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I.  SYSTEM AND BUILDING DESCRIPTION

The Telex plant is located in southern Minnesota near the town of Blue
Earth. The plant manufactures tape recorders and other electronic
equipment. The 97,000-square-foot building houses administrative
offices, assembly areas and warehouse space. [he building is of steel

construction with 6 inches of fiberglass insulation between the steel
skins.

Heat for the building is provided by electric cuct heaters meunted in
the air handling units and electric unit heaters. During operating
hours there is also a considerable amount of heat generated by lights,
equipment, and people. During cold weather, the space heating load
ranges between 9-12 million BTUs per day. The average number of heating
degree days for the Blue Earth area is approximately 8,000. There is
very little hot water demand since none of the manufacturing operations
require hot water.

Bacause of the use of electric resistance heating, the Telex plant was
considered a good choice for a solar heating retrofit. A proposal for a
solar system was submitted under the PON-1 Solar Heating and Cooling
Commercial Demonstration Program. In June of 1976 Telex was awarded a
contract by ERDA (now DOE) to construct a solar space heating system.
InterTechnology/Solar Corporation began the design of the system in
August 1976. Construction of the system by Mankato Plumbing began in
August 1977. The system began delivering space heating in February
1978.

Figure 1 is a flow schematic of the solar system. The collector array
consists of 10 rows of 36 collectors each. The I1T7C/Solar Mark III
collector was used. This collector has gross dimensions of 4' x 8' and
features a single glazing of water white glass and a black chrome selec-
tive coating. The absorber plate consists of aluminum fins snapped onto
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Figure 1: System Flow Schematic




copper tubes. The collectors utilize a 2'%" internal manifold allowing

each row of 36 collectors to be connected in parallel without the need
for external piping.

The collectors are ground-mounted at a 55° tilt angle on a wood truss
structure. The wood trusses are supported by concrete piers. The
bottoms of the collectors are approximately 3% feet above the ground.
Location of the array is the east side of the building with a parking
lot in between. A drain-down type of system was chosen for a number of
reasons. Some of these were:

0 efficiency--no collector-to-storage heat exchangers required.
] simplicity of design

0 no special precautions needed for summer shutdown.

II. ACCEPTANCE TEST PLAN
An acceptance test to verify the thermal performance of the system was

conducted by the installation contractor, Mankato Plumbing and Heating
in June, 1978.

The test consisted of operating the system on a clear day ard measuring
the instantaneous efficiency of the collector array. The IBM data

acquisition system was used to collect the data using the On-Site Moni-
tor.

The data from the test were plotted as efficiency versus (T].n - Tamb)/l.
This allows the quantities A and B to be determined. A is the y-inter-
cept and -B is the slope of the efficiency curve. That is,
EFFICIENCY = A - B (Tin - Tamb)/l.

A range of A and B values that are considered acceptable was prepared by
the engineer. The experimentally determined A and B values fell within
this range so the collector installation was considered acceptable. The
acceptance test report is given in the following pages.




MANKATO PLUMBING & HEATING CO., INC.

) P.O. Box 426
Phone 388.7012 Mankato, Minn. 54002

ACCEPTANCE TEST
TELEX COMMUNICATIONS, INC.
SOLAR HEATING SYSTEM
JULY 24, 1978

ENGINEER: InterTechnology Solar Corporation
100 Main Street
Warrenton, Viraginia 22186

OWNER: Telex Communications, Inc.
West First Street
Blue Earth, Minnesota 56013

CONTRACTOH: iankato Plumbing & Heating Incorporated
530 North Front Strect
Mankato, Minnesota 506001
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The test data taken on the Telex Corporation Solar Heating System

appears to closcly follow the expecied performiance data as submitted
by Intertechnology Solar Corporation.




| MANKATO PLUMBING & HEATING CO., INC.
P.O. Bex 420
Phone 308-7012 Mankate, Minn, 58002
~
= JUNK 9, 1978 TrST
e pukr B2 ounixr ¥° AT 0.A.F.°  INSOLATION MIND
T 12:19 B9 107 18 83 247 0
12125 91 109 1A 87 28 2.1
Data .
Used 12135 % 11 17 R 250 0
::’t—- 12145 96 114 18 83 256 2.0
* 12155 98 116 18 82 253 0
1:05 100 118 19 84 260 0
L 1115 102 120 18 Bl 256 7.2
1125 105 123 18 Bl 266 7
1135 107 125 18 83 263 2.1

Inlet water average rate of ehange in F°/hr = 13° F
Average AT = 18° F
o~ Average 0.A. = 83° F .
Average Insolation = 251.473 Btu/hr - ft°
Average inlet Temperature = 96° F

c 9.82 X 18 _ 09 = .
Efficiency = -%I + Correction factor of 251,543 70 + .09 79
. ~ QIin i 29.7 . .

(756-8
X - 23'1—.5%)' - .05




MANKATO PLUMBING & HEATING CO., INC,

P.O. B 426
Phone 308.7012 Mankate, Minn. 54002

JUNE 26, 1978 TEST

TiME  INET PO ouTieT F° AT 0.A.F.°  INSOLAZION  WIND

1100 153 247
1110° 156 250 15
1120 158 247
1130 159 88.9 250
1:40 161 253
1:50 162 88.3 250 14
2100 163 247

Average Insolation ~ 249 Btu/hr - rtz

Average O. A. « A8.6° F
Total change 1n 20000 gal. storage temperature = 8° F
Average inlot Temperature = 159° F
20,000 x 8.33 x ¢ ~ 1,332,800 Btuh
249 x 106921t° = 2,662,308 Btuh

(o] (o]
x"%.g;_ez_l - 28

The collector array efficiencey in this test was determined by measuring

Eff - 050

the total rise in storage temperature for one hour, with no water being
circulated thru the inside building system. Therofore, all heat being
finolly collectod was being retained ‘n storage.




I1I. MAJOR PROBLEMS ENCOUNTERED AND RESOLUTIONS

There have been two major problems encountered with the Telex instal-
latfon. These are discussed below.

Hose Connections =~ The collectors are intarnally manitolded with 24"
headers. Connections from collector to collector were initially made
with a reinforced silizone rubber hose. Because of the length of the
row (144') and the large temperature range to which the manifolds would
be exposed, there could be changes in the lengtn of the row of up to &
2" due to thermal expansion and coatraction. It was anticipated that
the silicon hoses would be capabie of absorbing this movement. In the
actual installation, however, it was found that the axial forces could
be transmitted down the manifolds to the hose that was clamped with the
weakest pressure. This hose would then slip on the manifold eventually
resulting in a leak.

The solution was to change all the hases to a different type. The new
hose has a single "hump" at its midsection which allows it to act as an
expansion compensator. The new hump hose is also constructed of sili-
cone rubber and is capable of withstanding the 350°F-400°F stagnation
temperatures that the absorber reaches. As a further precaution agcinst
leaks, the hoses were bonded to the copper manifolds using a primer and
silicone adhesive. An unlined hose clamp was also used. The installa-
tion of the hoses took place in the summer and early fall of 1979.

Drain-Down = Thz Telex system relies on the draining of the collectors
for freeze protection. To relieve the vacuum caused by the draining
water, air vents and vacuum breakers were installed at the outlet oi
each row. These were specified to be heat taped and insulated. Over
the weekend of Decemher 2 and 3 a freeze-up occurred which was dis-
covered on Monday, December 3. The freeze-up was confined to the lower
headers of Rows 7 and 10 (Row 1 is the southernmost row). There was no
evidence of freezing in any of the other 8 rows.




The IBM computer listing of the system performance showed no unusual
behavior other than some cycling of the solar pump which way to be
expected because of the marginal insolation conditions which prevailed
over that weekend. A close inspection of the air vent and vacuum
breakers showed that under near-zero temperatures the heal tape was not
keer'ng these devices above freezing. This was due partly to the lack
of tight contact between the heat tape and the bodies of the vents and
breakers and partly to the lack of insulation around the vent holes.

It was not clear, though, how non-operative air vents and vacuum
breakers could have led to the freezing of only 2 rows out of 10. This
is because all the rows are connected in parallel and if any of the 10
sets of air vents and vacuum breakers operate, the entire system would
drain. The actual drain-down time was established by test at less than
10 minutes. It was also found that sections of the pipe and valves that
contained ice due to incomplete draining could be cleared in a few
minutes after the system pump started.

While the frceze problem was being investigated it was decided to run
the system under manual control to eliminate short cycling. The system
(8 rows) was then operated through the month of December only on clear
days. On January 1, 1979, the system was started up and it was noticed
that the absorber plate temperature on row 5 remained high. Upon in-
vestigation it was found that the bottom manifold of this row was
frozen. Examination of the previous day on which the system operated
revealed no abnormalities. AL a meeting in January it was decided to
instali stamndpipe vents at cach row as well as at the north and south
ends of the return header. These standpipes were to be heat taped and
insulated. Also, piping on the supply side was changed to steeper
slope. This work was carried out in February and the system was placed
into operation with 7 rows in March with no further freeze problems.

10




During the summer of 1979 when the hoses were replaced, the 2" flow
equalization tubes inside the 2%" internal manifolds were removed.
Initial tests showed no apparent problems with flow imbalance although
no operational data have yet been accumulated.

IV. SYSTEM PERFORMANCE

The Telex system is one of the commercial demonstration sites that was
selected to receive an IBM data collection system. The data collection
system became operational in April 1978.

Based on the data that have been accumulated, the collector performance
is very good with all-day efficiencies of 40% to 50% obtained on clear
days. Tables 1 and 2 are taken from the IBM data summary for December
1978 and show the collector array performance and the space heating
subsystem performance respectively. It should be noted that the system
was not operated on a number of clear days and for most of the month
only 8 rows were in operation.

Calculations wusing f-chart show that the system 1is performing as
expected.

V. INTERIM PERFORMANCE CRITERIA
The Interim Performance Criteria (NASA George C. Marshall Space Flight
Center publication 98M10001) have been reviewed with respect to the

solar heating system at Telex Communications, Inc., Blue Earth, Minnesota.

In our opinion the system installation complies with all applicable
sections of these criteria.

InterTechnology/Solar Corporation
o W
William S. McEver

Project Manager

26 October 1979

11
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I.  SYSTEM DESCRIPTION
A. Introduction

The Telex Solar Heating System is composed of four main subsystems;
0 solar collectors

o controls

0 thermal storage

0 heating distribution

The solar collectcrs used on the project are the Mark IIl model manu-
factured by InterTechnology/Solar Corporation, Warrenton, Virginia. A
total of 360 collectors are used--10 rows of 36 collectors each. The
collectors have nominal 4' x 8' dimensions giving a gross collector area
of 11,520 square feet. The collectors are oriented due south and are
tilted at an angle of 55° from the horizontal.

B. Solar Collectors

The collector specifications are given on the following page. In order
to increase the performance of the collectors, a black chrome selective
absorber coating and water white glass are used. The black chrome
selective coating is eclectroplated on a nickel coated aluminum ex-
tension. The solar absorptivity and thermal emissivity of the bilack
chrome coating are nominally 0.95 and 0.12 respectively. The Tow
thermal emissivity results in reduced radiative heat losses from the
absorber piate and thus increased efficiency.

The water white glass is specially made with a very low iron oxide
impurity content (which gives ordinary glass a greenish cast). The
solar transmittance of the water white glass is 0.90 to 0.91. The
slightly rippled pattern in the glass is duve to the method of manu-
facture and has no effect upon its transmittance. The pattern does,
however, tend to diffuse the light reflected from the surface of the
glass and thus produce a less intense glare.
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INTERTECHNOLOGY/Solar CORPORATION

CORPORA TE AND ENGINERRING SOLAR MARKETING AND
HE ALan Steeast MANUFACTUHRING
Woarrenton, Virmo 221 276 Nronddviow Avenns
Lotepluane S04 V1) 2900 Wireanton, Vieginty 221408

1WX 710-830-54%) §“phnnn 703.347.9%0

December 1, 19}

Specification 770501
Solar Collector - Medium Temperature
Model Mark III

Glazing: Glass, 3/16" thick, tempered low iron, single glazed; v=0.88.
Glazing Seal: Continuous molded EFDM rubber.
Pressure Plate: 18 Ga. stainless steel type 304.

Fa?teners: 3/4" x #10 Truss Head stainless steel sheet metal screws
@ 12" + O.c.

Frame: 20 Ga. galvanized steel, welded corner construction,
full metal back.

Fin Tube Absorber Assembly.
A. Manifolds: Two, harddrawn, type M copper tubes, 2 1/2" P Nominal.

B. Cross Tubes: Eleven harddrawn, type M copper tubes, 1/4" P Nominal.

C. Absorber Fins: Eleven Aluminum Extrusions; .060" x 4.22 x 88.125".
D. Absorber Coating = Black Chrome, o¢=0.94; € =0.12.

Manifold Connectors - High temperature formed rubber hose with hose
clamps.

Insulation - 1" fiberglass around edges; 3" fiberglass under absorber.
Working Pressure - 50 PSIG; maximum 100 PSIG.

Area - 32.0 square feet (47 3/8" W x 97 3/8" L x 51/4" D overall
dimensions).

Effective Absorber Area - 29.7 square feet.
Mounting Provisions - Consult factory.
Dry Weight - 233 pounds.

Liquid Volume - .318 ft3 or 19.87 pounds of water.




The collectors in each row are hooked together in parallel using the
internal manifolds at the top and bottom of each collector. The con-
nections are made inside the collector box using a reinforced silicone
"hump" hose and hose clamps. The hump hoses are also bonded to the
copper manifolds using a silicone adhesive. Thermal expansion and
contraction is absorbed by the hose.

The collectors are supported by a wood structure which is mounted upon
poured concrete piers. The concrete piers were poured to varying
heights to give a slope to the structure for coliector draining. The
east side of the structure is approximately 18 inches below the west
end, thus allowing the collectors to drain back to the inlet. The
system will drain anytime the solar system pump stops. As the water
leaves the collectors, air is bled into the system through standpipes
located at the upper west end of each row. These standpipes are heat
taped to prevent freezing. It is important to make sure thut the heat
tapes are in good working order before the onset of freezing weather and
that these standpipes remain clear of ice.

Because the collectors are located below the level of the storage tank,
a sump pit is used to hold the return water from the collectors. A sump
pump. takes the water out of the sump and returns it to the storage tank.
An engine-driven sump pump serves as a backup to the primary sump pump
if it fails or if there is an electrical power failure. In addition,
there is an overflow to carry water from the sump to the outside if the
backup fails.

C. Controls

The control subsystem controls the operation of the solar system pumps
and control valves. The design and installation of the control sub-
system was performed by Johnson Controls of Minneapolis according to the
specifications of the solar system engineer, InterTechnology/Solar
Corporation.
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The control panel is located on the east wall of the building adjacent

to the solar storage tank. In this panel are located the controls for

the solar system pump, the sump pump, the heating distribution pumps and

motorized valves. A number of temperature gauges are also provided on

the face of the panel to allow the performance of the system to be

monitored. The control functions are described in more detail in Section
IT and in the Johnson Controls manual, Section IV.

D. Thermal Storage

Thermal storage for the solar system is provided by a 20,000-gallon
water storage tank located inside the building at the east end. The
dimensions of the tank are 9' diameter by 42' long. The tank was con-
structed from 5/16" thick hot-rolled steel. Insulation for the tank is
provided by 6" of fiberglass giving a total R value of 20. This insula-

tion results in a temperature drop of less than 1°F per day due to heat
losses.

Piping to and from the storage tank is arranged to make full use of the
storage capacity of the‘tank. The solar water return and the heating
system supply pipes are located very close to each other at the top of
the south end of the tank. The heating system return water comes back
to the tank at the north end. Although the solar pump is physically
located at the south end of the tank, it is supplied with water from the
bottom of the north end through a 4" pipe mounted inside the tank.

A sight gauge is located on the south end of the tank to allow a visual
observation of the water level in the tank. Because the collectors and
associated piping hold a significant quantity of water (800 + gallons),
the water level will vary due to the operation of the solar pump.
Make-up water to the tank is automatically supplied by a low- and high-
level control. The makeup water is treated by a resin-type watér
softener. Under normal conditions, the amount of makeup water required
by the system should not be large (less than 1000 gallons/year) since

A-4




the only way water is normally lost is through evaporation. Excessive
use of water indicates a leak in the system.

E. Heating Distribution System

Heating of the plant is accomplished by water-to-air heating coils
located in the nine existing air handling units and with three water-
to-air unit heaters. The water coils in the air handling units are
located upstream from the existing electric heating elements. This
results in more efficient operation of the solar heating system since
the coldest air reaches the water coit first and can thus be preheated
before it reaches the electric elements. In this way, the water in the
storage tank can be used down to temperatures of 80°F or lower.

The operation of each solar hot water coil is controlled by a thermostat
located in the area of tie plant served by the air handling unit in
which the coil is located. The thermostat actually controls the opera-
tion of a two-way valve located in the solar hot water supply line
leading to the heating coil. The thermostat and valve are of the pro-
portional type. That is, the opening and closing of the valve are
controlled by the thermostat in direct proportion to the deviation of
the plant air temperature from that set on the thermostat. This propor-
tional action takes place over a + 2°F range. Thus, if the thermostat
is set at 66°F the heating valve will be fully closed at 68°F and fully
open at 64°F.

If the solar tank temperature is not high enough to provide sufficient
heat to meet the requirements of a particular zone, then the temperature
of the zone will continue to fall. The electric heating thermostats are
set 3°F to 4°F below the solar heating thermostats and will thus turn on
the electric heating coils if the tank temperature is too low. Note
that even if the electric heaters turn on, some heat is still being
extracted from the solar water coil (since it is upstream from the
electric heaters).




Some of the hot water coils are located where they might be subjected to
cold air from an outside air damper connected to the air handling unit.
These water coils are protected from freezing by a low limit or freeze-
stat located just after the hot water coil. If the air temperature
sensed by any one-foot-long section of the freezestat is below 40°F, the
fan will be turned off and power to the two-way valves will also be shut
off. The two-way valves are specified to fail in the fully open posi-
tion so that water flow through the coil will be maintained.

Three-unit heaters are located in the areas of the plant that are not
served by a central air distribution system. These heaters are con-
trolled by standard on-off thermostats. Wnhenever the space requires
heat, the thermostat turns on the unit heater fan. When the heating
demand is met, the fan is turned off.

Hot water from the solar storage tanks is supplied to the heating coils
by two hot water supply pumps located at the south end of the tank.
These pumps are called P-2 and P-3 on the solar control panel. With the
HOA switch in the (Auto) bosition, the hot water supply pump selected as
the "lead" pump by the lead-lag switch on the control panel will run
continuously. The other pump (lag pump) will be turned on aniy if the
lead pump cannot supply enough hot water to meet the demands of the hot
water coils. Water from the hot water supply pumps flows not only
through the heating coils but also directly back to the tank through a
short bypass line. The amount of water passing through the bypass line
is controlled by twuo regulating valves in the bypass line. These regu-
lating valves are controlled so that a constant pressure is maintained
at the outlet of the pumps. If the heating coils demand more water, the
pressure will fall and the regulating valves will throttle down the flow
in the bypass line to maintain the pressure. If the flow in the bypass
line falls to i0 GPM, a flow switch set to this valve will cause the lag
pump to start up. The lag pump will continue to run until the heating
demands have been met and the hot water coils require less flow. At
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this puint the system pressure will start to rise and the regulating
valves will open letting more water flow through the bypass line. As
the flow through the bypass line reaches 160 GPM a second flow switch
senses this and turns the lag pump off. A time delay has been 'aced in
the outlet of the first flow switch to prevent rapid pump cycling due tu
pressure surges as the lag pump goes off.

I1. SYSTEM OPERATION

A brief description .f the operation of the solar control system is
given in Section IV the Johnson Controls Manual. Normal operation of
the system is with all HOA switches in the A position. The solar system
pumps and valves will then operate automatically to provide solar heat
to the storage tank whenever conditions are suitable. The following
sperial operating modes are described below:

1. System Shutdown
a. Solar Collectors - Turn HOA switch of P-1 to the O(ff) position.
Le2:e HOA switch of P-4 (sump pump) in the A position (see note below).

b. Heating System - Turn HOA switches of pumps P-2 and P-3 to the OFF
position,

IMPORTANT NOTE: Always !eave sump pump, P-4, switch in the auto posi-
tion so the sump can be kept pumped. Never run the sump pump ir the
i(and: position unless the automatic start and stop level sensors mal-
fusction.

2. System Startup (Fall)
a. Solar Collectors - Turn P-1 switch to AUTO position. P-1 will

start if collector sensor temperature is 25°F greater than the storage
tank temperature.




NOTE: Never start the system between the hours of 10:00 a.m. and 3:00

p.m. on sunny days. High pressures due to generation of steam could
result,

When flow through the collector array is started, verify that sump pump,

P-4, comes on and operates in a stable manner. This may take 30 minutes
after P-1 has st.rted.

Inspect the solar collectors and connections for leaks. Leaks at hose
connectors may be stopped by retightening the hose clamps. A row with a
bad leak can be valved off until repaired. To do this, close the shut-
off valves at the entrance and exit of the collector row, then open the
drain valve at the entrance to the row to allow the row to drain.
Remember to close this valve when the row is again operaticnal.

b. Heat Tapes - There are 10 heat tapes to prevent standpipes from
freezing. These heat tapes are wired in parallel and connected to a
220-volt line, The heat tapes are controlled by a single outside thermo-
stat. Each heat tape has a resistance of 1850 ohms and draws 0.12 amps.

Thus, the entire circuit draws 1.2 amps. This current is read on a

meter. If any heat tape i5 not operating, the meter will read less than

1.2 Jops.

C. Heating System - When heat is required in the Fall, the heating
pumps can be turned or by switching the HOA switches of P-2 and P-3 to
the AUTO position. [If ihere is only a moderate demand for heat, only
the pump selected as the lead pump by the lead-lag switch will operate.

The solar thermostats should be checked to see that they are at their
proper settings. At the same time the electric thermostat settings
should also be checked to make sure they are lower than the solar set-
tings.
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If the daytime temperatures are mild but heat is required at night, the
heating supply pumps can be shut off during the daytime and turned on at
night.

3. Safety Controls

a. Tank high temperature limit - The tank high temperature limit
prevents operation of the solar pump, P-1, at storage tank temperatures
above 195°F. If higher temperatures are cesired, tne limit can be
raised by adjusting the thermostat control. However, the system should
not be operated whenever collector outlet temperatures reach 210°F.
Normally, the tank will reach 195°F only during periods of mild, sunny
weather during the Fall and Spring. The extra heat storage obtained by
operating above 180°F will generally not be utilized during these
periods.

b. Sump high level - An alarm electrode is'located 2-1/2 feet from the
top of the sump. If water reaches that level, an alarm will be sounded
on the control panel, the collector pump P-1 will be turned off and
valves V-2 and V-3 will be closed and opened respectively.

NOTE: The automatic shutdown oi P-1 by the sump high level control will
only. occur with P-1 switch in the AUTO position.

€. Motor-driven sump pump - The motor-driven sump pump will be acti-
vated only if the electrical power fails and there is water in the sump
above the float setting of the pump. As long as the power remains off,
the pump will operate automatically under the control of its float level
detector.

d. Hot water coil freezestats - The hot water coil freezestats are
installed on all the air handling units that have provision for bringing
in cutside air. If the freezestat senses an air temperature of 40°F or
less the air distribution fan will be turned off as well as power to the
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two-way hot water valve allowing the valve to fail to its normally-open
position. '

I11. SYSTEM MAINTENANCE
A. Solar Coliectors

There is no regular maintenance required for the solar collectors. If
it becomes necessary to perform any work on the collector such as re-
placing a broken glazing, refer to Appendix C, the ITC/Solar Collector
Parts, Repair, Installation and Maintenance Manual. Regular inspections
of the collect.,r array should be made (approximately every two weeks)
and the conditice of the collectors, connectors, etc. noted.

B. Controls

Maintenance of the control system--thermostats, control valves, etc. is
discussed in the Johnson Controls Manual. A log of the system tempera-
tures--storage tank, coliector supply and return should be maintained so
that any abnormal operation can be detected. Periodically (approxi-
mately monthly) the times of day that collection is started and stopped
on a clear day should be'noted in the log. This will serve as a check
on the operation of the differential controller.

The operation of the heating tapes should be checked whenever the log
data are taken. The normal current drawn by the heating tapes is marked
on the meter. If one or more heating tapes is out of order, the current
will be lower. If this occurs, the defective heating tapes should be
located and repaired.

C. Pumps
Pumps should be oiled according to the manufacturer's instructions. The

setting of the lead-lag switch on the control panel should be alternated
monthly to give P-2 and P-3 the same amount of use. '
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D. \Valves

The manual shutoff valves should be operated once a year to make sure
they do not become stuck.

E. Standpipes
During extremely cold weather the standpipe openings must be inspected
for ice buildup. Any ice buildup must be removed.

F. Water Conditioning .
Follow the recommendations of Culligan for the addition of the rust
inhibitor and the regeneration of the water softener.
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FOREWORD

Since 1885, Johnson Controls, Inc. has
pioneered the development ol automatic
control systems to meet the exacting needs
of heating, ventilating and air conditioning
installations.

Your Johnson Control System is a precision
system carefully constructed and installed
to provide the highest degree of accuracy
possible. It is the result of the work of
highly skilled engineers and experienced
trade craftsmen. It has been installed for
you by Johnson Controls, Inc., a company
with nearly 100 years experience in all
phases of automatic control design, instal-
lation and service. Today's Johnson build-
ing automation systems capabilities include
heating, ventilating and air concitioning
(HVAC) controls, integrated Control Centers,
Energy Conservation Controls, lighting con-
trole, fire alarm, security, sound and com-
munications, clock systems, water treatment
and computerized automation systems.

There are certain suggestions which, if fol-
lowed, will protect your buiiding, improve
operating efficiency, and add years of life
o your control and mechanical systems.
Careful regular maintenance is important if
you wish to obtain the best possible results
from your control system, Brief inspections

_are oullined to help you prevent any serious

difficuities from occurring.

Many service calls result from insufficient
knowledge of the operation and limitations
of the control system and the heating, venti-
lating and air conditioning (HVAC) system,
The objective of this Operator's Manual, in
conjunction with the ‘‘as-built’’ control
drawings and Product Directory(s), is to
help you better understand your system,

The control drawings show the control sys-
tem ‘‘as-built’’ in your instaliation. The
Product Directory(s) gives you a general
description of the different type of controls
avaitable from Johnson Controls, In¢c, The
Operator's Manuai will give you specific in-
formation on the operation, maintenance and
adjustment of the various kinds of equipment.
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MAINTENANCE

Prior to performing any work on an electrical
apparatus, care must be taken to 2nsure that
the equipment is completely isolated. Elec-
tric and electronic equipment are compara-
tively maintenance free, however, for most
efficient operation, the following preventive
maintenance should be performed:

CONTROLLERS

Check and clean the circuit board and its
terminals periodically to prevent buildup of
dust and dirt.

TC-4100 Temperature Controller

VALVE AND DAMPER ACTUATORS

The actuator shaft should be lubricated
periodically with high-temperature lubricant
which can be obtained through your local
Johnson office. On damper actuators, the
friction points in linkage should also be
lubricated with the same lubricant.

VALVES

Control valves should be visually checked
monthly for leaks and sticking stems, Loss
of the valve's ability to close tightly will
require inspection of valve seats and discs
for wear and system contaminant buildup.
Valve disassembly and repair may require
special tools. Contact your local Johnson
branch office for specific recommendations
and instructions.

s
D

Valve and VA-3200 Actuator

OMEN CONTACT DEVICES

Contacts on relays, switches and thermo-
stats that are exposed to the surrounding
atmosphere should be checked periodically

to prevent a buildup of dust and dirt. If an
excess of dust is allowed to collect on con-
tacts, arcing may occur which would cause
the contact surface to pit and corrode. The
result will be premature failure of the contact.

KZ-4000 Relay

Never use a file or sandpaper to clean con-
tacts. This removes a special plating which
leads to pitting. Clean the contacts by any
of the following methods:

1) blow contacts clean with forced air stream
(CAUTION — air must be clean and dry)

2) brush with soft brush
3) spray with contact cleaner
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PRIMARY CONTROLS

The following equipment and associated con-
trol should be checked periodically. They
should always be checked before extremely
cold weather and before starting up the air
handling system.

1. Hot water and steam supply

2. Chilled water (drained or protected with
anti-freeze)

3. All pumps, including hot water, chilled
water, condensate, etc.
4, Safety controls.

SECONDARY CONTROLS

On secondary systeams, periodic checks
should be made to the following whenever
they are applicable to the individual system.

1. Outside air dampers

Preheat discharge temperature
Dew point temperature

Hot and cold duct temperature
Return air temperature
Humidity

Local safety controls, such as low limit,
high limit, and fire detaectors.

SO Ve W

HVAC SYSTEM

A control system cannot maintain proper
conditions within a building uniess the
heating, ventilating, and air conditioning
system is functioning as designed. It is
therefore essentiai that the maintenance
racommended by the manufacturer of such
equipment be performed. By the same token,
3 control system cannot function properly jf
maintenance is not performed on it. In con-
Sideration of this requirement, a sample list
ot recommended maintenance tasks is listed
balow showing typical tasks considerad
essential for the continued efficient opera-
tion of the control system(s).

MAINTENANCE CHECK LIST

1. HVAC UNITS
a) review cycle and saquence of operation

b) check controllers and recalibrate as
required

¢) repair controllers as required

d) check operation of panel devices
8) clean control panel

f) check damper operation

¢) clean and lubricate dampers

h) check operation and sequence of dam-
per actuators

i) repair damper actyators as required

]} check operating range of sequencing
networks

k) check operation and spring range of
valves

1) repair valves as required

m) check operation of safety limits and
minimum positioning devices

n) clean all instruments, covers, ter-
minals, etc.

2. ROOM AND ZONE CONTROL
a) check operation of controlfers
b) recalibrate controllers as required
c) repair controllers as required

d) check operation of unit valves or
dampers

e) repair unit valves or dampers as
required

f) clean all instruments, covers, ter-
minals, etc.
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ADJUSTING INSTRUCTIONS

There are two basic types of controls in heat-
ing, ventilation and air conditioning systems,
proportional and two-position. Proportional
controls typically produce a variable 0-16
V.D.C. output signal, which is used 1o modu-
late or proportionally stroke a valve or dam-
per. In an electric/electronic system, the
majority of the controllers are proportion~'
electronic which produce the above men-
tioned variable 0-16 V.D.C. output signal.
The remaining electric controllers function
in a two-position manner, that is to either
start or stop fans or pumps, open or close
valves or dampers, or interrupt the variable
0-16 V.D.C. signals of a proportional con-
troller.

ADJUSTING PROPORTIONAL CONTROLS

A proportional controller is in control of the
temperature it is measuring when its output

TC-4550 Temperature Controller

signal is within the spring range of the con-
trolled device. This is determined by mea-
suring the output signal with a D.C. meter
across the output terminals or wires of the
controller. If a signal between O and 16
V.D.C. is read, the temperature measured at
the controller's sensing element can then be
read and compared to the setting of the con-
troller. Complete check-out procedures are
given in individual controller installation
data sheets available from your local John-
son branch office.

TC-4100
Temperature Humidity
Controller Controller
Bandwidth

The dial labeled 'bandwidth' should be po-
sitioned as far toward the lower end of its
0-10 scale as possible without causing
‘hunting’ or cycling to occur in the ~ontrol
system.

~
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Troubleshooting

Whenever the controller output signal is at a
minimum (0) or maximum (16) value the con-
troller is not in contro! and the reason for
this must be determined and corrected. It
nust be determined whether the problem lies
in the control loop (room) or in the system
loop (HVAC equipment). First determine the
action of the controller. Then rotate the set
point dial slowly toward the temperature at
the element to see if the output signal
changes. If the voltage changed, the
controller also recognized there is a
troblem and should not be readjusted. Re-
urn controller set point dial to its previous
sat point. The problem then is in the system
loop. When the problem is found and correct-
ed, the controller will automatically return
t1e control loop to the correct temperature.

ADJUSTING TWO-POSITION CONTROLS

A two-position controller has a point at which
the contacts open and a point at which the
contacts close. These two points are at dif-
forent temperature values. The difference is
roferred to as the '‘controller ditferential'’.
Some two-position electric thermostats have
an adjustable differential which is establish-
ed according to the requirements of the con-.
trol loop to which the electric controller

T26A Controller

responds. The differential setting of these
controllers is factory set, but if caution is
exercised, the differential can be readjusted
in the field.

The controller set point position is indicated
by the value on the dial. The second posi-
tion is determined by either adding or sub-
tracting the differential from the set point
value. To establish the set point and dif-
ferential, slowly rotate the set point dial
toward the temperature as measured at its
element until the contacts close or open.
Read the dial value. Slowly rotate the dial in
the opposite direction until the contacts open
or close. Read the dial value. The differ-
ence between these two values is the dif-
ferential, and the value of the dial that
matches the measured temperature at the
switchover point is the controller set point.
Then turn the dial to the desired value.

2




LOW LIMIT PROTECTION

The importance of taking every precaution
against freeze-up of equipment cannot be
over-emphasized. Regardiess of the auto-
matic low limit devices furnished, the fol-
lowing procedurés should generally be foi-
lowed when there is any indication that the
outside temperature will drop to the pre-
determined low limit setting.

