contractors with the proposed solar demonstration project.

May, 1978 - A Pre-construction Conference was held with the General
Contractor and his sub-contractors to discuss construction and
scheduling.

May, 1978 - The Notice to Proceed was given to the Ceneral Contractor,
Parker Construction Companv. Inc,, and the Contractor immediately
started site pruparatinon and concrete foundation work for the ground
mounted solar collectors.

June, 1978 - The collector supports were installed and 100X of the concrete
work was completed.

July, 1978 - 507 of the collectors were mounted to steel supports and the
3,000 gallon steel storage tank was installed.

September, 1978 - The solar collectors were pressure tested for possible
leaks with no substantial pressure loss.

October, 1978 - The project was completed and the final inspection of the
work was performed by the Owner, Architect and Solar Unlimited, Inc,

December, 1978 - All acceptance tests were completed and the system was
operational. The Open House and the Dedication Ceremony were held
on December 19. Dr. William Lucas, Director of the National Aeronautics
and Space Administration/George C. Marshall Space Flight Center, was
key note speaker to a group of approximately 125 guests.




4.0

DESIGN PHILOSOPHY

Basic requirements of the design criteria were to develop a cost
effective solar system design to heat the building and its hot water

supply with minimum back-up by the cxisting conventional gas-fired boiler
system.

Criteria required 85% of heating to be provided by solar energy and
solar preheating of hot water for 85% of requirement.



4.0 (cont.)

Uniquely affecting the design criteria were two project location
factors.,

1. As a major space technology center, the City of Huntsville is a
community devoted to a "fail safe” philosophy. The design criteria developed,
therefore, included a "fail safe" design approach.

2. The project is located at the visual center point of the Heart of
Huntsville Civic Center park area surrounded by monumental civic building
developments and civic activity. This required that the solar design must
be integrated with the existing building without an add-on appearance. The
design required should enhance rather than detract from the original building
and its surroundings.

A third factor unique to this project is compass orientation of the
existing building. The nearest-to-southward face of the rectangular building
actually faces approximately 30° to the east of due south. This is a common
situation for building sites in Huntsville, Alabama, because the original
streets were laid out in directions rotated similarly away from due north,
south, east or west. There is some conjecture that this was deliberately
planned to provide some sunshine exposure to all building facades. This
project criteria, therefore, included a requirement for a solution to this
problem of orientation.
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5.0

5.1

SOLAR SYSTEM DESCRIPTION & HARDWARE

The basic solar system selected 1is an active system which combines
flat plate absorbers with specialized collector fluid transfer loops through
heat exchangers which transfer heat to hot water storage loops and the
storage tanks.

Domestic hot water is preheated hy a separate double~walled heat
exchanger in the collector fluid loops by way of a domestic water supply
loop with pump and a standard hot water storage tank which supplies
preheated water to a standard gas hot water heater.

SOLAR ARCHITECTURAL PANELS

The manner In which architectural effects and solutions to orifenta-
tion problems are integrated with this solar system {s of special note.

The integrated pre-assembled solar architectural panel design incor-~
porates cover glass, solar absorber plate and insulation backing, all
integrated into a precast, thin shell, glass reinforced concrete solar
architectural panel.

Panels are mounted on the side of the building which faces 30°
to the east of due south according to the existing orientation. Panels
are formed into a triangular section. The exposed face is in two planes
each at 30° from the plane of the panel back, placed oppousite and sym-
metrical to form a ridge at the centerline. Absorber plates and glass
covers are mounted into a pre.ormed recess in the westward of these plane
faces. This arrangement tilts the absorber plate face toward the south.
(See Figure 3)

The single sheet cover glass used is of standard size, 34" x 76",
1/8" thick, tempered, wacer white crystal. One face has a diffusing
texture. Glass is furnished and installed by Solar Unlimited, Inc.

Absorber plates are furnighed and installed by Solar Unlimited, Inc.

These are aluminum fin and single~row copper tube construction.
Fins on rhe back side are folded over to close the back., The absorbing
faces are spray painted with flat black solar absorbing paint.

The fin tube configuration entraps diffus 4 radiation from a wide
range of directions and, cousequently, te«t results have indicated that
these absorbers maintain a relatively higier solar absorption rate vnder
light overcast conditions,

The insulation system behind the absorber plates is integrated into
the panel sandwiched into the glass-reinforced, thin shell concrete
ruciure during the casting process. This insulation consists of a honey-
comb paper with polystyrene beads all encased in the thin shell concrete.

Each panel contains an absorber plate 32" x 300", cach with total
absorber surface area of 66,7 square feet per panel.  Twenty-four typical

panels are used and four nanels whiech are one-quarter shorter are adapted
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5.1 (cont.) over a building exit. Total absorber surface provided is 1,795 square

feet.

The weight of each 2§' lon3, typical, fully-assembled architectural
solar panel is approximately 3,000 lbs. Each completed panel assembly,
including cover glass and seals, absorber plates which were pressure~
tested during assembly and integral insulation system, was installed as
a complete unit. These completely assembled units were furnished to the
site By Solar Unlimited, Inc.

Each unit was placed on pre-installed steel mounting angles with
a boom crane. Panel delivery and crane time ~ere coordinated and the
total crane time required is estimated at ahbout 6 days.

Typical panels are 6.5 feet wide and 26 feet long and are self-
spanning. These are provided with integral steel weld plates at bottom
and at 5'9" from the top. These are welded to continuous horizontal
steel angle mounts, supported by steel angle struts, anchored to masonry
bearing walls. The panel supplier provided a special 1ifting harness
for built-in 1ifting loops. The tops of the panels rise above and over~
nang the existing flat roof (2.5 feet). The entire system thereby requires
no penetration of the flat roofs. Weather flashings are installed on the
backs of panels to overlap existing roof edge flashings without modifica-
tion to the existing flashings. (See Figures 3 & 4)

The existing bearing walls of the building and footings were analyzed
for additional vertical load-carrying capacity and for resistance to
lateral thrust of stand-off astruts., The existing structure proved to be
more than adequate without further reinforcement. Some oversizing of the
original building pilaster system for decorative purposes contributed
some useful margins of safety evidenced in these analyses.

Two solar architectural panel collector arrays are installed on the
southward side of the building.

The westward array is mounted to the original high gymnasium masonry
bearing wall., The bottoms of these panels are seated into a horizontal
steel mounting angle with horizontal steel stand-off struts eight feet
above floor level. A flat plywood soffit is installed below. This
array contains 15 panels.

The eastward array is mounted into the masonry bearing wall of the
more recent addition to the building. The bottoms of these mount on
a new concrete slab edpe. The 6" reinforced concrete slab with turn-
down slab edge footing ~xtends 10'4" from the wall at 2" below building
floor level. This mounted array provides a generous enclosed space
triangular in scction hehind the panels. This space I8 the location
for main hot water storage and maj.o: portions of manifold piping, pumps,
exchangers and other mechanical equ.pment and controls. The eastward
array contains 13 typical panecls.

The overall assembly provides a unique and bold architectural motif
on the southward building facades.




e

£

ia
i

5.2

5.3

5.4

5.5

MANIFOLDS AND PIPING

Main solar heat collector fluid supply and return manifolds are
suspended behind panels with tee connections located 30 inches behind
each supply and return stub-out connection from absorbers through the
panel backs. Final connections from absorbers to manifolds are made
with soft copper tubing adapted with long sweep bends and soldered
connections throughout.

The entire piping system, therefore, is provided with complete
freedom for expansion without the use of special expansion joints or
any type of rubber or synthetic type of coupling material. All piping
is ropper with high temperature solder joints. Copper expansion loops
only are used where needed at collector manifolds. Valves and mechanical
joints are minimized.

COLLECTOR LOOP TRANSFEPY FLUID

The collector loup transfer fluid merits special note. A total
of 230 pallons of Dow Corning Syltherm 444 silicone fluid is installed
into two scparate sclar absorber coliector loops. The high boiling
point (600° F) and the low freezing point (below =-121° F) of this fluid
are relied on to prevent problems with high stagnation temperatures and
extreme freezing conditions. This fluid is virtually inert chemically,
non-toxic and non-corrosive and is intended to be permanently enclosed
within the collector fluid loops. These loops were completely sealed
after the fluid installation. Thermal expansion of the fluid is absorbed
py a sealed ailr chamber expansion tank at an appropriate point in the
loop. (See Figure 6)

Pumps in these loops are in-line canned types or types which incor-
porate mechanical seals. 1t is believed that this system will prove to
be "fail safe' with virtually no maintenance other than pump replacements
relating to pump life cycle expectancy. Isolation valves are provided
to jfacilitate pump replacement. Heat exchangers are tube-in-shell type.
These transfer heat from silicone oil in collector loops to water in
storage loops to storage tanks.

The high initial cost of the silicone fluid i{s offset by a smaller
investment being required for freeze control, fluid replacement and
miintenance, and other preventive maintenance measures,

PIPE INSULATION

All piping und components except pumps are fully insulated with
standard jacketed fiberglass or foam rubber insulation systems,
HOT WATER STORAGE FOR HEATINC

A 3,000 vallon evlindrical sreel tank provides the required hot
water storape for bullding heating. This tank is insulated with bdlocka

of 4" thick urethane foam insulat inn banded in place and wrapped with

10




5.5 (cont.)

5.6

a 2" wide aluminum foil tape. The overall:"R" factor is 32. The tank

is connected to the main building hot water distribution loop with supply
and return mains. A controlled by-pass valve system provides for the
occasional pperation of supplementary gas-fired heating from the existing
building boiler. The hot water heating distribution system has an atmo-
spheric-vented expansion tank and contains only water.

CONTROL SYSTEM

The control system is a 24-volt system designed by Solar Unlimited,
Inc. with sensors in each collector array and other components to operate
pumps and valves in accordance with the control logic developed in their
design. This system incorporates night set-back controls of the building
thermostats.

11

ki




3
F
&
S

hi

6.0 PROJECT ENELuY CONSERVATION MEASURES

Previous conversion of the original gymnasium space for senior
citizen's activities required subdivision of the space into numerous
smaller rooms. New partition systems and a new suspended ceiling at
10' height was installed including four-inch batt insulation throughout.
The combination of existing roof deck insulation factors, the remaining
large volume of dead air space above the new rooms and new ceilings and
insulation results in a much improved thermal barrier.

Included with this solar system project effort were other modifications
to the building for energy conservation.

A continuous area of single-glazed existing windows totaling 945
square feet was reduced by half by applying 1" polystyrene bead board
and interior and exterior facing panels and trim over alternate window
units. The remaining window units were reglazed with thermopane glazing.
In addition, 225 square feet of existing single 1/4 inch plate glass
entry treatment was double glazed with the addition of another plate
glass with a 1-inch air space between.

The exposure of the east and west walls was reduced by the installa-
tion of new screen wall architectural treatments, Although these are
primarily architectural t satments, some thermal barrier assistance was
calculated as a result.

Two inches of polystyrene board insulation was applied to a 12-foot
height on the west end of the building behind new screen walls.

These combined conservation measures are calculated to reduce the
building heat loss of 85,275 BTU/hour at standard design conditions.

12
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7.0 SITE PLANNING

Within a two block radius and in direct line of site surrounding
this project are a 12-story hotel, a modern 1l0-story bank building, a
monumental antibellum Greek Revival bank building, a modern 10-story
county courthouse complex, a 10-story city municipal building complex,
a modern 4-story parking garage, a modern 3-story telephone company
office building, a modern library, a modern chamber of commerce building,
a large modern bank computer center, a major new office complex, a new
Hilton Hotel and the recently completed $13,000,000 Von Braun Civic Center
Auditorium complex. This project is the only building situated in a
16 acre open park area which includes a large lagoon. It is surrounded
by major streets and buildings listed above.

The solar design team, therefore, required appropriate architectural
values.

In addition to technological solutions required of them, the solar
architectural panels were exploited to provide a bold sculptured treat-
ment to the southward facade of the building. Careful attention was
given to proportioning and positioning. Panel height determination,
etc. were studied in relation to establishing dimensional modules of
solar glazing and absorber plates. The solar engineering determinations

which established panel slopes were fixed criteria to which other building
lines and massing must relate.

Screen wall closures were developed to close the ends of the two
solar architectural panel arrays and were extended as new screen wall
facing treatments over existing east and west building wall faces.
These were developed with a sloped parapet effect above existing roofs
with the high point at the tops of solar panel arrays. Low points in

the parapet effect are only slightly above existing roofs toward the
north side of the building.

From most viewpoints, this effectively screens existing roof-mounted
equipment and the backs of solar panels exposed above the roofs.

The massing effects of this treatment tends to harmonize the unchanged
portions of the existing building with the imposing scale of the solar
installation. (Sece Figures 1 & 7))

The original building brick which remains exposed is a warm buff
color and overhanging cornives have a sandy buff-colored exposed aggregate
treatment., The solar architectural panels were constructed with an
intergrally-colored cement to produce a blending buff color. The end
screen wall panels were surfaced with a sandy buff, exposed aggregate
surface matching existing cornfce treatments.

All window and door frame and trim work is painted dark brown to
blend with the brown patina of existing weathered copper cornice flashings
and trim. Copper, treated to develop this patina, was used as a cap
flashing and trim for new seveen walls.

13
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8.0 CONTROL LOGIC AND MODES OF OPERATION

8.1 CONVENTIONAL BACKUP_ ENERGY SYSTEM

The existing system provides both heating and cooling. Since this
nraject deals with solar heating, little explanation will be given to
the cooling system.

Transport Between Systems

water is the medium of heat transfer. All piping is type L copper
insulated with 3/4 inch thick closed-cell expanded-foam insulation.
Piping design consists of a low-velocity chilled water loop interconnected
with a hot water loop. Required quantities of water to handle the heat
load and/or cooling load are determined by the respective chilled-water
pump and hot-water pump.

The building is zoned with each zone having a copper piping system,
commonly referred to as a reverse-return system. The pressure drop of
each zone and terminal unit is handled by its respective zone pump.

This type of system is commonly referred to as a primary-secondary pumping
system.

Cooling System

Cooling is accomplished with a conventional system which pumps water
through an air cooled chiller and into a multi-loop circulating water
system. The cooling system is not solar or solar assisted.

Heating System

The existing system was designed to be used as auxilliary system to
a solar system.

It consists of a gas-fired-sectional-cast iron boiler, a 1/2 horse-
power circulating in-line pump and related expansion unit and air removal
devices. The boiler is manufactured by Weil McLain and has a wet rating
of 591.3 M BTU/hr.

System Operation

Based on outdoor temperature, either the chilled-water pump or the
hot water pump 1is placed in operation. An adjustable deadband precludes
either the hot pump or the chiller pump from vperating. This occurs
when the ambient air temperature is such that the internal building
loads balance the heat loss through the walls., It is adjustable since
the internal load caused by people is subject to variation. Each zone,
office, craft room or meeting room has its temperature controlled by an
+aslvidual unit-mounted thermostat. These thermostats are in series
and are controlled by an automatic changeover thermostat. Room units
which are expesed on an outside wall have a motor-operated damper which
allows 25 percent fresh air to be introduced into the room, The unit
thermostats (controlling the reoom air temperature) have a two stage heating

14
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8.1 (cont.)

8.2

and single-stage cooling mode of operation. If the system is in a cooling
mode, a temperaturc drop of one degree below the setting will cause a
three-way valve to by-pass chilled water to the return line. A further
drop in temperature causes a mild weather electric heating coil to turn
on even though the system as a whole is in a cooling configuration.

When the outdoor thermostat changes the system from the cooling mode to
the heating mode, the electric coil no longer functions and the changeover
thermostat reverses the action of the room thermostat so the entire area
is heated by hot water.

CONTROLS

The addition of solar heating capability to the Senior Citizen's
Center requires special consideration be given to the operational controls.
These controls are designed to maximize the benefits made available by
the addition of the solar system while maintaining the identity of the
present conventional gas based system. This permits use of the solar
heating system as the primary system retaining the present heating system
for peak load requirements and back-up.

The design of the control system provides for five modes of operation.
Each operational mode is configured to make best use of the thermal
and mechanical resources available for use during its particular portion
of system operation. The five modes of operation are:

Direct Solar Heat (DSH)
Domestic Hot Water (DHW)
Heat From Storage (HFS)
Store Solar Heat (SSH)
Back-up Heating System (BHS)

The present heating system utilizes a gas-fired boiler as the heat
source for a mul:i-loop circulating water system. The boiler operates
in an ON-OFF mode with the primary distribution loop temperature maintained
by a thermal control valve. The excess temperature of the primary loop
is set to a ratio of 1.5 times the difference between the interior tem-
perature (70° T) and the outside ambient temperature. This variable operating
temperature must be given proper consideration in this solar energy control
system design,

The control system design is based upon the measurement of tempera-
ture at several points within the system, determining the requirements
for heat transfer, and initiating the appropriate system actions. These
actions take the form of selecting the proper paths through the system
piping and turning on one or more pumps as appropriate. Provi-~ions have
been made to isolate the solar energy system from the current gas~fired
heating system should this become necessary for back-up operation or
system maintenance.

Before proceeding with the detail system discussion it seems appro-
priate to define the changes made to the current system. First, a 3-way
valve, VE, was installed in the piping leading to the low temperature
side of the gas fired boiler. (See Figure 6) This valve network permits
the gas fired system to constructively aid the solar energy system in
supplying the heat requirements for the building. During periods when
the solar system cannot provide any useful heat, this valve network will

15
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8.2 (cont.) allow the functional separation of the solar and conventional systems.

Thus, the conventional system is not burdened with any thermal losses
caused by the solar system equipment.

The control electronics package for the thermal control valve was
modified to gain access to a control voltage which is proportional to
the desired primary loop temperature. This signal is then compared with
similar signals within the solar energy control system to determine if

solar energy is available to supply a portion of all of the required
building heat.

The remaining modification was accomplished by connecting the Hot
Water Pre-Heat Tank in series with the supply side of the domestic hot
water system. These three modifications are easily ideniified on the
system diagram since they are located near the dashed line used to separate
the solar system components from the currently installed system. The
solar energy system components are arranged into three sub-systems:
the collector loop, the hot water preheat loop and the primary heat transfer
loop. Each of the system loops has its components arranged to perform
one or more functions. These loops provide the transport mechanisms that
are utilized to collect solar energy and move it to some useful point within
the system. 1If the collected energy is not immediately useful, it is
stored for later utilization. Each of the five operating modes will be
discussed in detail and during these discussions the function of each
component will be presented. The operational modes are shown in Figures
7, 8, 9 and 10.

The collector loop is enabled when the temperature measurements
indicate that solar energy is available from the flat plate collectors.
Pump PA provides the head pressure required to circulate the heat transfer
flvid through the collector loop. The flow rate is approximately 100
GPM. After passing through the collector array the fluid passes through
two series connected heat exchangers, HEl and HE2. HEl is a small diameter
device, 1/2 inch piping, that serves to transfer heat to the domestic
hot water preheat tank. The other exchanger, HE2, is a larger diameter
device; 2 inch piping is used to transfer heat to the primary storage loop.
A hand operated valve, VA, is used for controlled by-pass of HEl for the
major part of the flow in this loop. This particular configuration
permits the use of a small size exchanger for HEl that utilized double-
wall construction for code compatability while allowing the use of a
single~wall, large diameter device for the primary loop transfer. An
expansion tank and air purge valve are installed at the highest point
of this loop. The control system connection to this loop consists of
a temperature comparison of collector outlet temperature with the storage
tank temperature or the hot water preheat temperature to give a single
control command to turn pump PA on or off.

8.3 DIRECT SCLAR HEAT (DSH)

During the time when sufficient solar energy is available to meet
the total heating requirements of the building, the DSH mode of operation
is initiated. (See Figure 7) The energy available in the collector loop
is transferred to the primary heat transfer loop by HE2. Pump PC transfer
circulates the heated water throughout the primary loop. The thermal

control valve will provide 1ny adjustment required to maintain the appropriate

loop temperature.
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% 8.3 (cont.)

8.4
8.5
| 8.6
.
,

The DSH mode is activated when the collector temperature, TC, is
20° above the temperature set point, TD, of the thermal control valve.
This mode is terminated when the temperature difference drops to 10°F.
Precautions are taken against any overtemperature condition existing within
this loop. The current system design limit of 19° F and an excess ratio
of 1.5 against the building temperature of 70° F gives a maximum working
fluid temperature of 146° F. In those cases where the primary supply
temperature, TP, exceeds 160° F, the direct mode is modified by changing
the position of valve VB to return the supply water through the storage
tank. This will provide near optimum sharing of the available solar
energy by supplying building needs while at the same time storing excess
heat for future use.

DOMESTIC HOT WATER (DHW)

The solar encergy system is used to supply domestic hot water. This
mode is initiated when the collector temperature, TC, is 20° F greater
than temperature of the water contained within the pre-heat tank, TH.

The hot water preheat loop uses heat exchanger HE1l, pump PB, and the

preheat tank. (See Figure 8) This mode requires operation of the collector
loop. The possibility of unsafe temperatures could be introduced in

the DHW storage tank. To circumvent this problem, an independent thermal
cut-out switch, TZ, is located near the pump inlet. This switch will

open the power leads to pump PB when a temperature of 180° F is reached,

and the DHW loop will be provided with an independent overtemperature
control to prevent excessive temperature buildup.

HEAT FROM STORAGE (HFS)

The solar energy reserve in the primary storage tank is used to
provide heat when che level of solar insulation does not permit direct
heating. In this mode of operation, See Figure 9, the primary heat
transfer loop is enabled to transfer heated water from the primary bulk
storage tank to the main building supply loop. This is accomplished
by opening valve VB, turning on pump PC, and closing valve VE. The bulk
storage temperature, TS, is composed with the set point temperature as
indicated by the thermal control valve c¢lectronics package. When the
demand temperature is higher than the water temperature in the bulk storage,
the gas fired bhoiler is enabled. This permits the boiler to be used as
a "super heater" thus providing the peak heating demand. The use of heat
from bulk storage is continued until the temperature of the building
return water, TR, is greater than the temperature, TS, of the bulk storage.

STORED_SOLAR JFAT

The excess solar energy avallable is stored in the primary bulk
storage tank. This storage is accomplished by cnabling the collector
loop and certain components of the primarv heat transfer loop. Pumps
PA and PC are turned on and valve VB is opened along with closing valve
VE. (Sece Figure 10)  This mode of operation is enabled with the collector
temperature, TC, is 20° F greater than the temperature of the bulk storagpe
tank.
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8.7 EQUIPMENT CONTROL SYSTEM

The control system proposed for operation of the solar energy system
of the Senior Citizens Conter gives due consideration to the optimization
of the collection of solar energy, cost effactive heat transfer operations
and utilization of the existing investment in the current heating and
cooling plant. The actual control signals required are derived from five
temperature measurements and one control signal obtained from a thermal
control valve in the existing equipment. An additional on-off thermal
switch provides an over-temperature safety function for the domestic hot
water preheat system. The control line leading to the gas valve on the
gas-fired boiler is placed in series with a control output so that the
boiler can be prevented from firing when sufficient solar energy is
available to supply the building requirements.

Sensed temperatures will take the form of analog electrical signals.
Electronic comparitor devices will be used to translate the saveral
temperatures and delta-temperatures to relay-logic levels. Relay-logic
will then be used to derive the appropriate control signals. A manuvally
operated switch is provided so that the system can be forced to operate
in the back-~up, gas-fired mode only. The mechanical engineer is then
given the option of using the automatic solar energy syitem or the currently
installed gas-fired system.
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9.0

ACCEPTANCE TEST PLAN

Test Obiectives

The objectives of the acceptance test, through compliance with the
acceptance test plan, are to 1) verify that each system component responds
and functions within the manufacturer's specified limits; and 2) that the
gsystem responds and functions within the manufacturers' specified limits.

To achieve these ob,nctives, each mechanical component and each electrical

component was functionally inspected on site as an entity; and, finally,
the system as a whole was inspected for function and for compliance with

design specifications.

