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EXECUTIVE SUMMARY

Problems and Objectives: Historically, the military stores vehicles and equipment with full fuel
cells for long periods of time. Also, during maneuvers, vehicles suck as the M1A1 combat tank
do not use all the fuel or only "top off" the rear fuel cells, since the front fuel cells are difficult
to reach. Under thesc circumstances, the fuel deteriorates and absorbs moisture. Under these
conditions, degradation products are formed, free water is accumulated, and microbiological
growth may begin. These products will quickly plug the fuel filtexs, disabling the vehicle. These
fuel-related problems have affected many units to such an extent that they are well below
combat-ready status. During Operation Desert Shield/Storm (ODS), fuel cells in entire battalions
required cleaning before they could be transported to the battle area.

The objective of this program was to design, build, and demonstrate the concept of a mobile
piece of equipment capable of cleaning contaminated fue! and dispensing the fuel additives for
microbiological growth control and fuel stability.

Importance of Project: A mobile Fuel Filtration/Additive Unit (FAU) could rernove
contaminated fuel from the vehicle, filter particulate and water, inject required additives, and
return the clean fuel into the vehicle. This FAU would allow for the military units to remain
combat ready and to reduce maintenance, cleanup, and fuel filter replacement costs. An
additional capability of the FAU is that it can convert Jet A-1 into JP-8 for the Army’s "Single
Fuel on the Battlefield Concept.”

Technical Approach: A mobile Fuel Filtration/Additive Unit was designed. The unit has the
capability of filtering dirty or contaminated fuel, injecting additives into the clean fuel, and
returning the fuel into the vehicle.

Accomplishments: The FAU has been fabricated, qualified, and field tested. The ficld testing
included an emergency contamination problem in which up to 80 percent of a battalion was
having fuel-related problems. The FAU was able to clean the fuel cells and return the unit to
combat-ready status in a shoit period of time.

Military Impact: The development of the FAU ailows for a simple and rapid means for the
military to clean and additize fuel containing gross quantities of particulate and water. The
additive system is also capable of converting Jet A-1 to JP-8.
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I. INTRODUCTION AND BACKGROUND

The military has encountered fuel stability-related problems for over 30 years. These problems
have occurred as far away as Diego Garcia in the Indian Ocean and coast-to-coast in the
continental United States. When vehicles use this contaminated fuel, they frequently encounter
massive fuel-filter plugging. The constituente in the fuel that plug the filters include:
1) inorganic compounds, i.e., sand, dust, and dirt; 2) fuel-container surfaces, i.c., resins,
fiberglass, polyurethane foams, and elastomers; 3) fuel filter media; 4) microbiclogical products,
i.e., fungus, yeast, and bacteria; and 5) organic products, i.e., fuel-derived sediment and gum.(1)*
In addition to these contaminants, the fuel cells breathe due to temperature changes. This process
brings moisture into the fuel cells. The excess moisture then accumulates and settles to the
bottom of the fuel cell. Besides the water itself being a problem, free water is an ideal media
for the growth of microbiological products. The design of fuel cells on armored vehicles is
furthering complicating this difficult problem. Generaily, the fuel cells have unconventional
designs, containing many hidden traps for water and debris. Even if a drain plug exists, not all
the water and debris will drain. Heavily armior these areas and you have fuel cells that have poor
access and which are very difficult to properly clean.

Historically, the military has not been able to maintain these problem vehicles without great
expense and time. Many times, the only method for cleaning the fuel cells involved completely

removing the power pack. Even this power-pack removal did not completely solve the problems.

During Operation Desert Shield/Storm, at Ft. Hood, TX, whole battalions had to have their fuels
cells cleaned before the M1A1 battle tanks could be driven to the railcars for shipment to Saudi
Arabia.

Even in Saudi Arabia, other fuel problems surfaced. The military had decided to use JP-8 as the
"single fuel on the battlefield.” This concept had been successfully demonstrated in a JP-8 Fuel
Demonstraticn Program conducted at Ft. Bliss, TX.(2, 3) However, most vehicles in Operation

* Underscored numbers in parentheses refer to the list of references at the end of this report.




Decert Storm had 0 opecate on Jet A-1 fuel. This use of diffexent fuels created further fuel filter
plugging problems.

The military preferred to operate its vehicles and equipment on JP-8, which contains a corresion
inhibitor, fuel system icing inhibitor, and a static dissipator required by the military for aviation-
type fuels.4) However, only limited sources for converting the Jet A-1 to JP-8 were available,
and the Air Force controlled those.

. OBJECTIVES

The objectives of this program were to design, fabricate, and demonstrate the feasibility of a
piece of equipment that could clean fuel contaminated with gross quantities of particulate and
water and could dispense additives into the fuel. These additives could either convert Jet A-1
to JP-8 or control microbiological growth, thus increasing fuel stability.

ill. APPROACH

The approach was to design and assemble a mobile system capable of pumping fuel from the
vehicles and small storage tanks, filtering any particulates and water, injecting additives, and
returning the fuel to the fuel cell. The system had to be flexible in operatior, yet te user
friendly.

When designing this system, as many of these features as possible were incorporated, without
making the FAU unduly cumbersome to transport and operate.

IV. DESIGNING THE FUEL FILTRATION/ADDITIVE UNIT (FAU)

In designing the Fuel Filtration/Additive Unit (FAU), certain operation parameters had to be
fulfilled. Some of these constraints were: 1) the FAU was to be trailer mounted for ficld




operations; 2) the pumps were to be either centrifugal or positive displacement pumps capable
of transferring fuel at a rate of 227 liters per minute [60 gallons/minute (gpm)] with a 10-foot
total head, using a test fuel with a marimum viscosity of 4.1 ¢St at 40°C; 3) the FAU had to be
capable of supplying its own power, with gasoline-powered engines not being allowed; 4) all
fuel-wetted components were to be explosion proof; 5) an additive injection system capable of
metering three separate additives into the clean fuel was to be installed (this capability allows for
the conversion of Jet A-1 to JP-8); and 6) after processing the fuel, the clean fuel shall contain
not more than 2.0 milligrams per liter (mg/L) of solid particulate and less than 25 parts per
million free (ppm) water. All design requirements are listed in Appendix A.

These requirements were distributed to seven companies and a bid package requested. Of these
companies, three returned "no bids" and four transmitted completed bid packages to BFLRF. Of
these four bid packages, the low bid failed to meet the requirements specified in the package, and
the high bid was too expensive. The contract to fabricate the FAU was awarded to one of the

mid range companies due to its creative and flexible design.

V. FUEL FILTRATION/ADDITIVE UNIT (FAU)

The FAU, shewn in Fig. 1, consists of four major components: 1) power and pump system,
2) control sysiem, 3) additive injection system, and 4) filtration system. Each system is discussed
in detail in the following sections, and a complete parts lists is shown in Appendix B.

A. Power and Pump System

A sclf-regulated 240-V, 3-phase, 1800-rpm generator is powered by a 10-kW air-cooled engine
mounted on a steel base with an integrated fuel tank. In event of on-board failure, the unit may
be switched to an external power source. A control panel is dedicated to the engine and power
system. The controls include: 1) main circuit breaker, 2) AC voltage, current and frequency
gauges, 3) DC engine gauges with safety shutdown in case of low oil pressure or high

teinperature, and 4) emergency stop and emergency power switch.
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Figure 1. Photograph of Filtration/Additive Unit (FAU)

The pump system uses a positive displacerent pump with 5.1-cm (2-in.) fittings. The pump is
capable of pumping in excess of 230 liters per minute. A rotary-vane positive displacement
pump was chosen for its durability and ease of repair. A 40-mesh wire screen is installed
upstream of the pump to protect it from large debris being withdrawn from the fuel cells. The
pump is coupled to an hydraulic driver to allow the operator maximum flexibility in controlling
the flow rates. This flexibility in flow rates is critical, since the fuel celi openings vary in size.
The hydraulic unit has a 150-liter tank powered by a 3.73-kW (5-hp) electric motor.  This
configuration controls any cavitation that may occur because of the various size hoses required

to perform these operations.




A small air compressor activates the pneumatic valves and the additive injection system, and a
bypass connection has been included to use air from an auxiliary source if the compressor fails.
The system is designed with 5.1-cm (2-in.) plumbing to allow the unit to utilize the maximum
flow capacity of the pump. This flexibility will add to the unit’s mission capability and allow
for much smaller inlet and exit hoses.

B. Contrel System

All controls are mounted on a control panel conveniently accessible to the operator. From two
side-by-side panels, the operator can control the 1) flow rate, 2) various flow loop configurations,
and 3) the additive injection system. The operator can also monitor 1) the differential pressure
across each filter housing, 2) fuel pressure, 3) warning lights for low fluid and high temperature
in the hydraulic system, high water in the fuel/water filter separator housing, and low level in the
storzge tank, and 4) air pressure.

C. Additive Injection tem

The additive injection system is designed to inject up to three separate additives into the fuel with
or without prior filtration of the contaminated fuel. An injector, Fig. 2, installed on each additive
tank is calibrated for various injection rates ranging from 0 te 3,500; 9 to 5,000; and 1 to 10,000
parts per million (ppm).

The injector uses the on-board air supply to shift a piston inside a cylinder, forcing additive into
the fuel stream. The injector is paced using an in-line flowmeter with a multiple head transmitter
mounted to the meter. Two pulsers are attached to the transmitter. The first pulser is pneumatic
and is uscd to pace the injection system. The second pulser is digital and provides the electronic
output to record the flow rate through the meter and the fuel being additized. The additive
selector system is also designed to permit each injector to he used independently, accerding to
the additive requirements of the fuel.
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Figure 2. Diagram of iniector

An air-logic system, using a minimum of 483 kPa (70 psi) air pressure, was specifically designed
to operate the control valves using a sequenced step-through procedure. As a result, the five
logic buttons must be activated i numerical sequence. This numerical sequence requirement

prevents accidental engagement of incorrect valves during the system operation. A separate




single-button system permits the operator to quickly additize the fuel by bypassing the filtration
system and the normal numerical sequence. This feature is useful when treating fuel containing

microbiological contamination or for on-line conversion of Jet A-1 to JP-8 fuel.

D. Flow-Loop Configurations

The FAU is designed for flexibility. The flow loop/additive injection control panel allows the
operator to select from five possible configurations, depending upon the desired function. The
flow loop in each configuration is determined by controlling six air-actuated valves. The
functions addressed by the FAU include:

» Initial Additive Injection — This configuration permits treatment of the fuel with
MII.-S-5 '021 (biocide and fuel stability additives) cr other approved additives before
the filtration process begins or for converting Jet A to JP-8 fuel.

* Open Flow Loop — This configuration, which is the first loop in the numerical
sequence, pumps the dirty fuel from the fuel cell, through the filtration system, and
returns clean fuel irto the fuel cell. The return fuel agitates settled debris in the fuel
cell, thereby perrnitting as much debris and water as possible to be pumped through
the filtration system.

» Extraction of Fuel into the Holding Tank — The second loop in the numerical
sequence permits the operator to pump the fuel from the fuel cell(s) into a 2300-liter
storage tank. Thus, all fuel is removed from the vehicle in preparation for the next

operation.

* Closed Filtration Loop — The third locp in the numerical sequence allows the
operator to recirculate the fuel in the storage tank through the filtration system until
the desired degree of cleanliness is obtained.



e Additive Injection and Replacement of the Fuel Into the Fuel Cells -— The fourth
and final loop of the numerica! sequence allows the injection of ore to three additives
(MIL-S-53021 or other approved additives) inte the filtered fuel and to icturn the
additive-treated clean fuel to the fuel cells.

E. Filtration System

The filtration system is the heart of the FAU and consists of three separate housings that can use
either conventional or threaded base eleinents. Each filter housing has its own function,
depending upon the severity of the fuel contamination.

Water is the most prevalent contaminant in the military fuel systems. Thus, the first housing
contains the fuel-water separator, which consists of two water coalescers and one separator filter.
The pickup line is generally placed near or on the bottom of the fael cell so as to remove as
much debris and water as possible from the fuel cell and to agitate any loose debris to allow it
to be filtered. The fuel-water separator is the first in-line filter to remove most of this free water
and to protect downstream filters from excessive water.

The second housing may contain one of a variety of fuel filters, depending upon the filtration
requirements. If additives are to be cxtracted from the fuel, an activated clay filter should be
used. The fuel-water separator will protect the clay filter from being quickly depleted by
excessive water. If large quantities of water are encountered or additional water protection is
required, a polymeric-type water-absorbing element should be used to absorb and trap the free
water. Increasing differential pressure will indicate when the filter is saturated with water. If
heavy particulates and light water are encountered, a pleated paper elemem of the preferred
micrometer rating should be used.

The third and final housing can utilize a variety of particulate filters. This filter should extract
at Jeast the smallest particle that is potentially damaging to the hardware. At the present time,
a ratcd 0.5-micrometer element is used. However, if exira protection is desired, elements as low




a3 (.1 micrometer may be installed. This filtration configuration provides the flexibility to handle
most fucl contamination problems that occur in the field.

Yi. OPERATIONAL VERIFICATION OF THE FAU

The FAU operation was veritied at the manufacturer’s facility and was witnessed by BFLRF and
Belvoir RDE Ceuter personnel. The FAU was tested using approximately 1700 liters cf locally
purchased diesel fuel. The FAU was first tested. using clean fuel to determine if all components
cperated properly. The test fuel was then contaminated with AC Fine Test Dust, a sludge/water
slurry, and clean water and recirculated in the holding tank with a transfer pump to ensure that
the contaminants were thoroughly mixed. Samples of the test fuel were taken before entering
and after leaving the FAU and analyzed for particulate and water concentrations.

The affluent (upstream) samples contained 39.0 milligrams per liter (ing/L) of particulates and
2630 parts per million (ppm) of water. The effluent (downstream) samples contained 1.0 mg/L

particulates and 150 ppm water. Both analyses were performed according to ASTM
procedures.($)

Vil. FIELD EVALUATION

A. 24th Infantry Division (Mechanized), Ft. Stewart, GA

The FAU had an immediate mission at the 24th Infantry Division (M) at Ft. Stewart, GA. The
24th Infantry Division was experiencing numerous problems due to dirty fuel plugging fuel
filters. Ft. Stewart supplicd BFLRF with three fuel samples, a plugged filter, and a small amount
of material that had been removed from the side of a tank on an HEMTT refueler to be analyzed.
Two of the samples were from the Ft. Stewart main storage tark, Evans tank farm (a middle
sample and a bottom sample). The third sample was obtained from the rear fuel celis on an
M1Al battle tank. All three samples contained visible particulate and the bottom sample from
the bulk supply also contained some undissolved water. Only the bottom sample from the bulk



supply had a particulate contamination level (12.4 mg/L) in exness of the specification linrit
10 mg/l.. The results from these analyses showed that the fuel was not coniaminated with
residual fuel or used lubricsting oil; in general, these samples were clean and stabie.

Infrared (IR) spectra analysis was performed on the aebris removed from the plugged fuel filter
and HEMTT samples. The spestra contained no indicetion of microbioiogical (lebris, but were
consistent with the presence of fuel degradation products, while the specira for the AEMTT
sample had a smali adsorption consistent with the presence of microbiological contamination.

BEFLRF personnel visited Ft. Stewert to investigate these reported problems. Examination of the
fuel in the M1A1 battle tarks in the field revealed few problems. These were he vehicles that
had experienced the initial problems. During maneuvers, these vehicles had "worked" their way
through the probeems by consuming the contaminated fuel ard multiple fuel filter changes.
Examination of vehicles preparing for maneuvers revealed the problems experienced previously.
The first sample was black in color and very highly contaminaicd with particulates. The second
sample contained much free water and particulates, but no indication of microbiological activity.
Tank crews indicated that, in some cases, the fuel in the front fuel cells had remained untouched
for more than a year.(§) Note: Fi Stewart uses a biocide at its fuel farm to control
microbiological contamination. The FAU was air-shipped to Ft. Stewart for immediate
decontamination of M1A1 battie tanks, M113 persennel carriers, and an assortment of other

vehicles,

Military personnel from the 24th Infantry Division (M) were trained in the usc of the FAU for
approximately 1 week and supervised during operation for an additional weck, Fig. 3.

As shown in Fig. 4, the fuel was heavily contaminated with both water and particulate. The
water contamination is generally created by the fueis cells "breathing.” In geographical areas
with high humidity, the air contains large quantities of moistvre, which condenses when ambient
temperatures decrease.  The hkeavy, black particulate debris is fuel degradation products,

10




b. 24th ID (M) soldier sampling inlet fuel to determine cleanliness

Figure 3. Photographs of military personnel being trained in the use of the FAU

which is coinmon in the militacy environment.(7) Fuel stability is nct infinite. Therefore, with

time, the fuel will begin to break down, forming particulates and gum [toluene-acetone-methanol

11
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Figure 4, Fuel sample from M1A1 and M113 front fuel cells

(TAM) insolubles]. Some of the black debris may be residual microbiological growth, which has
been killed with the biocide portion of MIL-S-53021 that Ft. Stewart uses. Also, Fig. 4
illustrates that the FAU is capable of removing these contaminates and returning "clean and
bright" fuel to the fuel cell. Additional contaminates were removed from the 40-mesh wire
screen that protects the pump (Fig. 5). The main component that plugged this screen was a tarry
asphalt-like material. This tarry material contained other contaminates such as: 1) fiberglass
shavings, 2) check valves, 3) paper, and 4) c¢lastomer materials (Fig. 6). Fig. 7 illustrates the
large quantity of toluene/acetone/methanol (TAM)-insoluble material present. This material is
an indication of inorganic or high molecular weight resinous materials that help plug the fuel
filters. Fig. 7 also illustrates the presence of metallic flakes in this composite. In general, a fuel
filter will not encounter all these materials, but, obviously, many were encountered during these

operations.

An interesting observation concerning the M1A1 filtration system was that the primary filter was
the only filter plugged when the maintenance personnel needed to change filters. The final

12




Figure 5. Debris from an M1A1’s front fuel cell collected in a 40-mesh wire screen

Check Fiberglass

Valves Shavings

o 'gi‘m ) - -
LA
/

Paper Rubber/Elastrometric
Materials

Figure 6. Photograph containing check valves, fiberglass shavin aper, and
rubber/elastomeric materials
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Toluene/Acetone/Methanol (TAM) Iinsolubles

(secondary) and coalescer filters were relatively clean (Fig. 8). When military personnel order
replacement filters, a complete set of four filters is received. In instances such as these, three
of the filters do not require replacement. Replacing the three still usable filters each time the
primary filter is replaced results in additional costs and maintenance ime and increased filter
disposal problems.

During this exercise, 323 vehicles were inspected to determine fuel quality. Of these vehicles,
243 had the fuel processed through the FAU. Since this operation frequently encountered
excessive water, the polymeric-type water-absorbing filter clement was used in the second
housing. An after-action memorandum from the 24th ID DISCOM reported satisfaction with the
FAU and a continuing need for its deployment, Appendix C.(8)
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Figure 8. Set of fuel filters removed from an M2A1 experiencing plugged fuel filters

B. U.S. Marine Co m ndleton and Tweniynine Palms, CA

Use of the FAUJ was requested by the U.S. Marine Corps, 1st Reconnaissance Battalion, Light
Armored Vehicles (L.AVs), at Camp Pendleton, CA.(9) The FAU was transported via truck to
Camp Pendleton. The LAVs were experiencing filter plugging problems similar to those found
at Ft. Stewart, GA, Fig. 4, due to fuel degradation products and water contamination. However,
it was found that due to the use of FOA-15, the Fuel Oil Additive portion of MIL-S-53021, the
fuel degradation products were smaller. This particulate tended to plug the final, 0.5 micrometer,
filter on the FAU, instead of the middle, 5§ micrometer, fflter.

A gunnery sergeant was trained to operate the FAU and successfully cleaned the fuel cells on
93 LAVs. Once this operation was completed, Twentynine Palms requested that the FAU be
trarsported there to clean contaminated fuel from M1Al battle tanks that was drained into an
underground storage tank. Once Twentynine Palms personnel realized the potential of the FAU,

select vehicles were also processed.
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An after-action letter (puint paper) from Camp Pendleton, 1st Reconnaissance Battalion reported
satisfaction with the operation and capabilities of the FAU, Appendix D.(10)

C. FAU Modifications

After completion of the field evaluations, several medifications were determined that would make
the FAU more user friendly and allow for longer operability. These modifications included:

* Replace starter switch with on-switch and starter button,
¢ Redesign the hydraulic system to allow for operation at lower flow rates. This
modification also included installing a fluid/water separator on the hydraulic system,

heat exchanger, and new flow control on the control panel.

VL. CONCLUSIONS

A mobile fuel filtration and additive sysiem was needed in the field for cleanup and additization
operations on U.S. Army vehicles and equipment. The FAU, designed and fabricated to solve
these two problems, is capable of cleaning extremely dirty fuel containing large quantities of free
water. This capability saves the Army time and money in maintenance and in the cost of
replacement filters. The FAU has already demonstrated its benefits in the field and ease of use
to the Army in its recent cleanup effert at Ft. Stewart, GA, and with U.S. Marine Corps units at
Camp Pendleton and Twentynine Palms, CA. Upon completion of the Fi. Stewart and Camp
Pendleton operations, Camp JeJeune, NC, Ft. Carson, CO, and Ft. Knox, KY, expressed interest
in using the FAU. However, at the time, these bases were unable to obtain the necessary funding
needed to transport the FAU, provide the needed training, and meonitor the overall operations.

The design and results of the field demonstrations wers presented to the 1993 Society of

Automotive Engineers (SAE) Intermational Congress and Exposition, held in Detroit, MI,
01-05 March 1993.(11)
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IX. RECOMMENDATIONS

The curmrent FAU model was designed to prove the concept that a trailer-mounted
filtration/additive systern was feasible and valuable to military logistic and maintenance
communitics. This design now needs to be militarized to be functional in the military
environment. A proposal has been submitted to U.S. Army Belvoir Research, Development and
Engineering Center to militarize the FAU and improve the operation using suggestions generated
by the soldiers in the field.

Currently, U.S. Army Belvoir Research, Development and Engineering Center is attempting to
expedite the production of the FAU by actively pursuing an Operational Need Statement (ONS)
with the assistance of Ft. Stewart, Camp Pendleton, and endorsement of the memorandum from
Ft. Stewart for "Support for Procurement of Fuel Filtration/Additive Unit (FAU)" directed to the
Deputy Chief of Staff Operations and Plans, United States Army, Washington, DC.(12)
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APPENDIX A

Design Requirements of
Filtration/Additive Unit (FAU)
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Genereal Description of Proposad Fuel
Filtration/Additive Unit (FAU)

Intended Use: The Fuel Filtration Additive Unit (FAU) is intended primarily to aid in the
cleanup of fuel in ground vehicle fuel cells. The FAU will provide a simple and rapid means
to remove particulate and water contamination from fuel in Army ground vehicles and equipment.
The FAU has three additive injection pumps for addition of additives to the clean fuel. These
additive injectors can be used to convert jet A-1 to JP-8 fuel through the addition of icing
inhibitor, corrosion inhibitor, and static dissipator additives. The FAU is to be designed to clean
and additive-treat diesel in fuel volumes between 100 and 1200 gallons. The designed pump rate
is 60 gallons per ininute (minimum) using diesel fuel at its maximum viscosity (4.1 ¢St) at 40°C.
For larger fuel volumes, other means should be used to keep operating time throughput at a

convenient level.

FAU Minimum Requirements

Trailer

1. The FAU will be trailer mounted.

2. The trailer shall not be more than seven (7) feet wide at its maximum width.

3. The tongue of the trailer will consist of an eyelet trailer hitch for use with military vehicles.

4. The trailer shall mect the Code of Federal Reg.atons "Fedeml Motor Vehicle Safety
Standards" for highway use.

. The total empty weight of the trailer and all components shall be less than 8000 pounds.
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6. The trailer chassis shall be provided with grounding capability using a grounding cable or
rod. Grounding shall be provided for the incoming and outgoing fuel connections. In
addition, all major components shall be grounded (bonded) to the chassis.

Filter/Coalescer

1. Unless otherwise specified, the filter/coalescer shall be designed to meet the performance
criteria of specification MIL-F-8301. The procedure will be modified to use only AC Fine
Test Dust and water. (Note: No red iron oxide will be used for this test.) The test fuel used
for this test will be Caterpillar 1H2 test fuel.*

2. The fuel filter shall be capable of withstanding a flow rate of 60 gallons per minute (GPM)
using a fuel with a viscosity of 4.1 cSt at 40°C.

3. The effluent from the coalescer, or water separator, shall contain less than 10 parts per
million (ppm) free water.

Housings/Storage Tank/Piping

1. All filter/coalescer/water separator housings shall be constructed of any material that meets
ASME Code, Section VIII construction standards for pressure vessels and is compatible with
hydrocarbon-type fluids.

2. A 200-gallon temporsry working fuel storage tank shall be provided to allow collection of

clean fuel when necessary.

3. The fuel flow scheme shall allow for fuel to be pumped into the 200-gallon storage tank and
recirculated through the system for addition of fuel additives.

*Caterpillar 1H2 is a Reference No. 2 diesel fuel, and its specification requirements are set forth in Section 5.2,
Methods 354 and 355 of Federal Test Method Standard (FTMS) 791C, and described in Appendix F of the ASTM
STP 509A, Part I and II.
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4, All piping shell be 2 inches in diameter.

Additive Injection System

1. The additive injection system installed shall be capable of metering three separate additives
into the cleaned fuel.

2. The pumps shall be capable of metering the additives iuto the fuel at a rate of 1 to 1500

milligrams per liter + 2 vol% of setpoint. (Notc: Any addiiive that is specified as weight
percent will be converted to volume percent.)

Power Supplies

1. Diesel engines shull be used to drive the pnmp(s) and/or generator for producing electrical
power. Note: No gasoline-powered engines or pumps will be allowed.

2. All pumps or solenoid valves and other components that make intimate contact with the fuel
shall be explosion proof.

3. The FAU shall not require any external power supply.

4. The FAU shall have the capability of rurning on external or auxiliary power in case of
failure of the on-board generator.

Pumps
1. Pumps may be centrifugal or positive displacement.

2. The fuel transfer pump shail be capable of pumping at a rate of 60 GPM with a 10-foot total
head using a test fuel with a viscosity of 4.1 ¢St at 40°C.




Extra Equipment and Parameters

10.

11.

12.

The FAU shall have one filtration system that is sufficiently monitored to detexmine when
the filters are plugging.

The FAU shall have a control panel with all switches and readouts (preferably digital) of

flow rates, pressures, etc.

Automatic air eliminators shall be installed con afl housings.

If positive displacement pumps are used, a pressure relief sysiem is reqaired.

Sight glasses shall be installed in ail housings placed near the top of the housing.
Differential pressure gauges shall be installed on each filter or filter/seperator housing.
Pressure relief valves shall be installed on each housing.

Sampling valves shall be installed at the inlets and outlets of each housing and before and
after the additive injection system.

A removable stainless steel wire mesh screen shall be installed at the pump inlet according
to manufacturer specifications.

A flow totalizer meter shall be instalied in the fuel flow system and for each of the additive
units with, preferably, digital readouts.

An emergency, master cutoff swiich shall be installed.

Elastomeric materials used in seals and hoses shall be of the highest quality and fully
compatible with the fluids they contact.




13.

14.

15.

16.

17.

18.

19.

21.

22,

23.

Manual/automatic water drains shall be mounted on all filter and/or coalescer/water
Separatoss.

If dicsel driven, the engine fuel storage tank shall be sized to allow 2 minimum of 4 hours
continuous operation without refueling, but shall not exceed 118 gallons.

A commercially available tool box with the approximate dimensions, 24 inches high x
36 inches wide x 12 inches deep, shall be mounted te the trailer.

A 4 inch diameter x 6 foot long PVC tube shall be installed on the trailer for housing any

hoses.

The FAU will be completed within 180 days of awarding the contract.

Materials that are disallcwed are copper and copper bearing alloys when in continuous
contact with the fluids.

Al! materials shall be compatible with hydrocarbon fiuids and fuel additives (Kaython,
FOA-15, Anti-Static Additive, and Fuel System Icing Inhibitor).

All equipment must be cupable of withstanding double the maximum expected operating

pressures without failure.

The FAU shall be designed to operate at temperatures from 0°C (32°F) to 50°C (122°F) and
outdoors without shelter.

Clean fuel will be defined as fuel containing not more than 2.0 mg/L of solids contamination
and less than 25 ppm free water.

The contractor will furnish engineering drawings to BFLRF (SwKI) prior to fabrication.
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26.

Testing of the system will be required with BFLRF (SwRI) personnel present.

The FAU shall mect all necessary safety requirements to ensure personnel safety.

The use of systems/components already in the Army inventory or commercially available
is encouraged to minimize special designs and costs.
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APPENDIX B

Parts List
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-FAU-

FILTRATION
ADDITIVE INJECTION
UNIT

Developed by:

Fuel Quality Services, Inc.
Industrial Diesel Systems, Inc.
Gate City Equipment Co., Inc.
Filterdyne Filtration Systems
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FILTRATION ADDITIVE UNIT OPERATIONAL SEQUENCE

STEP_1: OQOpen Filtration Loop (Qptionel)

Operator powers up F.AU. and turns conurol switch to position #1. In
this step, the necessary control valves are actvated to allow fuel to
b¢ pumped from the vehicle, through particulate filters and returned
to the vehicle's fuel tank. This step is repeated until all contaminants
are flushed from the vehicle's fuel tank.

STEP 2: Extr-ction of Fuel inte KHolding Tank

Operator turns control switch to position #2. In this step, the
necessary control valves are actuated to allow the fuel to be pumped
from the vehicle and into a storage iank aboard the F.AU.

STEP 3: Closed Filtration Loop

Operator turns control switch to position #3. In this step, the
necessary control valves are actuated to allow the fuel to be pumped
from the storage tan', through particulate filters and returned to the
storage tan.. This step is repeated for a duration required to remove
all contaminants from the fuel.

STEP_d4: Additive Injection

Operator turns control switch to position #4. In this step the
necessary control valves are actuated to allow the filtered fuel to be
pumped from the storage tank and through a flow meter. After the
fuel passes through ihe meter, the required additives are injected
into the fuel and it is pumped back into the vehicle's fuel tank.

* NOTE: Please refer to the schematic disgram when
reviewing the operational sequence.
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EMERGENCY ADDITIVE LOOP

THE OPERATOR PUSHES THE EMERGENCY ADDITIVE BUTTON AND PRE-
SELECTED VALVES OPEN TO ALLOW THE QUICK ADDITIZATION OF THE
FUEL IN THE VEHICLE. THIS LOOP BY-PASSES THE FILTERS AND
METERS ONE OR ALL THE ADDITIVES INTO THE FUEL.
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ENGINE




ENGINE

DESCRIPTION MANUFACTURER S.N./PT. No.

Diesel Air Cooled Deutz 8222822

Vodel F3L1011

Manifold Muffier

12 Voit Alternator

Air Clearer / Dry Type 438 - 4102

Fuel #Filter 117 - 4896

Of! Fillter 147 - 4417
38




39

)

F3L101.