PUMPS

All hot water pumps and/or condensate or
vacuum pumps should be operational,

BOILERS

Boilers and/or converters should be allowed

10 cycle on a demand basis.
SUPPLY AND EXHAUST FANS

Supply fans should be allowed to operate on
their normal occupied or unoccupied cycles.

When on the unoccupied cycle, the ouiside
air and exhaust dampers should be closed
and the return air damper open.

LOW LIMIT THERMOSTAT OPERATION
The low temperatura limit protection device

located at the heating coil discharge senses

the lowest temperature along any portion of
its sensing element. When one foot or more
of any portion of the element senses a tem-
perature as low as the thermostat set point,
the instrument will open the circuit. Since
the thermostat responds to a “‘spot’’ type

condition, it is essential that stratificaticn

of air in the mixing chamber gntering ihe
coil be eliminated if proper operation is to
be expecled. :

Where repeated shul-downs occur as a resuit
of this condition, a greater tendency exists
for the operating personne! to override or
bypass the fow limit protection device in
order to keep the unit running. This is &
dangerous practice and should be avoided.
Further invectigation as to the cause of
shut-down should take place to determine
the cause of the problem with appropriaty
remedial action,

Low limit protection devices should be
checked prior to the arrivail of cold weather.
This can be done by turning the dial to a
warmer setting until the low limit pratec-
tion device operates. The setting should
equal the temoerature of the entering air or
water. Do .0 forget to turn the device

back to the original setiing called for on the
contro! diagram.

SPECIA'. PREVAUTIONS

In extreneiy cold weather, the following
added precaurions shouid be taken: Before
air supply systems are started, check steam
traps ane s'eam pressure and/or water tem-
perature at the air supply system. After sup-
ply systems are started, check operation of
the control system thermosiats and observe
for correct functioning with respect to the
temperatures being sensed.
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OPERATOR'S MANUAL

ELECTRIC/ELECTRONIC CONTROLS

OCCUPANT DISCOMFORT

The first evidence of trouble with the heat-
ing, ventilation or cooling system is very
often a complaint from an individual who is
too hot, too cold or is bothared with drafts,
Go to the psrson complaining and personal-
ly check the complaint. Experience has
shown that in the majority of cases ths prob-
lem behind the complaint is not a8 malfunction
of the control system. To assist in determin-
ing this, the various factors, other than ayto-
matic control, that can create comfort prob-
iems are listed:

1.

Zone Control

A person outside of the controlied zone
may feel too hot or too cold. A zone con-
trol thermostat can only sense the tam.
perature at its particular location. Tem-
peratures in all other areas of the zone
are dependent on proper baiance of the
heating/cooling distribution system,

Sun Load

Direct sunlight on the thermosiat will
cause over-cooling of a zone while direct
sunlight on the individual will cause
over-heating.

Covering of Grills

Frequently occupants will cover part or
all of a discharge grill causing improper
heating or cooling. Whenever a grill is
covered, the heating or cooling medium
is not permitted to enter the space 10
correct for variances from the set point.

Occupant Location

If occupants are located adjacent to out-
side walls or windows they may be sub-
ject to cold air leakage through the
windows and/or radiant cooling from the
wail.

_Insufficient Conditioned Air Supply

This can be caused by poor air distribu-
tion, dirty filters in the air conditioning
unit, or lack of proper return or exhaus®
air outlets,

8.

10.

1.

People and Equipment

Over-heating will result if more people
or equipment ocCupy an area than was
intended in the original dosign concept,
This can occur when a meeting is held
in an area not designed for this type of
funclion.

Heating and Cooling System

A malfunction, or lack of capacily in ex-
treme weather, of the primary or second-

ary mechanical heating or ¢cooling equip-
ment will resuit in insufficient heating or
cooling,

Psycholagical Adjustment

Many complaints are purely psychologi-
cal, Once a person understands the !imita-
tions of a HVAC system, he is more fike-
ly to accept the conditions that prevail.

Drafts

In systems using air as a means of heat-
ing and cooling, there mus! be movement
of air. To many people, even a slight
air motion is uncomfortable. This can
te a problem when an uynbalanced sys-
lem causes axcessive dralts, Minor
problems can sometimes be scived by
relocaticn of work stations, however, it
is$ always best to have a baianced sys-
tem. i.e. proper size, spacing and de-
livery of air distribution equipment (fans,
diffusers, grills, registers, etc.)

Wide Fluctuation of Air Temperature

Wide fluctuation of air temperatyre in an
area can be the result of varying load
conditions or improparly adjusted con-
trols.

Stuffiness

A stuffy or smoky atmosphere w:!l nor-
mally resyll from :mproper ventifation,
i.e. insulficient fresh air suppiy, air

too humid, overpopulation, or inadequate
exhaust.
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TROUBLESHOOTING ~ DIAGNOSING THE PROBLEM

HVAC EQUIPMENT

Oepending on whether the area is 00 cold or
too warm, and the time of year, check the
heating, ventilating and air conditioning
equipment that could be involved. This can
invoive any or ai! of the following:

1. Boiler

2. Refrigeration Compressor and/or Chilled
Water System,

3. Pumps

4, Secondary Heating and Air Conditioning
Supply Systems.

AUTOMATIC CONTROLS

When a complaint of improper temperatures
has been received, a review of the mechani-
cal system should be made to assure proper
operation of the HVAC equipment, |f the
cause of trouble is not due to the mechani-
cal system, conduct the following check of
the control system. (A multi-purpose mater
is necessary (o make & thorough check, how-
ever, a limited check can be made visually).

Disconnect Switch

Check the disconnect switch that switches
the power to the control system to make cer-
tain that it has not been switched to the
J'OFF'" position,

Fuses and Circuit Breakers

Check the fuses or circui! breakers to make
certain they are not blown or tripped. The
circuit breaker may be part of the disconnect
switch and will throw the switch 1o the "OFF"’
position if it trips. On 24 volt A.C. systems,
the Johnson transformer is of the energy
limiting type. When the maximum current
rating is reached, the voltage will begin to
decreass. When the overcurrent condition is
remedied, voltage will automatically return

10 its correct level, !f a fuse has been re-
placed or a circuit breaker resat and it opens
again the local Johnson service department
should be contacted.

Controtied Devices

Check the automatic vaive, damper actuator,
etc., to see if they are in the proper position
as called for by the controiler. [f they are
not, check the actuator along with the con-
trolier to see if the actuator responds to

the controlier.

Controllers

It the actuator is not in the proper position,
check the controlier which controis that actu-
ator as follows:

1. Check to see if the controlier is at the
desired set point value.

2. !f the condition at the sensor of the con-
troller has deviated from the controllier
set ooint, turn the controller set point
slowly to match this condition.

3. Check the actuator again. if it is in the
proper position to provide the heating or
cooling, chances are the controller is
only out of adjustment.

4. If the controller is out of adiustment, it
should boa readjusted by a qualified ser-
viceman. Call your Johnson service de-
partment for adjusting, or parts repiace-
ment.

5. If the actuator does not change positior
when tha controller set point is changed,
the actuator or controller could be defec-
tive. To proceed further requires the use
of a muliti-purpose meter and a basic
knowledge of electronics.

6. If the owner's personnel have a basic
knowiedge of electronics and wish to
troubleshoot malfunctions, a multi-
purpose meter with a sensttivity of
20,000 ohms per volt, capable of read-
ing A.C. and D.C. voitage and resis-
iance in ohms is required.
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ELECTRIC/ELECTRONIC CONTROLS

TROUBLESKOOTING PROCEDURE

By foliowing the troubleshooting procedurs
outlined below, specific maifunctions, such
as lousc scnrections, broken wires, defec:
tive transiormers, sensing elements, con-
trollers, or ectuators can be determined.
Where maintenance is to be pertormed by the
owner's parsonnel, replacement sQuipment
shouid be stocked or ordered from the ser-
vice department of the local Johnson oftice.

Contreliers

The following procedures will assist in
finding minor control problems:

1. The reverse acting and direct acting out-
put signals of the controlier shouid vary
from 0 to 16 V.D.C. as the set point is
varied.

2. Controller should give either a reverse or
direct acting signal, If both signals are
present at the same time, the controiler
is defective.

3. Mzke certain that elemants are in good
condition befors conducting this test
(see next section). Manuaily change the
controller set point. [f either output sig-
nsl remains at a maximum or at ‘0" while
"o set point is varied, the controller may
be defective. | both outputs are *'0'’,
make certain that the controlier is getting
A.C. power.

4. I either the girect acting or reverse acting
output is a constant 16 V.D.C. while the
cther is “'0'", the problem may De in the
sensing element, remots set point control,
or faulty wiring.

Sensing Elements

if it is suspected that a sensing element in
2 system is faulty, it can be Checked using
the following procedure;

1. Disconnect leads from sensing efement
to controiler,

2. Using an ohmmeter, check for opens (above
2000 ohms) or shorts through the sensing
eiement,

3. It either of these conditions are detected,
the eliement should be replaced.

Actuators

if the controtier is functioning properly, and
the actuator is still not responding properly,
che: "k the following at the actuator.

1. Check the control signal at the red (+)
and bive () wires at the actuator. If
there is no signal thera may be a broken
wire or louse connection between the
coniroller and actuator.

2. If the proper signal is getting to the actu-
ator, and it still does not functlion proper-
ly, measure the power suppiy voitage to
the actuator. This reading should be
24 V A.C. across the yellow ard white .
wires or 120 V. A.C. across the black and
black/red wires depending on voltige
used. [f the power supply voltage is cor-
rect, the actuator is defective.

3. If the control signal at the actuator re-
mains at a constant voitage while varying
the controiler set point, any of the auxi-
liary devices between the controlier and
the actuator should bs checked tor proper
operation.

Contact your nearest Johnson branch oftice
it a more compiete check-out procedure is
required.

REPAIR

Adjustment and repair 100l kits can be order-
od from the local Johnson office. They can

als0 supply you with repair and replacement

esquipment. in a majority of cases. it is less
sxpensive 1o replace equipment under the

Johnson exchange policy. Recommendations
on proper replacement equipment should be

ohtained from the tocal branch office. When
requesting replacements, give the equipment
code number shown on the controt drawings.
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PROGRAMMED MAINTENANCE

Programmed maintenance becomes more
imporiant gvery year. Today's mechanical
and electrical syslems are designed with
closer tolerances than in the past, And
they are more interdependent. '‘f one sys-
tem deteriorates, chances are that other
systems will be affected. Therefore, every
system must be carsully maintained to op-
erate as closely as possible to design
efticiency.

CUT COSTS TWO WAYS

Maintenance becomes more specialized uncer
these conditions. And that's where Johnson
can help. Our programmed maintenance plans
match your scheduled needs while saving you
money two ways. First, we eliminate your
expense of hiring and training maintenance
personnel. Second, we provide you with
trained specialists who are experts in their
field. Thaere is no time wasted isolating
problems or overcomplicating maintenance
procedures. No need to pay fuil time for
part-time services.

PARTS AVAILABILITY WITHOUT
INVENTORY EXPENSE

What happens when a critical component
failure shuts down part of your system?

Do you have to wait for days or weeks be-
forg a replacement can be located? And

then pay premium prices and expensive ship-
ping charges? Not wiih programmed mainte-
nance by Johnson. In the first place, pre-
yentive maintenance eliminates mos! fail-
ures. But where a rare disruptive failure
does occur, our emergency service minimizes
expensive downtime, And you're assured of
an adequate supply of the necessary replace-
ment parts.

SAVES TEST EQUIPMENT AND
TOOL EXPENSE

Servicing building controls for mechanical
and electrical systems loday requires a wide
range of specialized t00ls and test equip-
ment. This is a sizable invasiment for a
building owner. And the equipment i1s
usually used only part time. Johnson pro-
grammed maintenance eliminates this in-
vestment while assuring availability of the
iatest test equipment and tools.

LONGER EQUIPMENT LIFE

A regulariy-followed maintenance program
extends equiprient life oy catching minor
problems belcre they become serious. And
by replacing worn parts before they can
cause sericus damage.

HELPS PREVENT MAJOR BREAKDOWNS

Often a serious system bdreakdown is triggers
ed by failure of a minor system companent,
This ouches off a series of failures that
uvltirately leads to complete system failure.
With a planned maintenance program. no come
pcenent, ro matter how smail, i3 neglected.

UNINTERRUPTED COMFOR", ENERGY
CONSERVATION

A programmed maintenance schedule elimi-
nates costly downtime. Uninterrupted,
efficient productivity and fewer occupant
complaints result, A preventive maintenance
program provices you wilh assurance that
these systems are always functioning proper-
ly. Efficient operation conserves energy.

PROGRAMMED MAINTENANCE BUDGET

Johnson's wide experience in maintaining
controls for electrical and mechanical sys-
tems perrnils establishing a program of pre-
ventive maintenance with predetermined
costs. You can accurately predict and
budget all your maintenance costs. Sys-
tematized che “lists spell out everything
covered in yo..- program. So you know be-
forehand exactly what is (o be done and
when, wilh no surprises. no chances for
omissions. It s recommended that you plan
ard start a maintenance program at the

- start of your system's guaraniee period.

Johnsen is ready '0 hand'e your needs on
any basis you wish, {rom laking total re-
sponsibitity for your enlire building to
simply changing filters regularly,

For a customized programmed maintenance
plan for ycur building, including complete
cosl information, contact the Johnson office
nearest you for full details.
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Actuators Section A
DA-3200 15 in. (381 mm) stroke, and will air conditioning systems. With a
Electro-Hydraulic oppose 950 Ibs. (4226 N) of force voke and stem for direct mounting

vamper Actuator

For damper control in heating,
ventilating and air conditioning
systems, ths Johnson DA-3200
Electro-Hydraulic Damper
Actuator provides direct acting —
proportional action. The DA-3200
with linkage to provide a 3 in.
(76mm) stroke, will oppose up to
50 Ibs. (223 N) of force in any
shaft position. For two-position
control a PZ-4000 power supply is
required.

DA-3200

DA-3400
(Valve Actuator with
DA-3400-9600 Lever Arm Kit)

Damper control of large volumes
of air in central heating, ventilating
and air conditioning systems can
be provided when using the
VA-3400 Valve Actuator with a
DA-3400-9600 Lever Arm Kit. The
actuator, furnished for
proportional action, responds to
the direct or reverse output signal
of a Cybertronic controller. The
DA-3400-9600 has an adjustable
linkage for a 2-3/4 in. (70 mm) to

extended or 410 Ibs. (1840 N) of
force retracted.

VA-3400
with
DA-3400-5600
Lever Arm Kit

DA-5000
Thermal Damper
Aciuator

The compact and noiseless
operation of the DA-5000 provides
ideal control of zone dampers in
multi-zone systems, or mixing-box
valves in high velocity double duct
systems. This actuator offers

"highly accurate positioning of

dampers in response to
proportional low voltage signals
from Cybertronic controllers.

DA-5000

VA-3200
Electro-Hydraullc
Valve Actuator

The VA-3200 provides direct
acting — proportional control of
valves in heating, ventilating and

to an appropriate valve body, the
VA-3200 has a 1-1/8 in. (26 mm)
stroke and will oppose up to 100
Ibs. (447 N) of force. For
two-position control a PZ-4000
power supply is required.

VA-3200

VA-3400
Electro-Hydraulic
Valve Actuator

The VA-3400 is a heavy duty unit
with a 2-1/2 in. (64 mm) stroke
Designed to handle iarge volumes
of fluid, the VA-3400 will oppose
1000 Ibs. (4448 N) of force
extended or 500 Ibs. (2224 N)
retracted. With an appropriate
valve body, the VA-3400 provides
valve proportional control in
central heating and air
conditioning systems. The
actuator may be connected to a
Cybertronic controller for aither
direct or reverse acting control.
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VA-5000
Thermal Valve
Actuator

The VA-5000 Is suitable for use in
fan coil units, in induction units
and zone reheat. Fitted with
connecting yokes for valves up to
2 in. (51 mm) in size, the actuator
will oppose up to 100 Ibs. (445 N)
of force extended and 50 Ibs. (222

All actuators require a 24 or 120

N) of torce retracted. The VA-5000 VA-5000 volts A.C. power source for
has a stroke ot 1/2 in. (13 mm) operation, and a 0 to 16 volts D.C.
and 7/8 in. (19 mm). input signal control.
Valve Bodies Section B
VB Series
Valve Bodies
Johnson Controls manufactures a
line of valve bodies to complement
the Cybertronic actuators. The
valve bodies available are in
several styles: Normally Open, kS
Normally Closed, Three-Way
. Mixing and Three-Way Bypass. *
The following table lists the valve v8-3752
bodies and their characteristics.
Size Service Pressure Temp.
Valve In. Service Connection Ratings
Steam
1-1/2 10 2 ‘IJatef Screwed Globe 35 PSIG (241 kPa)
VB-3752 andior @ 28wa!(;39°c)
N.O. Steam 1 4
50 PSIG (1024 kFa)
Flanged Globe @ 320F (160°C)
Steam
Water Screwed Globe 35 PSIG (241 kPa)
VB-3970 1-1/2 10 6 and/or @ 281F (139°C)
N.C. Steam Water
Flanged Globe 150 PSIG (1024 kPa)
@ 320F (160°C)
vB432 112102 . Screwed Globe 450 psiG (1024 kPa)
Mixing 2-1/2 10 6 @ 320F (160°C)
Flanged Globe
]
‘ VB-5650 150 P75 (1024 kPa)
Bypass 306 Water Flanged Giobe @ :_'_J,'“ (160°C)
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CAGE TRIM
CALVE

All Johnson Cage Trim Valves
feature a removeable cage trim
design which provides valve plug
guiding throughout the trav 2|
range and permits high
rangeability. The following table
lists the valve bodies and their
characteristics.

Cybertronic Product Directory

VB-3754
Valve Slze Service Pressure Temp. Ratings
in.
Steam
VB-3754 35 PSIG (241 kPa)
RO, Water ) ""‘f_'ter1
1/2, 3/4, 1 and/or 400 ~* I, 2800 kPa) .
. Steam @ -el .0 UO0F (-29 to OGQC)
VB-3974 Decreasing to
N.C. 345 PSIG (2415 kPa)
@ 281F (140°C)
Water
400 PSIG (2800 kPa) c
VB-4324 @ -20 to 150F (-29 to 66°C)
3-way 172, 3/4, 1 Water Lecreasing to
345 PSIG (2415 kPa)
@ 281F (140°C)
Controllers Section C
HC-4100 HC-4550 ’ LC-3001

Humidity Controlier

The HC-4100 Humidity Controlier
is a solid-state Cybertronic devica
which operates on 24 or 120 volts
D.C. The controller will provide an
output of 0 to 16 volts D.C. for
both sides of null to obtain direct
and reverse proportional action.
The bandwidth settings for the
reverse and direct acting outputs
may be adjusted separately from
1.5 to 25% RH.

P
e
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Room Humidostat

Designed to provide proportional
control of space humidity, the
HC-4550 Room Humidostat
controls 1 cr 2 electro-hydraulic
actuators or up to 10 thermal
actuators. The HC-4550 has a D.C.
operating voltage, ucually
obtained from a VQ-4100 or
VQ-4200 power supply, and
separate bandwidth adjustments
for each side of null. This
Cybertronic unit is available with
open or closed set point
adjustment.

B=3

Load Limiting Controller

The Load Limiting Controller is
utilized in refrigeration and
electric heat application to limit
current flow. The Cybertronic
controller produces a 0 to 16 volt
D.C. proportional control signal
which varies inversely to the input
signal supplied by the toroidal
current transformer. The set point
is adjustable from 40 to 100% of
the rated load current. Bandwidth
is adjustable from 5§ to 53% of
rated load current. Operating
voltage is either 24 or 120 volts
A.C. and the set point may be
either integral or remote.

LC-3001
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01
o-Pneumatic Transducer

C-3001 Electro-Pneumatic
lucer is designed to convert
3 volt D.C. output signal

1 Johnson Cybertronic

ller into a proportional 3 to
‘G t 1 PSI output pressure.
itput pressure is then used
rate standard pneumatic
tus in proportional control
tions.

PC-3001 Mounted on
TC-4100 Controller

N0
Pressure Controller

:-4000 Static Pressure
ller is a solid-state

‘oni¢ device designed to
n a constant differential
n two air pressures.

ntroller senses the

ce in pressure piped to its
| chambers and produces a
» volt D.C. signal

onal to the differential for
nn of appropriate

led devices. The unit may
nected for direct or reverse
»utput. Maximum operating
~is 10 in. W.G. The unit
; 24 or 120 volts D.C.
input.

TC-4100
Temperature Controller

The TC-4100 is a solid-state
Cybertroric device designed to
provide proportional control of
temperature when used with
appropriate local and remote
sensing elements. The controlier
will operate one or two
electro-hydraulic actuators, up to
six thermal actuators on either
side of null, or a pneumatic
actuator when used with the
PC-3001 electro-pneumatic
transducer. The unit is available to
operate on 24 or 120 volts A.C.,
has various temperature ranges,
and separate bandwidth settings
for direct acting and reverse
acting signals.

TC-4100

TC-4550
Room Thermostat

The TC-4550 Room Thermostat is
available with or without
thermometer and with exposed or
concealod set point. The TC-4550
operating voltage is usually
obtained from a VQ-4100 or
VQ-4200 power supply, and has
separate bandwidth adjustments
for each side of null. Each output
will control one or two
electro-hydraulic actuators, up to
ten thermal actuators or a variety
of Cybertronic auxiliary devices.

TC-4550
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Elements

Section E

HE-6000 Series
Humidity Sensing Element

Johnson Humidity Sensing
Elements for Cybertronic control
provide accurate, 1apid sensing of
relative humidity in remote spaces
or ducts.

The element is avaiiable in a room
or insertion model with a carbon
impregnated element which
changes electrical resistance in
response to changes in relative
humidity. The eiement has an
operating range of 20 to 90% RH
with a high degree of stability and
resistance to washout at high
humidities.

The sensing portion of the
HE-6100 Insertion Element is
mounted in a 6-1/4 in. (159 mm)
channel and covered with an
appropriate protective cap. The
HE-6880 is a wall mounted
humidity element available for
horizontal or vertical mounting.

For use in JC/R0O applications, the
HE-6180 is a duct mounted
humidity sensor with a 20 to 80%
RH. The HE-6880 can be mounted
vertically or horizontally for JC/80
use.

TE-1100 Series
Temperature Sensing Elements

The TE-1100 Series Temperature
Sensing Elements provide a rapid
linear response to temperature
changes by utilizing a nickel wire
wound element. The reference
resistance is 1000 ohms at 70F
(21°C), with a temperature
coefficient of 3 ohms/F°

The standard tolerance 1s ¢+ 1%
and precision elements are
availlable with a tolerance of t
1/4%. The, following table lists the
elements, applications and options
available.

TE-1100

TE-1610

TE-1900

)

TE-1700

“kroduct Application

Models & Options

Duct Insertion
TE-1100 Wil Insertion

Averaging (8 or 17 ft)
Dual Wound, High
Temperature (Standard or Precision)

TE-11C1  Duct Insertion

6 in., Standard Precision
or Double Element

TE-1300 Outside Temp. Sensor

Standard or Precision Models

TE-1500 Outside Solar Sensor

Used with TE-1300

TE-1601

Bearing Temp. Sensor

Used with CQ-1001

"TE-1610 Surface Temp. Sensor

Used with TC-4100

TE-1700 Strap-on or Well

‘000 Ohms t1 or 1/4%, 500 Ohms
t1% and 333 Ohms $1% Models
with Packing Nut and Handi-Box
for use with WZ-1000 Wells

Wall Mounted

TE-1800 Room Sensor

Control — With or Without Set Point
Concealed or Exposed, Horizontal
or Vertical Mounting Indication

also Available

TE-1900 Indication Sensor

Mounts Internally on Pneumatic
or Cybertronic Room Thermostats,
Separate Model for Dewcel®
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E-1080 Serles
‘ra-Precizlon Sensing
‘ments

» TE-1080 Series Temperature
nsing Elements are

r1-precision nickel wire sensors
igned for use with the JC/80

1ding Automation System. All

ments are wound to a precise
rance of 1000 ohms — 0.1% at

(21°C).

TE-1980

TE-2800
Temperature Sensing Element

Designed for use with a solid-state
DQ-4000 Series Electric Heat
Controller, the TE-2800
Temperature Sensing Element
wiih set point is a thermistor type
element.

Models are available with optional
concealed or exposed set point
adjustment and with an optional
thermometer for local temperature

indication.
Product Application Models and Options
x : Dual or Single
TE-1180 DOuct Insertion Wound, 6 in.
TE-1380 Outside Temp. Sensor  Standard
For Mounting with WZ-1000 P
TE-1780 Strap-on or Wall Wells, Models come with
Packing Nut and Handi-Box
Control — Without Set Point,
TE-1880 ‘g"ggm"‘,?g;‘;g? Horizontal or Vertical
¥ Mounting, Indication
Aghesive Mount for
Sensor only, or Sensor
TE-1980 Indication Sensor with Clip for use with
T-4000 Thermnsta*
TE-2800
Metworks Section N
'-4000 LN-4000 RN-3000
ne Proportioning Network Low Signal Selector Resistance to Voltage
Converter

- DN-4000 Time Proportioning

work is designed to provide
urate proportional control for
‘tric heating applications. The

-4000 will automatically control
“on" time of heating coils in

portion to the 0 to 16 volt D.C.

out of a Cybertronic

‘perature controller. The

work has an adjustable time

2 of 30 seconds to 5 minutes.

DN-4000

Requiring no external power
supply for operation, the LN-3000
Low Signal Selector is a
solid-state Cybertronic device.
Designed to select the lower 0 to
16 volt D.C. control signal from
two Cyberstronic controllers, the
output of the LN-3000 can then be
used to position one or two
electro-hydraulic actuators or up
to ten thermal actuators.

The RN-3000 Resistance to
Voltage Converter is a Cybertronic
device which converts a variable
resistance from a 100, 135 or 150
ohm potentiometer into a 0 to 16
volit D.C. output signal. The
RN-3000 requii¢s a 24 volt A.C.
supply voltage and is factory set
for cperation with a 135 ohm input
potentiometer.

AN-3000
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Auxiliary Devices

Section Q'

AQ-4100
Remote Reset Control

The AQ-4100 Remote Reset
Controls are motor-potentiometer
assemblies designed for
readjustment of manual set point
settings from a central control
panel or Johnson Control Center.
They are used with temperature
controllers, measuring bridges and
for humidity reset.

AQ-4100

AQ-5000
Remote Set Point Control

The AQ-5000 Remote Set Point
Control provides remote
adjustment for a HC-4100
Humidity Controller or a TC-4100
' perature Controller. It can
also be used in electronic circuits
for remote night setback. An
indexing knob marked with an
arrow, and appropriately marked
scales are supplied with each unit.

AQ-5000

CQ-1001
Bearing Temperature Alarm
Unit

The CQ-1001 is a Cybertroi.ic
system designed for measuring
and producing an alarm from a
high temperature limit on a
bearing block. Two devices
compose the CQ-1001 system; the
TE-1601 Temperature Sensor and
the CQ-1001 Temperature Alarm
Unit. The unit is direct or reverse
acting with an adjustable set point
from 140 to 180F (60 to 82°C).

‘cQ-1001

B~/

CQ-2100
Floating Alarm Unit

When used with the TC-4100 and
HC-4100 Controllers, the CQ-2100
Floating Alarm Unit provides a
contact closure for high and low
alarm points. Alarm points are
individually adjustable for ¢+ 10% of
controller span or a maximum of
10F (5.5°C). on each side of null
with a differential of 1F (1°C).
Alarm points need not be
symmetrical about the null point.
Changes in set point adjustment
cause the alarm point to move
accordingly.

CQ-2100

CQ-2200
Cybertronic Alarm Unit

The CQ-2200 Alarm Unit is used
with the CQ-4100 series of
temperature and humidity briages
to provide contact and closures
for two adjustable alarm points
The alarm points are individually
adjustable from 0 tc 100% of the
basic bridge range.

CQ-2200
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DQ-4000 Series
Electric Heat Control

The DQ-4000 Serles solid-state
Electric Heat Control Units
provide time proportioning control
af alectrical power to electric
resistance heaters. The DG-4100,
DQ-4102 and the DQ-4103 are
single phase units; the DQ-4400,
DQ-4500 and the DQ-4600 are
three phase units. All units in the
DQ-4000 Series feature a unique
zero phase-angle switching
technique which minimizes radio
frequency interference and
vaveform distortion in the power
lines. Both master and slave units
ire available in all models.

DQ-4103
withoui cover

g
————— S e 1t ——

DQ-4600 without cover

Model Supply Signal Ambinet Temp.
Product Type Vollage Inputs Limits
Single 120, 208, 240, 0 to 120F
0Q-4100 0 to 16 Volts DC ST
Phase 277 Volts AC Cybentronic 18 10 49°C
: Single 120, 208, 240, Control Signal 0 to 146F
DQ-4102  ppase 277 Voits A C 0 to 135 Ohims 10 63°C
Single from Transducer 0 to 150€
DQ-4103 Phagse 480 Volts A.C. or Thermostat -18 to 66°C
208/240, 416/480, Resistance from 32 1o 120F
DQ-4400  3-Phase oo/t ©°0 Thermistor Temperature S Towc
ensor or .
3-Phase 208/240, 416/480, 32 to 120F
DQ-4500 0 to 20 PSIG g
4-Wire 600 Volts AC (0 to 140 kPa) Signal 0 1o 49°C
DQ-4600 3-Phase  120/208. 277/480 from Pneumatic 32 to 120F
4-Wire Volts AC Controller [CE
GQ-4000 All units have separate zero and
Indication System span adjustments enabling

individual calibration of each point

\vailable in five, eight and in the system.

ourteen channel models, the
3Q-4000 Indication Systems
rovide accurate centralized
ndication of selected remote
ariables. Each GQ-4000 system is
omposed of a regulated 24 volt
' C. power supply, a D.C. GQ-4000-1 5-Point System |
~easuring bridge unit, a variable
'sistance input source and a
qnal readout device. The eight
annel model 1s available with or
Athout the power supply.

he GQ-4100 is a D.C. bridge unit ‘
sed for relative position, 1
'mperature, or relative humidity.
he relative position bridge may I=% _ 5
iso be used for reset applications. . kil Lk ).

\

GQ-4000-4 14-Point S,stem

B-8




)

-

18
ORIGINAL PAGE
OF POOR QUALITY

HQ-3000
LQ-3000
Signal Discriminators

Johnson High (HQ-3000) or Low
(LQ-3000) Signal Discriminators
are solid-state devices. The units
compare the magnitude of 0 to 16
volt D.C. signals of two or more
Cybertronic controllers, and
raproduce the highest or lowest
signal as an output to a separate

" circuit. This output can be used to

start or stop central motors, or
modulate central zone actuators at
the same value as the highest or
lowest control signal. The
discriminators have an operating
voltage of 120 or 24 volits A.C. and
do not affect the output signal of
the controllers being monitored.

Discriminators have a maximum
capacity of six controller inputs.
Two or more units may be
interconnected to provide more
than six channels for a given
function.

LQ-3000

MQ-3000
Minimum Positlon Network

The MQ-3000 Minimum Position
Network is designed for use in

electric control circuits to maintain

a minimum position of a
controlled <Jevice, or to provide
manual control of one or two
controlled devices.

The MQ-3000 has an adjustable
output which can be set at any
value from zero to maximum
voltage (0 to 16 volts D.C.).
Furnished for 120 or 24 volt A.C.
operation, the unit is available with
integral or remote adjustment via
an AQ-4100 Remote Reset
Control.

NQ-4500
Staging Network

Used with Cybertronic controllers,
the NO-4500 Staging Network [s
an auxiliary device designed to
provide two-positior gontrol as a
function of a proportional control
signal. The NQ-4500 is normally
used to sequence stages on a
reciprocating compressor or an
electric heating unit.

The staging network is composed
of up to three individually
adjustabla SPDT relays, each
operated by a separate trigger
circuit. The trigger circuits receive
the proportional 0 to 16 volt D.C.
output of a control'er to actuate
correspending relays.

Cybertronic Product Directory

NQ-5002
Solid-State Step Controller

NQ-5002 Step Controllers provide
sequent!al step control of
electrical resistance heaters. The
NQ-5002 combings time
propontioning control of the
DQ-4000 with the sequential step
co..irol t¢ provide an economical
approach to proportional control
of electric heat.

The NQ-5002 is available in four,
six, eight, or ten stages with the 24
volt A.C. Triac pilot duty switching
for use with appropriate electric
heat contactors.

Power input is 24 volts, 50/60 Hz,
275 milliamperes, maximum for
electronic section and 0.6 amp for
each contactor stage.

PQ-1001
Damper Position Indicator

Proportional variable resistance
change in response to damper
movement is provided by the
PQ-1001 Damper Position
Indicator. An auxiliary device,
models are available for both
inside and outside mounting on
ductwork and damper frames.

PQ-1001
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RQ-3000
Reversing Network

The Johnson RQ-3000 Reversing
Network is a solid-state device
which reverses the output signal
ot a Cybertronic controller. The
network is designed primarily to
provida sequential control of two
ictuators from a single controller,
n practice, the network inverts
controller output of one side of
null s¢ both controiied devices will
raceive direct or reverse signals.
ihe reversing network 1S available
tor 120 or 24 volt A.C. operation.

