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EXECUTIVE SUMMARY

Problems and Objetiyves: Historically, tie military stores vehicles and equipment with full fuel
cells for long periods of time. Also, during maneuvers, vehicles such as the MIAl 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 these circumstances, the fuel deteriorates and absorbs moisture. Under these
conditions, degradation products are formed, free wattr is accumulated, and microbiological
growth may begin. These products will quickly plug the fuel filters, 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 fuel and dispensing the fuel additives for
microbiological growth control and fuel stability.

Importance of Project: A mobile Fuel Filtration/Additive Unit (FAU) could remove
contamnrrated 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 Agoroach: 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 field 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 short period of time.

Military. IrDa.t: The development of the FAU allows 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 !he

continental United States. When vehicles use this contaminated fuel, they frequently encounter

massive fuel-filter plugging. The constituents in the fuel that plug the filters include:

1) inorganic compounds, i.e., sand, dust, and dirt; 2) fuel-container surfaces, i.e., resins,

fiberglass, polyurethane foams, and. elastomers; 3) fuel filter media; 4) microbiological products,

i.e., fungus, yeast, and bacteria; and 5) organic products, i.e., fuel-derived sediment and gum.XL*

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 accmnulates 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 3f fuel cells on armored vehicles is

furthering complicating this difficult problem. Generally, the fuel cells have unconventioral

designs, containing many hidden traps for water and debris. Even if a drain plug exists, not all

the water and debris will drain. Heavily armor these areas and you have fuel cells that have poor

access and which are very difficult t properly clean.

Historically, the military has not been oble 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 MIA 1 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
I "single fuel on the battlefield." This concept had been successfully demonstrated in a JP-8 Fuel

Demonstration 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 repozi
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Desert storm had to operate on Jet A-I fuel. This use of different fuels created further fuel filter

plugging problems.

The military preferred to operate its vehicles and equipment on JP-8, which contains a corrosion

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.

II. 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.

IM. 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 operation, yet be user

friendly.

When designing this system, as many of these features as possible were incorporated, without

imacing the FAU unduly cumbersome to utansport and operate.

IV. DESIGNING THE FUEL FILTRATIONLADDITIVE 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 field

2



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 ma'imnum viscosity of 4.1 cSt 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-I 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, shown in Fig. 1, consists of four major components: 1) power and pump system,

2) control system, 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 self-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
temperature, and 4) emergency stop and emergency power switch.

3
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Figure 1. Photograph of Filtration/Additive Unit (!AID)

The pump system uses a positive displacement 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 celH 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.

4



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. Control 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

storage tank, and 4) air pressure.

C. Additive Inlection System

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, instaded on each additive

tank is calibrated for various injection rates ranging from 0 to 3,500; 0 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 used to pace the iajection 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 be used independently, according to

the additive requirements of the fuel.

5
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Figure 2. Diagram of injector

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 :ngagement of incorrect valves during the system operation. A separate
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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-I 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

MH.-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 permitting 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 permit, 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 loop 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.
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Additive Injection and Replacement of the Fuel Into the Fuel Cells - The fourth

and final loop of the numerical sequence allows the injection of one to three additives

(MIL-S-53021 or other approved additives) into the filtered fuel and to icurn the

additive-treated clean fuel to the fuel cells.

E. Filtration System

The filtration system is the heart of the FAU and consisu of three separate housings that can use

either conventional or threaded base elements. 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 neaw or on the bottom of the fuel 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 extracted 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 element 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 least the smallest particle that is potentially damaging to the hardware. At the present time,

a rated 0.5-micrometer element is used. However, if exna protection is desired, elements as low

8



a2 0.1 micrometer may be installcd. This filtration configuration provides the flexibility to handle

most fucl contamination problems that occur in the field.

ViA OPERATIONAL VERIFICATION OF THE FAU

The FAU operation was verified at the manufacturer's facility and was witnessed by BFLRF and

Belvoir RDE Cotter personneL The FAU was tested using approximately 1700 liters of locally

purchased diesel fueL The FAU was first tested using clean fuel to determine if all components

operated properly. The test fuel was then contaminated with AC Fine Test Dust, a sludge/water

slurry, and clean water and recitculated in the holding tank with a transfer pump to ensure that

the contaminants were thoroughly mixed. Samples of the test fuel wr taken before entering

and after leaving the FAU and analyzed for particulate and water concentrations.

The affluent (upstream) samples contained 39.0 milligrams pW liter (mg/L) of particultes and

2030 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.(5)

VII. FIELD EVALUATION

A. 24th Infantry Division (Mechanized). Et. FStwart. GA

The FAU had an inmediate 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 supplied BFLRF with thm fuel samples, a plugged filter, and a small amount

of material that had been removed from the side of a tank on an HEMTr refLeler to be analyzed.

Two of the samples we= 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 cells on an

MIAl battle tank. All three samples contained visible particulate and the bottom sample from

the bulk supply also contained sone undissolved water. Only the bottom sample from the bulk

9



supply had a particulate contamination level (12.4 mg/L) in exwess oi !he speification linrit

10 mng/L. The results from these analyses showed that the fuel was not contaminated with

residual fuel oi used lubricating oil; in general, these samples were clean and stable.

Infrared (IR) spectra analysis was performed on the he•hdr rnmoved from the plugged fuel filter

and HIEMTT samples. The sper conptained no indication of microbioiogica! debris, but were

consistent with the presence of fuel degradation produats, while the spectra for the HEMIT

sample had a small adsorption consistent with the presence of microbiological contamination.

BFLRF personnel visited Ft. Stewart to investigate these reported problems. Examination of the

fuel in the MAl battle tarkLs, in the field revealed few problemn. These were che vehicles that

had experienced the initial problem~s. During maneuvers, these vehicles had "worked" their way

through the probiems by consuming the contaminated fuel and mu~liple fuel filter changes.

Examination of vehicles preparing for maneuvers revealed the problems experienced prrviously.

The first sample was black in color and very highly contaminated with particulates. The second

sample contained much free water and particulates, but no indication of microbiologicl activity.