SHPNIY DNEIPN MISCYIPUGT

Friosiple
&-stokit diorel foaturiag S

dophragm relve £od raterm con-
wagtion 9 ¥he inlat pert, the el

with sluminen overiey. Feur
wain bearings, one tuweed fitmd

tnin 0N Ritretion

Peput-type adcre filtar with
placazkie cuttridye, in full o
faw

Fedl LYY

Individusl withdrawabla
slemen-type calibeuted pumps
Speed yevernor indegrated in
frant cover

funi Fusater Pomp
Disphrogm pump

Injostor Maxaies
4-hoie naztias

Foal Fitters
Raploceable-cartridge type

Alternater
intenested in fen hub,
4 vaits. 5% amps (standerd)

Startsr Wouer
2.2 kW, 12 veits {standard)

Cab Heating Syrtom:
Conpection fatility en engine
for cab heuting sirceit

raw DEUTZ dirnct injection systom  mist hainy wtilined tor valve avni with vheunt plates (thnsst
lubrization buaring
Bere Htrake
917105 (mm) Oviinder Newdn Crani.shait
lack-typw cyhindor hesds of Kefrlar cant Kva with
Senpt Valume pray cast inon cagt-0n ceantoraiping
2049 (cem)
Vatvs Arrnngoment/Timing Camubalt
Comprascion Wutio Overivead vaives in the Steel shaft with driving coms
18.5 eylinder heed, one inlet sl one for tusl injection snd transfer
axhoust vaive gor eylinder, wnps. seated in the crankease
Moy of Cylinders contraliod via topputs, prushiredy in bimary boating siesves
3 ok rockav arma, Timing by low-
noise 2ogped belt Lvbricrtion Systen
Cylindor Arreapoamant Farcod-tond pystom with retor
Varticyl in vine L il pump vrich incoinal zermations
Throo-ring pistons with two supplying simatteneously the
Cacting Sysinm CHRIESEN Fngs 304 ane eil coeking oil end cab hasting
Integrated eil + wir conting araper ring circwits (f cod hesting i
systam Kylinders oél-conled, provided)
clinger beads wir.cosiedt with Fatou Coellay
intayrateé covling fan Py spray saatss with Eagios 0l Cosler
conling ol Fagine-integroted light metal
Cronkizws2 Design conler
integrated liness e toigings vrith Tharmaxiat-seatroliod
sraight jeint Off Leeler
GCrankcase Mraathdvyg Systom Erginar with cab hasting
[exad wnderprassore. Uinin and Sigerd Busrings fucility have 2 thermegtat
comirsiiso bruathing xystem with Ready-made tarnery hoarings controtied coeiing il circuit
b 18—
i e )
- 4= 2
L. i
o] ofh gy l
- & 3 |
!
S e ;

me

1A

Vevuien Options

- lntaks manifold connactions

~ Exhaust pipes

- Fon guard

- Compresser

~ Hydraalic psnp

~ Engine mounting,
rigid or resilient

~ [l pan

- Ol dipstick

- SAE 4/5/8 odaptar heusing

~ Alterngtsr, 12 or 24 V

40




Maximum Torque P W)
. M (Nm) 13 % i 1 MK
| lhnammnﬁm n R 1800 it 30 &Y
. . , M (Mm) 13 ]
L} R Highly intermittent operation |6 (AWM, 1800 " e
W (Mm) 1o
Ht ' Iniermitient eparation L n oM 1800 " 120
— 1o
1
100
Minimum na-load speed | (ReW) | [101] aste
Brake spacific fuel consumption [a/kwh) ”
a1 sptimal epcrating peint { Ll i a5 : ]
Engine weight excl. ctarter moter - [
incl, akernater, ("] 1 1400 1800 2% nw e
Inci. imtegretnd cooking fau L 2 Spocific fual conmmption data bascd on 5 diesel fusl density o
o 0.835 kg/cudm ot 15 °C
Power ratings for automotive and squipment engines
Reting cangeries , WPM) | 2000 | 2300 2600 2800 , 3000
1 Actomonrive pewer rutings
w0 RREG 30/1269/60 P &w 238 280 15 30.0 31.0
~, wisa 1508 1 ) gy { n y
H 150 nat broke fual stop povrar
(IFN) to DIM 627 P W 30 280 7.5 30.0 neo
~ for Noghly imtarmuiiont speration n L g N 1
lil 150 nes broka fuel step powet
AF) w DIN 62N, row o .5 280 2890 30.0
4 VO imeraaitent aperation s { o .y { 1
IV 150 standard fusi stap powe-
(ICFN) 1o DIN 8271, P &AW 0 235 55 21.0 -
; for contiveons spevstion L o 1 | L "
Stotements refor w the aet brake pewer daliverad at the flywhon, incl. pewer input of cocling fan. Cowversien facter to S8AZ: 1 kW = 1341 bp
Power ratings far powsr geasrating sets
Resing catagery L s@MN 1500, Wwod 3000, 3800 For further
180 standard power axcestathe portieiar
m”""’.’"" . P aw " 1 20 270 ...m’.'..?'
g .".“"""". 1. KHD DEUTZ
within 3 period 1 1 L L L sales office.
150 net braks fuel smp power (IFN)
t BIN 8271, fr bighly intermitiont P &wW " ] 300 30.0
eperation, asise for staadby punsots . L N s s
" Contact head itice. Sublject 1 enineating change witheut prier netice.
Factars ft/min = m/s 2 1£6.85 Pl =herxWUE /HPh = 3/kWh x 0.00185
ind = 1x8162 YT | M = Nmx 0737 (W =igx22
Represented by:
Kidcknar- Humboldt-Deutz AG
D-5000 Kiéin 80
Devtz-Miitheimer.Str. 111
=-221/8224
Tolx: 8812:0 &le'z
Tolefax: -2 21/822-35 25
s MEN AND ENGINES
Best-Nr. 0031 1404

41




New Engine.

The DEUTZ FL1011 engine family offers
future-oriented user-friendly and flexible “all-
argund” driving packages covering the power
range hetween 10 and 53 kW.

Future-oriented ~ as they are engines based
on technical and social standards which will
safely carry us into the future.

User-friendly - as their low vibrations, low
noise level, easy operation and excellent cab
heating performance are the criteria which
define a comfortable working environment.

Flexible - as their great number of optional
companents makes them a ready match for any
given application - a feature inherent to all
DEUTZ engines.

Various different power take-off locations
render the engine installation low-cost and
simple.

F3L101

New Technalogy.

In addition to the characteristic KHD DEUTZ
quality standards, i.e. high reliahility, indiffer-
ence to extreme ambient conditions, modular
construction concept engineered for minimum
maintenance and service effort, etc. this engine
offers some important innavative features, such
as integrated two-media cooling using air and
oil, a new DEUTZ direct injection system and an
individual injection pump for each cylinder.

New Values

The new FL ten-elevens are bound to be
winners thanks to their high fuel economy,
reduced pallutant emissions in the exhaust and
reduced noise level.

They are outstanding performiers in their
power class, also in respect of economy and
environmental compatibility.
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GENERATOR

DESCRIPTION MANUFACTURER S.N./PT. No.

Single Lima
Self Reguiated

240 Volts

60 Hz

1800 RPM's

3 Phase

Note: 120 V on single phase,
one line of 3 phase is high
voitage




INSTALLATION, OPERATION AND MAINTANENCE MANUAL

2800M

TYPE MAC Brushless AC Synchronous,
internailly Regulated Alternator
Frame 280

Q

{ ' frirerond

= ]

The Lims Blectric Co,, Inc.
P.O. Box 918

Lima, Ohiop 45802

(419) 227-7327

TELEX 2424323

Masking Erergy Work for You

ﬂmﬂlmm
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FRINCIPLE OF OPERATION CIRCUIT DIAGRAM

The MAC generator is a seli-regulated, rotating fisid
Synchronous unit with the rotor having a salient
nole consiruction with amortisseur windings. The
generator stator and exciter stator are combined in
a common housing. The genergtor field, exciter
rotor and rotating rectitier asssmbly rre mounted
ongcon.mon shaft. The output of the exciter rotor is
applied 1o the generator fisld winding through a
rotating, full wave bridge, silicon rectifier unit.

The exciter pole pieces contain residusl magnetism,
setting up lines of torce across the air gap to the
exciter armature. When the @xciter armature begins
to rotate a voitage is induced and current fiow s
initiated in the exciter srmature AC wingdings. This
voitage is fea to the rotating rectifier assembly,
rectitied and fad to the alternator field coils. This DC
voltage is sufficient to magnetize the laminated
alternatorrield which will set up lines of force across
the air gap to the aiternator stator. As the generator
rotor rotates a voltage will be induced and current
will flow in the alternator stator windings and to the
output circuit.

All connections between the exciter stator windings
and the generator staior windings are internally
conr acted within the stator housing. Only the output
power laads of the genarator unitare brought out to
the ganerator terminal box.

Figure 2 shows the internal schematic diagrarm of
the generator, exciter and rectitier unit. The gen-
erator is & three phase unit and the exciter stator and
exciter rotor also have three phase windings. A
portion of the exciter stator windings is connected
across a tap on the generator statcr winding. This
exciter shunt winding provides the geierator field
excitation power raquired for the generatcr no load
voltage. Another portion of the exciter stator wind-
ings is connected in series with the output of the
generator end provides a compounding excitation
characteristic.

Figure 2

Assambly

L — - e - -

Exciter

The rotor is, in effect, the secondary of a rotating
current transformer induction frequency converter,
The exciter rotor output voitage is applied to the
generator field windings by a three phase tull wave
rotating silicon rectifier unit. The ‘esponse time of
tho excitation system is vary fast since the exciter
stator carries &n aiternating current corresponding
to the load current which appears immediately on
the exciter primary. An increase in load current will
cause animnmediate increase in the axciter secondary
output voltage which is rec.ified and applied to the
generator field windings. The inherent compounding
charachteristics of the excitation systern provide
excellent voltage regulation even under heavy over-
load conditions.
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PERFORMANCE DATA

The excitation characteristics of fast exciter re-
sponse with maximum exciter output makes this
genarator idoat for motor starting loads that require
a very high current at fow power factor during the
motor starting and acceleration periods. At the
sametimeitoffers the ruggec, reiiable. inaintenance-
free operation inharent in the brushless type genera-
tor. No external controls are neaded with a Lima
MAC generator.

The performance of a 10 kW Lima MAC synchronous
generaior is indicated in Figure 3.
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SECTION |
INSTALLATION AND OPERATION

UNPACKING:

When unpacking, check for damage in shipping.
Raport any damage &t once to delivering carrier.
Read instruction tags shipped with generator.

INSTALLATION:

The generator must ba properly aligned and located
in & well-ver.tilated place where the air temperature
will not exceed 40°C or 104°F, and should be
accessible for cleaning. An open type generator
should not be located where there are aprasive or
conductive dusts, corrosive gases or fumes, or
where excessive moisturé may be encountered. A
totally fan~-cooled generator should be used where
these conditions exist. Air openings of the generator
should be cleaned frequently to remove accumulated
dust and dirt, which may cause overheating and
burn out.

WIRING CONNECTIONS:

Electrical characteristics are shown on the name-
plate. Refer to connection diagrams on pages 10
and 17 for proper electricsl connections.

OPERATION:

Aftsr the generator has been properiy connected to
the driving unit and the load lines connected to the
generator's leads according 1o the viring diagram,
the unit is ready for operation. To connect the
coupling discs of a single bearing generator to the
driving engine's flywheel it may be necessary to
slicde the rotor forward afew inches out of the stator,
taking care not to slide it o far as to cause the rotor
to come cut of the basaring éntirely and down upon
the stator windings, causing damage to the windgings.

Ordinerily, a chaih hoist is needed to jockey the
generator rotor into position.

STANDBY UNITS:

Generators used as an auxiliary power source in
case of commercial power failure must be isolated
from the commercial line before being placed in
operation.

CAUTION: MAKE SURE UNIT IS COMPLETELY
SHUT DOWN AND FREE OF ANY POWER SOURCE
BEFOQRE ATTEMPTING ANY REPAIR OR MAIN-
TENANCE ON THE UNIT.

PARALLEL OPERATION:

For parailel opsration, both units must be of the
same voitage, frequency, and phase. Phase voltages
of paraileled units must be synchronized. This
generator set utilizes the “dark iamp” method of
paraileling.

ROTATION:
The generaior can be operated in either diraction of
rotation.

OVERLOAD:

The icad on the generator should be checked with
an AC ammeter to see that the ampere rating
stamped on the namepiate is not exceeded. Pro-
tonged overioad on the generator may cause it to
overheat and possibly burn out.

LUBRICATION:

Ball beanings on .ima generators are pre-iubricated
and require no further lubrication for the life of the
bearing.
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SECTION U
SERVICE AND MAINTENANCE

PREVENTATIVE MAINTENANCE AND
OPERATING PERCAUTIONS:

Costly repairs and down time can usually be pre-
vented by operating electrical equipment under
conditions which are compatible with those at
which the equipment was designed to operate.
Follow the instructions as outiined to insure maxi-
mum etticient utilization of the electrical aquipment.

COOLING:

Keep all cooling parts clean and make certain
sufficient room is left on all sides for a plentitul
supply of tresh coolant air fiow. DO NOYT EXCEED
AIR TEMPERATURE RISE AS SHOWN FOR 5§0°C
ABOVE A 40°C AMBIENT. This insuras that the
insulation NEMA Ciass "F” will not be damaned. DO
NOT EXCEED RATED LOAD, except as specified
for the equipment. OPERATE AT RATED SPEED.
Failure 10 operate generators at rated load or speed
will cause overneating and possibly damage to
windings due to over voltage or current.

BEARING REPLACEMENT:

Factor iubricated shielded bearings will normaity
provide severat years of trouble freg service when
operated under normal conditions. Excessive begr-
ing load and adverss environment conditions wil
greatly shortan bearing lite. Should bearing failure
occur, bearings can be reptaced. ALWAYS REPLACE
WITH THE SAME TYPE BEARING AS INSTALLED
AT THE FACTORY. CHECK PARTS LIST FOR
PART NUMRER. Inciude generator serial number
when ordering bearings.

ROTAT!NG OIODE BRIDGE:

The rotating diode bridge can be removed and
replaced. Excessive overcurrent, overvoitage, over-
speed. or reverse currents can cause damage to the
assembly or any of the component parts.

ROTOR DAMAGE:

The damper bars of the generator pravent excessive
hunting when AC gensrators are operated in paraliel.
Damper bars. because they must have a low electrical
resistance and are subjected to extreme centritugal
forces, must he mechanicaily secure and permanent.
Consequently, they are welded to end plates com-
pleteiy covering the field.

All rotors arg static and dynamicaily balanced to a
high degree on precision machines to assure mini-
mum vibration. Thay wiil, therefore, remain dynam-
ically stable at speed well beyond the synchronous
speed of the generator. The rotors on generaiors

are, however, subjected to extreme centritugal forces
which can increase beyond safe operating limits at
excessive overgpesd. Theretore, the prime mover
should be adequately governed to prevent over-
speed.

Damage to the rotor can aiso occur due to over-
heating which can be caused oy ths air flow being
rastricted from dust or other foreign objects collact-
ing in the air passage.

Ita rotor becomes defective, it shouid be returned to
the factory with full narmeplate data, because the
rolor coils are enciosed in welded squirrel cage
winding. Tn repair & rotor the special tooling and
technique of the factory is necessary and essential.
The Lima Electric Company, incorporated, facilities
can perform a complete rebuild, or rawind job with
greater skili and craftsmanship than can be found in
the average motor rewind shop. Should a failure
occur, the factory should be notified immediately
and steps will be taken to get the generator back inte
service with the {east expense; and more impoitant,
to deterime the cause of the failure and take staps to
prevent a recurrence.

PRECAUTIONS:
GENERATOR WINDINGS (DRYING):
Generators that have been in transit or s'orage for
long periods mey be subjecied to extreme tem-
perature and moisture changes. This can cause
axcessive condensation, and the generator windings
should be thoroughly dried out bafore bringing the
generator up to fuli namepiate voitage. If ihis pre-
cautionis nottaken, serious damageto the generator
can result. The foliowing steps should be taken to
effectively dry the generator windings:

A. (1) Place generator in drying ovan or hot room.

(2) Dry with warm air blower directed through
windings.

B. (1) If the generator has been operated and then
put into storage for any period of time, a P.D.
George #11127 type air-dry fungus resistant
varnish should be reappliad.

Experisince has shown that it is necessary 10 take
these precautions in locations such as seaboard
instaliations and other highly humid areas. Scme
installations will be in atmospheres that &re much
more corrosive than others. A little precaution aiong
the lines outlined here could eliminate an un-
necessary repair job.

48




DETVICH FENUSI LUVUM

Each generator was subjected to a standard NEMA
insulation test. which means 1000 voits plus twice
the highest voltage for which the generator is rated
was impressed between the winding and frame. All
machines are insulated with a kigh safety factor for
the class of insulation used. The latest and newest in
insulation and baking techniques are used.

The finest insulation job can be very quickly broken
down carelessly applying high voltege to windings
in a moisture saturated condition. Mishandling in
this respect can easily cause a breakdown, making it
necessary to return the generator to the factory for
repair, and consequent expense and loss of time.

WARNING: HIGH VOLTAGE (DIELECTRIC) TEST-
ING MUST NOT 8E PERFORMED TO THE
MACHINE WITHOUT FIRST OBSERVING NEMA
RULES. THE INSULATION OF THIS GENERATOR
WINDING MAY BE SAFELY CHECKED BY USING
A MEGGER. A HIGH MEGGER READING INDI-
CATES LOW IMSULATION LEAKAGE.

RESTORING RESIDUAL MAGNETISM:

The current necessary to magnetize the aiternator
field is obtained from the exciter. Initiaily, upon
starting the generator, current fiow and voltage are
induced into the exciter armature oy the magnetic
lines offorce set up by the resigual magnetism of the
exciter field poles.

Residual magnetism of the exciter tield poles may
be lost or weakened by & strong neutralizing mag-
netic tield from any source, orif the generator is not
operated for a tong period of time.

Should the generator fail to buiid up voltage after
being disassembled tor any reason, a momentary
short-circuit of any two generator leads should be

~ Exciter Rotor Leao

®

| N

Alternator

Alternator _
- Rotor Leso

Rotor Lead

=4

r /
Exciter Botor Laag 8’ \._«/',f Exciier Aotor Lead

e el

Recilfier Assembly 778800
Flgure 5

sufficient to correct this condition. If not, an aiter-
nate method may be used. Apply either an alternating
current or a direct current voitage of approximate!y
20 volts to any to generator leads. Do not make a
positive connection but ratisr touch the leads
together until the generator voitage begins fo rise
and then remove. It is suggested that a 30 ampere
fuse be inserted in the circuit to prevent any damage
incase the build-up voitage is not removed quickly
enough.

Start generator and observe generator build-up.
Reflash field it generator cutput voltage does not
build up.

TESTING DIODES WITH AN OHMMETER:

Isolate the rectifier assembly by disconnecting the
two leads from the main rotor and three leads from
the exciter rotor. Do no unsolder diodes. Test each
diode by applying the probes of an ohmmeter to the
anode and cathode.

A gooddiode will produce a meter reading of only a
few ohms when the probes are applied in one
direction, and a reading of near infinity when the
probes are reversed. If both readings are high, or
boih are low, the diode is defective and must be
replaced.

Diode failure after a 25 hour “run-in" pericd is
generally traceable to external causes such as
lightning strike. overheating or areverse current ted
into the alternator. To save excessive service time
and call-backs, it is a generally accepted practice to
repiace the entire rectifier assembly where failure
can be traced to external causes AFTER THE
CAUSE OF DIODE FAILURE IS IDENTIFIED AND
CORRECTED.

RECTIFIER REMOVAL PROCEDURE:

Rectifiers may be removed throught the bearing cap
onthe re&r of the gunerator. (See Figure 6, item B8.)
First, remove the bearing cap by removing the four
bolts shown in Figure 6 as Item A. You can now see
both the beanng (item C) and rectifier assembiy
(1tem D). Uise a bearing pulier to remove the bearing
from the main shatt being careful to locate the puller
on the inner race of the bearing 10 avoid bearing
damage. Once the bearing is free it i3 then nacessary
todisconnectieads A. B, C and D as shownin Figure
5 assembly drawing. Then remove the thrae hold-
down cap screws which secure the rectifier assembly
to its adaptor. Once this procedure is compliete the
rectifier assembly 1s free (or removal

Follow ihe testing procedures outlined in tasting
diodes and Figure 5
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After the rectifier arsembly has been repaireés or
repiacaed, révarse the procedure as stated above,
being carefu! that all ileas connections are tight and
that sat screws are locked with a Lock-Tite com-
pound.

\@\\
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CAUSE "

Loss of rasidual inagnetism in exciter held poles

Open in stator windings.

Open or short in rotating rectifiers.

Short circuited.

“ (pen in alternator field.

Shorted exciter armature.

Shorted leads betwaen exciter armature anrt
genarator held.

Service Manust 26000

TROUBLESHOOTING PROCENDURES

AC BRUSHLESS GENERATCR

As with any machine, troubla 'nay develop in elec-
trical generators. it may be due 1o long service or
naglect of regular maintenanca, servicing, and check-
ing. Should troubie develop, the following instruc-
tions will be helpful in tra<ing the cause and making
repairs.

SPEED DEVIATIONS:

The generator speed should ba maintained at rated
nameplate speed. The frequency and voltage of the
generator output dependson speed. If the generator
runs slower than rated speed. the voltage will drop
off.

NO VOLTAGE:

CHECK AND REMEDY

Flash fieid, see page 8 "Restoring Residus!
Magnetism "

Check for continuity in windings. Raturn to facto.y
for repair if opAn.

Check rectifiers per previous instructions, repidace if
faulty

Clear lead {o restore voltage build-up.

Check tor continuity ana return rotor to factorv for
renair if tiele cails are open.

Check fer short and replace if faulty. Use a "Kelvin”
type britge to measure this resistancy,

Test and repair.

NOTE: “Designate rotating parts. Generator must be oper: to test.

LOW VOLTAGE:

CAUSE

Excuessive load.

Low speed.
Line loss.

High resistance connections -- connection will be
warm o7 hot.

Shorted field.

Low powver factor.

CHECK AND REMZDY

Reduce load. With 3 phase generators, the ioad on
each leg should be as evenly balanced as possibie
and should not exceed the rated current on any leg.

Check engine for malfunction or system for overtoad.
Increase size of line lead wire.

Make better connection electrically and
mechanicatlly.

Test field coils for possible short by checking
resistance with an ohmmeter or resistance bridge.
Return rotor assembly to factory for repair if alter-
nator field co:ds are shorted.

Reduce inductive (motor) load. Some AC motors
draw approximately the same current regardless of
load. Do notuse m-1tors of larger horsepower rating
than is niecessary to carry the mechanicai load.
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(May be indicated by flickering lights}

CAUSE
Irregular speed of engine.
Fiuctuating speed.

Loose terminal or load connections.

Defective bearing causing uneven air gap.

CAUSE
Excessive speeg.

CAUBE
Generator overioadsd.

Clogging ventilating screens.

High room temperaiure
insufiicisnt circulation.
Low power factor.

Unbaianced load.

Dry bearing.

CAUSE
Defective beering
Rotor scrubbing on stator.

i.oose laminations.

Loose or misalicned coupling.

CHELK AND REMEDY
Check enginesor matiunction of load for iuctuation,

Stabilize load. The agdition of a l2mp load (resistance
joad) may compensaty partially for load changes
caused by tntermilient motor operation. Do not
overioad.

Makc better connection machanicaily and
electrically.

Replace worn bearing.
HIGH VOLTAGE;
GCHECK AND REMEDY
Check engine for malfunction,
CHECK AND REMEDY

FAaduce load. (Check with ammeter and compare
with namapiate rating.)

Clean air passages.
Improve ventilation.
Provide cross-veniilation.

Reduce inductive loads or install power factor
improvement capacitors.

The (oad on mach ieg should be as evenly balanced
as posiible and should notexceed the rated current
on any ley.

Repiace bearing.

MECHANICAL NOISE:

CHECK AND REMEDY
Replace bearing.

3ad bearing, replace. Bent ghaft, return to factory.
Loose endball, tighten; ioose drive discs, tighten.

Return {o factor for repair.

Tighten cr ahgn.

GENE#/ TOR FRAME PRODUCES SHOCK WHEN TOUCHED:

CAUSE
Static charge.

Grounded armature or fleld coil.

CMECK AND REMEDY
Ground genarator frame.

Return to factory for repair.
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ELELTRICAL WIRING PROCFEDURES ~ WIRING DIX GRAMS

CAUTION

Wiring of the alternator should be done in l
accordance with good electrical practices.
Feliow government, Lssociation and industry
stundards. In some wiring arrangements,
fircuaps of terminals are sornecica together
with no further termination. These terminais
must be oroperly insulated to avoid a hazard o
ersonnel and porential equipment damage.

Liina MAC alternators are supplied in 10-lead cr
12-lead cunfigurations. From the namepiate infor-
mation and system voltage requirements, saiect the
appropriate wiring diagram from the information
that tollows.

WINING REFERENCE CHARY

MAC Type
Specific
_— Contfiguration Voltage (80 HZ) Ref. Diag.

12-Lead Unit, 4-Wire 240 Vit Neha Connected 240V A

9 | 12-Lead Unit, High Voitage Wye Cornected 416V B
g:j | 12-Lead Unit. Low Voilags Wye Connected 208V _ [ -

o | 10-Lead Unit, High Voltage Wye Tonnected 459V D

10-Lead Uni, Low Voitage Wye Connected . 240V E

_§ 12-Lead Unit, Low Voltage Delta 120V F

| £ 10-Lead Unit 240 Vot Zigzag 240V G

DIAGRAM A DIAGRAM B

12-Lead Unit, 240 voit, Defta Connected, 3 Phase

Connact togather the 10llowing Six gets Of termimations:
Tiand T12to form L1 T2 and 11010 form L2
T3und T11 toform L3 T4 and T7 to for LO
T5and T8 T6and T9
OUTPUTS: 120V, 10  240V,30
Lito L0 LitolL2
L2to LO L2to L
Litoi3d

CAUTION: Properly insulate all
unused terminations

[+ 2

n
{3

12-Lead Unit, Migh Voltage, Wye Connected, < Plase
Connect together the foltowing tour 8ats of terminations:

T4 and T7 T5ana T8 T8 and 79
T10. Tt and T12 10 form LO
Tris LY T2 0.0 T3is L3
nun OUTPUTS: 240V,12 416V, 30

LitolLO Litol2
L2to L0 i2to L3

T4 L3to L0 Lito Ll
\t CAUTION: Properly insutate all
unused terminstions.
1101110
na T
=g
1 ™
1% s

\t]
wa
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HAGRAM C
12-Leed Unit, Low Vm Wyg Colmacted. 3 Mwn

Cnunect togetner the toliowing tour sats of tarminations:

Tidn T/ tor form L* T2ond THO'OrM L2
T3 ana Oty torm LI
T4, 75, T6, T1y, T11 and Y12 ‘0 torm L0

OUTFUTSE: 120V,10 26V, 3
w n Litwold LWitol2
E L2toLC L2to L3
Ld oo Lt Ll

CAUTION: Properly insulate all
unvised terminaticng

CIAGRAM D
*0-Load Unit, liigh Yoliage, Wye Conmacied 3 Phame
Connect tagethar the lnllowing four 34ts 51 teminations:

T4 and T7 TSand T8 Té and 79
Ty T8 L2 TamLd
mu)
OUTPUTE: 277V, 10 G300, 30
Lito Lo Litob2
L2te L0 L2to Ll
Ll te L1to 3

CAUTION: Properiv irayiute wil
unusec tern.nations.

L9}
"

w,
e 13
™ ' \""-\
r’ n
() oy
ae”” Q
CIAGRAL F
DIAGRAM E 14-Leod Unit, Low Voiiage, T vita C d, 1 Phasw
13-Leat Jnil, way Voltage, Wye Contvicted, 3 Phose Connect together the fcllowing three sets of tarminatizng:
Connect togsthat tha tntiewing four sats of terminations If +§ Tg ;:f t.n?o'.':;‘:':"
Ttand T7toformil  T2and TAtoform L2 13 Ta T8 T10 1o form La
T3 and V9t form 1.3 w
T4 TE T T
4, TE, 76 and T10 wo torm LG urpu:: 120, 12
L Lito L2
T H o XV,
” ——o T QUYRUTE :?t: L'(;o :\13(: L’? m CAUTION Properly insulate e
et L0 i2t0L3 unu“d terminations
L3toLo Litosd
CAUTION: Proyerly ingulate g}
Y /Su unused terminations. A
Fa
nqjl‘
- \‘% u yd i N\ 2
2] ™
n: é-\.u Afl
DIAGRAM G

12-h.eed Unii, 240 Voh, Zigzag, v Phasve

Connect together the folicvring four gets of tarminations:
T2. 78, Y8. T12 and insulate

u

T4, T7.to form L1
T3. V9. totorm L2
T4, Y10. TS, T11 r0 lorm LO

OUTPUTE: 120V,1@ 240V, 10
Litolo ti1toL
L2to L0

CA’ITION: Properiy insulate ail
unusad terminations

10
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DRISPROGF GENERATOR PARTS LIST

280 FRAME
TWO BEARING
Part No. Part Name -

v Screen, intake B)(9 @ @ ) (l13) (s & ID

2  Key, Rertitier -

3  Bearirg @

4 Bearing, Caup ~~ \

5 Rectifier Assembly @\ {

6  Exciter Rotor

7 Exciter Stator 5

5  Generator Fotor

9  Generator Stator 51 \

19 Eysbot  \& JUARETTTEERY - I i iliddobaliide
11 Key, Rotor ~ - -
12 Screw, Hex Hd. :m i \ g )
13 Nut, Hex H
14 Fan " f o b
15  Endplate, Sheave End
16  Bearing Bpth ~—
17 Key, Qutput 1 J u ~ "
18 Shaft .
19 Screen “\—1’—-«- ’
20  Gonerator Framu
21  O-Ring

DRIPPROOF GENERATOR PARTS LIST
230 FRAME
SINGLE BEARING

“eit No. Part Name ' .

1 Screen, Intake ) (2Xid) (e fDS) 16) (17
2 Key, Ractifisr
3 Bearing 7 /
4 Bearing, Cap 4
5 PRectifier Assembly
6 Exciter Rotor
7 Excitar Stator s ~\
8 Generator Rotor
9 Generator Stator

10 Eyebolt

11 Key, Rotor

12  Screw, Mex Hd.

13 Nut, Hex

14 Fan

15  Hub

16 Drive Discs

17 Key, Curput

18  Shatt

19  Screen

20  Generator Frame

21 O-Ring
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LIMA -
irrigation System

TECHNICAL BULLETIN Aiternators

Generator Application Considerations For Electric
Center Pivot And Lateral Move Irrigation Systems

INTRODUCTION

Mogt center pivot and lateral move irrigation systems are instalied in applications wheve 3
phase utiity power is not available or economical. In these spplications, electric generators are
used to power the 3 phase glectric motor that drives the wheels at each irrigation tower.