$Q-30¢C1
Cybertronic Sequencing
Network

The SQ-3001 Cybertronic
Sequencing Network is a
solid-state auxiliary amplifier used
for converting a preselected
portion of the output of a
Cybertronic controlier into two
separate 0 to 16 volt D.C. signals.
Networks are available for
operation on either 24, or 120 volts
AC., 50/60 Hz supply voltages.

5 S '; e
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$Q-3001

UQ-3000
Unison Amplifier

Controlling up to eight
electro-hydraulic actuators in
unison, the UQ-3000 Unison
Amplifier is used when the
combined output load of several
final control devices exceeds the
output load rating of the
controller.

The unit accepts a 0 to 16 volt
D.C. signal from a control'er and
produces an output of equal
voltage capable of operating the
parallel connected actuators. The
device operates on a 24 or 120 voit
A.C. power supply input.

vVQ-4000
vVQ-4100
Power Supplies

Espacially designed for use with
the GQ-4000 Indication System
components. the VQ-4000 1s a
solid-state. low voltage D.C power
supply. The VQ-4000 is suitable
for continuous duty 1n applications
requiring a well regulated source
of 25 volt D.C. power (70 mA
maximum). Line requlation i1s 0 5%
for an input of 22 to 29 volts AC.

The VQ-4100 is adjustable for a 20
to 25 volt D.C. output (200 mA

B-10

maximum), and will retain full
regulation at any output setting.
Line regulation 1s 0.5% for an
input of 21 to 28 volts AC.

For both power supplies, load
regulation is 0.6% from no load to
full load. and maximum ripple is
50 mV. Recovery froin line and/or
load changes is instantaneous.

vVQ-4200
Power Supply

The VQ-4200 1s a solid-state, low
voltage D C. power supply suitable
for continuuus duty with HC-4550
room humidity controliers and
TC-4550 temperature controllers.
One VQ-4200 Power Supply will
operate one HC/TC-4550 with up
1o two DA/VA-3200
elnctro-hydraulic actuators
~onnected. The 18 volt DC
outpu! 18 transistor requlated and
filtered.

vQ-4200

N
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vQ-5000
Power Supply

The VQ-5000 supplies 24 volt A.C.
power to the heater circuit of a
Foxboro Dewcel® element for dew
point indication and control
applications. Although factory
cornected for 60 Hz operation, the
VQ-5000 is ficld reconnectable for
50 Hz operation,

Accessories Section Z
BZ-1000 Series KZ-4000 KZ-5000
Cybertronic Equipment General Purpose Relays Relays for Cybertronic
Enclosures Controllers

BZ-1000 Series Cybertronic
Equipment enclosures are used to
house and protect field mounted
Cyuertronic equipmen*. Several
standard sizes are provided to
malich vanous equipment
mounting space, wiring and
conduit connection requirements.

l.isted by both Underwrite:'s
Laboratories and the Canadian
Standards Association, the
KZ-4000 General Purpose Relays
are used to control large electrical
loads from Johnson equipment
with Inw power sources. Two relay
contacts are available, DPDT and
SPDT.

T .
4= 11

The KZ-5000 Relays convert a
proportional 0 to 16 voit D.C.
output signal of a Cybertronic
controller into a contact closure.
The relays may also be used in
applications requiring two-position
control of relatively large amounts
of electrical power, using low level
D.C. voltage. The pull-in and
drop-out points of the SPDT
relays are non-adjustable.
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MZ-7000 Serles
Indication Meters

Magnetically shielded, the
MZ-7000 Series Indication Meters
are signal readout devices
designed for flush mounting (with
bezel), surface mounting or back
mounting applications. The
accuracy of all models is £ 2% of
the full scale value. Lens, bezel
and mounting adapter kits are
separately availab'e.

MZ-7008

MZ 7008

PZ-4000
Accessory Power Supply

The PZ-4000 Accessory Power
Supply is a solid-state Cybertronic
device used for two-position
operation of a single DA/VA-3200
eiectro-hydraulic actuator. Two 35
milliampere models are available
to operate 24 or 120 volts AC.,
50/60 Hz. Both models produce 16
velts D.C. across 1000 ohms.

RZ-4500
Precision Decade Box

The RZ-4500 Precision Decade
Box is a variable precision
resistance snurce for field
calibration of Cybertronic control
and indication systems. Tha
decade box provides precision
resistance value used In
operational checkout and
adjustment procedure. A total of
11,110 ohms can be obtained in
one ohm increments.

RZ-4500

TZ-5000
Step-Down Transformers

Listed by Underwriter's
Laboratories Inc., the TZ-5000
Step-Down Transforiners are used
to supply power to 24 voit A.C.
control circuits. These

tran. ormers are precision built to
ensure rated power, proper
voltage requlation and maximum
efficiency.

Models are available with 100 to
300 VA ratings at 120 or 200/240
volts, 50/60 Hz line voltages. All
208/240 dual input voitage
transformers have a single primary
winding with a tap for the lower
input voltage.

TZ-5000

T2Z-4000
Current Transformer

The TZ-4000 Current Transformer
is a Cybertronic device which
measures the alternating current
flowing through a wire and
produces a proportional A C.
voltage output signal. It s
designed for use with LC-3001
Series Load Limting Controllers.

TZ-4000

BR=12

M-8100
Control Cabinets

The M-8i00 Control Cabinets are
general purpose utility enclosures
designed for use In grouping and
protecting various components of
pneumatic, electric and
Cybertronic control systems.

Listed by Underwriter's
Laboratories, the M-8100 is used
for line voltace systems oOr any
other apphcation requiring a rated
cabinet. The face and back panels
are heid in place with continuous,
solid retaining bars

-—

M-8100
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CHROMAILOX

Installation
and

OF POOR QUALITY

Operating Instructions

DIV. StC. NU&!!.
4 PIT JOOIA
SALES
REFERENCE (Supersedes PK428-1) PK428-2
DATE May, 1967

TR Chromalox General Purpose Industrial Thermostat
w g Catalog Number PIT-EP with Fxplosion-Proof Enclosure
s Catalog Number PIT with Rain-Tight Enclosure
- Type PIT ﬁlrc'.;&'lﬁs Type PITEP ) _ate "I'u".:"‘
; o Bulb and protective well for PIT and PIT.EP
“_ -
7 BuLB _:_
N —— I_.__
N (3) %," DIA ! A I..___. ® __.{ '
SOU'iIl MIC W l’us ) 6
P ‘ |
” , will c
il P > —o—
4 "-‘ I X’ } VAN
14 NPY 7 3 [ A <_ '
1RADLO 01T | "~ v

Figure 1 — Interior of Type PIT

Can cither open or dose o circuit on temperature nise
SPDT. snap-acting switch

Type IV — Raun-tight, pasketed enclosare 1s 0.0627 steel
Simple mounting on 3 rahbhercushioned feet Has adjust-
able high hinut stop. Plan copper bulb and capillary

Type PUE-FE — Pxplovon proof cast aluninum housng
approved for Cliss I Group D and CHas 1L Groups b,
G. External adjusung knob. Tin-plated copper bulb and
capillary. -

APPLICATION — Chromalox Tape PIT SPOT theac-
stats are designed for a variety of appheations where Run
tight or Explosion-proot enclosures are necessary or dosr
able. Typical use 15 to contral the temperature of Nowds con
veyed through pipes tcommonly termed piIpe tracig I\
used in snow melting apphcations wath clectnr heatimg cable
An alarm or signal circut can be operated by the auniliary
contacts

OPHIONAL ACCESSORY — Bl Well — Copper balb
wells with P2 NPT brass conrectors are supphied when
specified. Sce Specifications for Catalog Numbers

FEATURES —
1. Lagud-filied element s vaaffected by barometne pres-
sure and cross ambient temperature problems

2. Dependable Gickd proved snap-acting contacts with heavy
duty ratig for inductive or resstance loads

M Chowee of feur temperatune anges

4. Copper bulb well avalable

TS DIPTM, INCL KNOR PN

Figure 2 — Type PITEP

Soecifications —
‘ T Sensitive Buld
Catalog v Nominal®
Catalog Number | Temp L "‘orl t':lo:lllv! Difteron-
Number | (Laplosion | Range | . ) . tal
Raon Tight Froef | *n | A D | e g (*f)
rYas L o rere I 0140 w" []
Pt oY | rir e 100 28 FIv S [
PiLaS | e e ‘ 200 34 %" []
FIT s | PITsote Y4 | 2" L}
4 |
tential hacas - L 4 immeryon o ligud atl 1° per

In 2 bu'h well, 4 "o-lM A will witen When clamped to
At a ; e gMerentia, may be wider Of nartower deperying on seversl "H&lﬂ

Bulb Wells —
Temperature Ranges i “C" Dla ] 0 Lgth Parl Number
1507, 100 2507 ¢ [ Ll I b L 11120080
" Nsans 1| %" 1 20" 2:112008
1
Electrical Ratings —
)| 1
veltage AC Only l 120 1 208 40 m
Full Load Amperes | 16 | 92 ] -
4 L — r—-——-
Lochet Rotor Amperey l 96 | %2 an
RairAsa e & R [
Kesstance Lrad Amperes® 2 | n 2 2
St Lamp Leands) l
Piot Duly 125 VA, ,4 600V AC

*SPST Ratng

GENERAL DESCRIPHION — The Chromalox Tape PIT
Lhermostat has an enclosed SPDT swatch contact umit. May
be wired 1o open on temperature nse (R 1o B, or o
close on temperature nise ("R 10 “Y"). See Figure 3, Page 2

” e

4

e
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The Rain-tight thermostat has o keved adjustable hipgh
limit stop. A special spanner wiench (Part Number V74.-
RIG-61), required to adjust the limis stop, is supplicd with
cach control.

Ov(uow- RED 1O YIILOW
CLOSES ON TEMP,

INCREASE
h
RED 10 MUE
Ounuw |uotomu,
INCRUASE
.
RED
COMMON

Figure 3 — Terminal arrangement

INSTALLATION — Caution: DO NOT subject bulb to
temperatures more than S0°F. above maximum dial range
of the control.

Wiring should conform to local and National Flectric
Codes. Wiring terminals are accessible by removing the
cover.

Signal Circuit — Sclf contamned pilot lamps are not avail-
able. Remote lights or other type of signal circuits may be
connected as shown in Figure 4.

CLOSES ON
TEMP. RISE

8 [OPEN| ON TEMP. RISE
oLy

<

-—
LOAD
-

R CO[MMON

i

RIADY |~
RLMOTE S
SIGNAL SUPPLIFD
POWER DY OTHERS
SUPPLY

Figure 4 — Wiring diagram showing remote signal

Indoors, the thermostats may be mounted in any position.

RAIN-TIGHT ENCLOSURE TYPE PIT — Outdoors,
where exposed directly to weather, the olectrical connection
and capillary should be on the lower horizontal surface as
illustrated in Figure 1.

Wihere the capillary is exposed and subject to possible
mechanical damagpe. some means of protection should be
provided. The capillary outlet is desipned to permit the

capillary to ran through ' thinwall conduit or through
metal hose such as Yo Anaconda “Seainte™ or equivalent,

Remove the capillary outlet seal nut only, see Figore S,
Push o the bulb and capillary through o conduit coupling or
suitable hose fitting and on through the conduit or hose. By
tphtening the conduit conphing or howe hittmg to the 15"
female capitlary outlet fitting, the seal around the capillary
will be mamtained and the conduit or hose will be rigidly
attached to the enclosure.

The end of the conduit or hose away from the control
hould be clamped and bushed and the capillary should be

taped to prevent cutting or wear from sharp edges and any
strain on the capillary.

, RUBDER
., BUSHING
Srky
‘i l CAPILLARY
X < OUTLET
D <3 wWITHOUT
ARMOR
L (e ] e
-l |l ’ SEAL
{ & (O el ) NUT
l (7 1)
« PAETAL NOSE
WIRING CR ll!l't"-f-ll'o
PENIN PROUTECTION FOR
ErEnine CAPILLARY
| APPUIED IN FIELD
L s |

Figure 5 — Typical instaliation where capillary protection
is required.

Adjustments — The setting may be changed to meet the
requirements of the installation. To change setting, remove
the cover and rotate dial with a screwdriver.

High Limit Stop Adjustment — The high limit stop can
he set at any position between SSPE. above the lowest dial
ranpe and the highest dial range. For example: The high
linut stop can be set between SS7F and 150°F. on a therm-
ostat with i range of 0°F, o 150°F.

To change the stop setting, loosen the two screws in the
dial plate with the wrench packed with the control. Turn
the dial so the pointer indicates the stop setting. Move the
stop (located behind dial plate) against stop bracket. Tighten
screws to lock the stop in position.

REPARS AND REPLACEMENT — Rcepairs are not re-
commaded in the field. Control requiring repair should be
returned prepaid to the factory to the attention of the Ser-
vice Administration Department,

CHROMALOX WARRANTY — The [dwin L Wicgand Company guarantees |ts
preducts only 1o be within egular commercial limits, uriess otherwise
<lated in woiting. Parts manifestiy defective will be replaced at no addi-
tin1al cost, but no claims will be allowed for labor, material, or damages In-
cident ta this replacement GClaims will not be alinwed for material damaged
o1 broken in shipping. handling, installing, or by abuse

In atdition, the company rannol guarantee products against damage re-
sulting from coreasion, electinlycis ar other operating cnnditions beyond
ot contiol whe i eontd result in premature fadure of the product

B-14
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pENN CON-TROLS A DIVISION OF JOHNSON SERVICE COMPANY

2221 CAMDEN COURT ¢ OAK BROOK, ILLINOIS 80521

LOW LIMIT TEMPERATURE CONTROLLER, All

The All Low Temperature Controller provides a warning of low temperature conditions
at heating and/or cooling coils, The All is designed to respond to the lowest average
temperature over any one foo: portion of the 20 foot long averaging element, This con-
troller has an operating range of ‘rom 35 to 45F. SPST <zent-cts are provided for either
manual or automatic reset operation,

GENERAL PURPOSE REMOTE BULB TEMPERATURE CONTROLLER,
AI9ABC, AI9AAF, AI9AAC, AI9ACA AND AI9AAA

The Al9 General Purpose Controller provides temperature control for a broad range of
applications. Ranges are available for operation between -3Q and 240F with either 2
fixed or adjustable differential. SPST contacts, for open high or open low operation can
bs provided with either manual or automatic reset operation. The standard capillary s
6 feet long. Optional 10 and 20 foot capillaries are also available. The open high model
is available with a Factory Mutual Listing.

LOW LIMIT TEMPERATURE CONTROLLER, AlI9AAH

The Al9 Low Limit Temperature Con':oller is for low voltage appiications. SPDT con-
tacts for open low operation are supplied. This controller has an operating range of 40
to 120F and a fixed differential of 3/4°F. A 7-1/2 foot long averaging bulb is supplied
as an integral part of the controller. This Al9 can be used with Cybertronic control sys-
tems as an outdoor low-limit temperature controller. Al9AAH

HOT WATER CONTROLLER. Al9ABC, Al9ADSB

The Al9 Hot Water Controller is available for either direct or remote well immersion
applications. The operating range of the controller is 100 to 240F. The Al9, for hot water
control applications, has an adjustable differential with SPOT contacts. The open high
controller is available with manual reset and a 6 foot capillary for remote mounted well
applications.

REMOTE BULB CONTROL WITH RAIN-TIGHT ENCLOSURE. AI9ANC

The AI9 Remote Bulb Controller is supplied with a gasketed cover o protect against
outdoor waather conditions. SPDT contacts are provided to operate over a range of 0 to
I50F. This controiler has a fixed differential and a 10 foot capillary.

HAZARDOUS LOCATION CONTROLLER, AI9AUC, Ai9BUC

The Al9 Controller for hazardous locations is equipped with an integral coiled or remote
bulb element. This controller is designed to operate over 1 range of =30 to 50F <r 20 to
B0F with a fixed differential. The remote bulb models are supplted with 6 foot capi'laries.

SPACE THERMOSTAT, AI9BBC, AI9BAB. AI9BAC

The Al9 Space Thermostats are provided with an integral air bulb. Ranges are available
for operation between =30 and |IOF with either fixed or adjustable differenual. SPDT
contacts or open high operation can be supplied.

.

Al9AUC

AUTOMATIC CHANGEOVER CONTROLLER, AI9CAC

The Al9 Automatic Changeover Controller automatically selects the heating or cooling
operating mode of a SPDT thermostat. This controller has an operating range of 60 to 90F
and a fixed differential. Either local or remote strap-on mounting of the bulb is possible.

HOT WATER STRAP-ON CONTROLLER, AI9DAC

The A19 Strap-On Controller can be mounted on either vertical or horizontal running pipes.

SPDT contacts are provided to operate with a fixed differantial over a temperaturs range
of 100 to 240F,

AI9CAC

W /
0\'

FLANGE MOUNTED DUCT THERMOSTAT, AI9EAF

The A!9 Duct Mounted Thermostat 1s used forrooftop units, make-up heaters, duct heaters
and all-air sys.em applications. A flat flange s supplied for mounting. This thermostat .
is designed o operate over a range of 30 to | IOF or 60 to |30F with a fixed differentiai. [

AI9DAC

Contact operation is SPOT,

DUAL BULB THERMOSTAT, AI9FBC |

The Al9 Dual Bulb Thermostat s used for outdoor air reset control applications., A se-
lected balance between heating requirements and heating capacity 1s maintained. This

AI9EAF

controller is supplied with an operating range of 60 to | 40F and an adjustable differential.
Reset ratios of | to | or | to I-1/2 are available. The indoor and outdoor elements have
capillary lengths of 10 and 30 feet respectively. A bulb shield 1s supplied with the out-
door element. AISFBC

I
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MANUAL RESET HIGH LiMIT CONTROLLER, A25AN. A25CN

The A25 High Limit Controller opens on a temperature increase to the set point. The
operating range of this controller 1s 25 to 215F. A stop setting of | 25F 1s also provided
This flange mounted. manual reset controller 1s available with a Factory Mutual Listing.

TWO-STAGE TEMPERATURE CONTROLLER, A28AA, A28A)J

The A28 Two-Stage Controller is supplied with two SPDT switches. permitting independent
control circurt operation of two networks. Controllers ~ith operating ranges between -30
and |40F with either a fixed or an adjustable interstage differential are available. Models
can be supplied with an integral coil bulb or with a remote bulb having a 6 foot capillary

OPDT TEMPERATURE CONTROLLER, A28A8

The A28 Temperature Controller provides simultaneous switching of two circuits for
changeover control applications. Two SPDT switches operate in unison. Controllers with
operating ranges of 20 to B0F or 60 to 90F are available to operatewith a fixed differential

TWO-STAGE FAN CONTROLLER., A28MA

The A28 Fan Controller can control two single speed or one two-speed fan or pump The
bulb and capillary are neopreme coated for sump pump water control applications. The bulb
and capillary are tin plated for air cooled condensor anplications. Two SPDT contacts are
supplied to operate with a fixed differential over a range of 40 tc 120F The capillary
is 6 feet long

MULTI-STAGE THERMOSTAT, A36AHA' AJ6AHB

The A36 Multi-Stage Thermostat orovides multi-switching operation from one liquid filled
sensing element. Four SPDT contacts are supplied to operate over a range of |0 to 80F
Either a 10 or IS foot, plain or braided armor capiliary 1s available

PNEUMATIC LIMIT CONTROL A40

The A40 Pneumatic Limit control opens an integral pneumatic switch when the sensed
temperature reaches the set point. The A40 low limit control has a sensing element that
responds only to the lowest temperature along the entire 20 feet of the sensing element.

The A40 high limit control has a remote bulb that senses the air temperature in a duct and
opens a pneumatic switch when the sensed temperature becomes excessively high.

A40 low limit controls are available with or without manual reset. A40 high limit control
has manual reset.

A40 low limit have a range of I5/55°F and a non-adjustable 5° differential. A40 high
limit controls have a range of 140/220 or 100/170 and a non-adjustable 10° differential.

HIGH LIMIT REMOTE GULB TEMPERATURE CONTROLLER. A70

The A70 High-Limit Temperature Controller provides open high detection of a high-limit
condition. A SPST or DPST contact arrangement for 4-wire, 2-circuit applications 1s sup-
plied. This controller 1s available with an operating range of 100 to |70F All models
are equipped with a 6 foot capillary

LOW LIMIT REMOTE BULB TEMPERATURE CONTROLLER. A70

The A70 Low-Limit Temperature Controller provides open low detection of a low-limit
condition. A SPST or DPST contact arrangement for 4-wire, 2-circuit applications is
supplied. This controller 1s available with an cperating range of |© to SS5F or 35 ro BOF
Lockout models require manual reset. B-bulb'models are supclied with a 6 foot capillary
Controllers can also be furnished with a 20 foot long averaging bulb

TWO-POLE TEMPERATURE CONTROLLER, A72AE, A72CE

The A72 Temperature Controller can be used as a warning of inadequate head pressure
when evaporative condensors or cooling towers are used. Open or close low double pole
contacts are included within the NEMA 3 enclosure The bulb and capillary are neoprene
coated for corrosion resistance purposes. This controller has an operating range of 25 to
90F and an adjustable differential

FLOATING OR PROPORTIONAL BULB TEMPERATURE CONTROLLER, ABO SERIES

The AB0 Temperarure Controller 1s provided with a SPDT non-snap-acting switch, one
potentiometer, or two potc tiometers The ABO can position motor actuators using the
standard | 35 ohm or optional 330 ohm potentiometer configuration When two potentiometers
are included, they are capable of operating in unison or in sequence with each other
This controller 1s available with operating ranges between -20 and 245F The remote
bulb element i1s 6 feet long, including the capillary

ECONOMIZER CTONTROL PACKAGE. ABIAA. ABIGA

The ABlI Economizer Control pos'tions MBOB series actuators in outdoor-return air damper
systems Mixed air control 1s provided with 3 10 foot capillary operating over a range of
10 to 9OF Change over control 1s provided with a 6 foot capillary and either a SPDT or
DPDT contact arrangement, operating over a range of 25 to 90F
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PROPORTIONAL TEMPERATURE CONTROLLER, A82

The AB82 Temperatura Controller 15 used with MBOF and MBOH series actuators for in-
dustrial heating, air conditioning and ventilating applications. Either a singie or dual
bulb model ‘s available The single bulb controller has an operating range of 50 to 90F
while the dual bulb model has an opera ing range of 60 to |40F

SOLID-STATE TEMPERATURE SENSING ELEMENT, A91AAA, A9INAA, A9IPAA

The A9| Solid-State Temperature Sensing Element i1s used for indoor and outdoor air and
immersion applications This A9l sensor can be used with electronic motor actuators.
panels or signal centers Operating ranges available are 40 to 90F, 60 to 120F, and (for
outdoor reset applications) 60 to |00F

FLOW INTERLOCK SWITCH, Fé0

The F50 Flow Interlock Switch 1s supplied with a SPST or SPDT contact arrangement
SPST contacts close in response to a flow increase. SPCT contacts are actuated when
a predetermined amount of liquid flow exists. Inline mounting 1s possible using the two
172" N.P.T. pipe connections

GENERAL PURPOSE FLOW SWITCH, F6I1KB

The F6! Flow Switch detects a flow or no-flow condition in iiquid Itnes on refrigeration
and heating systems. Four flow paddle sizes are available for use n |, 2", 3" or greater
than 6" pipe lines The flow or no-flow condition is sent via the SPDT contact arrange-
ment. Either NEMA | or vapor proof NEMA 4 enclosures are available.

SENSITIVE FLOW SWITCH, F&IKD

The F6l Sensitive Flow Switch makes or breaks an electrical circuit when iiquid flow
starts or stops. Less than one gpm is required to actuate the switch. This large flow
capacity flow switch 1s mounted n-line using either the two | /2" or two 3/4" (depending
upon the model) NP T. pipe connections.

AIR FLOW CONTROLLER. F62AA

The F62 Air Flow Controller detects a flow or no-flow condition of air in all-air system
duciwork This controller responds to velocity air movement only because of the stainless
steel paddle arrangement. Paddles are available in two sizes. 2-1/8" x 6-7/8" or 3-1/8"
x 6-7°8". A SPDT switch 1s included in the air flow controller.

LIQUID LEVEL FLOAT SWITCH. Fé63

The F63 1s for use in closed tanks where a desired liquid level 1s to be maintained. SPOT
dependable, enclosed snap-acting switch provides proper action for the application. These
liquid level switches have a | " NPT brass pipe connector.

ON-OFF MOTOR ACTUATOR, M40A

The M40A motor actuator is a two position motor (on-off action). Power requirements 40
A. 120 V.A.C. or 24 V.A.C. (suggest Y55 transformers for use with 24V models). Field

adjustable travel from 90 to 160 angular degrees. Requires SPDT low voltage controller.
Timing 1s 60 sec. per 160 angular degrees, torque 35 Ib. inches (approx. 25 sq.), non-

spring return.

PROPORTIONAL MOTOR ACTUATOR, M408

The M40B motor actuator positions dampers or valves in response to temperature condi-
tions. Control signal input (low volitage) 135 to 1000 ohms, | /2 watt, 3 lead potentiometer.
Power requirements 40 VA, 120 V. A.C. or 24 V A.C. (suggest Y65 transformers for use
with 24V models). Dual travel of 90 or 160 angular degrees. Solid state drive and limits
operating speed is 60 seconds per 160° angular rotation. 35 Ib. inches torque. Damper
rating for 25 square feet. Non-spring return.

PROPORTIONAL ACTION MOTOR ACTUATOR, M80A

The MBO Proportional Motor Actuator positions dampers or valves in response tC lemper-
ature conditions Temperature conditions are sent to the motor actuator in the ‘orm of a
control signal. The control signal originates from a remote balanced "~!ay or electronic
contrc' panel. A 135 ohm potentiomerer arrangement 1s supplied ror operation with 24
volt A.C. control systems. Operating speed is 60 seconds for 160° angular rotation.
SOLID-STATE PROPORTIONAL MOTOR ACTUATCR. M80F. MBOH

The MB0 Solid-State Motor Actuator positions dampers or valves in co'amercial and in-
dustrial control applications. This general purpose actualo’ s usec ~'th 3-lead con-
trollers offering resistances from 135 to 1000 ohms at | "2 watt Solid-state drive, ao- g
justable travel limits, and ons or two adjustable auxiliary switches are all part of the s
basic actuator Models are available wih or without spring return for 24 volt A C. contro!
systems. Operating speed i1s 60 secords for 160° angular rctation. MBOH 1s listed by
Underwriter s Laboratories, 'nc,

ON-OFF MOTOR ACTUATOR. M8IA

The MB1 Motor Actuator positions dampers and valves in a two-pos:tion manner. This
24 volt A.C. actuator 1s used with 3-wire SPDT controllers having a minimum current
rating of 1.0 ampere. Adjustable trave! Iimits and one or two adjustable auxiliary switches
are part of the basic Underwriters’ Laboratories listed actuator. Botn spring return and
non-spring return models are availahle with operating speeds of 60 seconds per 160°
angular rotation.
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ELECTRONIC TEMPERATURE CONTROL PACKAGE. M90A

The M90 Electronic Control Package positions dampers and valves in HVAC systems.
The control package can be used with one or two solid-state temperature sensing ele-
ments. This 24 volt A.C. control package has an adjustable ratio, adjustable travel limits,
and an operating speed of 60 seconds per 160° angular rotation.

CONTROL CABINETS, M-8000, M-8100

The M-8100 control cabinets are general purpose uulity enclosures for use in grouping and
protecting electric, electronic control cemponents.

The cabinet frame is 6063-TS a'loy with fluted surfaces. All corners riveted and support-
ed. A face panel and mounting back panel are supplied. The M-8100 is listed by Under-
writers' Laboratories and is used for line voltage sys<'zins or any other application re-

qQuiring a rated cabinet. Sizes include widths frcoi 12 to 36", height from I8 to 48", depth
from 7 to 5.

13100

STEAM PRESSURE CONTROLLER, P47FA, P47GA. P4TAA, P47BA

The P47 Steam Pressure Controller 1s designed for high-limit and operating control appli-
cations. A single, ci two-pole contact arrangement for 4-wire, 2-circuit systems, can be
supplied to open or close high. Operating ranges between -2J" w g. and |50 psig are
available. lLockout models require manual reset.

LOW RANGE PRESSURE CONTROLLER, P67AA

The P67 Low Range Pressure Control 1s used to operate an electrical device in response
to a pneumatic control signal. A DPST contact arrangeme:r.’ 1s provided to open in re-

sponse to a decrease in pressure. This controller has an operat,ng range of 3 to 30 psig
and an adjustable differential of |1-1/2 to 20 psi

DIFFERENTIAL PRESSURE CONTROLLER, P74JA

The P74 Differential Pressure Controller 1s used to operate an electrical device in re-
sponse to a difference between two input pressures A SPDT floating contact arrange-
ment 1s provided. This controller has a differential pressure range of 8 o 60 psi and a
fixed differential of 2 psi. A | 74" SAE male connector 1s provided for each input

DIFFERENTIAL PRESSURE CONTROLLER, P74FA

The P74 Differential Pressure Cont. 'er 1s used to operate an electrical ‘device in
response to a difference between :wo nput pressures. A SPDT snap-acting contact ar-
rangement i1s provided. This controlier has a differential operating range of B8 to 60 ps)
and a fixed differential of 3 psi. A | /4" SAE male connector is provided for each input.

PROPORTIONAL PRESSURE CONTROLLER, P80 SERIES

The 280 Proportional Prassure Controller s used for positioning electronic motor actu-
ators One 135 chm potentiometer 1s part of the pressure controller This controller has
an ojerating range between -20" w g and 500 psig and an adjustadle throttliing range
The P80 controller 1s for 24 volt A C. control systems

CURRENT SENSING RELAY, RIOA. RIGB

The RI0 serizs current sensing relays detect a wide variable current flow 1n a single cir-
cuit withoui being connected to the circuit. Specifications. RI0A-Normally Open Contacts,
R10B-Noimally Closed Contacts, RIOA — Current for contact change of state 4 amp to
oper, {4 amp to close. RIOB — Current for contact change of state — 25 amp to open
10 amp to close. Maximum inrush current — 200 amp, Maximum sustained currenc - 60
amnps. Circuit supply voltage = Max. 550 volts A C. only Switching capacity — RI0A —
JOVA non-inductive, RIOB - 3 watts non-inductive

PROPORTICNAL STAGING CONTROL, R20A, R20C. R20E

The R20 Proportional Staging Control provides step control for liquid chillers. electric
duct heaters, electric boilers, and heat pumps in response to a proporticnal control sig
nal The 24 volt A C. control, capable of accepting resistances of 300 to 1000 ohms, has
a8 thermal power element to operate 4, 6 or B stages

SJLID-STATE SIGNAL CENTER, R21AA R21AB, R2I1AD

“he R2I Signal Center has an SCR included for "'closed-loop’  control The 24 volt A C
signal center accepts a :ignal from a solid-state temperature sensing element in order to
:ontrol damper or valve actuaiars. This signal center 15 available with an adjustable set
point and will accept resistance 1nputs betwaen 300 and 1000 ohms

ELECTRONIC TEMPERATURE CONTROL PANEL., R9IBAA

The R9! Electronic Temperature Control Panel 13 used to position motor Actuators con-
nected to valves or dampers Tha contral panel will accept mputs trom two elaments R20 Series
simultaneously to provide a reset schadule The 24 volt A C panel should be used with

2000 vlale tamperatiie yenying slamonty  Adjustneniy are proyviole © heansath e over A1 Series
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TWO-POSITION ELECTRONIC RESET CONTROL PANEL. R91BBA

The R9!1 Reset Control Panel provides outdoor reset of hot water temperature Two solid- o

state temperature sensing elements are used with the panel On-off switching 1s provided n%g'mﬁ"

to operate low voltage (I amp ¢ 25 volts A C) gas valve relays The 24 volt A C. reset}.’ u L -.‘

control panel has adjustments beiieath the cover . .')!\‘,'o‘!.)v"t_“l"-
S

ELECTRONIC TEMPERATURE CONTROLLER. R93EA | 20 o

The R93 Temperature Controller 1s used with a remote sensor and set point to position!

one or more motor actuators. This controller has a dual output and a scale range of enlherl |

40 to 90F or 60 to 1 20F

AUXILIARY SWITCH KIT, S91AA S9IBA, S?ICA

The S9! Auxihiary Switch Kit 1s available with one, two or four SPDT snap-acting switch-
es The switches mount to any motor actuator. Individual adjustable operating points pro-
vide for various differentials.