Tank crews indicated that, in some cases, the fuel in the front fuel cells had remained untouched

for more than a ye.ar.6() NKte: Ft. Stewart uses a biocide at its fuel farm to control

microbiological contamination. The FAU was air-shipped to Ft. Stewart for immediate

decontamination of MIAI battle tanks, M113 personnel carriers, and an assortment of other

vehicles.

Military personnel from the 24th Infantry Division (M) were trained in the use of th- FAU for

approximately 1 week and supervised during operation for an additional week, 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 fuels cells "breathing." In geogiaphic~d areas

with high humidity, the air contains large quantities of moisture, which condenses when ambient

tamperatures decrease. The heavy, black particulate debris is fuel degradation products,

10
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a. 4t I (t oldeo prtn A

b. ~~ ~24th ID (M) soldier saoip n etrfeltin deemneceUlns

Figure 3. Photographs of militaev personnel bein! trained in the use of the FAU

which is commnon in the military environment.(D Fuel stability is nc~t infinite. Therefore, with

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

11



Before After
FAU FAU

--- -

Figure 4. Fuel sample from MIAl 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) elastomer 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

f'ters. 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 MiAl filtration system was that the primary filter was

the only filter plugged when the maintenance personnel needed to change filters. The final

12
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Figure 5. Debris from an MIAI's front fuel cell collected in a 40-mesh wire screen

Check Fiberglass
Valves Shavings

Paper Rubber/Elastrometric
Materials

Figure 6. Photo2ranh containing check valves, fiberglass shavings, aer and

rubber/elastomeric materials

13



Toluene/Acetone/Methanol (TAM) Insolubles

Metallic Plating

Figure 7. photofraph illustratin to.,..ia/acetone/nmthanol (TAM) insolubles and
metallc DIAting

(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 additionsl costs and maintenance time 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 element 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.(®

14
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Figure 8. teo _el filter removed from ea M•A1 exueriencinf Diuffed fuel fithers

B. U.S. Marine Cons. Cared Pendleton and Twentynlno Palms, CA

Use of the FAU was requested by the U.S. Marine Corps, 1st Reconnaissance Battalion, Light

Armored Vehicles (LAVs), at Camp Pendleton, CA.( 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, Pltea.

A gunnery sergeant was trained to operate Ihe 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 M1A1 battle tanks that was drained fito an

underground storage tank. Once Twentynine Palms personnel realized the potential of the FAU,

select vehicles were aLso processed.

(GBB2A) 15



An after-action letter (point paper) from Camp Pendleton, Ist Reconnaissance Battalion reported

satisfaction with the operation and capabilities of the FAU, Appendix D.(.O)

C. FAU Modifications

After completion of the field evaluations, several modifications 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.

VUi. CONCLUSIONS

A mobile fuel filtration and additive system 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 benefit 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 Ft. 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 monitor the overall operations.

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

Automotive Engineers (SAE) International Congress and Exposition, held in Detroit, MI,

01-05 March 1993.(U.)
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IX. RECOMMENDATIONS

"The current FAU model was designed to prove the concept that a trailer-mounted

filtration/additive system was feasible and valuable to military logistic and maintenance

communities. 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.(•2)
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APPENDIX A

Design Requirements of
Filtratlon/Additve Unit (FAU)
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General DescripUon of Proposed Fuel
Filtration/Additive Unit (FAU)

Intended Use: The Fuel Filtration Additive Unit (FAU) is intended prmarily 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 minute (minimum) using diesel fuel at its maximum viscosity (4.1 cSt) 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 meet the Code of Fedcrii Re&: alto.nns "Fede.ral Motor Vehicle Safety

Standards" for highway use.

5. 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.

FilterlCoalescer

1. Unless otherwise specified, the filter/coalesc shall be designed to meet the performance

criteria of specification MIL-F-8901. 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 400C.

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 VIMI construction standards for pressure vessels and is compatible with

hydrocarbon-type fluids.

2. A 200-gallon temporary 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.

*CatrpijUl IH2 is a Refrrence No. 2 diesel fuel, and its specit.ation requiremcents are set forth in Section 5.2,
Methods 354 and 355 of Federal Test Mkdtod Standard (FTMS) 791C, and described in Appendix F of the ASTM
STP 509A, Part I and IL.
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4. All piping shc.ll be 2 inches in diameter.

Additive Inietion System

1. The additive injection system installed shall be capable of metering three separate additives
A

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. (Note: Any additive that is specified as weight

percent will be converted to volume pect.)

Power Supplies

1. Diesel engines shall be uswd to drive the pinp(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 running on external or auxiliary power in case of

failure of the on-board generator.

PUn2S_

1. Pumps may be centrifugal or positive displacement

2. The fuel transfer purW shall 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 cSt at 40TC.
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Extra Eguipnient and Paramee

1. The FAU shall have one filtration system that is sufficiently monitored to dete.mine when

the filters are plugging.

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

flow rates, pressures, etc.

3. Automatic air eliminators shall be installed on all housings.

4. If positive displacement pumps are used, a pressure relief system is required.

5. Sight glasses shall be installed in ail housings pla•zed near the top of the housing.

6. Differential pressure gauges shall be installed on each filter or filter/separator housing.

7. Pressure relief valves shall be installed on each housing.

8. Sampling valves shall be installed at the inlets and outlets of each housing and before and

after the additive injection system.

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

to manufacturer specifications.

10. A flow totalizer meter shall be instalied in the fuel flow system and for each of the additive

units with, preferably, digital readouts.

11. An emergency, master cutoff switch shall be installed.

12. Elastomeric materials used in seals and hoses shall be of the highest quality and fully

compatible with the fluids they contact
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13. Manual/automatic water drains shall be moanted on all filter and/or co~ilescer;/water

separatolls.

14. If diesel driven, the engine f&l storage tank shall be sized to allow a minimum of 4 hours

continuous operation without refuefing, but shall not exceed 118 gvllons.

15. A commercially available tool box with the approximate dimensions, 24 inches high x

36 inches wide x 12 inches deep, shall be mounted to the trailer.

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

hoses.

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

18. Materials that are disallowed are copper and copper bearing alloys when in continuous

contact with the fluids.

19. All materials shall be compatible with hydrocarbon fluids and fuel additives (Kaython,

FOA-15, Anti-Static Additive, and Fuel System Icing Inhibitor).