OPERATIONAL MODES OF THE SYSTEM

Direct | Domestic Heat Store | Back-up | Summer
Solar Hot From Solar | Heating | Cooling
Heat Water Storage | Heat System System
Pump DHW1 - ON - - - -
Pump PDHW2 - ON -~ - - -
g Pump PAl ON - OFF ON - OFF
g ‘:':' Pump PA2 ON - OFF ON - OFF
gg Pump PB1 ON - OFF ON ~ OFF
« & Pump PB2 ON - OFF ON - OFF
M3 Pump PH ON ~- ON - OFF QOFF
‘5‘ = Heat Exchanger HEDHW - ON - - - -
0 Heat Exchanger HE1l ON - OFF ON - OFF
Heat Exchanger HE2 ON ~ OFF ON - OFF
3-Way Valve VE THRU - THRU | BYPASS | BYPASS BYPASS
=T Pump Pl ON - ON OFF ON OFF
we g Pump P2 QFF - OFF OFF OFF ON
o -: g_ Pump P3 ON - ON OFF ON ON
o g-') ‘; Pump P4 ON - ON OFF ON ON
s % g Pump PS5 ON - ON OFF ON ON
3 Roiler OFF - OFF OFF ON QFF
Chiller OFF - OFF OFF OFF ON
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9.1 ITEMS TO BE TESTED: PUMP PH, 1/2 HP AND VALVE VEl

TEST OBJECTIVE: Verify proper installation and operation

TEST PREREQUISITES: a) Proper physical mounting

b) Prior piping pressure test

c) Verify proper pump orientation

d) Verify proper valve orientation and valve VEl
orientation for fluid flow direction

e) Open all water distribution line valves and
isolation valves to assure free water flow path

f) Insure that water is in piping at or above pump
level

PASSING: 1. Pumps
a) Pump operates with proper water pressure
b) Pump operates with proper electric voltage and
current valves
¢) Pump operates writh no leaks
2. Valve VE
a) Valve VE operates in proper direction
b) Valve does not leak or chatter

TEST PROCEDURE:

1.

2.

3.

Turn off pump discomnecting device and verify that 120 volt ac
is not present at motor starter contact terminals.

Turn off 10 amp circuit breaker which supplies 120 volt ac to
24 volt transformer Tl and T2.

Measure voltage at coil terminals for ph motor starter. Voltage
should be 0.

Measure voltage at valve VE terminal. Voltage should be O.

Disconnect solar heat available control connections from control
RB-DCA-1 terminals SHA.

Turn on 10 amp circuit breaker which supplies 24 volt transformers
Tl and T2. Zero voltage should be observed at points measured
in 3 and 4.

To simulate solar heat available, place a jumper wire across RB-
DCA-1 terminals SHA. Valve VE and PH motor starter should operate.
Verify visually and audibly. Valve VE should, when no 24 volt
power is applied to terminal, be in position that bypasses water
fed from pump PH. When 24 volts is applied, valve should switch
to accept vater from pump PH and flow to gas fired boiler intake.

Measure and record voltage at coil terminals for PH motor starter
and for valve VE terminals. 24 volts ac should be present.

Temporarily remove jumper from SHA terminals on RB-DCA-1.

30




9.1 (cont.)

11.
12.

13.

14'

15‘

16.

Turn on pump PH disconnect device, and verify that PH motor
starter contact input terminals has 120 volt ac present.
Measure and record.

Replace jumper SHA, which was removed in step 9.
Pump Ph should start.

Measure and record voltage and current at pump PH terminals.
Running valves should be within 10% of name plate ratings.

By use of pressure gauge, verify that water downstream of valve
VE is at least 8 psi greater than when measured with the pump
off.

Verify after pump operates 10 minutes that no leaks occur in
pump or valve VE.

Remove jumper from SHA terminals (step 11) and replace lead
wires removed in step 5.

YN A np o
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9.1 (cont.) TEST RESULTS
Procedure No, Result
1. Turned Off
2. Turned Off
3. 0 Voltage Verified
4. 0 Voltage Verified
5. Disconnnected
6. 0 Voltage Verified
7. Verified
8. 24 Volts AC Verified
9. Removed
10. 120 Volts AC Verified
11. Replaced
12, Pump Starts
13, 120 Volts Verified
14, 12 psi Verified
15, No Leaks Occurred
16. Accomplished
32
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9.2 ITEMS TO BE TESTED: DISTRIBUTION CONTROL SYSTEM, INCLUDING RB~DCA-1

AND THERMOSTATS

TEST OBJECTIVE: To insure proper operation of distribution control system

TEST PREREQUISITES: a) Installation of RB-DCA-l control, associated

thermostats and wiring
b) 1Installation and wiring of all distribution pumps

and valves
TEST PROCEDURE:

1. Turn Off 10 amp breaker which supplies power to 24 volt transformer
Tl and T2.

2. Turn off pump motor disconnect devices for pumps PH, Pl, P2,
P72, P21, PZ3.

3. Verify that no voltage exists at the following points:

a) Between terminals "C" and “R" on the RB-DCA-1

b) Between terminals "Cp'" and "Rp" on the RB-DCA-1

¢) Starter coil terminals on each motor starter for pumps listed
in step 2

d) Input terminals for valve VE

e) Input terminals for gas valve relay coil

4. Remove zone thermostat covers so that mercury switch operation
can be observed.

5. Adjust all thermostats and the differential control "“SHA" to the
OFF position. This means:

a) that the three zone thermostats will be set lower than room
temperature .

b) the heat on thermostat will be set greater than 75°F

¢) the cool on thermostat will be set lower than 60°F

6. Turn on the 10 amp breaker which was turned off in step 1.

7. Measure and record voltage between RB-DCA-1 terminals "R" and
"C" and between terminals "Rp" and "Cp'". Voltages should be
24 volts ac + 10%.

8. 1Install a temporary jumper (to remain in place for the remainder
of this test) across terminal "TC". This simulates time clock
"ON" conditions. Instead of using a jumper, the timeclock can
be adjusted to insure an ON or contact closed condition.

9, Measure and record terminal input voltages at motor starters for
P1, P2, PZ1, PZ2, PZ3, the relay coil input for the gas valve
relay and the coil terminal for valve VE. These voltages should
be 0.

10. Raise the "Heat-ON" thermostat to above room temperature to insure

that it is calling for heat and its countacts are closed. A jumper
across the HO terminals will simulate this condition.
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9.2 (cont.)

11.

12,

13.

14.

15.

16.

17.

18,

19,

20.

21.

22.

Raise the thermostat setting of the Zone 1 thermostat to a
setting above room temperature. Physically observe that the
first stage mercury bulb only has made contact.

Measure and record the coil input voltage for the following
controls:

Pump Motor Starter No. - Input Coil Voltage

Should be
Pl 24V ac
P2 0V ac
PZ1 24V ac
P22 oV ac
PZ3 oV ac
Valves
VE 0V ac

Gas Valve Relay Coil 24V ac

Increase the thermostat setting of the zone 2 thermostat to above
the room temperature, Verify that only the first stage mercury
bulb has made contact.

Measure and record the pump PZ2 coil input terminal voltage.
This voltage should be 24V ac + 10Z.

Increase the setting of the zone 3 thermostat to insure that
only the first stage mercury bulb has made contact.

Measure and record the starter coil terminal input voltage for
pump PZ3. This should read 24V ac + 10%.

Turn the solar heat available (SHA) differential temperature control
to Manual On.

Measure and record the coil input voltages at the following points:
INPUT COIL VOLTAGE

Control Should Read
Pump PH Starter 24V ac
Valve "VE" 24V ac
Gas Valve Relay Coil 0V ac
Pump Pl 24V ac

Increase the zone 1 thermostat to insure that the first and second
stage heat mercury bulbs make contact.

Measure and record voltage input at gas valve relay coil input
terminals. This voltage should now be 24V ac + 10Z.

Readjust all controls and thermostats as set in Step 5.

Turn on pump motor disconnect devices.
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9.2 (cont.)

23.

24,

25.

26.

27.

28.

29.

30.

31.

32,

33.

34.

35.

36,

Verify that motor starter contact input terminals have proper
input voltage; measure and record:

Starter For Specified Voltage
Pl 208V ac *1p
PZ1 208V ac *19
PZ2 208V ac *1p
PZ3 208V ac *1p
P2 208V ac 3¢
PH 120V ac 1§

Lower the “cooling" thermostat to below room temperature to
insure its contacts close. This can be simulated with a jumper
across the "CO" terminals.

Verify that pumps P2, PZ1, PZ2, and PZ3 start. No other distribution
pumps should operate.

Raise the cooling thermostat to above room temperature and verify
that the pumps stop.

Turn the solar heat svailable (SHA) control to "Manual On".
No pump should start.

Adjust the zone 1 thermostat to a temperature setting that will
close only the first stage mercury bulb. The following pumps

should start: a) P1l; b) PH; c) PZl. Valve "VE" should be energized
and in the solar heating distribution position.

Increase the zone 1 thermostat setting to close the second stage
mercury bulb.

The gas boiler should operate and the pumps in step 28 should
continue to operate.

Reduce the zone 1 thermostat to turn off both stages of heat.
Pumps and boiler should be off.

Increase the zone 2 thermostat setting to close the first stage
only mercury bulh. Pumps Pl, PH and P22 should start. Valve VE
will be energized.

Increase the zone 3 thermostat setting to close the first stage
only mercury bulb. Pump P23 should start.

Turn off the "SHA" control.

Pump PH should stop. Valve VE should deenergize; the gas boiler
should start.

Adjust all thermostats and controls to normal settings and remove
the jumper across termina's TC and any other jumper installed.

* Existing pump motors are rated at 230V ac; however, existing power is
120/208 volts 3 phase.
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9.2 (cont.) TEST RESULTS

Procedure No.
1.

2.
3.
4,
5.
6.
7.
8.
9.
10.
11.
12,

13.
14.
15.
16.
17.

18.

19.
20.
21.

Results

Turned Off

Turned Off

0 Voltage Verified at Al
Removed

All thermostats adjusted
Turned 0ff

24V ac Verified
Accomplished

0 Voltage Verified

Verified
Verified
Pl « 24V ac
P2 - 0OV ac
PZ1 ~ 24V ac
PZ2 =~ OV ac
P23 ~ OV ac
Valves
VE = 0V ac
Gas Valve Relay Coil = 24V ac
Verified
24V ac
Verified
24Y ac
Accomplisghed
Pump PH Starter -
Valve "VE" -
Gas Valve Relay Coll~
Pump Pl -
Verified
24V ac
Accomplished
36
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9.2 (cont.) TEST RESULTS CONTINUED

Procedure Results
22, Accomplished
23. Pl =~ 208V ac
,7 PZ1 -~ 208V ac
% PZ2 - 208V ac
i PZ3 - 208V ac
v P2 - 208V ac
PH - 120V ac b
24, Accomplished ;
25. Verified
26. Verified
27. Verified
28. Verified
29, Accomplisghed
30. Verified
31. Accomplished
32. Accomplished
33. Verified
34, Accomplished
5. Verified
36, Accomplished.
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1.

2.

3.

4.

3.

1.

8.

9.3 ITEMS TO BE TESTED: MECHANICAL COLLECTOR ARRAY A AND B PLUMBING LINES
TEST OBJECTIVE: Test pressure integrity of all components and joints.

TEST PREREQUISITES: All components and connections must be attached :nd
ready for filling, including collector, heat exchanger, pump, pressure
and temperature gauges.

PASSING: Collector loop pluwbing holds 150 psi pressure for
24 hours with a pressure loss of less than 5 psi.

FAILING: Collector loop A plumbing drops more than 5 psi vhen
150 psi is applied and held for 24 hours.

TEST PROCEDURE:

All connections to the collector Array A plumbing loop have been
made and joints sealed, including collectors, heat exchanger, pump,
manifold, supply and return pipe, expansion tank, and pressure and
temperature gauges. This test should be performed before the pipe
insulation is applied.

Close and plug 1" drain valve on mechanical platform.

Thread a bushing or elbov with a gas schrader valve into the 1"
female end of the fill valve, sealing the threads with teflon pipe
tape.

Open the fill valve and apply nitrogen pressure to the collector
lines through the schrader valve until the pressure in the line
is 150 psi as indicated by collector loop pressure gauge located
on the mechanical platform.

It is desirable to apply the pressure test in the early morning
when sun on the collectors will not create tempearature pressure
effects.

The person performing the test should record the pressure shown on
the collector loop gauge, time, date and his name, and also the
witness representing the owner should confirm the data recorded and
sign the test report.

After allowing 24 hours to pass, recheck the pressure 1dicated
on the same collector loop pressure gauge. Record the pressure
indicated on this gauge along wi h the time, date, name of person
performing the teat, The witness should verify this information
and sign the report.

If the preasure on the gauge is not less than 145 psi, then the

collector loop pressure integrity is acceptable. Otherwise, the
contractor should inspect all the loop joints to find any leaks.
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9.3 (cont.) TEST RESULIS
Procedure

1-8

Results

Pressure test on Mechanical Collector Array
A & B plumping lines at 150 psi pressure for
24 hours was accomplished with minor pressure
loss not greater than 5 psi.
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9.4 ITEMS TO BE TESTED: MECHANICAL HEAT DISTRIBUTION WATER PIPE LOOP

TEST OBJECTIVE: Test pressure integrity of all components and joints

TEST PREREQUISITES: All pipes and components must be connected and
sealed ready for filling without insulation.

TEST

PASSING: Holds 5 psi of water pressure for 24 hours without
pressure loss.

FAILING: Plumbing line pressure drops to below 5 psi after 24
hours from the initial 5 psi pressure.

PROCEDURE:

1. All collector Array A water line compcunents are connected, but
not insulated, including heat exchangers, heating storage tank
with water pumps, lines, water expansion tank, 3-way valve.

2. Heating storage tank is filled from the makeup water supply line
until the pressure gauge at pump PH indicates 5 psi. Close the
makeup water supply valve.

3. Visually inspect all plumbing lines and component conneciions
for obvious water leakage.

4. Turn off the boiler make--up water supply.

S. Record th2 gauge pressure, time and date, along with the name of
the person performing the test, and with a witness verifying this
information.

6. After 24 hours, recheck the pressure at the pump PH pressure
gauge and record the pressure indicated along with the time,
date, and name of test operators and witness.

7. If the pressure indicated on this gauge shows 5 psi or greater,
then the water line plumbing is acceptable.

8. If the pressure indicated on the gauge is less than 5 psi, the
water piping loop is rejected.

9. Inspect all water line components and connections for evidence
of watcw leakage.

10. Repair and retest.
11. Open the boiler water make-up line valve and set the makeup water

control to 5 psi.

40

PIERTECEGUN I SRR S S

FCTENRE RS HEER B i



Procedure
tocedure

l1-11

9.4 (cont.) TEST RESULTS

Results

Mechanical heat distributi
Pressure tested at § psi f
pressure loss.

on water pipe loop
or 24 hours without




9.5 ITEMS TO BE TESTED: SOLAR COLLECTION PUMPS PAl and PB1 (1HP pumps)

TEST OBJECTIVE: Verify proper installation and operation.

TEST PREREQUISITES: a) Proper physical mounting

b) Prior piping pressure testing to verify all
connections tight
c) Verify pump orientation for proper fluid flow
direction
d) Verify that all valves are in proper position
{open in flow path)
e) All tubing must be filled with silicone heat
transfer fluid
PASSING:t a) Pump operates with proper pressure
b) Pump operates with proper current and voltage -
requirements (name plate data)
¢) Pump operates with no silicone oil leaks at any
punmp part or connection to pump

TEST PROCEDURE:

1.

3.

4.

9.

With pump disconnecting device (breaker: -{", verify that 120
volts is not supplied to pump electrical terminal or motor starter
terminals.

Activate (turn on) solar differential control (manual on). This
should supply 24 volts ac to motor starter. Measure motor starter
coil fnput voltage. Verify and record 24 volt ac input.

Deactivate differential control (manual off) starter coll input
voltage should be Q.

Measure and record siliccne o0il line pressures with no silicone
pumps running.

Turn on pump motor disconnecting device. Verify and record that
120 volts ac is suppliied to motor starter input terminals.

Turn solar differential control to manual ON. Motor starter
should activate and pump start,

Measure and record pump input voltage and current. Voltage and
current should be within 10%Z of running nameplate ratings.

Measure and record silicone pump output side pressure with 1 hp
pump running. A pressure of about 13 psi greater than that recorded
in step 4 should be attained.

Operate pumps at least 10 minutes and verify that no pump connection
or pump part leaks.




9.5 (cont.) TEST RESULTS

Procedure

8.

9.

Results
Verified
Verified; 24V ac supplied
0 Voltage Verified

PAl - 8 psi
PB1 -13 psi

124V at both
Verified

PAl - 120V - 11 amps
PB1 ~ 124V - 12 amps

PAl - 9 psi Delta
PB1 ~10 psi Delta

No leaks verified
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9.6 ITEMS TO BE TESTED: PUMPS PDHW1, PDHW2, 1/12 HP PUMPS

TEST OBJECTIVE: Verify proper installation and operation

TEST PREREQUISITES: a) Proper physical mounting

b) Prior piping pressure test

¢) Verify proper pump orientation for fluid flow
direction

d) Verify that all valves are open {(check pump
isolation valves)

e) Place pump flow rate control in maximum position

f) Verify that piping is filled with fluid

PASSING: a) Audible varification of pump operation

b) Verification of proper electric operating current
¢) Absence of leaks
d) Quiet operation

TEST PROCEDURE:

1.

2.

8.

With pump disconnecting device off, verify thar the 120 volt
supply is not present at relay (starting device) or pump terminals.

Activate (turn on) solar differential control manual. This
should supply 24 volts ac to coils of pump starting relay. Verify
and record relay coil voltage.

Deactivate solar control (manual off) and verify that no voltage
is supplied to pump starter relav coils,

Turn on pump disconnecting device (breaker). Verify that 120
volts ac is supplied to pump starter relay contact terminal input,

Turn on solar differential control to activate pump relays., Pumps
should start.

Measure and record pump input voltage and current. Voltage and
current readings should be within 10% of runuing name plate ratings.

Measure and record silicone pump (PDHW2) output side pressure
with 1/12 hp pump off and with it running. An increase of about
4 psi should be observed with PDHW2 running.

Verify that no pump connection or bearing leaks after 10 minutes
of operation.
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Procedure
1.

2.
3.
4.

9.6 (cont.) TEST RESULTS

Results

Verified
26 volts ac Verified
Verified
Verified
Verified
Verified
Delta 5 psi Verified

Verified No Leaks
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9.7 ITEMS TO BE TESTED: PUMPS PA2 AND PB2; 1/3 HP WATER PUMPS (SOLAR STORAGE)

TEST OBJECTIVE: Verify proper installation and operation

TEST PREREQUISITES: a) Proper physical mounting

b) Prior piping pressure test

¢} Verify pump orientation for proper flow direction
d) Verify all valves open in flow path

e) Verify that water is {n pipes above pump level

PASSING: a) Pump operates with proper fluid flow pressure
b) Pump operates with proper electric voltage and
current requirements
¢) Pump operates with no leaks

TEST PROCEDURE: (Note: first three steps can be done simultaneously

with test for PAl and PBl)

With pump disconnecting device (breaker) off, verify that 120
volts is not supplied tc motor starter terminals.

Activate (turn ou) solar differential control (manual on).
This should supply 24 volts ac to motor starter coil. Measure
and record motor starter input voltage.

Deactivate differential control (manual off). Starter coil input
voltage should be O.

Measure and record down pump side of water pressure (pump off).

Turn on pump motor disconnecting device. Verify and vrecord that
120 volts ac is supplied to motor starter contact input terminals.

Turn solar differential control to manual On., Motor starter should
activate and pumps start.

Measure and record pump input voltage and current. These valves
should be within 10% of running nameplate ratings.

Measure and record downstream water pressure with 1/3 hp pump
running. A pressure of about 10 psi greater than that recorded
in step 4 should be attained.

Measure and record water flow for each loop - a Tlow of at least
15 gpm should be read.




9.7 (cont.) TEST RESULTS
?rocedurc Results

1. Verified

2. '26V ac Verified

3. 0 Voltage Verified

4. PA2 - 5 psi
PB2 ~ 4 psi

5. Verified

6. Verified

7. PA2 - 8 amps - 124V
PB2 - 9 amps -~ 124V

8. PA2 - 20 psi
PB2 - 15 psi

9. 35 gpm
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9.8 ITEMS TO BE TESTED: SENSOR INSTALLATIONS FOR SOLAR DIFFERENTTAL TEMPERATURE
CONTROLLERS: Sensors TCAl, TCB, TSA, TSB, TCAZ, TH,
TsC, TR

TEST OBJECTIVE: To insure that sensor installations work properly

TEST PREREQUISITES: All sensors to be tested must be installed with wires
attached ard run to controller location.

TEST PROCEDURE:

1. Measure and record resistances at controller location sensor
vire terminals for each sensor listed. The following values
vill be considered acceptable:

Sensor Resistance in OHMS
TCAL With Sunlight 3600 to 5000
TCA2 With Sunlight 3600 to 5000
TCB With Sunlight 3600 to 5000
TSA 3300 to 3900
TSB 3300 to 3600
TH 3300 to 3200
TSC 3300 to 3900
TR 3300 to 3900
48
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9.8 (cont.) TEST RESULTS

Procedure Fo.
1.

: Al TP EER——

Results

4200
4200

3900
3600
3800
3900
3900

TCB
TSA
TS3

TSC

L 2N B B
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10,0 DEVIATIONS FROM BASELINE CONFIGURATIONS

1'

2.

The original construction documents of the solar system design

specified three 1,000 gallon insulated fiberglass storage tanks.

After much effort and a number of manufacturing attempts, Solar Unlimited,
Inc. was not able to procure tanks of this design that would pass

Solar Unlimited's stringent leak test criteria. Resulting in a decision
to procure one 3,000 gallon steel tank fully insulated with 4" of
urethane foam and a 2" fiberglass foil backed blanket to substitute

for the three fiberglass tanks.

The proposed one 80 gallon expansion tank to be located in the solar
mechanical storage area was replaced with two 40 gallon expansion
tanks because of procurement problems with the manufacturing company
that was to supply the 80 gallon expansion tanks.

The horizontal joints on the apoxy aggregate end walls were not installed
as originally designed due to moisture problems recognized by the
sub-contractor, Acounti Engineering. This resulted in the modifying

of the end walls to be constructed only with vertical joints.

In the final system design, the heat distribution operated with three
possible heat distribution modes, boiler to load; solar to load and
solar preheat to boiler to load. The control function that determined
the switch over between heat supplied from the solar storage or the
boiler is determined by the two-stage room thermostats in the three
zones. That is {f any of the three thermostats were calling for 1st
stage heat then the load will be supplied by solar. 1If any of the
three zon2 thermostats were calling for 2nd stage heat then the solar
storage is not sufficiently carrying the load and the heat distribution
is switched to supply heat from the boiler. 1In addition, the final
design included a mode that would direct the building distribution
return water into the solar storage and provide solar preheated water
to the boiler which would then boost the temperature and heat the load.
This mode was initiated when the building distribution return water
(measured by Sensor TR) was cooler than the solar storage tank temperature
(measured by Sensor TS) and any building zone was calling for 2nd stage
heat.

However, after the system had been installed, checked out and was
operating, it was found that the system rarely switched to the solar
to load or solar preheat to boiler mode., It was discovered that the
return distribution water was ususlly above 140° F due to the nature
of the cabinet unit heaters and the building hot water distribution
system.

Further, the control logic in the solar to load mode also uses the
comparison of the temperatures of the return distribution water (TR)
and the solar storage water (TS) to determine whether the solar storage
is warm enough to heat the building in 1st stage heating. This com-
bination of control logic resulted in the heat distribution staying
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10.0 (cont.)

in the conventional boiler to load mode a majority of the tims.
Because the building return water was warmer than the solar storage
water vhen the boiler was heating, the building and the solar mode
never got & chance to try to carry the load,

To rectify these problems, the building distribution return sensor,
TR was moved into the fan room adjacent to the boliler room, so that
the TR sensor novw senses the temperature of the building ambient
air. This allows the solar system to try to supply the load in the
first stage heat condition whenever the solar storage tank is warmer
than the building (nearly always). Then if the load is not being
carried by the solar system and the building temperature begins to
drop further when it reaches the 2nd stage thermostat setpoint, the
distribution system switches to supply heat from the dboiler. When
the boiler brings the building temperature up to lst stage heat sgain,
then the solar continues to supp’y heat to the building. The solar
preheat to boiler mode was disabled in favor of slternative heating
by solar and the boiler so that when the solar was supplying the
heat the boiler was off,

This control function has a particular advantage with regard to night
setback and early morning startup. Since the control logic gives
solar the first chance at heating the building and since the building
is cooler than 65° F after night setback, the solar can both warm

the building early in the morning and at the same time reduce the
solar storage tank temperature immediately for solar collection.

This allows the solar system to start collecting earlier than it would
otherwise and allows slightly improved collection efficiency due to
lower collector inlet temperature. In the early morning warmup period,
the 2nd stage (boiler) heat is finhilated for a period by a time delay
relay to allow the solar to chance to warmup the building before
occupancy,
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11.0 PROBLEMS ENCOUNTERED

1.

2.

5.