LINE VOLTAGE THERMOSTAT WITH SELECTOR 3WITCH. T22 SERIES

The T22 Line Volitage Thermostat 1s available for heating, cooling., and heating-cooling
applications. This standard or heavy duty thermostat can be supplied with an external
knob. key hole, or concealed set point adjustment This thermostat has an operating range
of 40 to 90F A liauid charged sensing element and snap-acting contacts are also sup-
plied The controller 1s equipped with field “djustable limit stops

FAN COIL THERMOSTAT, T23A. T2i8B

The T23 Fan Coil Thermostat 1s a line voltage control designed ‘or heating. cooling.

or heating-cooling applications. It 1s equipped with a three speed tan selector switch and S91 Series
field adjustable Iimit stops. Tne range of this thermostat 1s SO to 90F Operating voltage

1s either 120 or 240 volts A C

TWO-STAGE ROOM THERMOSTAT. T25A

The T25 Two-Stage Room Thermostat 1s designed for low or line voltage applications
Two SPDT snap-acting contacts switch .1 response to the temperature changes sensed
by the liquid charged elemen: Either an external knob or key adjustment s provided
for set point changes This thermostat is also provided with field adjustable high limit
stops. Operating range 1s from 40 to 90F

I!NE VCLTAGE THERMOSTAT WITHOUT SELECTOR SWITCH, T26 §ERIES

The T26 Line Voltage Thermostat 1s designed for heating, cooling, or heating-cooling
applications. Standard or heavy duty models are available with e:ither an external knob.
key ho'!e or concealed set point adjustment Snap-acting contacts respond to temperature
change sensed by the liquid charged element. This thermostat has field adjustable limit
stops and an operating range of 40 to 90F

FAN COIL THERMOSTAT T28

The T28 Fan Coil Tharmostat 1s designed for heating, cooling and heaung-cooling appli-
cations. This thermostat s available for 120, 208 or 240 volit 50760 Hz operation. Snap-
acting contacts respond to temperature changes sensed by bimetal element When desired,
a thermometer can be supclied n the cover QOperating range for this thermostat is 55 to
9SF An optional fan switch 1s available for one. two and three speed fans

LOW VOLTAGE WALL THERMOSTAT. TSI

The TSI Low Voltage Wall Thermostat 1s designed for heating, cooling and heating-
cooling applications This thermosrat has the sensing unit and wiring sub-base supplied
as two seperable units. A selector switch is part of the wiring sub-base assembly Snap-
acting contacts respond to a bimetal temperature sensing element This 24 volt 50760 Hz
thermostat has a range of 55 to BSF

LOW VOLTAGE AUTOMATIC CHANGEOVER THERMOSTAT TSIB

The TS5i Automatic Changeover The mostat s available for one stage heating and one

stage cooling appiications A SPDT contact arrangement. having a neutral center posi-

tion. responds to temperature changes sensed by the bimetal element Two separable

units. the sensing unit and the wiring sub-base make-up the thermostat This 24 volt

50760 Hz thermostat has an operating range of 55 to 85F

LOW VOLTAGE MULTI-STAGE THERMOSTAT. TS2 TSI Series

The T52 Muiti-Stage Thermostat i1s designed for air condit aning systems where automaric

switcnover of multiple heating and cooling stages 1s required The thermostat 1s ecuipped
h or without manual switches Mercury switches are directly coupled to the bimetal

sensing elements for quick response to temperature changes M™Models are available with

one or tw0-stage heating and one or two-stage cooling Heating operating range 1s S0 to

B8SF cooling range 1s 55 ro 90F
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HUMIDOSTAT, WdlA

Tha W43 Humidostat is dasigned for J-wira SPOT snap-acting control applications  The
human hair sensing element responds over an operating range of 0 to 90% R H with a
4%; R H. differential. This humidostat has a |/4 horsepower rating and field adjustable
high and low limit stops.

ELECTRONIC HUMIDISTAT, w9l

The W93 Humidistat |Is designed for proportioral control of humidifying and dehumidifying
equipment. This humidistat positions one or more Penn Series MBOF or MBOH motor actuator.

The human hair sensing element responds over a range of 10 to 707 R .H.

DAMPER AND VALVE LINKAGE, Y20

Series Y20 linkages are supplied for connecting Penn slectric and electronic motor actu-
ators with dampers or valve bodies. Y20 damper linkage sets can be supplied which con-
tain all the components for proper linking. Y20A valve linkages are furnished for the vari-
ous valve bodies. When ordering the type valve body and size must be indicated.

TRANSFORMERS, Yé5

The Y65 transformer is an improved 40 VA, 24V transformer, which replaces the Y61 40 VA
series. The Y65A -1 is a plate mount, 120/24 volt transformer. Y65AS-1 1s foot mounted,
120724 volts: Y65B)-1 is plate mount, 240/24 volts. Foot mounted models have 1/2 -
|4 male N.P.S. conduit hub.

MANUAL POTENTIOMETER, Y45

The Y45 Manual Potentiometer 1s used for manual control of motor actuators Either one
or two potentiometers with either 135 or 350 ohm resistance values are supplied The
mounting plate 1s equipped with close-open markings

REMOTE SET POINT CONTROL. Y4SBA

The Y45 Remote Set Point Control 1s designed to vary a temperature set point of the final
controlled device from a remote location. This Remote Set Point Control 1s designed for
use with electronic sensing elements and has operating ranges of 40 to 90F and 60 to
120F available.

40VA TRANSFORMER, Y6I1AJ, Y6IAS, Y6iBJ. Y6IBS

The Y6&I Transformer 1s available with foot mountings and conduit huhs or a mounting
plate for a 4" x 4" box Models can be equipped for 60 Hz primary operation of either 120
or 240 volts to provide 24 volt secondary power For foot mounted models electrical con-
nections nclude 8" pigtail leads on the primary side and 30" leads on the secondary side
Plate mounted models have 8" pigtail leads for all connections This transformer s NEC
Class 2 energy limiting.

40VA MULTI-MOUNT TRANSFORMER, Y&/ AR, Y6IBR, Y6ISR

The Y61 Multi-Mount Transformer 1s supplied with a combination plate. foot and hubd
mounting Models are available with either 120, 208/240 or 240 volt 60 Hz primaries to
provide 24 volt secondary power Electrical connections are completed with | 1" pigtzil
leads on the primary and three terminal screw connectors on the secondary

SOVA TRANSFORMER. Y63

The Y63 Transformer 1s available with foot mountings and conduit hubs or with a mounting
plate for a 4" x 4" box Models are equipped (5 operate with a primary voltage of either
120. 208/240, or 480 volts, 50760 Hz to provide 25 voit secondary power Electrical con-
nections for foot mounted models include B" pigtail leads on the primary and 30" leads
on the secondary Electrical connections for plate mounted models are all 8" pigta:l
leads This transformer 1s NEC Class 2 internally fuse protected

-

I00VA TRANSFORMER, Y64

The Y64 Transformer s availabie with foot mountings and conduit hubs or with a mounting
plate for a 4" x 4" box Models are equipped to operate from a primary voltage source of
120 or 2087240 volts, 50/60 Hz to provide 25 volt secondary power Electrical connections
for foot mounted units include 8" pigtail leads o the primary and 30" leads on the sec-
ondary All connections on plate mounted units are 8" leads

7SVA TRANSFORMER. Yé6

The Y66 Transformer 1s available with foot mountings and conduit hubs Primary voltage
specifications are 208/240 volts, 50760 Hz n order to provide 25 volt secondary power
Electrical connections include 8" pigtail leads on both the primary and secondary sides
o 8" on the primary side only with terminal screw connectors on the secondary This
transformer 1s NEC non-energy limiting Class 2 and it contains a manual reset circuit
breaker
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PROPORTIONAL WALL THERMOSTAT, T80 SERIES

The TBO Proportional Wall Thermostat positions motor agtuators in response (o temper-
ature changes sensed by the liquid charged element Either one or two potentiometers
can operate in sequence or in unison A '35 ohm resistance s standard. but a 330 ohm
resistance is available, for the potentiometers. The openating range of (his thermostat
is 58 to B3F. 4

SOLID-STATE ROOM TEMPERATURE SENSING ELEMENT T9lAAA, T9/ABA

The T91 Temperature Sensing Element serses room temperature for a signal center The
signal center then positions motor actuators in response to temperature changes Remote

or integral set point adjustment is available The operating range of this element 15 40
to 90F.

SOLID-STATE ROOM TEMPERATURE SENSING ELEMENT WITH SWITCHES.
T92A. T928B. T9C

The T92 Temperature Sensing Element i1s designed for room temperature sensing appli-
cations. The thermostat has two separable units, one is a sensing unit and the other s
the wiring and switching sub-base with fan and system switches This sensing element
has an integral set point adjustment for an operating range ct 55 to 85F

= e |
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ELECTRONIC ROOM THERMOSTAT, T9)

The T93 Electronic Room Thermostat 1s designed to pcsition one or more motor actuators
In response to room temperature changes Both direct and reverse acting models are
available with an integral set point. This thermostat has an operating range of 40 to 90F

TEMPERATURE ACTUATED VALVES, v47

Series V47 valves are modulating type valves actuated by a temperature element. They
regulate flow of water or other liquids not harmful to the valve. Three temperature ranges
are supplied as standard, 75/135F_ 115 to IBOF and 160 to 230F

Standard valves are supplied with 6' armored capillary and a |-1/2" NPT closed trnk
fitting (style 4). A bypass plug kit 1s furnished for use where an internal bypass hole
is needed.

FAN COIL VALVE, V70

The V70 Zone Valve is available for normally closed two-position motor actuated oper-
ation. When normally open operation is desired. the valve is reversed in the field The
valve may be changed from N.O. to N C. or N.C. to N O. by rotating the body 180°. This
zone valve can be equipped with either | /2" |.D. inverted flare or 374" | 0" swveat con-
nections. This valve requires 24 volts, 5060 Hz for operation

ZONE VALVE. V70

The V70 Zone Valve i1s available for normally closed two-position motor actuated oper-
ation. When normally open operation is desired, the valve s reversed m the field This
zone valve can be equipped with either | 2" | D. inverted frare or 374" | D sweat con-
nections. This valve requires 24 volts. 5060 Hz for operation

TWO-WAY . SINGLE-SEAT GLOBE VALVE. V90AA

The V90 Globe Valve regulates the flow of steam or water through air conditioning, heat-
ing or cooling equipment. The valve has equal percentage flow characteristics Connec-
tions are as ‘ollows. | /2" through |-1 2" = one union end, one screwed end. |-I "2

through 2" - two screwed ends. 2-1 2" through 4" — flanged connections

TWO-WAY, DOUBLE SEAT GLOBE VALVE V90BA

The V90 two-way, double seat valve regulates the flow of st~am, water or air in either a
two position or proportional manner. For applications where the operatung differential
pressure exceeds the rating on V90 single seat valve and absolute tight shutoff 1s not
required. Connections are as follows |-l 72" and 2" — screwed ends. 2-1 72" through 8" -
flanged ends. This valve has linear flow characteristics

THREE-WAY BYPASS VALVE. V90CA

The V90 Bypass Valve s designed for regulating the flow of hot or cold water in two-

v70

position or proportional service applications. Connections are as follows | ‘2" through
2" — screwed connection on bottom port. union connections on side ports. 2-1 72" through
6'" - flanged connections on all ports This valve has quick opening flow characteristics

THREE-WAY MIXING VALVE. V90DB

-
The V90 Mixing Valve s designed for proporticnal control of hot or cold water Connec-
tions are as follows: | /72" through 2" -~ screwed ends. 2-| 72" through 4" — flanged con-
nections. The | 72" through 2" valves have linear flow characteristics. The 2-1/2" through
4" valves have equal percentage flow characteristics
HUMIDOSTAT, Wd2AA
The W42 Humidostat provides 3-wire. SPDT snap-acting control in response to humidity L__
changes A human hair sensing element s used in both the low line voltage humidostat.
This humidostar has an operating range of 10 to 90% R H with a 4% R H differennial W32AA
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McDONNELL No. FS4-3 AND
No. FS4-3-20 FLOW SWITCHES

Make or Break an Electrical Circuit
When Flow in a Pipe Starts or Stops

These McDonnell Flow Switches offe- un oconcmical and positive way to
start or stop almost anything electrica ly operated. They serve as automatic
controls or safety devices in air conriitioning, heating and water systams,
and In processing work, Design and operation of the two switches are the
same, except No. FS4-3-20 includes a 20-sccond lime dclay to eliminate
false starts from temporary surges or fluctuations. Here ara a few specific

applications of McDonnell Flow Switches.

Acluate a signal light — signal an attendant to
make the right moves in operating valves, pumps
and the like — signal him when flow stops in a
water cooled compressor, water cooled bearings
and so on.

Sound an alarm — when flow stops in a process
system or in any water cooled device.

Start or stop motors — start pumps in sequence
in multiple stage flow systems; start standby
pumps; stop automatically controlled units if
cooling water system fails; stop compressors in
cooling system when tlow stops.

Start or stop automatic burners — start a booster
heater when water draw occurs; stop burncer if
flow is improperly retardea; make sure of circu-
lation In a boiler before burner is permitted to
start.

Actuate metering device—open valve in chemical
feeder line; start mixing in secondary line when-
ever {low siarts in primary lino.

McDonnell Quality Throughout

Easy Wiring—Cover completely

-

Underwriters' Laboratories
Listed

Maximum working
pressure, 150 psi

Maximum tem-
perature, 300°F.

Packed shipping
weight, 2Va Ibs,

No. FS4-3 Flow
Switch shown
mounted In a 2-

Inch tee
s I—’i'
1.4 -2-7"Dia ELECT !
M7 78 \Noekouts. i

1* PIPE
THREAD

removable. No cramped quar- 7. (/r.\“
ters, no danger of kinked wires - po— = (
Interfering with operation. Y R ‘ 1
3 = .
Two Knockouts—Connect con- = = i /'-j
dult at either side of housing. AT
M AL g, )
. /‘\. \ . ‘
Switch—single pole, double - St ! 3
throw. Compact In size. Power- & -w\ & 37 //
ful snap action assures depend- .
able operation. ' ; D
Knife-Edged Bearings of hardened stain- ®n ' Y,
less steel minimize friction, g‘, . 3 )‘ i

AdJusting Screw—Provides simple way to
adjust sensitivity to flow.

Packless — Heavy duty monel sylphon
seals switch assembly from line.

3-In-one Paddle—Segmented monel '
paddle quickly adaptabla for 1” to 3"
Extended =+

pipe.

mone!l paddle il-
lustrated also in-

cluded for
plpe sizes

No. FS4-3-20
Includes
Solid State
Time Delay

Provides factory-lixed 20-
second delay on make.
100% encapsulated,
mounts right on switch
housing. For use where
temporary surges in flow, water hammar or minor fluctua-
tion In system pressure might cause false starts or swilch
fluttering. Input—115 volt A.C; Oulput—1 ampere RMS
steady state maximum, 20 milliamperes minimum.

o T Oz
bl

larger

vo.rses " 4 McDONNELL & MILLER L'0'T

3500 N. Spaulding Avenue, Chicago, lllinois 60618
Tel: (312) 267-1600
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. [ACDONNELL No. FS4-3 AND No. FS4-3-20 FLOW SWITCHES
The table below shows the (low rates required to actuate the -
g::l l

No. FS4-3 Flow Switch,

“Flow" means that the switch will close circuit 1-2, and open
circuit 1.3, when the flow rate is increased to the GI'M shown,
(See schematic switch action "Flow' at right.)

el

3

[ “No Flow" means that the switchwill open circnit 1-2,and close
t circuit 1-3, when the flow rate is decreased to the GPM shown,
r

(See schematic switch action ""No Flow" at rignt. FLow N C. NO FLOW C
FLOW PATES REQUIRED TO ACTUATE FLOW SWITCH
Flow rates in gallons per minute (GPM) shown In black. Velocity in feet per second (FPS) shown In color.
*Equipped with extended paddle crimmed to pipe size.
Pipe Size in Which B . . . . . - s -
Flo: Switch Installed ! % V4 2 2% 3 *4 'S 6
GPM 6.00 9.80 12.7 18.8 24.3 30.0 39.7 8.7 9.2
Factory Flow +
or FPS 2.24 211 | 200 180 1.63 1.30 1.00 | 0.4 0.88
Minimum GPM 3.60 . T 4 " 1 1
Aduknt F:“ 5.60 7.00 9.40 6 2.0 98 | 293 9.6
e FPS 1.34 1.21 1.10 0.90 0.78 0.52 6.5 | 0.7 0.44
Flow GPM 10.2 16.8 23.0 328 2.4 52.1 735 | 1150 166.0
Maximum FPS 3.91 262 3.62 3.14 274 2.6 186 185 1.84
| Adjustment No GPM [ 920 15.0 19.5 24.0 315 46.1 64.2 920 | 1230
| Flow FPS 343 | 323 | 307 2.29 2.51 200 ; 1.62 148 | 1.37
Flow rato~ are averages which may vary ¢ 107 from tabulated values.
» Installation

Electrical Ratings (Underwriters' Listed) . ; : 3
Flow switch should be mounted in a horizontal run of pipe.

Ampere Rotin ‘
g Seline Avoid locations immediately adjacent to clbows, orifices or

Motor Duty 115 V.AC. 230 VALC, valves. Flow switch should be mounted as close as possible
Full Load 7.4 Amps 3.7 Amps to pipe. Use a tee ror reducing tee with a 1° branch,
Locked Rotor 44.4 Amps 222 Amps or, if welding fitting is used select a welding neck of
115 v.0.C. 230 Vv.D.C. minimum length. In posinon paddle should be at right
. 0.3 Amps 0.15 Amps angle 1o flow, with arrow pointing in same direction FLOW
Pilot Duty: A.C. 125 V.A, 115-230 V. as flow. If temperature of pipeline exceeds 2207 F. use -
wire suitable for 76° C. (167° I,
!
' - Other McDonnell Flow Switches—All Underwriters {isred

e Sensitivity to Flow Adjustable e Single Pole Double-Thrw Switches

No.F$1 - Actuated by low flow, with large
flow-through capacity. Particulacly suited
for home water purification systems, as
well as cooling systems for electronic
tubes, bearings, compressors, etc. Has ',
inch inlet and outlet tappings. For pres-
sures to 100 psi, temperatures to 225 ' |

FS4-37 Serles —Similar 10 No. FS4.3 ex-
cept furnished with a specially designed
tee, threaded for 'y inch or 1 inch pipe.
These are parucularly sensitive switches,
specially designed for use where flow
rates are insullicient to actuzte other
types of flow switches.

P36 Serles Similar to No. IS1, but for
hook-up to Yy inch and 1inch pipe Noa.

187 Serles lor heavier duty service or for
use with process hiquids Sandard, vapor.

Bulletin No. L-13
Printed In U.S.A.

7H

FS6-Y, IN. and IS6-1 IN. respecnnely.
Applications include small and medium
size  water (reatment systems, bhooster
pumps to increase low city water pres-
sure, etc.

T

proof or cxplosion-proo! construction,
wiin wetted parts brass or stainless steel.
Installed in a tee or welded half-couping
and fus pipe 1"y inch or larger. For pres-
sures 1o 1000 psi, temperatures to 300° F.

-
McDONNELL & MILLER L 1'T

3500 N. Spaulding Avenue, Chicago. Illinois 60618
Tel: (312) 267-1600

Telex: 25-3376

Rac——
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AC PNEUMATIC TIMING RELAYS - /,f,n-.¢] e i)

& A

2ok BT

%v"J

On Deloy Iiming Relay
w/One Se! Auniliary Contacts

On Deloy
Timing Reloy

N

On Delay Timing Pelay
w/lwo Timing Unity

On Delay Timing Reloy
w/lwo Sety Auriliary Contocts

DESCRIPTION — The Bulletin 849 AC timing relay is o
pneumatic type relay. A synthetic rubber bellows is acto-
ated by the siroke of an AC solenoid. Timing relays can
provide the lime delay in either of two basic arrange
ments, The first arrongement, On-Delay provides the time
delay after the coil Is energized. The second arranqge-
ment, Off-Delay provides the time deloy after the
coil Is de-energized. Busic On-Delay timing relays
can easily be converted to Off-Delay operation and vice
versa. Refer 1o Page 4 for converting details.

INSTALLATION — Bulletin 849 timing relays must be

mounted in the vertical position, with the solenoid mech
onism at the top, liming unit(s) at the bottom. (See illustra-
tions above).

ENGINEERING DATA —

Contact Ratings — The timer contacts and the auxiliary
contacts have a control circuit rating as follows:

AC DC

Mazimum Contact Rating Per Pole
NEMA Rating Designation A600

; |
Max AC Voltage | Ampere

Amperes | Contimunus | volamperes Range | Rating
Voltape Carrymnp
60 or 50 Mz [ Nake [Bieak Cutrent Moake | Roeal
120 ) I 10 IEATH AL =
240 1) { 1N ron | o |11 12) 04
A%0 14 )5 10 1200 0 e \
(0 | 10 oo | g [OP0

Note — Circuits wired to o contact unit must be of the
same polarity,

Timing Range — 1 /20 second min. to 180 seconds max.

Repeat Acuracy — Approximately 1095 of time setting
A minimum reset time of 75 milliseconds must be provided
to altamn the 1epetitive accuracy.

Temperature Range — 0" F. 1o | 1047 F

200F 1o 41507 F (Wade Range
bellows) Note — Minimum temperature 15 based on the
absence of freezing moisture or water,

(Standard)

Sihicore tubber

OPERATION — When the wolenoid plunger (10) i« 1o
tracted from the push rod (11) it allows the spring (1)
located inside the synthetic rubber bellows (1) 1o push the
timing mechanism plunger (4) upward  As the plunger
rises, it causes the over-center toggle mechonism (5) to

I

move the snap action togale blade {6) upward which in
turn picks up the push plate (7) which carries the movable
contacts (8)

The speed with which the bellows can expond is deter-
mined by the setting of the needle volve (2). I this
needle valve is nearly closed, on apprecioble length of
hine will be required fo- air 1o pass it and permit the
bellows to expand. The setting of the needle valve deter-
mines the tune interval which must elopse between opera
tion of the solrnoid acluator ond expanding of the bellows
to operate the contact unit

When the push rod (11) is again depressed by the
wlenod plunger (10), ot forces the timing mechanism

plunger (4) 1o the lower posiion, exhausting the air through__..

the release valve (9) and resetting the timer olmost in-
\hu\!unlnwndy

Cutuwoy vew of contoct unt and timing mechanam

REPAIRS — Timing reloys can be disossembled os de
picted in the dllusttations on page 2 of this instruction
sheet,  Additonal consideration should be given to the
following techmque,

REPLACING CONTACT UNIT — The toggle blode (6) on

the timing mechomsm must be inoits down position to it
in*s the push plate (7} of the contact unit. Refer to cutoway
Hold down the push rod (11} and
fip the toqqgle blode (6) down Then ploce the contoct

illustration above

umit in position being sure thot the “loose” black phenolic
insulation, that solotes the contoct cavity is in place
Secute with two mounting screws  After assembly, check
for normal contact operation

Publication B49-5 0 —Janvory, 1977
Lopersedes Imtivctiony B49 BOO Dated February, 1970




ADDING AUXILIARY CONIACIS — Remaove atgmal spring s cont plate assembly from the solenoid medhanism and
discard, The return springs on the new spring support plate asseml — suppbied with the auxiliony contact kit mut bha insertad
o the plingeer pin, o sie daggle s placed over lundar when aanged for ol delay operation) the operating angla,
Then secure new spring support plate 1o the solenaid frame. Releienced parts illstrated below

om.u" A )
Angle |08

On-Delay Timing Relay--Formarly Style A—Illlustrated
(other types of timing relays are sinnlar)

e
Q a lnstantancous
[ Coil Clamp Autiliary Contacts
“Always
] reploce
T 15 © E Operating Coil | insvlation”
p leygcv (refer to pace &)
Guide |
e -~
-

O Contact Unit

ASpring Support

E) Timing Mcchanism Ul\
Plate Assembly

(w/0 contact umil)

reploce
inivlation’’

Timing Mcchanism
Temperature Ranges

Standard nF o Invf
Widn M f 1o L IS0 T

NOTE — Minimum temperature is
bosed on the absence of freezing
moisture or woter

Complete
Tinung Unit
A Included in auniliary contac) sely.

[ Concave side of coil clamp 1o be against coil, opposite T end of solenoid plunger.
B Molded coil shown is interchangeable with old style coil.

E] Refer 1o Poge 4 for bellows and air inlet filter listings.

NOTE — Ports indicoted with O are recommended spare parls.

TIMING RELAY IDENTIFICATION — The table below is designed to assist in the occurate identification of o timing
relay. Knowledge of the timing relay's catalog number coupled with dota from the table will defermine the complete
description of the relay. Once the description of the timing relay is determined an accurate selection of replacement
parts can be made from the toble on page 3. EXAMPLE: Catalog number 849-Z0A325; the basic catalog number is 849-10A;
the suffix identifictition is 32 (see ta_e); the modification code numbar is § (cee table) ond a complete descrintion of the
relay is “on on-deloy timer with a maintained contact timing unit, formerly known as o Style AM timing relay.”

Basic Catalog Description Former Modification Description Former
Number Sutix of Style Code of Modification
Identification Timing Relay Letter Number Moditicatian Letter
32 On-Delay  Titne Dihy A 1 One set of Instantancons X
Aier Conl s Enerpized Aunhary Contacts (INO NC)
ON-Delay  Time Delay Deal Indieator on
i Ater Corlis De-encrgized 8 2 Tinnng Mechameam 0
On-Delay with Two Maintaned Contact
122 Tinuing Units H 5 Timing Uit ™
7 Two sets of Tnstantancous XX
123 Off-Delay with Two Aunliary Contacts (2NO NGy
L
Timing Units ’ Silicone Rubber Bellows for Wide Y
Temp Range( 20°F to 4 150 F)
3l Combination of modifications. Nos 1 and 2 (DX)
124 On &:h?euug:h' AB 4 Comhination of modifications, Nos 2 and ! (DXX)
6 Combination of moditications, Kos 1 ané & (MX)
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NOTE = Blank Lstingy in the ports tobile indicate that tinung relayy, of the description ond modificalion where
the blonk asisty, have net heen manuloctyrad, ap 1o the dote on this imtiuchion shent To determine the avalils
ubility of syueh o timing relay, reler 10 the nearest Allen Nradley Salay Offica or the Saley Olfice ot Milwaukes.

On-Delay 011-Delay On and O
Wi lwo Wi lwo Delay
Doseription of Thming Relay ————eeeep On-Delay 011-Delay Timing Uity | Timung Units | Double Umit
Formerly Foredy Formerly Formerly Formerl
Style A Shle 8 Style M Style L Style A
Description of Part Part Ne Part No. Part Ne. Part Ne. Part Ne.
Operating Anple B 728119 B 78119 B 28119 X 14719] 8-23119

a Solenod e Assembly . X-151136 X-151136 X-2709%1 X-26119% X-181136
Munger Pin B 2519 B 25109 £ 1780 0 251109 8-25169
Plunger Guide [ r6lS £ 8675 [ 8675 € B67S E-8675
Coil Clamp [ 8076 [ R6G £-8676 £8676 £-8676
Spring Support Plate Assenibly X 221%3 X 221%9 X 22190 X 22199 X-22i9C9
Spring Support Plate Ascembly (for use on tiners modified with
one or 1»o sets of instantancous aumiliaty conlacts - formerly L 228311 X-228311 X 228310 X-228311 X-228311
modilications X and XX)

(+] 2:::0:»0!!.0! Instantancous Aumihary Conlacts (formerly modih 248-N1A 39-N1A §9.N2A BO-NIA $49-N1A
::l:,ftxl;’ol Instantancous Ausihary Contacts (formerly modifi B49-N3 143-N3 U9-N¢ B49.N3 BO-N3
One Set of Early Breaw Auxihary Contacts (special) 1-17048 1-17048 1-17048 1-17048

© Standard Contact Unit *40262-001-54 | *40262-001-54 | #40262-001-54 | *402A2-001-54 | *40262-001-54
Mantamed Contact Unit - Hand Reset (flormerly modification M | *40262-001-55 | *40262-001-55 -
Tiung Mechanism w/ Contact Unit (standard lemperature | o 4g67.012.56 | #40262-012-56 | *40262-012-56 | +40262-012:66 | *40262-012-86

range)

Timing Meehaniem w Dial Indiestor w ‘o Contaet Unit (<landyrd
tempeidture tanpe formetly modihchgr DY

*40262-012-54

*40262-012-54

*40262-012-54

*40262-012-84

*40262-012-64

Tining Mechamsm w o Contact Unit (wide temperature range,
formerly modiication Y)

+40262-012-52

*40262-012-52

Timing Mechanmsm w Dial Indicator w o Contact Unit (wide
temperature range, fo.metly modilication DY)

*40262-012-5%

Complete Timing Unit (with standard contac! unil and standard

femperature tange) 1496-N1 1496-N1 1496-N1 1496-N1 1496-N1
Complete Timing Unit (with mamtained contact unit, formeriy

modilication M, and with standard temperature range) 1496-N2 1496-N2 - - -
Complete Tuning Uni 1with standaid contact unit, dal ndicator, | o 4g6.008.1 | «40262-008-51 | +40262-008-51 | #40262-008-51 | #40262-008-51

lormetly modiication D, and with standard temperature range

Cornplete Timing Untt (with maimtained contact unit and dial
mndicaor, formetly modification DM, and with standard tem
peratuie tange)

*40262-008-52

Complete Yimmg Unit (with standard contact unit and wide tem
peeature range, lormetly moditication Y)

1496-N3

1496-N3

Complete Timing Unit (wilh mamtained contact unit and wide
tempairture range, formerly modification MY)

1496-N4

B Complete Timng Ut gaith stadad contat umt, Ipotll' it

Complete Timing Uit (aath <Laadard contact unil dial indscator
and wete tempenatuee pange toomedy modidication DY)

440262-008-54

timng in bath diections, formerly moditication T and witl stand
ard tempeature tnpes

*40062-007-54

SAdded or changed 1ince pravious lssve.

NOTE = Poris indicated with Q ore recommended spore parts.

O includes oparating angle with screws and washers, coil clomp end plunger guide
E] Timing mechonism w,’o contact unit not availoble for this speclal timing unit.

ORLERING INFCRMATION—Your order cannot be entered unless the following information is given
Port number, descuption of part, catulog number and series letter of the timer. This instruction sheet
opplies olso to *hese timers when used con control cpparatus listed under other

Bulletin

aumbers




Bollowz— Air Inlot Filter Coll Selection
-"'ﬂ I Deseription Former Salect Cl
4 Bellows Asszmbly of Style from
A-311256 (Standatd Temperature Range) Timing Relay Letter Table No
X-393588 (Wide Temperature Range)
0n Delay A 1
OM-Delay [ | 1
s / Filter Assembly
? / (See Note Below) On Delay with M 2
’ X-221425 Two Timing Units
-> p—
_ OF Detay with L 2 |
A Two 1iming Units |
IMPORTANT = The filter assembly iy replocerable ohly on # Del
timing units Identical 10 the illustrated unit. O"rmﬁ Ugfl & As t
O D OPERATING COILS
Table 1 Table 2
Veits Hs Coil Coil Current Volt-Amperes Coil Coil Current Volt-Amperes
womber | T T T s | M T T sves | T seves
T < @ 8 0 2 155 3
120 60 A0 _ 0 | Y 21A8E | i S 3R
110 50 10 160 T D 13 s [ 1% n
110 60 218237 810 160 89 I8 A0 1 40 ] 195 2
— e s e
110 b} 21408 55 18% ‘.ﬁ W ﬂ?!f.’fi N w0 LY 40
208 60 21A106 435 08% %0 18 21A113 160 155 160 R
20 60 375 (V4] 2l L 6 139 155 »
] — —_ 21483 —
20 50 Sl s 020 £5 18 670 b)) 14% u
20 60 218238 405 0% 9 L 2AN s 10 [ 19 33
M0 25 21A10 260 O 4 20 B 1A% IR Y] )
[ n " 1% N I - 35 &) 155 3
0 0 o 19 1 0w | s | s ligd. s 0% 115 1
T ) A0 T 00 | o | 88 I8 12l TR 158 33
S, OO O O (WAL (OO | WS (UL () O S .08 L SO Iy R
a0 ) 21A15 139 048 57 : [ 2 N 159 ra) 85
600 50 e f—10_| 0% ® I8 . 25 |0y s 3
550 5 T | onm | ow It 265 00 145 1
550 60 21021 1@ | oo | m 16 2IA1G 1% 00 ) 1
850 2 21A20 I N L [ HERE 145 ) 5 38

I Volues shown are for moided coils only.
B Coils are rated 25%, intermiltent duly, bosed en one minute operation out of every four minutes.
NOTE — Parts indicated with Q are recommended spore ports.

CONVERTING TIMING OPERATION — First, remove the

to off-delay, the normolly open ond normolly closed

solenoid mechanism from the mounting plate. Rotate the
solenoid mechonism 180°, ond put it back on the mount-
ing plate, being coreful to use the proper screw holes
There ore four mounting holes for the solenoid mechanism,
The upper-left ond lower-right holes ore used for on-
deloy; the upper-right ond lower-left holes oo used
lor off-deiay  The on-deloy mounting holes cie so lo-
beled on the mounting plote.

Notice that when the relay is chonged from on-deloy

ORIGINAL PAGE 1S
OF POOR QUALITY

lJlJEN-lgl‘Al)lll‘:Y

Milwaukee, Wiscorsin 53204

b

time-delay contocts mounted on the timing mechonism ore
chanqed. With the relay set up for on-delay, the normal
position of the push rod 11 down, making terminalt 1 ond
2 the normaliy open contact terminals and terminals 3 ora
4 the normully closed contoct terminals, When st up for
off-delay, the normal posttion of the push rod is up,
mcking | and 2 normolly closed, ond 3 cnd 4 normaolly
open These numbers ore molded on the foce of the con-
fact unit,




NOTE — Parts indicated with &) are recommended spare parts.