The primary generator application considerations are:

1. Electric motor starting capacity of the generator
2. Eleciric motor operating characteristics

3. Ambilent tempseratures

4. Environmental conditions

§. Maintenance requirements

6. Generator sizing

This paper will address each of these considerations. The observations presented here are
supported by the successful performance of the Lima MAC generators on over 30,000 irrigation
systsms around the workd. )




1. ELECTRIC MOTOR STARTING
CAPABILITY

Typical irrigation systerns have from 7 to 20
support towers. There is usually a 3 phase, 480
volt, 60 hertz or 3 phase, 400 volt, 50 hertz eiectric
drive motor at each tower. The electrical contro!
systams continuously turn these motors on and oft
as required to keep the system in alignment. Thus,
the ability of the generator to accomodate the high
inrush starting current of the motors is a critical
application consideration. The generator design
characteristic is usually expressed in motor
HP/gensrator KW electric motor starting
capabilities. Thus, a generator with a 1 HP/{1 KW
characteristic has twice the motor starting
capability as another design with a .5 HP/1KW

capability.

Most general purpose type generators which
utilize external automatic voitage regulators have
rnotor starting capability of approximately .5 HP/ 1
KW.

Special purpose generators such as the
patented Lima MAC (Motor Application
Characteristic) have a 1 HP/ 1 KW motor starting
capability, and are better suited for irrigation
system applications. The MAC output voltage dips
less than 35% when a 1HP/ 1KW motor load is
applied across the line, and smoothly recovers 1o
full voltage in iess than one second.

2. ELECTRIC MOTOR OPERATING
CHARACTERISTICS

Maost irrigation systems use electric drive
motors rated 1 HP, 3 phase, 480 volts, 50 heriz,
1800 RPM or 400 voits, 50 hertz, 1500 RPM. The
drive motor is connectedto a gear reduction system
to cbtain the proper wheel speed. The drive motors
are designed for the extremely high torque starting
requirements of the system. The starting amperage

requirement of an individual motor is commonly
10-15 times its running amperage. The total
irrigation system operates at a low power factor of
.5 to .6 because of the inherently low P.F. of each
motor running and exiremely low P.F. of individua!
motors when starting. The conservative 80 degree
C temperature rise rating of the Lima MAC
generater provides extra KVA capacity to handle
the low power factor irrigation system loads.

The generator is also rated 3 phase, 480 volts,
60 hertz, 1800 RPM, or 400 volts, 50 hertz, 1500
RPM. The output voitage is controlied by the
generator voltage regulation system, but the cutput
frequency is entirely controlled by the spoed of the
engine driving the generator. ifthe generator speed
varies from rated RPM, the output frequency will go
above or helow rated frequency. lrigation
applications many times use the pumping sngine to
pump water plus drive the generator. Thus, engine
speed and generator frequency control is not as
precise as normal generator applications.

The electric drive motor has a volts/hertz
design characteristic. The votis/hertz design
characteristic allows the drive motor to be operated
under and over rated frequency as long as the
voltage changes in direct relation to the change in
frequency. To avoid drive motor overheating, the
generator output voitage should also have this
voits/hertz characteristic.

Most general purpose type generators with an
extemnai voltage regulator have constant output
voltage regardiess of variations in engine speeds.
Some voltage regulators have “underfrequency
protection” and will reduce the voltage at speeds
beiow rated frequency, but will not increase the
voltage at speeds above rated frequency.

The Lima MAC Generator has an inherent
volts/hertz characteristic both below and above
rated speed and this design feature is especially
suited for irrigation systems, avoidi.ig damage to
the drive motors.




~ 3. AMBIENT TEMPERATURES

Most modern ganerators, including the
Lima MAC, use Class F insulation materials rated
145 degres C total temperature. The temperature
rigse of the generator is determined as follows:

145 degree C Total Temperature
— 40 degree C Ambient Temperature

105 degree C Maximum Temperature Rise

This means that in a 40 degree C ambient, the
generator cannot excead 105 degree C rige during
operation without experiencing insulation system
deterioration. Also, if ambient temperatures above
40 degree C are expected, a generator with less
than 105 degree C temperature rise must be
selected. For example, if 50 degree C ambdients are
expected, the generator temperature rise shouid be
limited to a maximum 95 degree C temperature
rise.

Most generators designed to British standards
are rated 100 degree C rise. Most continuous duty
generators designed to NEMA standards have 105
degree C rige ratings.

The Lima MAC Irrigation Generators are rated
at a conservative 80 degree C rise and are well
suited for irrigation system applications in areas
where 50 degree C ambients are experienced.

4. ENVIRONMENTAL CONDITIONS

Most irrigation system genaerators are installed
outdoors in unprotected areas. Thus, they are
subject to blowing sand and dirt, water, and
agricuiture chemicals. For maximum generator life
with minimum maintenance, a simple, reliabls,
basic design is desired.

Generator designs which utilize brushes and
slip rings should be avoided. Generators which
have complicated electronic voitage regulators,
fragile printed circuit boards, contactors, sliding
resistors, and complicated wiring of externai
current transformers are prone to nNUMerous
maintenance problems and poor reliability.

The Lima MAC has an extremely simple
rotating current transiormer exciter, is trushless,
self-regulated, and does not utilize an external
automatic voltage regulator. The weather protected
Type | construction, double sealed bearings, and
moisture resistant electrical insulation system
provides long life on irrigation system applications.

5. MAINTENANCE
REQUIREMENTS

As in any sophisticated system, minimum
maintenance is a key design objective. More often,
less complicated designs result in minimum
muintenance because of their simplicity, fewer
parts, etc.

Following is a comparison of the Lima MAC
and other general purpose generator designs from
a maintenance viewpoint:

Lima MAC Typics: General

Generstor Purpose Generator

Beavings Oversized - Porn. Lubed or
Permanantly Lubed Gressable

Simple Outbosrd Compliceted inboaidy
Locaticn Donigr

Full Wavs 3 Phass,

memy.. Yes Some only ha!f wave
Siip FRings, Brushes None No or Yes
Externsl Voit. Reguistor None Yes
Swiiches, Knobs, Resi

For Output Controt None Yes

The simplicity of the Lima MAC design has
proven to be the minimum maintenance design for
imigation systems

57




6. GENERATOR SIZING if a larger than required (oversized) Lima MAC

Generator is usad to power the irrigation system, the

Bocause of the 1 HP/1KW motor starting power demandad by the irrigation system does not
capability of the MAC, sizing the generator to change. The Lima MAC Geanerator only supplies thie

the ircigation system is simple. power demanded by the electiical load.
: “Oversized"” Lima MAC Generalors operate
a, STANDARD IRRIGATION SYSTEM: cooler than normal, increasing overal, life
Number of ifrigation system towers < expectancy. Also, an oversized alternator may allow
KW rating of Lima MAC Generator for the addition of an elestric booster pump at a later
date, incorporating the original generator.
b. IRRIGATION SYSTEM WITH ELECTRIC The decision of using “oversized” Lima MAC
BOOSTER PUMP: Generators is typically made based on an gvaluation
Number of irrigation sysiem towers of first cost, interchangeability of generators
+ HP rating of booster motor < between irrigation systems, inventory costs, and
KW rating oi Lima MAC generator. future elactrical requirements (increasing system
lengtiv/addit.on of booster pump).
e o Qumorator fiing In summary, the Lima MAC Generator is the
SIMPLIST, most RELIABLE, and most
7 + 0 ¥ KW ECONOMICAL generator avallable for pivot and
- T e lateral move irrigation systern.
10 + 3 HP 15 KW
2 T oW e SPECIFY LIMA MAC...YOUR PRODUCTIVITY
DEPENDS ON ITI!

Patented Recovery Circuit

This oscillograph shows the recovery capability of the MAC's
patented voltage controf circuitry. With a 1 HP per KW motor
load applied across the iine, voitage dip is under 35%, followed
by a smooth recovery to fulf voltage in less than one second.

LIMA: Lima Energy Products

The Lima Glectric Co., Inc.
P.0. Box 918

Lima, Ohio 45802

(419) 227-7327

TELEX 242433

Making Energy Work For You

Copyright 1983. The Lima Elecenc Co. 71983 Friad N UBS A
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SERVICE
BULLETIN

8502/36-278 @ 8502/36-278

SERVICE
SBULLETIN

Classes 8502 and 8536 Sizes 1 and 1P — AC Magnetic Contactors and Starters
Type SC, Series A or Series B

DANGER: Hazard of alectrical shock or bum.
lombmmoﬂpwutnpﬂhmw
ment before working on it.

jp SHN—

CAUTION: V/hite portion of comtect carrier (0)
must be flush with device cover (item 8), in or-
mwmm:-mmoponm
whan ice is I » de gized condition.

SERITS CHANGE -~ Series B only gpplies to the Type S
Starter Form B (3 ambient compensated overioads). All paris
of Form B Series A and B starters are interchangaabie; only
the overioa relay block differs. If the overioad biack of 8
Form B Series A starter is replaced with the Series B block, the
overioad relay thermal units nust be solacted from the Senes
8 tharmal unit seloction tabies tor proper motor protecton. -
® ACCESSORIES — Auxiliary contacts. powsr pole kits and
other fieid acddable kits are svailable. Refer to the Square O
Digast Class 9999 section for setection and application
information.

© QVERLOAD nauv. ~— Meiting aliuy overioad rela
blocks ars lied d with p for 1, 2 or
therme! units, The2meﬂn¢|unnmngdoyovwbudblodt
can be converted to a 3 thermat unit block by removing the
center strap and instating a thermai Lnit in its place. The con-
tact unit (ltem 8) of the maiting slioy overioad block can He
supphied with a N.O. or N.C. isolated alarm circuit contact in
addition to the standard N.C. contact. The alarm circuit contact
Ut can be nstalied in the fieid. See Parts List,
Bimetalic overioad relays are ilatie as an opt teaty
Starters with Form B1 (provisions for 2 thermal units) and
Form B2 (provisions for 3 thermal units) use a NON-CoMmpensat-
ud overioad reiay block. Form B starters (provisions for 3
units) are supphed with an ambient tempurature com-
pensated Overioad relay biock.
A SPDT contact is supglied as standard o0 sli Type S dimetal
Hc overioad reisys. The N.O. contact can be used in an alarm
circurt and must be wired on the same polarity as the N.C.
contact. Contacts are not replaceabls. in order 1o diecily re-
place a bimetallic overioad reiay, the appropriate psn number
ksted on the Pans List should be used.
TERMINALS — Power and CONrol terminals on standard
devices ar¢ suitabie for use with copper wire only.

© MECHANICALLY INTERLOCKED UMITS — Refer to
Service Bulletin 99973-288 for mechanical interiock.

O REPLACEMENT CONTYACTS — Replacement power
contacts and spiings or starters or contactors are avaiabie as
kits. Order from Parts List.

- Repiacsment coniacts and s| for the power.

ke kite
onty are conteined in a Class Yype SL-22 Kit. One kit is
reguired for each N.O. or N.C. contact.
MANUAL OPERATION — Manual operation of COMACIONs
and stariers may be accomplished by pushing the contsct
cerriar down with a screwdriver. A 8iot is provided in the con-
tactor cover for this use. DANGER —. Do not manuaily oper-
ate uniess starte! is isciated trom the Hne.
COIL REPLACHMENT — To repiace the coll lonsen the two
captive cover scraws (iteim A) and remove the cover. Discon-
nect wires from coil terminals. Alemove the coit and magnet
assembly. Separate the coll from the magnet assembly.
Reasseminy s a reversa! of the above. Manuatly operate (See
Manual Operation, above) the devics when rsassembied to
insure all parts are functioning property. Foliow recommended
tightening (orquss when reassembiling device.
SASSEMBLY INSTRULTIORS — Factory recommended
torques for mechanical, siecincal AN prassure wire connec-
tions are Usted in the Recommended Tightening Torque Table
and instruction Sheat. These must be followed to insure prop-
@ functioning of the device
SHOAT CIRCUIT PRROTECTION — Branch-circuit ovevcur-
rent protection must be provxied for each coNtactor or starer.
For starters, reler to instructions furrwshed with the thermal
unit seiection table. For contactors (Ciass 8502 or 8702), pro-
vide branch-circuit overcurrent protection in aocordance with
the Nationat Electrical Coo®, except 00 not axceed the maxi-
mum protective device ratings kstad below.

CONTACTS - Are not harmed by digcolorgtion and shight Tire won Y nverse-Tume

pmmg DO NOT FILE THEM a8 dressing wastas contact mate- NEMA Masmom oy ey Curount

mm Repiacement is nOCEsSary only when the contact has wom Sz Vokage (AMore) (Ampeie) (ATe)

600 30 50 40

CONTACT INSPECTION — i1 is unnecessary to remove sny ! 2% a0 5 s

winng to inspect contants. Marely khosen the two captive

screws {lten C) which hoid the contact actusior 10 the codact

biock. Lift the contact actutor 10 expose CoOntacts.

Suparsedes 278AS doved Apri, 1985 Susvised
GQUARE )

bune, 1988 — s P.O. Box 27446 PAGK 1
Rodeigh, N.C. 2761 i

{919 766-367)




8502/36-278 8502/36-278

SERVICE stRvict
BULLETEN BULLETIN
DISTAMT GONTIOLWNHTAWS & s‘rmns local Square D field office and ask for Product Data Bulletin
:MT:)"“IW proper comactor “!.ﬂ‘l e M379.

unt cuplcmm:e of the control circuit must consig-
erad. Depending upon the voltage, wire size, and the number Cot vorage M Gontros Dwiance (ke
of control wires used, wmmwm«mwmk LD 214 Coorw vére 312 Cogoer Wre
mum distance of m- wonmmnyboumsm\pednm ] w w
shunt capacitance. If distances to start o stop stations are 1 145 120

fonger than those imnd the wire run configuration and materi-
2is must be analyzed. For further information contact your

ORPERING INSTRUCTIONS — Spacify quantity, part number and description
davice. For example, one Armature and Magnet Kit 31041-805-50 tor (‘.lns 8536 Typo Scm'%edn

PARTS LIST

namophhmolmo

Part 2umber 1 Poly 2 Po 3 Pole 4 Pole $ Poie
31041-405-50 1 1 1 1 1
Soe Table Bulow

e g

Tm&l:H . . ) 1 1
Tyrm 5%-12 o
[ %

Type SL-J 1 1 1

Type 8L-13 . “ s
Type SL-13 anc 5L - 1
Cuaes 9068,

Type S00-4 ' ' . . .
Thoe £005 Y v v

IS

1034042 1

270130 1 t * 1 t
J1041-011-62 . 1 '
Qe 5990

is
ie

L018247-80 2

A0118-247-50 e
2142015180
30018-068-50
25054- 13600

I emee wa

anmaa @
oo o
-

Pen
A
L, ]
4
L]
£
¥
G
H
4
oK
i
 por dwvice. Bxupt 2 nn 2 polw SR T 1 5-1X%
I MMWF—"MGWDG? F wan
o Lx) Aetarng Sowe — Sae IF Ondy (1 per pole) . . . A3 4]

Sre Msvamon Sheet
& FOL COMBCIOn, whe HSEUCHON Sneet

.

- MAGNET COILES
COn SUPRX
Cod ™ 110 120 [ 12040 [ 208 20 Mo | om0 [ M ) 0 o 850 [
Preix oy | vom | v | vom Vo vkt | vom | vous | voms | vom | vems | Vom | vows | vom | vom
Use s Use [
- ® L] 0 ] 1 “ 20 Bl H ] L] 0 ot )
31041.400- vk var Vol Vor
2 [ 4 8 8 57 (] w o

© When orgenng rentaCEmEn DK, Qg DO Rt VORPOE 41 fragquency of ood DENG repisoed.
% Compiete par numbe ol cor LonMEts Of !ha it IAIWE Dy the Sutkx. (Exampis. For Y20 Vol 80 Heru ood. seiect & 31041-400-47)
3 Dusi Vorage con Order 120/240 von. 80 rerts. as 31041 -402-02. Orowr 260480 vok, 60 Herz, & 31041-402-04

Shavived
GQUARE ) —
FAGE 2 PO Box 77448 reammuia

Rolaigh, N C. 27811
P19 2603671

Suparsedus 178AS doted Apcil, 1985

June, 1968




502 AS 'ﬁ‘ 502 AS

IrRVICE SERAVICY

AULLETIN BULLETIN
30 Ampere Disconnect Switches with Flange Mounted Operating Mechanism

Usead in Ciasses 8538 and £738 —

Typa SB Series C Size 0 and Typs SC Serlet C Size 1

3-Pole AC Combination Starters

Switchi with srC ChambEY COVET O @I AUPEIEEsOr

WARRING: Ba sum to open the buckwp distonnect device of the combination sturter
boforo inppecting or sorvick g e disconnict switch. D not Operate Harter of discnnnent

Quentity

Part Number Required ]
3430101452 1
IW1-12-50 1
3130100801 2
2000701610 1
31301-010-01 1
25065-03800 )

Assemdly
For NEMA Type 1 07 12 enciovure AN e 31065-22-51 1
For NEMA Type 4 gnclosure TS I1085-229-52 1
8 Retum W017-143-01 ¥
9 Spwe g Holow 31056-249-01 1
10 Cottar P 2420+ -08400 1
11 Hex Heao Cap Sarwe 21401-20200 2
12 Lock Washer 237010000 2
13 Fuse Biotk 009 5F-1 1
4 Fuse Chps See Tabie 2
SQURRE D coMrany
MARCH, 1933 ——ters P.0. bun 472 FAOE




502 AS

SERVICE D SERVICE
SULLETIN BULLETIN
TABLE 2 FUSE CLIP KITS! — For use with 30 Ampere Di ct Swiich

INTERCHANGEABLE NOM-INTERCHANGEABLE
: Class H Fuses Class J Fuses Class | F.0000

NEMA Class Fuse Closs Class
Staner - | Fuse Clip Rating — Amps. | gggg Rating -- Ampg. 9ove | Fuoe Clp Retig — Amps. | ggog
Size 250 V. Max. | 800 V. Max. Typs 600 V. Max, Type 250 V. Max. | 600 V. Max, Al
okt % 030 G-1 -0 SR-1

n X 030 52 o 8J-2 030 8R-2

1 ' 3180 0-30 -2 0-30 5.-2 31-60 0-29 8R-2
4 Each g S se ahpe, )
& Cipe
A ELECTRICAL INTERLOCK VABLE 3

one o twy pole slectrical inlurlock kit may be added to the Electrical interiock Replacement
switch operating mechaniam. The snap mwich in the inferiock kit Electrical Mechanism Compiete | Snap Switch Onty
thmmm.&ouﬂo& ".Typ'm Cl__ T Class. Type
ol i R4S 90067 AD-1
pols 2000 48 | 9007 CO-3
ORDEMING INSTRUCTIONS
Specify quaniity, part number and description of pan.
SQUARE ) COMPANY

PAGE 2 $.0. Box 472 ——yar MARLH, 1982

Nibwondee, Wis. 53201
(414; 3372000
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ACTUATORS
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Design and Construction

Modeis RPB250-RPB2250

Mechanical Components

The Bettis RPB-Series pneu-
matic rack & pinion actuators are
specifically designed for “‘quarter-
turn" rotating mechanisms and
are ideally suited for operation of
plug, butterfly, or bali vaives.
These quality constructed and
uncomplicated actuators provide
a dependabile, reliable and eco-
nomic method of opsning and
closing a vaive.

Doubile-acting models, requiring
pressure to rotate in both direc-
tions, are available with output
torques to 18,500 Ib-in. Spring-
return models, requiring pressure
to rotate in one direction, are
available with spring ending
output forques up 10 5150 ib-in.
Standard operating pressures are
40 to 120 PSIG . Operating media
for both double-acting and

spring-retum modeis may be dry
or lubricated non-cofrosive gas.
Standard operating temperatures
are from —40° to + 200°
Fahrenheit. Optional, high temper-
ature trim is availabie for 0* to

+ 350° Falvenheit. Ail motels are
factory lubricated for the opti-
mum cycie life of the actuator. Ail
actuators gre constructed for
indoor or outdoor instailation.
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Models: RPB5000-RPB11000

Festures

1. Battom loaded, one piece
bilow-out proof output shaft, is
retained by a safety redundant
internal retaining ring.

2. Self-contained space saving
spring modules allow safe and
simple conversion from double-
acting to spring-return or to a dif-
ferent spring configuretion.

3. integrai position stops aliow
up to +5 degrees field adjusiment
at the 90 degree position.

4. The highly visible position
indicator may be indexed 90
degrees as appropriate for
optional mounting configurations.

An exposed square male drive
suitable for manual override or

accessory drive purposes may be
removed along with the position
indicator to expose the jow profile
slot-type accessory drive.

5. All fasteners are stainless
steal.

6. Square female drive allows
direct mount capability for a “‘low
profile” vaive actuator

7. Advanced UV resistant fluor
opolymer impregnation of intemal
and external housing surfaces plus
fluoropolymer coating on output
drive shaft and end caps provides
excellent hostile environment
protection.

Materials of Construction

A. Bedy: Precision-extruded
aluminum alioy, hard enodized and
flucropotymer impregnated.

B. Pistons: Cast aluminum
alioy, dichromate dipped.

phosphate eonod oil dlppod
H. Heo! Bosring: PEEK Alloy.
J. Piston Beuring: Fluoroplastic.

70




Operation

Double-acting
(TOP VIEW)

!.i

S a— T | ) T
P2 P

For counterciockwise output rotation, apply pres-
sure to Port 1, which wiil force the pistons apart,
The linear travel of the pistons i2 converted 10 a
rotation of the drive shatt by the rack to pinion
connection. The volume ocutside each piston is
axhausted at Port 2.

2 M

For clockwise output rotation, apply pressure to
Port 2, which will force the pistons to move
iogether. The volume betwesn the pistons is
exhausied at Port 1.

Reverss Rotation

When required, the pistons can ba invertad in the
housing rasulting in a clockwise rotation when
pressure is npplisd to Fort 1.

Travel Stop Adjustment

Retumn
(YOP VIEW)

! oY
- : e }
1 R Ja/ ) T

P2 M

For counterciockwise output rotation, apply
presaure to Port 1, which will force the pistons
apart and compresa the springs. The linear travei of
the pistons is convertad to a rotation of the drive
shaft by the rack 1o pinion connection. The volume
outsid« each piston is exhausted at Port 2.

For clockwise output rotation, the volume batwean
the pistons is exhausied at Port 1, causing the
springs to force the pistons together. The volume
outside the pigions is vented at Port 2.

Reverse Rotation

Whan required, the pistons can be inverted in tha
housing resuiting in o cleckwise rotation whan
pressurs is appiied to Port 1 and & counterclock-
wise rotation when Port 1 is vented.

Drive ghatft rotation ig limited to 90° plus or
minus 5* by the stop screws located in each end
cap which limit tha pistons outward travel.

Standard Assembly

Adjustmeni of the counterclockwise rotation
limit is accomplighed by rotating the stop screws
1o reduce or increase output rotation.

Revorse Assembly

VWhen required, the pistons can be inverted in the
housing atiowing travel stop adjustment of the
clockwise output rotation.

A




Typical Specifications

The Yllowing information rnay be
used as a guide to compile
spacifications kor rack and pinion
pneymatic actuators. GH-Bettis
RPB-Serigs actuators meet, o«
exceod all the specifications
stated below.

1.0 Bettia RPB-Series
Pneumatic Rack & Pinion
Actuators

1.1 The pneurnatic actuator
shail be quarter4um, npposed
piston rack and pinion type of a
totalty enclosed design with no
external moving linkages.

1.2 The actuator shall be capa-
ble of 95%° rotation and shall
include extarnal trave! stops with a
minimum of 10° adjustrent.

1.3 The actustor shall be rated
for continuous operation using
dry or {ubriceted non-corrosive
gas and suitabie for mounting in
any position.

1.4 Ambient temperature range
shall be from —40°F to +200°F.
For high temperature service, the
sctuator shall be rated from 0°F
to +350°F.

2.0 Construction

4.1 Actuator housing shall be
prec sion extruciad aluminum,
harc anodizad with external and
internal UV resistant fluoro-
pcly mer impregnation.

2.2 Actuator shall be supplied
witls all stainless steel fasteners.

2.3 The drive shatt and pinion
shall ba one piece steal, botiom
loaded blowout-proof with a fiuoro-
pciymer coating and secured by
non-exposed, redundant stainiess
steel retaining rings for satety.

2.4 End caps shall be cast
aluminum UV rasigtant fluoro-
polymer coated.

2.5 Actuaior shall incorporate
internal porting to permit use of
eithar diract mount or remote
controis with a minimum of exter-
nal tubing.

2.8 Actuator shall be provided
with a mechanical indexabie visual
position indicator. An optional siot
for direct, low profile of shaft
driven accessories utilizing uni-
drive hardware shall be provided.

3.0. Design

3.1 Double-acting and spring-
return modeis shali be offered
and field convertible by only the
replacement of end caps or
spring module assemblies .

3.2 Al spring module assem-
blies must be of self contained
fisld service safe dasign.

3.3 Spring design shall allow
safe conversion of spring modules
to fit application requirements.

3.4 Speciai tocis shalt not be
required to adiust or accomplish

3.5 There shali be no bearing
area outboard of the pressure
comaining or weather seals.

3.8 Use of sei-threading or
thread forming tasteners shall be
strictly prohibitad.

3.7 Actuator must not incor-
poreie any metalto-matal
pressurs seals.

3.8 All springs must be shot
pesned and cormsion protected
to ensure maximum cycie life.

3.9 Actuator shall be fieid
reversible to provide +35° travel
adjustment at outboard end of
travel and non-adjustable %2°
nominal over travel in
opposity diraction.

3.10 Fult tooth engagement, at
the pitch line, shall be mairtained
throughout fuli range of travel
minimizing potential tooth failure.

Matzriais of Construction

A. Body: Precigion-extruded
aluminum alioy, hard anodized
and fluoropolymer impregnated.

8. Pistons: Cast aluminum
alioy, dichromate dipped.

C. Output Shaft/Piniovi: Carbon
steel, fluoropotymer coated.

D. End Caps: Cast aluminum
alioy, fluoropolyme: coated.

E. Fasteners: All stainiess stwel.

F. Seais: Nitrile stancard.
Viton, optional.

Q. Springs: Carbon stest,
phosphate coated, oil dipped.

H. Heel Bearing: PEEK Alioy.

J. Piston Bearing: Fluoroplastic.
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Slzing Information

The following information is designed to aid in cor-
rectly selecting GH-Bettis Rack 2nd Pinion Actuators.

Accurate vaive torques must be determined at
exireme and intermediate valve positions. Valve size
and type are dstermined by spplication requirements,
such &s differentia! prassure, media, temperature
and vaive manufecturers suggesiad safety factor, that
affect required torque at specific vatve positions and
direction of travel.
For Double-Acting

Using the minimum operating pressure availabie
at the sctuaior’s installed location, select a colurmn
from the Torque Rating Chart of less than or aqual
pressure. Look down the cniumn uriti! an output
torque is selected which is greater than the vaive's.
maximum operating requiremsit. Determine the
correct actustor inodel nurnber which appesrs on
the same line as the selactad output torue.

For Spring-Retuv'n
The vaive's maximum toraue requirement at
specific locations and direction of travel must be

oo g ©
0w 0 »* o -9
srany L PiUATI oo
L] } $rant
|
. [
f
i :
) |
i
! i
| ]
(O Y L0 S N
cne ———— w
(=] owh

excesded by the actuator's spring start, end, air
start, and end. as approptiate.

On-Oft Fall-Ciosed Applicstions

1. Select appropriate actuator spring end and air
stant torque for maximurn vaive seating and break
torque requirements respectively.

2, Selact spring start and sir end torque for max-
imum vaive torque requirement &t full open position.

3. Compare spring start torque 10 maximum vaive
stsm aliowable torque.

On-Oft Fall-Open Applications

1. Select appropriate actuator spring start and air
and torque for maximum vaive break and seating

mum vaive torque requirement at full open position.

3.Compere air start torque to maximum stem
aliowsbie torque. or moduiating and cther severe
ssrvice applications, a minimum actuator torqus of
25% greater than the vaive torque requirement at all
positions of travel is recommendad.

Spring-Returm

+
?
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/
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3
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Torque Ratings (Pound/Inches)

Double-Acting Actuators

B . ™ o [—
Torgue Uit n o " 00 m
B 20 . 15 I3 250 312 75
" B 25 w 450 562 [36)
%00 B-n. 500 750 1000 1250 1500
ns0 -in, 15 687 250 81z 5
5000 Bn. 20 EE) 5000 6250 750
L moes B, 5500 820 1000 13750 18500
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o
Torque Ratings (Pound/inches)
Spring Return Actustors
RPB-Series (Pneumatic)
Mool Number Soring Torque Air Towgue Output st Optrnting Pretews-2310
- Spring Output “ " [ 0 120
i) $tant End St | End | St | Zad | Smt | End | St | Ew | Sn | ¥nd
2 ) % % a7 138 109 21 72 263 FT] 3% 32
3 104 67 - - 113 70 176 133 229 195 01 2%
28 4 ! 90 - - 88 3 15¢ <] 213 1% 276 25
5 175 12 - -~ - 126 54 189 "8 51 i
6 09 135 ~ - ~ - - - 164 n 27 £
2 1% 8 135 [3 24 196 % x9 47y Q1 566 533
3 % 20 - ~ 20 | v | 0% 28 RS w &
45 [ M - - 158 5 7 167 38 ) 3 02
5 I - - - - % 9% 39 0 451 321
6 31 243 - - - Z - - 23 V7 06 21
2 ) [ 0 184 549 433 700 R | 0@ | 1281 | 118
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RPQB-Series (Pneumatic)
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Performance Data

Operating Pressure Range: 40 to 120 PSIG. Opereiing Tomperature:
== Maximum Aliowable Working Presaure: 150 PSIG. Stndard: —40°F to +200°F
Maximum Operating Pressure: 120 PSIC. Optivnal: 0°F to +350°F

Operating Media: Dry o lubricated non-comosve gas.

Double Acting Actustors
R Yolura Cu. * s, Oper. Mex. Allow. Wight Yoor'
o w | o wor b - aae) o
RPB-Series
) 20 133 120 150 0 02
Peese 25 A2 ) 120 150 42 )
900 54 568 120 150 7 09
E250 956 186 120 150 158 18
RPBSO00 2288 2056 120 0 40 18
APB1I000 4643 a0 120 150 20 7]
*For one 90° v with Bt no 1080 (NEMA &)
“"Daplacerment phus Camty
Spring Retum Actuators
Actustor Voiume Her v A waight Oper. Time Socents”
Model Cu. > or) 'l!m ) Soreg ] o
RPB-Series
APR2I0-3A 123 126 150 34 8 04
RPO4S0-8A 42 120 150 55 11 06
APRI000-SA 58 120 1% 07 2 14
APEI20-SR 188 120 150 2 2% &5
APRS0ND6H 2056 120 150 6 10 13
RORIO0M-SA anp 120 150 W 21 0
RPQB-Series
Actuator uu:.uuml oy “_?"“ Preonve SAWH W&w Oper. Tivs focends
;10 sA1S Mo 15 M6 Spmp | O
APQB11000-57 %5 w ) 105 10 120 18 25 2 |

“For one 90° oDelon wint BnSolng —m 1080
* ‘Daptacemen Do Cavity
T MEXRMUM [FESSure SHOWR! GN 8 BCIUBECT UNTE OOBIANNG CONCHMIONE 81 1 SICD POBION
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Dimensions
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BettiSolenoid

BettiSolanoids are custom designed for use with
the RPB-Series pneumatic actuator product line
offering a direct mount feature which eliminates
interconnecting tubing and fittings.

General Dosérlptlon

1. 4-Way, 5 port, 2 position, singte coil with manual
override.

2. 3-Way, 2 position, normaily closed, single coil
with manual override.

Operation:

The vaive operates when the coll is electrically
energized and returns when the coil is
de-energized.