Bidders interest was a point of concern with members of the solar
design team because local construction contractors had limited or
no experience in the construction of solar space heating and
domestic hot water systems. Therefore, the design team made special
efforts to inform and cducate the construction trades through the
cooperation of F.W. Dodge reports and builders associations. The
design team constructoed scale models of the project and separace
models detailing tvpical solar hardware material and its mounting
system.

Also, a pre-bid conlerence was held to acquaint approximately 60
persons of the cunstruction industry with the proposed solar project
which we believed pave us a realistic bid on the project,

Scheduling and coordination of subcontract activities and delivery
of materials and «quipment were common problems but these were not

greater than is normal to general construction practice and no serious
delays risulted.

Some minor dispuiv., arose hetween general contractor, subcontractors,
and solar hardwaive suppliers relative to responsibility for furnishing
certain {tems of labor and material. These were resolved amicably
through frequently-called meetings to clarify and negotiate points

in question.

During the installution of the first pre-assembled architectural solar
panel, a lifring hck swung free and broke two cover glasses. Light
control lines were attached to the lifting harness hooks by the general
contractor to prevent this and more care was exercised. This accldent
did not recur.

Several improv aents in the automatic distribution control have also
been implementcd to further enhance cnergy conservation, and solar
utilization by taking full advantage of a night sctback time clock.

We had poor joint scals between the architectural solar panels due

to ratio of jofinr width and depth of backer rod. This was corrected
by the Contractor by roplacing the backer rod at the proper .2pth and
recaulking.

Care was not taken on assuring that the interior side of the pre~installed
cover glass on the architectural solar panels was clean: therefore, we
are having to remove, clean and install all glass.
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12.0 RECOMMENDATIONS

This project has progressed from the very beginning very smoothly. The
people and the organizations involved worked very well together and responded
to their responsibilities as were originally outlined in the proposal.

The system has so far proved to be well designed and is working even

better than was anticipated. The total project costs remained within

budget limits and the project was completed essentially on schedule.

A number of things appear to be responsible for the overall recommendations
for similar type projects in the future:

A.

C.

D.

That specific responsibilities for all participating
organizations be identified at the very beginning of
a project.

That a formal Pre-Bid Conference be held after the
publication of the plans and specifications to increase
interests and in the case of solar energy to eliminate
the scare factor of constructing something new.

That the advantages of Silicone 0il as a heat transfer
fluid be considered in the design of future solar systems.

The system should be instrumented so as to show energy
savings from this design.
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13.0 Maintenance Pian

This plan covers the maintenance and inspection requirements for the
electrical and mechanical equipment used in the Huntsville Senior Citizens
Center for solar heat collecting and solar heat distribution. Previously i
existing mechanical equipment used in conneciior with the conventional gas 3
boiler and chiller system is not affected by this plan, although certain
mutual use of this interfacing mechanical equipment is involved. Previously

existing maintenance procedures should continue to be used for such equip~
ment -

S o

*
.

The solar heating mechanical equipment affected by this plan is:
A. Solar Collector Group A {west bank collector group)
1. Silicone solar heat transfer fluid system.
a. Copper tubing piping system
b. Expansion tank A
¢. 1 h.p. Model 3196 Gould pump (TA-1)*
d. 1/12 h.p. Grudfos pump (PDHW-Z)#
e. Heat exchangers (2)
* Located in attic over kitchen area
2. Domestic water preheat system
a. Copper tubing pipe system
b. Domestic hot water storage tank
c. 1/12 h.p. Grudfos water pump (PDHW-1) (located in domestic water
tank closat)
3. Bulk heat storage piping system
a. Copper tubing pipe system
b. 1/3 h.p. Bell and Gossett water pump (PA2) (located under east
bank collectors) !
B. Solar Collector Group B (East Bank Collector Group)

1. Silicone solar heat transfer fluid system

a. Copper tube piping
b. Expansion tank
¢. 1 h.p. Model 3196 Gouid Pump (PBI)

d. Heat exchanger
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2. Bulk heat storage piping system
a. Copper tube piping
b. 1/3 h.p. Bell and Gossett water pump (PB2)

C. Heat Distribution System

1. Heating water piping system
a. 1/2 h.p. Bell and Gessett pump (PH) (east end of storage tank)
b. Three-way motorized valve (VE) (located in gas boiler mechani~

cal room)

General Maintenance Requirements

The solar heating system selected for this center is virtually main-
tenance free. However, due to the requirement for larger than normal
silicone fluid pumps, it is recommended that a monthly inspection program
be implemented to insure that no silicone fluid leak occurs around the
pump seal. Less frequent inspections can be scheduled after adequate op-
erating experience with this type pump using a silicone fluid has been
obtained. A summary outline of maintenance and inspection requirements is

as follows:

A. Gould pumps (PAl and PBl) - monthly -
1. Inspect to insure no silicone heat transfer fluid leaks.
2. Inspect lubricating oil reservoir. Add SAE #20 premium grade,

non-detergent 0il when oiler is less than 1/3 full.

B. Bell and Gossett 1/2 h.p. pump (PH) each October - add SAE #20
premium grade, non-detergent oil

C. Other pumps; quarterly during operating season. Inspect for normal
operation.

D. Piping and tanks -~ quarterly during operating season. Inspect to
insure leak-free operation.

E. Electrical controls require no maintenance inspection.

Maintenance and Inspection Requirement

A. Monthly Inspection
1. 1Inspect the two 1 h.p. Gould pumps (PAl and PBl) to make sure
that there are no visible signs of silicone heat transfer oil
leaks., Any sign of leak should be reported to the solar heating
equipment supplier.
2. Check lubricating oil reservoir. 0il should be visible in the
reservoir; if not, fmmediately add #20 SAF premium, non-detergent oil.

0il1 level in reservoir should be maintained at least 1/3 full. Normally,
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B.

3.

4,

Normally, extra oil should not be required more frequently than
four times per year.

Using the Honeywell Controller, turn "ON" the heat transfer fluid
pump. The pump should operate smoothly with no significant noise
or vibration present. Any unusual noise or viﬁration should be
reported to the supplier of the solar equipment. Record the pressure
reading of the 0-100 PSI gauge. This reading should normally be
from 15 to 30 psi.

Turn the pumps OFF and record the pressure reading. Depending upon
heat transfer fluid temperatures, the pressure should normally be
between 5 lbs. and ‘0 lbs.

Note: The first year's record of pressures can be used in the future

to detect system deviations or pending failures.

Quarterly Inspections (January, April, July, October)

1.

Inspect heat transfer fluid piping where connections are made to:
a. Pumps
b. Valves
¢. Gauges, and
d. Expansion tanks. Verify that no silicone fluid leaks exist.
Any sign of leaks shouid be reported and actions taken for
repair.
Check the Grundfos 1/12 h.p. pump in the attic (pump PDWH2) and the
1/12 ﬁ.p. Grundfos water pump located in the closet with the
domestic water heater. These pumps should operate quietly.
These two pumgs may be manually started by turning the differ-
ential control in the domestic water neater closet to "ON". Place
the control to "AUTO" after the check is completed,
The two Bell and Gossett 1/2 h.p. water pumps should be checked for
vibration-free, leak-free operation during the October, January, and
April inspection. Any vibration or water leaks should be investigated

and/or repaired.

Note: The Bell and Gossett pumps (PA2 and PB2) can be manually started

by switching the Honeywell differential controller to “ON". Return
the switch to "AUTO" after inspections are completed.
The Bell and Gossett 1/2 h.p. water pump (PH) located to the east
of the 3,000-gallon storage tank should be visually inspected during
the October, January, and April imspection. This pump also requires
annual servicing during the October inspection. This pump is turned

on by fully automatic system interface controls and cannot be manually
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turned on and off for inspection purposes at this level of maintenance.
Records should be kept of the pumps' condition of operation, i.e. that
it- was or was not running during inspection, and if running whether
any noise or vibration was detected. Output pressure readings should
be recorded and notation made as to whether or not the pump was run-—
ning at the time of the reading. Pressure readings of from O to 8

psi may be expected with the pump off and from 12 to 18 psi with the

pump on.

C. Annual Maintenance

10

The 1/2 h.p. Bell and Gossett water pump "PH" should have oil

added at the beginning of each heating season. During the October
inspection, this pump should have #20 SAE premium grade, non-deter~
gent 0il added through the flip cap in the top of the bearing frame.
Add o0il until oil is indicated at the overflow hole on the side of

the frame.
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14.0 MAJOR COMPONENTS AND MANUFACTURFRS' LITERATURE

58




Honeywell

THE S4005 AND S6005 ENERGY MANAGE-
MENT TIMERS PROVIDE AUTOMATICAL-
LY TIMED, ELECTRICAL SWITCHING.

0 S4005A provides spst switching; S6005A B,
and C provide spdt switching; S6005D pro-
vides dpdt switching.

0 S4005A and S6005A,B have a 24 hour dial.
0 S6005C and D have a 7 day dial.

0 S6005B has skip-a-day feature which allows
you to omit operation on any selected day or
days of the week.

00 S6005D has a spring wound carry-over
mechanism to keep the timer on schedule
during a power failure of up to 10 hours;
mechanism automatically rewinds itself when
power is restored.

3 120 volt or 208-240 volt models available,
O Settings can be changed as desired.

{1 Snap-out, replaceable time clock
mechanism.

03 Heavy duty, synchronous, quiet, self-lubri-
cating motors do not require service or
attention.

0 Drawn steel case has hinged door with spring
hasp and hole for lock. NEMA Type 1
enclosure.

0 Large terminal screws for fast, easy wiring.

0 Switch contact electrically isolated from
clock motor terminals.
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THE SPECIPICATIONS GIVEN IN THIS PUBLICATION DO NOT INCLUDE NORMAL MANUFACTURING TOLERANCES,
THEREFORE, THIS UNIT MAY NOT MATCH THE LISTEO SPECIFICATIONS EXACTLY.ALSO, THIS PRODUCT IS TESTED
AND CALISRATED UNDER CLOSELY CONTROLLED CONDITIONS, AND SOME MINOR DIFFERENCES IN PEREOR.
MANCE CAN BE EXPECTED IF THOSE CONDITIONS ARE CHANGED,

T e e WS

TRADELINE MODELS
TRADELINE modsis are selected and packaged to provide sase of stocking, sase of handling, and maximum replsce-
mant value,
TRADELINE MODELS AVARLABLE:
TIMING RANGE (HOURS)!| MAX ON-OFF 10-HOUR
MODEL DIAL “ON" “OFf" OPERATIONS | SKIP-A-DAY | SPRING | SWITCH
NO. DURATION TIME TIME PER | PER | FEATUREd | CARRY- | ACTION
' MIN | MAX | MIN | MAX | DAY | WEEK OVER®
. SA006A 28 Hr 1 3 1 23 | 128 - No No spst
SB005A 24 Hr 1 N1 23 | 128 - No No spdt
__S60088 24 Hr ] 23 | 1 23 | 122 - Yes No spdt
S6006C 7 Days 2 22 2 22 8 42b - No spdt
$60050 7 Days 8 166 | 2 162 3 21¢ - Yes dpdt

8The basic timer includes only 1 set of trippers to provide 1 ON-OFF operation. A set of trippers must be added for
each sdditional ON-OFF operation. See Accessories.

bThe basic timer includes 84 permanent trippers; no additional trippers are needed.

€The basic timer includes 7 sets of trippers to provide 7 ON-OFF operations per week. A set of trippers must be
added for sach additional ON-OFF operation. See Accessories.

dSkip-a-dey feature locks out automatic “ON" or manual “ON” switch operation on selected days of the week.

e A spring wound carry-over machanism keeps the timer on schedule during a power failure of up to 10 hours. When
power is restored, the mechanism sutomatically rewinds itself.

TIMER MOTOR VOLTAGE AND FREG'JENCY: Separate models for 120 volts ac, or for 208-240 volts ac; 60 Hs.
SWITCH CONTACT RATINGS PER POLE (approved by Underwriters Laboratories Inc.):

PILOT DUTY?® LIGHTING MOTOR

MODEL (VOLT-AMPERES) (AMPERES) AT 120V AT 240V

NO. AT 420V FULL | LOCKED FULL | LOCKED

OR 240V INDUCTIVE | TUNGSTEN | hp | LOAD| ROTOR | hp | LOAD | ROTOR

. (AMP) | (AMP) (AMP) | (AMP)
S4006A;
SG005A.B 890 40 35 2| 24 144 3 20 102
§6005C 346 20 20 1/2 8 48 1 B 48
S6005D0 890 40 40 1] 18 96 1 8 48

At 24 volts ac: 125 VA maximum; 4 VA minimum for the S4005A, S6005A,8,0; 1 VA minimum for the SB005C,

{continued on page 3}
oL NEORLMATION.

WHEN PURCHASING REPLACEMENT AND MODERNIZATION PRODUCTS FROM VOUR TRADELINE
WHOLESALER OR YOUR DISTRIBUTOR, REFER TO THE TRADELINE CATALOG OR PRICE SHEETS FOR
COMPLETE ORDERING NUMBER, OR SPECIFY—

1. Order number; specify TRADELINE model, 3. Replacement parts, if desired,

2. Timer motor voitage and frequency. 4. Accassories, if desired.
1B YOU HAVE ADDITIONAL QUESTIONS, NEED FURTHER INFORMATION, OR WOULD LIKE TO COMMENT ON OUR
PRODUCTS OR BERVICES, PLEASE WRITE OR PHONE:
1. YOUR LOCAL HONEYWELL RESIDENTIAL DIVISION SALES OFFICE (CHECK WHITE PAGES OF PHONE DIRECTORY).
2. RESIDENTIAL DIVISION CUSTOMER SERVICE

HONEYWELL INC., 1886 DOUGLAS DRIVE NORTH
MINNEAPOLIS, MINNESOTA 55422 (812} 842-7500

{IN CANADA—HONEYWELL CONTROLS LIMITED, 740 ELLESMERE ROAD, SCARBOROUGH, ONTARIO M1P 2vE}
INTERNATIONAL SALES AND SERVICE OFFICES IN ALL PRINCIPAL CITIES OF THE WORLD.
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SKIP-A-DAY FEATURE (86005B only): Locks out
sutomatic “ON” or manual “ON" switch operstion
on any sslected day or days of the week. Insert
skipping sorews (3 included) into proper holes in the
dial for the days you wish to omit,

SPRING WOUND CARRY.OVER MECHANISM
(86003D only): Kesps the timer on sohedule during a
power failure of up to 10 hours. When power is
restored, the mechanism sutomatioally rewinds iteelf,
Ideal in areas where frequent power breakdowns oocur;
sliminates costly resetting.

CASE: NEMA TYPE | (general purpom) enclosure;
drawn steel with gray finish; spring hasp with hole
for lock; side-hinged door,

KNOCKROUTS: Combination 1/2 to 3/4 inch [12.7 to
19.1 mm} ; 5 knockouts in the S4005A and S6005A-C
(1 in back, 1 in each side, 2 in bottom); 5 knockouts
in the S6005D (1 in sach zide, 3 in bottom).

MOUNTING: Surface mounted in any position; Sor §
mounting holes in back of case (see Fig. 1 or 2).

FIELD WIRING: Screw terminals in spacious wiring
compartment inside case; motor power and electrical
contacts are isolated.

DIMENSIONS: See Figs. 1 and 2,

SHIPPING WEIGHT:

—_MODEL Ib kg
S4005A; S600BA8 | 2-1/2 1.13
$6005C 2-3/4 1.25
$6005D 7 3.18

ADDITIONAL FEATURES:
TRADELINE Pack with cross refersnce label and
special instruction sheet,
APPROVALS:
UNDERWRITERS LABORATORIES INC. LISTED:
File No. E10694.

CANADIAN STANDARDS ASSOCIATION CERTI-
FIED: File No. LR3730.

REPLACEMENT PARTS:
1. Timer Motor.
For the S4005A and S6005A,B--192512(120V ac),
192513 (208/240V ac).
For the S6005C-192514 (120V ac), 192518
(208/240V ac).
For the S6005D-192607 (120V ac), 192608 (208/
240V ac).
2. Mechanism without motor,
S4005A-192518.
S6005A-192.19.
56005B -192520.
S6005C-192517.
56005D~192516.

ACCESSORIES:
1. Set of trippers.
For the S4005A and S6005A B (1 ON and 1 OFF)-
162543,
For the S6005D (16 trippers)-192546,
2. Skipping screws for the S600SB (3 per package)-
192544.
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installation to prevent sloctrical shock and

equipment damage.

2. All wiring must comply with applicable local
electrical codes, ordinances, and regulations.

S, Voltage and frequency of the power supply
connected to the timer motor must match the
alectrical ratings of the motor,

4, Loads connected to the switch terminals must
not exceed those listed in the SPECIFICATIONS
nction,

5. Replace the insulator cowering the terminal
board when wiring is completed,

6. Perform all required checkout tests after
installation {s complete,

LOCATION

The case isdesigned for insoor mounting, If the 54005
or S6005 {s installed outdoors, it must be protected. Do
not install the S4005 or 56005 where it could be mbject
to extrems vibration, Vibration could loosen the trippers
and causs erratic switch operation,
MOUNTING

The S4005 or S6005 Timer can be mounted on any
fiat surface in any position. The case has 3 or S mounting
holes in its back (see Fig. 1 or 2).

WIRING
Make svre all powsr is disconnected from the timer.
N\s the timer motor and load contacts are isolated, more
~an one disconnect switch may be required. Open the
door on the case and remove the insulator covering ths
terminal board. (On the S4005A, S6005A, and S6005B,
tabs on the whits insulator map into 2 slots, one at each
end of the terminal board. On the S6005C, the white
insulator is held in by 2 nuts. On the S6005D, the gray
insulator maps over 2 posts on the terminal board.) Use
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the wires to the proper screw terminals on the terminal
board and tighten the wrews securely, (Witing disgrams
are shown in Figs. 3-6.) Run the wires out through an
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ocase. Replace the insulator and set the timer (see the
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1. Do not move the TIME pointer; tum the dial to

set clock 1o correct time of day.
2. On the S6005C:

a. All trippers not used to set an operation must
be in the maximum OUT position. Be careful
not to pull them all the way out of the dial.

b. Do not turn the dial counterclockwise
N\ .

3. On the S6005D:

a. Do not use pliers to tighten the knurled
setting screws; tighten them by hand.

b. Do not place an OFF tripper less than 6
hours after an ON tripper; minimum time
from ON to OFF is 6 hours.

¢. Do not turn the dial clockwise 7\

24 HOUR TIMERS (S4005A; S6005A 8)

SETTING “ON” AND “OFF” TIMES (FIG.7)

NOTE: 2 trippers (1 set) are included with the S4005A
* and S6005A and B. If more than 1 daily ON-OFF
operation is required, additional trippers can be
ordered (see Accessories in the SPECIFICATIONS
section).

1. Loosen the screw in the tripper labeled ON (or
¥ I.i the S6005B).

2. Move the ON tripper (or X tripper for the S6005B)
around the edge of the time dial until it points to the
time (AM or PM) you desire the switch to turn on.
(When the switch is turned on, the normally open contacts
will close, and the normally closed contacts will open.)

ORIGINAL PAGE 1S
Of POCR QUALITY

/A\ 560038 “ON/DAY-ADVANCE™ TRIPPER SHOWN IN INSET.
se02

FIG. 7-SETTING 24 HOUR TIMERS (S4005A;
S6005A ,B).

NOTE: The dial will turn clockwise /7~ \ when power
is connected.

3. Hold the tripper firmly against the edge of the
dial, and tighten the screw securely.

4. Repeat steps 1 through 3 for the OFF tripper and
the time you desire the switch to tum off (normally
open contacts will open, and normally closed contacts
will close).

5. You can set the S4005A or S6005A or B for up
to 12 ON-OFF operations per day. Place additional
tripper pairs around the edge of the dial at the desired
times of operation and tighten their screws securely.

(continued on next page)
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IMPORTANT:

i & The minimum time betwesn ON and OFF oper
' gwgsngs.!iﬁ%f

trippers; they cannot be st 8}
| . For the 560063 with the
‘ﬁgdgsggr
fumbhed with the 86005B) for the fiest ON
" operstion of the day.

]
2

SETTING THE SKIPA-DAY FEATURE
(560088 ONLY-FIG. 8)

FIG. B-SETTING THE SKIP-A-DAY FEATURE
(860053 ONLY), _

1. Manual lever should be in the OFF posdition.

2. Insert a skipping screw (or screws) In the siipper
wheel for the day (or days) on which sutomatic switch
operation s not required. (The skipper whee. -«1 hole
marked for cach day of the week.)

3. Tighten the coraw(s) firmly,

4. Rotats the ckioper whesl until the day arrow
points to the correct day of the week on the skipper
wheel, (It the ON/DAY-ADVANCE tripper has not yet
advanccd the skipper whoel, the day arrow should point
to the previous day. For example, if the day is Ssturday,
the arrow should point to Friday.)

5. Move the manual lover to the desired position.

SETTING THE TIME OF DAY (FIG. 7)

1. Apply power to the timer motor.

2 Pyll the time dial outward, turn it in efther direction
unti! the TIME pointer is aligned with the correct time
of day, and let the dial map back into position. Do not
turn the TIME pointer.

88008C~7 DAY TIMER

FIG. 9-—SETTING THE 7 DAY $8105C TIMER.

SETTING “ON"" AND “OFF" TIMES (FIG. §)

NOTE: There ate 84 permanent trippers included with
the 56005C. No additional trippers are needed. The
dial will turn elockwise 7~ \ when power is con-
nected.

1. For an ON operation, push in the tripper opposite
the desired time. Each tripper will tum the switch on
for 2 houns,

2. For an OFF operation, leave the tripper in the
OQUT position. Do not pull the tripper all the way out
of the dial. All trippers not pushed in will result in the
switch being off (normally open contacts open, and
normally clossd contacts closed),

3. You can set the S6005C for up to 6 ON.OFF
operaticns per day or 42 per week.

SETTING THE TIME OF DAY (FIG. 9)

1. Apply power to the timer motor.

2. Turn the time dial clockwise /™ 3&
TIME pointer is aligned with correct time and
not tum the time dial counterciockwise r\ ,
not move the TIME pointer.

UreraiNAL PAGE IS
OF POOR QUALITY



8800607 DAY TIMER

FIG. 10-8ETTING THE 7 DAY $8008D TIMER.

SETTING “ON” AND “OFF” TIMES (FIG, 10)

NOTE: 14 trippers (7 sets, 1 st for each day) are in.
cluded with the S6005D. It more than 7 ON-OFF
operations per week are requirsed, additional trippers
can be ordered (we Accemcries in the SPECIFICA.
TIONS mection).

1. For stting an ON time, hold a tripper 50 you can
rend the ON label. Insert a knuried setting screw into the
tspped hols and screw it a few turns into the tripper,

2. Stip the ON tripper over the edge of the tims dial,
and move it around the edge of the dial until it points
to the day of the week and the time of the day (AM or
PM) you degire the switch to turn on. (When the switch is

trned on, the normally opea contacts will clow, sod 4§

the normally closed contacts will open.)

NOTE: The dial will turn counterclockwiss 7~ when

power is connscted,

3, Hold the tripper firmly agmnst the odge of the dial,
and tighten the knurled sorew securely by hand. (Donot

use a pliers.)
4. For an OFF operation, hold a tripper 30 you can
read the OFF label, and repeat stepe 1 through 3 ior the

time you desire the switch to tum off (normally open ,

gégggigé

§. You oan mt the 86005D for up to 3 ONOFF
operations per day oc 21 pec week. To omit operation
on any day(s), don't put mny trippers on the dial for
that day(s).

IMPORTANT

a. The minimum time from an ON operstion to an
OFF operation is 6 hours; do not place an OFF
tripper less than 6 hours afeer an ON tripper.

b. The minimum time from an OFF operation to
an ON operstion is limited to 2 hours b+ the
width of the trippers; they can't be e any
closer together,

SETTING THE TIME OF DAY (FIG. 10)

1. Apply power to the timer motor.

2. Tum the time dial counterclockwise /N until
the TIME pointer is aligned with the oncrect time and
day. Do not turn the time dial clockwise 7\ , and do
not mowe the TIME pointer.

OPERATION AND nzmn-nos

a —

OPERATION
AUTOMATIC SWITCHING

When the ON tripper sctuates the timer switch, the
normally open contacts close and the normally closed
contacts open. The contacts will stay in this position
until the OFF tripper actuates the tirer switch. Then the
normally opsn coatacts again open and the normally
closed contacts again close. TlLe switching times can be
changed as desired (see the SETTING section),

The S4005A has an spet (single-pole, single-throw)
switch. The S6005A,B, and C have an spdt (single-pole,
double-throw) switch, The S6005D has a dpdt (double-
pole, double-throw) switch,

MANUAL SWITCHING

The 54005's and 56005's can be switched manually
by moving the manusl lever under the time dial. The
manual lever operates the timer switch the ame way the
ON and OFF trippers do during automatic switching.

wi the S4005A, S6005A, and 56005B (Fig. 7), move
the laver 10 the right to switch to the ON position, and
o the left to the OFF position (as indicated by arrows
on the lever). The timer resumes automatic operation
aftsr completion of that cycle.