CONVERTING TIMING OPERATION — First, remove the
solenoid mechanism from the mounting plate. Rotate the
solenoid mechanism 180°, and put it back on the mount-
ing plote, being careful to use the proper screw holes.
There are four mounting holes for the solenoid mechonism.
The upper-left and lower-right holes are used for on-
delay; the upper-right ond lower-left holes are used
for off-delay. The on-delay mounting holes are so la-
beled on the mounting plote,

Notice that when the relay is changed from on-delay

ALLEN-BRADLEY
Milwaukee, Wisconsin 53204

ABJ
oy

Bellows — Air Inlot Filtor Coll Setoction
Description Former Select Coll
Dollows Assembly ol Style from
X 311256 (Standand Temperature Range) Tiniing Aelay Lettor Table No.
%-393588 (Wide Tempetature Range)
On Delay A 1
Ot Delay B 1
On-Delay with
Two Tumng Units H 2
Off-Delay with
Two 1iming Umits L 2
IMPORTANT = The filter assembly is reploceuble ohly on
timing units Identical to the illustrated unit, 0"[\"‘:::"'8,"“?5'” AB 2
O D OPERATING Lo 'S
Table 1 Table 2
Volts H: Coil Coil Current Volt-Amperes Coil Coil Current Volt-Amperes
Nuniber Intgsh Sealed Intnsh Sealer Number Intnsh Seiled Intush Sealed
2 () /50 () Rl 18 3 217

0L ) g | —= 15 S| 21A8¢ LI SR . 3
110 EUN _ 1 100 85 8 I 5 150 34
110 00 Al 80 | 160 89 LI 21A01 10 29 195 2
110 25 2!_/\[15 52 185 58 il | 2 pALYLR! ) 1% 360 ! 40
208 60 21A106 LRE 085 91 IR 20A113 DL B ) 160 32

40 60 37 07 % IR 65) !

. ams  |—2f OB el |t £
22 50 ~ 385 08n 85 L 10 195 115 34
220 60 71A?,!8 405 080 89 18 ?lAT'}L _ 1’5_ 150 155 13
7"\_ 25 21A10 _?6!1 0% ?7 ] B 217285 375 140 ) Rl 40
480 " 1 034 91 1/ kY. 0L 15 )

—-" anm | — | = = 211288 i !
AN 5 190 040 84 18 335 075 115 33
A0 60 21A210 200 00 &8 18 21A11 350 079 155 33
110 75 21A15 130 045 57 20 B 21A86 195 09 86 a0
600 60 150 030 €N 18 255 155 155 33

] aam = | —-—| ass ———fe—

950 | 50 150 030 82 I 25 060 145 33
550 60 Z1A21 160 030 88 16 . 290 0t0 160 33
550 25 21A20 115 035 3 11 | 2 KA 155 070 89 38
[ Volues shown are for molded coils only.
H Coils are rated 25% intermittent duty, based on oni minute operation out of every four minutes.

1o off-delay, the normally open and normally closed
time-delay contacts mounted on the timing mechanism ore
changed. With the relay set up for on-delay, the normal
position of the push rod is down, making terminals 1 ond
2 the normally open contact terminals and terminals 3 and
4 the normully closed contact terminals. When set up for
off-delay, the normal position of the push rod is up,
moking | and 2 normally closed, and 3 and 4 normally
open. These numbers are molded on the face of the con-
tact unit.
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' 4134

series MS0J
PROPORTIONAL MOTOR ACTUATORS

With Solid State Drive and Travel Limits
Potentiometer and 0 to —2 V. D.C. Controller Input

APPLICATION

These proportional motor actuators position air darapers,
comrofvalves, burner fuel valves and similar equipment
in ventilating, heating, air conditioning and industrial
applications.

Actuators with auxiliary switches may be used in most

- industrial safety circuits.

Series M80] motor acruators operate on signals from
potentiometer controllers, "MIZER™, Cybertronic®, oth-
er V.D.C. controllers or ma D.C. controllers when used
with a Penn Series R82 interface module. See Controller
Selection Diagram, Figure 5.

FEATURES

— Solid state motor drive — state-of-the-art integrated
circuit within motor acruator case. No balance relay
or mechanical travel limit switches. No contacts to
bounce, arc or weld.

— Travel adjustment— scre: <\v'ver adjustment located
in top wiring compartmi~n. (optional field adjustable
models). Makes for easy final adjustment of valve
seating or damper linkage travel.

— Improved control of dampers and valves — long life,
direct drive feedback potentiometer mounted concen-
tric with the output shaft. Increased number of bal-
ane positions and lower hysteresis for improved reso-
ution.

— Accepts inputs from 135 nhm to 1000 chm potentio-
meter controllers or V. D.C. inputs from Penn elec-
tronic controllers with no readjustment required.

— All Series M80]J actuators accept in-head controller
modvies. See Bulletin for Series A82 1000 ohm tem-
perature controller, Series R82 D.C. to D.C. interfuce
and Series R93 electronic temperature controllr.

—Up to three Series M80] motor artuators may be
operated in parallel from one potentiometer control-
ler. No retransmitting “slave” potentiometers requir-

Fig. 2 = Load end view of non-ipring return mctar octuator (left)
and spring return uc nper motor actuator (iight).

Fig. 1 — Back view of motor actuator. Spring return domper (left) and
non-spring return (right).

ed. No separate master and/or slave model required.
Ficld wiring between motors is reduced. No lag
between master and slave position.

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

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

GENERAL DESCRIPTION

These actuators have solid state drive and limits that
prevent erratic control performance often caused by ex-
cessive vibrations. A standard potentiometer type pres-
sure, temperature or humidity contruller may be used to
operate the actuator. The actuator will accurately position
its cutput shaft in direct proportion to the control signal.

The capacitor-run motor rotates an output shafe through
a reduction of precision gears. There are three basic
Series M80] motor actuators; standard proportional,
proportional spring return damper and proportional
spring rerurn valve.

ON FIELD ADJUSTABLE
TRAVEL MODELS AND
SPRING RETURN MODELS

\

| REQ_(COMMON o = Vo |
o ._Leasqu’M DB 3 /|

" BLYE (N.C.] Tl @ S

=2 |

¥
W\
[, 8LaCK wRED STRIPE (COMMIR l
#w( 4 BLACK w/YELLOW STRPE 'c / -
| o BLACK w/BLUE STRIPE (8- U

*_EADS FOR BUILT-IN
AJXILIARY SWITCH =1

X — INDICATES SPLICE

MOTE: SINGLE SWITCH
MODELS HAVE SWITCH
#I w!RE LEADS ONLY.

**, £ADS FOR BUILT-IN
AUXILIARY SWITCH#2

Fig. 3 — View of wiring compartment showing terminals and both
travel and resistor broke odjus'ment
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LOCK SCREWS 3"
(LOOSEN FOR CUTIN
ADJUSTMENT —THEN
TIGHTEN SECURELY)

DIFFERENTIAL CAM '7”g

SCrew A

(TIGHTEN SECURELY

AFTER ADJUSTING)
xl.ol'Aol’KIHON 10 ANGULAR
DEGREE MARKS

ON FRONT CAM

CAUTION:
DO NOT LOOSEN 2
THESE SCREWS. v

Fig. 4 — Interior view of motor actuator with auxiliary switch.

Series M80] motor actuators are available with fixed
or field adjustable travel for proportional control of
dampers and valves. (90 to 240° non-spring rerurn, 90
to 180° spring return.) See Figure 3.

The spring return damper model has a heavy gauge built-
in spring mechanism to return the motor shaft to its full
CCW limic on power failure or interruption. An electri-
cal resistor brake circuit prevents the return spring from
driving the motor actuator towards its normal pousition
unless the power is interrupted. The external spring
housing and optional internal auxiliary switch are in-
stalled on opposite sides of the motor actuator. At no
time is it necessary to disconnect the damper or remove

B L e e e Y ¥ Dt initibandets

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
motor. It is slotted o allow an adjustable radius from
1-11/16” to 27g"”. The crank arm may be secured to the
motor actuator shaft in position increments of 221/
angular degrees.

The proportional spring return valve model has a heavy
gauge built-in spring mechanism to return the valve to its
normal position on Eower failure or interruption. It has
the same resistor brake circuit as che spring return damp-
er motor actuator. Adjustment of this resiscor brake is
readily accessible within the wiring compartment as
shown in Figure 3.

The spring return valve motor actuator is available for
normally open (N.O.) and normally closed (N.C.) valve
operation. Each type has field adjustable travel from %"
to 1.3” valve stem movement.

The motor actuator can be mounted in any position ex-
cept upside down. However, mounting with the output
shaft horizontal is recommended, and upright mounting
is preferred. Spring rerurn acruators must be mounted
within 30° of upnght.

The motor should travel through its full stroke (deter-
mined by its limic switches) while performing its func-
tion, even through the motor’s full range may not be em-
ployed. Motor may be damaged if it is not free to com-
plece its full stroke. The motor should be stopped ac the
end of its stroke by the limit switch, not stalled by the
damper or valve.

T9¢ A94 A91,
j T SENSORS
WIRE WOUND THERMISTOR
SENSORS SENSORS — e -
oo )
Lo M CYBERTRONIC conTROLLERs|  |conTROLLERS
A80, a82. ! rfu CONTROLLERS
R94 PBO OR I R93 "R82 (RCFER TO
180 N‘H CONTRU. LER
BULLETH:S)
DUAL OR SINGLE TEMPERATURE GLE SENSOR | ELECTRONIC v DC OR ma OC.
SENSOR RESET AaND PRESSURE ELE\‘YQONI( | TEMPERATURE OR TO OC. INTZRFACE
CONTROLLER SLIDEWIRE CONTROLLER HUMIDITY ROOM

POTENTIONMETER \ i CONTROLLER
CONTROLLER | |
L ' | S ve———
i
| T TUATOR
B MOTOR ACTUA
MOTOR
Yh% o o~
TRANSFORMER — ACTUATOR
"EONTROLLFAS JUPPLYING INPUT TO STRIES RH2 MUST NOT 3E POWERFD BY THE SAME TRANSFORMER
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l"l:NN SERIES M80J PROPURTIONAL MOTOR ACTUATORS ¢ w-m

Control Signal Input: 3 lead potentiometer: 135 ohms up
to 1000 ohms, Y2 watt minimum or 0 to —2 V. D.C.
ramp as provided by compatible electronic controllers.

Input Impedance: 10 kiloohms (across terminals 8 and
10).

Power Requirement: 20 VA., 24 Volts A.C., 50/60 Hz.

&t MMJ&U

ply. Plate mounted transformers mount on a 4" electrical
box. Transformers No. Y65AS-1 and YG65DBS-1 have a
13" conduit fmmg on the primary and secondary to per-
mit direct mounting it the conduit opening in the
motor wiring compartment. See Penn Series Y63, Y64
and Y65 Bulletin No. 3742 for add’ “'nal information.

Spring return damper models with internal heater require Transformer Type Primary Transformer
: Power Supply
S0 VA. Capacity Mounting V. A.C) Part No.
Shaft Specifications: Double ended, 34" square. 120 Y65AJ-1
Plate
4O VA 240 Y3841
: 120 Y65AS-1
F
AMBIENT TEMPERATURE MR
Type Minimum Moximum 120 Y6IAJB-1
Number 2F °C oF °C Plate 480 Y63KJB-1
MBCJAA, MBOJAB, 50 VA. 208/240 Y63518-1
MBOJAC, MBOJFA® =4 ] = | NS} A o SOAs
MBOICA, M80JCB, Foot
MSOJDA. MBOJEA +10 —12 | +12s | 452 208/240 Y635L8-2
" 120 Y64AL)
* Includes internal heater. = 208/240 Y645)-1
100 VA,
Foct 120 Y64AL-2
OPTIONAL CONSTRUCTIONS 2R il
Travel Limit Settings: Standard factory setting is 90
angular degrees. Adjustable (90 to 240° non-sprir:’g re- ﬁ
Q M H
:;::’ 90 co 180° spring recurn) cravel is standard op- Position Indicator: Kit No. PTR11A- |
: 600 is available, if required. It con- R I
tains an indicator pointer and two (S |
MISCELLANEOUS SPECIFICATIONS pressure sensitive mylar decals. For St
Enclosure: Die cast natural aluminum provides a light ficld installation only. A

and rugged case.

Built-In Auxiliary Switch: SPDT, adjustable range from
0 to 160°, adjustable differential from 5 to 90°.

Built-In Auxiliary Switch Electrical Rating At 125° F.

Volts A.C. 120 V. 240 V. 277 V.
Full Load Ampas. 58 2.9 2.6
Llocked Rotor Amps. 348 17.4 15.6
Non-Inductive. Amps. 10.0 8.3 72

Pilot Duty — 125 VA. ot 24 to 300 V. A.C.

Maximum Connected load 2000 VA.

Internal Heater (Type MBOJFA Spring Return Damper
Motor): The thermostat control closes circuit to heater
when ambient temperature drops below 20° F (—=7° C)
ind opens circuit when temperature rises above 50° F
(10° C). It cannot be field installed.

Conduit Openings: Two threaded openings for 15"
conduit.

ACCESSORIES

Transformers: A transformer is required to provide mo-
tor actuators with the necessary 24 volt A.C. power sup-

M~

=

Plote mounted transformer. Foot mounted 40 VA tronsformer

Valves: Penn Division provides a complete line of two-
way single seat and double seat, three-way diverting and
mixing valves to mcet your control application.

Refer to the following bulletins to select the valve and
linkage required:

Valve Number Description ::I:;':'
V90AA 2-way, single seot giobe 3624
V90BA 2-woy, double seat 1628
V90CA J-way, diverting 1627
v9oD8 J-wey, mixing 3626
V90SA Butterfly 3428

Fig. 6 — Motor octuator Fig. 7 — Spring return motor
mounted on a two-way actuated three-way

. ,‘B - 3 ‘ volve vaive
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Damper linkage Components: A variety of crank arms,
ball joint connectors. push rods and a right angle mount-
ing bracker provide casy connection of the motor actuator
to a damper. Two complete sets are offered to simplify

selection of proper components. RIGHT ANGLE BRACKET CRANK ARM ASSEMBLY
BKT22A.602 LVR27A-602
Description N’:’;" Application or Construction
. Externally Mounted Auxiliary Switch Kits: Use Penn
:°' mounting ‘T‘ Aot o top of Series S91 switch kit. These kits are available with one,
uct or any flart surface ontaing n
Y20DAA-2 LVR27A-802. LYR27A 400, SWLIOA. tWo ordfnur 'bPDT snap .|cdtm;, ;:M(Chts They can bj
D.empu 601 (2 v0.), and ROD16.3. mounted on erther shaft end of the motor actuuator an
l";:t'?' Fot imnosting of ocosiSr 15 tae of incorporate the ume proven, reliable, Pennswitch con-
Y20DA8-2 duct or wall. Contains LVR27A.602, struction,
LVR27A.400, SWL10A 601 (2 ea),
ROD16-3, ond B:.T224 ’002. Contacts are rated ac 9.8 amps ar 120 V. A.C, and 8.0
For use on '; or 7" diometer amps at 240 V. A.C. ar 1257 F (52° C) ambient.
. LVR27A-600 | damper shafts, Adjustoble radius
from (" 10 4';" R 2 5
Crank . For complecte information, refer to Penn Series $91
Arms LVR27A-602 oble radius from 11" 10 274" Bulletin No. 3650.
BKT19A-600 Qampcr angle bracket to connect
linkoge to domoer blode
Boll Joint With ',”.28 diometer stud—use with SHIPPING WEIGHTS (Appr°‘~)
Cannector SWL10A-401 LVR27A-602, LVR27A.400, and =
BKT19A.600 crank arms. Individual Pack
Type Number
4," diameter x 48" long ploted steel Ibs. kg
ROD16-2
' Push shaofe | MBOJAA, MBOJAB, n 5
Rods ROD16.3 4, diometer x 24" long piated steel MBOJAC
shaft MB80JCA, MB0JCB,
Mountin | MBOJFA, MBOIJDA, 15 6.8
"o‘h"g BKT22A.602 Right angle mounting bracket J MBOJEA J
===  ORDERING INFORMATION
To order specify:
BALL-JOINT CRANK ARM d %
DAMPER BRACKET CONNECTOR LVR27A-600 1. Complete Product Number, if available.
BKT19A.600 SWLI0A 601
Travel
Product Timing (1) e Auxiliary Internal Applicotion
Number Secs./160° Fixed Adjustable actaty Switches Hecter PP
Setting
MBOJAA-1 60 X 920 | None No | Valve or damper
*MBOJAA-2 60 X 90° | Ncne | No | Valve or domper
*MB0JAB-! 60 X 90 | 1 No | Volve or domper
*MB0JAC- 60 X T ?0 [ 2 W No Valve or doamper
*MB0JCA-2 40 | X 90 None | No Soring return demoer CCW
*MB0JCB-1 40 i X 920 | 1 | No Spring return domoer CCW
*MBOJDA-1 60 X %" lif None No i ¥olrettain ntmally dawn
Spring return volve
*MBOEA-1 40 X 5 L None No Valve .H.m normally un
Soring return vaive
*MBOJFA-1 60 X 90 | Mone Yes | Sering return domper CCW
(1) See Specification Toble for odditional timing information
* Wholesaler model avoiloble from stock
Ti S d ‘ |
iming n Jeconds v i
' Typs {Nominal) Torque(1) Damper Rotational Travel
Ib.-inches Roting - Sq. ft.
Number Angular travel Kowton Mot 0) Ik M ) ) )
160° (2.8 rod) owion Meters in q. Meters Fixed Field Adjustable
15 | 0 4% | 175 11 4) | |
MBOJA A4, MBOJAB, 3% -+ — 5 90" or 160 | 90* 10 240" |
MBOJAC g — | N8or28ad) | (161042rad |
60 | 150 7 ‘ 70 16 %) |
PRSI R (SRR & P N P RIS
M80JCA, MBOJCB, | « ‘ 90 10 180 ‘
MBOJFA <0 I 50 15 6) \ 159 ! Tl 6wired |
MBOJDA, MBOJEA 40 rec for 1 vulv' InHl !In vi .l.' -l.m-nn " i | - YW ioto ! ] 2)

(M) T e ratings ata for load el al ahedt doad end) 8’ iJ

(2) Incli 'ew 's'’ overtravel for 1ealing « f 2 we ay volves "o overtravel for ) w iy entlves

Auxiliary outpu! shuft is limted 1o a maximum dead ~eight of 29 Ihe
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type V90AA

TWO-WAY, SINGLE-SEAT GLOBE VALVES
APPLICATION

These two-way valves are for two position (on/off)
or proportional control of steam, water or air in air con-
ditioning systems or commercial industrial applications.

GENERAL DESCRIPTION

Motor Actuators and Linkage

These valves are positioned by Penn Series M40, M80,
. M81 or M82 electric and electronic motor actuators.

Clockwise motor rotation drives valve stem down to

close off flow.

The actuators are adapted to the valve bodies by a
linkage which not only fastens the valve body and
actuator together, but also transforms the angular move-
ment of the actuator output shaft to the straight-line
motion required to position the inner valve plug of
the valve body. A pinion gear on the actuator output
shaft drives a gear ra.n that is connected to the valve
stem. This construction maintains the designed flow

Fig. | — Motor Actuated Valve

characteristics of the valve body. ORDERING INFORMATION
SPECIFICATIONS To order, spealy:

These two-way, single seat valves provide 1007+ tight L. Valve Body Product Number.

shuoff. 2. Valve Linkage Product Number.

Sizes ’/z"' through 2” havc 150 Ib. bronze b‘odies with 3. Motor Actuator Product Number.

bronze trim and 316 stainless steel scem. The inner valve § . )

(plug) provides equal percentage flow characteristics. 4. Factory assemble, if required.

The EPT valve packing limits the temperature of the 5. Service.

media (hot/cold water, steam, air) to 281°F. Excmple: One V90OAA-12 Valve Body, one Y20AAA-2
Valves !2” through 1'4” have one union type connector Valve Linkage and one MB0OFAA-2 Motor Actuator
and one screwed end connector. with GO sec. timing completely factory assembled; for
Valves 1%2” through 2" have screwed end connectors. 5 psi steam service.

Sizes 2Y2” through 4 have 150 Ib. ASA flanged iron

bodies with bronze trim and 316 stainless steel stem. A

post guided plug provides equal percentage flow charac- VALVE SIZING

teristics. Neoprene packing permits media temperatures For steam applications, see Bulletin 3335. For liquid
to 281° F. applications, see Bulletin 3334.

No flow with stem !
down, motor at !
full CW positien.

| |oumer
Sl || A
==l |
] -
—_\ po )
oy
L U
Cut-away view of Two-Way Cut-away view of Two-Way Cross saction view of Two.Way
Valve in sizes '3 to 1'2", Valve in sizes 1'3" 1o 2 Vuive in vizes 2'4° to 47, Volve

yhown with stem up (open)
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PENN SERIES V9OAA TWO-WAY SINGLE SEAT GLOBE VALVES
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SPECIFICATION TABLE

Linkoge Required (Order ieparately
to match volve and motor selected) M, Cloow Of Prass. (ot} .
Product | Yolve M40 and ':"mwm Valve SShwios
Number | Slse | Cv Stondard Spring Return | . o Stendard Spring Return 0’."“". Lh W; - L,
(Inches) Serles Series M:a.. MBO, M81, M82 MB0, M8Y, M82 ('::” (Inches) ( .:').
3 . only
MEO0, 81, MEZ| MO0, MB1, M2 Steam | Woter | Steam | Water
VI0AA-10 A 23| Y20AAA-2 Y20ABA-2 | Y20EAA.| 40 150 35 130 35 ‘4 3.
VI0AA-1 % 38| Y20AAA-2 Y20ABA-2 | Y20EAA.) 40 150 35 150 30 Y 4.0
V90AA-12 | 7.0| Y20AAA-2 Y20ABA-2 | Y20EAA.| 40 150 15 100 25 % 4.0
VOAA-13 | 1 12.0| Y20AAA-2 Y20ABA.2 Y20EAA-1 40 150 15 40 25 % 6.3
SRVI0AA-14]| 1Y% 20.0| Y20AAA-2 None None 40 120 28 28 20 1 8.5
WHVI0AA-15 2 35.0| Y20AAA-2 None None 40 65 16 16 20 1 8.3
V90AA-7 2'4 51.0] Y20AAB.! Y20AB8-2 None 40 40 10 10 18 3% 30.8
TRYV90AAS 3 83.0| Y20AAB.1 None None 28 28 None | None 17 1'% 45.0
WHVI0AA-9 4 150.0| Y20AAB.1 | None None 14 14 None | None 14 1'% 80.0
® Pressure drops for valve sizing in excess of those listed in the Specifitation Taoble con cause a reduction in the normal life expectoncy of the
valve.
#% Connot be used with spring return motors.
INSTALLATION CHECKOUT PROCEDURE
vy 0 : Make sure valve stem moves freely after valve is in-
Cpright mouauug is recommended but valve assemblies

can be mounted in other positions provided the output
shaft is horizontal.

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

Motor-actuated valves are available cither completely
factory assembled and tested or as individual com-

ponents; valve bod{e’vai\'e linkage, and motor acruator.
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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, valve 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 -
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Performance specifications appearing hercin are nominal und are subject (o accepted manifacturing tolevances und application variables.
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auLLeTin YA-3200

JOHNSON SERVICE COMPANY
MILWAUKEE, WISCONSIN AND PRINCIPAL CITIES

Johnson VA-3200 Electro-Hydraulic

Valve Actuator

The Johnson VA-3200 Electro-Hydraulic
Valve Actuator provides control of fluid
flows in heating, ventilating and air condi-
tioning systems. Normally the actuator is
used in association with a Cybertronic elec-
tronic controller and an appropriate Johnson
valve body to regulate the flow of fluid, such
as steam and water.

The VA-3200 is available for proportional
action. For two-position action a PZ-{000
two-position power supply is required. The
unit is a sealed electro-hydraulic system
acting against a spring-loaded piston and
shaft. Fail-safe operation is provided by
the spring, which retracts the actuator shaft
in the event of power failure.

A position feedback potentiometer connected
to the actuator shaft may be ordered for ap-
plications requiring indication of relative
shaft position. The potentiometer is used
with the position meter on a GQ-4100 in-
dication system.

Also available are two auxiliary switches
independently wired for N.O. or N.C. oper-
ation. The “‘on’’ and '‘off’' operating points

|.E~&.’

[t gy Actuator with
HE Feedback and

r Auxiliary Switches

-
-« Tan

‘_‘ - 14

of each switch may be set at any percentage
of actuator shaft travel. These switches re-
turn to the normal position when the actuator
shaft is retracted.

Actuators without feedback and auxiliary
switehes are supplied with 8" pigtail leads
and a standard handi-box for electrical con-
nections. Those actuators with feedback
and‘or auxiliary switches have 42" pigtail
leads and a large wiring box; one pre-drilled
hole is provided for the pigtail leads.

Specifications
MIODEL V1-3200 ELECTRO-HYDRAULIC VALVE ACTUATOR
CONTROL MODE PROPORTION AL
SUPPLY VOLTAGE 120 OR 24 VOLTS A C.. 60 Hz (75 VA)

0 TO 16 VOLTS D.C. ACROSS SERVO VALVE
(APPROXIMATE RESISTANCY 1000 OIIMS)

CONTROL SIGNAL

VOLTAGE NOMINAL OPERATING RANGE 8 1O 12 VOLTS D.C.
POWER CAN OPPOSE 100 1.BS. FATENDED AND RETRACTED
STROKF, 2. OR 1'; INCIIES

APPROX. 20 SECONDS FOR ', INCH STROKE

OPERATING TIME APPROX. 60 SECONDS FOR 1'; INCH STROKE

AMBIENT TEMPERATURE _35 TO 135F (=30C TO 33C)

LIMITS
POSITION FEEDBACK POTENTIOMETER (APPROXIMATELY
110 OHMS CHANGE FOR 1'; INCHH STROKFE) ]
TWO AUXILIARY SWITCHES (SPDT)RATED AT '4 HORSEPOWER
ACCESSORIES (5.8A AT 120 VOL.TS \.C.. OR 2.9A AT 240 VOLTS A.C.); .

AVAILABLE FOR EITHER N.O OR N.C. OPERATION.

TVO-POSITION POWER SUPPLY: PZ-4000-1 FOR 24V A.C.
AND PZ-1000-2 FOR 120V A C

maalien B 2 oL wany e

——
e —




APPARATUS

VA-3200 NULLETIN

JOHNSON CONTROL

DESIGN © MANUFACTURE o INSTALLATION

SERVO VAL

DIAPHRAGM

NOTE: POWER WIRES FOR 120V UNIT ARE BLACK AND
BLACK/RED; WIRES FOR 24 V UNIT ARE YELLOW
AND WHITE.

Operation

In a typical applicaiion, a proportional action
actuator is connected to a power source and
to an electronic temperature controller. If
the controller senses a change iniemperature
from the set point, it transmits a proportional
control signal to the servo valve in the actu-
ator. The servovalve modulates the hydraulic

JOHNSON SERVICE COMPANY
MILWAUKEE, WISCONSIN AND PRINCIPAL CITIES

pressure in proportion to the signal; this
causes the hydraulic fluid to move the pis-
ton and actuator shaft, to position the valve
in response to the control signal.

For two-position action, the servo valve of
the actuator is connected to the output of a
PZ-4000 two-position power supply which
is controlled by a two-position thermostat.
The controller opens and closes the circuit
to the actuator servo valve causing the two-
position action of the actuator.

Mounting

The valve body should be installed in the
line before the actuator is mounted, leaving
a minimum clearance of the length of the
actuator plus three inches. The actuator must
always be mounted above the valve on hori-
zontal steam or water lines to avoid damag-
ing the unit in case of valve leakage.

Wiring connections are made to color coded
pigtail leads. All wiring must conform with
applicable electrical code requirements.

7-5/8"
- 5.5/16"DIA-=

fe-1-3/32°08 o 4.7/3'5:1-b
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JOHNSON CONTROL

DESIGN o MANUFACTURE o [INSTALLATION
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INSTALLATION

INsTRUCTIONS YA-3200-A

JOHNSON SERVICE COMPANY

MILWAUKEE, WISCONSIN AND PRINCIPAL CITIES

Johnson YA-3200 Electro-Hydraulic
Valve Actuator

The Johnson VA-3200 Electro-liydraulic
Valve Actuator provides control of valves
in heating, ventilating, and air conditioning
systems. The actuator may be used with any
controller or auxiliary device that produces
a 0 (n 16 volt D.C. output.

Installation

The valve shocld be installed in the line be-
fore the actuator is mounted. A minimum
clearance is required, equal to the length of
the actuator plus an additional 3 inches, to
permit the actuator to clear the valve stem
during installation or removal. The actuator
must always be mounted above the valve o..
horizontal steam or water lines to avoid dam-
aging the unit in case of valve leakage.

NOTE: If necessary, the yoke may be de-
tached from the actuator body and mounted to
the valvebody before the actuatoris installed.

Mount the actuator as follows:

1. Remove the gland nut from the valve
centerpiece. CAUTION: Normally closed,
three-way, and 2-1/2" to 4" normally
open valves must not have internal pres-
sure. 1/2" to 2" normally open valve
bodies with intemal pressure may leak
until the plug and stem seal against an
internal O-ring.

2. Screw the 3/8" locknut and coupler onto
the actuator shaft. The coupler should
cover at least two threads above the hole
in the shaft. NOTE: Valve coupling hard-
ware is supplied as a VZ-1000 series
Valve Coupling Hardware Kit.

3. Slip the actuator and yoke, the hold-down

nut, and the gland nut over the valve
stem and centerpiece.

4. Screw the (1/4" or 5/16", depending on
type of valve) locknut and coupler onto
the valve stem.

5. If A.C. power and control input signal
are not available at actuator, using a

9/16 " wrench, tighten the 3/8" locknut

PRINTED IN U.5.A.
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against the coupler, using it as a jam
nut. CAUTION: On actuators having aux-
iliary switches and/or feedback, do not
disturb the locknut which holds the feed-
back arm to the actuator shaft. The feed-
back arm must be free to slightly shift
and move on the actuator shaft; other-
wise, binding between the actuator and
feedback or switch assembly may result.

Screw the valve stem into the couplerun-
til the plug assembly just contacts the
centerpiece. Do not force, as damage to
the plug assembly may result.

While holding the valve stem with one
hand to prevent it from rotating, use the
916" wrench on the 3,8" locknut to
further adjust the actuator preload as
noted in Table [. Do not rotate actuator
or valve stem. Proceed to step 12, skip-
ping steps 8 thru 10.

As an alternate procedure, if A.C. power
and a control input signal are available
at the actuator (assuming all wiring has
been installed and checked out), adjust
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| the control input signal to position the

' actuator shaft to the desired preload
position as noted in Table I\ Preload
can be measured by placing a ruler
parallel to the actuator shaft on the bot-
tom of the actuator housing.

! 9. Screw the valve stem into the coupler
. until the plug assembly just contacts
the centerpiece. Do not force, as this

can damage the plug assembly.

10. Return the actuator shaft to the retract-
ed position.

11. Tighten the locknuts on the actuator
shaft and valve stem against the coupler.

12. Tighten the packing and hold-down nut
on the centerpiece, being careful not to
shift natural alignment between actuator

and valve.
TABLE|. ACTUATOR PRELOAD
VALVE TYPE PRELOAD

NORMALLY OPEN o

} VB-3752 0-1-32

! NCRMALLY CLOSED /25 i
V8-3970 (7R = v
THREE-WAY i
VB-4140 & VB-4322 Ledde - h6

Wiring
All wiring must conform with applicable elec-
trical code requirements.

The actuator with feedback is equipped with
a 42" cable of color coded leads for system
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wiring. If a position potentiometer or switch-
es are part of the assembly, a separate cable
is used for the switch and potentiometer
wires. Actuators without feedback are sup-
plied with 8" pigtail leads.

Wiring connections should be made with wire
nuts in the junction bo:x.

The two-position actuator requires a PZ-4000
two-position power supply. A.C. power must
be supplied to both the actuator and the
~eparate power supply. The output of the
power supply is connected to the actuator
servo valve as shown in the wiring diagram.
Do not mount the PZ-1000 in the actuator
junction box. The heat generated to the actu-
ator will cause the PZ-4000 to fail.

Lubrication

The actuacor shaft and linkage should be
lubricated  periodically with Dow-Corning
DC-4h  or equivalent. No additional main-
tenance is required.

Operational Checkout

After the actuator has been installed in ac-
cordance with the previous instructions, an
operational  ~heckout should be performed,
using the following procedure.

To check actuator operation, 120V A.C. or
21V A.C. (depending on the model) must
be used. \ variable D.C. source of 0 to 16V
at 20 ma is also needed for the proportional
actuators. This may be either a power sup-
ply or an appropriate Cybertronic controller.
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NOTE: POWER WIRES FOR 120V UNIT ARE BLACK AND
BLACK/RED; WIRES FOR 264V UNIT ARE YELLOW
AND WHMITE.
If a controller is used, the voltage should be
monitored at test points described in the op-
erational checkout bulletin covering the con-
troller, and the set point control varied to
obtain the voltages required for the fnllowing
procedure. Be sure power wiring and applied
voltages are correct before testing.