Maedia: dry or lubricated non-corrosive gas.

Pressure:
Minimum opsrating differential: 35psi (2.4 bar).
Maximum operating differential: 150psi (10.3 bar).

Oriantation:
Valve may be mounted in any attitude/position.

Coli Enclosure:

1. NEMA 4, Watertight and dust tight—indoor and
outdoor. Intended for use indoors or outdoors to
protect against splashing water, seepage of
water, falling or hose directed water and severe
external condensation. Al coils arg UL and
CSA listed.

2. NEMA 4-7-9, combination watertight and explo-
sion proaf—indoor and outdoor. Otfers the same
protection as NEMA 4 listed above plus hazard-
ous location ratings 7C, 7D, 9E, 9F and 3G
(Class | & II, Groups C, D, E, F and G) Division |

and li. Enclosure is UL and CSA listed.

Coil Connection—NEMA 4&:

1. ¥2 NPT Termina! type plug-in, standard.

2. Strain Relief, no cord, terminal type piug-in.

3. Strain Relief with 6 ft. (1.8m) cord, plug-in.

4. Strain Relief with 120VAC-60Hz light, no cord.

5. Strain Reiief with 24VDC light, no cord, terminal
type, plug-in.

Coil Connection—~MNEMA 4.7-9:

V2 NPT, potted, 24" leads

77




Temparature:
Madia: — 40F to + 200F.
Amblent: NEMA 4, - 40F {c + BIF.
NEMA 4-7-9, - 80F to + 125F.
Coll Rating:
1. NEMA 4: Continuous duty moided Class H
insulation.

2. NEMA 47.9: Continuous duty molded Clase B

Coll Yoltage:

1. 120VAC-60Hz/10VAC-50 Hz.

2. 240VAC-60Hz/220VAC-50HZ/ 120V0IC.
8. 48VAC-80HZ/44VAC-50H2/24VDC.

4. 24VAC-80HZ/Z2VAC-50H2/12VDC.

Coll Voliage Variation: + /- 10% of Nominal.
Power Consumption: 8 Watts
Matoriafs:

insulation. Valve Brdy = Aluminum, anodized.
Sesls/O-Rings = Nitrile.
Fasztoniers = Stainiess Steel assembly and
attachment.
Dimensions
1-PRESEURE
r‘;"“u-nv $ (Jouay LY} -%'3- [y 0)‘ -’-"-'. bt m} 3-VINT P2
) #10=32 LD V2% W - S<Exraust P
3w / »2
Al ALY -
1514 L ornins — ed
- 1 oy iﬁ - ';‘.“1 ' : . 1
’ [ N [ H ' 1
T i teerl - - N
l ‘”- M sy ‘I{ B b k“g\l- 3
LAl 3§ S (4-war oaLY) \}—m ot 3-VMY VALVE
3w l!—' T ¢ ENCLOSURS
y .-.'E I A 4T (NOLORME 1 PR SRR
‘.‘_‘2’, é-_: 3~EXMAUST P2
L____ . he S ErMAUST P
-,
Ll
' CLOSED LOOP (3-WAY) L
! eatssone Dnmso THRU RPB2250 "
. - S-Exmays! . .R. 4=VARY VAL'
1 M_T 3ot A. AND S.R. (1/4 NPTF)
S 4
1= MRESSURE
$10-32 DORAD (WWT) J-WNT #g
S—ENMAUSY Ps
2 mn
UrtlLA ']? ’
4 i
=AY VALVE
=P SEUNT
3-EXAUST P2
S-St P
B2 P
N i
PP R— !
1106 8 (LEPL.OPON PROOF )
g a?-9) 4~WAY VALVE
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MULTIPLE HEAD TRANSMITTER

The Multiple Head Transmitter is a compact and durable transmitter designed and
developed by Gate City 1o provide from one 1o four outputs in a single housing with
future modifications in mind. Where space limitaticns make stacking of several
transmitters difficult, the Multiple Head Transmitter becomes the ideal alternative using
only 4-5/8" of height in the meter stack.

The Multiple Head Transmitter can be used with any metering system that uses
Veeder-Reot accessories with a variety of adaptors and couplings to fit your meters
needs. For proper transmitter application, our engineering staff will need to know what

tvpe 0! meter, the model rumber, and the yolume per output shaft revolution. Our

custom gear plate designs allow any volume of measurement to be used.

The Muitiple Head Transmitter is currently available with two types of electrical
outputs, both of which are enclosed in explosion-proof housings which, dapending on
the electrical code requirements, the approval authority can be U.L., C.S.A., BASEEFA
of Ex. Most European countries will soon standardize on CENELAC which will
combine BASEEFA & Ex. When a low resolution is required a Single Pole Single
Thiow {SPST) pulser is used, this would include such applications as 1 puise per
gallon, 1 puise per dekaliter, or similar outpu:. This type of pulser is normally used to
signal a data system or similar device. A simiiar transmitter modified with a contact
protection network would be used with induciive devices such as a Gate-Pak™
additive injector. For applications (hat raquire a high-resolution pulse output a
Vesder-Root solid state pulser is used to supply outputs such as 100 pulses per
gallon, 10 pulses per liter, etc. This type of pulser is normally used in applications
such as product biending or electronic presets where a high degree of accuracy Is
required.

The Muitiple Head Transmitter is also available with a Right Angie Drive output that
can be used to drive various mechanical and electricai devices normally associated
with electronic meter proving or rate of flow indicators. The Right Angle Drive can be
set up to provide orae output revolution per 5 gations, 10 gallons, 1 barrel, 1 dekaliter,
etc.

When the Multiple Head Transmitter is used and only one pulser is required at the
presani time, but future requiremants ars known, Gate City can provide your Multiple
Head Transmitter with the appropsiate gearing so that the correct puiser may be added
in the future. The future pulser can be added merely by rernoving a blind piate cover,
and bolting the new pulser intc position.

For further information contact the Gate City distributor in your area, or contact Gate
City direct and let us solve your liquid measurement problems.

-1-
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MULTIPLE HEAD TRANSMITTER
APPLICATIONS

______
-----

,,,,,,, - DIGITAL SHAFT
e OPTICAL GATING ENCODER
: CONTACTOR
I e -
P I
P e TERMINAL AUTOMATION
b : ‘ AND DATASYSTEM |
i 1 RIGHT ANGLE DRIVE FOR CONTACT PULSE TRANSMITTER
i | ATTACHMENT OF PORTABLE FOR TERMINAL AUTOMATION
b ELECTRONIC METER AND DATA PROCESSING
s PROVING EQUIPMENT = 1 PULSE PER GALLON OUTPUT
b 5 = = i
b .. :
E : T =) - E
*) T o] :
Q =) W ‘
MASTER METER , e
PROVERCOUNTER  ___.--"" b T
MMC-7 .- - ' )
e : :
et i et SOLID STATE PULSE TRANSMITTER
FOR DIGITAL VALVE CONTROL
SYSTEMS - PULSE RATE PER ;
SYSTEM REQUIREMENTS : EQUIPMENT WITH OPTIONAL
y ' PARITY CHECK FEATURE.
TRANSMITTER HOUSING, AND :
INPUT/OUTPUT COUPLINGS ARE
ADAPTABLE TO VARIOUS METER
APPLICATIONS. SOME ADAPTORS
MAY BE REQUIRED.
GATE-PAK INJECTOR ELECTRONIC PRESETS, BLENDERS,
ADDITIVE SYSTEMS AND OTHER ELECTRONIC CONTROLS
-2-
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DIMENSIONS

6.625

< 3.3125 3.3125 —™
MOUNTING HOLE
: .2656 DIA.
6.625 BOLT CIRCLE
MOUNTING HOLE

2/8-16 THREADED
5,000 BOLT CIRCLE

¥
2.000
)
J -2 4375
5.750 | 5.750
e 11.500 o
TOP VIEW
0 Q)
0 o | K B
l SIDE VIEW
4.37% 4,375 ————t
3.




APPLICATION

SiMITH METER

TYPICAL
SMITH PRESET
VEEGER-ROCT

LNC/PRINTER

(2) - MOUNTING BOLTS |

BLIND COVER PLATE
WITH GASKET
(4) - MOUNTING BOLTS — veg;EP:QLOOT
1/4-28X1-1/8 HEX o [E PRESET
(4) - NUTS 1/4-28 HEX LNC/PRINTER

| b (@) - MOUNTING BOLTS

REFER TO SMITH b e e i 14-28X1-118 1
PRESET MOUNTING ' 28X1-1/8 HEX
INSTRUCTIONS _
r— MULTIPLE HEAD
TRANSMITTER WITH
SMITHNVEEDER-ROOT
INPUT/OUTPUT
SMITH TO VEEDER-ROOT
ADAPTOR (4648-1) ! COUPLINGS
(2) - ADAPTOR SCREWS i
3/B-16X¥/4 SLOT ST=——"7"  (4)- MULTIPLE HEAD TRANSMITTER
st MOUNTING BOLTS
1/4-28X7/8 HEX
%‘ ! =)
L J
SMITH METER
Cglr;:.cltcLGS " {F4-S1 SHOWN)
g

-4-
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APPLICATION

OUTPUT COUPLING APPLICATION

SMITH METER

INVERTED: FOR SMITH 342 A&B SERIES PRESET AND OTHER SMITH EQUIPMENT.
SEC INVERTED DETAIL. DIMENSION MUST BE AS SHOWN.

PROCEEDURE - LOOSEN SET SCREW AND INVERT COUFLING, ADJUST TO PROPER

HCIGHT AND TIGHTEN SET SCREW.

STANDARD: FOR VEEDER-ROOT 340C (7880) SERIES FRESET AND COUNTER

PRINTCRS. SEE STANDARD DETAIL.
-5-
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APPLICATION

BROOKS BRODIE METER

: BLIND COVER PLATE
COUNTER ﬂ. WITH GASKET
(3
BASE g (4) - MOUNTING BOLTS == IOER RS
a5 -, VEEDER.ROOT
4 NUTS 1/4-28 HEX PRESET
SHAFT - - LNC/PRINTER
ADAPTOR L R
PLATE ' :
(P 3650300000) ! ! (4)- MOUNTING BOLTS
b e e 1/4-28X1-1/8 HEX
|
ADAPTOR MOUNTING
wlsimma TN amese,
(4)NUTS - 1/4- [_L _J BRODIE/BRODIE (BROOKS)
TRANSMITTER MOUNTING §—— INPUT/OUTPUT
(4) BOLTS - 1/4-26X1-1/8 HEX ) COUPLINGS
(<) NUTS - 1/4-28 HEX .
SPACER SHAF™ |, {4) - MULTIPLE HEAD TRANSMITTER
S ODIE AORPTOR MOUNTING BOLTS
“BRODIE ADA 1/4-28X7/8 HEX
P 6503100, —

| ) ] ] AowustER

TYPICAL
COUPLING

BROOKS BRODIE METER

“NOTE-TO MOUNT THE
MULTIPLE HEAD AS
SHOWN THE HOLE
PATTERH ON THE
ADAFTCR MUST BE
MOD¥FIED. SEE THE
AD/PTOR ORAWING.
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APPLICATION

BROOKS TO VEEDER-ROOT ADAPTOR

HOLE PATTERN MODIFICATION:
LOCATE THE 4 DRILL GUIDES
BETWEEN EXISTING HOLES
AND DRILL NEW HOLES 3/16”
DIAMETER. USE ANY 4 HOLE
PATTERN FOR REQUIRED
TRANSMITTER MOUNTING.

BRODIE TO VEEDER-RQOT
ADAPTOR
(PN 368503100)

I )

) =
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APPLICATION

LIQUID CONTROLS METER
BLIND COVER PLATE
WITH GASKET [ L ween
(4) - MOUNTING BOLTS VEEDER-ROOT
1/4-28X1-1/8 HEX (B Preser
(4) - NUTS 1/4-28 HEX ‘ ' LNC/PRINTER
é (X 0: OEO 2 o

:_ : (4) - MOUNTING BOLTS
At ————— 1/4-28X1-1/8 HEX
|

MULTIPLE HEAD
TRANSMITTER WITH
LIQUID CONTROLS
INPUT/QUTPUT
COUPLINGS

(4) - MULTIPLE HEAD TRANSMITTER
MOUNTING 8BOLTS

' !
l
|
| 1/4-28X7/8 HEX
@ '
!
|

TYPICAL COUPLINGS

LIQUID CONTROLS
METER




APPLICATION

NEPTUNE METER

BLIND COVER PLATEZ

wi I I
TH GASKET , TYPICAL

(4) - MOUNTING BOLTS == VEEDER-ROOT
1/4-28X1-1/8 HEX [B PRESET

(4) - NUTS 1/4-28 HEX — LNC/PRINTER
e oE g TYPICAL
P — NEPTUNE
. PRESET
! | (4) - MOUNTING BOLTS LNC/PRINTER
b o2 1/4-28X1-1/8 HEX
!
I
!
|
MULTIPLE HEAD
P~ TRANSMITTER WITH
NEPTUNE :I
INPUT/OUTPUT
COUPLINGS
| PER APPLICATION |
i !
L e
I
NEPTUNE TO
VEEDER-ROOT
ADAPTOR
NEPTUNE
GEAR
CALIBRATOR %}
TYPICAL COUPLINGS
NEPTUNE METER
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APPLICATION

TOKHEIM METER
BLIND COVER PLATE
WITH GASKET TYPICAL
(4) - MOUNTING BOLTS VEEDER-ROOT
1/4-28X1-1/8 HEX E PRESET
(4) - NUTS 1/4-28 HEX LNC/PRINTER
=TT ' —_‘! : '.,.....;5' xx)
——— e et S — S ——— d
! | ) -MOUNTING BOLTS
. 1/4-28X1-1/8 HEX
|
MULTIPLE HEAD
TRANSMITTER WITH
- TOKHEIM
iﬂa INPUT/OUTPUT
| ' COUPLINGS
| (4) - MULTIPLE HEAD TRANSMITTER
| MOUNTING BOLTS
, 1/4-28X7/8 HEX
TYPICAL COUPLINGS

TOKHEIM METER
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ASSEMBLY

GATE CITY MULTIPLE HEAD
TRANSMITTER HOUSING
NESIGNED FOR VARIOUS

METER APPLICATIONS

BLIND COVER PLATES
(FUTURE APPLICATIONS)

PULSE TRANSMITTERS
*ORY CONTACT
*DRY CONTACT WITH
CONTACT PROTECTION
*SOLID STATE ELECTRONIC
*SOLID STATE LLECTRONIC
WITH PARITY CHECK

OPTIONAL TOP COVER
PLATE WITH GASKET

OUTPUT COULPINGS
FOR VARIOUS METER
APPLICATIONS

RIGHT ANGLE DRIVE
(RAD)
.WITH DUST CAP

GEAR PLATE
(OUTPUTS PER APPLICATION)
WITH INPUT COUPLINGS
S FOR VARIOUS METER
T T APPLICATIONS

-11-
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Leries 1871
Puise Transmitters

@

Certitied  |QULISTED

Applications hat

The series 1871 pulse transmitter has been designed for use with gasoline pump
computers and miscellaneous electrical counters in remote indicating and data
systems. It provides fast, accurate pulsing for counters, printers, and stepning
motars used with remote indicating, totalizing, and data systems. UL listed, CSA
certified.

Description
The puise transmitter chops a fixed level input voltage to form a square wave
pulse with minimum contact bounce for use with transistorized circuits.

The Series 1871 pulser consists of a rugged die cast explosion prool housing
with a screw type cover for easy acess to the pulsing mechanism. The transmitter
utilizes a dry reed switch, magnet, and gear train, sychmnized to provide 2 puises
per ravolution or 10 pulses per revolution, as required.

Specifications
Contact rating.........ocecoveveeeeerearnrennns Maximum 50 VA resistive
Not to excesed 250V or 3 ampares
Type SWItCh ......covnvvrcecrncreerarrnaenne Single Pole Single Throw
Contact Rasistance.............ccoenee. 500 milliohms
Actuating Time......c.oceeeieceemceerenenene 1 milisecond average
Contact bounce..........oveveevevernene 1 milisecond average
SPBOd ... 0-3000 pulses per minute, 600 RPM maximum
Pulss Timing.......c.ocovvvreoerecrnnenne 40 to 50% on, the balance off
Temperature ..., Compensated for -40°F to + 160°F
HOUSING .ot eirecsnrersanenns UL/CSA, explosion-proof Class 1, Groups C & D

Cover holas provided for wire seal

12
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Series 7677187
Pufse Transmitters

&
(@USTED]

Deucription

These sohd state puise transmitters provide fast and accurate signaling for
remete indication, totalizing, and daia monitoring systems. Yhey are UL listed for
gasoiine pump computers and in applicaiions that require monitoring of output
shaft rotation in hazardous locations.

The output can be either dual channel with 50 pulses par revolution per channel
¢i single channe! with 100 pulses per vevolution. The duai channal pulse trains
can bo staggered or ovesflapoing. A staggered cutput allows errors to be
detected on either channel or ¢n both concurrentiy{power foss to puiser). An
overiapping output permits the dotection of directior: of rotation and errors on
gither channel, but not both concurrentiy. The single channel devices are used
wher greater puise density is desired and error detection is not required.

Specifications
Recomineaded Operating Conditions
Supply voltage 10-15v DC; 75 ma max a\ 15v DC
QOutput Dependent on load
3Swiiching times Rise time - 2 microssconds maximum
Fall time - 4 microseconds maximum
Input shatt speed 600 RFM
Operating Environment -40°F to 180°F {-0°C to 32°C)
Housing Explosion-proof. For use in Hazardous locations
Class 1, Group D
SCHEMATIC
?v?ﬂ (8 wa
It
e e i s <. e O fuss 1 R
} Binck) '! e
CONTOn o wun
_— )
od 'L'f' b rmmomtne Commun Camencr
W Civmmedbiemd v Dt Owipus Moden Wirmg C oty 1niese fir Semprle Ohws ot Sode
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PARTS LISTING

HOUSING - MAJOR COMPONENTS

ID# _Description Part Number
1 Base housing 02-00004
2 Bushing 02-00050
3 Gear plate (Standard 16:1) 02-00075*
4  Gear plate screws (2 req) 02-00052
5 BliNd PIALE.......occrmeerremmmsseerereesemsssssesersmssnsssasesscssssessnsaresses 02-00006
6  Blind plate bolt ... 02-00057
7 Add-on Pulser
2 pulSES Per reVOIULION.........covueruescrsenssiesnssmscessnsrisns 02-00100**
10 pulses per revolution 02-00200**
100 pulses per revoluticn 02-00300**
8  Pulser mounting plate DOl...........coevcsvncnnniacnne 02-00059
9 Right angle drive adaptor 02-00400
10 Blind 0over gaskel......co.oeerurencensronmasseeesieassnee 02-00080
11 Biind cover 02-00085
12  Biind cover bolt...... 02-00087
13  Blind cover nut 02-00088

To insure the correct replacement gear platé will require the
original Multipie Head Transmitter serial number

** To insure the correct replacement or add-on puiser will require
\ the original Multiple Head Transmitter serial number

§ -15-
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PARTS LIST

PULSE TRANSMITTERS
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_PARTS LISTING
PUL SE TRANSMITTERS
~IR# Description Part Number
1 Pulser Mounting PIAte ... cniens seenees 02-00029
2 Pulser

2 PI'R* (187180-051) ..coovevvrreeeen 02-00034

10 PPR(187180-052)...... ccooureemmrrivene 02-00035

100 PPR (767181-3Z5) ..02-00036

100 PPR with parity check (767 181-325P)......... 02-00037

3  Reed switch... - 02-00099
4  Contact protection NetWorK..............ccoomvecrnnnercarennens 02-00010
5  Pulser mounting screw 02-00105
6 Pulsermournting plate bol..........ccoiceniinenncecnenns 02-00059
7 24 Tooth pulser drive gear.... 02-00002
3 36 Tooth pulser drive gear 02-00003
9 18 Tooth pulser drive gear.. .02-00001
10 Veeder Root pulser drive jear 02-00110
11 Set Screw, drive gear. 02-00115

* Pulses per revoluiion

17,
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PARTS LIST _

RIGHT ANGLE DRIVE
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PARTS LISTING
RIGHT ANGLE DRIVE
-JR# _Description Part Number
1 Right angle drive plate 02-00022
2  Bushing 02-00050
3  Shaft -~ ..02-00024
4  Retaining fing......oeeemvenee e 02-00120
5 DIiVE SCIEW ..ececcrersnsrresesnmesserssssssssessamssesanss 07-00122
6  Cable . e . 02-00124
7 Cap 02-00023
8 Mounting bolt - 02-00059
9 24 Tooth pulser drive gear. ... ... 02-00002
10 36 Tooth pulser drive geay ... .02-00003
i1 18 Tooth pulser drive gear....... s coneisees .02-00001
12 Veeder Root pulser drive Gear ... e 02-00110
13 Set Screw, drive gear . ....02-00115
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SHAFTS AND COUFLINGS

LiguR VLEDER. VEEDER-
CONTRIAS RCOT TOKHEM  ROCHWELL ROOT BRODIE NEPTUNE

o Gef
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f
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' '
+ '

1
) i
'

Lvtiimmm s } ------------ 4
LIGUID VEEDER-ROOT/
CONTROLS VEEDER-ROOT
BRODIE/ BRODIE/
VEEDER-ROOT BRODIE NEPTUNE
: promesenoes Foeeenee ; ! : :
BRODIE
‘ SQUARE DRIVE
,,/
TOKHEIM KWELL
LIQUID SMITH OK ROG NEPTUNE
CONTROLS
-20-
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PARTS LISTING

SHAFTS AND COUPLINGS

—Description Par} Number
Liquid Controls Output coupling 02-00G016
Liquid Controls Shafl.........cce. e corencecemnesessenesesessesesseesse 02-000%4
Liquid Controls input COUPNNG ........: «orrerereemsreenssecmmmsrreenes 02-0001 &
Veeder-Root (Smith) Output coupling 02-00027
Veeder-Root to Veeder-Root (Smiti)shaft.........c.oveenee. 02-00028
Smith INPUL COUPHING ... wevvverwemeeneecrsremeeeesssnesssssresessssseneseeseseecessons 02-00060
TOKNEIM INPUL (PIN). ccovvevrer s ererrseeseacsmeessnees s sens seessemmseemssesssenns 02-00065
Tokheim shatt..... N2-00070
Tokheim Inpui coupliiig .02-00072
Rockwell Output «:oupling ..02-00091
Rockwell INput COUPIING.........cccomrmuimmrmeemessorasesisecnsenscensssesesessens 02-00093
*Rockwell couplirgs use shaft PN 02-00028

Brodie to Veeder-Root shaft..............c.cceee covveeennen. o eennnen 02-00009
Brodie Output coupling 02-00008
Brodie 10 Brodie Shafl.....cccc wuvnes veeiveeseemssvasssssmssmmsmmasne 02-00130
Neptune Output COUPING...............coreereeereeereeeee oo esesvennen 02-00020
Neptune Shaft ... seeeeeceeeren e e : 02-00017
Neptune Input coupling ......ccoenrvcrevnne, rerntas s st 02-00018
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The 7887 Veeder-Root Moter Regise:

The Fiuid Power Proch.ct's Meter fitted with the 7887 Veeder Roo!
Regustar s on outstonding choice for recorcing and displaying delivory
data v a wide voriety of industries. This system totalizes ond dispiays high
speed delivenes and transactions in large easy-to-read figures. ond it is
ided for inCreased efficiency in all kinds of liquid inventory ond delivery
operations.

The 789! Veedar-Roct Meter Regisier ond Preset

The Fiuid Power Product's Meter fitted with the 7891 Meter Register

ond Preset combines inventory control ond data processing information
or o wide varniety of industnes. This system combines to contro! and
cispiay high tpeed fiuid deliveries and tronsactions and 1t is ideal for
increased efficiency in ol kinds of iquid inventory monitoring ond
control instaliahions.

™he 7890 Yeedat-Riuol Meter Register and Printer

The Fiuid Powar Product's Mater fitted with the 7690 Meter Register

and Printer provides inventory control records, bill of lading, receipt: or
invoices, accounting records anv data processing information N a wide
vanety of industries. This system produces clean. detailed printed records
of high-speed fluid detivers and fransactions, ond it is ideal for increased
efficiency in alf kinds of liquid inventory monitoring anc control sttuations.

The 7671 Sciid Stote Puise Yransmitier and the 1871 Pulse Transmifter

These two pulse fronsmitters mounted to Fiuid Power Product's Meter are
dasigned 1o provide tast. accurate pulsing tor counters. printers ond
stepping motors used with remote indk-ating, totalizing. ond data
systerrs The 1871 ransmitter provides o choice of 1 or 10 ppr. The 7671
output pulse can either be dual channel with 50 ppr of single channe!
with 100 por.

Fluid Powes Froducts Positive Displacement Flow Metars

Accepted around the world in the Petroleumn, Chemical, Agncultural,
Phamaceutical, Food, Utility ond Military Markets, these meters are cost-
aftective high periomonce meters. Constant attentiun to new product
deveiopment, production design. high standards of manufocture and
final testing are the reasons Fluid Power Products meet the most
demanding requrements of vanious types of indusiry.

DISTRIBUTFD BY:

FLUID POWER PRODUCY, INC.
HWY 51 N AND GENESEE RO
( £ C sOX 400
TICKFAW. LA T0466-0400
PHONE (504) 542-5200
FAX ¢ (504) 542 7394
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Liquid Level Switches for Pressure Vesseis s

L-1200 & L-1100 Float Operated Switches Catalog Secton 5
Also L-1000 Series Float Switches W
for Normal Pressure Applications . o
DEescripTION L-1200, L-1100 &
The L-1200 is a fioat switch for high pressure vesseis. function- .
ing to activate alarms and/or to shut-down equipment when a Works E“&Cﬁ\l@‘y On:
liquid rises high enough to set the snap-switch. All other modets . C\OInprassnr Scrubbers
in the L-10G0 series operate in this manner, dut vary in applica-
tion, materiai make-up, prossure rating, and size. * Pressure Vessels
Designed to meet specification for Class I, Division 1. Group C
. & D hazardous: locanons.' the (-1200 audJ-.—Mﬁod by : HG;&t@l’ TFB@“!YS e e e o H
the Canadian Standards Association. These units are explosion * Boilers
proof constructed and all moving parts coming into contact with R
a fluid are corrosion resistant. » Any Equipment Needing
INSTALLATIGN a Liquid Level Monitor

Level switches may be mounted directly onto a tank wall or irdi-

rectly by means of standoff piping and fioat chamber. For direct

mounting of the L-1200 Murphy manulactures a weid collar that

is mechanically designed tc allow full fioat travel in switching.

. Alzo manufactured is a fioat chamber (1500 psi rating) for instal-
lations requiring isolation of the float from turbulent or ragndly

fluctuating liquid levels. Either mounting should be instalisd per

ASME pressure vessel code. N .

Examine typical float chamber and weid collar installations. Take

spacial note in float chamber installation of the hammer lug

union an the lower horizontal pipe: one or more such unions are

necessary 1o facilitate mounting.

Murphy Buoygias™ Fioat:
0.5 speaific grawty.

(Stainiass-steal float is optional;
0.65 spociiv: gravity)

Tank Wak
e Wald Cotiar
OIRECT T
TAMK -

: |
MOUNTING  gracvid olaian

TYPICAL L-1200 WELD

TYPICAL L-1200 FLOAT .
! COLLAR INSTALLATION

CHAMBER INSTALLATION

FLOAT SWITCH MODZLS:

MODEL DESCRIPTION | MODEL DESCRIPTION

L-1200° 1500 psi/10.3MPa pressure rating, 2° NPT Cole12%0 15 psii 103 kPa prexsire rating 2" NPT,
BUQYGLAS™ Float SPDT". tits Murphy Folypropylens Float. SPOT™".
Float Chamber or Weld Collar. L1150 15 pei103 kPa pressure rating . 1/2° NPT,

L-1200-85~ Stainiess-steel body and cover ' Poypropylens Fioat, SPHT.

L-1100 1500 psv10.3 MPa preasire raung, 1 172 NPT, "ALSO: Mode! lor 400°F Sevvice vth Stainieas-Stew! Fioat.
BUOYGLAS™ Finat. SPDT"" “All morjels ca: by erdeved with & OPDT swiich, specidy Dy dasignator

pPDY.

' ALSQ. SEE NOTES BACK PAGE
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" CONBY - Az e
] e e (M MOVENENT ’w".f,:.‘ — | MY
) = K ELOAT RR- ,...«fgﬁm -
= et B semass anny QUMED = W/ Ll PM 15080897
i L -
Loo%0 WELD Coulan /T T
-\»:‘ 10 AR & 367 LaRg 4) -
AN “mwy Clomrsiigg Maw Py . \\/ t
Orog1 Gy, Connecton  © viegs: vasn A
BANO 5 = rmecou  vemaens OB Wt 3 . B et
muc O Rt e (@R |
Promag fuing! TG iwid § [0S SO F——
N Trutmuransrs Aong: K07 N ¥
Fopaing Weight: 7 i 220 ‘
L-1200 DPDT, L5100 DFOT t from e 41/ 37
15-00-0136 Micto Switch Assambly '

Switch Rating 10A @ 250 VAC
VIIRING DIAGRAM L
1, Cnoocton

;&m.o = - By
__uﬁ&__ LT—:L
Yetiow COM. |__}

7".0&7 TRAVRL DE-
TWEEN # & LO AC-
YUATION ST -

Mid, HOVEMENT
JF S1LOATY NE.
UNNGT - W)

M: BUOTOLAS™

Groan Gg Zommecton & o e G
S NO ~ Proveiinig ey T ot
T o e COM LA 188 VDG, 1MA 290 YOO
M—J—O 2A. 73 33 YOT 1A ergucive 30 VOC
Oveanwe Raling: 1100 9uv't0 3 ¥4
" Yornwersinerr Mutiizg: 37E
Shapemg Weigtt: 6 94.2 7 59
REPLACEMENT PARTS NOTES
N 'um Osscription t The ‘llowing items on the L-1200. L-1200 DPOT, L.-1100. and the
: . L-1100 OPDT can bo replaced or recakbvated at the factory: O rings,
5089/ Fowt. BUOYGLAS™ P
:?mmzs [renty smimm Guide Shatt agsembly, Operating Lever.
Commma Courter Haiance Asdemity L1200 DPDY, L-1100 DPDT: Replacement parrs ae the sama &s the
15.01.0208 Laver Agsarmdly L-1200 ard the L-1100 sxcept for Micro Switch Assembiv; Part Numbar
15.05-9383 thnge Pin 15-00-0135. Sev wiring dagram above.
ot — 4 5/16 diameter x 1 longh Floxt Shaft Extension can be ordered. Ask
L0 for Part Number 15-05-0205. Will ho shwnped kiose.
e st el A stwinkes atew! finat is availeble, 0.65 spacfic gravity. ~si for Pant
15-01-0213 Covnter Salance Assemtiv Nurser 15-05-0166 for the L-1200; 15-05-0356 for the L-1100.
©o w‘.:.‘,m | Bver A ambly 'f! intess Steel Modet ply with the National Association of
15050282 Hirgpn P, Conosion Engineers (NACE) Standard MR-0i-75 for exposire 10 H,5,
38-08-0002 Vymphera: hiyton h . ng.
508 atar . o in hydrocarton baarnng serace, 107 es.stance 10 Sulfide shiuss cracking
Specificatrons subject to change withaut pror notice.
S ——— Rt veS A A erm—— T T—nr iy ———————
s B Frank W, Murphy, L. 1 Murphy de Mazive, S.4. % C.V.
- Church He.: Luverstock, Saisbury SPY10Z: UK. fmwcobrw N0, 113 Alamistos.
’ 1. {0722) 410038 fax (0722) 410088 tix 477088 /3280 San Lurs Potosi: S.LP. Mexco
Since 7y 8w . {0722) 1oraz) 8 W, (52) 4364081 tam 150) 48429571
IM'.WW ‘ 0 Frank W, Marphy Pta.. Ltsi. £ Gheroty Beitch of Caittarnia
P.O Box 470248; Tulss. Gkiahoma 74147 USA 26 Siglan Orave. Republic ot Singapare 1545 P.0. Box 900788 Paimitaie, Cakformia 93590: USA
tol. (918) 827-3550 tax (314) 654-8140 Uy 402232 Ml (65) 241-3166 fax (85) 241-8382 Wy RS24108 (m)zn."co o (BO 947-7570
B Framk . Macniy Serthere Divielrs B Fraak: #. Bhxphy Frante ) »
PO Box 1312 Rosenbery, Texas 7/47 1 USA 31, rue Paster; 95870 Pans: Erance 1620 Huma H wz Gampbettield Vic 3061 Austral
21, (713) 342-0247 fax (713) J41-8006 #x 762628 el (1) 30 752828 lax (1) 3 753989 . (87) 3-358-554% tax (61) 3-356-8556
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KF 16" AND KG 20" INSPECTION MANHOLES

TheKF 16" and the KG 20" Inspection Manholes give excellent service when thereis

no need for a fill opening or venting. These units are available in steel, aluminum or
stainless steel.