On the S6005C (Fig. 9), move the lever up to the

permanent ON position Agsggg
the mechanism plate), and down to the AUTOMATIC

On the 56005D (Fig. 10), move down the Jever on th:
right of the manual switch for the ON position, and move
down the lever on the left of the manual switch for the
OFF podition. The timer resumaes automatic opesation
after completion of that cycle.

SKIP-A-DAY
The S60058 has a skipping wheel which allows you
to omit automatic operation on any slected day or days
of the wesk {ss SETTING mction). On the 86005C and
D (7 day modals), skipping a day or days can be acoom-
.ﬂ.ﬂ.ﬂ by simply omitting trippers for the mslectad
5.

POWER FAILURE

The 6005D has a spring wound carry-over mechanien
which will keep the timer on schedule during a power
failure of up to 10 hours. When power {5 restored, the
mechanizm sutomatically rewinds.

For the other models, in case of power failure, reset
the time dial to the correct time and day after power
has been restored. (See SETTING mection.)

60-2442
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1. Make sure the insulator has been installed over
the terminal board.

2. Use utmost care while *ssting or troubleshooting
the timer; line voltage is present on contacts

is operating.
2. Move the manuai lever to its ON and OFF positions
and observe that the loads are being switched pro perly.

S6006C AND $6005D
Manually rotate the yellow time dial (clockwise 7\
on the S6005C and counterclockwise #~ \ on the

3. Disoruwct pewe: bafore removing o eplacing |  56005D) and observe that tha loads are being switched
the mechanism or timer motor. properly.
If the Energy Management Timer does not operate
S4005A, S6006A, AND S80068 properly during Checkout, refer to the following
1. Observe the motor gears through the window in TROUBLESHOOTING CHART.
TROUBLESHOOTLG CHART
PROBLEM CHECK SOLUTION
TIME DIAL DOES 1. s timer motor running? 1. If motor is not running, chack
NOT ADVANCE power supply,

2. s proper power supply connected 2, if power supply is cornected
to the CLOCK terminals (L ter- properly but timer motor is still
minals on the S60050)? not running, replace the niotor @

TIME DiAL ADVANCES, Replace ihe mechanism,d
BUT LOADS ARE NOT —
SWITCHED PROPERLY

8)f the timer motor or mechanism has to be replaced, refer to the following SERVICE seciion,

TR e A

s o, ER
b AN A A <A o o

1. Disconnect power before removing or replacing
the mechanism or timer motor.

2. Replace the insulator covering the terminal

board before reconnecting power, to prevent

electrical shock.

REPLACING THE MECHANISM

Before replacing the mechanism, disconnect all
power from the timer, remove the insulator covering
the tenninal board, and remove the wires from the
terminal board.

Thie mechanism in each timer is held in place by a
spring clip. To remove the mechanism, depress the
spring, grasp the time dial, and pull the mechanism
outward.

To avoid jamming the mechanism in the case when
replacing it, make sure the notches in the terminal
hoard (or mechanism plate on the S6005C) fit over the
ears in the case. (In the S6005D, the 2 tabs on the
mechanism plate should fit into the 2 slots in the left
side of the case).

After replacement, connect the wires to the terminal
board, replace the insulator over the terminal board, and
reconnect the power.

REPLACING THE TIMEK MOTOR
S$4005A, S6005A.8,C

The timer motor in each timer is attached 1o the back
of the mechanism plate by 2 screws. To remove the
timer motor, first remove the mochanism as described

e v - S S b .,
ey ;h':ii',v..“i'tuv't:-'xi‘&ﬁ.'
T B S0 D e SRR

previously. Then disconnect the 2 motor wires from the
CLOCK terminals on the terminal board, and remove the
2 mounting screws from the motor. Mount the new
motor using the 2 mounting screws, and connect the 2
motor wires to the CLOCK terminals on the terminal
board. Then replace the mechanism

$6095D

The spring carry-over and motor assembly is attached
to the mechanism plate by 3 screws that protrude through
the mechanism plate and are secured with 3 nuts. To
remove the carry-over assembly, first remove the mechan-
ism as described prev.ously. Then proceed as follows:

1. Make a mark on the manual switch right at the end
of the TIME pointer. (The pointer must be lined up with
this mark later.)

2. Unscrew the Phillips screw in the middle of the
yellow time dial, and remove the dial.

3. Cut the 2 yellow leadwires that go from the spring
carry-over and motor assembly to the “L" terminals on
the terminal board.

4. Remove the 3 nuts from the screws that hold the
assembly to the mechanism, and remove the assembly.

5. Mount the new assembly, replace the 3 nuts on
the mounting screws, and tighten them securely.

6. Splice the 2 yellow leadwires on the new assembly
to the 2 yellow leadwires still connected to the “L"
terminals on the terminal board.

7. Replace the yellow time diai. Make sure the
TIME pointer is lined up with the mark ca the manual
switch, and then tighten the Phillips screw in the center
of the dial.

HONEYWELL MINNEAPOLIS, MINN. 55408 INTERNATIONAL Sales Offices in all principal cities of the world Manufacturing in
Australia, Canada, Finland, France, Germany, Japan, Mexico, Netherlands, Spain, Taiwan, United Kingdom, U S A
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 PENN CONTROLS 5

DlVlSlON OF JOHNSON SERVICE COMPAN\‘

type V9OCA
THREE-WAY VALVES FOR DIVERTING SERVICE

APPLICATION

These three-way valve bodies are to be used for diverting
service, They have J-inlet and 2-outlets and are recom-
mended for two position (onfoff) service. Common
applications are sumunier-winter changeover, cooling
tower by-pass, etc.

The diverting valves have a quick opening flow charac-
teristic. Because of this, they will have a tendeny to
“hunt” when applied to proportivnal control modes.

We secommend the VIODB mixing valves listed in
Bulletin 3626 be used vu properticual co. - ol applica-
tion. These ralves must he [)i[)ed for mix | service (2-
inlets and l-ontlet).

GENERAL DESCRIPTION

Moter Actuators and Linkage

These valves are positioned by Penn Scries M40A or
MB1 mutor actuators. The actuators are adapted to the
valve bodies by a linhage which not ouly fastens the
valve body and actuator together, but also transforms
the angular movement of the actuator outpue shaft to
the straight-line motion required to posidon the innee
valve plug of the valve hady. A pinion gear on the
actuator eutpue shaft drives u gear rack that is connected
to the valve stem. This construction nuintains the de-
signed flow characteristics of the vabve body. Clockwise
motor rotation drives valve stem down.

SPECIFICATIONS

Sizes 12" to 2”7 have 150 Ib. ASA bodies with bronzc
trim. Cylinder shaped inner valve plug gives a quick
opening flow characteristic, They have union type pipe
connections on the two side ports "C” and "B and a
screwed end contcction on bottom port "A”, metal-to-
metal seating and asbestos rope packing,

b

A-B

INLET INLET

Croes section view of typival
Three-Woy Voive in
sizes V7' 10 27,

Crozs sechion view of typiced
Three-Way Viive in
shaes i 1o &7

fig. 1 — Motor Actuated Yalve
Sizes 2427 te 6 are the same as above except 125 lh,
ASA flanged semi-steel body with bronze trim. All di-
verting valves have a maximum media temperature of
281° F.

VALVE SIZING
For liquid applications, sce Bulletin 3334 (valve size
selection chart).

ORDERING INFORMATION
To order, specify:

1. Valve Body Product Number.
Valve Linkage Product Number,
Motor Actuator Product Number.
Facory assembled, if required.

. Water temperature and pressure.

Example: One VOOCA-1 Valve Body, one Y20AAA-1
Valve Linkage and one M81AAA-12 Motor Actuator
with 60 sec. timing completely factory assembled; for
180° F. water at 25 psi.

QUILETY
L3

Direction of flow with
stem down.

Direction of flow with
stem up.

e it oot Ty e Tt P Ak S i ot S



SPECIFICATIONS
N Outot“atty | " LR § W the
VIOCA-) W [X] Y20AAA.- 1 Y20ABA. Y20EAA.) 30 8 3.8
VIOCA-S A 9.0 Y20AAA-} Y20ABA. Y20EAA-! [ Y 38
VIOCA-$ 1 18.0 Y20AAA.1 Y20ABA-1 YZ08AA-1 30 13 53
VIOCA4 1 00 YI0AAA-1 Y20ABA-1 YZ0RAA-) 30 3% 74
VIOCA § DA 320 Y20AAA.) Y20ABA-1 Y20EAA- 30 3 9.8
VIOCA4 2 80.0 Y20AAA: Y20AB8A-1 YZ08AA-1 30 ] 158
VOCA? 2'; Nno Y20AAR-2 Y20A88-) None 50 X 63
VIOCA-S 3 75.0 Y20AAS-2 Y20A88-1 None 50 ¥ 70
VOCA-Y 4 152.0 Y20AAS-2 None Neone 30 1 78
V90CA-10 [ 220.0 Y20AAB-2 None None 30 1% 140
VIOCA- 4 302.0 Y20AAB-2 None None 50 % 160
INSTALLATION CHECKOUT PROCEDURE

Upright mounting is recommended but valve assemblies
can be mounted in other positions provided the output
shaft is herizontal,

Ambient temperature plus heit transferred from the
valve through the linkage must not cause the motor
temperature to exceed its limit of 135° F

Motor-actuated valves are available either completely
factory sssembled and tested or as individual com-
ponents; valve body, valve linkage, and motor actuator.

Make sure valve stem moves freely after valve is in-
stalled. The valve joints and seals should be checked to
be sure there are no leaks.

After linkage and motor actuator are assembled to the
valve, a complete operating cycle should be observed to
be sure all components are functioning properly.

REPAIRS AND REPLACEMENT

Replacement of valve stem, vaive plug and packing may
be made in the field. When ordering replacement parts,
give Valve Body Number and complete description of
the part required.

DIMENSIONS

CONOUIT HOLES
?Q-M NPSM THD, 2K

-8 Yylia8) - 7: -4 NPSM THD,
Mg m o] jo- 4 Myaiize) o

CONOUIT HOLES 2 KNQCKOU
ron‘q CONDOT

¥yp 10} a y»~3~-—~ PuTH -
2 ‘Pu«wo-j - *:h‘u!)

Ivaive Size A » 3 Valve Sire A 0 € .-

o 4, (N0 <L__g"(u) 14‘.' @nh 2, 9 ,229) 7N (179 | 177, (438)

C s [ ase) iy arell 3 100 2se _z'!_,.*(agg___ 18" (457)|

TR a0y | 2he 59 e @re]| e [ T13 330y | 10,7 257) | 1877 (479)

| et o | By en) s, | 5 ] 127308 L“l‘bo“"].‘_‘_ 197" (492) |
Py 1789 |3y 290 |18, aean |l s ey 359 [ 11T, (288) | 20%,”(318)
2 ghy (14 | 3N (81 | 157, (400}

Performance specifications appearing berein are mominal and are subiect 10 accepted mannfacturing tolerasces and application varviables.

Litho in US.A,

68 8375




3816

series Y20 {
AUTOMATIC HEATING-COOLING

Change-over Linkage -
(Wos Series MV)

APPLICATION

This linkage ser, used with a proportional motor actuator
and selected auxiliary switch kit operates a heating valve
and up to four stages of mechanical cooling in sequence,
The room thermostat should be a proportional electronic
or electric (135 ohm) type.

A typical applicacion is sequencing a steam coil controi
valve with travel through a given dead band and then
actuating (with an auxiliary switch kit) one, two, three
or four compressors or refrigerant solenvid valves.

ORCASE Tl Cas

Figure 1 illustrates the assembly of the automatic change-
over linkage set to the moror and valve.

GENERAL DESCRIPTION

The linkage fastens the valve body and a 60 second
speed motor actuator cogecher and also provides the
means for transforming the angular movement of the
actuator output shaft to the straight-line motion required
0 position the inner valve of the valve bady.

LINKAGE SELECTION TABLE

Volve Bodies ¥ | Vaolve Linkoge Number Remarks Fig. 1 ~ Diogram showing ouembly of valve linkage set fing
VPOCA-3 Y20ADA-1 Ve 2” valve body to metor actyotor.
thee (Wos MV1038) &:«voy .bodi«
VP0CA-4 For Diverting tervice | ORDERING INFORMATION
V90AA-10 V" 10 2 To ord ¢
thru 2way bodin o order specify:
9413 DA2 e T 1. Linkage Number (sce Specification Table.)
V90DB-1 (Was MYV1043) %" 102" . pect -
they d.way bodies : H 1 ins.
Vooohs Fot Mining roreics 2. Motor actuator (see‘Sems MB80, htls Bulletins.)
VSOAAT 24" 104" 1 3. Valve body (see Series V90 Bulletin,)
th o4 . . . . R
- V");; | Y20ADB1 | 2woybodin 4. Auxiliary switch kit (scf Series S91 Bulletin.)
Vo0D8-7 {Was MV1042) 24" 10 4" 5. Factory assembly, if required.
th ) i ;
VI0OR$ o ,:{,’.’.,'n:"z:;,'i“ Example: One V90CA-3 Valve Body, one Y20ADA-1

* The mox. close-off ratings ore % of thot specified in Bulletins 3624,
3626, 3627 ond 3690.

Vaive Linkage, one M8OBAA Motor Actuator and one
§91BA Swirch Kit,

MOTOR ROTATION — ANGULAR DEGREES

0 "__ﬂ__mn_zo 0" 180" 170"
oo HE AT (MODUL ATING) —ooe —— i
HEATING VALVE jeo—r OPEN L
DEAD BAND }— ——re e e - e
SWITCH %1
(STAGELCOOL) ™ = o T e e e
SWITCH *2 N
(STAGE 2 CooLy ™~ =~ e B - OFF*W
C'CW
LImIT S&r

® NOTE: (1) if two or more stages of cooling ore uied, increase motor stroke To 1707, (2) Readjust auxiliory switch differentials to 10°.

Poge 1




INSTALLATION AND MOUNTING

WHEN INSTALLING TO A SERIES M81 WITH
SNAP-ACTING TRAVEL LIMIT SWITCHES OR
SERIES M80F MOTOR ACTUATOR, FOLLOW THE
INSTRUCTIONS PACKED WITH THE MOTOR.

Install the motor-actuated valve in a location where the
ambient temperature does not exceed 125° F. Valve
medium temperatures above 250° F. are permissible only
if the maximum ambient temperature at the motor is
reduced to 105° F. Valve controlling mediums exceeding
320° F. must be equipped with cooling fins or exteasion
bonnets to reduce the motor housing temperature to
160° F. maximum.

The motor-actuated valve should be mounted in an up-
right position. Positions other than upright are acceptable
if the motor actuator outpur shaft is kept horizontal.
Two-way globe valves should be intalled with pressure
under the seat unless a direction arrow on the valve body
indicates otherwise. Refer to three-way valve installation
instructions for proper valve body installation.

To neld assemble this valve linkage:

1. Assemble the pinion gear to the main shaft of the
motor actuator with screw and washer provided.
Liberally apply a heavy transmission grease to the
pinion gear. Remove the position indicator cover.

~

. Electrically power motor actuator to clockwise limit
by comnecting 24 V. A.C. to terming!s 2 and 7.

Fig. 2 — Pinion gear and screw

3. Slide the rack assembly into the rack housing with
the firse scribe mark on rack flush with lower edge
of rack heusing.

4. Assemble rack housing to motor (holding the rack
scribe line position as shown in Figure 3) to mesh
the pinion and rack teeth.

NOTE: The scribe lines may disappear into the rack
housing or both lines may just be visible depending

r 1 Ralw

\ - MOUSING
SEECiAL
POt
SCREws ()

7
t
| mAck wamkinGs

| AT (FAST ONE wARK
H VISIBLE AF TER MESHING

i L RACK TO PINIOM

) RAalw
ASSENBLY
[ _spmine
J HOUSING

Fig. 3 — Rock amsembly and rack housing Note rock marking position

Po?b 2

(rave!
Adjusting
Screw

Fig. 4 — Interior close-up of motor octuator showing travel
odjusting wrew.

upon the teeth engagement. The lower scribe mark
should be visible.

5. Lock the assembly to the motor housing using the
three rack housing mounting screws supplied in the
linkage kit.

6. Adjust motor travel to minimum by rotating travel
adjustment screw (Fig. 4) 10 complete turns clock-
wise.

. Assemble parts as shown in Figure 5. Tighten the
valve jam nut (not the packing nut).

8. Assemble vaive 2nd mounting bracker assembly to

VALVE  MOUNTING VALVE STTM
xEY

A N —
BRAC r = =TT CONNECTOR
L” B '3;' ”A;
H i !j VALVE STEN
) OCH NUT

ol
35°¢ | !
" | { VALLE PACRING N
VALVE STEM l 1 }
DIMENSION |
vALVE IN { nf‘ ! VALVE JAM NuT
CLOSED POSITION) |' : 4‘7
)
‘,__ —m - 4
Y = YL\ vaALvE

Fig. 5 Valve body mounted to bracke!

¢ 2
Lo
for— ‘ A
4 .' 14
[ —l :‘?
] } a
[ .‘_' " - ”: '-., 'G’N
o L2 OF ooy PAGE g
e t ﬂ ! A UAL"'Y
:T"." "’\gj. |

I3 1

S
b

1

Yoy

’ 4

Fig. 6 Motor assembled to valve body
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ViSUAL GUIDE
ENLARGE MENTS

- ~"/

ON 2-WAY OR 3-wAy VALVES

THE BOTTOM SURFACE OF THE
INTERNAL WASHMER WILL NOT

BE LOWER THAN THE HEART-
SHAPRED POINTER, INDICATING
CORRECT STEM DOWN
COMPRESSION LOAD.

Fig. 7 — Properly assembled linkage will have the visual guide
in the position shown.

the motor actuator housing with the three mounting

bracket screws.

9. Motor travel adjustment.

a. Determine valve stem travel of valve — Pull
valve stem up and then push down as far as pos-
sible and measure the amount of valve stem mouve-
ment that is available,

b. Single stage cooling — the amount of rack “lift”
required equals the actual valve travel + .250
inches.

¢. Two or more stages of cooling — the amount of
rack “lift"” required equals the actual valve travel
+.325 inches.

10. Electrically power the motor actuator to the “rack
up” position by connecting 24 V. A.C.. to terminals

3 and 7. Allow it to run until it stops itself.

(Measure this movement.)

11

Slowly rotate the travel adjustment screw comnter-
clockuise until the rack has moved up the same total
distance as determined in paragraphs 9b or 9c.

12, Pull the valve stem up. Rotate the valve stem con-
nector until the crosshole of the connector lines up
with the cross-hole in the spring housing. Insert
the pin in place with the snap rings.

13. Three-way valves — Rotate travel adjustment an

additional revolution counter-clockwise. This assures
tight closure on both the upper and lower valve
seats.

14. Replace the position indicator cover.

15. Re-apply 24 V. A.C. power to terminals 2 and 7
until motor stops. See Figure 7 for visual means to
denote properly assembled units.

SEQUENCE OF OPERATION

Room thermosi.t modulates a steam valve to maintain
temperature. A rise in room temperature causes the valve
to close. On a continued temperature rise, motor actu-
ator continues to rotate and turns on mechanical cooling.
When room temperature drops reverse procedure occurs.

TYPICAL APPLICATION DIAGRAM

ROOM THERMOSTAT
o~ MQTORIZED STEAM VALVE
7 WITH CHANGE -OVER LINKAGE

! /
1
J P AUXILIARY SWITCH KIT

\\;\\\ X

* o (3
RA RETURN FROM REFRIGERATION

COMPRESSOR
SOLENOID VALME

TYPICAL WIRING DIAGRAM

ROOM THE RMOSTAT

Iu?mg*}Auﬂ@_}— R —’ !—~~> 10 *1 MECH. CooL
L

R —-= TO *2 MECH
- _1% % e I‘;— cooL
coeee M (@ (@ D IS [o-i20n4
NO
motom | A 'é’ STAGE AUX
ACTUATOR com| Com SWITCH KIT
‘ﬁ-) ‘ﬂ -
® o &P

N y
2avac

20va J COMMON (LINE OR LOW VOLTS)

NOTE: If a low limit is required, select a proportional
controller with two 135 ohm potentiometers in series
and wire as a 270 nhm control. Wite in series with the
room thermostat in the number 9 leg. The low limit
must be removed from circuit during cooling cycle.
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PRODUCTS DIVISION

PlENIN] CONTROLS. INC,

INSTALLATION AND
OPERATION INSTRUCTIONS

ADJUSTMENT INSTRUCTIONS FOR NORMALLY
CLOSED SPRING RETURN VALVE ACTUATOR

Use Linkage Y20ABA-1, -2, Y20ABB-1, -2

(Was Series MV)

APPLICATION

Valve Linkage sets are used with a Series M80 or M81
Motor Actuator and selected valve bodies to electrically
control steam, water, gas, etc. Valve bodies are single
seat, double seat, three-way, pilot balanced, or other
similar construction.

DESCRIPTION

The linkage sets include the parts necessary to mount
motor actuators directly to valve bodies.

The motor actuator is secured to the valve body by a
die cast mounting bracket (see Fig. 3). U ually the
bonnet or stuffing box of the valve body is threaded
and a jam nut secures the bracket to the body. Each
bracket has the proper hole size to accommodate the
bonnet of the specific valve body being used.

A rack and pinion gear arrangement transforms the
rotary movement of the motor actuator output shaft to
the straight-line movement nccessary to position the
valve stem. On one end of the rack assembly is a chreaded
valve stem adapter which secures the mechanism to the
valve stem. A series of disc type springs insure positive
valve closure.

NOTE: The rack assembly movement can easily be chunged
from 12" to 7%” by adjusting the motor actuator travel
limits (see Fig. 2). Since the valve stem travel varies
with valve size and type, this feature allows the use of
one motor actuator on almost any valve body,

The motor is factory set for a valve stroke of %",

LOCATING AND MOUNTING

WHEN INSTALLING TO A SERIES MSs1 WITH
SNAP-ACTING TRAVEL LIMIT SWITCHES OR
SERIFS MB0OF MOTOR ACTUATOR, FOLLOW THE
INSTRUCTIONS PACKED WITH THE MOTOR.

Install the motor-actuated valve in a location where the
ambient temperature docs not exceed 125 F. Valve

Fig. 2

Interior of motor actuotor showing travel ml'lu\'ing screw

. PRECEDING PAuUEt BLANK NOT FILMED

Page 1

SERIES Y20

FORM 997-739

2
L}/

Fig. 1 — Valve linkage set fully assembled to motor

actuator ond valve body.

medium temperatures above 250° F. are permissible only
if the maximum ambient temperature at the motor is
reduced to 105° F. Valve controlling mediums exceeding
320 F. must be equipped with cooling fins or extension
bonnets to reduce the motor housing temperature to
160° F. maximum,

Upright mounting is recommended, but valve assemblies
can be mounted in other positions if the motor actuator
output shaft is kept horizontal.

Two-way globe valves should be installed with pressure
under the seat unless a directional arrow on the valve
body indicates otherwise. Three-way valves should be
installed as mixing valves; namelv, two inlets and one
outlet whienever possible.

Motor-actuated valves are available either factory as-
sembled and tested or as individual components; valve
body, valve linkage, and motor actuator. If shipped
“knocked down” or if for any reason the moter actuator
must be field assembled to the valve body, refer to as-
sembly diagram (Fig. 3) and proceed as follows,

1. Assemble mounting bracket to valve body,
Valves with (hreaded bonnets — Remove jam nut
and, where necessary, packing nut from valve body.
Slip mounting bracket on valve bonnet and insert
wol “A" between bottom of bracket and top of valve
mounting surface. Tool “A™ should be inserted so
ity two fingers lie flat on valve mounting surface
with one finger on each side of the threaded bonnet.
Secure mounting bracket to valve body with the jam
in place. Replace packing nut (if
I WIS NCCessary (o remose).

nut with tool "A”

el




2. Pull valve stem up and then push down as far as
possible and measure the physical stem travel that is
available.

3. Thread connector lock nut and valve stem connector
as far down the valve stem as possible, Secure the
motor actustor to the mounting bracket with the three
screws provided, Next, start turning the valve stem
connector counterclockwise while keeping the valve
stem from moving. As soon as the through hole of
the connector lines up with the mating hole of the
rack assembly, insert the connecting pin and snap in
the retaining E-rings. Now tighten the connector Jock
nut up against the valve stem connector.