Proportional Action:

1. Apply A.C. power to the actuator pump
(black and black/red leads on a 120 volt
unit, yellow and white leads on a 2%
volt unit.)

NOTE: On early 120 volt models, twn blach

wires are ihe A.C. power leads. On early 24

volt models, the A.C. power leads are green

and white,

2. Connect the D.C. power supply to the
servo valve (red and blue leads).

3. Observe the operation of the actuator. At
0 volts the shaft should be fully retracted.

4. Applly 16 volts to the servo valve.

5. Observe the operation of the actuator.
The shaft should move to the fully-
extended position, operating smoothly
throughout the stroke.

NS TALLATION

INSTRUGTIONS VA-3200-A

JOHNSON SERYICE COMPANY
MILWAUKEE, WISCOPMSIN AND PRINCIPAL CITIES

6. Check the operation of the actuator with
9 volts D.C. applied to the servo valve.
The actuator shaft should come to rest
at a point between 25% and 73% of

the stroke.

Two-Position Action:

1. Apply A.C. power to the actustor and to
the PZ-100) power supply (black and
black red leads on a 120 volt unit, yel-
low and white leads on a 24 volt unit).
The actuaior shaft should move smoothly
out to the fully-extended position.

NOTE: On early 120 volt models, A.C.
power leads are two black wires. On early
21 volt models, the A.C. power leads are
green and white.

2. Remove the A.C. power; the actuator
shaft should return to the full-retracted
position.

If the actuator does not operate properly,
check the system for possible wiring errors.
Il necessary, check the servo valve resis-
tance and the resistance to the pump motor
against the values listed in Table II. If
the resistance differs from the listed values,
or the actuator still fails to function, re-
place it and return the defective unit to the
factory. Do not attempt to repair the actuator
in the field.

Adjustments

The following procedures apply to models
equipped with auxiliary switches and/or
feedback potentiometers.

Position Feedback Potentiometer
Adjustments:

If the potentiometer is used in a GQ-4100
indicaticn system, refer to the operational
checkout procedures and adjusiments for the
indication system.

TABLE Il. RESISTANCE VALUES

FUNCTION

RESISTANCE VALUES

PUMP MOTCR

120 VOLT UNIT, BLACK TO BLACK/RED. I1Q. 10

24 VOLT UNIT. YELLOW TO WHITE. APPROX. 0.5Q

SERVO VALVE

RED TO BLUE. APPROXIMATELY 1200Q

POSITION FEEDBACK
POTENTIOMETER

BLUE TO WHITE GREEN, 1350, ¢15Q
(VIOLET LEAD IS CONNECTED TO WIPER ARM
OF POTENTIOMETER)

B-40
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Auxiliary Switch Adjustments:

The actuator mav be supphed with two aux-
iliary switches. Each switch can be adjusted
independently to open or close at any desired
shaft position. The differential tavel 15 also
adjustable down to a minimum stroke of
1/32" This is the difference i shaft pos
tion between the point where the switeh oper
ates on a shaft extension and the pointwhere
the switch operates on a shaft retraction.

To set up the operating points oneach switen.
the proper A C. voltage ant a varnable con-
trol signal of 0 to 16 volts D must be con-
necied to the actuator. However 1f possibie,
do not connect power to the switches them-
selves until switch adiustment 15 completed.

1. Loosen the set screw that holds the upper
cam to the shaft and remove the can.

[ g%]

Apply A.C. power to the actuator and
adjust the control voltage il the actu-
ator shaft is at the pos.tron selected for
operating the lower switch when the shaft
is extending.

3. Loosen the set screw that holds the lower
cam to the shaft. Rotate the cam cloch-

wise to actuate the switeh and tighten the
set screw with the cam in this position.

NOTE: The noint of operation can be deter-
mined by listening for an audible “‘click’’ or
by ccanecting an ohmmeter across the switch
leads. If an ohmmeter is ysed, ther must be
no external power applied to the switch.

b. Adjust the control voliage until the actu-
ator shaft is at the position selected for
operating the lower switch when the snaft
IS retracting.

L.oosen the screws holding the differ-
ential cam segment. It may be necessary
to move these screws to different holes
in the bolt circle to achieve proper ad-
justzient. Rotate the cam segmeat until
the switch roller rests on the segment.
Lift the switch roller off the cam to be
sure the switch 1s in the proper oper-
g position,

[}

h. Rotate the cam segment counterclockwise
until the roller drops and the switch op-
crates. Tighten the cam segment mount-

K SCrews,

T, Check ‘this adjustment by operating the
actuator through its full travel and cb-
serving the positions at which the switch
operates.

4. Replace the upper cam on the shaft and
perform  adjustments described 1n steps
2 through 7.

NOTE: Switeh positions have been set at
the  factory and normally should not be
changed. However, if a switch has been
shifted and fails to operate properly, loosen
the mounting screws and move the switch to-
ward or away from the cam as required.

B-41
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Johnson VA-3400 Electro-Hydraulic
Valve Actuator
Proportional or Two-Position Action

The Johnson VA-3100 Electro-Hydraulic
Valve Actuator provides either proportional
or two-position control of large valves in cen-
tral heating and air conditioning systems.
The actuator is especially designed for use
with a CYBERTRONIC® electronic controller
and an appropriate Johnson valve body in
systems controlling the flow of extremely large
volumes of fluid.

The VA-3400 is a completely self-contained
unit consisting of an actuator shaft znd a
sealed electro-hydraulic system. The elcctro-
hydraulic system is composed of an electri-
cally driven pump, a servo vaive, and a piston.
These components are arranged so that ihe
VA-3400 15 fail-safe in operation: the actuator
shaft returns to the retracted position in the
event of power !ailure. The actuator may be
connected to the controller for either direct
or reverse acting control.

Operation

In operation, the actuator is connected to a
power source and to an appropriate CYBER-
TRONIC controller, such as the TEC-14000

temperature controller.

On a change in temperature, a control signal
proportional to the temperature change is
transmitted to the servo valve in the actuator.
The servo valve operates, causing the hydrau-
lic fluid to move the piston and  actuator
shaft. The actuator shaft positions the valve
in response to the contrel signal.

Specifications

MODFEL

VA0 EFECTRO-DYDRAULIC VALVE ACTUATOR

CONTROL MODE

PROPORTFIONAL OR TWO-POSITION

SUPPLY PO NER VOLTAGE

OPTIONAL. 115 VOLTS OR 24 VOLTS A.C.,
60 CPS (15 WATTS)

CONTROL SIGNAL

0-16 VOLTS D.C. ACROSS SERVO VALVE
(APPROXIMATE RESISTANCE 1000 OHMS)

STROKE

V2 INCHES

POWER

CAN OPPNSE 1000 POUNDS EXTENDED, 500
POUNDS RETRACTED !

OPERATING TIME

SIX MINUTES FOR FULL STROKE

AMBIENT TEMPERATURE

125 F MAXIMUM

Printed in U.S.A,
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As the temperature changes, the magnitude
of the control signal changes propartionally.
As the magnitude of the control signal
changes, the actuator repositions the valve
accordingly.

Mounting

The exact method for installing the actuator
depends on the type of valve body used and
the requirements of the individual system.

36" PIGTAIL LEADS
FOR SUPPLY VOLTAGE

36" PIGTAIL LEADS
FOR CONTROLLER SIONAL

SERVO VALVE

mSTON ENO - BELL

DIAPHAAGM

ACTUATOR
SHAFT

NOTE 38" PIGTAIL LEADS COLOR-CODED AS FOLLOWS:

LEADS | 118V UNIT | 26V UNIT
PuMP X | GREEN
MOTOR aLx WHITE
SERVO RED RED
VALVE BLUE BLUE

JOHNSON SERVICE COMPANY

MILWAUKEE, WISCONSIN AND PRINCIPAL CITIES

The actuator should be mounted vertically.
HHowever, mounting in any other position ix
possible if a hanger or brace is provided to
support the actuator body.

Wiring connections are made to 36" pigtail
leads on the actuator. Applicable local and
national electrical codes must be followed.

Ordering Instructions

When ordering, specify a complete n.odel
number from the Product Specification sheet
for the VA-3400.

' 13-5/32%—»
_ l

|

+

—28-57/52"

N ~

—{ 5-31/32" b e—




4AR2

JOHNSON CONTROL

DESIGN e MANUFACTURE @ INSTALLATION

N R N N R R R R RN RN SUSNSSN—wN___—w"wy»»=—_~,.

INSTRUCTIONS Y A=34UU-A

JOHNSON SERVICE COMPANY
MILWAUKEE, WISCONSIN AND PRINCIPAL CITIES

Johnson VA-3400 Electro-Hydraulic

Valve Actuator
Proportional or Two-Position Action

The Johnson VA-3400 Electro-Hydraulic
Valve Actuator provides proportional or two-
position control for valves in central heating

and air conditioning systems using extremely

large volumes of fluid. The actuator is de-
signed for use with a CYBERTRONIC elec-
tronic controller and an appropriate Johnson
valve body. The actuator may be connected
to the controller for either direct or reversc
acting control.

Installation

If possible, the actuator should be mounted
in a vertical position. However, mounting
in any other position may be accomplished if
a hanger or brace is provided to support
the actuator body.

The exact method used to install the VA-3400
depends on the type of valve body used and
on the requirements and limitations of the
individual system. However, the following
procedure for mounting the valve bcdy to
the actuator may be used in all installations.

[-—- 13-5/32"—»
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| BREATHER CaP——Z 3 6 VALVE

COUPLER

2 PACKING NUT S STEM NUT

Remove locknut (4) and (if necessary)
packing nut (2) from the valve stem.

Place adaptor (3) over the valve center-
piece.

Center the actuator over the adaptor and
fit the yoke locknut (4) over the valve
centerpiece.

Replace the locknut and packing nut.
Check the actuator for correct centering.

With the valve stem all the way up, hold
valve coupler (6) alongside the actuator
shaft so that the top of the coupler ex-
tends to the end of the threaded portion
of the actuator shaft.

With the coupler in this position, thiead
stem nut (5) on the valve stem until it
clears the coupler by one-eighth of an inch.

Hold the stem nut in this position and
iighten the coupler against the nut, push-
ing the stem into the valve as required.
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8. With the coupler securely locked on the
valve stem, thread the coupler on the
actuator all the way to the end of the
threaded portion of the shaft. The valve
stem should turn with the nut and coupler
as the coupler is threaded on the shaft.
The resistance encountered during the las
few turns of the coupler is the valve
preload.

9. Check the actuator for correct centering,
then tighten the locknut securely.

Wiring
The VA-3400 has a power consumption rating

of 100 VA. This figure must be taken into
consideration when sizing transformers.

The actuator is supplied with a 36" pigtail
cable of color coded 18 gage stranded wire.
Use wire nuts to connect the actuator to sys-
tem wiring.

All wiring must be in accordance with ap-
plicable national and local electrical codes.

WIRING DIAGRAM FOR DIRECT ACTING CONTROL

FUSE

3\ TYPICALCONTROLLER
TEC-4012-A0R TEC-4022-A

NOTE

Zl ORNUSVAC EOCPS

J SUPPLY VOLTAGE

vA-3400
ACTUATOR
.

COLOR COOE FOR POWER WIRING 1S AS FOLLOWS

24V

Tiisv

Ly

aLK

L2

GAN

ax

WIRING DIAGRAM FOR TWOQ-POSITION CONTROL

[ — ——— ...__-_~ -
SUPPLY VOLTAGE {-j—

24 OR 13 VAC L2

CONTROL IWITCH
. WHITE WIRE FOR24vAC
" BLACK WAL POR HBVAC

GREEN WIRE FOR 24V AC
BLACK WIRE FOR 118V .(_

E@wo:osmon ACTUATOR
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VB-3752

JOHNSON VB-3752

N.O. STEAM OR WATER VALVE

r 2’ thru 2” Cast Brass

24" thru 8” Cast Iron

150 psi Body Rating

The Johnson VB-3752 Normally Open Valve is
designed to regulate the flow of steam or water
through coils or heat exchangers of all types.
This valve is accurately controlled by a VA-3200,
VA-3400 or VA-5000 actuator.

The VB-3752 valve body is constructed of cast
red brass in sizes 1/2" through 2", and cast
iron in sizes 2-1/2" through 8". A modulating
valve plug, with a replaceable composition disc
especially compounded for steam and water ser-
vice, provides an equal percentage relationship
between valve lift and flow at constant pres-

VB-3752 N.O.
Valve with
VA-3200
Actuator

sure drop.
Specifications
MODEL VB-3752 NORMALLY OFPEN VALVE
SERV!ICE STEAM OR WATER, HOT OR COLD
UNION ANGLE 172" THROUGH 2"
SERVICE UNION GLORBE 172" THROUGH I-1/4"
CONNECTIONSS
| BODY PATTERNS| SCREWED GLOBE 1-1/2" THROUGH 2"
3 SIZES
| - FLANGED GLORE 2-1/2 THROUGH 8"
125 psi
INNER VALVE EQUAL PERCENTAGE MODULATING PLUG
BODY RATING 150 ps1 (10.5 kp/ecm?)
MAXIMUM STEAM 35 psi (2.5 kp/em?)
QPERATING
PRESSURE WATER 150 psi (10.5 kp/em?)
MAXIMUM STEAM 281F (138Q)
OPERATING
TEMPERATURE WATER 281F (138C)
i 172" =2 HIGH GRADE CAST RED BRASS, NATURAL FINISH
Y
2-1/2" -8" HIGH TENSILE CAST IRON, BLACK LACQUER FINISH
172" =2" BRASS
TRIM
2-1/2" -8" BRASS, WITH REPLACEABLE SCREWED-!M SEAT
MATERIALS DIsC REPLACEABLE COMPOSITION
/2" =2" U-CUP SYNTHETIC ELASTOMER (STEAM AND WATER)
STEM 2-1/2"—4" | MOLDED RING. TEFLON (STEAM)
PACKING | 3.1/2"—4" | U-CUP BUNA-N (WATER)
2.1/2" =8~ ROPE. GRAPHITED ASBESTOS (VA-3400 ONLY)
102" -2 VA-5000 THERMAL OR VA 3200 ELECTRO-HYDRAULIC
ACTUATOR 2-1/2" - 4" VA-2a00 OR"VA-3200 ELECTRO-HYDRAULIC
S -8" VA-3400 ELECTRO-HYDRAULIC
ORMNTEMN 1N 1w 4 R"4() ’ 1712

e ...
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Dimensions
Actuator .
ACTUATOR A 8 Xe Installation
VA-5000 3-1/4 9-174 | 4-3/4 It is recommended that the VB-3752 valve be
VA-3200 7-3/4 | 15.7/8 | 4-3/4 | - mounted in an upright position. It must be piped
VA-3400 IS-1/4 | 28-1/4 | 5-1.2 so that the valve seats against the flow and

arranged so that the actuator can be easily re-

* X is the minimum clearance required to moved and ;eplaced

remove the actuator.

Valve Body
z VALVE i DIMENSIONS (in.)
SIZE s}
(in.) C E F H
Angle Globe
1/2 1-3/8 1-5/8 1-3.8 1-3/8 2-11/16
3.4 1-13/16 1-15/16 | 1-5.8 1.5.8 3.1. 16
I 2 2-5/ 16 .78 1.7-8 3-5/16
I-1/4 2-1,4 2-7/16 2-316 2-1.3 4016
=172 4.7/8 | 2.5/8 2-3 4 2-1. 4 414
2 5.1.8 3 3-1. 4 2-5,8 5-3/4
2-1/2 7-1.4 a11/16
3 8-5-8 5-5/16 |
4 10-1/2 6-5/ 16
5 1212 6-7 8
6 14-1/2 8-3/16
8 17-1,2 11-15/16 |
B-47
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Capacities
vu&: )sm 12 va |l v eiza a2 | ]l ‘4 5 6 8
Angle | 1.1 ] 1.5 | 25| 3.7 | 67| 120 | 200 | 350
Cv Factor [oiobe | 0.9 1.5 | 23] 3.6 | 70| 120 | 200 | 350] 510 | 83.0| 1500] 2400 | 350.0] 590.0

V=137
OQUTLET-A

I
t =

ol
P
)

Globe Yalve with Flanged Ends

>,

i St o aae o  ao

’ 2/
5 7, ,’;’
INLET
Angle Valve with Male Union Outlet
4 ] .
v ‘i‘ F v
v E 2 -
: E
COUPLER B LOCKNUT
FURNISHED WITH
VA-3200 ACTUATOR
/ | ]
< 7
ZBZ NN Globe Valve with Flanged Ends
47N
A 7/
/A N A

COUPLER, ADAPTER & SPACER
FURNISHED WITH VA-3400
ACTUATOR
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JOHNSON VB-3970
N.C. STEAM OR WATER VALVE

4" thru 2” Cast Brass 22" thru 8” Cast Iror
150 psi Body Rating

The Johnson VB-3970 Normally Closed Valve is
designed to regulate the flow of steam or water
through coils or heat exchangers of ail types.
This valve is accurately controlled by a VA-3200,
VA-3400 or VA-5000 actuator.

The VB-3970 valve body is constructed of cast VB-3970 N.C.
red hress in sizes 1/2" through 2", and cast z:'?z&"h
iron 1n sizes 2-1/2" through 8". A modulating Aetistos
valve plug, with a replaceable composition disc
especially compounded for steam and water ser-
vice, provides an equal percentage relatiorship
between valve lift and flow at constant pres-
sure drop.
Specifications
MODEL VB-3970 NORMALLY CLOSED VALVE
SERVICE SCREWED GLOBE i 2" THROUGH 2"
CONNECTIONS/ . GED
BODY PATTERNS| FLAN GLOBE g i
SIZES 125 psi 2-1.2 HRCUGH 8
INNER VALVE EQUAL PERCENTAGE MODULATING PLUG —]
BODY RATING 150 pst1 (10.5 kprem?)
MAXIMUM STEAM 35 ps1 (2.5 kp'cm?)
OPERATING
PRESSURE WATER 150 psi (10.5 kp.cm?)
MAXIMUM STEAM 281F (138Q)
OPERATING
TEMPERATURE WATER 2BIF (138C)
B80ODY (722" HI1GH GRADE CAST RED BRASS. NATURAL FiNISH
. 2-1.2*=8" | HIGH TENSILE CAST IRON, BLACK LACQUER FINISH
1229 = 2" BRASS
TRIM
2-1:2" —8" | BRASS, WITH REPLACEABLE SCREWED-IN SEAT
MATERIALS DISC REPLACEABLE CCMPOSITICN
j s =g U-CUP SYNTHETIC ELASTOMER 'STEAM AND WATER)
-
?’AECT(ING 2-1.2"—4" | MOLDED RING. TEFLON (STEAM)
2-1. 2" =4 U-CUP. BUNA-N (WATER)
2.1 2" 8" | ROFE GRAPHITED ASBESTOS (VA.3400 ONLY)
172" - 27 VA.5000 THERAL OR VA-3200 ELECTRO-HYDRAULIC
ACTUATOR 21,27 - 4" 1 v4.3200 OR VA-3400 ELECTRO-HYDRAULIC
5%~ 8" VA-3400 ELECTRO-HYDRAULIC
B-49
1712




PRODUCT

DATA @

VE-3970 JOHNSON SERVICE COMPANY

307 EAST MICHIGAN STREET « MILWAUKEE, WISCONSIN 33200

Installation

It is recommended that the VB-3970 valve be
mounted in an upright position. It must be prped
so that the valve seats against the flow and
arranged so that the actuator can be easily re-

i ‘ moved and replaced.
Actuator
ACTUATOR A 8 X
)
| VA-5060 3.1/4 9.1/4 | 4.3/4
VA-3200 7-3/4 15.7/8 S5-3/4
VA-3400 15-1/4 28-1/4 5.1.2
®* X is the minimum clearance required to
! remove the actuator.
[} @
Valve Body
! VALVE DIMENSIONS (in.)
' SIZE
(in.) C D E
1.2 2.3/4 | 1.5/8 1-9/16
3/4 3.1/4 | 1-15/16 | 1-15/16
| | 3.3/4 | 2-1/4 2-9/16
| | - - - — —
L L L 1-1/4 4.1/4 2-38 2-5/%
m a AR 1172 4.7/8 | 2-3/4 3
; S ] & 2 5.1.8 | 3.1 8 31716
i 212 7-174 | 411,06 | 5-1/16
| i 3 858 | 5516 | 516
c L L 4 10-1.2 6-5/ 16 6-5/16
L%# | 5 12-1/2 | 6-7/8 6-78
(11 6 14-1/2 | 8-3/16 8-3/16
& 8 [ 17172 [ri-1s/16 [11-15/16
Dimensions
Capacities
V"‘(';‘fi" 172 e |- -iza | iz | 2 | 212 3 4 5 6 (]
C, Factor [ 09 | 17| 22| 358 | 69 " 20 35 54 83 | 150 | 237 | 344 | 576
ORIGINAL
Or POO PAGB
R QUasy. I8
ALryy

(s
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JOHNSON SERVICE COMPANY

A2 AT MICIHIGAN ¢

ST o MILWALDAL T, Wit 0t aN

Haaom

rnooucr
DATA

VB-3970.

v -13NI

COUPLER,ADAPTER A SPACER

FURNISHED WITH VA 3400
ACT JATOR

v-137"

OJTLEY-A

NUTLET-A,
: —
. ’ . :

Globe Valve with Screwed Ends

B-51

\ COUPLER 8 LOCKNUT
/FURNISHED WITH
/' VA-3200 ACTUATOR

OUTLET-A
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) v . -~ . M
' 1 '3 N G .ﬁ. ] MILWAUKEE 2884 - SE - BM

L]
.
MILWAUKEE 2885 - FE - BM
125 Ib. SWP-200 Ib. WOG! o« OS&Y | MILWAUKEE 2889 - FE - BM"®
Solid Wedge Disc < Bolted Bonnet « Gland Packed |{ MILWAUKEE 2891 FE - Al ,
4
)
INon-Shnck
Naw:ies MATERIAL LIST f
S S e o S (@_ C
NO | otscmenon | MMIIIIAI & SPICIHICATION . - 3
]ty Semn Steel o ASTM A 126 010 LH () E
2| Seat Ky BM Buonze « ASTM B 61 'O, | »
Seat fing Al Srnu Strel « ASIM A 126 CIB o : i ‘
R Do B —_ R LA L ALEL o2 I — = ' '
1 Wedae 27 2'7 RM Bromze o ASTM B 61 e ' ,
Wedge 37127 BM Sem Steel o ASTM A 126 (IR ¥ (@ ! :
Soge Al Sems Steel o ASTM A 126 (10 : . ! Rt
S RN ST i, 0y !
(] Wedge ing 3712 BM Hione « ASTM B 61
- —t . e e e e e w e —— — e —— - ([2)
1) Unnnﬂl Semi Steel « ASTM A 126 11 B
6 Giasket Ashiestes o Compressed QD
! Bonnet Bolt & Nut §|rr| . MIM A GeR >
L] l Backsrat Bushing BM Bronze « ASIM B 62 :
Backseat Bushing Al \ruu Steel « ASTM A |76 U B | (9 e s i
Stem 20 ' BM Mang Bronze « ASTM B 147 AL JA i
Htem 37127 UM Mang Bronze « ASTM B 119 AL A
Sten 2091 & (789 Nirkel Plld Sterl o ASIM A 108 lu B 11172 ’
0 ""Lh'"l Graphited A<hestos o Formed Q)‘ ~ug ~
"] Glana BM Bronze + ASIM B 62 st
Gland 2 4" Al Steel « ASIM A 108 Gr 8 1112 ()~ ===
Gland 57 12° Al Semn Stect o« ASIM A 126 CI B 2) £
12 Gland flange Semi Steel . ASIM A lZﬁ (WN'} § P —————
— — o ————r. - [} e e % —_—— - 4+ - :
13 | _Gland Eyebolt ) Steel « Mild Carbon f;) _ o] ’
14 | tyeholt Nut BM Brass « ASIM B 16 ~ B R 33 l N
-__J_l.vfboll Nu'! Al L Strel « ASIM A 307 Gt B = 9 ;
15 | voke Ams S &8 12 Seni Steel + ASTM A 126 Ci B 7 ’ !
16 | Yoke Nut Mang Bronze « ASTM B 147 Al JA | A ;l] '
17 [ vaBons NusaE 12 Steel - ASTM A 307 Gi B | Ad !
18 Yoke Retaining Nut 2" 4 °* Senn Steel o ASTM A 126 CIB - |
YA Cap Screw 5 A 8" 127 Steel « ASTM A 108 Gr 1018 ' LX\ ] ;
19 m.mwmz Mall lion + ASIM A 47 Gi 32810 A Jv 4 '
0 Wim-l Nm ) ) Mall ton_« ASTM A 47 G 32910 ‘
‘Nol Shown '
DIMENSIONS |
-- "‘ﬂ - g - r= -
Ik s % 3-[ 5 6" 8 | +
e e e — — b - - ——— e e - ’
A ! 1'% J '} 10 10% 1Y 13 14 /
———— - m— e — o e e+ — o ——— e . e .
At 6' 6 | 6% 1% 8%
A2 (| S A ) (RIS (S
B | Nr/ﬁ .
¢ | 28B4 SE2" 104" & 6. ’
0

Flange Shape and Onlling to Spec USAS B 161 (1251b)

.MlLWAUKFE 2889 o FF . BM JHBA mwets ar exceeds the requien ents of Federal Specil

cation Nec WW Y B8 o Tyne | (0S) Class A Valves 280

same as 2885 except s‘eel Stem 5_52 ety o excecds the regquuements of Federgl Specu'lcahn L

Mo W L S ar Type | IOF) Clase A Valves -8

L il ALy SMPANY NG

h._____;_______.—____—.‘_—__



BRONZE GATE

125 Ib. SWP-200 Ib. WOG! + General Service

MILWAUKEE 149
Rising Stem °* Solid Wedge Disc MILWAUKEE 1M149M°*
Screwed Bonnet ° Sweat Ends ° Gland Packed MILWAUKEE mo*
{Non-Shock C
- r 4 T TEST PRESSURE
250 psi Shell 125 psi Seat
MATERIAL LIST
SN NO.[  PaRT MATERIAL | SPECIFICATION
1 1 | Body Bronze ASTM B 62
§ 2 |Bonnet Bronze ASTM B 62
: 3 | Wedge Disc Bronze ASTM B 62
4 |Stem Bronze ASTM B 62
- Packing Teflon/
B-OPEN ' 9 4 Imp./Asb. | Commercisl
Giand Bronze ASTM B 16
Packing Nut Bronze Commercial
/ Handwheel Aluminum Commercial
A Identification
2 ; - —’® Plate Aluminum Commercisl
‘ ’ Handwheel Nut | Bronze Commercial
’
\ DIMENSIONS—INCHES
\ =) SIZE| DIM. A| DIM. 8| DIM. C| DIM. G | OIM. L
o %l 1 | 5% | 24 % Wie
¢ o @ % | 2 5% 2% % 1
r - % | 24 | 6% | % % |3
/4] 1 3 1% Wi % | e
AN 2% w % | 3% | 8% | 3 Voa | 1%
R 1" % 9% | % 1% 1%
G L G 2 &% 1'% | 4 1% | 1%
[_ A i 2% |5 [1Ws [ 4% [ 1% | 2%
NOTE: 4° size has sphit wedge and NOTE Dimension~ shown are for 3 5% 164 5 1%, 2%
o W s s ailae T prapent s | % | 5% % | 2%

*MILWAUKEE 143M

Samse but with malleable
irnn handwheel

MILWAUKEE 1119*
Same but with drain

B-53

These valves meet or exceed the requirements of Federel
Specifics* on No. WW-V-54 for Type I, Class A Velves.

MILWAUKEE VALVE COMPANY, INC.

2375 South Burrell Street « Milwaukee, Wisconsin §3207




~ o> | BRIVZE GATE

125 15. SWP-200 Ib. WOGt * Industrial Service
Rising Stem * Solid Wedge Disc '
VIILWAUKEE 1152 Union Bonnet * Screwed Ends * Gland Packed

r (
TEST PRESSURE c os Shock
750 psi Shell 125 psi Seat | l. |
MATERIAL LIST ? \ (T LL
"0, PART MATERIAL | SPECIFICATION 4 /
1 |Body Bronze ASTM B 62
2 | Bonnet Bronze ASTM B 62
3 |Wedge Disc Bronze ASTM B 62
4 |Stem Bronze ASTM B 62
5 | Union Bonnet
Nut Bronze ASTM B 62
Packing Teflon/
Imp./Asb. Commercial
Gland Bronze ASTM B 16 4
Packing Nut Bronze Commercial § B-OPEN O
Handwheel Aluminum Commercisl @
Identification
Plate Aluminum Cammercial
Handwheel Nut | Bronze Commercial
\
DIMENSIONS—INCHES : T 5
SI2¢ DIM. A DIM. B DIM. C '
% 1% 5% 2% ; =
% 1% 5% 24 N T\
% 2% 6% %
2 24 6% 24 T i )
1 2% s 2% ! ©)
% 3% 8% 3 YA
1% 3% 8% W N ‘&: \‘?L___@
y 3% VA 4
2% 4% 14% 5 " A i
3 5 16% 5
Tt vaen maotorarces e easremons ot et | MILWAUKEE VALVE COMPANY, INC.

2375 sovth Burrell Stuet « Milwaukoo, Wasconsin bs.207

B-54




VALVDS

MILWAUKEE VALVE #38N\ i

N Ew from Milwaukee . . . plobe valve for severe cribical b |V 10

service . . . special desipn stamless steel renewable 1IJ \\Q\\“ TAKE
W\

""600 Brinell'' seat and disc . . . FULL FLOW I

-

NEW “600 BRINELL" GLOBE: VALVES.

TOR SIVIRI/CRINICAI SERVICE — 6LO BRINELL I Al RING AND DISC
f" A\

WIDE f1AT , [T - ‘| ',D. : 1 DESIGN®
o , THROT:LING
THREADED | . 3 -
RENEWABLE ! . 4 e
SEAT : {’ %1 | .
= ' 1
- - i ) . — ’ l
(
[ . 'N‘
FULL FLOW
This umique new MILWAUKEE  plobe valve wiNel
“‘l = 2 makes tan most popular desipns obsolete! l\‘
Y
m& \‘m Glang Pechec
-~ l ~ie B-55 Su:f %'mm;’

This goe valve provides positive shut off Wear ~ the throtting su' s.e of tius com:
Lo allaca vo tawkecd suiihigr Ing s M noop preg tvne plohe valve radicey ahility to




BrHUNZE GLOGE |
AND ANGLE |

150 Ib. SWP-300 Ib. WOG' « Heavy Duty Service
Composition Steam Disc
Union Bonnet « Screwed Ends - Gland Packed

AT

M

~ .
MILWAUKEE (580~GLOBE

MILWAUKEE 590S* GLOBE
MILWAUKEE 595 ANGLE
MILWAUKEE 595S* ANGLE

{Nen-Shock TEST PRESSURES
r— c —— 300 psi Shell 150 psi Seat
3 : MATERIAL LIST
( aall w {No.]__pan MATERIAL | SPECIFICATION
e 1 | body Bronze ASTM B 62
4 }f/ 2 | Bonnet Bronze ASTM B 62
RI 3 | Disc Conmmsitn
GINA 4 | Stem Bronze ASTM B 62
OF p RLQI{,AGE 5 5 | Disc Holder | Bronze ASTM B 16
ALITY Y
W ASTM B 62
’ , %" to 3" Incl.
/ ; 6 | Union Bonnet
? @ Nut Bronze ASTM B 62
- < — \ /
S d £ Jr:;!(}rksb. Commercial
y _@ : Gland Bronze ASTM B 16
7 ! r’/ . Packing Nut Bronze Commercial
a7 1 2 Disc_Hut Bronze Commercial
> K_D.' 5\\ @ Handwheel Aluminum | Commercial
\ NN Identification
f Plate Aluminum | Commercial
RN S T S @ Handwheel Nut | Bronze Commercial
T e DIMENSIONS—INCHES
ST TP j\\ ©) size | omA ] omB | omc [ omoD
= ~t : Y 2% 4% 1% 1%
; % | 2% | &% | 1% | 1%
0 N ) % | % 4% 2% 1%
L\N S % | 2% | 5% | 2% | 1%
l ,/ ]I‘I ; _'ﬂ \. % | 3w % 2% 1%
K SR S N | +— Wl | V4 6%+ 3 1%
1% 4% 1% 3% 2%
P 1% | 4% 1% 4 2%
2 5% 9 4% 2%
o [ ey 2w | osn | 10w : 3%
NOTE Tellon Dise avalable for 590 and 595, 3 8 12% [ 3%,

Y  *MILWAUKEE 5908

C *MILWAUKEE 5958
300 Ib. WOG! : Bu

na N Disc

590 and 590S meet or exceed the requirements of Federal
Sperilication No. WW-V-51 for Type | Class B Valves

595 and 595S mee! or excerd the requirements of Faderal

Speciication No. WW-V-51 tor Type Il. Class B Velves

B-56
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IRON CHECK| .....cccom

. SE + BM
HORIZONTAL SWING | muvauree zo7 - sc - a
MILWAUKEE 2974 - FE - BM
125 Ib. SWP-200 Ib. WOG' . Bolted Cap MILWAUKEE 2971 - FE - Al
MATERIAL LIST Non-Sheck
NO DESCRIPTION MATERIAL & SPECITICATION
| Body Senn Steel o ASTM A6 CIB
2 | Dist2°4"-8BM Bronze o ASTM B 61 )
Disc 57 127 BM Semr Steel o ASTM A 126 CI B % ,/Q:*‘ )
Dise Al Semi Steel o ASTM A 126 CIB " . ]
_ s e et (:1'\ R 3 I 1 4% 5;/ Q
3 Disc Ring 57 12" BM Bionze o ASTMB 6! Wy A N L// 3 1 AN
sepadoliadi @ - AN ‘
4 | Seat Ring BM Bronze e ASTM B 61 ,-"5. el 208
Seat Ring - Al Semi Steel o ASTM A 126 (18 L
— — 1 e
5 Disc Washet 27 6 Steel o Mild Carhon ( .
Disc Washer R Steel o ASTM A 107 Gi 1020 1022 (’D Ja
Oise Washer 100 127 Steel o« ASTM A7 RPN Q\
N
) Dise Stud 57 127 Steel o ASTM A 107 Gr 1015 1022 j
7 Mise Stud Nut Steel o ASTNS AT i B [- -
- ._.4}._———-—4— ———ct——— . —— -— PP ————
R | Stup BM Bionse o ASTM A i1 b —— AL
Stap Al Steel o ASTM A 216 Gr WCB i
9 Strap Pin-BM Alum/Bronze o ASTM B 150 Al 1 ! A S =
Strap Pin Al Steel o ASTM A 108 G 1018 1020 | Ao
10 Set Strew Steel o Mild Carhon
1 Gasket Ashestos o Compressed +
12 | Cap Senn Steel o ASTM A 126 CI B -t -1
— e s e ————— o e e PR e et i i e SRS -
13 | Body Stud Steel o ASTM A 107 G 1015 1022 o e SO g —
14 Body Stud Nut Steel o ASTM A 307 Gi B

s 2972/29i3 SE 2"-2%"-3"-4"
DIMENSIONS

SIZE| 20 2|3 AV 4 b b’ 8" 0|1

A 8 Yo | 9% 100 A, |13 14 1195 |24 | 20"

Al 6% |7 8 10

B ]",’\: 4%« | 4% 5‘/"| 51- 6', 14 ﬂ"” 10% 12"

0 ' 2% | 3% Wil A% | hle 6'a) B'4 0% | 12%

i 6 7 %1 8% 4 10 n 13% T 19 Flavge Shape and Onlling to Spec USAS B 16.1 (125 1b.)