20. All equipment must be copable of withstanding double the maxinmum expected operating

pressures without failure.

21. The FAU shatl be designed to operate at tempeMaue,° from 000 (32 0F) to 50WC (122 0F) and

outdoors without shelter.

22. 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.

23. The contractor will furnish engineering drawings to BFLRF (SwRI) prior to fabrication.
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24. Testing of the system will be required with BFLRF (SwRI) personnel present.

25. The FAU shall meet all necessary safety requirements to ensure personnel safety.

26. 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 SEUECE

STEP 1. Open Filtration Loop Onltional)

Operator powers up F.A.U. and turns control switch to position #1. In
this step, the necessary control valves are actuated to allow fuel to
be 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.

STP2 Extr-ý.Jtion af Fuel into Holding• 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 tank aboard the F.A.U.

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 tanlk, 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 4: 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 the 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 diagram 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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37



ENGINE

DESCRfPTION MANUFACTURER S.N./PT. No.

Diesel Air Cooled Deutz 8222822
Ms•odel F3L01I
Manifold Muffler
12 Volt Alternator
Air Cleaner / Dry Type 438 -4102
Fuel Filter 117-4896
Oilr'-ur III? - "817
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FiII I II

New Engine. New Technology.
The DEUTZ FLIOll engine family offers In addition to the characteristic KHD DEUTZ

future-oriented user-friendly and flexible "all- quality standards, i.e. high reliability, indiffer-
awound" driving packages covering the power ence to extreme ambient conditions, modular
range between 10 and 53 kW. construction concept engineered for minimum

Future-oriented - as they are engines based maintenance and service effort, etc. this engine
on technical and social standards which will offers some important innovative features, such
safely carry us into the future. as integrated two-media cooling using air and

User-friendly - as their low vibrations, low oil, a new DEUTZ direct injection system and an
noise level, easy operation and excellent cab individual injection pump for each cylinder.
heating performance are the criteria which
define a comfortable working environment. New Values

Flexible - as their great number of optional The new FL ten-elevens are bound to be
components makes them a ready match for any winners thanks to their high fuel economy,
given application - a feature inherent to all reduced pollutant emissions in the exhaust and
DEUTZ engines, reduced noise level.

Various different power take-off locations They are outstanding performers in their
render the engine installation low-cost and power class, also in respect of economy and
simple. environmental compatibility.
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GENERATOR

DESCRIPTION MANUFACTURER S.N./PT. No.

Single Lima
Self Regulated
240 Volts
60 Hz
1800 RPM's
3 Phase

Note: 120 V on single phase.
one Hine of 3 phase is high
voltage
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S12800M

INSTALLATION, OPERATION AND MAINTANENCE MANUAL

TYPE MAC Brushloss AC Synchronous,
Internally Regulated Alternator
Frame 280

P0. Box 918
Lima. Ohio 45802
(410) 227-7327
TELEX 247433

Making Energy Work for You

Se8345
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PRINCIPLE OF OPERATION CIRCUIT DIAGR4AM
The MAC generator is a seli-regulated, rotating field Figure 2 shows the internal schematic diagram of
synchronous unit with the rotor having a salient tile generator, exciter and rectifier unit. rhe gen-
DiOle construction with amortisseur windinys. The erator issa three phase unit and the exciter stator and

generator stator and exciterstator are combined in exciter rotor also have three phase windings. Aa common housing. The generctor field, exciter portion of the exciter stator windings is connectedrotor and rotating rpctifier assembly are mounted across a tap on the generator stater winding. This
on a con-rnon shaft. The output of theexciter rotor is exciter shun' winding provides the geiierator field
applied to the generator field winding through a excitation power required for the generater rio load
rotating, full wave bridge, silicon rectifier unit. voltage. Another portion of the exciter stator wind-
The exciter pole pieces contoin residual magnetism, ings is connected In series with the output of the
setting up iines of force across the air gap to the generator end provides a compounding excitation
exciter armature. When the exciter armature begins characteristic.
to rotate a voltage is induced and current flow is IOF d-I
initiated in the exciter armature AC windings. This Stto Shunt I
voltage is fea to the rotating rectifier assembly. IS:ectifieJ and ted to fthe alternator field coils. This DC A

voltage is sufficient to magnetize the laminated I

alternator ield which will set up lines of force across I
the air gap to the alternator stator. As the generator Fiur S tor
rotor rotates a voltage will be induced and current I
will flow in the alternator stator windings ano to the i 7T L
output circuit. Diagram

All connections betweent the exciter stator windings IRecf .. Rolor I
and the generator stator windings are internally I Asamtelyr
conr acted within the stator housing. Only the output E_ er
power leads of the generator unit are brought out to The rotor is. in effect, the uecondary of a rotating
the generator terminal box. current transformer induction frequency converter.

The exciter rotor output voltage is applied to the
generator field windings by a three phase f ull wave
rotating silicon rectifier unit. The -esponse time of
the excitation system is very fast since the exciter
stator carries an alternating current corresponding
to the load current which appears immediately on
the exciter primary. An increase in load current will
cause an immediate increase in the exciter secondary
output voltage which is rectified and applied to the

, P Y ,generator 
field windings. The inherent compounding

charachteristics of the excitation system provide
excellent voltage regulation even under heavy over-
load conditions.
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PERFORMANCE DATA " op, ---
The excitation characteristics of fast exciter re- - .-0 I,-

sponse with maximum exciter output makes this J-

generator ideal for motor starting loads that require ............. .... .... ".&
a very high current at low power factor during the \- . --
motor starting and acceleration periods. At the

sametime it offerathe rugged, reliable. maintenance- V, - , ,.,
free operation inherent in the brushless type genera- - -

tor. No external controls are needed with a Lima - I !
MAC generator. .