4. Apply 24 V. A.C. power to terminals 6 and 7, apply
a jumper between terminals 1 and 3 until valve stem
rises approximately ¥ inch. Loosen the valve bonnet
jam nut and remove tool “A.” Re-tighten valve boanet
jam nut against valve mounting bracket. Re-apply the
jumper to terminals 1 and 2 until motor stops running.
NOTE: At this point if all sectings have been properly
made, the bottom scribe matk will be in line with
the top of the spring housing.

5. Remove back cover from motor actuator and refer
to the “limits of travel adjusting screw” (Fig. 2).
If, from step 2, the available valve stem travel was
found to be less than 73 inch, turn travel adjusting
screw clockwise approximately 8 complete turns.

6. Connect a jumper to terminals 1 and 3 on motor
actuator and allow it to run until it stops itself.
Measure the distance the valve stem has traveled.
If additional stem travel is required, slowly turn
adjusting screw counter-clockwise until the exact
amount of valve stem travel occurs. NOTE: On three-
way valves, an additional .040 of an inch movement
in the rack assembly should be provided for, when
setting the travel adjusting screw, This assures positive
valve closure in the stem-up as well as the stem-down
position.

7. Replace cover on motor actuator.

RESISTOR BRAKE VOLTAGE REGULATOR

Occasionally, incoming voltage to the transformer will
be above or below the normal 109, allowance on line
voltages. When this occurs, the valve stem will oscillate
up and down continuously on either the CW or C'CW
electrical travel limic,

A beake voltage regulation potentiometer is buile jnto
the motor actuator, Place a volt meter across terminals
6 and 7. Read the operating voltage. If this voltage is
above 26.5V. A.C,, rotate the regulator potentiometer
towards “HI” until oscillation stops. The opposite is
done if the voltage on terminals 6 and 7 is less than
225V.AC,

ASE
FiLL cAP
MOTOR
ACTUATOR
RETAINING
E-RINGS
L
conn:c 1
I
i
VALVE STEM
CONNECTOR ——-—‘ﬂ |
[
|
H
1
MOUNTING
BRACKET
fQooL "
VALVE B0DY
Q MOUNTING
é ( SCREWS (3)
Pig. 3 — Drewing shewing assembly sequence.
RACK MOUSING f:—: = )
O 9]
i
H
]
4
RACK ASSEMBLY — , \\
SCRIBE MARK 4 T
J
CONNECTOR
Fig. 4 — Drewing showing wxribe mark.
Lithe in USA.
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Builetin No  3801-B
Supersedes 3801-A
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Latalog section M
Series M81

mowmm“' = Series M81
2221 Camden Court Motor Actuator

Qak Brook, IL 60521

On-Off and Floating Control Action

APPLICATION

These motor actuators position air dampers, control
valves, programming devices, burner fuel valves, and
similar equipment in heating, air conditioning and in-
dustrial applications.

— Enclosed, snap acting travel limit switches.

— Travel limits are field adjustable by adjusting internal
cam.

— All motor actuators have weather-resistant enclosure
as standard.

— Models available with an internal, adjustable differen-
tial auxiliary switch.

— Oil immersed gear train provides minimum mainte-
nance, quiet operation and long life.

GENERAL DESCRIPTION

These motor actuators have a capacitor-run motor en-
closed in a gasketed die cast case with mounting feet.
An output shaft actuates cam-operated, smap acting
switches which stop the shaft rotation at predetermined
limits of travel.

There are three basic Series M81 motor actuators; stand-
ard on-off, spring return damper and spring return valve.

The spring return damper model has a heavy gauge built-
in spring mechanism to return the motor shaft to its full
CCW limit on power failure or interruption. An electrical
holding circuit prevents the return spring from ariving
the motor actuator towards its normal position unless
the power is interrupted. The external spring housing
and optional internal auxiliary switch are installed on
opposite sides of the motor actuator. At no time is it

Fig. 2 — Lood end view of nonspring return motor actuator (left) ond
spring return damper motor actuator (right]

-r

Fig. | — Back view of motor actuator. Spring
return damper (left) ond non-spring return (right).

necessary to disconnect the damper and remove the spring
housing for access to the auxiliary switch,

An adjustable crank arm on the output shaft for easy
connection is standard on the spring return damper mo-
tor. It is slotted to allow an adjustable radius from 174"
to 27". The crank arm can be secured to the motor actu-
ator shaft in position increments of 221 angular degrees.

The spring return valve model has a heavy gauge built-in
spring mechanism to return the valve to its normal posi-
tion on power failure or interruption. It has the same
holding circuit as the spring return damper motor
actuator,

I'he spring return valve motor actuator is available for
normally open (N.O.) and normally closed (N.C.) valve
operation. The ficld adjustable travel is from 0.4" to
1.3 valve stem movement for both spring return and
non-spring rewrn valve applications.

The motor actuator can be mounted in any position ex-
cept upside down. However, mounting with the output
shaft horizontal is recommended, and upright mount-
Il]g i\ "l'("('l'rt'd. .\I\fiﬂg rerurn actudtors must h(' mount-
ed within 30 of upright,

The motor should travel through its full stroke (deter-
mined by its limit switches) while performing its func-
tion, even though the motor’s full range may not be em-
ploved. Motor may be damaged if it is not free to com-
plete its full stroke. The motor should be stopped at the
end of its stroke by the limit swicch, nat stalled by the
damper or valve. '

SPECIFICATIONS

Shaft Specifications: Double ended, *y" square.

i e
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Fig. 3 — Interior view showing auxiliary switch adjusting cam. Fig. 4 — Interior view showing travel limit com

on spring return damper actuator.

Control Requirements: SPDT On-Off or floating con-

trol with minimum three-wire rating of 1 amp. at 24 .

V. AC. Internal Heater (M81AFA Spring Return Damper Mo-
Power Requirement: 20 VA., 24 Volts A.C., 50/60 Hz. tor): The thermostat control closes circuit to heater when
Spring return damper models with internal heater re- ambu'nt. temperature drops below 20° F (—~7° C) and
quire 50 VA, opens circuit when temperature rises above 50° F (10°

. . ; C). Tecen be ficld installed.
Enclosure: Die cast natural aluminum provides a light e

and rugged case. This time proven construction is used
in all models.

14"

Conduit Openings: Two threaded openings for 12

conduit,
Built-in Auxiliary Switch: SPDT, adjustable range from
0 to 160°, adjustable differential from 5 to 90°. Ambient Temperature
Electrical Ratings at 131° F (55° C) Ambient Type Minimum Maximum
Number °F °C °F °c
Volts A.C. 120 v, 240 v, 2EN.
Full Load Amps. 5.8 2.9 2.6 MB1AAA, MB1AAB, 40 —40 +131 +55
-
Locked Rotor Amps. 348 17.4 15.6 MBIAFA
Non-Inductive Amps. 10.0 8.3 7.2 MBTACA, MB1ACSE, +
+10 -12 +1 +55
Pilot Duty 125 VA. at 24 to 300 V. A.C. MB1ADA, M81AEA
Maximum Connected Load 2000 VA. *Includes internal heater.
PROCUCT NUMBER SELECTION
Travel -
Product Timing (1) Auxiliary Internal -
Number Secs./160° Svondurd‘ Factory Switches Heater Application
Setting
*MB1AAA-12 60 90° | None ~ No Valve or damper
*MB1AAR-5 (2) B 60 90° Y | Ne | Volve or damper
*MBIACA-3 60 90° _ﬁj;*_ None 7_-1 No Spring return damper CCW
*MB1ACB-1 (2) 60 90° 1 No Spring return damper CCW
*M81ADA-2 60 0.4" lift None No chyo stem normally down
o | G | o pring return valve .
" e . Valve stem normolly up
M“ﬁf;‘ S ¥A60 ____g‘ lify | VV:“}'_‘_» _AJ 7___A'i° | Spring return valve
*MBIATA.2 ] 60 90° None 4 Yes Spring return damper CCW
(1) See Specification Table for edditional timing information, *Models available from stock
(2) UL Listed.
Timing in seconds Tor m Bam (1)
Type (Nominal) b ?::h" lu'ingp'S'q t Field Adjustable
Number Angular travel 5 . Mery 4 4N Rotationa! Travel
160° (2.8 rad) Newton Meters in 1‘“) Sq. Meters in ( )
1AA 15 y 40 (4.5 17.5(1.6)
L A, — ap i 7 (- 1 65° to 270°
30 80 (9) 35 (3)
MB1AAB — — — 5 7 rod
60 7 150 (17) 70 65 K11 Aeukic™ enl)
MBIACA,
MB1ACS, 60 30 (3.4 35 () 1“:5' y " ‘250 P
}‘ MBIAFA | ( o o
—_— - — — T _ . o
MBIADA, 60 seconds for 1" 751b. volve _ » P
L MBI1AEA f valve lift stem thrust l { 04" to 13" (2)
1) Toarque ratings are for load end of shoft
2] Includes 0.1 overtravel for seating of 2.wey volves or 0.2” overtravel for 3 way vaolves

3 For dampers incorporating extensive seals for low leahage, these figures should be reduced to as much os 's Contact domper manufocturer

n

Auxiliary output shaft is limited 10 @ moximum dead « ight of 25 Ibs
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POINTER ROTATIONAL TRAVEL

Fig. 5 — Interior view showing travel limit cam
on nonspring return actuator.

OPTIONAL CONSTRUCTION
Position Indicator: Kit No. PTR11A-
600 is available, if required. It con-
tains an indicator pointer and two

L
pressure sensitive mylar decals. For
field installation only. Available no
charge when ordered with motor act- —a

uator.

Travel Limit Setting: Standard setting is 90 angular de-
grees. Other factory settings are available at increased
cost. Consult Customer Service.

ACCESSORIES

Damper Linkage Components: A varicty of crank arms,
ball joint connectors, push rods and a right angle mount-
ing bracket provide casy connection of the motor actuator
to a damper. Two complete sets are offered o simplify
selection of proper components,

Description Part No. { Application or Construction
For mounting of actuater to top of
duct or any flat surface. Contains
YIODAAZ | |VR27A.602, LVR27A-600, SWLI0A
Damper 601 (2 ¢a.), and ROD163
Linkoge
Set For mounting of actuater to side of
duct or wall. Contains LVR27A 602,
o | LVR27A 600, SWLI0A601 (2 ca)
RODi63, and BKT22A 602.
‘ For use on ', or 7, dmmplw'
LVR2/A-600 damper shafts,  Adjustable  radius |
| ; frem 2,7 10 4!,
Crank ri 7 For use on motor acluator. Adjus
| 602 djust
Arms | Lve2zA ] able radivs from 1", o 27,7,
r | Damper angle brocket to connect
| BKTI9A-400 l linkog« to domper blade
|
Ball Joint | | With 14728 diameter stud  use
oot | swL10A-601 l with | VR27A 602, LVR27A.-600, and
SRS BKTI9A 600 crank arms
| %" diameter x 48" long plated sreel |
| RODI&-2 I shoft
Push t
Rods ROD16-3 } %o diometer x 24 long plated sroel
| shaft
— }
Mount '
ﬂ‘:::ﬁ':’g BKT22A 402 1 Right angle mounting bracket 1

e I

RIGHT ANGLE BRACKET CRANK ARM ASSEMBLY

BKT22A.602 LVR27A-602
QWL = =
BALL-JOINT CRANK ARM
DAMPER BRACKEY CONNECTOR LVR27A-600
BKY19A-600 SWL10A.601

Externally Mounted Auxiliary Switch Kits: Use Penn
Series S91 switch kit. These kits are available with one,
two or four SPDT snap acting switches. They can be
mounted on either shaft end of the motor actuator and
incorporate the time proven, reliable, Pennswitch
construction,

Conracts are rated at 9.8 amps. at 120 V. A.C. and 8.0
amps. at 240 V. A.C. ac 1257 F. (527 C.) ambient.

For complete information, refer to Penn Scries $91
Bulletin No. 3650.

Transformers: A transformer is required to provide mo-
tor actuators with the necessary 24 Volt ALC, power sup-
ply. Plate mounted transformers mount on a " electrical
box. Transformers No, Y65AS-1, Y65BS-1 and Y65(S-1
have a 157 corduit fiing on the primary and sccondary
o permit direct mounting into the conduit opening in
the motor wiring compartment. See Penn Series Y63,
Y61 and Y65 Bulletin No. 3742 for additional infor-

mation.

! Transformer | Type I Po::"'“;“'Y ; ] Transformer (
,‘ Capacity | Mounting | N A Cp)p y Part No. |
,\ ‘ ‘ 120 | Y65Al1 |
; | Plate | 208 |‘ Y65CS-1 |
[ | 240 | Y6581 }
0VA f 120 | Y65AS) |
| Foot 5 208 Y65CJ1
| | | 200 | vesms1 |
‘ 120 | Yéaama
‘ Plate . 480 Y63KJB-1
[ 50 VA | 208240 Y635J8-1
by _ 120 | Ye3AlB.2
. , | 208/240 | Ye3sip-2
- | 120 | Yeaas
{6 VA { | 208240 | veass
- ‘ 120 | YeaAL2 ‘
| 208/240 Y645L-1

Ploty mounted transformer Foot mounted 40 VA transformer

3
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MOTOR
ACTUATOR

ol
10 @ ® |(cw ROTATION = VALVE

Fig. 6 — Motor actuator
assembled to o
two-woy valve.

Valves: Penn provides a complete line of two-way
single scat and double seat, three-way diverting and

Fig. 7 — Spring return
motor actuator
assembled 16 o

thiee-way valve.

mixing valves to meet your control application.

Refer to the following bulletins to select the valve and

linkage required:

. . Bulleti

LVolvo Number Description Num.b:r
| V”Aﬁ, V90AD 4,‘2_‘”?,_'_"?_9': seat globe T 4283
! V90BA 2-woy, double seat 3625

V90CA 3.way, diverting 3627
FV?OD! v90DD Z-wuy, mixing 4284
L V90SA Butterfly 34238
SHIPPING WEIGHTS (Approx)

Type ' Individual
Number o Pack

MBIAAA, MBIAAB 1 110 Ibs (5 kg)

MB1ACA, MB1ACS, [

MBIAFA, MBTADA, | 151 Ibs (6.8 kg

MB1AEA |

ORDERING INFORMATION

To order specify:

1. Complete Product Number, if available,

'~a STEM DOWN;
©® @ |CCW ROTATION=VALVE
SPDT SNAP ACT- ) STEM UP.)
ING OR FLOATI(@G Ex»
iC
CONERDL LEVis POWER SUPPLY
RED (COMMON)

YELLOW (R-y MAKE ON | WIRE LEAD OF
HIGH RISE OF CAM) BUILT IN AUXIL-
BLUE (R-B MAKE ON | IARY SWITCH

LOW RISE OF CAM)

)
u'\\ : 1
) — MOTOR
_f@——@ ACTUATOR
@D
SPDT SNAP ACT- J ;
ING OR FLOATING
CONTROL DEVICE

S

24 VAC
POWER SUPPLY

fig. 8 — Typical wiring diagrams.

2. Position indicator Kit No. PTR11A-600, if desired.

3. If complete Product Number is not available, specify

Type Number and the following:
a. Torque (40, 80 or 150 Ib.-inches) if model is other
than spring return valve or damper actuator.
b. Travel setting, if other than standard 90°.
4. Accessories required.
Fxample: MB1AAA
150 Ib.-inches
160° travel
YG65A]-1 transformer
Y20DAB-2 damper linkage set
PTR11A-600 position indicator kit.

REPAIRS AND REPLACEMENT

As the drive motor and gear train are immersed in oil
and sealed in a die cast case, periodic maintenance is not
required.

Field repairs must not be made. Replacement actuators
may be obtained through the nearest Penn Commercial
Wholesaler. When ordering a replacement aczuator,
specify Preduct Number and Serial Number shown on
the actuator.

SEE PAGES 5 AND 6 FOR DIMENSIONS
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GOULDS PUMPSs INC,

REPLACEMENT PA§T§"UITI—§EEE[TJ;z3»rf?S

ORDER NUMBER 782280 3196ST 1xX1-1/2-6 CONST. OI
| ___IMP, DIAMETER 5-5/8
CUSTe Pe0o NUMBER 703 ITEN
— SolaR e Lim, Tod
o+ HuwnTsville AL NET -
O - o JuLos PRICE MANUFACTURERS
NO PUMP PART NANME PART NO. MATL EACH IDENTIFICATION
100 1 CASING 104-421 1012 209.25
101 1 INPLR W/D-RG R76777 1013 85.25 hER
112A _1® BALL BRG 0B 8055 30600 20.54 MRC~5306 :
1134 1 BREATHER 9008 313¢5 3.10 ALEMITE 313650
1194 1  BRG ENGC COV 76771 221v 6.98
122 I¥ SHAFT ASSY RI04-435 2238  126.65
123 1 DEFLECTOR 76776 1 . 3.88
126 1% SHAFT SLEEVE 7677zX 2229 77.50
134A 1 BRG HOUSING 104-433 1001 46.50
136 1% ORG LK NUT 8601 000€ I.30  MRC N-06
168A 1* BALL BRG 1.B 8050 207¢0 5.19  MRC-207S
184 1 S8 COV_ASSY R104-429 1012 116.25
2284 1  FRAME 259~ 57 1000 240.25
250 1  GLAND MS 077231 1 2229 -00
251 1 SIGHT CILER 072531 5 86E3 32,55 TRICO=3
3324 1 OJL SEAL 8650 62020 2.09  VICTGR 63647KS
333A° 1 OIL SEAL 8650 62016 209 VICTOR 64448K3
351 1 GASKET CASE 70762 81 5128 2.17
353 4 GLAND STUD 27177 6C4 2239 3.55
355 4  HEX NUT ygsur sod r22d .00
361A_ 1 RING RING 58101 261  2.02 NQO2-281
«379 ¢ H CAP SCREw 49511 252 221v -39
L 270U 3 W TAP BOLT 49521 104 22iJ 16
3700 37 H TAP BOLT 4952177104 z210 .16
_370H_ 2 STUD 27177 6€2 2228 2.33
382 1* BRUL LK WSHR 8910 000¢ .70 MRC W-06
«383R /® KTRY UNIT G08%0 1127 .00
<3635 /% STA SEAT ~~79U8$9 G261 T TTTTIOO
412A 1 0-RING IMPLR 70721 127 2.02 ARP 568-023TEFLON
4690 1 KOLL PIN 50860 5 .16
4%¢ 1 - ING TUT21 144 .78 ARP 563~236BUNA-N
« 600 SECTIONAL  259-55 .00

% RECOMMENCED SPARE PARTS

RUN DATE 07/12/73
PAGE 1




P.O. Box 3393-A

" [@)GOULDS PUMPS, INC. | Sngmitmne e

April 17, 1978

Solar Unlimited
4310 Govonors Drive S.W.
Huntsville, Alabama 35805

Attn: Pruce Noval RE: Proposal BP4141B

Dear Mr. Noval:

Enclosed is the quotation which you requested for the Silcon
01l Service. Both pumps quoted are model 3196ST groups.

These pumps have a mechanical seal which will be mounted

ingide and require no flushing at all. However we have
supplied a spegial vent and drain gland so as, to prevent

any leakage o the mechanical seal while in operation or,

in case of failure. The drain off of this gland should go back
to the reservoir or to the collection basin.

Inspection of both the pump and the mechanical seal may be

done on a monthly basis. Inspection of the mechanical should be
done visually. Signs of mechanical seal failure would be leakage
to the mechanical seal. During normal operation mechanical seals
should have zero leakage. Only at the time of failure will it
start to leak.

This quote will be valid for 30 days, with all standard terms as stated
on the reverse side of this guotation form.

Yours very truly,

Robert G. Bloom
District Engineer

RGB:ls ORIGNA PAGE |
W POCR CUrLm




GOULDS PUMPS,INC, | “""
. All quotations subject to terms and
SENECA FALLS NEW YORK 1Jid8 | GOULDS PUMPS, INC. conditions on the reverse side except
P.0. Box 83888-A s noted on Page_________sttechad.
CENTRIFUGAL PUMP Birminghato, Al 35306
' one: 205-9 SHIPMENT: Our bast estimate at this  §.3
- QUOTATION time 6 ___ weeks after com: r

plete enginesring and manufacturing
information and full spproval to

To: Solar Unlimited procesd with work.
4310 Governors Drive West '
. Huntsville,Alabama 35805 Date: 4/14/78 Page: 1 of 2
s Proposal No.:BP4141B
Revision No.: 3
. Mobile, Seneca Falls i3
N . Copies
Attention: Bruce Novgl\
Inquiry Date:
' . Inquiry No.:

In answer to your inquiry, we propose (o fumish GOULDS PUMPS as described below.

ITEM NO. n OPERATING CONDITIONS AND PERFORMANCE
EQUIP. NO. Liquid Temp. °F Sp. Gr, @ P.T
SERVICE _|Dow Chem. Silicon 921132 350 1.0
Quantity Mode! Size Rotation G.PM, T.D.H, V.P, Visc,
2 3196 1x1%-6 cw 40 30 12 Cs
Casing Impoller Shaft Slecve Etf, Rated B.M.P, Max, B.H.P, Suct, Pw;—»
DI DI STEEL 316Ss 46 .66 .86
Waeoar Plate Lubrication Base Plate Cuupling Disch, Press - rorf, Curve NPSHR Nr‘SHA
- 0il C1 W_oc_)ds ] Cl-2075-2 2,25
Mechanicat Sez!l -~ Packing tmp, Type T npetier Diamuter Bulletin -
__BRated Min, Max,
— 5.
Dura. Seal ROTT Ope?ﬂ_ 5 34 & 1/16 725.1 o
EUSEVTT
DRIVER = - o o TTEM "PRICE WEIGHT 1
H.P. AR.P.M. Enclosura Frame S.F. ‘Insutation Pump $926.ea 160
1780 TEFC 3T
ot st ey BT ,
Phase Hertz Voltage Furnished By r ) H (, 5‘ o6 3
' Oriver 76.ea 45
Totat Unit k1002, ea 205
WITH THE FOLLOWING ADDITIONS, MODIAICATIONS AND OR RfQUIRCMENTS Price & Weight
FRWE
Bf:bc
kf'-th'fvo
A)
ROGfRT BLuin _
PraYo oy flas Ly
ENY
e e e e I _ d _

THIS QUOTAT ON VALID FOR 30 DAYS FROM
DATE OF PROFOSAL SHOWN ABOVE.
* PRICES SHOWN ARE F.0.B. SHIPPING POINT AV S M

TERMS: NET 30 DAYS

"

GOULDS PUMPS.NC.

SU-SSIEL " SO

e &
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sTANDAhgﬂsms AND “CONDITIONS
GOULDE #mes, ARG Seneta Falls, N.Y , US.A. ,
) es and Tramacuon‘s“xith“ G‘oulas‘ Pumgs, inc., are subject to its Standard Torms and Conditlom

1. Warrenty: The Componv werrants that its
Pumps, when properly instalied an | cared for ss
stated in the appropriste instruction menusl
stued by the Ct.vnunv. will  operete in
with'itd prop .

Goulds Pumps are nrumod © be made of

firstclass meterisl, and in skillfu!  onid
workmanlike manner. They * additionally
warranted against sny defyct ve matsrisl or
_workmenship end shy pert  oven defective
within one year from the dae of shipment,
after inspection by and to the satisfaction of
the Company, will be replace ' free of charge
F.0B. Shipping Point, on return of such
defective part to the Compan , transportation
charges prepaid. No parts, owever, shall be
returned without the express authority of the
Company so to do.

There gre no warrenties, express or implied,
except such ‘warranties as .re definitely set
forth herein. The Company shali not he liable
for damage or wesr to pump ceused by
sbnormal conditions, vibration, failure to

properly prime or to operate pump without *

flow or caused by corrosives, abrasives or
foreign objects. No obligations other then those
herein set forth shall be binding upon the
Company. No warranties apply to other than
the original user. ‘
The Company shall in no event be held
lisble for damages or delay caused by defective
material and no allowance will be made for
repairs or alterations, unless made hy its written

consent or epproval. In the event the pumps are ,

sitered or repared by others without prior
written approval by the Company all warranties
are void Equipment and accessories not
manufactured by the Company are warranted
only to the extent of and by the original
manufacturer’s warranty.