MILWAUKEE VALVE COMPANY., INC. CODE : St --Screwed Ends. FE —Flanged Ends, BM —Bronze

2375 South Burrell Street » Milwaukee, Wisconsin 53207 Ml B IGRapitichion
B-57 i 83
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SERIES ()\\W/ PERFORMANCE CURVES |

PERFORMANCE CHARACTERISTIC CURVE  rom 3x3x9'4  cimrmrueal rvee na wo. SERIES 80 s»uo 1750 em .
CURVES BASED ON SHOP ™57 NSING CLEAY COLD WATER AT A TEMPLRATURL OF NOT
OVER 85°F. PEIFORM}.‘ oy UOAANILLD AT INDICATED OPERATING POINT ONLY.
HORSEPOWER CURVES L i 111vLUlL 140TOP_SERVICE FACTOR avowoveo = Lurq4 vame 3.18.70
4
. ] /
3 /o0
100 L% Yy
: 40% 3750 R.F
r_glsv s o 50% —5 Y A .
ik 5 s T R
- o+ e o 60% Seuiefsung amaimt cun 1Y —
e ssett.
80 -
Ty I Ny
~ 8'4"
Y
L
E — 3- \:‘ - 4
60— = AN ¥ R
b 4 7!/’.' s N [l
- ‘ P S e e B
—— NN RS
3 ) N T
N,
g 40
-
2 i 30
| L1
|
o
RN
| I 1 iL.P.S.H ﬁ
0 p—t ~ ‘o 2
|| ] &
C I *
0 00 200 300 400 500 e :
FILFACIIANGT C1ZPATTENIGTIS CUNYE  roa 3x3x9%  cawtmruaal pume na no. SERIES 80 wuo 3500 P
CURVES PASEN €7 77 78T US!HS CLEAR COLD WATER AT A TEMPERATI'RE OF NOT
OVFR 7 F PEC S 0y 74 )§ CIANANTEED AT INDICATED OPERATING POINT ONLY.
|__nren PRV G o7 1t MOTOR SERVICE FACTOR .»MID?W oare 3-18-70
h—l - .’ .‘ = .i._.l T T N [ ]
400 P ";‘-‘ tmog%_‘ 459/5 50%’ 5596 - 00'R P
- S _T' 580’6 0, Impellers are trimmed in '4°
e — —— — [ T S 60/0 increments to supply required =
i ~ l 4 62% capacity. Responsibility for final
T — 63% impeller sizing remains with ITT —d
k’. _ i 9 / S N 63v2% Bell & Gossett.
| : ' ‘ A A | 63Y2%__
00— - - 10—
e _ ]l Vil .63%
.y A NS _ d
7 e S y| 1 )}
: 5 - — e g | = N 62%
z L] | 60HP
™ | L - Py N ;;
L_ 5 4
gm 14 - ~ 1 4 60%
s T
2 25HPP > 58% > S5OHP %0
g ~ - sonpt-
30HP A[/ 0
100 -
= 3°E r
- T A
1
N.P.S.H 20 E
z
0 10
| 0 “
0 100 200 300 400 500 600 700

CAPACITY IN U.S. GALLONS PER MINUTE
BELL & GOSSETT MORTON GROVE, ILL. 60053 ITT

fluid Handling Division, International Telephane and Telegrapn Corporation

B-58




R PO

~/®) L. PUNPS
SERIES 8@ PERFORMANCE CURVES

PEAFORMANCE CHARACTERISTIC CURVE e 3x3x9%4  cemrarvaa rvwe na me. SERIES B0  s0uee 1750 (Y'Y

CURVES BASED ON SHOP TETY USING CLEAR COLD WATER AT A TEMPERATURE OF NOT
OVER §S°F. PERFORMAL"" 1 ":ARANI{iD AT INDICATED OPERATING POINT ONLY.

NORSEPOWER CURVES wu i (HCLUCL AOTOR SERVICE FACTOR arvnovie A oars 3.18.70
; (] 4
100 40% - . ‘ N750 R P . "'
—9%" ~ 50% P s
! = b 4 55"-58% I amuAle 18 supoy sequired =
;E g~ + N, » 60% f.%%‘.?n'l‘!".'.‘.ﬁ’?'.'?v’..ml&?n'n' iT
2 ] 6]% Gell & Oouﬂ’.
=
- » y i
BL% N 60%
B 8"' Py 58%
i 7%. D ——
? 3 — %\ '?0% .
‘ . A , Y JP
E 4 NN BN 40%. -
R NEDER -
BN Vil
- ) K 1
zo < T 5!1" 7 /IHP
v_D
I -
o 1.P.S.H. 1
L
J
(] 100 700 300 400 500
PECZORIIANGE CHAPACTERISTIC CUNVE  roa 3x3x9%  cantmruaat rume na wo. SERIES 80 swuo 3500 (YN
CURYVES NASEN (1) 7007 TEST USIIG CLEAR COLD WATER AT A TEMPERATURE OF NOT
OVER {575, PER-C 11708 1S CIARAMTEED AT INDICATED OPERATING POINT ONLY. )
___pin_re;gf;_'-ii_n_ L7155 1) NOT INCLINE MOTOR SERVICE FACTOR apraovis 2 Ferg e oate 31870
B Y O -
1 \ E l ’ - o, " 4 :
80T T Ao 195% gm, | [55% i 00 R.F
] " T- [ 58% impeliers are trimmed n 4°
— \h-p__, 60°/° increments 10 supply required =
: C ; I 4 62% ., capacity. Responsibifty for tinal
:g__— *'(— R I I 7:. N 63/"63‘/:% 'e':ﬁtteéo';'sng.nm'm"“ -
S| A 1A 1] 63%%_|
Lt IR ’ i S % V4 _63%
- T S
E l‘—/ - ~ = - 6°HP
! N >
3 200 L4 e, ™ 60%
4
4 25HP = 58% 1 50HP
[ -3
8 T~ 40HP
30HP g za
100
|~
—~a
N.P.S.H
0
] 100 200 300 400 500 600 700

CAPACITY IN U.S. GALLONS PER MINUTE
BELL & GOSSETT MORTON GROVE, ILL. 60053 ITT

Fluid Handling Division, International Telephone and Telegraph Corporation

2l
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SERIES 80 PERFORMANCE CURVES

CURVES BASED ON SHOP TEST USING CLEAR COLD WATER AT A TEMPERATURE OF NOT
OVER 85°F. PERFORMANCE IS GUARANTEED AT INDICATED OPCRATING POINT ONLY.

PIRFORMANCE CHARACTERISTIC CURVE o 214x214x9%4 cinrmrvaal ruse nia. no. SERIES 80  wus 1750 [T X

HORSEPOWER CURVES DO NOT INCLUDE MOTOR SERVICE FACTOR. APPROVED PW sart 3.18.70
1 °
100 [—tt—1—30% 40% 45,
9% 1 50% OR
' Impeilars are trimmed n "
%0 } incremants to supply requied =
9" capacity. Responsid % for final
= - 1 t.nmoih&l::.n.n‘ remaing with ITT =
“ LN
8" N 50% o/
n* ® ‘5 o
av”
B ® ~ SN  [a0%
z O % N
3 » !
y N \ | 30%)
20 > I
E 7% HP
9 A
30 \\i "5 HP
" 3\HP 30
!
= NPS.H| L1 20 E
. -—"‘F 10 i
0 50 100 150 200 °
PERFORMANCE CHARACTERISTIC CURVE  rom 2145x214x914 canvmruaal rume na. no. SERIES 80 wuo 3500 (T XN
CURVES BAS[D ON SHOP TEST USING CLEAR COLD WATER AT A TEMPERATURE OF NOT
OVER 85°F. PERFORMANCE IS GUARANTEED AT INDICATED OPERATING POINT ONLY
HORSEPOWER CURVES DO NOT INCLUDE MOTOR SERVICE FACTOR. - APPRUVED ?&!?M/ oare 3.18.70

2/x2/x9/

30% 40% 45% . "w 3500 RPM2 ..
400 i | l 2 / :'r:go::‘nr:' u‘: cmm.n.e n %‘-_
94" 9 ‘ cu:m’y ﬂ‘noo.r:‘te:- !;7:"‘1'-':11
k Tan 50% b";ﬁ’i“’éo'.".'.". remains with 17T —
™~ 51% :
%-——- \—.— l ﬁ 3
0o B N E
z |8 BaSY “Naorp
. ~——
a -7'% ‘ T\ T S
4 200 :N N N ; )
B b 15HP = NP 30HP
sb( 25HP 40
NPSH Lt 3 " E
20HP .
100 P
—
23
10
o 3
0 50 100 150 200 250 300

CAPACITY IN U.S. GALLONS PER MINUTE
BELL & GOSSETT MORTON GROVE. ILL. 60053 ITT

Fluid Handling Division International Telephone and Telegraph Corporation

ORIGINAL PAGE IS
OF POOR QUALITY
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AURORA PUMP NO. CF PRINTS
A UNIT OF GENERAL SIGNAL & | For arrrovAL
AURORM C 2 TTY T (o0 AMPORT ROADNOIRTHEAURORA 1LHINOIS 60542 FINAL

SALES OFFICE: W/ w/ hoe7sy Associazes PO# 9828
FACTORY ORDER NUMBER: _9Q7- 9539
JOoB: __T&LEx - Blue ELaprn MiANEsSaTA
SERVICE:
ENGINEER:

CONTRACTNR: _Mawxam__!’wmamuNn_uea-rma_c:amenny
SOLD TO: MANKATS _ PuumBinG AND Hearinta_CompPany PO#
REFERENCE: _Pump No. 4

. PUMP ,
OME ___ NUMBER OF UNITS dv9Iv74 size _&3)  moDEL _Z2%~0" PITDEPTH
— 2490  GPM zo! HEAD 12so RPM [0 DUPLEX ® siMPLEX
STUFFING BOX: PUMP BEARING: INTERMEDIATE BEARING: LUBRICATION:

(J SLINGER (J sTANDARD (0 STANDARD O GREASE
O packiING (O cuTLESS RUBBER [0 CUTLESS RUBBER R FLUSH
(0 LANTERN RING O ReLIEF " [0 REeLIEF (J PRESSURIZED
B GRAPHITAR ® GRAPHITAR
(0 GLASS/TEFLON O GLASS/TEFLON
CONSTRUCTION: COUPLING: BASE PLATE: CONTROLS:
X) STANDARD ® STANDARD X 90°Dia R SQ-DIO3bG - AwG.S9 FLOAT SWITCH
FITTED O GuarD O 20x24 OVAL 0 ALTERNATOR
O O ___ X 22x280vAL O HIGH WATER ALARM
MOTOR
_ 2 HWP. __3  PHASE _ o0 HerTz  %39%povoLts  _1760  RPM 19S5 HP FRAMI
BY: X auroRra X oor P8 verTiCAL NOTE: MOTOR NOT MOUNTED
Qomers O e Facyoy Chok

O xprOOF

SPECIAL REQUIREMENTS
PUMP: _O.8, SHET

DRIVE:

ELECTRICAL.:

CERTIFIED section: 930  PAGE: _ 253 CURVE NUMBER: _JIPC =103

PRINT:  speciaL. MAINTENANCE:

gy: M D oate: 13 177 oFrice: Aueord
THIS ORDER WILL NOT BE PROCESSED FOR MANUFACTURING UNTIL APPROVAL IS RECEIVED.

PRINTS ARE NOT TO SCALE AND ARE CERTIFILD CORRECT ONLY FOR THIS ORDER. ALL
ORDERS SUBJECT TO ACCEPTAMNCE AT AURORA PUMP, NORTH AURORA, ILLINOIS.

THIS ORDER CAN BE RELEASED FOR MANUFACTURING AS SHOWN: | ] AUTHORITY: e

' OFFICE:
RELEASE FOR MANUFACTUHING PCR ATTAGCHED CHANGE ORDER: [ ] ey
B-60 / .- e i
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AURUKA mMODEL 531 ruMpP

secTion $30 Pace255

ON SIMPLEX PLATE WITH OVAL patep MARCH 1975
SUPERSEDES PAGE 253
DATED AUGUST 1973
1
I— PUMP SIZE ” MIN.
s e T E F K | COVER
DISCH | SUCTION | BORE SZE
v, 1, 7 |3 | e, | s 234
", I 9 |3 CIO I I8 34
| 4" NPT : - 2
VENT I, 2 7 |3.] 8, 6 34
", 2 9 |3, w0, |7, 34
' 2 12 132 |9 36~
2 2. 7 LN L I LU 34
2 2. 9 4, 12 9 36
e I 2 2, 12 |3 et 36
1 2‘) 3 7 ‘llc ‘l.l 3'1 36
1 812 sous/ \ROUND ex ; .
SOt 2, 3 9 & 12", ] 9", 36
COVERS
—— : 2, 3 12 3,14, 9 36
- 3 4 9 &, (13,8 e 36
3 4 12 | 4 |18, |9, 36
¥: \ q 4 4 7 "1. ‘]'. 8'. 36
approx. ~
4 5 %A |4, e, |8, 36
. 4 s 98 |4*i |15 |9 16
6 6 g |3 |14, |8 36
OVAL SIZE
20X 24 FRAME| X | Y
22 X 28 143HP | 137% | N
- 145HP (137, ] 12
| | T8 ol
N
" 28 el u Trees 182P (137,13
?
s P e ‘. 184HP (137, ]| 14
1 135 11
2 0 |38]19 " i il Lt §
= 215HP (137, |17
EE 4w |ag|22 ¥
& . 254vP 137, |19
- s 53 |sv|es,|
x HP [137 |2
B 60 |s8|» ' 2% L B
284HPA |18%, | 20
66 6432 '
286HPH [15%, | 23
78 |76]38 ', ==
324HP |15, | 24
326HP [15% | 25
364HP [15%, | 29
NOTES: 1. ALL DIMENSIONS IN INCHES. !
2. DIMENSIONS MAY VARY :1/8, 365HP |15% |30
3. NOT FOR CONSTRUCTION PURPOSES UNLESS CERTIFIED.
FLOAT SWITCH FURNISHED ONLY WHEN SPECIFIED.
S.)LINE SHAFT BEARING FURNISHED ON 6' 2" PUMP
SETTINGS AND LONGER.
6. PUMPS WITH 36" COVER AND LARGER ARE SUPPLIED
WITH 22 X 28 OVAL AS STANDARD.
o AURORA PUMP
. Al A UNIT OF GENERAL SIGNAL
AUIO.A PUHP. WOOARPONT HOAD NOTELEEAUIONMA 13 INOES 0Ot
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SESTION ‘30 PAGE 4“ EEEE—— 4 X 4 X 7 SERIES 530 ﬁ
:‘~ DATED QEC(EQ\BER 9N ENCLOSED IMPELLER
| g'llwuugv ot o

T T T
bt e 11 MAX. SPHERES -13/16
iSESAEE 50% T T EE T MAx.

ST THIREINNA [ (oos . CIEEEE [ ime. parn. wo. -3-1-225
] A 05% - +-{-+-1|CASE PATT. NO. -4500A

a© = aay - _ IF MIN. IMP. DIA, -4-T/8"

S ] § . 4x4x7 A
TN —r—ﬁ -+ =t =1 -
w .
. NEE RN Nt | H
S iR RN
< YNGR SH«- {80 )
b w y ﬁ -1 T r /
—t- 1 ~J! . - \ - —teq- -t=1-1-1
: %';:fESQ;;:y \ l.;fﬂ. AR R
< 111NN N ,I- 1 N ~(757->
: °F N WEE|[BENELY 8
o 5114 St bt_{/ & (o )
a NCTI 1\1‘ A :
= 0 ~ 7 N =N {
l e Vi wi 5 N /;,/‘\65$

4-7/8 = \ i ¥ ,7 el
i~ A\ R ) o AN [

15 e P N, anav.anipfy
0% RSN ' T ™ !
DR NG

7 3 i I ol 1] HP T

3 NPSH‘;TT#N‘, Hp [T 1/ [T HP [INPSHET T 1]
0 50 100 150 200 250 300 350 400 450 500,
CAPACITY - G.P.M, IPC- 116306

45 T L ] 3 , TT1 T
4 ' 'Hf {% T I T MAX. SPHERES -314
{ 507 X 60% X 65% ) I AHH-HH [ we. patT. No. -3-7-221

6-Ya iy 0% [ LIZET T case parr. no. - aso0a

a0 = -+ ={ 5% h= MIN. IMP. DIA. -4-7/8"
om0 ] 4x4x7B

NN BRI, (R O VNTHHS T
HHN ] PINE-F{ Gon) Ies-HA-HA-

% TETSHCS T 76N i

SIS 4 o) oA
Eo e . 15771
!
6 i*# ;’ )f‘{ PN EMA (e %PSH‘.4
a0 ANNA NG5S i
3 o - ovq - - A == e
NG ZCDAaR
INGATTS NS -1

TOTAL DYNAMIC HEAD -FEET

g t
N 0% 1
: ‘T<}v. 2
f AT
)//'\
T e
# T —“-\f 5 T-[- J —4 -1-4 -t=1 -
e | o o
H-{ {414
4 fL o ) ) U S A O B 0
IRERARERNARAERNENRNS
L _.«.j-+._-_,_
ol 10
CAPAC'TY "G.P.M. JK-lquuu
: Y AURORA PUMP
. o 0 A A UNIT OF OENERAL BIONAL CORPORATION
‘u.o. '“m ALIMOITA - 1) | b 1S )

B-62
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STCHON 12 rPAGE 2
Effective March 1, 1975

~  Model .
1Y af -
15ICU-1 1
ﬂ"l aescHame
b
. 2 o BT ZeR S
o) Byl
L, e} | '{5 '
Peabody Barnes ORIGINAL pAGp
IS
MANSFIELD, OHIO OF POOR QuALTY
-~ -
PERFORMANCE CURVE
3' SELF-PRIMING CENTRIFUGAL
PUMP
70 160
s IMPELLER 51108 - DIA. 68"
) 9 LIQUID — WATER
' 140
18 1 .
: "Eh = - S U I O -
120 i ~ ‘N\h#\ <
0ol e ‘,0 ﬂ\‘
" et - 9 lrp_4 \* %\._ - -—4—
: 100 BL'" LQ_,‘ N A
(v od )
- 5
g 404+ w :F" N 3200 p, \\ 5‘\\\ _
Q ra : — N ~~_ T N N
c z 8 2 o N
‘tf 30 + 2 ﬁ': - t\ - _ "\‘ 2900 or, ‘\v o [ “\ )
8 g:.' - < 7 ) %.{ - \ \b
g - 3 ~\\ \2600 ) \b NN ’\\\ R
o 20‘ < F \—‘r-_ \' N
o - ~N \\ N 3
2 4 i . S AN
1y 9 X N
S0 Rppy ~ ™ ‘l\ 30
10- NN " NN I z
~ 20 idgt . 208
i NS 11
N W - o o O G 1o§
| 5 "
0 40 80 120 160 200 240 280 320

U.S. GALLONS PER MINUTE
B-63
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SLCHION 12 'AGL 20
I Hective March 1, 1976

Model

151CU-1

Size 3" x 3"

ADAPTS TO ANY
POWER SOURCE

SELF PRIMING
CENTRIFUGAL
PUMP

PUMP SPECIFICATIONS

Size Suction & Discharge: 2"'x 3"

Body Material: ( .11 lron

Volute Material: .ot lion

Impeller Material: (.t lron

Impeller: Open Type, Cost Tron

Seal: Double Out L gbiricated Mechamical
Faceand Lip !, Stamlegs Steel
Motal Pt Corhon and Ceramic Faces

Pedestal Material: (.21 lron

Bearings: .” Rl BBt Beaningy

Shaft: Scl conthy S e Steel

Standard Equipment: Di harge Priming Tee,
Suction Flange, Sue ton Check Valve

Note: Available cath Bose, Flexible Coupling,
Flectre Motor and Special Seals—

Conalt Footory
)
f”"(a
AR
»

Peabcliz‘dy Barnes

* UNIVERSAL DRIVE-

e Zad g e——— T

-

- ¢ — -

————— - -

-—— -
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Serrves Bere  Sweke Dupl WP Net Wi
170400 b ) Pl 167 70 443

& -

' I?;“;f’.'ff"’ "
Wl L

o 1 i S— g -.t— J

i

Serias Bere Stieke Dup! HP NetwWi
251400 1 2% 2436 100 &7
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N

Carrier Pipe:
({Inner Pipe)

Insulation:

Jacketing Material:

Joining Method of System:

Fittings:
End Seals:

Exggnsion[Contraction:

Insulation of Coupling Joints:

Insulation of Fittings:

IV. PIPING

SUBMITTAL DATA

DATE: July 7, 1977

JOB: Solar System Underground Pre=Insulated
Piping

LOCATION: Telex Corporation

CONTRACTOR: Mankato Plumbing & Heating
Mankato, MN

ENGINEER: I T C (Intertechndogy Corp.)
Warrenton, VA

SYSTEM: Rovanco's Insul-8 Copper ''0'' Ring
Coupled

Tubing, Copper, Type L, conforming to ASTM B88,
""0" Ring Coupled

Polyurethane foam conforming to MIL=I=24172 with
the following minimum characteristics: Thickness=
1", Density=2pcf, Closed Cell Content=30~95%, K
Factor-.13 at 65°F

Seamless polyvinylchloride (PVC) Class 12454
compound conforming to ASTM 1784, Type 1, Grade |

An integral part of each 20' length of pipe includes
a machined bronze coupling containing one ''0'" Ring
Seal with operating temperature and pressure limits
of 250°F and 250 psi as rated by independent testing
laboratories

Wrought copper compatable with pipe

End seal prctection of exposed insulation according
to Rovanco Cc.p's most recent dats

Taken up in coupling mechanism which allows 3/4"
expansion or contraction every 20 feet

Couplings are insulated with flexible polyurethane
disk an? sleeved with PVC with seams sealed with
a heat <.-irkable tape to complete vapor barrier

Fittings ar=s left uninculated but are thrust blocked

in poured concrete to provide anchors and to {nsure
movement is taken up in coupling mechanisms

R-67




© D Incul-@ >

Corp.

210 snlcsmm STREET ' W(da«/md d/ pu-%a«la(a( Ptﬁac’ S;a(cm.

JOLIET, ILLINOIS 60420

—

PHMONE. 816-726-0040

ROVANCO INSUL=-8 "'0'' RING COUPLING

Drawing Description ard Asscimbly Tnstructions

The 0=-Ring Coupling System shown in Rovanco Drawing //75 has been
designed to allow for expansion and contraction of underground insulated
piping systems. This O~Ring Coupling follows all basic design and
cngineering principles and meets all federal specifications for thesec
type systems. Othcr competitors have similar syst-oms which are patented.
Rovanco's patents do not infringe others in any way, and you will be
indemnified in this matter.

Our system comes to you complete and ready to install with the
expansion coupling attached to one end of the pipe, and the other pre=
sized and dressed to insert into the coupling.

1« Place P.V.C. Slecve on onc cnd of the pipe. Slide it back
so it will be out of the way for joini asscnidly.

2. Clean off any dirt or oil frcm the coupiing (fenale end)
and the spigot end (male cnd).

3. Place flexible urethane ring around the coupling and
insert spigot end into coupling until there is no gap
between the sections.

L, Slide P.V.C. Sleeve over the joint centering it.

5. Elbows are soldered to a spigot end of pipe and the foam
is sealed against moisture with an end seal.

6. If necessary tu cut full lengths in the field, this is
casily done by following the instructions in Exhibit B.

7. Concrete thrust blocks are poured as anchors at all
changes of directions, 90° Els, 45° Els, Tees.

8. After the system has been instalied and pressure tested,
the sleeves that were slid over the couplings are sealed
with tapecoat to prevent any ground water from entering
the system.-
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M. FOR.4 2329208
//Z,’_%au/ DIVISION. MCQUAY-PERFEX INC ., SERFENFINE
P.O. NOX 1581, MINNIAFOLIS, MINNTSOTA 88440 WATER COIL HLG4
CERTIFIED DRAWING V. HEAT EXCHANGERS HI-ES :
Jon . DATE  £/30/77 OR TMC 4
Telex Corporation - Blue Earth, Minn. [cu. Y G.0. t
PURCHASER: PURCHASERS P.O. 100 '
Mankato Plumbing & Heating rer.  Schwab-Vollhaber, Inc.
CONS. ENG'R: REP. P.OV. | Pace 10r 1§
International Desiqn, Inc. 10 | ernrs || ror aeeri. [X | FOR RECORD A
REVISION NO. DATE BY WAS
- F
PHYSICAL AND PERFORMANCE DATA
COIL MODEL NUMBER FACE DIMENSIONS .
) i TYeeE EiEFki:‘EilRONSEGFEI:M_ W (IN.) |F.L. (IN (SG.RE:.) ;#(\),V)‘ NPT' e
U 1 L ooy " IUWUst L., 21 | @ 2421 H > tlUnit 2
_:% 2 | VSIS ¥12.03) C 121 1 B4 fI2.¢n] M T [Unit 77 and #3
0 1 T 7o 708,03, C 18 " 60 [7.5 TH 115 [Units
_8%’) 2 115 112 .03 C 12 § 24 12,0 || 1% | Unit #5 and £6
L1, 5H 110703° C, Hj,_. 0 13.129 1 5 lUnit #
060 | 2 %SU 06 1031 C 4 112.25 % | Unmit #8 and #9
l e
L | ! l Y 4 !
: ] r . H
! I D .
i 1 . H H
. H M I H
J J T 3
| | . L
| l T H
v T | T T T
1 R SO S
Tttt -
— i
. 1
E Aé:l??:lor:(:lo“s LEAVING AIR CRBACITY RATER COEMION
CFM FAC - P.D.
ITEM | (s7D. AIR) (FEh P he, | o% | B [niage SERSIBLE TOTAL ceu |ENT-JLVC F{':}O‘i
D10} P00 £53_{ 0 £ LT 0SS0 LT }
2 9200 a_ 80 i K
L3500 1 5051 o0 8 — 33194000 1o [105 |
1 0[50 80 b5 39,000 5 {105 —U.5J
050 T 2000 | 640 [ 5~ B0 64] _65.100 9 10571901 0.8" 1t
060 110500 | 860 | 40 70 75| 228,00 0 11051 90} 1.2 }i
- {
i
|
|
-4
'
BILL OF MATckIAL
NO. DESCRIPTION MATERIAL NO DESCPIPTION MATERIAL
1 CASING GALV. STEEL _ .5 | cesiucpoLrs t PLATED STHEL S
2 FINS - HI-.F ALUMINUM 6 CONNECTIONS STEEL
3 TUBES COPPCR 7 | venT 178 N.P_T.DRASS |
T | HEADERS COPVER _J
REV. 1.73

ik gra——
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r FoM < or HL GENERAL NOTES
. m % 1. VERT
i+ 1 3 1y® @ l‘,'!%t" OR HORIZONTL AIR FLOW MUST
- |
A T ] e QicEhiRE P '
= '.F-:! i PENTINENTIGNEAL& 5 ROW COILS AMD 2 SE
otn 10 eyl ETum con. v of oAvi
f ([ TINE SOPPLY AN RETUL 8 1072 SERBEN:
| ON SAME END ND RETURN CONNS Auvf"'
| -9 1 (1172 AND 2 SERP i s
$ ‘ I : ' :(L)lkeo WITH ONLYENTT%Ec‘ozow COLE L
4il s CONNECDTIM'&g,Efs"ﬁW"- NS. AS SHOWN,
b ENTERI OR COUNTER
| S RING WATCR CONN. ON CEAVING KIR
h : | DIMENSIONS ARE IN INCHES.
I
| ! o |
> 8 1.2
——er?
% aud é 1V MAX, {
L———-——numo N ] 8N0S
’
1% ~
Rows k) 4
TmeuTine | 0 le 17 % S o
1WH : WH,_WL. . ¥5] E |1'%, 11 3 1012 1
T 3 A7 N P Y BN/ 7
1/2 SERPENTINE FoR W R e e e v 4
5 = 1 ~ - - ' i ;
Rows 3‘2-436 113 NPT CONK 2l el |
A 13512 51618 110 FOR W=37.42, 7 NPT CONN J f
‘. 2% 21 2" i Row A |
woriz. ot T 6'7‘.2' A-;‘, alslers e | !
] Te a7 A EA EA R EA KR
O T A ER B B R - S, o o [ 341 31 35134 ‘
fon et et Tt N L i !
3 FUA A EA ETA IR e FLow [ Ten e
rel FAFARAFR 124 Va6t f 6ty etaf 7% | 7%
7 A e 2 2,' K - . 4 1)
VERT, F 51 |6 .13 L) 3/. 2% - 3‘7 2" 2‘1.2!1 24124
’ N y 'Y e ) .
FAL'gw 3 3 [2%]3 [3%]3u g-.' veRr. [FI%T z” : 3' 33'!; L
s |6 |4 : AIR TE R :
o T8 Y £ £ eI P o e A b EER T
.wt } 3/4 SERPENTINE e WA R T
_ : 21212 ,1 2412}
oot [ nercois | BhuEr conu l
HORizZ. [RO¥S 3 L S R R R e
A , 3 7 2 NPT CO LR LT
AND 2% > 16 18 110 T s
VERT F 3, 3% 2% 1321212 41516 18 1194 T
: F A A A DA EA R 5_16 18
G 7 4 4% 3%, [4"; 3333 ]33 10
AIR 2% 2 T T LA o e [P S A EY
5 " W 41/' W22l 2 2. o = Jl'. 41.; L I 5 5‘ 5‘
— . o 2"‘ Rtotadals -”: 4.): 3‘1 2:) 25020 (25 ]2 2 ] 2
i 2] 778 1A B R A B B 4ul4an]s _|s :
s}'SERPENnNe AR 10 £ I £V O A A
FOR Wa12.18 : e
1% NPT CONN e e et '
—=Ts 2 NPT CONN B '
T Tl 7 NPT CONN :
HoRiz. A1 2% 2] 2 12012 12 1 3 pele s oS ‘
petiand BN i3 S BN I A A EA EAEER ER EA B EA ER (AR RS '
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D PENTINE AT WD DIMENSION E FOR 4 ROW COWLS: !
. LL 2% NPT CONN ALL 2% NPT CONN 4 3
HORyz pRoms 31s1sls 0 . Rows| 4 | 6] 8 |10 LH 1 i ‘
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VERT. I EED J.. AND B - [ 3] = 3'. —! = ’
PRt ST IR P IR 2': veRT. [F T2 [3 37" T
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| (7 L UNIT HEATERS  [T'07000 -
SDROUP Mruuv-Paarea lne
b s PO, Bad 1hal, Minneapolis, Mn. 55440 DOWNFLOW TYPE UDH
X emn —wCERTIFIED DRAWING . S
308 Telex_Gorporation = Blue Farth, Minn. | PATE /30777 o8 TC| -~
N P.O. l bl
PURCHASER: Mankato Plumbing & licafing ~ REP. Schwab-Vol lhaber
REP. P.O.
AccEssonts 107 ewnrs [ oate
ror apert | | FOR RECORD
NO. | =FAN GUARD NO. 2 —RADIAL DEFLELTOR NO. 3 —CONE DEFLECTOR  NO. 4 —-ANEMOSTAT NO. S —LOUVER DEFLECTOR
. U Vg (fingh
A v
S 1,
% — '-IJ'/;M‘:TT:;:-——[.. —{6'/'
i e DIA r E zCEuEFG“
i HANGER HOLESY, |  \ARS SUPRLYTY L
, L] APPROX.
ftL 1
B iy
! i A
B ‘
el
oA \-M.I.P.S. RETURN '
ACCES. err N M.1.P.S. CONNS.
, iem | aiv. | no. [SIZE| TAG AleB ci o eV F c| H : K L] M ST wn oo aions
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of brine for recharging.