The covers are easy to remove for tank inspection.

Standard for both units is a black Buna N gasket, which is held in place by retainer
clips welded to the cover.

KF 16" INSPECTION MANHOLE

OVERALL HE!GHT: 3%" (Approximately) AVERAGE SHIPPING WEIGHT: Steel — 14 pounds  Aluminum — & pounds
MODEL COVER MATERIAL WELD RING 16" ID GASKET ‘ VENT
TYPE CODE CONTACT PARTS  EXTERNAL PARTS CODE MATERIAL CODE MATERIAL CODE TYPE
KF 1 Steel Stael 1 3" Steel 1 Biack 0 No Vent
12 gauge Buna M
2 Aluminum Plated 2 A;uminum °
g
3 SS 304 Plated 3 3" 304 8S
12 gauge
4 S5 304

SPECTION MANHOLE

OVERALL HEIGHT: 3%" ( AVERAGE SHIPPING WEIGHT: Stes! — 16 pounds  Aluminum — 8 pounds

MODEL cov! WELD RING 20" 1D GASKET VENT
TYPE CODE CONTACT PARTS EXTERNAL PARTS CODE MATERIAL CODE MATERIAL CODE TYPE
KG 1 Steel Steel 1 3" Stest 1 Black 0 No Vent

12 gauge Buna N

2 SS 304 Plated 2 Aluminum
3 x %"

3 55 304 88 3 3”88 304
12 gauye

13
January, 1987

KNAPFCO — KANSAS CIiTY, MISSOURI 64150

4304 Mattox Road

Telephone:816-741-6600
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KF 16 INSPECTION MANHOLE

REFERRALS DESCRIPTION STEEL ALUMINUM  PLATED 304 S8 31655 OTHER
1 Weld Ring 1089 1090 1091 12768
2 Clamp Ring 1107 1108 1109
3 Cover Assembly 1266 1269 1270
4 Gasket, Cover 1106
5 Bolt, Clamp Ring 1110 1111
§ Nut, Clamp Ring 1114 1115
7 Washer, Ciamp Ring 1113
'y
KG 20 ANSPECTION MANHOLE
REFERFALS  ~———0®SCHIPTION STEEL ALUMINUM FPLATED 304SS 31655  OYHER
1 Waeld Ring 1175 3693 - 1188 1283
2 Clamp Ring nr7 1184 3821
3 Covar Agssombly 1277 1280
4 Gasket, Cover 181
5 Bolt, Clamp Ring 1110 3111
[] Nut, Clamp Ring 1114 1115
7 Washer, Clamp Ring L1113
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CL-F1500




MAYERIALS

" 1" sy

CL-FIVH-150-VB MM

t. Rody LSTM AZIEWCE Cathor 9. Giand Retsinor - 1013 CR.S, 17. Washer - Cold Rolled Steel, 36438 for
Sweal {14731, ASTM A2Y6 WCB T316 madel {134 up)
1. Scat Reteiner - C RS #12L1a 4" gnd 6" 1t, Bels - Cold Rolled Steel, 304SS for
{4717, ASTH ATAEWCA 10. Hax Sechet Heay Boll - Cavben T316 mode! (1% up)
Carbon Stasl (3% up), AIRI Seai; Q131 A048S for TAIE 19, Handie - Coid Rolled Steet (35717},
J16SS for THI6 madel (%-17) nedel {1)uo) Rustite Iron (1%"-up), Series
3, Bl - Mouel 1. Giund Macling - Compressad 300SS for T316 madm {4-1")
4 Stem - Monel Geaphite %717 (1-pince), Vitg:n 23. Nut - Carbon Steal {%"-17), 3168
8, Secty - Virgin PTFE PTFE 1% up '8-piece) ) Sar T316 mudel (h"-17)
5. Gasket - Virgin PTFE ‘o, Dptica 12. Steppar - a 1018 Carbon Suast (1% up), 21, Packing Nut - Coid Rniled Sieel
Gt end 02, 30458 tor TITE modet {1%"- up) {%"-17) 3168S for TI16 model
7. Theast Washer - Virgin PTFE for 13, Rotairing Ring - 30488 (1% up} (%17
Qption 01 and 02, Y. Gland Aing - Monal (1%~ up)
5. Gland Steavs - #1018 C.RS. (3% upy 13- Spciny - Series 308G 11 ye)
AISI 31685 for T316 model (1%~ up) 16, Tepe Limer - Rainforced FTFE (V4" up}
DIMENSIONS - WEIGHT
[— | A ——
= 1528 UNS
- f ! T”
R a- ;
- ) ¢ ) r K -
— . -F€)7,»’ PR ;
,___:ET ____;.._w_l NG LN 4
! ) F L -,LJ e 7
g - PR L= U JNC-
R . 3 ;n:c LNC-28
1 -t 087 %7, 1)
! 8 .
[ —c ] 4 holes, tappest 3/8-18 UNC (147 §7)
DIMENSIONS (inshes) Weight
Sael A [ & [ D F ¢ lu |t 4 K1 L | O
'l 601188 425 F 2381 S11] 350 WA [Na § .31 1Bi8O 013 30
X ] 656 207 4863 ] 331 Saa] 382 ) NA | NA | 38] 25| 88 {1.08] 4B
18751183 500 ) 348 563 4250 NA JNA | 507 23} 88 1138) 62
1% (1250315 ] 650 | 38411000 5007 350{23.28) .74¢ 37] -1 - | 128
2718013271 700 364100 | 600 ] 35003250 14 37} -} -] 116
2% ]200§335) 750 414 11000) 700 380] 325y 24| 37} -~ | 270
3*j2251346 | 800 { 434 [1000] 750§ 350]328) 74) 31| - | - 1.5
4 §300]608] 900 675 %9m | 00| 413] 413106 69) -} - .2
63501526 t050] 8353198 Jvioof asolasifuns) gg] - f- 11320
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WATTS CL-F1500 SERIES UNIBODY CONSTRUCTION
ANS! FLANGED END CHLORINE SERVICE BALL VALVES

Watts CL-F1500 Eeries flanged end Chlorine Service
ball valves are specifically designed for use on dry
and wet chlorine gas generating, storage and distri-
bution systems.

Available in ANSI 150 lb. configuration equipped
with standard Mone! ball and stem, these valves
provide maximum safety and service life in critical
chlovine environments.

Standard features include: multiple chevron style

ANSI 153 1b. configuration

Multiple Chevron Style Stem Packing
2-Bolt packing adjustment isolates
stem packing from handle/stem
rotution

internal body seal insures end

plug retention threads are isulated
trom corrosives
Standerd Monel Ball and Stem

Clasned in sccordance with
Chloring Institute Recommendstions

PERFORMANCE DATA

stem packing; unibody design with internal body
seal; two-bolt packing adjustment; ANSI end-to-end
dimensions and vented ball.

All Watts Chlorine Service ball valves are cleaned
and packaged in accordance with Chlorine Institute
Recommendations.

These valves also include standard locling device
and 4-bolt actuator mounting pad for ease of auto-
mation. Body material is ASTM A-216 Grade WCB.

Oversize dismeter ttem to pravent
torsional fsilure

Full ANSI wail thicknesses

Ventod ball prevents seat demags
during rapid ball chamber pressure
change

4-bolt actustor mounting pag

Optioral oval handie svailshi
on %" 17 sizes

Multiple trim materials svailable

Al vaives sealed and marksed
**For Chlorine Service”

VALVE SEAT RATING
300

2% 3

\a
¢
200 Z 1

150

PSIG

100

’ Y

50 100 150 200 250 300 350 400 4%
TEMPERATURE °F

SPECIFICATIONS

SPECIFICATIONS
cv Opennting Torque

Size Rating {in.-Lbs)
® 15 60
%" 25 90
‘ 40 150
1% 80 260
2" 150 350
%" 290 43U
3 430 608
4 680 730
8 1680 3240

Approved valves shall meet ANN.S1 KE16.34 and
Chlorine Institute Patpphlet 6 requirements. Valve
is a unidirectional ball valve with vented ball, stan-

dard virgin PTFE seats, multiple stem packing and
unjbody construction. Watts No. CL-F1500 or equsl.
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HOW TO ORDER:
2" — CL-F1500 — 150 — M/M — 01 — OL

[ e e
Sina: Series 150 01 = PTFE
s 28008 300 02 = Durafill
Bali/Stern Material; 2":‘3 °’:?"' :
M/M = Monel 9= 0wl )
HH = Hustelluy “B” SH = Stainless Laver

OTHER CRITICAL SERVICE WATTS BALL VALVES:

CL-7200 - Threaded End Chiorine Service Ball Valves

SF-3500-150 - Allny 20 Flanged Bali Yaives
C-7106-M1/5-8100-M1-M/M - Unibody Bail Valves with Monel Trirn

THE WATTS BALL VALVE FAMILY

WA“s industrial ;:‘coza %:;u,ﬂ: niss? 17 6aESEN1
wlex: atty Reg Law

Froducis roraensl Sut sdins

w

. Laidianes:
REQ%JLATOR DIvISION  Wates Reguiator of Conada Ltd.  Twiex 06527127
LATOR COMPANY . Telex €776

ATTS REGU Watts Reguistor (Nederteng) b v

FLUL-F1500 as7 PRINTED INUS.A
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“T" VENT

‘...- .~‘ . ....._«.-u\.:,'?m
< L

KNAPPCO'S “T* type vent, with standard tapered pipe ti>reads is suitable fur vanting
undsrground and above ground storage tanks.
The unitis made of aluminum and both of the cpenings are equipped with perforated
brass screens wrnich are heid securely in place.

VE 0012 — 1"

VE 0013 -~ 1Va™

VE 00714 — 1%

VE 0016 — 2"

MUSHROOM VENT

The XNAFPCO Mushroom Vent is made of aluminum with standard tapered pipe

threads.
The unit has a perforated brass outiet screen with a full venting area.

VE 0016 — 11"
VE 0017 ~ 2"
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VE 0005 VENT

COMBINATION:
VE G006 - VE 0005

The VE 0005 Vent is a nawly designed, pressure vacuum, rollover protection system
which meets the most stringent field requirements. (Patent No. 4,593,711.) The
design eliminates accidential venting caused by road bounce and aliminates
leakage due to surge.

This Vent relieves pressure at 1 PS1 and vacuum &t 6 cunces per sq. inch and
provides complete roliover protection from 0 to 180 degrees.

The KNAPPCO VE 0005 Vent is designed for easy cleaning and maintenance.
Replacement parts and gasxets are available.

Reliet capabilities of KNAPPCO 2700 Vent:

intake — 1243 CFH @ 1 PSI
Exhaust — 3348 CFH @ 3 PSIi

Thread size: 1% — 12 N

Jenuary, 1987

KNAPPCO - KANSAS CITY, MISSOURI 64150
4304 Mattox Road Telephone:8i6-741-6500
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VE 0005
REFERRALS DESCRIFTIIN STEEL  ALUMINUM  PLATED 04 58 316 55 OTHER
1 Body 2 .
2 Retainer 2720
3 Closure, Enid 2709
£ Balt Pl
3 Actuator 207 :
] Gasket 2710
7 Spring 2718
8 Poppet : 2711 "
g Gashet 2719
10 Fletainer — %13
1" Scrow 10-12x % 2716
12 Sont Veoive 2703
13 Guids - 2704
14 Gasket 2712
15 Rotaingr 2713
] Nut 10-32 L3844 —
17 Spring 2705
18 washer 2708
19 Riny, Snap T4
= Gasket 3455
3 Nut, Hex 4144
22 Ring, Snap s
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PVW
OPEN LOOP PUMPS

The industries largest conirol selection

« 23 ditferent types

s Field interchangabiiity without discon-
necling from drive or systam piping

SAE keyed or SAZ splined shaft
[} duty belt drive shafts
s ...

Sealed front shal bearings
® Allows operation with low viscosily or

other special fluids
& Allows side loading

CONTENTS

kam Page No.
Features and Benefits, . .. ....... ............. .. 2
SPEGHCAIONS . . .. .\ e e 4
Controis—Prassure . . ... ... ... ... 67

VORIMTI® . o oo 79

BOCHOMC . . . o e 9
Pump Combinalions . . . ....... .o 10
SizeandWeights. . . ... ... ... 12
Performance Curves . .. ............ . i
Sound Curvas . . . .. e e .18
Mounting Brackets . .. ... . ... ... .20
Adaplers and Couplings. ... . . A
HowloOIder. . ... 22

Cylinder mounted polymerous journal

bearings

» Allows operation with low viscosity or
other special fluids

» Provides infinite baaring life

» Provides compact desiqn

Steel shoes with specially irsated faces

for increased fluid retention, running on

hardened swashblock surlace.

% Allows & higher degree of contaminate
resistance .

» Aliows higher pressure operation with
long life

8 Allows operation with low viscosity of -
othar special fiuids

» Frovides longer life

Swashblock and saddle with spaciai

volymerous bearings

& Aliows running on ow visccosity or other
special fluids

» Parmils consistent control reaction

» Eiminates troublesome yoks Legrngs

= Provides long life

© 1980-The Cugeer Comoiry &l s v
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Hardened cylinder surface runaing on
" hardened vaive plate ("hard-on-nard”)

s Provides qwamr resistance to -
‘, contamination - :

Vaha plate selections . W
o . Rear or side pon connecluons ava:lable

%' Provides longer lfe i
c ® Allows operation with low vu:osnfy or

> other specnal ﬂunds

Thru-stiatt availability

= Allows pumps to drive auxihary duvices

a Allows for muitiple pump installation

from a single drive shah

Three frame sizes with seven capacity

ranges aliowing Qreater flexibility to
selectively match pressure and capacity.
w Low flow/high pressatre 10 low pressura/
high fiow from the same frame sizas.

PERFORMANCE
ASSURANCE 1S
STANDARD WITH EVERY
OWGEAR PUMP

Each Qilgear Pumy manufactured is shippad with a
corplrale comvutment (0 stay with the instalation unti!
the unit perkerms as specified,

This total dadicaiion (0 perforrnanre is based
Lpon experience gained since 1321 in matching fluig
poreer systems to a tremendous range of machines
and applications. ,

Qilgear's Perfcrmance Assurance is made possibie
becausa of the many twdraulic tenhniques learned ovar
the years in supplying machinery builders and usars

.. with unique solutions 1o hundreds of unusual fluid
" power problems,

Historically, O|Igear has concantrated all of its

energies on Nydraulic equipment and systems. Every
- Qilgear facility is stalled with factory trained and fieks

expenenced application engineers. Thase man are
backed by a headquarters engineering stafl who hag
access o the records and knowleage generated from

thes.e nistorically successful solutions.

- Perfunmance Assurance do2sn't S10p with the design

- ot ttw system or the saia of a compaonent, it guarantees
. that Dilgear enginears will be there—when they are

needed—supplying tha educaion, field service, pants and
repairs, 1o make sure each system runs smnolnty-—and
k&ecis of funning.
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Hydraulic Motors
OMB, OMPW, GHMPA and OMPAW
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-'Hﬁdﬁuiié motor”
T

Code numirery and weight —
omPse | omped | OWP 100 | OMP 160 | OMP 200 | OMP 250 | CH4P IS | DIMP 400 b",’:’c‘:.

ey

P — Tinch | 1510300 | 1514001 | 151000 | 1610003 | 1510004 | 151-0048 | 1810004 | ££1-0006 | 151-1100

cybndrical SR 33 mnn | 15140028 | 151-0028 | 151-0030 | 1510031 | 1510032 | 1514049 | 1510033 | 1370627 | 1511100
Motor with . . b s, - R

; hustibre 19900381 151:0008. |- 1810007 | 1610008 § 1634039 | 151-0050 | 1510047 [ 1510034 | 151-1100
1 “Height {ib) 12 125 131 1.6 Vel 148 15.2 ¥ 33

Base hiock for OMP/OMA. Mounting setinct.

Technicat dota
UK-units ——
OMPS0 | OMP B0 | OMP 100 | OMP 180 | OMP 200 | QAP 280 | OMP 315 | OMP 400
Geomat/c displacemant {ieeh) 2.96 478 3,04 9.50 1187 4.78 18.87 23.75 E
Wax. spved iy SR RS B N 1) U800 - 1400 -1 30 20 | 208 . 150
’ int.) 1000 940 750 %00 390 310 <83 200
omt, 4. T B30 . S]. a0 V.| 106G - | ATEd e+ § 2100 2300 2300 2300
Mux. torque btin) int'y 50 1200 1500 200 3000 3300 3307 3450
pask) 1200 1900 2400 3360 4800 4600 5300 5300
Max. output oy S j AR S R LR R A T M ) 85 | 8¢ 4
int.') [] 12 138 13.5 12 0.5 [] 7
cont . L. 1450 1450 11450 0% {1450 o 1 1450 1400 1000 800
Hax. pressure drop (atinm int) 2000 2000 2000 2000 2000 1600 1450 1954
phokn 2300 3300 3300 3300 3300 2600 2300 1800
cont. - - N Y T DR X T AR Y R R T T ) 13.2 132 132
M. oif Hiow twpm. UKy O 116 0.8 8% 168 165 188 e 6.6
cant . . 2000 1-2000 ° |2000 »+] 2000%-- 1.2000 - 2000 2000 2000
Max. inlgt preasum (ibtinm int.") 2500 2300 2500 2500 2500 2500 2500 2809
paak’) 1300 3300 3300 300 3300 3300 3300 1300
Max. pressure on the snakt sest "u ) 00 riemin | 1100~ Fovton fwtoo-*»- -'woo‘n" ‘ '»-jvoo T v100 1100 - 1100
(withoul drain tinef) P 100300 rimin |- 728 |- 728 : w728 . ) 728 ~ | 728 .
or o ot o0 nmin |- 3680 ;0 388 R 230 s 338
Max. grusaure in drain lire it O-max. emin | 1100 1100 1100 1100 1100 1100 1100 1100
cont, . * 2000 | 2000 - ] 2000 -] 2000 - 1 2090 2000 2000 0|
g":‘i"-‘m‘:"" prossurs with gty D 2500 2500 2500 2800 2500 2500 2500 2500
peak?) 3500 3300 3300 3300 3300 3300 3300 1300
AP (bt 155 150 130 100 75 75 75 75
Simavpmedop | g | 7e0 | s |Miea0 | 2000 2300 220 2300
Min. starting torque {totin) -
AN L B> 1080 1400 2200 2800 3200 1200 3300
) Interratiesit Operation: the parmissibie values may occur lor max. 10% of every minute.
) Peak oad: the prrmissible values may occur thr max. 1% of avery minute, goe "Conti ionvi P peak ioad”, page 85,

7) Tha prassure on the shafl seal is caltuluted & the prerayo beteesn (ke (nlet and roturn Dressures:
p*+p
Tt

‘) Sar 'Max. pressure o0 the shall geM™, page 71,

Preysurg loss curves for Dantoss hydrawlic
J 1notors cen be found vn page 74.

DANFOSS
151437 %0

X

QMP mators have no
DuMI-in checi: valves®)
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Funtvion diagrams

The tollowing function giagrams amm {or uce us
duscribed ir. the saction “Selection of nydraulic
motor'”, page 65.

The diugroms are drrwn on the dakis of junclion
testy ON & reerogentative number cf motors from
our production.

The diagrams apply to mineral based hydraulic
oil with a viscosity of 35 cSt and a temparature of
50°C.

QOperation at less than 5-10 r/min will be slightly
luss smooth.
Ses “Min. speed”, page 67.

OM? 480
t ™ ree
hit i, TGN S!\-\-.J \
ae2 2\ e
400 9 _\&\" | g\
- wom o
IO S I G AN 4
800 !
g) -
G it
500 K
51"
400 b
4 Y
300 wawi
3 .
290 2
|
160 1
0 Q
]
Preczure dre. ) o) more than 100 bar (1400 fdin)
A: Cont. range and oli fiow of mose than 40 Vmin (8.3 g.p.m., U.K)
B:int. rano€ (max 10% nceration avery minuts) T musl ne occuwr simultait dusly.
OMP B¢
TP M [ » * : Dameoua
1 in| dn om 5\}:?.- ‘Eﬁ.‘é 't_‘%-z g?‘:‘ et o
E) 3 S S\e
ish -3 3 e e
1300 “ \ J
i
1200 (gl
2y *E '
G
©Q it 002 1400g,
wot et 1N 01
001 1y t A
)
80 9 3 o
o v
00 [} o 20by
N WD inijar
we 7
500 L 8 - .
5t 1Y 5y
o0 ‘ &
Nty
3 )y 04/
00 I 3
105 1} B
brv 2030
oi ol L =g
] 0o 09 200 “On %00 6§00 300 1000 n rimn
Prest ute droy of more than 100 bar (1400
A Cont. anc ™ How of meve than 60 Ymin (19.2 9.p0.m., UK)
3: Int range (miax. 17K operaiicn @ ry minuts) ML NOt OosUr sATRIITReGUSly
e 48 & Dartoms e - 2

129




Needle Valves
Serles MV

Colnrtiow Series MV and MVB
Noedle Vaives and Throttling Valves

These high-precision metering and shuto!f valves
allow extremaly close control of tluids used in
actuating and governing many types of mech.
anisms and equipment. Exclusive “Colorflow"
scale on the vaive stem 3implities returning the
valva to & previous setting, conserves time lost in
hunting for this setting. Bi-directional flow.

One standsrd and two optional naedie designs for
the 1/8” and 1/4* MV valvas permit a wide range of
fiow-rate control,

Series MV Valves are offered in brass of sieal,
Neodies are stainiess steetl. Choice of angle or
intine designs and all standard port connactions.

Maximum cperating pressure;
Steel: 5000 PSI (345 Bar) for Models MV200
through MV1220; 3000 PS! (210 Bar) for Models

.-Jl.,__,._!

L]

Series MVB Balanced
Inrottie vaive

MV1600 and MVBF 1600-3200. Serlen MV neadle valve
Brass: 2000 PS! (140 Bar)
Nesdles:
Standard, ail models: 30° taper; Optional, MV20Q
and MV400 only: Dash 2: Fine.
Dash 3: Micro-fine.
Quick Reference Data Chart
Port Flow, Prossure Qrilice
Model Size, in. Max, ot Max. Flow Arga, int [+
Numbee NPTF QPM (LiM) P8I (Ban Full Open Faclor
MV200 . AL I 200 (14) 0.0107 0.244
MV200-2 118 18(0 200(14) 0063 KF1
MV200-3 18 05 200 (14) 0014 032
m;gg : 8 5019 1200 0218 493
MV400-2 14 2.8(1Y) 200(14) 0081 188
MV400-3 114 0.5(2) 200 (14) 0017 039
MveR v e ) 3825 0887 1.208
mggo : 2 18(87) LY o84l 1830
Myl ) 28 (58 52(4) 140 3203
MVIBO0 . 1 40(151) 9% (h 1878 2829
MVEF1800 I 85(248) 100 (1) 0.308 70
MVBF2400 12 230(8T1) 100(7) 0.963 220
MVBF3200 2 300 (1134) 63 (5) 183 35.0
*Coast Guand Accomiance - Steel.
*“Machingd for BAE flange

For additional information — call your
Parker Sales Office (see listing on page V1).
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NOPQIVY vaivee

Series MV
mance f
MY 200° Seras MV 460° Series
_Controlied Fiow va. Prassurs Drop CNW';‘"F'W ve. Pressure Drop
, Nowdle Fuil Open ) EM. ult Gpen
P , "Y%Wm 2104 e
Hyarati Gli I 77'/ uvses __En;«f;’ur.cﬁ ' P amm
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h} 138144
TR Rl it TS 05 N 4 B I I O S 7
\ R Garad o 20 L1
By L4 1 feee NN e
» // 7 l o ,-m 08 | 340 {
- 00 83U, $.0. @ 0.4 o ’
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18 foomg, e 400 4% | 120 + . . T
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U M 1 e
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I s i MO R o] Y ab s | {0880 8.6 s 088
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0 40 ® 0 W0 120 160 W0 P 0 0 0 8 WO 10 10 W MM
[ - )
14 20 41 88 &8 33 44 110 Mam 14 28 4% 585 68 63 36 110 MR
Fressure Drop Presbure Diop
Hydraulic Vaive Division
Slyria, Ohlo 44035 RN
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LEVEL AND
TEMPERATURE
SWITCHES




— LEVEL SWITCH —
HIGHEST PERFORMANCE RATING

" THE "LH" SERIES LEVEL SWITCHES WILL CONTINUOUSLY
CARRY 5.0 AMPS AND WILL SWITCH UP TO %3.0 AMPS.

=== RELAYS CAN BE ELIMINATED IN MANY INSTANCES «-~

- VOLTAGE - 5 70 240 VAC, DC T CTEEN(TEMP.)
~ BREAKDOWN - 400 VRMS MIN, WHITE (COMMON)
- CAPACITANCE - 1.0 PICOFARAD RED (LEVEL)
- INSULATION RESISTANCE - 1X10 OHMS
-~ INITIAL CONTACT - 500 MILLPHMS
RESISTANCE

- LEVEL SENSITIVITY - -.050
- OPERATING PRESSURE - 50 PSI MAX, VL
- FLUID COMPATIBILITIES - ANY FLUID CEXCEPT Sy /E

STRONG HYDROCARBON SOLVENTS) R 3
- FAIL SAFE -~ UNIT WILL OPERATE

CONTINUOUSLY IN FREE AIR WITH
: NO DAMAGE .
- SWITCH MODE -~ LH-013 NORMALLY OPEN

CFLOAT UP) T
LH-012 NORMALLY CLOSED i f
. (FLOAT UP) g 3-5/8

~ MOUNTING N - 1/4 NPT THROUGH TOP OR l

BOTTOM IN VERTICAL POSITIONS 2 tow

- .

¥WHEN SWITCHING EXCESSIVE HIGH INDUCTIVE AND LAMP
LOADS CONSULT FACTORY FOR PROPER RECOMMENDATIONS
AND/OR TESTING THE COMPATABILITY OF COMPONENTS. |

TEMPERATURE CONTROL

§ AMBS 120V, 4 AMPS 8 2€OVAL-DC - NON INOUCTIVE
FOR RATINGS LP TO S PSS AND 5000 Pul, CONTACY FACTORY

V.l RECOGMIZED, FILE E£-37181 "COMPONENT.TLMPERATURE AND REGULATING
CONTROL™ C3A LISTINGY, FILE LRZZATI "INGUSTRIAL CONTROL EQUIPMENY -
HOTOR CONTROLLERS - MISCELLANCOUS®

MODEL NO. 122-4 - 176 NPT, BRASS, NORM, (LOSED
MODEL NO. T23-¢ . 1764 HPY. BRASS, KORM_OPEN

TEMP SETTINGS AQf 35 € (95 F) TO VI8 € (239 F) 3N & C INCREMENTS
FOR OTMER TERM? SCTTINGS FROM 38 € TO 350 F AND FOR 2 OR 3 SMITCHES
T4 A SINGLE 172 NPT WOUSING - CONTACT FALTARY
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TEMPERATURE & LEVEL SENSOR
“‘NEW” HIGHER RATING

"LEVEL" CONTACT RATING - NON_INDWCTIVE

CARRY = 3,0 AMPS MAX. @ 110 VAC - DC
300 WATTS @ 110 VvAC ~ DC
BREAK - 1.1 AMP MAX. @ 110 vAC - OC
3.0 AMPS ON MODELS YLH®
VOLTAGE - 5V Y0 220 VAC OR DC

NTEMPERATURE" CONTACT RATING - NON INOUCTIVE
NORMALLY OPEN OR _CLOSED

CARRY - 12 AMPS

MAKE OR BREAK -~ 6 AMPS

AUTO RE~SET - WITH 3 C.

TEMP,SETTINGS -~ 35 C. (935 F.) TO 1i5 C. (239F.)
IMN 5 C. INCREMENTS

TEMP, OPTION - TO TURN ON A '"HEATERY IN COLD

"LL" CPTION WEATHER USE (5 C.) 38 F.

SETTING

FOR SEPARATE INDICATION OF “TEMPERATURE" AND
“LEVEL™ CONNECT WIRES IN PARALLEL AS SHOWN.

FOR SINGLE INDICATION OF BCTH "TEMPERATURE" ANC,

"LEVEL", CONNECT IN SERIES AS SHOWN,
INCICATOR, STARTER COIL, ETC LIGHT, BUZZER 0P RELAY, ETC/.—r
Temp / Teup C '
Gy, - A__{ - ,’+ . -.+
= Neon Bulb e

Wh . Common
I ppe— ' o—

r / s —

Lev (C
+ Red : e —; e +

Neon will Yight when switch opens

Wh. Common p

Temu
Temp .. L
Gr. , Gr. e
___&/TQ- e (e : +
Red Leve Red Le\,?’} .
Wh.  Common Wh. Common
: -f 1 > —
TL-008 NURM. CLOSED, FLUAT “UP" _(1,-000 NORN. JPENED, FLEAT “up*

APPROVED PURIFICATON CORP., 608 ATLANTIC STREET, STAMFORD, CT. 069C2, 203-357-0141
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BLACKMER POWER PUMPS 960210

INEYRUSTION NO, 188/C
100

INSTALLATION, OPERATION, AND MAINTENANCE INSTRUCTIONS Sechion
MODELS: GX, GXS, X, XS il I voivodiiaes

2,2%,3, 4

(includes Model XU2)

 WARNING

SYSTRI.

THIS PRODUCY MUST CNLY B INSTALLER IN
SYSTEME WHICH HAVE BERN DESIONED BY
THOSE GUALIFIED TO ENGINEER SUCH
SYSTEMS. THE SYSTEM MUST 85 IN ACCOR-
DANCE WITH ALL APPLICABLE REGULA-
TIONS AND SAFETY CODES AND WARN OF ANY
HAZARDE UNIQUE TC THE PARTICULAR

INSTALLATION

CLEANING PRECAUTIONS

New tanks requize careful clesning to remove weld splazer, slag,
scale and other foreign matter befoe filling with liquid. Suction
pipes from the tank to the pump should be flushed before being
attached w0 the pump.