Under no circ shall the Company
be held lable for any consequential or other
darages, losses or expenses arising from install-
aton, use, or any other causes, regardless of
advices or recommendations that may have
been rendered concerning such installation or
use of its products, nor shall the Company be
liable for penaities of anv descr ption
2. Shi Pr pping dates are
spproximete, end sre from point of menu-
facture. Such dates are est mated from (a) the
date of receipt of order with complete manu-
factuning information at Company’s factory,
and (b) the date of entry of such order by the
Company. Shipping dates are subject to revision
at the time of the entry of order and the
shipping schedule then givea s approximate
and subject to any action Cornpany must take
n connectign with prionties or o her orders or
requlations issued by the United States Govern-
ment, or any depertment therenf

The Company will not be hable for loss,
damage. detention, or delay n manufacture or
delivery or necessity to substitute materials,
resulting from causes beyond its reasonable
control, including but not lnmited to casting
faitures, war, fire, strikes lockouts, or other
labor difficuluies, cvil or military authornity,
nsurrection or riot, embargoes, car or ship
shortages, acts of governiments, wred ks or delays
in transportation, including any delays caused
by inability to obtain necessary lahor, materials
or manufacturing facilities due to such causes,
or from acuon taken hy tha Campany in
connection with priorities nr preference orders
or other productio sawerd sy the
United States Government or any ciepartment
thereal, or from delay in obtaining or tailure to
obtain «ianufacturing  fimancia cxport or
other hieenses required ny the Un ted States
Government or ary leoa tment thereof, or in
any event for consequential damages

STC 1070

Acceptance of materisl by common carrier
constitutes a waiver of any claim against the
Company for delay or demage in transit, or for

lost goods.

When ' lude [ not of
C v's 1 e, C v's promise
of sh is based on [/ ‘s pr

to Compeny and shipment is confingant on the
fulfiliment of their promise.
3. Prices: All prices are subject to change
without notice and are subject to any increase
which may be in effect on the date of shioment
of the goods, such increase, if any, to be within
any applicable government regulations. Prices
are F.O.B. Shipping Point, unless otherwise
specificd When price includes transportation
and other charges pertaining to the shipment of
the goods. any increase in transportation rates
and other charges wilt be for the account of the
purchaser. There will be an extra charge for any
test other than that which may be normally run
by the Company, or for any test performed to
suit the convenience of the purchaser

4. Terms of Payment: Terms and conditions of

payment will be shown on invoices rendered by

the Company at time of shipment or as may be
otherwise stated 1n writing by an otficer of the

Company

5. Orders: All i) ons and specif

are descriptive and are not intended as war-

ranties. The acceptance of all orders taken by

the C ‘s sales repr or branch
is subject to approval by Company’s office at

Seneca Falls, New York, US.A, or City of

Industry, California, US A

6. Cancellation of Orders: Orders once placed

with and accepted by Company can be can-

celled only with Company's consent and upon
terms that will indemnify Company against
loss

1. Company may forthwith cancel the order or

contract without recourse

(a) if conditions are such that shipment from
Company’s factory may be tielayed beyond
the date estimated at the nme of entry of
order or contract.

(b)if the Purchaser s in default with the
Company on this or any other order or
contract;

() +f Purchaser 1t cr becemes insolvent, or if at
any time Company 1s not fully satisfied with
the credit of Purchaser, it imay at any time
after the order has been enterad, or during
the manufacturing period, or at the ime the
goods are ready for shipment, require pay-
ment in advance of shipping regardiess of
onginal terms, or f after shipmen. has
been made and before actual deliver and
acceptance at destination, (regardie:s of
F.OB point), it may recall the shiprent
and cancel this and any and ail other orders
and contracts which may be ouistanding,
and shall be entitled to receive reimburse
ment for 1ts reasonable and proper cancella-
tion charges

(d)if the order or contract s for the direct
account of one of its sales representatives,
distnibutors or dealers, and Company term
'nates or alters such relationship

Il The Company shail have at all tunes a right
of set-off as 10 any and all accounts between 1t
and Purchaser
7. Claims: No claims for allowances will be
entert-ined unless presented immediately on
receipt of quods; nor will Company be held
responsible for breakage or shortage afrer goods
are delivered 10 and accepted Yy the common
carner

8. Equipment Returned Goods can be re

turned for credit only  after rececing Con,

pany's authonzation and <Ligping msiructinong

Consignor’s name and a Idress must be p nlv

written on the shipping tag

. S 5'.'=_q£ o)
5 O FOOR QUALITY,

9. Tanes: Ail Federal, State, Locsl.and Munici-
pal taxes now in'effect or heresfrer snacted

. that ere spplicable-to this trantaction thell be
paid for the account of the Purchaser, and of

#aid or required- 10 be paid by the Compeny,
the amcunt thereof shall be added to and
become a pert of the price paysbie by the
Purchaser hersunder
10. Minimum Charge: A minimum charge of
$20.00 will be made in she case of any order,
the nmonmtehnmmmmu“-
than this amount.
11. Geneval: All sales M transactions ere
bij to C v's Stand: Torms and
Conditions, snd tMy shall prevail in the event
of eny conflict or variance with those of the
Purchaser’s, unless otherwise agreed to in
writing.

AN previovs g , “either ton or
oral. which are wbncl matter hereof, are
hereby cancelled

Stenographic or clerical errors are subject to
correction.

Iy this transaction mvolves EXPORT, the
Jollowing additional tzrms and conditions shali
apply:

12. Packing: Equip! will be boxed
or crated in sccordance with the Company's
standard commercial’ practice, for underdeck
#xpOrt shipment, uniess otherwise agreed.

13. Payment: Unless otherwise specified in
writing, payment shall be made by irrevocable
letter of credit in form acceptable to Company,
confirmed by a New York or Los Anpm Bank
scceptable to C and g for
payment in full in umtod States dollcn in New
York or Los Angeles against presentation of
United States inland shipping documents and
nvoices, such letter of credit to be established
prior to Company’s acceptance of the order.
The letter of credit shall provide aiso that yn the
event Company s, for any reason beyond its
control, prevented from making shipment from
Company’s factory or delivery at the port of
embark a certif of f of
the whole .or wny part of the goods shall
corstitute delivery of such whole or any part of
the goods and payment in full of any and at
drafts drawn against the letter of credit for the
goods so0 “delivered’! shall be made upon
presentation aof such certificate of manufacture
in lieu of United States inland shipping docu
ments in the ovent that Company is prevented
by law, or otherwise, from making shipment
from Company’s factory or delivery at port of
embarkation of the goods or any part thereof
on completion of manufacture, Company
reserves the right to place the goods in storage
for the purchaser’'s account and rnisk Any
charges incurred 1n this connection will be for
the account of the purchaser at cost and will be
payable upon demand

14. Company s Agent: If Companv .nakes or
arranges tor ocean shipment, Company shall act
#s agent for the purchaser and roserves the night
to procure full insurance coverage. including
war rnisk insurance, at the expense of the
purchaser All expenses incurred in this connec
toun will be payable upon demand to the
Company

It Company applies for or secures manu
facturing, financing, exporting or other licenses
required by the United States Government, or
any depariment thereof, Company shall make
such applications or secure such heenses solely
as agent for the purchaier a.d assumes no
responsibility therefor

PRINTED IN US.A,
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" FKE)GOULDS PUMPS. INC. | ™™ h'
o, . All quotstions subject to terms and
- @ SENECA FALLS NEW YORK 13148 GOU;.BSBP%AEC. conditions on the reverse side xcept
H U, BOX h
CENTRIFUGAL PUMP Birmingham, AL 35305 e e A e
: Phone: 205.989-0588 * | SHIPMENT: Our bast estimate at this
- QUOTA TION time h.J__wuknﬂmeom—
plete enginesring and manufscturing
information and full approval to
To: Solar Unlimited
° 4310 Governors Drive West procesd with work.
Huntsville, Alabama 35805 Date: 4/14/78 Page: 2 of 2
. Prorosal No.:BP4141B
: Revision No.:
. Copies: Mobile, Seneca Falls

Attention: Bruce Noval

Inquiry Date:

’ : . Inquiry No.:
In_answer to your inquiry, we propose to furnish GOULDS PUMPS as described below:
ITEM NO. OPERATING CONDITIONS AND PERFORMANCE
EQUIP, NO. Liquid Temp. °F Sp. Gr. ® P.T,
SERVICE Dow Chem, Silicon Q21132 350 1.0
Quantity Mode! Size Rotation G.p.M, T.D.H, V.P. Visc,
3196 1x1%-8 CcwW 70 40 12 Cs
Casing Impeller Shatt Sleeve Ett, Rated B.H.P. Max, B.H.P, Suct, Press
DI DI Steel 3le6ss 51 1.39 1.6
Wear Plate Lubrication Base Plate Couping Oisch, Press Par{, Curve NPSHR NPSHA
- 0il CI Woods Cl-2101 4.5
Mechanical Seal -- Packing tmp, 'ry';:;~_ ) Impeller Diameter Bulletin
Rated Min, Max,
DuraMetallic Open A 54" 8 725.1
ROTT EUSEVT/T -
DRIVER- _ e ITEM *PRICE WEIGHT
H.P, R.P.M, Enclosure Frame S.F./Insulation Pump $997.ea 180
2 1800 TEFC 1457
-
Phase Hartr Valtage Furnished 8y
N Driver 94.ea 50
Total Unit $1091.ea 230
WITH THE FOLLOWING ADDITIONS, MODIFICATIONS AND/OR REQUIREMENTS Price & Weight

THIS QUOTATION VAL'D FOR 30 DAYS FROM

DATE OF PROPOSAL SHOWN ABOVE,
* PRICES SHOWN ARE F.0.B. SHIPPING POINT
TERMS: NET 30 DAYS




STANDARD,J ERMS AND CONDITIONS

GOULBEMUMPS, Inc., Seneca Falls, NY., USA.

0

‘All Seles and Transoctiol’?i' wi

accordance with its Praposst. :

Goulds Pumps ars werranted to be Mo' .
fist-class  materisl, and in 8 shittfut ang

workmeniike menner. They ore additionglly
werranyed .Mn any Micli:'.'p_omial or
iD 0nd any pert prbven. defective
within ane vesr from the date of shipment,
== ofeer inapection-by end to the satisfaction of
the Company, will be repi tree of charge
F.0.8. Shipping Point, on return’ of such
defective pert to the Company, transportstion
charges prepsid. No parts, however, shall be
returned without the express authority of the
Company so to do.

There are no warranties, express or implied,
axcept such ‘werranties as are definitely sot
forth hersin. The Company shali not be lisble
for damege or wear o pump caused by
b i ditions, vib , fteilure 1o
Properly prime or to operare oump without
flow or coused by Corrosives, Jbrasives or
foreign objects. No obligations other than those
herein set forth shall be buding upon the
Comoarly. No Wwarranties apply 10 other than
the original user.

The Company shall in no event be held
lisble for dsmages or delay causd by defective
material and no allowance will be made for
eDAIrs Or aiterations, untess made by its written
COnsent or approval. In the event the pumps are
sitered or repaired by others without prioe
written approval by the Company il werranties
e void  Equip and o8  not
manufactured by the Company are wartanted
only to the extent of and by the original

- manufecturer's warranty.

Under no circumstances shat) the Company

be held lisble for any consequential or other
damages, (osses or expenses avising from install-
Btion, use, or any other causes, regardiess of
advices or recommendations thet may have
been rendered concerning such instsliation or
use of its products, nor shall the Company be
lisbis for penalties of any description,
2. Shipment: Promised shipping  dates  are
oproximate, snd sre from point of menu.
tacture. Such dates are estimated from (a) the
date of receipt of order with complete many-
facturing information at Company's factory,
and (b) the date of entry of such order by the
Company. Shipping dates are sunject to revision
8t the tme of the entry of order and the
shipping schedule then given 1s approximate
and subject to any action Company must take
in connection with prionities or other orders or
regulations issued by the Uniad States Govern
ment, or any department thereof

The Company wil not be liable tor ioss.
damage, detention, or delay in manufacture or
detivery or necessity to substitute Materials,
resuiting from causes teyond it reasonabie
control, mcluding but not hmsted 1o casting
tadures, war, fire, strikes, lothouts, or athey
lsbor difficutties, civit or military authonty,
nsurrection  or ot embargoes, cat or stip
shortages, acts nf Qovernments, wrecks or Helays
n transportation, ne luding any delays caused
lyy mabtity to ohtain necessary lat,or, materials
or mnnu'a(:'uvmq facihties due 1o sueh causes,
or from action taken by the Company 1
CONNECHNN withs e e oy Drl'fl"t}ﬂ('f Haers
or other prou . BRI sunt] by the
United States (‘mvemml'nl G Ay departinent
thereaf, or from delay in obtanmg o tailure tn
obtan manfatinng, e L G-t g
other beenses reaured by e Unite! Stages
IOV Amn A0 tieaartinent theesot o an
any event for . euental damages

STC 1070

~
9

Acceptance of material by common carrier
constitutes & waiver of any claim 2Qainst

Company for delsy or damage 0 tranust, or for
lost goods.

When i fud not of

Company's manufacture, Company's promise
of shipment is based on manulacturer’s promise
1o Compeny and shipment 1 confingent on the
fultiliment of their promise.
3. Prioss: Al prices me subject o change
without notice and are subject 1o any incresse
which may be in effect on the date of shioment
of the goods. such increase, of any, to by within
any spplicable government reguiations. Prices
st F.OB Shipping Point, uniess otherwise
specified. When price includes transportation
and other charges pertaining to the shipment of
the goods, any incresse n transportation rates
and other charges will be for the sccount of the
purchaser. There will be an extra chargr for sny
test other than that which may be no. 1., 'Y run
by the Company, or for any test performed to
suit the convenience of the purchaser.

4. Terms of Payment: Terms and conditions of

payment witl be shown on invorces rendered by

the Company at time of shipment or as may be
otherwize stated in writing by an ofticer of the

Company.

S. Orders: ‘Al illustranions and specifications

are descriptive and are nnt intended as war-

ranties The acceptance of o orders taken by
the Company s sales representatives or branches

5 subject to approval by Company's office at

Seneca Falls, New York USA, or City of

industry, Calrtornis, U S A

8. Canceitation of Orders: Qriers once placed

with and accepted by Company can he can.

celled only with Company's onsent and upon
terms that will indemnity Company  against
loss.

1. Company may forthwith cancel the order or

CONTIact without recourse

{8) it conctions are such thar shipment from
Company’s factory rmay be ctelaved bevona
the date sstimated av the 1nme of entry of
arder or contract

b}t the Purchaser v n fdefault with the
Company on this or 4any other order or
contract,

{€) 1t Purchaser 18 or hecomes 'solvent, or 1t ot
any time Company s not fully satisfied with
the credit of Pur: hacer ot may at any time
after the order has 1w en entered, or during
the manafg: Tring prnaod o at the tne the
Qouds are ready for shipment, aguire pay
ment an advance ni shiniang regardiess nt
orginat terms, or W gt shiptment has
peen made and hefore o nal delivery and
ACCEPLACE 3 deshoatinn {regardings of
FOu POINLL, ot ma gt the shywneny
and cancel this ane any and alt other arders
and coniracts which ™Y e utstanding,
and <hatl be entitled & rocen eimnuese
ment 101 1ts reasonabie i weer cancellay
Hon charg

Mt the order o OB 0y B the direr y
Acraunt of one of e sates representatives,
distehators or dealers A Company tenm
1NALes OF Alters yauh refationship

i The Company shatl have a1 a1 imes 3 nghy

of wiofl as tn Y At al ecounts hetween o

360 Puschaser

7. Clomm: No cfanm e allowances will he

PAPILINeg unless prese et womediately  an

rReet of goade e et Company be held

FEsponsible for bregs wp o e Wl afer aoods
e drhvered to and e, 216 by the cammon
carnes

8 Equipment Returned  Goct can b e

wned by et sty ane g civeng Conyg
By S anthor ety gt by e ons
Coaagnor « name ant wbdee s aanst he plamty
WIHHED On he shijieny L

TR T i

olids Purhps, .lnc., are subject to its Standard Terms and Conditions,

9. Tanes: Ali Fodiral, Sute, Lacal and Munici-
pel ummmﬂ!morh«uﬂumm
Mnmmnmmmwh
mmm»wmofmm.nw
mummmumwmﬁm.
the smount thereof shell be sdded to and
Mmamo’tmwmmwm
Purchaser hereunder,

IO.NMM:AMMMMMQO
m‘oomuumm;n.euocmm.

than this smoumt: . -

11. Genersl: All saing and transactions are
subj 0 Company's Stand. Torrm and
Conditiens, snd they shall prevadt in the svent
of sny conflict or variance with thow of the
Purchaser's, uniess otherwise agread to in
writing.

All previous sgreements, entwr weitten or
orsl  which ere subject matter hersot, are
hereby cancelled.

Stenographic or clericel 20008 20 SubjeCt 10
correction.

It this transaction jnvolves EXPORT. the
Inllowing addinonal terms ang conditions shal
applv:

12. Packing: Equip will be packed, boxed
o crated in accordance with the Company's
standard commercial practice, for underdeck
€xport shipment, uniess ptherwise agreed.
13. Payment: Uniexs otherwise specified in
withing, pgyment shall be made by irrevocable
letter of cradhit in torm acceptable to Company,
confirmed by a New York or Los Angeles Bant
acceptablis 10 Compeny, and providing for
nayment in full in United States doliers in New
Yotk or Los Angeies aganst presentstion of
United) States inland shipping documents and
'nvoices. such letzer-of credit-to bie essablished
prior to Company’s scceptance of . the order.
The letter of credit shail provide 250 that jn the
event Company 5, for any resson beyond its
contrnl prevented from making shipment from
Compuny's factory or delvery at the port of
mbarkation, o certificate of menufecture of
the whoie .or wy part of the goods shait
constitute delivery of such whole or sny part of
the goods and payment in full of any and alt
drafts drawn against the letter nf credit for the
900ds 80 “delivered” shall be made upon
presntation of such certificate of manufacture
in liew of United States inland shipping docu
ments. In the avent that Compaay 15 prevented
by taw, or otherwise, from mak:ng shipment
from Company's factory or o l.very 81 port of
embarkation of the goods or any part thereof,
on  completion of manufactyre. Company
reserves the right to place the goods in storage
for the purchaser's account snd rsk  Any
charges incurred in this connection will be for
the account of the purchaser at ro$t and vl be
payable upon demand
14. Company as Agent: f Company makes or
arranges for ocesn shipment, Company shail scy
d% agent for the purchaser and reserves the r:ght
1o procure full wsurance caverage, including
wa. sk insurence, at the expense of the
purchaser All expenses ncurred in this conneg
ton will be payable upon demand to the
Company

it Campany apphes for or secures many
facturing, financing, eRporing or other licenses
resented by the Unied States Government . or
ANy aepartment therpaf Company shail make
b applications or secure such Leenses solety
s oagent for the poe haser, and assumes no
esponchibity therpfor
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SECTION |I—GENERAL

Introduction

This instruction manual is intended to assist those
involved with the installation, operation and main-
tenance of Goulds' Model 3196 pumps. It is rec-
ommended that this manual be thoroughly re-
viewed prior to installing or performing any work
on the pump or motor.

I-A. Importance of Instructions

The design, material and workmanship incorpo-
rated in the construction of Goulds' pumps make
them capable of giving long. trouble-free service.
The life and satisfactory service of any mechanical
unit, however, is enhanced and extended by peri-
odic inspection and careful maintenance. This in-
struction manual was prepared to assist operators
in understanding the construction and correct
methods of i~ “talling, operating. and maintaining
these pumps

Study thoroughly Sections I, II, Ill, and carefully
follow the instructions for installation and opera-
tion. Sections IV, V, VI, VII, and VIII are answers to
trouble and maintenance questions. Keep this in-
struction manual handy for reference. Further in-
formation can be obtained by contacting ihe Engi-
neered Products Division, Goulds Pumps, Inc.,
Seneca Falls, N.Y. 13148 or your local branch
office.

I-B. Special Warnings

Goulds Pumps, Inc will not be liable for any dam-
ages or delay caused by failure to comply with the
provisiors of this ir.struction manual. This pump is
not to be operated at speeds. working pressures,
discharge pressures, or temperatures higher than,
nor used with liquids other than, stated in the orig-
inai order acknowledgment without written per-
mission of Goulds Pumps, Inc

I-C. Receiving Inspection—Shortages

Care <hould be taken when unloading pumps. If
shipment 1s not delivered 1n good order and in ac-

cordance with the Bill-of-Lading, note the damage
or shortage on both receipt and freight bill. MAKE
ANY CLAIMS TO THE TRANSPORATION COM-
PANY PROMPTLY.

Instruction shevts on various components as well
as the Instruction Book for the pump are included
in the shipment. DO NOT DISCARD!

I-D. Preservation and Storage

Goulds' normal domestic shipping and storage
preparation is suitable for protecting the pump
during shipment in covered trucks. It also provides
protection during covered storage at the jobsite,
and for a short period between installation and
start-up. If the pump is to be idle and exposed to
the elements for an extended period, either before
or after installation, special precautions are re-
quired. One approach is to provide special pre-
servatives and wrapping before shipment. How-
ever, after installation the protective wrappings
will have been removed. Therefore, appiication of
nreservatives after installation is considered a
good practice. Information about various fong
term perservation and storage options avaiiable
can be obtained from your iocal Goulds'
representative.

The driver, coupling, and mechanical seal manu-
facturers should be contacted for their recommen-
agations on preservations and protection
procedures.

I-E. Handling Techniques

Care should be used in moving pumps. Pumps
should rot be hoisted by eyebolts. These eyebolts
are intended for removing the back pull-out as-
sembly for maintenance and inspection. A as-
sembled pump should be hoisted using a sling un-
der suction flange and under rear of bearing
frame. Bedplate mounted units should be hoisted
using slings under bedplate below both pump and
dniver.

SECTION II—INSTALLATION

11-A. Location

Pumping unit should be placed as close as practi-
cal to the source of supply. Floor space and head
room allotted to the unit must be sutficient for in-
spection ard maintenance Be sure to allow for
crane or hoist cervice

11-B. Foundations

1. Grouted— Bedplate mounted units are normally
grouted-in on a concrete foundation, which has
been poured on a sohd footina This allows a per-

mannant, vibration absorbing boese for the unit. The
location and size of foundation bolts are shown nn
the outline assembly drawings supplied for the
unit. Fig

installation

1 iilustrates a typical foundation bolt

CAVE TOPOF
TOUNDATION ROUGH
AND WET BLFORL
JHOUTING

.&' C W HETE

UNDATION

Figure 1

2. Flexibly Mounted -Installation and leveling of
the optional tlexibly-mounted bedplate should be
carried out in aececordance ‘with assemuily drawinas
supplied i1 the data package for the unit




1I-C. Leveling and Grouting of
gaseplate—Initial Alignment Check

{. Put the unit in place on wedges located at four
points as shown in Fig. 2. Some long instaliations
may require additional wedges near center of
bedplate.
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2. Adjust wedges to level unit (approximately),
placing unit between %" and 1'2" above fcunda-
tion. Level or plumb suction and discharge
flanges. Then, bring the coupling halves into rea-
sonable alignment by adjusting the wedges as
needed.

3. Make sure ‘rat the baseptate is not distorted
and that final accurate coupling alignment can be
established within the limits of movemznt of motor
and by shimming motor if necessary.

4. Tighten foundation bolts finger tight. Build dam
around foundation ana pour grout thiough hole
provided in top of bedplate. Fill to level of grout
hole making sure that the areas under the pump
and motor ieet are filled solid. Allow grout to
harden at least 48 hours before further tightening
foundation bolts. Tighten pump hoid down bolts.

II-D. Piping Practices

Guidelines for piping are given in the “Hydraulic
Institute Standards'* and should be reviewed prior
to pump installation. All piping should be sup-
ported independently of, and line up naturally
witn, the pump flanges. NEVER DMHAW PIPING
INTO PLACE BY LSE OF FORCE AT THE
FLANGED CONNECT.ONS OF THE PUMP.

Both suction and discharge piping should be as
short and direct as possible to minimize friction
losses

Foundation, pump and driver hold-down baolts
shoula be tightened prior to connecting suction or
discharge piping to the pump.

On units handling corrosives. the piping can be
arranged to allow flushing of the pump prior to
opening of the unit for servicing. Alter connccting
suction and dischaige piping to the pump, rotate
pump by hand to be sure that there is no binding.

I-E. Alignment—Preliminary

Alignment o! the pump and driver 1s of extreme
importance for trouble-free mechanical operaiion,
Alignment should be obtained by adding or re-
moving shims from under the motcr feet. The
pump bearing frame foot should never be adjusted
tr. obtain alignment. The proper shimming is in-
stalled under the Hearing frame toot at the factory
on units shipped with bedniates. Changing the
pump casing or bearing frame in the field will re-
quire a reshimming of the frame foot. The proper
number of shims is installed when the pump shaft
is level and parallel to the bedplate surface. Proper
shimming is achiev~d by loosening frame foot and
tightening casing foot. This should create a gap
between the frame foot and and bedp'aie between
0 and .040 inches ( 1mm). This must be filled with
shims and the frame foot retightened. !f th's pro-
cedure is not followed, mechanical problems can
result. The final alignment is dcne atter the unit
has been run under actual operating conditions.
The following are suggested steps for aligning the
unit, prior to initial startup.