The performanceofa tOkWLimaMACsynchronous N _0 so So _,00 __ '_ ,'
generator is indicated in Figure 3. L LI A-M(A

Figu 3

SECTION I
INSTALLATION AND OPERATION

UNPACKING, Ordinarily, a chain hoist is needed to jockey the
When unpacking. cheftk for damage in shipping. generator rotor into position.
Report any damage at once to delivering carrier. STANDBY UNITS:
Read instruction tags shipped with generator. Generators used as an auxiliary power source in

INSTALLATION: case of commercial power failure must be isolated
from the commercial line before being placed inThe generator must be properly aligned and located operation.

in a well-ventilated place where the air temperature
will not exceed 401C or 104*F, and should be CAUTION: MAKE SURE UNIT IS COMPLETELY
accessible for cleaning. An open type generator SHUT DOWN AND FREE OF ANY POWER SOURCE
should not be located where there are abrasive or BEFORE ATTEMPTING ANY REPAIR OR MAIN-
conductive dusts, corrosive gases or fumes, or TENANCE ON THE UNIT.
where excessive moisture may be encountered. A PARALLEL OPERATION:
totally fan-cooled generator rhould be Lsed where For parallel operation, both units must be of the
these conditions exist. Air openings of the generator same voltage, frequency, and phase. Phase voltages
shouldbecleanedfrequentlytoremoveaccumulated of paralleled units must be synchronized. This
dust and dirt, which may cause overheating and generator set utilizes the "dark lamp" method of
burn out. paralleling.

WIRING CONNECTIONS: ROTATION:
Electrical characteristics are shown on the name- Thegeneratorcan beoperated in eitherdirection of
plate. Refer to connection diagrams on pages 10 rotation.
and I for proper electrical connections.
OPERATION: OVERLOAD:

The load on the generator should be checked with
After the generator has been properly connected to an AC ammeter to se3 that the ampere rating
the driving unit and the load lines connected to the stamped on the nameplate is not exceeded. Pro-
generator'a leads according to the w-iring diagram, longed overload on the generator may cause it to
the unit is ready for operation. To connect the over load on the geto
coupling discs of a single bearing generator to the
driving engine's flywheel it may be necessary to LUBRICATION:
slide the rotor forward a few inches out of the stator, Ball bearings on .ima generators are pre-lubricated
taking care not to slide it $o far as to cause the rotor and require no further lubrication for the life of the
to come out of the bearing entirely and down upon bearing.
the stator windings. causing damage to the windings.

4
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SECTION Ii
SERVICE AND MAINTENANCE

PREVENTATIVE MAINTENANCE AND are, however, subjected to extreme centrifugal forces
OPERATING PERCAUTIONS: which can increase beyond safe operating limits at
Costly repairs and down time can usually be pre- excessive overspeed, Therefore, the prime mover
vented by operating electrical equipment under should be adequately governed to prevent over-
conditions which are compatible with those at speed.
which the equipment was designed to operate. Damage to the rotor can also occur due to over-
Follow the instructions as outined to insure maxi- heating which can be caused oy the air flow being
num efficient utilization of the eleCtricaI equipment. restricted from dust or other foreign objects collect-

COOLING: ing in the air passage.
Keep all cooling parts clean and make certainK alf iciroomisg lfts oln alides fmae pentaifl If a rotor becomes defective, it should be returned tosufficient room is left on all sides for a plentiful thfaorwihulnmeaedtbcuste
supply of fresh coolant air flow. DO NOT EXCEED the factory with full nameplate data, because the
AIR TEMPERATURE RISE AS SHOWN FOR 60*C rotor coils are enclosed in welded squirrel cage

ABOVE A 40*C AMBIENT. This insures that the windirng. Tn repair a rotor the special tooling and

insulation NEMA Class "F" will not be damajed. 0O technique of the factory is necessary and essential.

NOT EXCEED RATED LOAD, except as specified The Lima Electric Company. Incorporated, facilities

Ior the equipment. OPERATE AT RATED SPEED. can perform a complete rebuild, or rewind job withlure toe equipetenra O RATE rATed oATED o .s greater skill and craftsmanship than can be found in
Failure to operate generators at rated load or speed the average motor rewind shop. Should a failure
will cause overheating and possibly damage to occur, the factory should be notified immediately
windings due to over voltage or current. and steps will be taken to get the generator back into

BEARING REPLACEMENT: service with the least expenife; and more important,
Factor lubricated shielded bearings will normally to deterime the cause of the failure and take steps to
provide several years of trouble free service when prevent a recurrence.

operated under normal conditions. Excessive bear- PRECAUTIONS.
ing load and adverse environment conditions will GENERATOR WINDINGS (DRYING):
greatly shorten bearing life. Should bearing failure Generator t Nat (DrYiNG)foccu, barins cn b repace. AWAYSREPACE Generators that have been in transit or srorage for
occur, bearings can be replaced. ALWAYS REPLACE long periods may be subjected to extreme tern-WITH THE SAME TYPE SEARING AS INSTALLED ln eid a esbetdt xrm en
AT THE FACTORY. CHECK PARTS LIST FOR perature and moisture changes. This can cause
PART NUMBER. IncTude generator serial number excessivecondensation, and the generator windings

should be thoroughly dried out before bringing the
when ordering bearings, generator up to full nameplate voltage. If ihis pro-

ROTATING DIODE BRIDGE: caution is not taken, serious damage to the geaierator
The rotating Cdiode bridge can be removed and can result. The following steps should be taken to
replaced. Excessive overcurrent, overvoltage, over- effectively dry the generator windinus:
speed, or reverse currents can cause damage to the A. (1) Place generator in drying ovin or hot room.
assembly or any of the component parts. (2) lry with warm air blower directed through
ROTOR DAMAGE: windings.ROTO DAMGE:5. (1) If the generator has been operated and then

The damper bars of tI'e generator prevent excessive put into storage for any period of time, a P.t.

hunting when AC generators ore operated in parallel. Georget # st 1rag type an y fun ime, sa nt

Dampe, bars, becauso they must have alow electrical George 011127 type sir-dry fungus resistant

resistance and are subjected to extreme centrifugal varnish should be reapplied.