LOCATION

Locate the puirg» as near the source of supply as possible to reduce
detrimemal inlet pipe friction. A solid foundation reduces vibra-
tion and noise and improves the pump performance. On perma-
nent installstions it is recommended that the pumping units be
securely bolwed to a concrete foundation.

FOUNDATICN

When new pump foundations are to be cast in concrete, it is sug-
gested that anchor boits of the type shown in Fig. 1 be set into
the concrete.

This type of anchor bolt allows for slight shifting of position to
better Jine up with the mounting holes in the base plate. When
pumps are to be located on existing concrete floors, holes should
be drilled into the concrete and foundation bolts anchored therein.

Fig. !

When installing units built on channel or structeral steel type
bases, care should be taken that the bese is not twisted out of

shape when anchor bolts zre tightened. Shims should be nsed
under the edges of the base prior to tightering of the anchor bolts
te prevent distortion.

PIPING

Many pump systems deliver at a rate below the designated capac

ity of the pump because the systern was inaproperly piped. Befotc
installing any piping, uwuummngdnpmmubem
and pipe friction, suction §ift, discharge head, vacuum and total
prmummﬂemﬂmddbecmpmedformemﬁchqmd
mmu,mmmnwm.wmmm
tations it is almost impyrssible to determine beforchand

a pumping installation will work properly.

Restrictions in the pipe line, such as elbows, sharp bends, giobe
valves, cermin restrictive-type plug valves and undersized
strainers, should be avoided. Use gax: or ball valves, not globe
valves. The inlet line shouid be at least as large as the intake
port, and as straight as practical. It should slope downward 1o
the pusiip, never upward or with upstanding loops. Use pipe of
adequate size and strength that has been thoroughly flushed prior
to being connected to the pump. Expansion joints, placed at a
minimum of three feet (0.91 meters) away from the pump, will
compensate for expansion and contraction.

it is very important that there be no air Jeaks in the intake line.

If practical © do so, apply air pressure to the cosnpleted pipe
line to check for leaks.

‘The use of check valves or foot valves in the supply tank is gener-
dlynmreemmmdedmlhudf—pmnu positive displacement
pump and can often cause trouble. If a valve in the
discharge line is closed while the pump is operating it foroes lig-
uid 10 recirculate through the pressure relief valve causing the
liquid to heat up and expand. A check valve in the suction line
prevents the expandling liquid frons returning to the supoly tank,
causing a build-up of pressure on the pump and in the piping
system. The resuit can be excessive leakage st the pump or at
the pipe joirts. If a check valve is required, Jocate it near the
pump on the discharge side only.

138




X2A, X2 - MECHANICAL SZAL - STANDARD

] ]

153

i

'

i

XR2A, X82 - MECHANICAL SEAL . STANDARD

A dn

O-Ring - Statiooaryfivee-

Seal Ring - Rotating (Tetent

X824, X82 - MECHANICAL SEAL - OPTICHAL

PARTS
PUN
U
2

BT

O-Ring - Staticasry wwon

2

glg g n

- Rotating pwey

2

ALY,

90,

5

1% | O . [ 3
WO WO | |pofget ke tem 12

* Parts Incluted in Pump Fopeir Kit.
** Teflon Ses! Ring is not ovailubia as & separste pan.

h’ﬂﬂk FTRE? /» 55555 resovnces courany

1008 Cantury Avenue. Grand Aapuds, Michigen 40500 LISA + (818) 2411811 + Telex: 432048 « Fax: {€18) 241-3782
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960216
BLACKMER PUMD PARTS LIST PAITS ST NOL L8550
MODELS: X2A, XS2A Section | 100

Effeciive | January 1891
Replaces | hovember 193¢

(a:a az 5)” (a2 7)(/‘ EO)L QS (@"R't: 'I@
'f\'\ %? év{ Y
fﬁ\'é"‘%\ '

‘*.\ 'y

($va Ingtructions 185/C for Operation and Malnfenance)

\ ‘-5;0’

7 e

o
®°

e

2\4 4 133
sﬂ\\
"’ NOYE. X2 AND X52 ARE DISCONTINUED MODELS.
ngr. PART KANE VARTS | XA | X ar. l PANT NAME PART) | RSHA xma |
WO, R FARY PARY no, L L] PAKT PART
o HO. . ! b MO, 0.
1 Cap - Relief Vaiw (R/V} 1 111482 | 411433 20 Head 2 31425 | 031425
p) Adyusting Screw - BV 1 101 | Aol | 2l Capecrews - Head 16| SAm3)1 | 203
P Cover - RJV 1 411401 | w1340 | 26 | Dl Bearing 2 |*943156 | 90015k
H Capserew - RV Taver 4 92016 | 9ABIE % Gasket - Rearing Cover 1 *IRN408 | MY AL
7 Spring Guide - R/V T | 40958 | 40985 | 27| Deanug Cower - Outboard i DAT4D | Ddidn3 |
Spring - R/V @536 #9) GNaiz | 471412 | 2IA | Beanug Cower - Inbonrd 1 741431 | 041431
Spring - R/V {3800 pe) A71415 | 471428 k2] Capscrews - Bewring Cover 8 9APRS | 20288
Spring < R/V @1-78 pa) (i) “471420 | 471420 kL) Key - Shaft 1 *909150 | *HW130
Spring - R7V re110,0 71425 | anazs Fiage - 105" NPT aS1412 | 651412
8 Spring - R/V (111128 pat 1 Gad | aal | 2 | B 1-2 {6Sidni | &stell
" $S Spring - B/V casdped’ a7 | snent TGS | 656408
SS Spring - .,/V #11-7¢ et 471418 | 4TI4I8 651415 | &51415
§8 Bpring - RSV pe-vropes’ 4742 | $NALT [773 2 [*RIKSe[1005e
€8 Spring - R/Y (191138 pady | AT | ATI4DS 428 | Capscroe - weT/weid Fangs 4.8 920050 | 920081
s Vabz - RV (5td.) L [PasM17 | *AsiA17 Capacrews - [tnged Eibow YAGD] | 981
Viaive - RV (Nicke! Flated) ASI415 | 451415 O-Ring - iend rdonmsa o) SRS | TOIMTE
W01 Gatket - RjW Cover 1 3319038 1°5M0#| 7t | O-Ring - Howd ten 2 Fo1u1e | 01914
12 Cylinder 1 031403 | 021403 G-Ring - Hesd ety NPT | 79091
i3 Raotor & Shaft ’ F61410 | zas | 78| Gags Plug 2 PBIGE | 9095
EC Rotor & Shalt 612 | 221449 | Ta | firesse Fitting 2 WIS | B
Vant » Dursvane (5td.) L9 | “91419 |  T6A | Girease Reiiel Fitting 3 09 | Foave3
Vane - Bronze 093927 | (93922 T | Fush Rad 2 1398 | 123908
[“Vase . EC Dronze | U994 | 09924 | B8 | Casket- R/¥ Cap 1 [Srdie | 1R
14 Vane « Cast iron 4 089921 | 09 104 Civense Seal 1 *X3LVIBH | 3319188
Va - EC Cast lron WATE3 | G023 | 123A | Dir Shiesd 1 01480 | 701480
Vame - Laminate M427 | 17 Pump Repair X (XS) seLpe | 8N
Vane - EC Lamintts A | 0014 Gashot Ropar Kit #1488 | 891485
' Available for X§ Modeis only. * Parts Included in Pamp Kepuis Kit. @ Parts included in Gasker Repair Kit.

Note: Viton and Tefion are Registared Trademarks of E.I DuPont.

Nete: An X(5)2 Mode! cin be upgraded wo an X(512A Model by replacing the Rotor & Shari (Ref. No. 13), the Besring (Rel. No. 24}, xad the Macbanic-
Sesd (Ref. N0 153)-must be veplaced as u growp.
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STRAINER

A nruiner is 1eoonmended to prowct the pump from damage
by foreign garticles. Generally. the sminer should be insixlied
in the inlet line, cicse to the pump, and ehioald have a nes open
area of it jeast Torr times the ares 11ze of the pump intake pipe.
Fos more 1xcific applictions, refier 1+ the manu 'S TECONH-
mendation for propes installation and sizing of the stroiner. Thee
tirain.r should be inspected aud clowwed af regalur inturvals,

ALIGNMENT

The algnment of the motor, the gear redver, and the pump is
often disturbed in trensic and must be checked before the unit
is put into operation.

On units where flexible couplings are used, the coupling guand

should be removed and a sraight {aid across the two hubs

of the coupling, as shown in Fig. 2. toaximiam offset should

be less wnan 015" (0.381mm). '

STRAIGHY £DGT gff.‘c‘;

)

*%%—}-3 = "iﬁ:!}w:"

MISALIGMED MISALIGNED CORRECT
ALIGNMENT

Fig. 2 — Alignment Check

With a fecler gauge, or piece of flat steel of pruper thickiess,
check the angular alignmem of the coupling halves. Check in
four places at 90 degree incrememts sbour the perphery of tse
coupling. Maximum variation in this spacing shoukd not exceed
020" (0.508mm). Misaligrment is not desirabie. If it does exist.
it should noe exceed the sbove limits,

Check the abprnan . af the pipes to the puing w0 avoid ruraing
which might later causs misalignmwens. To check, unbolt flanges
of beeali nion hrats, Xhpes Mok nol spring twny or ety domm,
Alter punps have bo . in operstion for & wek 0 two, come
plewly recheck: alignmen:,

REAR AEDUCER »LUIGNMENT — GXIS) ONLY

Tute redriesr can be rosated o its mounting o reise or lower the
inpurt <haft o facilitee aligrment to the inotoe s, First, lovsen
the four clamp caotcrewy aad Lwn retscrews in the gan flange.
The reducer is thep free to rotate. If it sticks, tap /t with a .nal-
let. To align the re.duces, check the alignsaent of the two halves
of the coupling.

ROTATION

On the X(S) pumnps, a right-hand pump rowatzs clrck wise with
the intake on the nght site when viewed from the driven end.

On the GX(S; pumps, 2 right-hand pump also rotates clockwise
with the intike on the right side when vieweo frou: the driven
end. However. due to trr gear reducer, the raducer npx shaft
will rotate counterciockwise.

TO REVERSE PUMP ROVATION

On X(S) pumps, rmove the head from the shaf side and reverse
the mtor anc siaft so that the shaft protrudes through the head
will on ths cylinder. On GX(S) pumps, both beads shovdd be
removed, and the cytinder reversed.

On both the X{S) and the GX(S) pumps, the vares must wso
be reversexd in their slots so thax the presowse nelief grooves face
in the direction of rotation. The rounded or wearing edge of the
vanss must be sutward 1 comract the bore of the cylindss. See
*Maiatensnoe™ for removal and replacement of the purag parss.

OPERATION

PUMP PERFORMANCE CHECK

1t is usually desirable to make a runniog check of 2 pursping
systemn before putting it into operation. The main poims two chieck
include: general uperation of the sysem, leakage from piprag
wed cquipiment, direction of pump rotation, proper pumg spead,
uoise level of the punp, pumping rate, and shut-off pressure.

Whenever a new pump is first started, it should be watchsd care-
fully for seversl hours and checked for signs of malfunction.

if the punp i abnomially neisy, foliow the checking procedures
cutlined under “‘Pump Tawbiles and Their Cures.”

RUNNING PUMP IN REVERSE

It is sometimics desirabie to reverse the pump for drsining a line,
The pump is satistactory for this type of aperation if a separse
pressure relief valve s provided 1o protect the pumg from exces-
sive pressures. When pumping backwards against a possible

closed valve, operxtion in reverse may Cause ap incrazse in Bodss
and vibrato.

FLUSHING THE PUMP

Liquids vhich solidify when cold or which migin otherwise dam-
age the pump afier prolonged comact should be thushed ow.

Drain the: pump and lines by pumping sir. Then pump Gushing
liquid 10 suitably clean the pump. Cluse the discharge line for
30 secon| intervals (maximum) while purgping. This should e
done a few times to flueh out the redief valve.

RELIEF VALVE

Tne pressure sening or range for which the relief valve is sat,
is marked on & meaal tag atached 1o the relief valve cover. The
telief valve should normally be set 15 psi (100 kPe) higher tan
the operating pressure
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To incresse the pressure ssming, remove the selief valve cop from
the adjusting screw. loosen the lockmn xd wrn the adjusting
scyew clockwise, or inwwvd, To recuce the pressure setting, turn
the screw counterclockwise, or outward. Springs for higher or
Nower pressuce senings are availeble. (See individual paris lisis
for 1elief valve spring pant numbers.)

When pumping teyaids wnder a high sxaion Lt and crvitation
OF gearving of the purap anists, paroa! recircidatics, through the
vedinf valve will result in excessive noixt s the vagre, When it
is necesssry 10 operate under these canlitions, 1 separaie bypase
valve, piperd back to the storage tank, is recommendes.

W

MAINTENANCE

BAMNTIRNAKCE AND TYROURLE SHOOTNG
MUST BE DONE BV AN INIIVIBUZL EXPERI-
RNCED WITH PUME MAINTYENANCE AND TRE
TVPE OF SYSTEM INVOLVED.

LURRICATION

Pump bearings should be lnbncated every week to every three
months, depending on the application, and the operuting con-
Jitions,

Use: Sundaied Ot — Amolith All Weather Grease, or an equiva-
fent grease which is compatible with the elastomers and the appli-
cation.

CAUTION: Excessive greasing pressure can cause grease (0 be
pushad between ihe nwchanical ssal faces rausing seal failure.

It i recornmended that you remove the grease relief fitting, and
with ¢ land gun apply grezse slowly to the grease fittings on
both bearing covers untii excess grease beging to come from the
grease relief firting port. Replace the greace relief fiming. It is
novmal for sume greese to escape from tee tell-tale holes under
the bearing housing for a shory time after lubrication

Before saning tw pump, put oil in the gear reducer using the
grade oil stamped on the instruction plate atiached to the gear
case. Each reducer is provided with an oil pipe plug. Remove
this plog and fill with oil. Couplings with rubber inserts do not
requite tubwvication. Other couplings are pre-lubricated «t the fac-
tory, but require freguest lubrication to prevent excessive wear.

PUMP DISASSEMBLY

Before work is started on the paup, be sure the pressure is
relieved, and the fiquid is drained.

emove the bearing cover capscnews and slide the bearing cover
from the shaft. On the X(S) 2" and 2% " pumps. the dirt shield
will come off with the bearing cover. The grease seal, located
in the bearing cover cavity, will also siide off with the bearing
cover.

The X(8) 24", and 3" pumps are sandardly equipped with &
Jorkwasher and locknut installed cutside the bearing on each end
of the shaft. To remove rhe besring Yocknut. bend up the engaged
lockwasher ng and rotate the nut countsrelockwise.

The X(S) 4" pump is equipped with bearing lock collars. To
release, the lock collar, remove the jam nuts and loosen the two
(2) set screws. The collar can then be slid from the shafi

Betore removing the hewd assembly, check for burrs or rough
ness 00 the shat’t that coutd damnage Lie mechanical seal O-rngs.
The headl assemibly, comsisting of the liead, head Cr-ring, bear-
ing, and mechanical seal, can now be remaved fiom the cylin-
der. Tu do 50, remove the head capscrews and caefully pry tte
haad away from tle cyiinder with a screw driver. The bearing
and seal are slip fit on the shaft and will slide off readily if the
shaft is clean and smooth.

Next, remove the bearing from the head. After removing the
bearing, the seal may be pressed or pried out with a lever, as
shown in Figure 3.

Fig. 3

NOTE: Tip of barts) to be iiseried inmediately betwesn head
and seal. If placed elsewhere, seal damage is likely (Fig. 3A).

Fig. 3A = Removal of Seal

REPLACING YANES ONLY

Vanes can usually be replaced by temoving only one head, and
shiding them i or out of the rotor end. To prevent push rods
from dropping down. & vane snould only be removed when it
is seated in izs slot w e rotor (at the 12 o'clock position). Tum
the shaft by hand uniil & vane comes 1 the 12 o'dock positon,

™y
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To AV AR & ARG ML T T IML, MIMEL PLMENL S G R WA el
inue the, procedurs vakld @ rew vanes e i pisce Fe sure
to install the mew vanes -ih the arand ov wearing sdge cut-
ward to omtat 12 ey of do oviinder, ane with the relief
grooves facing in the diection «f romatior (iee Figure 4.

Fig. 4 — Vane Insallation

PUMP ASSEMBLY

Before reassenibling the pump, clean sach purt thoroughly. Wash
cut the seal and bearing receares in the heardls,

MECHANICAL SEAL

If the merhanical sea! has bevn leaking, it is recominended that
a complete new teal assembly be instatled.

Wipe rhe inaer and outer O-rings of the sea! as clean as possi-
hle. Apply & small amourr of oif to the O-rings to aid in installs-
tion. Place the seal in the recess in the. head with the stee! stamped
pants pointing inwsrd, Iv can be forond in plare by hand pres-
sure. The pin on the stationary sex should be to either side of
the lug inside the seal recess.

BEARINC

Install the tearing into the bearing bove i the head with the g ruase
shield tov ards the inside, snch that the ball” are visibie aft<r instal-
lation.

HEAD O-RING

Tie head (Lring should be replaced if it is swollen, ricked or
cul. The O-ring is onnally umaller in dimeter than rhe gicove.
To install, lay the ring Bat on. the head ani start in on ooe side
of the groove. Slide thumbs over the ring in opposite directions
vvhile streiching it ahead with the fingers, as shown in Figure 5.

Fig. 5 — Insalling Head O-Ring

DRSS Mt DTVAT Y

Befrre ingtailing the rotor and shafl. make sure the shaft is free
of burrs which ndght cut or nick the mechanical seal O-ring.
{t will ¥s necessary 1o install the bottom vanes and push ruds
before replacing the 1otor and shaft. The vanes musi be held in
place as the rorer and shaft is insered into the cylinder.

VAMES

When Listaliing the vanes, be sun the rounded or wearing edge
ir autward 1o contact the srface of the cylinder, with the relief
groovas facing in the direction - f rotation {refer boek to Figure
). Te install die remaining va.es, tum the shaft by hand until
an capy slot comes to the 12 o'clork position, insert a vane,
and 1ot to the nexe empry slos,

HEAD ASSEMBLY

Before installing the head assembly, make sure the shuft is free
of burrs which might cut or nick the mechanical seal O-rings.
A smail amoug of oil applied to the shaft will help slide the purts
in place.

Place the head assembly on the shaft with the tell-tale hole in
the bearing housing pointing downward. Slide the head against
the cylinder.

Inrsall and partisily tighten four (4} head capscrows, 90° apert,
on each end of the pumnp. The capscrews should be tightened
enough to squeere the head O-ring and allow mets! to metal con-
tact between the head and cyunder. Rotae the shaft by hand to
test fcr binding or tight spees. If the rotor does rot rn freely,
lighdy p the rim of the heads with s lead hammez 1o better conser
the rotor. Recheck for hinding. When the correet pogition is
‘ound, install the cemaining head capscrews and fully tighten all
CApSCTEWS.

LOCKNYT & LOCKWASHER —
X(3) 234" & 3" PUMPS

The pumrp rust be free tuming with all head capscrews tight
before making an adjustment on the locknuts. The puzpose of
locknut adjustmant is to center and miintain the pump rotor

h is imporwnt that the bearing Incknits and lockwashers be
installed properiy. Overtightenis:g lockmuts will cause bearing fail-
ure and/or . broken lockwasher inner tng A" (see Fig. 6).
Loose locknuts will allow rthe rotor to shift against the heads,
causing wesr. .
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PUMP TROUBLES AND THMEIR CURES

LEAKAGE

New mechanical seals may leak slightly until the mating surfaces
have had an opportunity 1o seat properiy. If the leakage becomes
excessive or continuous, the mechanical seal should be replaced.
Leakage will appear at the tell-tle hole under the bearing housing.

If there is jeakage between the purnp head and casing, the head
should be removed and checked for burrs or dint. Alsc, check
the face of the casing 1o make sure it is clean and smocth. Gently
file any burrs or rough spots. Head O-rings should be inspected
for cuts or nicks, and replaced if found to be damaged.

ESCAPING GREASE

Grease will appear at the grease relief fiting on the bearing cover
after normal greasing of the pump. The amount should not
become excessive nor continue for an extended period of time.
If it continues, remove the grease relief fitting and exarmine for
damage. Replace if necessary.

If excessive grease escapes arourd the pump shaft, remove the
bearing cover and inspect the grease seal for damage. Reinsmll
the bearing cover with the gresse seal centered on the shaft,

NOISE

If 2 pump has been drained and flooded with air there may be
some noise in the relief valve when the pump is next started.
It is usually of short duration. and will not damage the pump.

Excessive vacuurn on the pump due to restricted suction can cuuse
cavitation noise. There are several possible causes of excessive
vacuum:

* Inler piping too smali.

@ Strainer plugged or dirty.

¢ Undersized or restricted fittings, such as globe valves, or par-
tially closed valves.

* Suction lift too great.

¢ Pump speed too high for the viscosity of the liquid being

pumped.

1809 Century
(618) 2411611

If the pump is run for extenaed periods with a closed dischatge,
causing the liquid to circulate through the relief valve, vaporiza-
tion will occur and create excessive noise.

Exceeding the recommended maximum speed can also cause
noise in the pump.

If all of the above have been checked, and the purnp is still noisy
and not delivering the rated capacity, the vanes should be exam-
ined for possible damage.

DAMAGED VAMES
Vanes can be damaged by the following:

» Pumping liquids which chemicaliy attack the vane material.
Foreign objects entering the pump.

Pumping liquids of ton high viscesity.

Excessive heat.

Incotrect vare installation (see ‘‘Replacing Vanes™').
Cavitatior.,

Overspeeding.

Tt is advisable to replace the vanes if they indicate push rod
pevetration, are worn un>venly, or have rsised projections on
the wesring edge.

LOW DELIVERY RATE

A low delivery rate may be caused by:
e Restriction in the suction line.

» Resistance in the discharge line.

® Air leaks in the suction line.

* Dumaged or worn pump peris,

* Pump soeed 100 low or too high.

blackmer

a “ mm
Avenug, Grand Rapds, Mi

48509, U S.A

* Telex: 4320148 + Fax (616) 2413782
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Circuitry Valves

Giulck Exhaust Vaives

|

* Ellminates tha need for lage diameter piping
or large selettor vaives,

* Frovides quick dumping of exheuat aic at e

cytindar,
Ordering Informetion: Sslest mede! aunbm for pont
size dedicec,
MWENSIONS

A ]

8 (58.5) 123/32 (3.7

&

4 1/
"

Morlel PR1O Single Puilse Relay Valve

o Converts a continuous supply of inle! air Into & momaettiry pressure
puise,

» Has a minimym pulse pressure of 38 PSIG (2.4 han and an cperaiing

regnge of 35 t) 150 PSIC (2.4 ‘0 10,3 uan.

ideal for applicatiuns ahwre 21 Inpril zignal reesing pressurized |, but ity

Culpuc must 1o "ol alter perfonmicg it task.

s The PR1Q crarmerts v O0tpgt Into o pulse with sufflicient duration and
tlow to sh'ii a doubls nifot operaten power valve. The pawer valve can
ther. be returnad tu its original poaiticn by an opposing clgnal.

o For best resuits, the FR 10 should 4e as close 19 piiot port of vaive as

gousinle.
bt T8 B L YR, or wT
Y A \ l. st p—————
e 3;-" e ol ""I""Tj “RURPLY PGB PULSE  AEIET
FOUURN o It ) wa e AR RE (har) QUMTION®S  TIRE v
— e
| N o : A 10 _
L =’£ \.ntnw ELS QUTEIT . R -H L——-—" ‘e 1 X — '
- T5 CLCOT PORL OF VAVD) fo 2312 - U - X1 X 100 9
Model SV10-8 and Madel 5V20-8 e an
] 1Yy
- Shuttie Valves A
e Ny ¢ Cperates as a 3-way vaive with two in'st 1 | il
- a ports and ons Jutlet port, e e ] e tes
(o [‘, e Check ball moves away from the infet [~ ¥
wODEL S\ port with ‘he greatest pressura and .
V108 agminst the port having the lesst i p—
pressurg (a mir‘mum pressu:s difteren-
tial of S0 PSIG .7 bar} is necassary ! ef- venran
{ect shuttle char.gr). e 1
e Has Buna-N cheCk ball sea’s. ——
« 200 PSIG {13.8 barj maximum. _] Pl
’ Ovdering information: Order model no. e L8 5 S —
associated with port size required. e ""4_“___ {'_:: e
¥ 008, WUET  OUTLET | wens! vond TV
by T W7 "1 ]
) S 7 e
WARNING: Inapproprate of Improgur us~, 3DPACIEON, nEZAston, SACE 0 Mascter M0e of ARD valves may cresie @ hazidous o dangercus conoitun 57

or situshion. Please carefuily read the wymiig and Cautions on nade Hack cover pagy of it cataing.




Yalve Accessone@

Mode! 20308-X Exhaust Sllencer

back prassure with no bHuiki up.

* Used 17 reducs the exhaust ndise of sir powertd motors and valver.
o Recommeniod for alt high CEM. applications. Has high fow capacity and low

o No service nqgeined, no mepucing of caitrkiges, compas!, Lorosion resistant, all

ment construction housing.

WODEL  pORT A, LENGTH WERIGHT
NO. SIE W fewn 5. (vmy_ OZ. (@)
Oidering Information: 203081 W s (308) __2U8 (5L0) Tiam. 2)
Saiecs modet for Ve 1ane U4 (872) VA NEL
3E0Ra Ty VIR (18 C3AN8 (008) 33 (S8
AL I 2(508) &8 (7 .4
o008 T 2(508) _SIB(1AT) 24 (ed0)
Mode! 20311.X Sintered 8ronze Braqihm Vents
o [Ror use o0 single acling cyfindars mwd
VOB 10 BTNt gt wcgmm - wonwL PONT  LENGTH
cles it antering mutts open 1 At WO, BZE B8 (g | WEX
mosghen. HE46S 41032 W32 (180 S
° 40 micmn fitratan, WA _ W7 memy  me
s For vacuum ralie! or pressusy squaiiza- ASN-3 W SBEE)  Me
tion on gear boxas, reesrvoiry, and air 2097H9 9" 3M0) v
tanks. 203104 V2" P82 ¥R
Srdaring Infermotion: Selset made! for WA SAT 1 (A4 VU8
thiwad size desited. M 1T 156 (33N 1418
Modei 20312-X _Fxhaust Mutfler TVERALL
Sintared bronze air muifier and exhaust yaam  roay TOMETH
ditfuger for vae on exhaust porte of ! e
vaivas. XY LI %fh_” W /A1
4 Sonnd deadening auglitiss with low ﬁl 7 ST YK K TR TAT- I
pressure drop. F P N T AT R TR YTAL
o ;Q‘D micran aominat tiltration. i 2 : )ﬁ 14 gﬁ:’; ’7;/)11’
ron Mormation:  Select model for ‘ -
thmud":lza desired. 2Ry _ L (39, 138

WITHALL OVERALL
MORZL POAT  LENGYH (CLOSED)

° o LENGTH (OPEN)
| wx — i, for —
%ﬁf L T4 X5 /16 (358
=N R R ZE 1T .
WODEL -A'Atuz' T8 2 AT
| wony I N F LY X VAT Y 1Y T
N X727 TR X7 11T A

Miodel 20313.X Exhaust Speod Controis
¢« Contrals the me«wring of air ffow on exhsvst ports of air vaives. The
speed Ut oparsiing cylinder may be increazed or deccassed with Ldjusting
sCraw. Adjusied positisn may be locked in place by Jock nut.
~  Exhaust slesve is sintaved bronze held in positicn by 2 brass Darts.
Ordering Information: Select model for thresd size desived.

WARNING: Inaporopnate of sRproOsr Use. BpEICation, nstalation service oF maintenance of ARD vaives may create & |
of SqUN, Please cosfully mead the warmin] and SRULONS on inta BRCK CUNY DAGE ¢ this catmlor.
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Panel Mounted Minicture
Control Valves and Indicators

[ L | e———— o

* Uses basic 200 saries J-way valva,
* Each saive can D plumbed to partarm as rormally pasaing, normally non-passing, neiec-
106, o7 any two-way function,
* Vaiveu available with push button or rocker type selectodn,
* Indicators car be viewad at full 189° viewing angls.
* Valves end inulc rloes “uve positive snap-in design for quick and sady inataliation.
* Can be steck mauntad \v muttiplas using pane! cut-out Methad or ARO's 39798-X mountifn)
plales,
* Seif-uchasive (egens; shewit availabie,
Ordering Infarmation: Both valves and indicate:s come complete Order mounting plates and
legiand sheets ssparately.

49796-X Mounling Ploies

Number
A" Din. “8" Dk, of
Moded  Inches (wmm) inchos (mm) Com'uc

BIIEL 818" ({4 mmi 1 LiA8" (41 mo
S9188:2.. _MLWW
ey 11006 e mml NG OBy 3
sanms 250 07mm 34 o) . 4

5areas JS00 GAmmi 47N (Mdmm) 8 |
Sireee .47 002mm). SO0 mm 8.

59724 Legenc Sheets

Mocde: 59724-X Legend snnzn
are self-adhesive identifice-
tion lagends thst fit the V18"
(14 mm) recessed square on
the vaives and indicators.
Each sheet contains six blank
and 37 difforent (2 each)
legends. The dasiv number
represents background color
(-:d;-vhm. -2 biack, -3 green, 4
r

Pane! Mount Indicaides 3-Way Control Valve Assembly
Prassure/Temperature ... .Sume as 200 Series Valves Pregsura/Tomperature/Flow . . Sam~ as 200 Sories Valves
80 page 4 see page 4
in ticator Models/instant Models/1/8"  Actuation Port
Model Colov [ &y Tube Fittings NP{Q Poria Tﬁ Designation
ed 118" NPT(F) sm::i ushbullon 1.in non-

Seeus . Geen

(Momentary) passing

598041 59804 Rocker  2in passing

Dimensions and Mounting Information

Ll —1"—
4-4\-mﬂ R L 14 00 ltl?l"!“ll
AT 13 MBS 14 200 1913 Praae

== um !Wnn.n nn—‘lmlﬂﬂﬁl
nyn-mrn- CoMMg ¥y,

o
0 pre.

L o
g e iz om




50 Series Vaives
1/8" Ports

3-Way Paim Button Fuwdhiom coheaty

-
e & &]--

Penet Mounied Paim Butions may be mounted l
up 10 178" max. panat thickness, L f L 2
“i'"i

4Way Palm Button ~ Emesgency Sitop,

e
ey POS
bl e
MO
soag-1
( o Wi
Pane, Mountsd Paim Bulong msy Do faounted | iy
up do §/8°° max, prnsl Bickneas, [ N
3-Way Roller Cam
™= Tine
) L
ve '
L '
| CeT $94
o el 1| ....‘L____.(g @.... - “'!
. 1w ?:: L":’,f-‘l :
Lo ;
|
MODEL
5630-88

10 WAM:HWUWMW.M.WGM“WWMMIWWMWW
o Situation, Piease curehilly read the warming and cautions on ineide back coviy page of this CIENOg.
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Alpha Series Body Perted
4-Way Valves 18" &« 14" ports

Application Inforenation

» S.ported, 4-way vaive anables use af speaud controis ai vaive's exhaust ports.