1. Parallel Alignment: The unit is in parallel mis-
alignment when the shaft axes are parallel, but not
concentric. During initial alignment, vertical paral-
lel alignment may te different, due to thermal ex-
pansion of the unit at actual operating conditions
The following is a suggested cold setting for mo-
tor driven units:

Pumpage
Temperature
Above Ambient Set Motor Shaft

Ambient 002-.004" low (.05-.10 mm)
100° F. .000-.002" high (.00- 05 mm)
200° F. .004-.006" high {.10-.15 mm)
300 F. .008-.010" high (.20-.25 mm)
400 F. .012-.014" high ( 30- 35 mm)
500" F .016-.018" high {.40- 45 mm)

2. To check the parallel alignment of “spider-
insert ' couplings, place a straight edge across
both hubs at four points, 90 apart (' @e Fig. 3). To
cneck the parallel alignment of flexible spacer
couplings, place a dial indicator on one hub and
rotate that hut 360 while taking read.ngs on the
outside diameter of the other hub. Alignment oc-
curs when indicator deflection does not exceed
002" T.1.R. (see Fig. 4) of the recommended cold
setting in elevation and not more than 002" T1R
side to side.

ORIGINAL pAGE |4
| Is
OF POCX QuALITY

i e i S = ="




H

Figure 3

Figure 4

To check angular alignment of a “spider-insert”
coupling, use calipers at 90° intervals on the cir-
cumference on the outer end of hubs. When cali-
per measurements are identical, the unit is in an-
gular alignment. The correct gap between the hub
and insert will be given in the coupling manufac-
turer’s instructions supplied for the pump.

To check angular alignment of flexible spacer
conplings, place a dial indicator on one shafi hub
and rotate the hub 360". Take readings from tha
face of the other hub. Alignment is achieved when
dzflaction does not exceed .002" (see Fig. 5).

PRIOR TO COUPLING DRIVER TO PUMP, ROTA-
TION OF DRIVER SHOULD BE CHECKED! Serious
damage can result if pump is rotated in wrong di-
rection. Once motor rotation is checked, connect
coupling, following the manufacturer's instruc-
tions. If a cuupling guard is furnished with the
unit, ensure that it is securely fastened in piace.

Figure 5

II-F. Stutfing Box

1. Packing: Stuffing box packing, lantern ring and
gland are in box of fittings supplied with the
pump. Install in proper sequence as shown in
drawing in Pert VI. Twist rings sideways to place
them over shaft—never spread rings straight out.
Seat each ring firmly as it is installed, staggering
joints 90°. Gland should be inst:lled finger tight
only.

Packing cannot run dry, it must be lubricated. if
the pumpage is clean, cool fluid, it may be used
through a bypass off the discharge to the lantern
ring connection to lubricate the pac':ing.

If the pumpage is dirty or hot, it is not suitable to
lubricate the packing. An external source must be
utilized, unless the bypass is equipped with proper
separator, fiiter, and/or cooling system. This must
be piped into the lantern ring connection, also (re-
fer to packing recommendations).

2. Mechanical Seals: When mechanical seals are
supplied, they are installed and adjusted at the
factory. They must not run dry or in abrasives.
Connect recirculation, flush and/or cooling lines
as required. following instructions on the seal
print supplied for the unit.

SECTION lIl—OPERATION

i1l-A. Startup
1. Check List

a. Lubr.cation—Pump bearings are normally oil
lubricated. (THE BEARINGS ARE NOT LUBRI-
CATED A1 THE FACTORY.) These pumps are
supplied with an osler which maintains a con-
stant oii level in the bearing frame. Locate oiler
as shown on the outiine drawings supplied for
the unil. See Fig. 6 for correct adjustment of
oiler,

PN 1. REMOVE ADJUSTMENT

. N ASSEMBL, FROM OILER.

2. ADJUST BARS 10 Didt. “A".
3. LOCA IN POSITION.
L}

! REPLACE ADJUST. ASSEM,
! INOILER,

- xﬁﬂ, [
’ f :

Figure 6

i Cont




GROUP  OILER SIZE A 8

ST.MT,LT #3(402z) (1'59’,?.2.:.) (1:;/:\"m)

9/16” 1/2

XLT #5(80z.) '(1 4mm) (13mm)

b. A high quality turbine type oil with rust and oxi-
dation inhibitors should be used. Under normal
operating conditions, an oil of 300 SSU viscos-
ity at 100° F. (approximate!v SAE 20} should be
used. Fill oiler bottle and replace in oiler hous-
ing. Repeat until oil remains visible in bottie.
Do not add oil through the vent or treather.
Optional grease lubricated bearings are lubri-
cated at the factory and need lubrication only
after 2,000 hours of operation, or every 3
months, which ever occurs first. On pumps
supplied with greased-for-life bearings, no ad-
ditional lubrication is required for the life of the
bearing.

c. Priming—Pump and suction piping must be full
of liquid before pump is started. Usually suction
supply will be primed when shutotf valves are
opened, if pump is below suction supply. If suc-
tion supply is below pump, priming by other
means, such as a foot valve or ejector, will be
required.

d. Free Rotation—Rotate shaft by hand to make
sure it is free. Drag from packing or seal is nor-
mal but, if pump cannot be rotated by hand or
binding or rubbing is noticed, correct before
starting pump.

2.

Startup : _

a. Valves—Be sure suction valve is fully open.
Normally, discharge vaive should be at least
partially closed for flow control.

Rotation Check—lIf not already done, uncouple
the unit and jog the motor to check for proper
rotation (refer to Section li-E-2, page §).

li1-B. Operation Checks

Inspect pump carefully and frequently during the
first few hours of operation. If packing runs hot,
shut pump down, allow box to cool, loosen giand
it necessary. (Do not lcqsen gland until packing
has cooled.) Mechanical seal may weep slightly,
but should “run-in" in a few hours. Be sure all
auxiliary lines (cooling, flushing, sealing, etc.) are
functioning properly. Check pump bearings for ex-
cessive heating. Check complete unit for exces-
sive vibration and unusual noises. Do not run
pump at greatly reduced flow because damage
can result.

i11-C. Shutdown Procedure

Back flow through pump will cause reverse rota-
tion. If backflow is excessive, and there is a possi-
bility of the pump being turned on during this pe-
riod of reverse rotation, then precautions should
be taken to prevent the backflow. This can be
done by installing a check valve in the discharge
line, or by closing a discharge valve immediately
prior to shutting down the pump. NOTE: IT iS NOT
RECOMMENDED THAT THE PUMP RUN LONGER
THAN ABSOLUTELY NECESSARY AGAINST A
CLOSED DISCHARGE VALVE.

o

SECTION IV—PREVENTIVE AND CORRECTIVE MAINTENANCE

IV-A. Lubrication

Qil lubricated units require only that oil be visible
in reservoir or the oiler. Grease lubricated units
should be regreased every 2,000 hours or 3 month
intervals, whichever occurs first. Use a sodium or
lithium grease and fill until grease comes out
grease relief fittings. Follow motor and coupling
manufacturers’ lubrication instructions.

IV-B. Stuffing Box

1. Packing Stuffing Box: Periodically inspect
stuffing box to see that there is sufficient leakage
to lubricate the packing and maintain a coo! box.
Never restrict the leakage from the packing as this
will cause damage to both packing and shaft
sleeve. Draw up gland nuts stowly and evenly and
only while pump is running.

After pump has been in operation for some time
and the packing has been completely “run-in", a
leakage of 40 to 60 drops per minute of the liquid
should be allowed to flow from the stuffing box at
all times for cooling and lubricating the packing
and shaft sleeve.

2. Stuffing Boxes with Mechanical Seal: This typ.
of box requires no attention other than to make
sure that the circulating lines do not become
clogged.

IV-C. Vibration

It is a good practice to periodically monitor vibra-
tion of the pump. Normally, the vihration level will
be well within accepted standards. Of equal im-
portance is that the vibration level not increase. If
a problem with vibration is encountered, refer to
Trouble Shooting, Section VI,

IV-D. Alignment—Final

Alignment should be checked after unit has
reached operating temperature, following startup.
Repeat alignment procedures outlined in Section
li-E. Check alignment again after one week of
operation.

iV-E. Performance

If performance deteriorates, refer to Trouble
Shooting, Section VII.
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SECTION V—DISASSEMBLY AND REASSEMBLY

V-A. Disassembly (refer to Sectional Views
in Part VI)

1 Prepare pump for disassembly as follow:

Lock out power supply to motor.

. Shut off valves controlling fiow to and from

pump.

Flush pump of all corrosive or toxic liquid, if

required.

. Remove all auxiliary tubing and piping.

Disconnect coupling and remove coupling

spacer.

Drain oil.

. On units with packed stuffing box, unbolt and

remove split gland (107).

Disassemble pump as follows:

Place siing from hoist through eyebolt (132).

On ST units, place sling through frame (228A)

above shaft (122).

Remove frame foot hold down bolts,

Remove boits (370) holding frame (228A) or

frame adapter (108) to casing (100).

d. Slide back pull-out assembly from casing.

using jacking bolts (418) provided.

Remove casing gasket (351).

Unscrew impeller (101) from shaft (122). The

threads are right hand. Remove O-ring (412A)

which seals between the impeller and shaft or
sleeve.

g. (1) On units with inside mechanical seal, re-
move gland stud nuts (355) and carefully
slide gland toward bearing frame (228A).

{2) On units with outside mechanical seal,
loosen set screws holding rotary portion of
seal to shaft and slide seal toward bearing
irame. Remove gland stud nuts and care-
tully slide gland off studs.

h. Remove stud nuts (370H) which hold stuffing
box cover (184) to frame adapter. Pull stuffing
box cover from frame or adapter. Slide sleeve
(if any) off shaft.

. On units with mechanical seal, loosen set

screws holding rotary portion of seal to shaft,

and carefully slide seal and gland assembly off
shaft. On units having a shaft sleeve, it is not
necessary to remove rotary portion of seai from
sleeve unless replacement of seal is required.

Slide datiector (123) off shaft.

k. Scribe shaft at coupling hub for proper posi-
tioning of hub during reassembly and remove
hub.

I. Remove bearing housing bolts (370C). Using
impelter adjustment bolts (370D) for jacking.
remove shaft and bearing assembly from
frame. This will include the shaft, both bear-
ings (112A) and {168A), and bearing housing
(134A). Do not lose or damage O-ring (496).

m. Remove inboard bearing (168A) using a bear-
ing puller. Never use a hammer to drive shaft
through bearing! Protect bearing from con-
tamination.

n. On ST and MT models, remove bearing hous-
ing retaining ring (361A) and slide bearing
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housing off ball bearing. Do not damage oil
seal (332A). On XLT units, remove bearing end
cover bolts (109A) and slide cover off shaft. Do
not damage oil seal (332A). Siide bearing hous-
ing off shaft,

o. Straighten tang in lockwasher and remove
bearing locknut (136) and lockwasher. Remove
bali bearing (112A) using a bearing puller. Pro-
tect bearing from contamination.

p. On units with stuffing boxes, remove lantern
ring (105) and packing rings {106) from stuffing
box cover (184). .

V-B. Inspection and Parts
Replacement Guidelines

1. Impeller—Replace if impeller shows excessive
erosion, corrosion, extreme wear, or vane break-
age. O-ring groove and impeiter hub must be in
good condition. Check impeller balance if pos-
sible. Reduction in hydraulic performance and re-
duced mechanical seal, packing or thrust bearing
life may be caused by excessive impeller wear.

2. Shaft—Check for runout (.005" max) to see that
shaft has not been bent. On pumps without shait
sleeves, shaft surface in stufting box area must be
smooth and free of grooves. Bearing seats and oil
seal area must be smooth and free of scratches or
grooves. Shaft threads must be in good condi-
tions. Metalize or replace shaft if necessary.

3. Shaft Sleeve—Sleave surface in stuffing box
must be smooth. If grooved, replace.

4. Mechanical Seal—Seal faces, gaskets, and
shaft sealing members must be in perfect condi-
tion or leakage may result. Replace worn or dam-
aged parts.

5. Ball Bearings—Replace if worn, loose or rough
and noisy when rotated.

6. Oil Seats—Replace if worn or otherwise
damaged.

7. General—All parts shouid be clean before as-
sembly. All burrs should be removed.

V-C. Reassembly Procedures

This procedure covers reassembly of pump after
complete disassembly. Make sure all directions
outlined in Section V-B have been tollowed.

1. Oil shaft at thrust bearing fit on coupling end of
shatt (122). Slide thrust (coupling end) bearing
{112A) on shaft as far as possible by hand. Place
pipe or driving sleeve over shaft, making sure it
rests against inner face only. Make sure bearing is
“square’’ on shaft. Tap or press evenly until bear-
ing s seated firmly against shaft shoulder. Do not
mar the shatt,

2. Place lockwasher and bearing locknut (136) on
shaft and tighten firmly. Bend ‘‘tang’’ of lock-
washer intc slot in locknut.

3. Slide bearing housing (134A), with O-ring (496)
in place, on shaft and over bearing (112A) as far as
possible. Do not damage oil seal (332A) on ST and
MT models.
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4. On ST and MT models, insert retaining ring
(361A) into groove in bearing housing (134A). Fiat
side of retaining ring must be against bearing
(112A). On XLT units, slide bearing end cover
(109A) and gasket (360C) on shaft. Ensure the
"top” of end cover (109A) lines up with the "top”
of bearing housing (134A). Bolt end cover to
housing.

5. Oil inboard bearing seat on shaft. Slide inboard
baill bearing (168A) on shaft (122) as far as pos-
sible by hand. Continue as in Step 1 above.

6. P'ace a small amount of O-ring lubricant on in-
eldc of bearing frame (228A) at bearing housing
.17.A), at inboard bearing seats (168A), on O-ring
(496), and on inboard oil seat (333A). Carefully
slide shaft assembly into bearing frame. Do not
damage inboard oil seal (333A). Screw bearing
housing boits (370C) about %" into bearing frame
(228A).

7. Slide deflector (123) on shaft (122).

8. it unit has packed stuffing box, place stufting
box cover (184) against adapter (108), making sure
that studs (370H) align with proper holes in
adapter. Replace nuts and firmly tighten. Slide
sleeve (if any) on shaft, Make sure grooves in exd
of sleeve engage drive pin on shaft. Continue as-
sembly at Step 10.

9. if unit has mechanical seal:

The following instructions refer to pumps
equipped with mechanical seals, either with or
without sleeves.

if the unit has a single inside or double seal, a pre-
liminary impeller adjustment must be performed to
assure proper positioning of mechanical seal.

(1) Position sleeve (126), if any, on shaft (122)
and engage groove in sleeve with drive pin
(469) on shaft. Place stuffing box cover
(184) against frame (228). Make sure studs
(370H) align with proper holes in frame.
Firmly tighten nuts or boits.

(2) Screw impeiler (101) with O-ring (412A) in
place on shaft. Make sure that shaft assem-
bly extends through stuffing box cover
(184) so that the impeller will NOT contact
face of stuffing box cover.

{3) Using impelier adjusting boits (370C and
370D), adjust the impeller clearance until a
.020" (0.51mm) feeler gauge can be in-
serted between the back of the impeller
and the face of the stuffing box cover.

The following instructions are for three basic seal
types: Single Inside, Single OQutside, and Double
Seals. Refer to seal manufacturer's drawing seal
type and positioning dimension. Foliow pertinent
procedures.

a. Single inside Seal
(1) Scribe the shaft {122) or shaft sleeve (126)
lightly at the face of the stuffing box.
(2) Remove the impeller and stuffing box.
(3) Assemble the glard (250) with gaskets and
stationary seat and slide the assembly over
the shaft (122) or shaft sleeve (126).

(4) Slide the rotary portion of the seal on the
shaft (122) (or shatt siesve) (126) eatabliish-
ing its location from the scribe line to the
dimension as shown on the seal manufac-
turer's drawing. Tighten set screws.

(5) Reinstall the stufting box cover and
tighten. Do not damage the seal parts.

(6) Reinstall the impefler with O-ring.

(7) Slide the gland assembly against the stuff-
ing box and tighten the nuts evenly. Do not
damage the seal parts.

(8) Refer to step 12 tor further assembly
details.

b. Double Seais

(1) Scribe the shaft (122) or shaft sivave {126)
lightly at the face of the stuffing box.

(2) Remove the impeller and stuffing box.

(3) Assemble the gland (250) with gaskets and
stationary seat and slide the assembly over
the shaft (122) or shaft sleeve (126).

(4) Slide the rotary portion of the seal on the
shaft (122) or shaft sleeve (126) establish-
ing its location from the scribe line to the
dimension as shown on the seal manufac-
turer's drawings. Tighten set screws.

(5) Place inboard stationary seat and gaskets
into bottom of stuffing box.

(6) Reinstall the stuffing box cover and
tighten. Do not damage seal parts.

(7) Reinstall the impeller with O-ring.

(8) Slide the gland assembly against the stuff-
ing box and tighten the nuts evenly. Do not
damage seal parts.

(9) Refer to step 12 for further assembly
details.

¢. Single Outside Seal

Preliminary impelier adjustment is not neces-

sary with this type of mechanical seal.

(1) If unit has shaft sieeve (126), slide on shaft
(122) and engage groove in sleeve with
drive pin (469) on shaft.

{2) Lubricate rotary portion of seal and slide
on shaft sleeve. Do not tighten set screws.

(3) Assemble gland (250), gaskets, and station-
ary seat and slide assembly on shaft or
sleeve.

{4) Place stuffing box cover (184) against
frame making sure that the studs (370H)
align with the proper holes in frame. Firmly
tighten nuts.

(5) Screw impeller with O-ring on shaft making
sure impeller does not make contact with
stuffing box cover. If the impeller does hit,
use impeller adjusting cap screws to
correct.

(6) Place gland assembly against face of stuff-
ing box and firmly tighten stud nuts.

(7) Slide rotary portion toward gland until it
contacts stationary seat. Compress the ro-
tary. Tighten screws.

10. Screw impeller (101) with O-ring (412A) in
place, op the shaft (122).

11. On units with stuffing box packing (106), re-
pack stuffing box as outlined in Section U-F. As-
semble gland stud nuts finger tight.
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12. Install and position coupling hub at scribe

mark on shaft.

13. Place casing gasket (351) against shoulder in

casing.

14, Slide the pullout assembly into the casing

(100). Drain slot in stuffing box cover (184) should

line up with drain connection in casing. Install

frame-to-casing bolts (370) and tighten evenly
while rotating shaft (122) by hand. If impeller
ceases to turn freely, stop tightening operation
and adjust the impeller setting with the adjusting
bolts (370C and 370D) before resuming tightening

of frame-to-casing bolts (370).

15. Impeller Clearance

The impeller clearance is an important factor in

maintaining optimum pump pertormance. The

nominal clearance is .015" with the recommended
minimum being .008". The actual clearance setting
is dependent on the specific operating conditions,
taking into account temperature, solids, etc. For
maximum service flexibility pumps are shipped

from the factory with the clearance set at .015".

The desired clearance is obtained in the following

manner:

a. Locsen bolts (370C and 370D).

b. Tighten bolts (370C) while turning shaft until
impeller starts to rub against casing.

¢. Loosen boits (370C) until a feeler gauge, cor-
responding to the desired clearance, can be
placed between the bolt head and bearing
housing.

d. Tighten bolts (370D) evenly. Bearing housing
shaft and impeller will be jacked to proper
clearance from casing. Tighten bolts (370C)
and jam nuts on bolts (370D).

e. If desired, a dial indicator can be used instead
of a feeler gauge to check that the bearing

housing has been moved the correct distance.
V-D. Additional Details

An alternate method for setting inside mechanical
seals is the ‘‘Modified Visegrip Method''.

1. Follow assembly up to step 7.

2. Assemble the gland with stationary seat and
gaskets.

3. Install the shaft sleeve, if used on the shaft,
and engage groove in sleeve with drive pin (469)
on shaft.

4. Slide gland assembly over the shaft or shaft
sleeve.

5. Instali the stuffing box cover and impeller. Es-
tablish a preliminary rotor adjustment (refer to
Section V-C-9).

6. Slide gland assembly against stuffing box. Do
not bolt the gland to the stuffing box.

7. Clamp the modified visegrip on the shaft or
sleeve directly behind and against the gland.

8. Leave the visegrip in place and remove the im-
peller and stuffing box cover.

9. Lubricate the rotary portion of seal and slide it
on the shaft until it comes in contact with the sta-
tionary seat in the gland.

10. Compress rotary portion of seal to correct di-
mension as shown on seal manufacturer's draw-
ing. Tighten set screws.

11. Remove visegrip and reinstall stuffing box
cover and tighten.

12. Reinstall impeller with O-ring.

13. Slide the gland assembly against the stuffing
box and tighten nuts evenly.

14. Refer to Step 12, etc.

SECTION VI—PRODUCT DESCRIPTION

See pages 10 & 11 for
Sectional Views, Parts List
and Materials of Construction.
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Possible Causes
 Problem & Corrections

A. No liquid delivered, | 1,2,3,4,5,6,7,8,9,

not enough liquid 10, 11,12, 13, 14, 18,
- delivered, or not 19, 20.

enough pressure

B. Pump works a 4,57.8,9, 11,1220,
while and then

_quits

C. Pump takes too 6, 13, 14, 15, 16, 21,
much power 22, 23, 24, 31,

D. Pump is noisy or 15, 16, 17, 28, 31.
vibrates

E. Pump leaks 8, 24, 25, 26, 27.
excessively at
stuffing box

F. High bearing 15, 16, 17, 28, 30, 31.
temperature

G. Stuffing box 8, 24, 25, 26, 27.
overheating

Causes & Corrective Measures

1. Pump not primed or properly vented—check
that casing and suction pipe are compietely filled
with liquid.

2. Speed too low—check whether motor wiring
is correct and receives full voltage or turbine re-
ceives full steam pressure.

3. System discharge head too high—check sys-
tem head (particularly friction losses).

4. Suction lift too high—check NPSH availabie
(suction piping too small or long may cause ex-
cessive friction losses). Check with vacuum or
compound gauge.

5. impeller or piping obstructed—check for
obstructions.

6. Wrong direction of rotation—check rotation.

7. Air pocket or leak in suction line—check suc-
tion piping for air pockets and/or air leaks,

8. Stuffing box packing or seal worn allowing
leakage of air into pump casing—check packing
or cea! and replace as required. Check ior proper
lubrication.

9. Not enough suction head for hot or volaiile
liquids—increase suction head, consult factory.
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10'.v Foot vaive too small—install correct size foot
vaive,

11. Foot valve or suction pipe not immersed deep
enough—consuit factory for proper depth. Use
baffie to eliminate vortices.

12. Entrained air or gases in liquid—consult
factory.

13. Impeller clearance too great—check for
proper clearance.

14. Impeller damaged—inspect and replace as
required.

15. Rotating parts bind~—check internal wearing
parts for proper clearances.

16. Shatt bent—straighten or replace as required.
17. Coupling or pump and driver misaligned—
check alignment and realign if required.

18. Impelier diameter too small—consuit tactory
for proper impeller diameter.

19. Improper pressure gauge location—check
correct position and discharge nozzle or pipe.

20. Casing gasket damaged—check gaskets and
replace as required.

21. Speed too high—check motor winding voltage
or steam pressure 1 cceived by turbine.

22. Head lower than rating; pumps too much lig-
uid-~-consult factory. Install throttie vaive, cut
impelier.

23. Liquid heavier than anticipated—check spe-
cific gravity and viscosity.

24. Stuffing box not properly packed (insufficient
packing, not properly inserted or run in, packing
too tight)—check packing and repack stuffing box.
25. Incorrect packing or mechanical seal—consuit
factory.

26. Damaged mechanical seal—inspect and re-
place as required. Consult factory.

27. Shaft sleeve scored—remachine or replace as
required.

28. Cavitation—increase NPSH available. Consuit
factory.

23. Pump capacity too low—consult factory for
minimum continuous flow.

30. Excessive vibration—See Section D.

31. Improper bearing lubrication or bearings worn
out—inspect and replace as required.
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SECTION VIIl—ORDERING SPARE PARTS

Vill-A. Spare Parts

To insure against possible long and costly down-
time periods, especially on critical services, it is
advisable to have spare parts on hand.