forces, must he mechanically secureand permanent. Experience has shown that it is necessary to take
Consequently. they are welded to end plates corn- these precautios in locNtions such as seaboard
pletely cove,ing the field, installations and other highly humid areas. Some

installations will be in atmospheres that are muchAll rotors are static and dynamically balanced to a more corrosive than others. A little precaution along
high degree on precision machines to assure mini-
mum vibration. They wil, therefore. remain dynam- teles outlin h o i a
ically stable at speed well beyond the synchronous
speed of the generator, The rotors on generators
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Each generator was subjected to a standard NEMA sufficient to correct this condition. If not, an alter-insulation test, which means 1000 volts plus twice natemethodmaybeused. Applyeitheranalternating
the highest voltage for which the generator is rated current or a direct current voltage of approximate!y
was impressed between the winding and frame. All 20 volts to any to generator leads. Do not make a
machines are insulated with a high safety factor for positive connection but rather touch the leads
the class of insulation used. The latest and newest in together until the generator voltage begins to rise
insulation and baking techniques are used. and then remove. It is suggested that a 30 ampere

-The finest insulation job can be very quickly broken fuse be inserted in the circuit to prevent any damage
down carelessly applying high voltcge to windings in case the build-up voltage is not removed quickly
in a moisture saturated condition. Mishandling in enough.
this respect can easily cause a breakdown, making it Start generator and observe generator build-up,
necessary to return the generator to the factory for Reflash field if generator output voltage does not
repair, and consequent expense and loss of time, build up.

WARNING: HIGH VOLTAGE (DIELECTRIC) TEST- TESTING DIODES WITH AN OHMMETER:
!NG MUST NOT BE PERFORMED TO THE Isolate the rectifier assembly by disconnEcting the
MACHINE WITHOUT FIRST OBSERVING NEMA two leads from the main rotor and three leads from
RULES. THE INSULATION OF THIS GENERATOR the exciter rotor. Do no unsolder diodes. Test eachWINDING MAY BE SAFELY CHECKED BY USING diode byapplying the probes of an ohmmeter tothe
A MEGGER. A H!GH MEGGER READING INDI- anode and cathode.
CATES LOW INSULATION LEAKAGE. A good diode will produce a meter reading of only a
RESTORING RESIDUAL MAGNETISM: few ohms when the probes are applied in one
The current necessary to magnetize the alternator direction, and a reading of near infinity when the
field is obtained from the exciter. Initially, upon probes are reversed. If both readings are high, or
starting the generator, current flow and voltage are both are low, the diode is defective and must be
induced into the exciter armature oy the magnetic replaced.
lines of force set up by the residual magnetism of the Diode failure after a 25 hour "run-in" period is
exciter field poles, generally traceable to external causes such as
Residual magnetism of the exciter field poles may lightning strike. overheating ora reverse current fed
be lost or weakened by a strong neutralizing mag- into the alternator. To save excessive service time
netic field from any source, or if the generator is riot and call-backs, it is a generally accepted practice to
operated for a long period of time. replace the entire rectifier assembly where failure

can be traced to external causes AFTER THEShould the generator fail to build up voltage after CAUSE OF DIODE FAILURE IS IDENTIFIED AND
being disassembled for any reason, a momentary CORRECTED.
short-circuit of any two generator leads should be

RECTIFIER REMOVAL PROCEDURE:
_ Excar Rotor Le6 Rectifiers may be removed throught the bearing cap

on the rear of the generator. (See Figure 6, Item B.)

DFirst, remove the bearing cap by removing the four
bolts shown in Figure 6 as Item A You can now see
both the bearing (Item C) and rectifier assembiyAlternator (item D). Use a bearing puller to remove the bearing0 ROr Lead from the main shaft being careful to locate the puller

on the inner race of the bearing to avoid beating
damage. Once the bearing is free it is then necessary

S/j to disconnect leads A. B, C and D as shown i. Figure
5 asserribly drawing Then remove the three hold-
down capscrews whinh securethe rectifier assemblyto its adaptor. Once this procedure is complete theEEceter Rotor L•• . d rectifier assembly is free for removal

Follow the testing procedures outlined in testing
Rituifibr ASiembily 77600 diodes and Figure 5

6
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After the rectifier arsembly ties beeii repalreci or TROUBLESHOOTING PROCEDURES
replaced, reverse the procedure as stated above, AC ORUSHLESS GENERATOR
being careful that all lead connections are light and As with any machine, troublp~ nay develop in elec-
that 5,3t screws are locked with a Lock-Tite comn- trical generators. It may be due to long. 3ervice or
pound. neglect of regular maintenance, servicing, and check-

ing. Should trouble develop, the following instruc-
lions will be helpful in tra.,ing the cause and making
repairs.

SPEED DEVIATIONS:
The generato~r speed should bo, maintained at rated
nar'nePlale speed. The freq~uency and voltage of the
generator output depends on speed. lIfthe generator
runs slower than rated speed, the voltage wilt drop

Figuro S off.

CAUSE NOVLrG: CHFCK AND REMEDY

Loss of residual nagnetism in exciter field poles Flash field, see page 6 "Restoring Residut!
Magnetism"

Open in stator windirngs. Check for cootinuity in windings. Roturn to facto,,y
for repa~r if ope~n.

Open or short in rotating rectifiers. Check rectifiers per pre-vious instructions. replace if
faulty

Short c~rruited. Clear lead to restofe voltage build-up.

Open in alternator field. Check for continuity ano return rotor to factory for
renair if fielcl coils see open.

*Shorted exciter armature. Check fci, short and replace if faulty Use a 'Kelvin"
type bric;9e to measure this resistancel.

Shorted leads between exciter armature ani 'rest 'and repoiw.
generator field.

NOTE, *Desiijnaterotating parts. Generator must be Operi to test.

LOW VOLTAGE:
CAUSE CHECK AND REMFDY

Exce~ssive loadL Reduce load. With 3 phase generators, the Ioad on
each leg should be as evenly balanced as possible
and should not exceed the rated current on any leg.

Low speed. Check enginie for malfunction or system for overload.

Line loss. Increase size of line lead wire.

High resistance connections -- connection will be Make better connection electrically and
warm or hot. mechanically.
Shorted field. Test field coils for possible short by checking

resistance w~th an ohmmeter or resistance bridge.
Return rotor assembly to factory for repair if alter-
nator field ccl5I are shorted.

Low poi-er factor. Reduce inductive (motor) toad. Some AC motors

draw approximately the same current regardless of
load. Do not use m-tors of larger horsepower rating
than is necessary to carry the mechanical load.