ELECTRO-BRAIN *M

Our exclusive custom pre-set
electronically operated

timer automatically
regulates recharge time

and frequency ol recharge.

HYDRO-LECTRIC VALVE “
Reliable 5-cycle operation
efficiently directs water flow
during recharge. Adapts to
water pressures from

2010 120 PSI.

GUEST CYCLE O
Permits you to provide an
extra supply of soft water

when there are temporarily
more pcople in the
household.

Automatically furnishes
unconditioned water during
recharge cycle. Optional
push-button Cul-Flo-Valv* by-pass
distributes unconditioned water
for non-household uses.

; DUAL BY-PASS ¥
|
|

STAINLESS STEEL BRACKETS
E Ruqged, non-corroding
FR mounting brackets relieve
Control Center from stress

at plumbing connections.

Culligan Mark 512

This heavy-duty, giant-capacity model features
our exclusive “Electro-Brain'. for peak performance L8y
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Ideal where large volume of conditioned water is required. Capacity for extra hard
water, controls high iron and mangancse content. Anti-Corrosion Construction
throughout. Distinctive Culligan styling, with scull-resistant Dusk Grey and Platinum
Beige exterior with Black trim. Sall Economizer automatically meters exact amount

| R ‘.f',,f?:-_u“l

CULLIGAN SERVICE-—ALWAYS AVAILABLE It s the same prompl, experl,
factory-trained service system Culligan onqinated in the US. and now
provides in 91 countries world-wide. Ask about our Culligan Warranty,
Salt Delwvery service 1s olfered for your convenience.

v -ow-—"-oq"mﬂrm
o % o Y

AUTOMATIC
WATER CONDITIONER i

™ TRIPL-HULL TANK
Corrosion-proof inner shell
is enclosed in heavy steel,
and covered with a sweat-
free foam insulated
styrene jacket.

W S\ AVA

L) {30\2 ) > CULLEX+ RES'N

A e AL : :

R 1‘» .‘\5‘{7:5..,_ Culligan-quality super-

.,’;"{:,_‘-' AR durable softening resin is
fiens .3;:‘:.: i stable and uniform to assure

&E&g; A arcatest water conditioning

EAL IR capacity.

) SALT STORAGE

CONTAINER
Extra-rigid construction;
in 250-1b. or 375-Ib.
capacities. Proteclive
Horizontal Salt Dissolver
for added efficiency.

(’\

Y DUBL-SAFE REFILL
Electrical valve, combined
with a positive mechanical
float shut-off, prevents
water overfill into salt
container.”

We Treat
Water Seriously,,
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Before calling for service . . . refer to the instructions
furnished with your Culligan water conditioner and
review those items you can check yourself.

If you need service . . . call your Culligan Man with
product model and Installation date. He will make
arrangements for prompt local service.

Culligan equipment Is serviced by over 1000 dealers
and distributors throughout the world. Consult your
telephone directory, or write Culligan USA for |
warranty and service information.
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LIMITED WARRANTY
You have just purchased one ol the linest water condiioners made.  As an expression ol cur confidence
Culligan products, your water conditioner is warranted 1o the original consumer purchaser against vefects in
(“) terial and workmanship from the dale of the original installation as follows:
\\ ; '
S For a period of ONE YEAR 1he entire conditioner
The contral valve body, but
excluding its internal parts,
K ] and
| . For a period of FIVE YEARS The salt storage container,
‘f _ and
The biine valve and all its
' component parts.
{ For a period of FIFTEEN YEARS., The conditioner tank it it
; including a warranty against corrosion contains a plastic inner liner.
P . originating inside the conditioner tank

It a part described above becomes defective within the specilied period, you should notify your Culligan
dealer and arrange a time during normal business hours for the dealer 1o inspect the water conditioner on
your premises.

Any parl found defeclive by the dealer within the terms of this warranty will be repaired or replaced by him.
You pay only freight from our factory and local labor charges.

‘turally, damage caused by accident, fire, flood, Act of God, misuse, misapplication, neglect, alteration,
O allation or operation contrary 10 our printed instructions, is not covered by this warranty.

“Our product performance specifications are furnished with each water conditioning unit.  ALL IMPLIED
| WARRANTIES INCLUDING, WITHOUT LIMITATION, WARRANTIFS OF MERCHANTABILITY AND FITNESS
5 FOR PARTICULAR PURPQSE, ARE LIMITED IN DURATION TO THE PERIODS SPECIFIED ABOVE FOR
‘ THE PARTS DESCRIBED IN THIS LIMITED WARRANTY. As manulfacturer, we do not know the characteristics
» of your water supply or the purpose for which you are purchasing this water conditioner. Please understand
r that the quality of waler supplies may vary seasonally or over a period of time, and that your water usage rate

ks r may vary as well, while waler characteristics can change considerably if your water conditioner is moved

. 10 @ new location. For these reasons, we assume no liability for the determination of the proper equipment

P necessary 10 meet your requirements, and we do not authorize others to assume such obligations for us.

-4+ OUR OBLIGATIONS UNDER THIS WARRANTY ARE LIMITED TO THE REPAIR OR REPLACEMENT OF THE
DEFECTIVE PARTS OF THE WATER CONDITIONER, AND WE ASSUME NO LIABILITY WHATSOEVER FOR
LMINCIDENTAL AND CONSEQUENTIAL DAMAGES, WHETHER FROM CORROSION OR OTHER CAUSES.y,

Some states do not allow limitations on how long an implied warranty lasts, so the above limitation .nay not’
apply to you. Similarly, some states do not allow the exclusion or limitation of incidental or consequential
damages, so the above limitation or exclusion may not apply 1o you. This warranly gives you specilic legal
righls, and you may also have other nghts which vary from state to stale.

Culligan, the world-wide waler conditioning people . . . We treat water seriously. ..

CULLIGAN USA, DIVISION OF
CULLIGAN INTERNATIONAL COMPANY
One Culligan Parkway

Northbrook, lllinois 60062
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DATE March 1977

REFERENCE .
NUMBER INFORMATION _Dojler/Tower Treatnent —  °

CHEMICAL TREATMENT C-70

NDESCRIPTION

Chemical Treatiment C-70 is a bfend of corrosion inhibitors, and alkalinity builders for complete
treatinent of closed water systems. C-70 is composed mostly of nitrite, borate, and MBT. The
nitrite is an excellent corrosion inhibitor for ferrous etals and is very good for many other
types of metals. Nitrite helps form a thin protective film on the metal surfaces. The MBT is a
specific corrosion inhibitor for copper and copper alloys. -

C-70 contains no chromates or phosphates and is a relatively mild non-polluting chemical. C-70
is blended for the use in closed heating and cooling systems. Typical uses are for chilled water '
systems, hot water systems, radiators, furnace cooling coils and any system where water loss is
very low. It can be used in open recirculating systems; however, the cost usually m%kes it
uneconomical to use. It can be used in a wide range of water supplies up to 150 psi or 370°F and
ethylene glycol protected refrigeration systems at -10°F.

C-70 should not be used with chromate solutions, in potable water, or any domestic water
supplies that inay come in contact with people or animals, as nitrites are toxic particles in the
concentrated form.

DOSAGE

3 A normal dosage of 2,000 - 2,500 ppm of C-70 will usually provide an excellent corrosion
protection. This dosage will raise the pH of the water supply to 8 - 10.

An initial dosage of one pound per 50 gallons of water in the closed system will provide the’
initial dosage of 2,000 ppm. As water leaks from the system, the residual will drop. More
chemical should be added tefore the residual reaches 1,000 ppm C-70 (500 ppm nitirite). When
the residual C-70 drops below 1,000 ppin, sufficient chemical must be added to the closed
system to reach the initial dosage of 2,000 - 2,500 ppm of C-70.

CONTROL LIMITS

A test for C-70 is the nitrite test. A nitrite residual of 1,000 ppm indicates approximately
2,000 ppm of Culligan C-70. Therefore, a residual of the closed system of at least 1,000 ppm of
nitrite should be maintained.

FEEDING

A pot feeder is used when the chemical needs to be added only a few tiines a year. This is a
very convenient method of getting this chemical into a closed water system.

A autornatic feed system should be used when there is sufficient water loss to warrant
additional cherical several times per month. An automatic feed system will assure that C-70 is
kept at prescribed levels when the operating personnel are too busy to use a pot feeder

regularly.

HANDLING

Culligan C-70 is slightly toxic, expecially in the concentrated form. It should be handled with

normal precaution and not allowed to come in contact with food, food products or eyes. It
9 should be stored in a dry place away from heat; and 1t will become hard if left open to

atmosphere as it absorbs moisture from the air.

No. 8806-17
967/11-72
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DATE 6/76

REPERENCE

NUMBER INFORMATION __ MI(‘.RQI\IOCIHL

ORIGINAL P,
OF POOR QUA?.?T? CHEMICAL TREATMENT M-25

DESCRIPTION

Chemical Treatinent M-25 is a combination of two organo sulfur compounds for use in
commercial and industrial cooling water. It is especially effective in controlling algae,
bacteria, and fungi, which contribute to biological fouling.

M-25 can be used in any cooling water system that docs not come in direct contact with
food. M-25 does not foam; M-25 also is not volatile and therefore is not lost by
evaporation.

DOSAGE

An initial dosage of 60-120 ppm, which is 6.9 to 13.8 fluid ounces per 1,000 gallons of
recirculating water, is recommended. It is also recommended that an initial general
physical clean-up of the cooling water system be made to rcmove excess slime and
algae deposits.

' Subsequent slug additions of 20 to 120 ppin or 2.3 to 13.8 fluid ounces per 1,000 gallons
are recommended. The frequency of additions of M-25 depends on the amount of bleed-
off and severity of microbiological fouling, typically once a weck.

CONTROL LIMITS

Visual inspection is the only convenient mecthod of determining if additional M-25 is
required. If a visual inspection indicates the presence of algae, obviously additonal M-
25 is required. [If the additional M-25 does not remove the algae, switching to M-23
may be required as it is possible that the algae has built up an immunity to M-25.

HANDLING

IMPORTANT: M-25 is an EPA approved microbiocide which is permitted to be sold at
the concentration specified on the label. M-25 is registered under EPA No. 2938-8.
Therefore M-25 can not be diluted and resold without violating CPA regulations.

DANGER: Keep out of the reach of children. As with most microbiocides, the
concentrated solution is a toxic material. M-25 causes eye damage and skin irritation.

Wear goggles and rubber gloves when handling.  Harmful or fatal if swallowed, avoid
contamination of {food.

In case of contact, flush with plenty of water for at least I5 minutes. If eye irritation
persists, get medical attention.

Do not rewse empty containers, destroy container by perforating or crushing and burying

. in safe place.

This product is toxic to fish, do not discharge into effluent where it will drain into
l lakes, streans or ponds.

Cat. No. 817662

967/11.72
B-79
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PARTS, REPAIR, INSTALLATION AND MAINTENANCE
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THE ITC/SOLAR FLAT-PLATE COLLLCTOR:
PARTS, REPAIR, INSTALLATION, AND MAINTE.ANCE

INTRODUCT ION

The intent of this information is fourfold:

1. To describe the various parts contained in the ITC/Solar Flat-plate
collector,

2. To describe the steps necessary to replace any of these parts,

3. To list guidelines to follow when connecting collectors together,
and

4. To briefly discuss wmaintenance.

PARTS & REPLACEMENTS

This section contains a description of the various parts of the ITC/Solar
collector. At times one or more of these parts may be damaged, prevent-
ing proper operation of the collector. The collectors are made to allow
removal and replacement of any part in the box, hence, a discussion of
removal and replacement of parts is also included herein. Figures 1 and
2 can be used as a guide for this section.

To establish conventions, the front of the collector will be considered
the glass side of the collector. The side with the protruding manifolds
will be designated as the right side. The side with the tube couplings
and recessed manifolds will be designated as the left side. The bottom
of the collector will always be the end with the oblong openings around
the header. Mark V collectors are nominal 3' x 6-1/2' with a 1" or 2-
1/2" header. Mark III collectors are nominal 4' x 8' with a 2-1/2"
header. With the exception of end boxes, all collectors will have
protruding manifolds on one side and recessed manifolds on the other

side. (See section on end boxes.)
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Glass Covers

The chrome piece around the perimeter of the collector is the pressure
plate. The pressure plate holds the glass cover (sometimes referred to
as glazing) in place and can be freed by removing all the pressure plate
screws holding it down. There is an EPDM, black rubber gasket that fits
securely around the glass. This gasket reduces heat loss through the
top of the collector, provides a water-proof seal, cushions the glass,
and helps hold the glass in place. The gasket should 1ift out of place
when the glass 1s removed. If the gasket or the glass does not come
loose the gasket may be stuck to the box. Passing a knife between the

- gasket and box should eliminate this difficult&.

The glass cover may be lifted by hand or special vacuum cup handles may
be used (Figure 3). The special handles are made specifically to handle
glass and have one or two suction cups per handle that :-'p the glass.
If the collectors are mounted on a slant and the glass must be reinoved,
the use of these handles is recommended.

FIGURE 3: VACUUM CUP HANDLES
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If the glass cover has broken, remove the pressure plate and clean all
the broken glass from the yasket and the collector box. Wipe the gasket
clean with a damp rag. Do not use soap. Fit the gasket around the
perimeter of a new glass cover. Place the glass and gasket back on the
lip around the interior edye of the box. When replacing the cover make
sure the glass does not cover the pressure plate screw holes. Vhen the
collector is mounted and on a slant it may be necessary to place a shim
on the 1ip of the collector box below the bottom edge of the gasket and
glass cover. This will stop the glass from sliding down and covering
the pressure plate screw holes. The pressure plate will fit over the
gasket and around the outside of the box. Tighten down the pressure
plate by replacing the pressure plate screws.

If the glass cover slides out from under the pressure plate, the gasket

may not be griping as it was designed to do. Remove the gasket and wipe
it with a clean, damp rag. Do not use soap as that will leave a thin
film which contributes to slippage.

Access Ports

The small covers on the top and bottom of the collector in the corner
near the female side are the access plates. These cover a piece of
insulation which in turn plugs an access port. The access port provides
access to the left side of the header. The access plates can be removed
by removing the smal) hex-head screws on either side of the plate. This
requires a 5/16" wrench. A speed wrench is ideal for this and may also
be used on the hose clamps mentioned later.

Headers & Collector Connections

The headers (sometimes referred to as manifolds) are nominal 1* (Mark
V) or 2-1/2" (Mark 1I] and some Mark V) copper tubes at the top and
bottom of the collector. The short lengths of hose on the header are
the silicone connectors or couplings.

c-5




Removal & Replacewent of Connections

Occasionally it becomes necessary to remove a connector. If the con-
nector is to be removed, the two hose clamps that hold the counector to
the header must be loosened. Access to the huse and clamps is available
through the access ports.

After the clamps have been loosened reach in with a sharp knife, slice
the coupling along its length, and remove it from the box through the
access port.

Replacement of connectors on single uninstalled‘collectors differs from
replacement of connectors on collectors already installed in a row of
collectors. With collectors not yet installed in a row, it may be
possible to slide the connector through the opening on the side of the
box and guide it onto the header by rcaching in through the access
ports. Where the connector does not fit through the opening or when the
¢ llector is already installed in a row, it may be possible to push the
coupling in through the access port and slide it onto the collectors.

To replace connectors on installed collectors that do not have adequate
room between the two adjacent headers to slide the coupling on, the
collector plates (sce next paragraph) may require shifting. Loosen the
coupling directly below the coupling that is being worked on (or above
if the coupling to be replaced is at the bottom of a box) and the two
couplings on the collectors to either side. (That's five couplings.)
Now reach in through the appropriate access port and push apart the
headers where the new coupling is to be installed. It may be necessary
to Lush on both the top and bottom headers in order to separate the two
adjacent hecaders at that connection. If the hose coupling cannot be
replaced in cither of these ways, that side of the collector plate will

have to be lifted out of the box.




Collectur Plates

The collector (or absorber) plate is the subassembly that consists of
upper and lower headers, cross tubes, fins, silicone couplings, and hose
clamps. The collector box is the housing for the colluctor plate. The
cross tubes are the small copper tubes running the length of the box.
Should the tubes be broken or badly crimped, return the collector to
ITC/Solar. The fins are pressed on the cross tubes and have, on occasion,
pulled away from the tubes. If this occurs, consult the collector

dealer or ITC/Solar.

The glass cover and pressure plate must be removed in order to provide
access to the collector plate. Once these are removed, shift the plate
to the right (as you face the collectors), as far as possible, and 1ift
up on the left side of the plate. The hose connections can then be
removed and/or replaced.

END_BOXES |

"ncluded with most 2-1/2" header collector orders are special end boxes
for each row of the collector array. The end boxes will have headers
protruding from both sides of the box. These collectors should be the
first collector mounted in each row and should be mounted on the west
end of the row. (Remember, the collectors are facing south so the west
end is to the left as you face the array.) When end boxes are not
included with an order, whether it be Mark V or Mark I1l collectors, it
will be necessary to construct an end box by modifying any one of the
existing boxes. Modifications can be made as follows.

Remove both access plates and pull out the small picce of precut insula-
tion to expose the silicone ceuplings. Tighten the clamp that holds the
coupling to the header and loosen the second clamp. Insert a short




piece of 1" or 2-1/2" (which ever matches the header size) caopper pipe
(sunplied) intv cach of the couplings. Push the pipe as far as possible
into the coupling and secure it in place by tightening the previously
loose clamp around the coupling and pipe. Since this is an end hox the
space between the header and the piece of pipe is not critical. When
two collectors are being connectea, a 3/4" space between the two headers
at the connection wil) be necessary (see step #9, page C-14),

SUPPORT STRUCTURES

When connecting collectors, it is necessary to move the free collector
left or right, while keeping it at the same height as the attached
collector. The support structure should be designed to prevent up and
down slippage and allow movement left or right during installation.

This can be done with a temporary horizontal lip running a short distance
either way from the collector being worked on, or with a permanent
horizontal 1ip running the entire length of the support. Should the
latter be used, provisions for self-draining of the 1ip must be included,
otherwise water may collect on the 1ip and cause collector corrosion.

INSTALLATION
1. Cover the collectors with an opague material (paper or plastic) to
prevent the collector boxes from getting too hot to handle.

2. Mount the special end collector so that it is the west end col-.
lector of the row to be installed. Attach this end collector to the
support structure. Subsequent collectors will be added to tue east of
those alrcady installed. Remember the oblong holes in the collector box
should be at the bottom of the collector. The right side of the col-
lector will be pointing cast.




R

3. Eprse the access ports on the next collector to be hung by re-
moving the access plates and precut pieces of insulation. As this
collector is not yet connected to the support structure it will be
designated the free collector. The collector to the west to which the
free collector connects, and which has already been connected to the
support frame, will be designated as the attached collector.

4. Lift the free box into place along side the attached box.

5. The clamr. on both silicone couplings of the frce collector should
all be loosene. and the hose coupling pushed to the edge of the header

TIGHTEN THIS CLAMP

Mid, ./4.'--5. L /
B2 8 Lenve s cLane Loose
2 T
N Vdagacscson’
o o
e HOSE COUPLING

FIGURE 4: CLAMP HOVEb TO THE EDGE OF THE HEADER

they'are mounted en. (See Figure 4 above.) Tighten one clamp around the
header leaving 1/4" or more of hose coupling on either side of the
clamp. Leave the other clamp loose. In some cases the hose coupling
may have to bc pushed closcr than 1/4" from the edge of the header to
make the connection to the adjacent box possible. If at all possible,
maintain the 1/4" clearings on both sides of the clamp.

On collectors with 1" hcaders the hose coupling can be pushed over with
a screwdriver. The collectors with 2-1/2" headers have the larger hose
couplings and are more difficult to handle.
- URIgy
OF Pogp  PAGE 15
UALITy
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Two hooks similar to the one shown in Figure Five can aid considerably

in installation. The hooks can be used to reach around the headers and
manipulate the hose couplings. The hook shown in the figure is available
from the collector manufacturer.

) o

FIGURE 5 : HOOKS AVATLABLE FROM ITC/SOLAR |

" 4"

6. Position one person so they can work with the top coupling and a
second person so they can work with the bottom coupling. Slide the free
box toward the attached box to a point where the headers on the attached
box, are just touching the hose connections.

7. Now align the hose couplings on the free box to the headers on the
attached box.

8. Finally, complete the connections by pushing both headers on the
right side of the free box, at the same time, hard and deliberate,
toward the attached box. This will cause the hose couplings on the free
box to slide onto the headers of the attached box.

With the 2-1/2" header collectors it may be necessary to have 3 or 4
people helping with installation. One person aligning each of the hose
couplings with the hecaders, and one or two people pushing the free box
toward the attached box.




When aligning the hose couplings to the headers only one of the two (top
or bottom) connections may line up. The following suggestions will aid

with the alignment of the hose coupling to the header and the completion
of the connection. :

Having both connections aligned at the same time makes installation
easier and an attempt should be made to do so. If both cannot be
aligned or completed at the same time, complete one connection at a
time. In this case, rather than pushing on both headers on the right
side of the free box, push only that header corresponding to the header
to be connected on the left side. Once one connection is made, the
second connection can be worked on. Vhen working on the second con-
nection, push against the appropriate header on the right side of the

free box to prevent the first connection from coming apart.

Figure 6 shows the bottom connection already made and the top connection
being worked on.

HOSE PREVIQUSLY MISALIGNED IS KO ALIGNED

o o ey

\.“-2__ .
| J=— PUSH HERE

ATTACHED
BOX

]

\\__ THE END OF THE COLLECTOR

WHERE THE CONNECTION HAS
CONNECTION ALREADY MADE BEEN MADE CAN BE PREVENTED
FROM DISCONNECTING BY PUSHING
AGAINST THE RIGHT HEADER ON
THE FREE BOX

FIGURE 6: ALIGNING THE SECOND COUPLING AFTER ONE HAS BEEN CONNECTED




iy

If the hose coupling is badly buckled and will not slide around the
header, pull the collectors apart and realign the hose to the headers.
(See Figure 7 below.)

ONLY THE EDGE OF THE HOSE COUPLING IS PREVENTING THE HEADER
FROM SLIDING INTO THE COUPLING

ATTACHED

BADLY BUCKLED HOSE COUPLING
PULL APART AND REALIGN.

e PUSH
FREE 9 HERE

FIGURE 7: BUCKLED HOSE AND HOSE WITH CAUGHT EDGE

The header and hose coupling can be adjusted for alignment as shown in
Figures 8 & 9.

c-12
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CLAMP LOOSE -\\\\

ATTACHED BOX

‘ FREE BOX
THE FREE BOX IS SLIGHTLY LOWER THAN
THE ATTACHED BOX.

ATTACHED FREE
BOX BOX

[:] PUSH
HERE

THE BOTTOM HOSE COUPLING IS TOO
LOW AND THE HEADER IS HITTING THE
TOP OF THE COUPLING. PUSHING ON
THE BOTTOM HEADCR OF THE FREE
BOX WILL CAUSE THE COUPLING TO
SWING UP AND OVLR AS INDICATLD BY
THE ARROW.

(A)

LEAVE THIS LOSEN THIS CLAMP, SET ‘
\ HOSE ON AN ANGLE AS SHOWN,
7 AND RETIGHTEN CLAMP N, TS

ATTACHED BOX L FREE BOX

THE ATTACHED BOX IS SLIGHTLY LOWER THAN

THE FREE BOX.

FIGURE 8: COUPLINGS SET ON AN ANGLE CAN AID IN HEADER-COUPLING ALIGNMENT

THE BCTTOM COUPLING IS TOO HIGH.
PUSHING ON THE TOP HEADER OF

PUSH
1 :]-‘__HERE
ATTACHED FREE
BOX BOX
P
0. |
L

THE FRLCE BOX WILL CAUSE THE BOTTOM -

COUPLING TO SWING OVER AND DOWN AS
INDITAIED BY THE ARROW.

()

FIGURE 9: SHIFTING OF THE COLLECTOR PLATE AIDS IN HEADER-COUPLING ALIGNMENT




9. Slide the two collectors together to a point at which the two
headurq are approximately 3/4" from cach other inside the coupling
as shown in Figure 10.

TIGHTEN THIS CLAHP 10 COMPLETL THE CONNECTION

—— THIS SPACING IS CRITICAL

FIGURE 10:COMPLETED CONNFCTION BETWEEN COLLECTORS AND THE CORRECT SPACING BETWEEN MALE
AND FEMALL HCADLRS
The 3/4" spacing between headers is important as it allows for thermal
expansion. While the 3/4" space is not visible it can be felt through
the rubber. Secure the hose coupling to the header with the hose clamp.

10. Attach the free box to the support structure. Do not replace the
access plates until the system has been checked for leaks.

11. Repeat steps 1 and 3-10 with remaining collectors to complete the .
array.

IMPORTANT NOTE:
Keep in mind that the first row of collectors must be sloped 1/4" per
collector toward the inlet of the array. The inlet on additirnal rows

may be from another row, a scparate inlet pipe, or the same inlet as the
initial row. Each row should be sloped toward its own inlet.
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MAINTENANCE

For normal drain-down systems deionized or distilled water is suggested
for the heating fluid that travels tinough the collectors. MNormal tap
water can be used but may cause mineral buildup in the collectors. If a

drain-down system cannot be used, consult iTC/Solar for other suggesied
fluids.

The first few times the system is started, it will be necessary to check

~ for leaks at the silicone couplings. After the first few minutes of

operation, a visual check will turn up any leaks. Use tap water when
testing for leaks. Color dye in that water will allow leaks to be
spotted easier. Condensation will build up on most of the collector
cover on any collector that leaks. There may also be a noticeable flow
of heating fluid from the leaky collector. Most leaks are due to loose
hose clamps on the couplings and can be stopped by tightening the clamps
on the hose that leaks. Occasionally, a coupling will slide completely
off the headers and must be reinstalled. After the first 4 or 5 leak-
free runs, a quick check of the collectors every month or so is advisable.

The monthly check need only'be a visual inspection for broken glass,
Teaks, or excess dirt on the collector covers. With normal precipita-
tion, any dirt or film that may prevent sun rays from passing through
the glass cover will be rinsed away. To prevent a build-up of film,
washing once or twice a year is recommended. A strong spray from a
garden hose will be adequate. Long dry periods or blowing, dusty
periods increase film build-up and more frequent washing may be re-
quired.

If the insulation on the inside of any collector gets wet, remove the
access plates for a day or so. This will allow the insulation to dry
out. Since running the collector with wet insulation will not harm the
collector, the plates need not be removed until there is sunny weather.
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APPENDIX D

As-Built Drawings
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: FOrDOUT, FRAME
GENER TES :
1. Gemerel: 4 3 ::uh:"n)'nm * overburden pressure ¢ 2X cohesfon 5. Comstruction:
500 = o
A, Do not scale drowings, Al (ndicated dimnsion she)l govern, . A. F1) dimensions and conditions shown on
4 Mtariels: wurified by the contractor
0. Engineer’s spproval must b0 sacured for o)) substitutions. to Lhe Engineer prior to proceeding with fabrication of
A. For complete detaili soe specifications,
L % = . " 5. Al concrete shall be thoroughly vibrated to prevent
8 rete: ' = 3000 pot compressive strength ot doys.
. A. Procovtians shell Be tohan to prevent eveston o8 required by local € C. Cast-in-Place Concrete Plers
So11 Comsorvation Plotrict ond h. C. Meinforcing bars: ASTH Grade 40
1. For complete detai)s see specifications
5. Al elevations on the t-h- ore hul o8 3 Survey perforged 1. A1) bar lengths dre not drawn t el No splices of re-
by Baiten and Menk, Inc., [ngf inforcament sha1) be made except 4 detalled or authorized 2. Concrcte plers to be drilled in place, trye in df
by the Engineer, Gepth with no caving in of sofl or ground water
C. Detam paiet to b wed for o)) site ) work ond elevetions Stee) cage: and concre’e to be placed v soon after
will o ul vied by Malten ond Memk, netrs, Farwonth, 2, Detail bars in sccordance with A C.1. Manval of Standard 8% possible to prevert disturbance to soil  In all
Winnosotn for W porforand by M ﬂ‘n ry 2%, 1968 Practice for Deteiling Retnforced Concrete Struclures piers shall have full h“r!»' tip elevation.
-, 1198 (ul 315) and A.C.1. Builging Code Requirements for 11 loose sofl at bot shaft. Dewatering
Reinforced Concrete (ACI 310). Vatest editions. will be requirec \f @ nn ter i3 present. €
9. Contrecter shal) Be therswghly familier with the sofl report should be consulted f eacessive ground water present
ond tabe 011 mecessary precoutions in ordar t assure that 3. Previde 811 accessories necessary to suppert reinforcing
orilied-1a-place concrate plers are installed properly with at positions shown on the drawings. ). Forms sha  not be removed until 7th day after placed
winten) hezard to loborers. Core should Be eserzised In excavating of concre Solar strycture shall not be placed oM.
for plers. [ncovetion wall stadil)ity and water covld be 2 0. Lumber: " in place . crete piers unti) 14th dey after plac
an, Ploce concrete as seom a5 pussible after etaveting. S\ concrete.
soil repert for splification. Comsultation with zoil 1. Unless otherwise notec umber to be Dougles Fir Larch, :
Ungineer my h dosired. Studs-grade, preservative treatment per specifications D. Castefn-Place  icrete Storage Tank Slabs
3 mie: 2. Mets) harduare, nails and anchor Belts to be galvanized 1. Concrete & 4 for water tank shall have been 1n plad
L2 stee). days prior inetalling tank Do not 111 tank with
A. Wind Yosd » B0 Y until 14k y after concrete has been placed
3. 8 wood betm to be cut to and length to have boit and nat)
0. bed losd » WO PP o8 prebored prier to pressure treatment per specification. 2. verify ot nong thrusgt 100r and wallt with mecy
d electr fequirensnt
§ €. Allowsble soi) stresses and demsities por Sof) [xploration AnFIEReE =
Campony regort. For complets dotails 500 report. 3 Compaction . backw)! wherg requitrd shall be 95 of
Proctor prr  Als riwer
1. Allomble beering 0 plors » 2000 PSF L
2. Allmmble beoring 0 tenk = 2000 PV
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$ and conditiont shown on drawings shmll be field
the contractor and sny discrepancy shaVl be reported
r prior to procesding with fabricetion or constructing

Shall be thoroughly vibrated to prevent hcneycombing
Concrete Plery:
lete detai)s see specifications.

plers to be drilled (n place, tru~ in diameter and
th no caving 1n of soil or ground water present

", and concr+‘e Lo be placed a5 soon after drilling
1¢ to prevert disturbance to soil. In 811 coses,

.
Dewatering of shaft
water is present.  [Engineer

consulted 1f escessive ground water present

?
" not be removed unti] Tth day after placement
[ Solar structure shall not be placed on drilled
¢ crete prers unti] 14th day after placement of '
wrete Storage Tank Slads ‘.

$ 3 for water tank shall have been in place 7
r 1nstalling tank. Do not 1111 tank with water
h ¢ after concrete has been placed

" ning thrauy tloor and walls with mechanical
Rr. 0 requiresent

o backwr ! where required shall be 940 of Standad

Per Al et

Rough Carpentry:

1. ANl bober “nall be clean cut 30 a3 to produce o finished
appesrance.

2. AN meta) hardware Including neils shall be :inted after
installation with two coats of weather resi 32 sealart
and paint. Paint shall sea) joints Detwecr ~eti’ hardware
ond wood surfaces 30 that moisture does not penetrate
between surfaces. Color to te selected by Owner.

Inspectirns:

Required inspections to be mace by Engineer (48 hours notice shall
be given [ngineer prior to required ‘aspections):

Prior to pouring any conirete the fngineer shall inspect place-
ment of reinforcing tteel for conformance with plans and specifi-
cations,

forty-eight hours after installation of first row of solar
collector stryctures the enginerr shyll Inspect Lo #ure
conformance with glans and specrfiiations

(uncrote pump pit shall te Visjected atter removal of forms
ang prior to backfriling

Forty-eight hours after co=nirte solar collector structure
(with snlar collectors 1n place] 1+ erected the Enginevr shall
te called for fnypection
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