1. For critical services: it is recommended that a
"back puli-out assembly” be kept on hand, This is
a group of assembled parts which includes all
parts except the casing and the coupling.
a. If this unit is equipped with stuffing box pack-
ing, the tollowing parts should be on hand:
(1) Stuffing box packing (item 106)—one set.
(2) Stuffing box gland packing (item 210)—
one set.

2. An alternative, though not as desirable as that
stated above, can be used on non-critical services.
This involves having on hand parts that are most

likely to wear and can be used as needed. See
Section VI-A, Parts List, for these recommended
spares.

VIil-B. Instructions for Ordering Spare
Parts

Repair orders will be handied with the minimum of
delay if the following directions are followed:

1. Give model number, size of pump, and serial
number. These can be obtained from the name-
plate on the pump.

2. Write plainly the name, part number, and mate-
rial of each part required. These names and num-
bers should agree with those on the sectional
drawing in Section VI,

3. Give the number (quantity) of parts required.

4. Give complete shipping instructions.
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.STANDARD SOLAR
COLLECTOR PANELS

SUNCATCHER SC-11

SUNCATCHER SC-21
35 1/2" X 154" x 6 1/4”

SUNCATCHER SC-31
35 1/2" X 230" X 7 9/16"

Suncatcher
5’@ | suAr sz0P

4310 Governors Drive West « Muntsuille, Alaboma 35805

SOLAR-GLASS

GLAZI
FINNED COPPER TUBE AZING
ABSORBER PLATE o I

G CUT-AWAY
CONCRETE VIEW CF
FACING COROTHERM

(PATENT PENDING)

n
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HEAT EXCHANGER ASSEMBLY

MODEL HEA-01

L.

BEAUTIFUL FIBERGLASS COVER
MAKES THIS AN ATTRACTIVE
APPLIANCE TO THE MOST DIS-
CRIMINATING HOMEOWNER.

PLYWOOD COVER IS STANDARD*
FIBERGLASS IS OPTIONAL

NOTE THIS 1!

Quickly fill entire system, including collec
tors, using these three convenient valves and
two ports Just connect a service pump o
12" NPT and follow a simple procedure Not
necessary to 1ill from on top of roof.

EXCLUSIVE

All.copper counterflow high efficiency heat
exchanger. Double wall with an external vent
path between walis gives absolut: protection
from contamination of drinking water by
fiud in collector loop!! Don’t settle for less!!

HEATED
FLUID FROM
WATER  cOLLECTORS

FLUID TO
COLLECTORS

i

COMPACT
EFFICIENT
VERSATILE
PROVEN
ATTRACTIVE

U L listed differential controller

All power completely pre wired to National
Electric Code, ready to plug into standard
1200t outlet

Self . lubricating, 1/12 hp UL. listed
Grundfos pumps, “can” type extra reliable

" SIMPLE !

No solenoids, no relief valves,
motorized valves 1o stick or fai!

and no

NOW HIGH EFFICIENCY CAN
BE OBTAINED USING LOW
SPECIFIC HEAT FLUIDS

® SAFE o
® SAFE o
COPPER [ XPANSION e SAFE e
TANK
24 Wi \
Stainless stee! water pump that will not rust 5
\J WATER TO
Chrome plated ball valves BE HEATED
Model HEA 01 Stock # 13111
F iberglass cover for model above (whue) Stock & 13109
12
-
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" PATENT PENDING

SOLAR SHOP HEAT EXCHANGERS

M

DOUBLE-WALL HEAT EXCHANGERS

@ DOperates efficiently with low specific-hest tiuids

® Designed and built specifically for solar water heating systems

® All-copper construction ensures corrasion {ree long lite and efficient heat transfer

& Double-wall construction completely protects domestic hot water from heas transter fluid

@ External vent between tube walls gives positive lea’  letection and eliminates contamination
in either duwection in case of failure of either tube,

® Large shell side heat transfer area and low pressure drop
® Meets 3!t U S. plumbing codes

® Satisfies MUD Intermediate Minimun Property Standards, 4930.2 requiring double-wall
contamination protection between potable water and nonpotable liquid

® Sized to operate efficiently with up to 100 sq. ft. of solar coliectors

® Designed for use with viscous heat-transter Huids such as silicane tuid

® Operates etticiently with water and antifrecie sotutions

o Water connections are 1/2°° nominal standard copper tubing

® Heat transfer fluid connection 1 1/4” nominal copper tubing

® Water loop pressure tested 10 250 PSH

® PATENT PENDINGModel No. HE 332D . . ........... ... ... ... Stock No. 13205

SINGLE-WALL HEAT EXCHANGERS

Solar Shop also manutactures a single wall heat exchanger similar 1n construction (except for
the double wall) 10 the heat exchanger above. 1115 ali copper construction, has a large shell side
heat transfer area and low pressure drop, and operstes efhcoently with high-viscosity and
low -specific-heat fluids.

Single wall heat exchanger - Model HE 3325 .. . ... . ....... ... .... Stock No. 13204

. - . Non-Solar Applications . . .

Solar Shop’s Heat Exchangers can also be used in heat recovery systems to transter heat from
toxic flurds (including gases) 1o water. The double wall heat exchanger provides a safe means of
transferring heat from such Huids 1o potable water.

EXPANSION TANKS FOR SOLAR
DESIGNED FOR C! OSED SYSTEMS

& Al Copper construction for corrasion frec long hife
® Compuct size 370D « 31
1 galton capacity

® Connection size 12 Nomaet Standasd Copper Tubing
® Rated for Pressures up to 150 P41
S

1ouk No Y3201

20
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Domestic Circulators from

CRUNK

Bwinlens Stee! Conntruction . . .

All vitsl motor and pump components inclc = wvafts and
inpellers, sre conttructed of highgrade stav ers Stee!
Grund'or open system pumps 8lso Trature an #il slainien
stee! volute, 30 that water pasuing through the pump louches
nothing but Qorroson resistant slaniess

18 Momth Werrenty .

Eoch Grundton oume & .o an1ed for CONTINUOWE CIFCUIRTIAN
=' water up 10 230°F We are abie 1o make thiy guarenter
brcouse we tert cachandewry pump we make under
extreme operating cond:tions But, f for some reason one of
our pumps should 18l we 1l give you & new one 10 replace it
We con’t expect you 10 wenc valuable ime snd money
fining up our minteke

Versatile, Efficient and Reliable

Here's why over 2,000,000 Grundios
Domestic Circulators were purchased last yeer slone
by contractors and manufacturers all over the world. ..

Fort Cosy Imtoliation .

Grund'or pumm can e eanly matched 10 the e~ .
requirementy of most hecting and w0l 1, .iems and the
Ight weight and small 1i7e = Lue them 8 cinch 1o install
EMicrent sn Coat

Gut largest wiling model the UPS 20 42 uws less power than
"t takes 1o run 8 100-watt Lighttulb! And due 1o the
Grund'os patented w!f Iutrication system, and ceramic
tratings  Grundfos craulatony are the quietest < running
UMD avadlable today

Competitively Priced

Chev with your Ditnibutor or Grundfos Representative
today  You'll 1ind t hard to brlieve that 8 pump with all
these features could cott o Little

Varable Speed Moton . . .

You no longer heve o stock @ wide range of pumps The
Grundfos UPS 2042 with its varable speed motor. for
example, doet the job in the me)or ity of rendential and hight
conmercisl spplcations

Closed System Circulators

GRUNDFOS

UP 2664 1/12 HP UPS 2042 1/20 HP

H_._.__
v
I"
[
‘.I
VD ES W W W
1
fE

e — 3 ! }
& C S . - 4 !
- ' - 4 —
S PEPR - ] !
10 $—Lhp— !
- ~-‘.\: ey ——
LA .
S P, . — For domestic hydronic heating. and closad system solar

water and soace heating yysterms

Designed 191 easy pump seleciion_ reduced stock ng
problems fast installation and total relgbid ity and
etticency Grundtos Closed System Circulators produce

5 ) =] .
,_sx et (0. A - D -~ -, ‘
S m— — S e

i S =5
heads 10 21 feet or tlows 1o 31 GPM using energy eth
' 0 » 2 L W Us GPM cent 1.12th or 1/20th HP motors
oPen sYs'em Circulators UP 2542 1/20 HP UM 2518 1735 HP
5 8
g0 A —
® 1 4 1 +
x 4 ' .
ey
S , f 1 1
e { + N
4 . .
' + '
e =i
10 I
= el ’_ -
. = s R ,—j For domestic open system solar water and space hasting
5 1 ! - and “Instant Heat ' hot water loop systems
S (S 4 ‘ . Water passing through Grundtos Oper System Circulators
_— ‘:{ —— i. ‘ 1 touches only high grade curtosion resistant stainlesy
"_1" PP (T : - L 3 steel These pumps produce heads 1o 14 teet or tiows to
- 23 GPM Luing energy e cent 3 20 or 1 3Ln WP
: 0 D 20 25 W USQPM o TTRTTEY
-
110




SOLAR CONTROLS AND

INSTRUMENTATION

CONTROLS AND INSTRUMENTATION
MANUFACTURED BY RHO SIGMA

Control Syssems
For tegutation of liquid and arr flows in solsr sydtems

Ansianad for h
gned for

g ond cooling. UL Listed.

Sanaanrs
[~ bl with standerd plumbing fittings. Designed to
hstand solar colk agtat +. Designed
for aasy instalistion,
s 200 ns 90 SENSORS

Ovttarentie! Thermortet
ingen 120 VAC
Sundsrd Output:
SPDY Relay rated ot 10 smpn
TInpn 120 VAL
V2 hp ot 260 VAC
Switeh with menuai ON OF F AUYD
Postson
Reley aontacts make ».t.3n
AT on » Tieolsra} = Tirorag !}
S YE
Reisy apnuacts brosk when
AT ot = TicoMector) — Tistorege)
<3'VE
Housed 1n ttendard NEMA box to
omure  compatihity with Mandard
wlertrical trade hardwire
Wiring cONNKKLIONE made By tardterd
aloctrical wade procedutet

VL Listed
RS 106 - Stoca #141D3

Provides dittecentia! control ienticat
10 the AS 108 Relsy switches 120
VAL ot 10 amps direttiy to the pumps.

ot UL Listed!
AS 12 - Stock 214102

Swimming Poot Solst Cantret
tnput. 220 VAC Stendard 120 VAL
loptiongl}
Output: 12 VOC. & smps convnuous
Theemostatic setting 10 prevant
pool overhaat ng {actustabie
58°F-120"F)
Turns on 10/ar Peater when solar
collectors are § F holier than pool
when poo! temyp [
briow thermostatic witing W hen gl
1emPRratuts i ghowr the thermotiatic
WILNG then mater by pastes the solpr
coliactors
Easdy wirsd it pump timers 10
that the tontio) wnit funcions ety
when the gump n onergting Rain
1ight enciosure
Easy revort wmisliation into
ex1sing poo! hiib ation gy stems
Optionat contapistions  svsdable
for normatly open vatvey ang 24 VAC
solenoidy
VL Linted
RS 240 - Stock ®14150

Materwt: Bram

Port Dumetens: 1 1/2 and T°

Low voltage solenaid

Prosture drop: V pu and 40 gom
11 1/2 vateal

intarnel Bypest: Valwe moditied 1o
Rho Sigma’s specitications Unique
adiustmeant on  siem  ensbles
mitaller to convenentiv bmit the
amount of valve cioswre Thus, high
back - prmsvare (developed within the
wllector array) on the pump mey
e releved through the interns)
by pass of the valve. internal bypass
alto provides & dran down path tor
the coliector supply lhine when the
pump turng ot

The valve may alsc be etfectively uned

1N gravity return Systems

Powtive epering ensured By sennec:

1ron 10 Juction uds of pump.

RS 950 - Stock #1601

These controlisn turn the soler colisction system on when solar energy is availabls and turmn the system off when

solar energy is not available. This ensures maximum efficiency of the solar heating system.

MODEL DT-2-1 SOLID-STATE SOLAR HOT WATER CONTROLLER

UL tated

Description

The mode! DT-2.1 1 8 soid-
wwte dilterantist thermoitat
capabie of fuily con‘rolling 8
sotar hot witer heatiryg sy
torn Tha unat 1h e ned tor
8 itet:me of mantenance
free service, and incurporstm
fres1e and DOV} protect cn
cuitry

Water Probe Sensor

Water probes have 12
NEC thread. i lengthy
trom 234" 10 26

tnput Power

Sensurt

Ottwrt

Oitint

Temperature Mange

Tiack g Accuracy

L Sims 21414 Maunting

Contro! Relay

Quttwt Voltage .. ... ..

Ditterentisl Turn on

Specifications
Input Voltage .

3 watts. no lopd

All Aho Spme snson are slectricolly
identicsl and interchongeable ond are
©  with .

temnpetatures of soler collsctors. Teo
and only two Mniors o required with
sach differentiat thermoal.

The SA Semer 13 the tempersture
sensing eiement encieed in gpany

The 5 Senesr hss 8 copper housing
with 3 hole punched in it far Bolting
drectly to the cotiector plste or
suspanding inside air ducts.
Atternatively, & redistar how pipe
clamp may De uwd to wcure the
Tugohd sensor to the surtace of 2 pipe
Or ot may be shuped inmoe the
insulation of the Storage Wnk.

The SF Beraoe 50 17X 1 X I,
sandblasted and  Biath-anodized
sluminum wmor devgnad for use with
unglezed soler collectors or in hgh
flow rate, ow SHA T yitera Tiw
Mrew provided with the serior may be
uied to mount the MNIOr raar e
totlector whate it will mam the
temperature and avarlatility of soler
energy a1 the coliecior.

Toe SP Somer n eponieg into 2
tugged brass houting with swendad
172" pipe theasts for esty nstaliation
Mo 1tanddrd pumbing tintures.

SA Semvot ~ Stock 816208
ST Semor - Stock #14201
SP Sentor - Stoch #14202
SF Semior - Stock 334204

Enher 120 VAC ¢ 10V or 24 VAC 2 4V,

.. SPDT. 10A trewstiva) ot 28 VOC of 120 VAC Hughr

Iatings svartabie.

... Esther 120 VAC o1 264 VAC
....... Matched thermistors 131°C over rsnge from 0°C to +100°CH

11 8 metsl housng, with hgh-tempeatute tefion leads

Ditterentis! Turn-otf

...... ... Typcatiy 4 ¢ 2°F @ 100°F fcan be adiusted By &

resistor change!.

changs)

Tyoweally 20 ¢ 2°F @ 100°F (can be adjusisd by » renitor

Controlier thawws —A0'F 10 V4O'F

Sentors -40"F 10 +300°F

Mogel DY 21 Controlter Storh 214121 tuvenon Protection | 19500 v
Catirctor Semor - Stock XY S . 4 x § x 312
LUG Mount Sensor - Stock VY Wepght 2m

*5°F over entire operating range

Mounts on 4" x 47 ) bos

30
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Design Choices

Three general clatses of materisls can be considered as potentiat heat
transier candidetes:

1. Water and Water/Glyco! Mintures
2. Hydrocathon Qils
3. Silicone Liquids

1. Water and Water Glycol Mixtures

Water i3 usudily the tirst choice for 8 heat transfer tluid. I* has the
inherent property of being extremely inexpensive, teadily available
and having no adverse biological, environmental, or building material
effects.

The liquid range of water (32°F.212°F) is too narrow, it is easily
contaminated with ionic minerals and is 3 puor dielectng.

To overcome these deficiencies propylene or ethylene glycois and
corrosion inhibitors are added. These do not soive the vapor pressuce
problem. At 400°F pressures ove 150 ps: are generated. As the
inhibitors sre sacrificial, @ regular maintenance schedule it roquired
to maintain the system. Draindown systems or waste heat dumping
hardware must be added to the collection loop increayng the overall
capital cost. Water and water/organic mixtures ¢ not premum
solar heat transfer tHuids.

The superior thermat properties of water are of marginal value as the
low heat flux levels of fiat plate collectors result i very low fluid
flow rates. Increased flow rates for less efficient thucls rosult in
negligible increased pumping costs.

2. Hydrocarbon Oils

in industrial use, hydrocarbon cils are normally considered as a
second choice for a heat transter fluid. While there are many
mixtures of "hot oils” to choose trom, a typical example of &
premium hydrocarbon would be mineral o such as that used n
outdoor transtormers as a dielectric coolant.

Mineral oils of this type are excelient dielecinie matetals, are
non-ionic, exhibit only minor  biological, environmental, and
building material problems and are non COrrosive at temperatures up
to 220°F . While pacatinic-based minetal oils freeze at relatively high
temperatures, naphthanic stochs can be formutated to operats down
to the —-20'F tange provided that mgh viscouty increases can be
coped with in the pumping loop.

Untortunately, most mineral oils have tigsh: and hire-points in the
300-330°F range, in addition, a1 elevated Yemperatures they readily

Q2-1132 SILICONE HEAT
" TRANSFER FLUID

oxidite forming tars which can coat the collector panel waily
reducing both heat transter characterittics and tlow rates. Oxidation
it quite frequently accompanied by the formation of acid
by-products which can attack and cotrode copper, sluminum, and
steel. The acceptance of hydrocarbon oils under general residential
building codes and fire insurance regulstions is unknown,

A napthanic-based transformer.grade mineral oit would appear to be
# superior product t0 water and watet/glycols, provided that pane!
stagnation temperatures could be kept betow 220°F and oxidation
inhibitors could be added to prevent tar snd acid buildup.

Specislized sromatic and terphenyl organic heat tramfer Huids used
8t temperatures up to 650°F in industrisl heat transter loops are the
premium fluids of the hydrocarbon class. These offer acceplable
viscosities ot temperatures as low o3 0°F, exhibit excellent thermal
stabmiity it & closed systemn up to 400°F and are, in themseives,
non-corrosive 1o comman engineering matenals. They tend to
oxidize at 400°F even with limited oxygen exposure, and tars snd/or
acids can be generated, and they can adversely atfect house
construction matetials. The tlashpoinis are in the general range of
310-360°F.

3. Q2-1132 Silicone Fluid

Dow Corning 02-1132 Silicone Heat Transfer Liquid comiortably
exceeds each of the basic design parameters as they telate to
freezing, vapdr pressure, corrosion, tlashpoint, long term stabubity,
toxicity, and compatibility with materials of house construction.

Siticone fiuids have extremely wide liquid tanges with a tiat
temperature-viscosity slope. They are non-freezing and have very low
VapO! pressures.

Current evidence indicates that Dow Corning 21132 Siticone Mast
Transfer Liquid is non-corrosive leaving the designer tree to use 8
variety of metals in designing his tystem.

1t has a high flash- and fire-paint, 460°F & S00°F, respectively.

Both laboratory testing and tield experience indicate that silicone
fluids such as Q2-1132 do nat attack common building materials,
They are one of the least toxic chemicals sold in industry

At operating temperatures of 150.200'F with occasonal exposure
to 400"F in closed loops, siicone fluids shouid 1ast Tor the Nile of the
solar system  Persodic maintenance ang repiacement of the flud
should not be required.

Dow Corning Q2-1132 Silicons Heat Transter Liquid 15 designed to
operate in closed-loop medium temperature cotlector systems which
do not normally operate over 250°F and stagnate below 400°F .

1 Gallon Stock No. 16101
5 Gallon Container Stock No. 16108
55 Gallon Drum Stock No. 16115
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ABOUT COROTHERM

It is apparent that a construction material and building system serving both for solar energy
collection and as the primary building material would greatly reduce the cost and complexity of
new construction. Corotherm, which Solar Unlimited, Inc. is now marketing, satisfies these
requirements.

The primary goals in this product development were to reduce cost while mzintaining a high
standard of building quality. Consideration had to be given to important features such as type of
materials, production methods, thermal qualities, construction techniques, weight and strength.

There are other products now on the market that offer one or two outstanding
characteristics, but none that can offer all in one versatile product like Corotherm.

Corotherm is a patent-pending product made by sandwiching a layer of structural
honeycomb filled with sound and thermal insulation between layers of reinforced concrete.

The list below reveals why Corotherm is, in reality, a new and beautiful way to construct

KR

solar facilities and building components.

corotherm features

Lightweight — Honeycomb core eliminates heavy
internal  weight while maintaining structural
strength.

Low Thermal Conductivity — Honeycomb core
filled with insulation greatly reduces heat-transfer
losses.

Low Material Cost — Unique and precast
manufacturing methods combine low-cost
materials into a completed integral building panel.

Low Construction Cost — Complete building panel
drrives at job site ready for quick installation thus
chiminating costly and time-consuming job site
construction activities.

Reduced Shipping Costs — Light-weight panels
permit shipment of large square foot quantities on
one truck load.

Unlimited Architectural Flexibility — Shape,
thickness, interior and exterior fac..3s are all
features that can be widely varied to suit the
designer.

Fire Resistant — Non-combustible concrete facings
provide effective fire resistance.

High Durabhility — Concrete virtually unaffected
by weather, salt air, wind and blowing sand.

tow Sound Conductivity — Concrete facings
separated by insulated honevcomb provide
excellent sound barrier.

e Laow Maintenance — Natural facing materials

require no periodic painting or coatings.
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It is apparent that a construction material and building system serving both for solar energy
collection and as the primary building material would greatly reduce the cost and complexity of
new construction. Corotherm, which Solar Unlimited, Inc. is now marketing, satisfies these
requirements.
The primary goals in this product development were to reduce cost while mcintaining a high
standard of building quality. Consideration had to be given to important features such as type of
materials, production methods, thermal qualities, construction techniques, weight and strength.
There are other products now on the market that offer one or two outstanding
characteristics, but none that can offer all in one versatile product like Corotherm.

Corotherm is a patent-pending product made by sandwiching a layer of structural
honeycomb filled with sound and thermal insulation between layers of reinforced concrete.

The list below reveals why Corotherm is, in reality, a new and beautiful way to construct
solar facilities and building components.

corotherm features

Lightweight — Honeycomb core eliminates heavy
internal weight while maintaining structural
strength.

Low Thermal Conductivity — Honeycomb core
filled with insulation greatly reduces heat-transfer
losses.

Low Material Cost — Unique and precast
manufacturing methods combine low-cost
materials into a completed integral building panel.

Low Construction Cost — Complete building panel
arrives at job site ready for quick installation thus
eliminating costly and time-consuming job site
construction activities.

Reduced Shipping Costs — Light-weight panels
permit shipment of large square foot quantities on
one truck load.

Unlimited Architectural Flexibility — Shape,
thickness, interior and exterior fac..3s are all
features that can be widely varied to suit the
designer.

Fire Resistant — Non-combustible concrete facings
provide effective fire resistance.

High Durahility — Concrete virtually unaffected
by weather, salt air, wind and blowing sand.

Low Sound Conductivity — Concrete facings
separated by insulated honeyvcomb provide
excellent sound barrier.

o Low Maintenance — Natural facing materials

require no periodic painting or coatings.
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DOUBLE-WALL HEAT EXCHANGER
ABSOLUTE PROTECTION :

FLsolute puotection of your wetes sujly frair collector fluid contamination is essured by using an extei nat leu: et
betweun dual tubos inside heat exchanger. .

- HIGH EFFICIENCY it ‘

High-ctiiciency heat transfor using high surface area counterfiow patent pending design. This all-coppiur unit
etficicat cven with luw—sqecifioheat fluids such as silicone.

PHOTO DEMONSTRATES EXTERNAL S
LEAKAGE PATH IF EITHER TUBE FAILS® - (&
P . .:‘_'J'u [ SV S POy TR 'M\i“-‘.v}”“‘.m**‘"' ..: - L .. . _
i -
sy
-~ - s i . s

*A hole vias diilled through the outei wall of the dual water tube to prove that the external leakage path work..

““HEAYT EXCHANGER ASSEMBLIES**

COMPLETELY ASSEMBLED, TESTED
AND READY TO PLUG IN

T S W= =0 |
e\ R e N e W B | } [
N AU t?‘“,-»;/‘.l}f;; T8 L coaipad g
ol ) e S N
Lo AR " .Y
[ 2 ’ T i : |
E~r€:~‘ ; "?‘Ck A E ‘e ! !
’ '.:}" ! } ) '; E. :“ } :s. oo 5 ) |
' .’- ™%, } . 3 C ‘: B ! . -'4‘.,. ‘:
! 3{., ")' & fj i éittéttm : |
auf 4 g N
ST s Lo
HEA-01 1EA-02 HEA-03 HEA-31

Water Heoter

Sola: Ruom Heater

Multi Room Solar Heaster

Centrai Solur Heatur

114

Wity t - p:“‘&i

RS

W8

W e QLR Ty




15.0 AS-BUILT DRAWINGS

(Pages 1 through 8 comprise the drawings for this project. )
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