7
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(May be indicated by flickering lights)
CAUSE CHECK AND REMEDY

Irregular speed of engine. Check engine ;or malfunction or load for fluctuation.

Fluctuating speed, Stabilize load, The addition of a lzmp io~d (resistance
load) may rompensaft partially for load changes
caused by mntermiiiflt motor Operation. Do not
overload.

Loose terminal or load connections. Maic~ better coi'ne~lon mechsnicaily and
electrically.

Defective bearing causing uneven air gap. Replace worn bearing.

CAUSE CHECK AND REMEDY
Excessive speed. Coeck engine for maifuni-tion,

CAUSE CHECK AND REMEDY

Generator overloaded. Reduce load. (Check with simmeter and compare
with nameplate rating.),

Clogging ventiiatinp screens. Clean air passages.

High room temperature Improve ventiiationl.

Insuff iciant circulation. Providli cross-ventilation.

Low power factor. Reduce inductive loads or install power factor
improvement capacitors.

Unbalanced load. 'The load on Pachi leg shoould bo as evenly balsoced
as posoibie and should not exceed the rated current
on any leg.

Dry bearing. Ropiace olearing.

CAUSE "rA"qLNjk CHECK AND REMEDY

Defective bearing Replace bearing.

Rotor scrubbing on stator. 3ad bearing, replace. Bent shaft, return to factory,
Loose endb4ell, tighten; loose drive discs, tighten.

Loose laminations. Return to factor for repair.

Loose or mrisafiC.ned coupling. Tighten cr align.

QkflTR. FRM RODUCE.IWiEFN TnUVJII
CAUSE C~49CK XA4 REMEDY

Static charge. Ground generator frame.

Grounded armature or field coil. Return to factory for repair.

8
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ELECTRICAL WIRING PROCFDURES -- WIRING DI1tGRAMS
CAUTION Liwas MAC alternators are oupplied in 10-lead or

-- -*------- 12-lead conf~guratiofl5. From 1he nameplate infor-
IWiring ;f the alternator should br dlone in matbon and system voltage requirement;3, select the
Iaccordar~cp with good electrical practices. appropriate wiring diagramn from the Information
Fr,, low governmeitt. Lssomuiation and industry that followst.
Istinards. in Some wirivng arrangements,
ptrcxps of terminals are :ornectoo together
with no further termination. These terminals
must be oroperly insulated to avoid A haza,,d o
personnel and potential equipment damage.

WMtING REFERENCE CHART -

MAC Vypa
Conf~gurt~on - V ltage______

____________________________ (60 HZ) Ref. Dimg

12-Lead Unit, 4-Wire 240 Vc~lt Oeha Connected 240V A

4'12-Leaid Unit, High Voltage Wye Connected 460V D

10-Lead Unit, Low Voltage Wye Conntected. 240V E
12-Lead Unit, LowVoltage Delta 120V F

12-LeeaoUnit. 240 Volt Zigza______ ____ 240V G

DIAGitAM A DIAGRAME0
12-Letad Unit. 240 Volt, Deft. Connestied, 3 Phase 12-Lead Unit, High Voltage, INe Contnected,, Pigasess

Connect together iii. following six set; of terminations: Connect together the following four optts of terminatlioni,:
TIland T12to form Li T2 and 11(1 to form L2 T4 and T7 TS andrTO Taind TO
T3 &.nd TilI to form L3 TAI and T7 to for, I LO T10, TI I and~ T12 toformn LO

IAT5 andrTe TO and T9 TI is Ll T2n6IiL' T3 isL3

TiZ 7i OUTPUTS: I2OV. 10 240Y, 30LI to LO LI to L2 T)0 OUTPUTS: 240V, 10 416V. 30
TL tn dLT 

L to L 3 
L I I o L O L 2 t o L 3L2t O L2to L3 Ll to LO LI toL2

C4CAUTION: Properly insulate till T4 L3 to LO LI to L3
16 1. unlused termnailtio,1 CAUTION: Pruiperly Insuiate alt

rio unused terminations.

Til Ton 15

9
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Mif AGw"~ C DIAGNAU D
12-Loou Unit, Low Vnftage, Wye Colimadlet s 0 twes.9 L0.ee Unit 1 Wg6 V~,tg Wyle Caninail" 3 Flutes

rn,fl.vct togrotnr t he following four sets of form!"tiaons: Cornnect vtgtho~the it*fllowirng four acts W1 totmiantomtn
TI dn TI for form L' T find TO to 'orm L2 T4 and TV TS avid TO TO and TB

T3 aricl'1 t3t form L3 T', is~ L T 2 Is L2 T3, 0 L
T4. T5, TO, TIU, III and T12 :o form 10TIIT

II OUrPWfl. 277V, 10 W,',~ 30
OUWFU~b: 120Y. 10 MeV, 30 LI01 toL LI to L2

L2 to LO L2 to L3

LI~to torLOr L1tto'L2
L2 ltol 111o2 toLlry11to LO LI to L3
.1 !o 10 L to L3 CAUTIO?': ProptrN' irsulate oil

OVCUT"O Property insulate al (Ltouue er~airs

TS4

D'IAGRAMI F

DI~AGRAM 9 11l-Leodl Unit. Low voltage. r tits Connected, I Phone
IJ11.0eo6 vJIML! ~.I- V~lag, WIne Corntscled. 3 Phase Connect together t he fe~loWr'ng three sets of terminati-7no:

Connct ogdhm ti f~loing ourset of trmnatonsT2. 78. Tf. T12 and Insulate
Conecttcgth~i luf30winfouaetofermnjtnsTITSý7T, It Itofo~m (.1

TI and T7 t0 formI L1 T2 end 711 lo form L2 T3. T4, T9, Ti 1 to form L2
T3 and T9 M Yform ý.3 i