* Control the vaives one of five ways: single solenoid, double solgnoia, singie pliot, doutvle pliot and
solenoid/pitot.

o Ciass F soienold coils are rated for 100% duty cycle.

* A micro circuit relay connecior is available and makes the valve TTL compatible.

* Two override methods provide & convanient way to sst.up and trouble shoot circuits withow electical pow-
#r to tha solencids.

¢ For information on connaciors and replacement coils, sse pages 53 and 4.

¢ Zolenoid modais sre aiso aveilable with moided leads.

¢ For information on the light emitting seal (L.E.S.) see page 13

Feature / Benefit Information

Five aciustor optionn available:

" Quick ch coil can & be
im.mnug or ,.p.m‘f;" \ o =" single pilat, a:umm plict, single

solenoid, double solanoki and

removing nui. sliding existing coll
solgnoidipilet.

off and 2 new coil on.

T Plugrin connectons cit instaliation
time and give secure hodk-ups.
Each connectcs is 8 swn junction
bost, eliminating the :wed to wire
ko soiensitd to & sacondary junc-
tion box.

Die cast alumitum alloy
boddy with Dalrin® end cogs, —

™ QOne piece, bulanced spoo! pro-

vides quick ressonge and high
flow. Lrethane sual is bonded to
alumirur spont 1o resist wear,

Speciiications Deirin © is & regissared tracomenk of the Dupont Corporstion,

Lubwicrlion: Velves are pra-lubed and can te apersted without air line lubrication ® an npproximate lite of 20
dllion cyciss. depending on spplication. If air eylinders or other air line devites require lubrication, snsure that
lubricadon olis ame compatible with vaive seals and of sutiicient viscosity to assure adequate lubication. See Puye
62 for list «f suggestsd oils.

o Cycias per minute is rated et 600 CPM on all Aipha Valves.

— ey

Tivee’ T TvAE PORT  PANGY  PAESSURE  FLOW® v wEInHT AMBIENT

ACTUATOR RETURN SN PSI(hay) = P8I (bar) SCFM (dm/s) FACTOR ™. (4) TEMPERATURE
Pilot Spring 18" 0 (A5~ 30142 _ 090 73
Pilt _ Spring 14" £0 (35)*° 500238) 8 &7 m_
£t Pt ww Vacuum To .__éLh 30043 28 ” @'L 0° w 18'PF
Proy Phot 14T en (104) _ 5 (1.7) 3) (238) us 6.7 (190) (189 10 826C)
_Solenoid _Spring ' 50 (35)°°t 30 (14.2) 1___@_
Solenoid Spring 14" 50 (35)°1 54 i236) 1 9 87
Solencid _ Solenod 118" 207t 3u0142) 09 1 (3)
Sclenoid _ Solanold 14" 25 0Nt 50 (23.8) 15 127 (380)

"SCFM at 80 PSI (55 bar) supply «nd 85 PSi (4.5 bar) downsiream nrassus.
“*Une 80 PSI (4.1 bar) min. piol presauwe f6r 3-position vaives.
TUse ior low pressure and vacuum supply.
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) THOMAS

o INDUSTREES IMC

POWER AR DIVISKIN
14190 ILLINOIS AVENUE, SHEBOVGAN, WISCONSIN 53082

[ —

| 1-30 Series

20 P O et mreen = e Wt e At o et

woe-L
PISTON
COMPRESSOR

R-PAC

Portable, Cil-Less
Heavy-Duty Air Compressors

GENERAL DESCRIPTION

Performanca it tandem with portabilhy mekos ihe Alr-
Par. T 30 Series our fivest, most convenient tank
cumpres.or which is perfect for the profesainnal anu
sarouy do-it-yourselier. This cormpressar inghades air
sterage tanks. and #n authmaxic precsure switch
cantrol,

SRECIFICATIONG
Hy e e 108 D 1720 NPYA
Volisge .. revermsmsensat i sesmsnase srasussnns 38 V. G0 M2
Bowting vm (mm ) $0 vV
Fuis® ROQUIPBIMBME ...ecerervusmsnssrssesarmammsss snanases 154
Bafety Veive Sotting ....... .. ... 140 PRIG (965.3 KPs)
Al Disple " 4.8 CFM (127.4 LN,
A1 BRUVETY coccrinvaeicirraannres 2.95 CEM @ 50 P51
{83.54 LM & 28 KPa)
2485 L6W @ PO PSI
ATE08 LPRA @ 552 KiPo)
et X CPW @ 100 B5)
(72.4"2 LER @ 680.5 KPy)
Amips n& Working Mossune ., srven e 108 4
AHONWEE COMIO) ocvoreeecrnrrenenr s Stam @ 9‘% PG
(885 KBa)
................ serereerne e smneneennes SOPS @ 128 PHIG

e (851 .9 KPE)
. 2 Gt EACH (Totat & Gai.)

{V-30 HP) 4.80 Gia). TOTAL.
§2 ibs.
LG 1L {182 1)

Tark Sl12 . ..oovveennn,
Welgin
Cord ...
P38l x Pounds Per Square inch
KPa = Kiiopasusis

CF24 5 Cubic Fet Per Minute
LPM w Hers Par Einute

APPLICATION

loenl as primary or secondary air source for almost any
opsration. Partioilarly sutable inr shops, garages; ang
faclories whers repetitive use demands high reliabiiity.

Part Nz 626954 Fav. A 731

T-S0HP

T-4WT
*

r___,,_,.,

*.308T

TI99 Thomas Incuttivs i, Prineg n LS A,
Hiil Rights Resarod

156

s e




GENERAL MAINTENANCE
AND SERVICE

parts depantmant 1-800-323-0620

FOR SERVICE AND PARTS
For sarvice cortact the dealsr from whom you purciased the sompressor.
To place parts orders: Provids the modal data located on the namaplate of thae compressor and call our

&) WARNING: Raad and undsrstand the information in
this owner's manual before operating air comprassor.

1. The compressor should be located in a dry, iean,
and well vantilated area.

2. Inspect betore use: hosa, plug, and cord for signs ot
damage. Do ot use if a deficiency is found. Contact
your naarest service center for raplacemant pans.
Never oparate a damaged unit.

Do not teiaper with sofety valve as it has been
factory set. Any adjustment with this valve couid
cause serious injury.

4. This air comprassor needs no lubrication. Applying oil
to any part could result in poliuted air delivery to the
air-handling equipment.

5. Compressad air must never be aimed at anyone
hecauss it can cause 5arious injury. Keep children
away. WEAR FYE PROTECTION.

8. Al air compressors generats heat aven under normal
oparating conditions. 7o avoid serious burns, never
touch the air comprassor diving or immadiately after
operation.

7.  Whan unii is not in use, wrap cord around compressar
and store in dry face. Do not ataise cord.

8. Befors sarvicing, cleaning or reimtaval of any pant. shut
off powar and relieve pressure.

3. Thig system producas 125 PSI. To avoid rupture and
injury, do not operate this pump with coniponents
vated less than 125 FSI working pressure (ircfuding
but rot limited to spray quns, hose and hose
connecticns withoul pregsura reguiator).

2]

H warranty s2rvice oy ropuirs are teacsd contact your
nyarest suthorixed eervice conter, i one does nof
exist contact the Ixctary. Jnsutherlzed repers or
wnardown of the unit wili void factory warrenty.

SET Up

Locetiun of Alr Compressor

Operate air comprassor in & clean, dry and well ventilated
araa. The air fiter must b2 kept clear of obstructions which
couwld reduce air flow to the compressoi. The air

compressor should ba located at least 12" away from
walls or other obstructions that could interfere with the
fiow of air.

Extension Cords

To avoid voitage drop and power loss to motor, use
additional hose instead of an extsnsion cord. If an
axtension cord must be used, use dnly a 3-wire extension
cord equipped with a 3-blade grounding plug and a 3-siot
raceptacle that will accept the piug on the compressor.
Make sure the extension cord is in good shape.

___WSWWUM GAUGE FOR EXTENSION CORDE
COAD LENGTH 25 FEET 50 FEET 100 FEET 150 FEET
GAUGE 16 14 10 8

NOTE: Wire size increases as gauge number decraases.

Grounding Instructions

A WARNING: Impropar grounding can result in
elactrical shock. In the event of a shori circuit, grounding
reducss the risk of shock by providing an escape wire for
the electric current. The air compressor must be
g

The air compressor cord is equipped with a grounding
wire and appropriate grounding piug. The plug musat be
used with an outiet that has been installed and grounded
in accordance with ali local codes and ordinances. The
outlet must have the same configuration as the piug. Do
not use an atapter.

Do not modify the piug that has been provided. If it does
not fit the available outlet, the correct grounded outiet
must ba instalied by a qualified slectrician.

Inspect the plug and cord before vach use. Do not use
wompressor il there are signs of damage.

GROUNDED

QUTLET Y

GROUNDING PIN




A WARNING: Improper instaliastion of the grounding
plug can rasult in elacirical shock. If repair or replacement
c? the cord or pluy is required, du net connect the
grouncling wire to either flat blada terinal. The wire with
the graan Mwith or without yellow sinpas) insulation is the
grounding wire and rmisst be correctad to (he grounding
pin,

Check with a qualifiad electrician if the grounding
instructions are not cempletaly understced, or if unsure
unit is droperty grounded.

OPERAVION

Safaty Valve :
The cafety valve (item 24 - tank drawings) is desigaed o
gravunt prassure in the storage tank from axceeding 140
PSIG

ﬂ WARNING: Do not tzmpur with or atteinpt to
elimireate the satety vaive

Thermal Qvaricad Protactor

The compressor muier is equipped with a tharmat
ovesioad protector. If the molor should overhesi, the
overinad protectur will shut the motar ol # tiis occurs,
turn ihe onvolf taver to the off pesition ana allow mastor 0
sool for approvicnately 5 minutes.

NOTE: Tank pressure must be pelow 95 PSIC lor the
comprassor to stan.

Hestunt the compressor hy moving oiv/off lever o the on
pasition. i compreszor fails to suart, chack for blown fuses,;
tha compressor may require iasre time o couol. If the
overload protector shus down the motor fraquently, i
couid be due 10 low voltage. Common signs of low voliag:
are:

Motur dpes not gst 1:p 1o power or speed.

2. Fuses ar gircuit breaker gctivate when starting
COMpressor.

Lights dim or remain dim when compressor is started.

Other motor operated appiiances tall to opsrate
properiy.

5. Too many motor opsrated appliances on same circull.

Operating Procedures

1. Make sure on/ofi lever is in the off position.

A WARNING: Before using air tools or acceasories,
check manufacturer's maximum pressurs rating.
Maximum pressure rating must be above 125 PSIG.

o

Attach air hose and accessory.

Turn on/off lever to the on position and aliow tanx
pressure (o build,

4. When the motar stops. it has reached cuiout pressure
and the unit is ready for use.

£

«

NOTE: Whan using @n accessory of air too!, prassure in
tha storage tank decreases. Whan it reaches a cefain low
level (rut-in pressure) the motor will automatically restart
and raise the pressure in the storage tank.

5. To shut down compressor, simply mova an/off lever 10
the off position,

6. Allow compressor to cool.

Drain storage tank (see Storage Tank in Maintenance
Saction).

MAINTENANCE

Alr Filker

Inspsct air filtar (em 49 - compressor drawing) before
each use. Clean filter with scap and water as necessary. if
filter becwimes clogged or damaged, replace it.

“« WAPNING: Wover clean air fiter with a flammable
lquirt or solvent. Expiosive vapors mey accumulate in the
ir tank and caise an oxplosicn, resulting in senous injury
or doath.

CAUTION: Do not operate air compressor without air
filier.

Storvags Tenk

Storage tank should be drained atter #ach use ur after
every inur hours of operation to prevent congensation
build-up and corrosion inside tanks. To drain tank, slowly
and carefully opan drain fitling {item & - tank drawinys), tip
unit upright and ailow water i drain out.

MOTE: When draining tank, watch tor debris (rus?
particies). ¥ there appears (0 be debnis in water, coniact
your dealer for possibie tank replacement. it is
recommended the tank be replaced every three years.

A WARHNKING: Co not welid on the air tank of this
compressor. Welding on the air compressor tank can
severely impair tank strength and cause an extremely
hazardous condition. Welding on the tank in any mannar
will void the warranty. If warranty service of repaiis are
ngeded contact your nearest authorized servicing dealer.
If one does not exist contact the factnry. Unauthorized
tearciow. of the unit will void the factory warranty.
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URAWING ANV FPAR IS LIST FOR T-30 COMPRESSOR DRAWING
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LY 1 3 o7 Astymbly !
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2 802215 | Rotgy Swih_ !
4 80362 _| Capetrer !
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8 925243 | Suiaw . Reisy Swich 2
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32 1 0938 S fan !
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VHAWING ANU PAHIS LIST FOR T-30 WIDE TANK DRAWING

| o L_'s A .
1
i o LAL Urioger Tude ! ! . MR L]
2 8187 L : 1 17 Scree - Burmoer 4
7 T T T T T ey v X
3 . 024015 PosToe ! 191 4680 | Nyt !
-5 824018 Clove Negy 1 LU 839887 L Stae Sergt 2
? $24044 Poelgpln 211 . BI3980 | Ghoch Vane Axpemtny !
- SiR0, | UenFmeg [ 2 ki ' !
e S e
10 834027 | Foe Puy - Reguistor ! 24 L 6200571 Setety Vame !
: 82400) | Ghow [ 02 | Gouge Tak
2L B30 | Tubw indeq AP sar1)) Baguior !
3 824813 T 27 | S61995-500 [ TVank Assembly 1
. 824847 Titwng traert 2
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$41973-300 | Tunh Assemidly

1.8

DRAWING AND PARTS LIST FOR 7-30 PANCAKE TANK DRAWING

dvl 1004 ‘dNC)

—— —— —— —
(400 INIT-NI
&
- AN .
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URAWING AND PARTS LIST FOR T-30 WIDE TANK DRAWING

Mim - " T IE“"F PN T Desrpien o)
o Prewys S wen 1 38 1 qgeasa | “pumor s
2 13215 | Uniouger Tube ! 18 $38346 | Soww . Gaee L]
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4 $13782 haust Tyby 11° ! ] | hacdwaene:  Basy 4
5 15| PeaTes ! -] 638084 | Nt !
~- 6.3 620018 | Closs Mool ! L2301 60587 | Qi Rt 3
S Sody 1 Doedops ) il | Crock Veive Apsgmbly !
81 824300 | Oveen iy 2 .. SR80 | Cog )
2 624210 | Commaoor — ! .2 139 | Geuge - Regquipter !
A0 624327 | PowPug-Reguiser ] 1 241330957 | Sabery vaire !
1t 324 | Etew 1 28 838145 Guugy - Taok A|
12 a8y T B | ean3t | Requmor ] 1
13 824513~ | Streei Tey \ 27 | 661998.800 | Tank Assamoly [
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Gurever Macking Works

SERIES 15--150 Pound
Cast Carben and Alloy Stesl flanged Fittings

g m

a1
COW NO. (L

DIMENSICNS

s

CODE Pil::‘lbi

T

s

Pilsl

o ' A ]_ggg'm 18y
{J—ﬂ ; 7
PALCY s

//

ol e
cope M), 1%y

‘*‘:"C‘;

F 3
CODE NO 1812

/"‘
L0

CODE NO. 1Na

3

LODL NC. 1513

Q=

<ORE NO‘ 1510 CODE NO 1343C
AN fimautiows are in mahes
MOMINAL \ ‘ [ ' 14 |16 |18 |20 |26
PIPE $ILT AR w2 2413 M4 15 j6 (& 110 12 'OD 0D [OD {OD |OD
Tnside dizaaatcr ! | | I
of fitting Ul %l INARCIR R M4 15 {6 18 110 D 1y sy 11y ey | By
Cursidde dismeter i |
of Marge 34 3yt A gl s € 17 l'z"/,! 5§14 !9 llo Ili'/, i 19 (2t IBIW (%I
Minimum FRickevse ! '
of Hange ! A -/,| ARAR AN IR "Q! AR AR IR AR AR AR
Dizmveter of
roised fice PN 12 Bl 2% %] 4% 1S 54 !9{,,! Il‘/ 0¥ 2% |18 |16 e i B3 1y
iamatar of ¥
Brit cicle BARARIEEIR K ARIE !7‘ B4 9 11131180 T 1 8) 1214 12234 |28 | 29%4
| | |
Wumber of bolis [4 4 18 !4 4 14 )4 !m____i ) l& Il 12 12 (12 & w6 {20 (20
: i 1
Sive of bolts '/J wl.mioul 4l %) %l %l %!’}gl ARARAR AR AV 18R
Cunter to (ace i
A Bbew-TeaCross | 3 ) 3% | 334 3% | 4 | 94| 5 5'4] ) icx, %8 19 In iz e hs eyl |
Canter to face
§ LongRedinsBibew | &4 | 4% | S 5%’ [ 64171 1% |8y |9 lw/. NY (14 (1% (19 ‘1Y j24 1284 129 34
Centut to face
C 45° Eldow AR AR R AR AN 3 !/,ii l“/. R AR VAR TREEN) 841 i
Ceonter to face
€ Long legof lateral 5% 64! 1 8 | ¥4]10 [Ny lll |l3‘/ 144 (174|201 |24} |27 30 |32 135 |40%
Center fo facn
F Shortlegeflatersl Wl %2 41 i3 Ii i!‘,ﬁ gl a5 1S 417 18 19
Face to fac
G Feducer | DAKIARAN ,s,;,!s 6% |7 ll 9 I [z De tws i {19 (20 |2
]
|
| R_Center to basy 3! 8| 3N ‘h]l 4/, $, 5‘4[ [ VAR 9%1“'/5 124 (134118 (18 [184
|
$ Width of bass s*,{! 3| 41 % s ls 6 !7 j7 s |9 ln noon ey K1Y

Beries 15 cast teel ﬂu\fod fittings are provided with &

center to face and fa

Reducing fittings have the same
For drilling of Foses ese page 27,

reised faces which ARE included in minimum thickuess of fiange,

cw to face dimensions. fpacial tecing informacion is shown on pages 24 and 25,

to face dim

at thase of siraight size fittings of the largest opaning.
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‘ ‘ A MK W
) installation Sheet: 2025P-INS
ED[FJ Efiective: 10-15.£3
NP, 3456789 Revision: 02-15.88

INSTRUCTIONS FOR INSTALLATION & MAINTENANCE
OF PRESSURE & VACUUM SWICHGAGES®
SERIES: 20-P, 25-P, A20-P, A25-P

INCLUDING V, VWC, ABS, EO, DP MODELS

TYPICAL PRESSURE SWICHGAGE™

Stainless Stesl
Bezel A SWICHGAGE® is an indicating mechanical gage, with

2 ) adjugtable limit contects which may be preset at the
Dusl Scale /2808 | factory. It is the sole responsibility of the installer/user to
Diat / N \ . insure the proper contact setting before placing it in
operation. SWICHGAGES® are available in various sizes
and shapes o adapt to most applications, for prassure,
temperature, liquid level, vibration or speed. These are
dry contact type switches for light duty olectrical switch-
ing and should be used with 8 Murphy Magnetic Swich
" or Transformer Relay. Both elecirical and mechanical
B // / . experience is necessary for proper instatlation and
D5~ wlexan' Lens maintenance.

Gold Plated P
Setf-Cieaning Limit Contact
Contacts Adjustment

TYPICAL TATTLETALE MAGNETIC SWITCH*

TATTLETALE® Magnetic Switches

Murphy manufactures several, patented magnetic switches for
protection of the light duty SWICHGAGE"® contacts and to
ensure positive shut-down of equipment. There are magnetic
switches for Capacitor Discharge ignition, Magneto, or battery
systems. and mode!s for electric rmotor driven equipment.
TATTLETALES" are pop-out indicators that show the cause of
shut-down. It several TATTLETALES" are used in conjunction
with several different SWICKGAGES"®, the first one out will
tockout all other magnetic switches. Be sure the type of Mag-
netic Switch matches the power source usad to trip it.

® Note: At equipment stan-up. the magnetic switch reset but-
ton must be held in until no"mat operation occurs, uniess
closed SWICHGAGES * are locked out by time delay or lockou!
button. {Not applicable for Mag. or C.D. power)

TYPICAL WIRING

11

'

ToPetas CLOKD 1008
et b

e A i b

e Swicmgy
0% ok

= = .

O i t

@uagy et L | e
- Tiohodd

SEE BULLETIN M-6787 FOR MURPHY TATYLETALES & MAGNETIC SWITCHES
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BASIC DESCRIPTION

20 6 28 SENIES PRESTUNE/VACUUM SWILHGAORS”

20 Reries (2:1/18% 52mm mounting hale) ¥ndt 25 16 (2:11/167, 68mn.
mounting hnle) have steel casen and sie disphragm actusted. T.a
DoINter/coM et grounds through the case to compiste the switch
cirguit The limit contaci(s) 4 wired 10 power, through a Murphy
Mggnetic Switch. See diagrams for SWICHGAGE* wire color code
Contacts ure rated 24 @ XV raviative (pilct duty); gauge connection is
11327 NPT Seg thstalialion and typical wiring diagrams 1o wire up of
SWICHGAGE® and Murphy megnetic awitch.

A0 & A28 SENTA PRESSUNE/VACIR M BWICHGADES®

A20 venes (2-1/10°, S52mm mounting hole) and A2%5 sere (2-11/16°,
mm mounting hole) have polycarbonate casey snd are dicphragm
acluated Thase Cases have moided. isolated termina's 10r switch
contect: tha. pointer-contact is wired to oommon or ground; the hmit-
contactis) 18 wired 10 powar, gh a Murphy mag switeh. Bee
SWICHGAGE * disgrams tor tenninal coces. Contata 24 @ S0V resia-
Uve (pitot duty), gauge connection 1/8-27 NPT, Ses instaliation and
typicat wiring agramy on this sitest, for wire up o) SWICHGAGE® end
Murphy magnetic switch.

STANDARD ELECTRICAL DIAGRAMS: 20 & 25 — PRESSURE/VACUUM SERIES
THESE DIAGRAMS AAF SHOWHN WITH POINTER IN THE NORMAL OPERATING RANGE.

STD. MODEL HL MODEL
Red Cc: Rt Biack
e
Grnd. &

Std. Switch Rating: Pilot Duty. 2A @ 30 VAC/OC resistive

ABS MODEL RO MODEL
Low ABS
Redy ¥ NC Red NC Red
Case|'eNO Biack NO Black
Grnd'® Com. White Com. White

30 VOC inductive

Micro-Switch Rating: 3A g
4A (125 VAC indiictive

STANDARD ELECTRICAL DIAGHMAMS: A20 — PRESSURE/VACUUM SERIES
THESE DIAGRAMS ARE SHOUWN WITH THE GAUGE POINTER IN THE NORMAL OPERATING RANGE.

STO. MODEL HL MODEL

@ @n
O @
NC € NO NC C NO

$td. Switch Aatings: Piot Duty 2A @ 30 VAC/DC resisti

ABS MODEL £0 MODEL
( l
Lm\f - ABS Get Reaet
NC C NO NC C NO
Micro-Switch Rating: 2. @ 30 VOC inductive

" 4A @ 125 VAC inductive

STANDARD ELECTRICAL DIAGRAMS: A-25 - PRESSIJRE/VACUUM SERIES
THESE DIAGRAMS ARE SHOWN WITK PUINTER IN NORMAL OPERATING RANGE

STO. MODEL HL MODEL
NC € NO NC C NO
000 000
LQ Low ol la GH
O]

L P H L

5id. Switch Rating: Pilot Duty, 2A @ VAC/OC resistive

ABS MODEL EO MODEL
NC C NO NC C NO
ABS
SETY \" RESET SET \_4 H RESET
-
LowH ~
O O 9]
L P H L P M

30 VOC, inductive

Micro-Switch Rating: 3A g
4A @ 128 VAC, inductive
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SPECIAL APPLICATION SWICHGAGES®: ABS, EO, DR, YWC, ST, P-7

ALARM BEFORE SHUT-DOWN
TWO SWITCH O VION

ABS: SWICKGAGE with Alnrm Betore Shut-down

The ABS has & standard, front limit-contact lor low predsuta
equipment snut-down and an internal, 3POT micro owitch for
Alarm Setora Shut-Down (see Wiring Diagram), Whan the jow
side of the rucro swiith SETS (preset soint, on falling pres-
Sure). the NC side of the switch comipletes a clrcuit to activate
anaiarm, From this point the prassure must Increiise AREEXi-
mately 10% of scale before the micra switch will RESET and
open the circuit; it preasure fails, the shut-down circuit witl be
completed.

NOTE: The fr, . contact shut-down limit setting (adjustable)
and micr switch low point are preset attha factory: i settings
other than stendard ard necessary, than spacily whaa

nrdering. -
FICYER DIFFERENTIAL PRESSUAE

D¥: Difterantial Prossure SWICHGAGE

Ingtatiation: 1) connect the input side of the tiiter 1o the center
post; 2) corinact the filter output pressure 10 the Upper port =
CAUTION: us2 8 7/16" wranch or the upper port's wreach flats
to prevent damuge 1o the gauge. DO NOT ovar tighten port
connections; 3) sat the limit contact {0 the manutacture-'s
filter spacifications; 4) connect wiring to alarny and/or shyt-

e e I CLEANER RESYRICTION ——

VWC: Watar Column Calibrated, Vacuum SWICHGAGE
Instaliation . 1) mount the VWC away from engine vibration: 2}
run the vacuum ling fram the gauge to a point Detwaen ihe air
cleaner anu (8} curburetor on carbureted engine, (b) turbo-
charger on furbocharged Jiesels, (c) the sngine on naturally
aspirated dicsels. NOTE: a flexible saction is ecsential st some
point in the vacuum line tn «liminate vibration. Be sure the
SWICHGAGE is grounded in a 12 or 24 volt aystem, and that the
elarm used is of the same voltage as the battany.

MICRO-SWITCH * LIMIT CONTROL
E0: SNAP-ACTION Pressurs SWICHRARE
An O iy the combination of 3 MURPHYGAGE® and » SPDT
nicro switeh, The awitch will SET (ses wiring Diagram) a1 s
preset low prassurs potnt on falling prefisurs. As the presyund
rises, the swilch will RESET. approximately 10% of scale ebove
the low nressury SEY point. {The 10% differance is inherent in
tha physical movemaent of the micro switch.) By knowing the
low pressure SET point this 3 wire SWICHGAGE can be used
to minke or break i circuit.
For Example, you have 4 0-100 :2: EQ with & SET point of 15 psi;
the switch will RESET at +10% of ecale ¢ 25 psi. This O could
be wired to hght a lamp on low pressure start-up, and than put
out the lamg as pregsure rises past 25 pai,
The SFDT micro switch is rated 3 A @ 30 VDC inductive and 4 A
i® 128 VAR induci've.

FLASKING LED ALAFIM
ST: LED Flashes On SWICHGAGE™ Closure
Tne $7 has a stanga’d, front limit-contact for low pressure
almm. For shut-down or auxiliery siarm. wire to compatible
rating, see examples of Murphy audible alarm and magnetic
switchgs given below.

Vebw FROM
neAR i

on CASE
LED MATING: EAAMPLES ;;:; O
NEO. GHID, ONLY ot 12 Voo

START-UP PREBSURE LOCKOUT
X-PT: Semi-Autovngtic Lockout
On start-up pressure, the BWICHGAGE® low Himit contact can he
by-passed by the lockout bution. The lockout will trip
sutomatically on rising pressure. Lockout relesar leval is factory
sat: check at irittal start-up.

TROUBLE SHOOTING TIPS (Where problem appears to involve Murphy products)

PROBLEM PROBABLE CAUSE & POSSIELE CORRECTION
Engive will rot sten » Blown fuse in magnetic switch circult; replace with 14 A fuse.

« Falie ground in control cireutt: :

= Open circuk {CLOSED LOOPS); repeir.

« Contro! circult overioaded by accessories: rerouty sccessories.
False Shutdown * intarmittant shorting in wiring due to wear or jnsuletion breskdown.:

check all wiring, repiace as necensary.

» CLOSED LOOP® cirouit hus intemittanmt open or thort: check all
wiring, replane as noeded.
Wmdmaumm.mmmmwb repalh, repiace

ot relocate switch as nesded

SWICHGAGE® closes but doas not trip
the magnetic switch or kill the engine,

« incompiete circuilt: locate opan circuit and repair.
* iagneio not providing power L primaty terminal pou:

repair magrelo.
« C.D. typs magnatic switch being used with magn#to of baliery:
replace with correct magnetic swilch.

SWICHGAGE® closas and kills engine,
but it does not trip the megnetic switch.

+ Magnetic switch binds, prevents trip: adjust or replace the switch.
« Coaventional magnetic swich is used with C.D. ignition: repisce

the switch with a C.D. designaded switch.

TATTLETALE® tripped wut engine « Lowt ground to Ll enging: repair.

is stll running (meg. or C.D.)

Pointer wll not operate properly; » clugged lines o pulutbﬂ dampenar; ramove and clean of replacs.
inaccurate raadings. * Kinked/crin n of vacuum fina: replace Ene.

Poirte® or comact burned-in-two.

« Without uxalpuon this eondltion is caused by incorrect wiring or & short circuil

refor to wiring diagrams and recheck wiring: replace SWICHGAGE®.

if you necd additional assistance, contact YOUR LOCAL MURPHY DEALER, or a Murphy reprasantative st one of the

offices listed on thiy form.

» -
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SWICHGAGE " INSTALLATION (Refor to orawing)

). Secure the SWICHGAGE® in the panel, using the clamp avy
nuts provided.

NOTE: Be siicw the SWICHGAGE " and pang! are ground«d.

2. Connect the pressure or vecuum line, uaing # 1/8 NPT adap-
tor at the SWICHGAGE * and.

NOTE: B'e yure that prassure ling it clean anmd that dipe Hopa or
tetion used on fittings Zdoas not Hock the ling.

swcu AGE
WEZEL . ,.f" ﬁﬂf_" - szcum. CLame
syt i{ -
msnu.u?liw -
i -——PSN ~COMIACT
o T ommaon
s ' COMMON
WASHER ~= LIMIT CONTACTS
TYPICAL
TO MAGNETIC
il v I
TATTLEYALE
PUSK wﬂon/ [ S HONC 8
DREAL — /!
POSITIONING
STUD =’ S

Muiphy recormmends mounting SWICHGAGESY knd mag-
netic switches away from gxcessive vibrations an thas use of
panel shock mounia wheraver vibration may occCur. Handle ali
instruments with carae; aithough durable. these products
should not be gubjected to rough handiing, dropping, or
severe vibrations,

Mzgretic Switches: Mount with slectrical lugs down. If neces-
sary, drill the TATTLETALE® and pilot-stud holes (template
providad): clean away burrs and filings. Position the magnetic
switch in the pana!, making sure the pilot stud is in place. Add
TATTLEYALE? decal, then washar, then nut ana tighten.

.‘;§n8 2 RaUngt %L N D'S\Mﬂ

USE THE PROPER TOOLS ~—

TYPICAL INSTALLATION

A not i & praw'redd panel. wire the limit switch{es) to a
Murnly ategnetic switeh or ralay.