T4, Tf, TO ano TIO To foirm Lto eUP~ : 128V, 10

'IUTPUTMTSO .V, 10 2CIV, 30 U V` Lto2
LI Lto Lo LI to L'.1 1 CAUTION: Properly insulate el1

t ý. 1O -2 to L3 unused terminations

S CAUTIONe: Prowirty insulate &11 To

TA unesed tirrminstions. I

1 6 T I 
T 4 I

T3 To L2a

MAGIFAM GI
12-Liead Unit, 240 Velt. Z1gzag, f Phasee

ConneCt together the folictfing four sets of terminations:
T2, TO. TB. 712 and Insulate

it T I.T7,totformLlI
ry YI T3. T9, to foron L2

T4, T10~. T5, Tl 'I to orm LO7 OUTPUTS: 120V. 10 240V. 10
I to l to LO LI toL2

L2 to I-

1.0 CA'ITtON: Property insulate all
Te ~ unusid tsrnirisntgins

TI
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OR1,4PROOF GENLRATOR PARTS UST
280 FRAME

TWO BEARING
Part No. Part Name

) Screen, lnt~ke 9 t t 1 3A1, 1
2 Key, Rectifie
3 Bearirg
4 S~awing, Cap
5 Rectifier Assembly
6 Exiciter Motor
7 Excite.'r Stator
6 Generator Rotor
9 Generato- Stator

I0) Eyeboll 2
11 Key. R~otor
12 Screw, Hom Hd.
13 Nut, Hex
14 Fan
15 Endplate, Sheave End
16 BearingJ

18 Shaft
19 S~creen 2 z.
20 G.ýnerator Fram..,
21 0-Ring

DRIPPROOF GENERATOR PARTS LIST
230 FRAME

SINGLE BEARING
lart No. Pa,1 Name 

4 15 6 1I1 Screen, lntske 8 9 1 21
2 Key, Rectifier
ýs Bearing7
A Bearing, Cap
5 Rectifier Asseml
6 Exciter Roter
7 Exciter Stator
8 Generator Rotor
9 Generator Stator

10 Eyeboltt
11 Key. Rotor
12 Screw. Hex Hd.
13 Nut, Hex
14 Fan

16 Drive Discs
17 Key, Ouvptl 31
18 ShAft

20 Generator Frame
21 0-Ring
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LIM A Irrigation System
TECHNICAL BULLETIN Alternators

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

Most center p"o and lateral move irriation systems awe Wnsalled in appkalctons where 3
phase udiity power is not avalable or ecomnoical. In thwe applocto~na. electric generators are
used to power toe 3 phase elsectric mto that drives the wheels at each IrrNation tower.

The primary generator appliaftiot considerations are:
I1. Elecbtr moto sartsMg capacity of the genrwator
2. Electr motor operatng characteristIcs
3. Ambient temperatures
4. Environmental conditions
5. MaIntenance requirements
6. Generator sizing
This paper wilt address each of these considerations. The obsevatons presarted here awe

supported by the successful performance of the Lima MAC generators on over 30,000 Irrigation
systems around the world.
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1. ELECTRIC MOTOR STARTING requirement of an individual motor is commonly
CAPABILITY 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

Typical irrigation systems have from 7 to 20 motor running and extremely low P.F. of individual
support towers. There Is usually a 3 phase, 480 motors when starting. The conservative 80 degree
volt, 60 hertz or 3 phase, 400 volt, 50 hertz electric C temperature rise rating of the Uma MAC
drive motor at each tower. The electrical control generator provides extra KVA capacity to handle
systems continuously turn these motors on and off the low power factor irrigation system loads.
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 The generator is also rated 3 phase, 480 volts,
application consideration. The generator design 60 hertz, 1800 RPM, or 400 volts, 50 hertz, 1500
characteristic is usually expressed in motor RPM. The output voltage is controlled by the
HP/generator KW electric motor starting generator voltage regulation system, but the output
capabilities. Thus, a generator with a 1 HP/1 KW frequency Is entirely controlled by the speed of the
characteristic has twice the motor starting engine driving the generator. If the generator speed
capability as another design with a .5 HP1KW varies from rated RPM, the output frequencywill go
capability, above or below rated frequency. Irrigation

applications many times use the pumping engine to
Most general purpose type generators which pump water plus drive the generator. Thus, engine

utilize external automatic voltage regulators have speed and generator frequency control is not as
motor starting capability of approximately .5 HP/ 1 precise as normal generator applications.
KW.

Special purpose generators such as the The electric drive motor has a volts/hertz
patented Uma MAC (Motor Applicatlon design characteristic. The volts/hertz design
Characteristic) have a 1 HP/ 1 KW motor starting characteristic allows the drive motor to be operated
capability, and are better suited for irrigation under and over rated frequency as long as the
system applications. The MAC output voltage dips voltage changes in direct relation to the change in
less than 35% when a 1 HP/ 1KW motor load is frequency. To avoid drive motor overheating, the
applied across the line, and smoothly recovers to generator output voltage should also have this
full voltage in less than one second. volts/hertz characteristic.

Most general purpose type generators with an
external voltage regulator have constant output

2. ELECTRIC MOTOR OPERATING voltage regardless of variations in engine speeds.
Some voltage regulators have "underfrequency

CHARACTERISTICS protection" and will reduce the voltage at speeds
below rated frequency, but will not increase the

Most irrigation systems use electric drive voltage at speeds above rated frequency.

motors rated 1 HP, 3 phase, 480 volts, 60 hertz,
1800 RPM or 400 volts, 50 hertz, 1500 RPM. The The Uma MAC Generator has an inherent
drive motor is connected to a gear reduction system volts/hertz characteristic both below and above
to obtain the proper wheel speed. The drive motors rated speed and this design feature is especially
are designed for the extremely high torque starting suited for irrigation systems, avoldia.g damage to
requirements of the system. The starting amperage the drive motors.
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3. AMBIENT TEMPERATURES Generator designs which utilize brushes and
slip rings should be avoided. Generators which
havo4 complicated electronic voltage regulators,

Most modern generators, induding the fragile printed circuit boards, contactors, sliding
Urma MAC, use Class F Insulation materials rated resistors, and complicated wiring of external
145 degree C total temperature. The temperature current transformers are prone to numerous
rise of the generator is determined as follows: maintenance problems and poor reliability.