NOTE: Piot gaty (2 A @ 30 V resistive) contacts must ba
protecied from hign currant: disconnec! power auring
Wi,

TELT: arav wuigrnent; wait 107 pointer to lift off low contact:
Chmek ruRd-agL, close Hinit switth/eg) to slarm/shutdown: ad-
NG lienit LoMITT to cornct Lmit point.

DO MOT USE
ADJWSTABLE
WRENCHES

@)

A=

(<T-X1
NULTIMEYER

DG NOT OVERVSHTEN

BASIC WIRING OF SWICHGAGE" AND MAGNETIC SWITCH

+ {isconrtect battary o oth.er power durninp installation.

o Murpihy components are easily wired-up and maintainad.
Usa good quality wire and terminale. Be cure all connections
are Clsan, Compiete and Correct. The wiring arid the type of
magnetic switch ditfer for various applications, but 8 knowi-
adge of basic slectricat functions and of the circuits necessary
for the spacific job {what you want to happen), and common
sense will maks the system work the wey you want i1to work.

See examples D! typical wiring and instructions packed with
each Magnetic switch,

SWICHGAG 1 §%, Murphy magnetic switches snd vaivas, prop-
erly installed and maintained. sre effective, work-ready tools in
any preventive maintanance program. For optimum perfor-
mance. check these tools periodicatly: lpok for trozen
pointers, kinked ar worn tubing, broken wiring or loosa con-
nyctions: c'ose the contacts, then watch for expected results.
Repiace any damaged or wormn part; clean and repair as
 si@CEsAary. Murphy will rapair or repisace parts covered by the
Murphy two year Himitod warreniy.
» Check the wiring: it must be Correct and Complste: tight
connections. unbrokaen insulation, no accidentsl grounda,
do not run shut-down wires with ignition wiring.

» Chack ail tubing and connections for isaks,

"—

IMPORTANT, PLEASE READ COMPLETELY

& Mount magnatic swilchos and Murphy valves in an upright
position, 10 preveat Moisture colgction and shorting.

Clcaning Lexan LANFOS: mnce many sirong soivents and
cieaners cor haes und permanghitiy damage the clear polycar-
ronale ks on SWICHGAGES®, please use one of the so-
lutiong livted here: mild sonp snd woter; mineral spirits; white
kerosene: YMAP naphihia: heplanehexane; varsol No. 2;
menthyi/isopropyl/isabutyl alcohgis: 3 & 3 denatured al-
cohois; tracos TF & TE; petroisum siher (85°C boiling pt.).
CAUTIOM: Many of these cleanors are flammabie, DO NOT
USE when the oquiprient I8 running or very hot. Keep away
from eparko ard figme.

FRANK W. MURPHY mamustacture:
2.0, BOK 4TODCR, Tisa, Ovaancnes T4THT, UBA WL (97K) 527 D556 s (018) B84-8148 Tx 657003

N paie

N

- Dmiptm

FO Bow M'l w !‘n& Tr47L. UBA
oL (713) ME-OFPT san (713) 3414008 na OIS

FRANK W.
. Veraona. Derses Sr2) SAY. U K
Yo RO BITED wax (02021 27680 X 410388

PRANY W, HNEY oy,
D, Regubine ¢ Singapsre 1545
T (83) B41- 3108 pak (35} LB ne AEMIOS

. WURPHY tronee
31, rus Prmiewr. 96470 [ezark France
THL (V) 30 PEBANE sax i1 30 TR

BT OF CALR OO
O Boa 13§ Fnpgm Coblems 33450
m B0k} RTEAT0  oax (BOR) Be7-7570
WP Ty (T8
Agyrahs

6 Porramans ru - Auam. (NBW)
TR R 71T san G1-F-T4R- 1AM

ail
"

RO
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'RED LION CONTROLS

BULLETIN NO. CUB:2C
REVISED %0

NTERNATIONAL NIADOQUARTIRS
20 Wiliow Circle, York, Pa. 17402 (717) YRY-4811 Crenford Lars, Heston, Haimelow,

TWX: 510 687 €214 ALC YRK FAX: (117)

MODELS ¢!)8 1 & CUB 2 COUNTERS

. Miiinaex
ENGLAND ©1-T53-0004 YWX: 24178 FAIRNO G

TWSSNQ

OPEN UP NEW COUNTING HORIZONS, FROM COUNTING SIMPLE SWITCH CONTACT CLOSURES

- TO HIGH SPEED PULSES FROM TTL, CMOS, GR OTHER
ELECTRONIC SOURCES

- AT A PRICE LESS THAN EQUIVALENT E.M. [ELECTRO-
MECHANICAL] COUNTERS

The heart of the CUB is a tiny custom silicon chip developed by Red Lion
Controls. Mﬁymmdwmn‘dﬂwmhum
less than .02 ( S} square inches, h'dmu-u; h&pudd\-r
peripherai perts are atached to & sob being
made uitrasonically - vnuvlnlmwdy lBhMrdlm
bair. The msult is an enurely new concept in coumting, shat it wex only cost
affackive, but opans the door to counting spplications that wmtil sow were not
sconxvaically feasible.

AND HERE ARE SOME MORE ADVANTAGES:
SELF POWERED
Sealf Contained b limns the nowd for external power and prevent
losr of count if power fadls. Also provides for remnse or pociable spplications.
Batiery aperution slsd meade ekidnaion of ghock haaard and sllows the use
of Zoncacuor befl wire for aoum signels mnd micro-powur input signals.
Basrize s0 sesily iaplaceshin (2 “N™ Cells. alhaling) and sversge Seusary
Nfe is foue yuars.

HIGN SPEED
ﬁu%m“uuhmlmmlmm “high perfor
muxes™ M, comniery, Thtopmwpvmmwm-nunmw-

vioutly were immpossible, or w best, d by exp

countars costing 5 10 10 1hives 2 mwnch.

FLELBILIYY
Vnme:mi-pnumnmﬂnwmmmmawdphe
ounpens from w and The roret omn be dis-

sbled, st tp far fron panal mees, romoie mest, of Both,

NO-WEAR, NO-NO!OE

The CUB's mi i y and silently lsts encugh
Mnmhvhuqiﬂdymm-mﬁwym” Mors
over, it can repast this performanas 3500 times (4 yaars) with just one set of

RELIABILITY
Intemal ek by~ hstands masy tmss the G~
lmdﬁd.‘vihwmewwﬂwmdmm
CUB slso featum el This elirni long wm
. ‘m.—. o~
Bumqum -mdqr-dhp\lmunu; pluc an inheront commaon
mode rejection raic of more than 12048 @ S0/60HZ, provides uhrs-high

imowenity from slectrical noise intarfarence.

RUGQED, SEALED FRONT-PANEL CONSTRUCTION

Hoased in s dic-cast muial case, CUB oounters arz fromt panel sealed snd
designed 10 mest NEMA &/TP63 opecifications, for wash-down and/or dusc
when properly inetalied.

SPECIFICATIONS

1. UISPLAY: 6-digit LCD
CLB 1 -02° (Sewe) high  CUB 2 - 0.35" (Yrwm) high

2. POWER SOURCR: No sasemal power requind. Operatss from 2 "N” type
atkslice betseies (suppliod separsaly). Batiry Life up w0 4 years or more.
{See Mo, &t right )

3. COUNT & RESET INPUT SHINALS: Adepts 1o Cown-Switch Contact
Signals, Opan-Colloaror Transistor Outpans, and Bi-Polar Drive Owiputs as
dmh&“msmmmh.me Covater incrmumenis &nd ety
OFE ﬂlwymdmwunnw

AT:NG TEM] EAATURE RANGE: 0°10 86°C (33" o0 1 2I°F

5 STORAGE TEMPERATURE RANGE: -20° w +610°C (4* 10 +140"F)

6 COUNT JPEED: Up 10 500pe with switch contact inpw (comiers Asve
indarmal du-downce circuiis) or ap w 5000cps with solid-sate sleciromic
ingux (See diayrams on precding page).

NOTE: Oniy Alkaline Calls are v ded for use with CUB Connisrs. 13O
NOT USE CARNON-ZINC RATTERIES since ihey have short life tives
ond con leak slectrolyte causing istecnal sorrosion domoge. Whan wsing
swilch cowmdacte foo cownt inpet o remcts ressi, Rivmally epen corsci
cirmiis we ded. Switch that remain aormaliy-clossd
s are opunad enly brigfly 1w signal @ cowns, cax redacs battsry Kfe to
yomgwiel igis 1 4 years.

USE CUB COUINTERS WITH:

YCM + YOLTAGE CONVERTER MOUULES foy iseixted, A.C., control veliage count inputs ic 270VAL,
LCM « LOGIC CONYSERTER MODULES fov interiase wmn standard leglc veltages & oviputs,
PSMA - POWER SUPPLY & INTERFACZE MODULE for operstion with seiectronie sensors.

[See Accsssory Section O! The Cetalog]
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DIMENSIONS, INSTALLATION, & BATTERY INSERTION

After couting cpening in pansl, tlide the psnel gasks over the ruar of the
counter hody 1o the brck of the bezal. Then alide counter through e panel
an-out. Jagall mounting clips on each side of coumter body with mounting
wKrews.

cup1

3 Y0 6.1 o Temews

v K asen

Make surs the side nails or tabe of the clips fit itwo the recasses in the side
of the coumar body 30 that the “Tang Exds” or “Tade™ wedge betwean the panel
opming end body ax the screvs are tightened.

cus 2

Barvgny
covER

DIMENSIONS "in Inches (mm}”

BATTERY COVER REMOVAL & BATTERY INSERTION

[~/ B
mmwuuu-mnmmmmwm
mating Jock mmpe oa the cover. To ssmove, insent humbnail snd
f-‘ernﬂ-hmhwo-dnqpu-dmdqnudum:y
oover, el dafla the clasps alightly W0 olesr the edgas of the ramps whils
puiling out ou the cover. To replace cover, siowply push into place oniil both
daspe snap into engagemem with lock remps.
CAUTION: Do not dafSect claspe more than necessary to clsar bock rampe.
Excessive daflection can cause claspe to bresk off.

cuB 2
Slida batiary covir 10 the leht antil the right had lip disemgages snd pops

o, Towm.mmwﬁummm#mnh

mwmmbwmumwmmm Isstall

batievies a2 sown below proper polarity.

NOTE: Phhhmqmdlplolhlqﬂ. d } Sately
Jrou tha hattarias whes rmvugcrmmuhﬂ.uu C-Mm
<. subbar botiary comsacls can ba torn from their resaining ping if batssries
ure forzed in.

H f J Push Contuct Springs

Toward Conoatiw To Allaw
Sattorion To Desp in Froely.
Do Net Push Or Force Bat-
torien inte Piaco.

P

ELECTRICAL CONNECTIONS

Wiring nant to count-switches o 10 remote 736t contacts can be made with
nhounyhnddunmdmﬁmlulwolkn.mwm
sdvaniages of Jow-voltags Jow-curtent opsrsiion. The inherent moise im-
mummmmmmnm rﬂnmdum
m;.bnv-hldhwg A pecially ‘n high

1. Avoid long wire rus in cable roughs or conduits witk power ci

2. Mount tha CUB i & panel that is grounded to the maching frams.

3. When wsing socassory devices sach s LCM's or PSM's into the H.§. ONT.
Input, the scosxsory devices should be mounted necr the CUB Couer.

ORDERING INFORMATION

-CRELAG. L ORICT 210N,
R T EY T N - X7V

S T Y Ty ey Te——
ot 1 T CUR ) Soke bachaca b oD |

e e L a1

For mags s vy
[P v toce AL draritede.

Whiurs K ome Sastien " o/ e ALC Colmug o7 fo l

NOTES

1. Bameries NOT supplied with ordee sepermsly. 2
required per unit.

2. Counmra npplied with required inchudes 2 9

cligs & srews. ww;m«uumm\m
3. Courirs supitied with Sonnecr body & whine, yellow, § black
wirts. Kit ICA includes corveci? body & ore Gach of black,
whith, blus, & yelow terminel wres.
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| APPLICATION FLEXIBILITY VIA RECONNECT CPTIONS

ion of dest iag modss is anily done by #dding or moving
!vmmllhod‘m(hlnpurmmk'}y. The sonmector body is

IO BEMOVE TFRMINAL, crosnt blacte of o smalt screadsiver divo slot of
conpector body, and geatly pwsh in 40 discagagr lock pawi. Pull cerminsi

WHEN INSERTING TEKMINAL iato connector body, make sure tf lock
pawt (4 toward the slot in the body. Push tenninal in until lock pawt
soaps into slot.

CONNESTO N
%007
oy -
e = ' B
A e
LOCK FAWL -
[rerees
LOW SPEED COUNY INPUT, S0CP8 MAX, [For 250cps ave note In text]
SWITCH NPN O.C. TA, PP 0.C. TRANS-
CONTACT OR (M) FET mPUT iSTOR OR (MIFET
N8, et Uy
L wte oy WHT -y
0.8, Cu Y, prng-
sary. Q:“. (1% ‘f-

e

Pulling the LS. CNT. Input to Common with a mecianical of solid-
suate switch increments the counter. The low pess fifter (lmeg resistor
and 4700p( cap) used with & Schmidt trigger circuit debounces
mechunical switch signats. The wwitch ioad is 1uamps (max. wolage
drop 05V) when ON OFF-state leaknge muit be less than 2usmps at
v,

CansT.Cu,

- I ;LI“

Roed cwitches, morcury wetted coatscts, snap action kmit switches,
for generating count inpws cignals. Motor siailsr contacts, fuagsita
ccatacts, and brush-type contacts should NOT be use.

NOTE: By pawalls! connecing both HS. CNT. avd L.S. CNT. inpuus,
count peed can be increased 10 25 cps if de-bounce is not Aerded.

HIGH SPEED COUNT INPUT, 5000CPS MAX.

ﬂ

Hoving the white wire to the HS. CNT. input atioms thie CUB
Conater 10 oprute at speeds up 10 S00)cpe when driven by bi-poler out-
puts ur extemal circvits having an output impedance of 3.3Kobhms or
lm Input drive vollage must be limited to 3.0V maximem t0 avoid »

into the b ies which can cause premature battery
(ulnuorlunge CMOS and TTL Logic outputs cen be loaded with &
resstor (Ry) 1o limit drive voltage, or a voitage divider can be used as
thown for the PNP O.C. Transistor output.

18! 4. X1 4.
»evoc r ";A:_‘"
Fig 2 &3
[Sne o - =2 o
CIL.8. ONT. . v R
unn'mm. 4 ':‘::' 5 = 3 2
g“ g L) -ul ) ‘7‘%"
p—— » S INARL)
TYL OR CMOS PNP O.C. TRANSISTOR NPN 0.C.
ouTkUT OR Bi-POLAR OUTPUT TRANSIS TOR

Vi ) & +27V min. +33V max

a (Low) » $05V max.

NOTE: The PSMA Power Supply and Insecface Modiiz used for powering
RLC sensors with CUB Ci Aas proper inserface Gexpe for direct
driveio HS. CNT.

U

| RESET OPTIONS

.g:
w ]

- 4700 pf

f=2 2 3 )}
CaLe ey
3 mew epy 04
(=L AT

£ covmon

g
[ ucats l IF 3 10 Couny

S
oW ON

Connecting the RET. EN. (Resct Ensdle) Input to Common sctivates
the {7001 panel Rewst bution. When the front panel Reset bution is to
be Ge-activated, remove the yeliow wire from the RST. EN. laput.

When Remote Reset s sequired, (e blue wisz in the BRrdware pack s
counter to meet. The REM. KST. can be pelied low by eith.r »
machanicsl switch or solidstate tramsistor switch.  Switch lowd and
teakage are the same as for LS. ONT. Input sbove.

NOTE: Toe NC prowsction cirouie om ihe REM. RSYT. Inpott casses o delay

at apprrenssely Gnsec in Reves ey n.
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1334 Greonvile Rosd
Latirange, GA 30240

Fex 7088840818

WATER DETECTION DEVICE

DETECTS HIGH WATER LEVELS
IN FILTER SEPARATOR VESSEL SUMPS

DESCRIPTION:

The 300-811 Water Detection
Davice vres developed to repisce the
ficat control snd slug valves used on
fiiter separstors.

The 900-211 Water Dstaction
Davice detects water lavel in filter
separatar vessal sumps. When o
high watsr levet it detected an slarm
Nioht wurmg on. Personnel can (Nen
manually drein the wster, The
suxilisry contacts Can opersts an
sarm or shut off the pumps, etc.

For years individusin have had
difficulty wouble shooting float
contro! and skug valves. The 800-
811 is ai clectric device and is
extramuty reliable. The 300-811 is
assior 1o Jdisgnose and repsir thea
hydradically opersted devices.

OPERATION:

A donut shapad foat is instal.ad on » pre arilied plate. This plate assembly fits on the fiost cuntrol valvs mount. The
ot rides on a stainisss s1sel stem. When the water bsging to rise in the sump, this flost foliows the interface
batwesn fusl and water. The contscts insite the stem are activated by the magust in the fioat when e wetar
Teachas the siann level. An electronic relay registera this contact closure becauss of the increass in resistivity of the
closed contscts. This method of signal pryvents high voltage inside a vesse! fillad with jot fust and mskes the unis

intringically sate.

800-811

®

FILYRATION SYSTEMS

900-911

SIS A R B & e ,‘l i
Water Detection Device Float Assembly shown above.

.
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SPECIFY WHEN ORDERING
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—-Tﬁl:j
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CONSTRUCTION DETAND
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Strainer: Sninioke Stuel Type 304

flixe Wergnt
LY L 3C s
2 ) L de1it bbe.
g . 18174 ins.
3 . . 27 3.
& 42 lbs.

[ 28588 |
LINE STRAINER
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APPENDIX ¢
After-Action Memorandum From the 24th 1D DISCOM
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MEMORANDUM FROM COMMANDER, DIVISION SUPFORT COMMAND,
24TH INFANTRY DIVISION (MECHANIZED) SUPPORT COMMAND,
FfORT STEWART, GEORGIA 31314

MEMORANDUM FOR COMMANDER, U.S. ARMY BELVOIR RESEARCH,
DEVELOPMENT AND ENGINEERING CENTER; SATBE-FL,
ATTN: MR. M.E. LE PERA, FORT BELVOCIR, VIRGINIA 22060-5606

SUBJECT: Filtration/Additive Unit

1. As we bring our use of the Filtration/Additive Unit (FAU)
to a close at Fort Stewart, I would like to personally thank
you for your willingness to send it to us and allow us to
utilize it in cleaning up our fuel contamination situation.

I hope you found its uze 28 beneficial as we did.

2. We found the FAU to be effective, to perform as
advertised and balieve that “here is a definite place in the
Army inventory for such a piece of equipmiat. As you
=ontinue davelopment of the FAU and eventual fielding, thare
are saveral issues which we racommcnd be addressed.

a. n;a;:;h351gnﬂ As we transition to a single fuel, the
need to nmaintain clean fuel is doubly critical. Utilization
of JP-8 for the entire force regquiras that all fuel within
the Divigion be maintained at Aviation specifications all the
time. We recommend a minimum of one FAU per Division, to be
located in the Main Support Battalion. Under ideal
conditions we would prefer a minimum of one FAU per each
Forward Support Battalion, the Aviation Support Battalion
(AS2) and one in the Main Support Battalion. Fielding of
five per Division will strategically place the machines
acruss the battlefield and will ensure that fuel purification
capability is within reach of every unit on the battlefield.
Also, fiolding of five machines will allow the machines to be
mutually supportive should the nesd arise and will also allow
cross leveling of them should one become non-operational. We
have learned that oniy one of "anything® can be a problem as
the loss of it can bring an operation to a quick and complete
halt.

k. Mission Assignment. Reacommend the mission tc oparate
the FAU ba assigned to the Quartarmaster Corps and ultimately
the supply and service companies within the Division. Logic
dictates that the mission of fuel purification be assigned to
the agency which actually handles the fuel. This provides a
single source for customer suppoert and eliminates the "middle
man® when a2 fuel purification mission is to be perfourmed.

185



AFZP~-VS
SUBJECT: Filtration/Additive Unit

c. Militarization, Recommend you continue plans to
"Militarize" the FAU. In its current configuration,
fittings, filters, and controls are largely exposed. Theirxr
exposure increasas the danger of damage to the FAU from tree
limbs or other items which may be encountered in a field
environment. In order for the FAU to be a viable piece of
equipment, it must be capable of going to the field and
operating in a tactical environment. For example, recommend
you consider mounting a "box" over the fittings and hoses of
the entire unit in order to protect it from damage. Looking
at the Reverse Osmosis Water Purification Unit (ROWPU) design
and structure may provide insight into this recommendation.
Also recommend you consider redesigning the elactrical system
(taillights, etc.) to accept a 24 volt system in order for it
to be compatible with tactical vehicles. The weight of the
FAU requires it to be pulled by either a 2 1/2 Ton cargo
truck, a 5 Ton Cargo or a 5 Ton Tractor. Recomnmend the
towing lunette on the trailer be redesigned and relocated ir
necessary in order to ensure it accepts the towing pintle
from the towing vehicle.

d. Miscellanecys. Recommend yocu add a flexible "wand
type" device (3 to 4 feet in length) to the end of the intaka
hose. This device will assist greatly in reaching fuael cells
of all types of vehicles (tracks and wheels) and will also
help reach secondary fuel cells on combat vehicles. This
capability will enable the FAU to provide a more complete
filtration capability.

3. Again, I would like to express my gratitude. The entire
petroleun community rose to the challenge and provided
detailed and greatly needed assistance. Professionals froa
your organization, from Southwest Research and from the Army
Petroleum Center worked long and difficult hours in order to
keep the 24th Infantry Division (Mechanized) combat ready.
Please feel frea to call if we can be of assistance in the
future., My POC is the Division Materiel Mnnaqcmcnt officer,
MAJ Bryan L. Wiles, DSN 870-8993. .

col, oD
Commanding
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APPENDIX D

After-Action Letter (Point Paper) From Camp Pendieton,
1st Reconnailssance Battalion
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UNITED S§TATES MARINE CORPS

18V RECONKASSAMNEE BATVALION [LAGHT [NatORRN)
ST SARINE DOTRNHE RN, Fué
CAMP PTHDLEVON, CATNNIER GITLS-0aXS 1M AEPLY WIFEN TO:
4700
(o)
4 Mar 93
BQINT _EARER

From: Commanding Officer, lst Reconnaissance Battalion
To: Commander, lst Marine Livision, AC/S Logistics

Subj: FUEL FILTRATION AND ADDITIVE UNIT (FAAU)

Encl: (1) U.S. Army Belvoir RD&E Center Special Bulletin
(2) U.S. Army Belvoir RD&E Center FAAU Pamphlet
{(3) Trip Report from ¥r. G. B. Bessee

1. Pagkground. For at lesst a year the Battalion has experienced
continual problems vith the clogging of secondary fuel filters on
the light armored vehicles (LAV). Al) indications are that the
cause is fuel contsminated with water, nmicrobiological agents, and
sedixent. .

&. Bulk fuel delivered to cur underground storage tankz is
treated on site with a bjocide and stabilizer that affectively
checks microbjiological growth. Howaver, as tha fual is stored ovar
relatively long pericds of time both in the underground tanks and
LAV fuel cells, it grows increasingly contaminated with water
through condensation. Simultaneously, microbiological growth that
has been terminated by the biccide additive, along with other
particulate matter, settles to the bottom of storage tanks and fuel
calls foruing sludge. During vehicle opsration the sludga is
agitatad and passas into the fuel system, ultinmately clogging the
two filters, particularly the secondary (five micron} filter.

b. The more often fuel is utilized the becter, as condensation
and algee growth is minimizaed, as is the formation of sediment.
Howaver, LAVa rarely come close to ucilizing even half the fuel in
their cells during a typical training week. Because this condition
exists, and vehicle performznce is so advarsely arfectad due to
clogged filters, to date there have bsen four approaches to the
problem. ’ .

(1) Fuel cells are "topped off" at all times to limit water
formation throungh condensation.

(2) Periodi= puvrging of the storage tanks is required.
This is not only a ceetly process, but can also result in the loss
of already purchased fuel-—-now contapinated. There is zlso the
added cost of disposing of it as hazardous waste. Additionally,
there is significant lead time required in acquiring this service,
and the recovered fuel is only run through a tweo filter process as
opposed to the FAAU’‘s six filters.
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{3) Fuel filters are replaced. Filters, of which there are
two, cost I25.00 each. .

‘ (4) LavV fuel c2lls are removed from the vehicle for.
purging. This ls a manpower intensive process as it takss two
mechanics 15 hours to complete the task.

2. Dlscussion. ‘The problem of poor fusl quality is apparently
wvidespread as discussed in enclosure (1). The ~rux of the problam
at our lavel is to find a way to periocdically filter the fusl in the
storage tanke and LAV fuael cells. We have been proactive is
pursuing strategies to identify solutions that are aconomical, and
at the sama time minimize labor custs and negitive impact on
training. Part of this effort has baen to seek assiscance and -
reconmandations (rova various agencies responsible foxr fuel handling
within the Divivion, MEF and Base. styuctures (e.g., .G~4, FS8G Bulk
Fuel, MCB Bulk Fuel, MWSS Bulk Fuel, etc.). We also sought
information through our various LAV specific contacts, fnr aexample,
MCLB Barstow and Albany, the LAV Program Manager  (LAV-FM), ete.

a. CWO2 Shihinski, our maintenance officer, saeus to have found
a potential solution through the LAV-PM (Enginaering Section), U.S.
Army Tank Automotive Command (TACOM), Warren, Michigan. He was
informed by TACOM that an axperimental filtering and additive device
was under development by the U.S. Army Belvoir Research, Davelopuent
and Engineering Center, Ft. Bslvoir, Virginia (Enclosure (2)).

b. In December, CWO2 Shihinski centacted Mr. Maurice E. Lepera,
Chief of Fuels and Lubricants Division, Ft. Belvoir RD&E.
Arrangements were made for the FMAU to be shipped to us as part of
the testing and evaluation process. Technical assistance was
provided by Mr. Gary B. Bassass a reprasentativae from Southvest
Research Institute. Mr. Bessee confirmed that any cost would be
absorbed by his agency as the davice was stil) under davelopmental
study at Ft. Belvoir. Prior to shipment it was clear that no cost
would be incurred by either First Division or the LAV-PM’s office.

c. During tha approximately one week in late February that Mr.
Bassaea and the FAAU were on site here at Las Flores, ocar entire
stock of fuel was riltered to the 0.5 micren level. This lnciudes
the fuei in our storage tanks and 94 LAV fuel calls. The kay point
is that ramoval of the fual call wygs not necessary for efficient
. filtering, aud each fuel cell took less than 20 minutes to purge
using only tha mackine and a single operator. We subsequently
shipped the unit to 1st Tank Battalion with our own operator, vwhere
it is my understanding that over 14,000 gallens of fual wsrs
cleansed.
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3. SumRary

A. The savings raalized in labor, material, and fees to
civilian contractors to clean storage tanks are obvious. It is also
extremely essy to operate, reguiring only about 15 minutes of OJT.

b. A gystem like the FAAU also has strong application to the
Marine Corps as a primarily expeditionary forcs. Basad on our
recearch into the matter, there is no filtration system similar to
- the FAAU currantly organic to the Marine Corps. It is our belief
that it would have immediate applicsation both at home and abroad.

(1) The fuel problexs exparien during Desert Shield and
Desert Storm ara legend. The most senior staff noncommissicned
officers who serve ir the Battalion’s maintenance saction attest to
the difficulties they experienced with cuntaminated fuasl from MPF
sources. They also describe savers problems with "bhad® fuel.
delivared longy after MPF sources waere dry.

. (2) As an expeditionary force we routinely daploy to
nations that are unlikely to maintain an accaptable level of quality
control in fuel storage and shipment. It is likely, therefore, that
a daployed force would ba reguired to utilize fusal purchased.
locally. It ig also likely that this fuel would have some level of
unacceptable contamination.

(3) In the event of conflict, contingency operations, etc.,
captursd anemy materiel, particularly fuel stocks, have proven
useful in relieving the pressure on friendly logistic systems.
These stocks could suffer from some degree of either intentional or
unintentional contamination.

¢. The effectiveness of the FAAU is clearly evidenced by
enclosure (3). The point of this paper is to.pass on what ve

beliaeve tc be very useful information and recommend involvemant in
the development and fielding of the FAAU. )

Jel el
. F. Kelly
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1. EUROPEAN COMMAND
CDR ATTN:  BCIALL 1
MILITARY TRAFFIC MGM COMMAND VAIHINGEN, GE
ATTN: MT-SA 1 APO NEW YORK 09178
WASHINGTON D 20315

Department of the Navy

OFFICE OF CHIEF OF NAVAL RESEARCH CDR

ATIN: OCNR-12E (DR ROBERTS) 1 NAVAL RESEARCH LABORATORY

ARLINGTON VA& 22217-5000 ATTN:  CODE 6180 1
WASHINGTON DC 20575-5000

CDR

DAVIG TAYLOR RESEARCH CENTER US MARINE CORP LIAISON

ATTN: CCODE 2759 (MR STRUCKO) i ATTN: USMC-LNO (MAJ OTTO) 1

ANNAPOLIS MD 21402-5067 US ARMY TANKL-AUTOMOTIVE COMMAND

(TACOM)

COR WARREN MI 48397-5000

MAVAL FACILITIES ENGR CENTER

ATTN: CODE 1202B (MR BURRIS) 1 DEPUTY COMMANDING GENERAL

200 STOVAL STREET USMC RD&A COMMAND

ALEXANDRIA VA 22322 ATIN: PM GND WEAPONS (CB6T) 1
QUANTICCO VA 22134-5080

CDR

NAVAL PETROLEUM CFFICE COMMANDER, H&S COMPANY

ATTN: CODE 40 (MR LONG) 1 ATTN: COL I'F KELLY 2

CAMERON STATION 13T RECONNAISSANCE BATTALION

ALEXANDRIA VA 22304-6180 (LIGHT ARMOR)
BOX 555564

DEPARTMENT OF THE NAVY CAMP PENDLETON CA 92055-5564

Q. US MARINE CORPS

ATIN: LPP-2 (MAJ TALLERI) 1

WASHINGTON DC 20380

Department <f the Alr Force

CDR CDR

US AIR FORCE WRIGHT AERO LAB SAN ANTONIO AIR LOGISTICS C'IR

ATTN: POSF (MR DELANEY) 1 ATTN:  SAALC/SFT (MR MAKRIS) 1
WRIGHT-PATTERSON AFB OH 45433-6563 KELLY AIR FORCE BASE TX 78241
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HQ. JS AR FORCE 015 EMSQASTY (MMEP) i
ATTN: LEYSF 1 BLIG 100 ROOM 334

WASHINGTON DC 20330 EGLIN AIR KJRCE DASE Fl. 32542-5000

CDR CDK

WARNER ROEINS AIR LOGISTIC CTR USAF 390 TEANSPORTATION SQUADRON

ATTN:  WRALC/AVR-1 (MR PERAZZOLA; 1 ATIN:  LGTVP (MR VAUGHN) 1
ROBINS AJR FORCE BASE GA 31098 OFFUTT Alk FORCE BASE NE 48113

sher Organizations

DEPARTMENT OF ENERGY

CE-151, ATTN: MR JOHN RUSSFLL 1
1000 INDEPENDENCE AVE, SW

WASHINGTON DC 20585
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