145 degree C Total Temperature The Lima MAC has an extremely simple
- 40 degree C Ambient Temperature rotating current transformer exciter, is brushless,

self-regulated, and does not utilize an external
105 degree C Maximum Temperature Rise automatic voltage regulator. Th6 weather protected

Type I construction, double sealed bearings, and
This means that in a 40 degree C ambient, the moisture resistant electrical insulation system

generator cannot exceed 105 degree C dre during provides long life on irrigation system applications.
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 amoients are
expected, the generator temperature rise should be 5. MAINTENANCE
limited to a maximum 95 degree C temperature REQUIREMENTS
rise.

Most generators designed to British standards As in any sophisticated system, minimum
are rated 100 degree C rise. Most continuous duty maintenance is a key design objective. More often,
generators designed to NEMA standards have 105 less complicated designs result in minimum
geerC rise ratings. mWntenance because of their simplicity, fewer

idegree parts, etc.

The Lima MAC Inigation Generators are rated Following is a comparison of the Urma MAC
at a conservative 80 degree C rise and are well and other general purpose generator designs from
suited for irrigation system applications in areas a maintenance viewpoint:
where 50 degree C ambients are experienced. um Tyee GWiWa

kmlnq Ovmjshd - Pwm. LAWd or-W~ff Lub" 'sM-

FLu Wev. 3 Phaf.
taM = AMY. Y@$ ore. onVy hajf wave

4. ENVIRONMENTAL CONDITIONS w ,,, ww,, NoorYve

! ExeAr•Vol ReDuiW N"n Y"l

Most irrigation system generators are installed s.w,, v R*WW
outdoors in unprotected areas. Thus, they are F Dion Coae Non" V"

subject to blowing sand and dirt, water, and
agriculture chemicals. For maximum generator life The simplicity of the Lima MAC design has
with minimum maintenance, a simple, reliable, proven to be the minimum maintenance design for
basic design is desired. inigation systems
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6. GENERATOR SIZING If a larger than required (oversized) Uma MAC
Generator is used to power the Irrigation system, the

Bovau,, of the 1 HP/1 KW motor starting power demanded by the irrigation system does not,
capability uf the MAC, sizing the generator to change. The Lima MAC Generator only supplies the
the irrnation system is simple, power demanded by the elects icall load.

"Oversized" Lima MAC Generators operate
a. STANDARD IRRIGATION SYSTEM: cooler than normal, increasing overall life

Number of irrigation system towers < expectancy. Also, an oversized alternator may allow
KW rating of Lima MAC Generator for the addition of an electric booster pump at a later

date, incorporaPing the original generator.

"b. IRRIGATION SYSTEM WITH ELECTRIC The decision of using "oversized" Lima MAC
BOOSTER PUMP: Generators is typically made based on an evaluation

Number of irrir•ation system 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 electrical requirements (increasing system

length/addit;an of booster purrp).

f O 5 MAC In summary, the Uma MAC Generator is theTowers MR Mr. NP Glenmutor gonag
SIMPLIST, most RELIABLE, and most

7 + 0 r KW ECONOMICAL generator available for pivot and
7 + 3 HP 10 K•W lateral move irrigation system.10 + 0 10 KW

10 + 3 HP 15 KW

12 + 0 12 KW SPECIFLI UMA MAC...YOUR PRODUCTIVITY
1I, + 5HP 20K"W1 ... ......... .. .DEPENDS ON rIrl

Patented Recovery Circuit
This oscillograph shows the recovery capability of the MAC's
patented voltage control circuitry. With a 1 HP per KW motor
load applied across the line, voltage dip is under 35%, followed
by a smooth recovery to full voltag" in less than one second.

LIMA 10 Lima Energj Products

The Una met2Iicyc Co., Inc.
P0. Box 91"
Lkme, Ohtio 45•02
(419) 227-7327
TELEX 242433

Making Energy Work For You

CopyvrgW I M. The Lin'i Ek• Co. 71s3 PmH in U A
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8502/36-278 _ __8502j36-278

Classes 8502 and 6536 Sizes 1 and I P - AC Magnetic Contact@'rs and Starters
Type SC, Setils A or Series B

DANGER: Hazard of electrical shockf or bum
Neisr to Wima"no power supplying Othi etp I

mon before woreki" on It.

4~

rnWt bo Uuialt WMl device cover (15mm a), in or-
jdot to Intsure, contacts sum In Uie openpoton

____________________________________ ilien dovic lobn a do-energizedr-condL~n

SamIE COARSE -- Serie" a ontly apisto the Type S kEHNICAtLLY IllfNTURLOCID IJNITU - Refer to
Starter Form B (3 ambient comnpensated overloads). Alt Paris Service Bulletin 999%-266 for mochanical interlock.0f Form B Series A and B starters are anintiniabl; onlly 0 REPL.ACEMENT ',ýONTACTS - Replacement powerthe overload relay block cifort. If the oelo o lc fa criat rdsrn*frSatr rcnseosaeaalbeaFomBSisAstarter is replaced with th Series 8block, ist kfta. Order from Parts List.
overload rlythermal units !nustjie selected from the "eie __- Relcmn contacts and spig fo h eimrdolB thetio n it selecbmo tables tor ptOopemoicqt~ prtelctiont. only are contained in a Class 9MType SL-22 Kit. Otno kit is11AC -1111E - Auxiliary contacts. power pol kits and required for each N.O. or N.C. contact.
Other hield addable kits are available. Refer to the Square 0 MANUAL. OPERATION - Manual operation of contactorsOlgoat Class 9999 section for seecion and application and s$WWeI may be accomplished by pushing tM wontae"Information, carrre down with a screwdriver. A sl oti provided In Ow con-
* OVERLOAD RELAYS - Molting alloy overload reafy tac~to cover for thie use. DANGER - Do not manually oper-
blocks wre supplied as standard with provisions for 1. .2or 3 ate unless starter is isolated tromt the line.
thertil units. The 2 thermal unit melting alloy Overload block COIlL REPLACEMENT - To replace the coil loosen the two
centber stra and ntoalln 3 thernmal unit Inoc byrmvn h captive cover screws (Itemn A) and remove the cover. Discon-tcestra n ntligatira nti opae ht unit (Item )Of dofh mrttng aloy, oerload block canI nect wit"s from cod termInals. nemove the cosl and magnet
Stipplied wiht a NO. or N.C. isolated alarm circuit contact in assembly. Separate the colil from The magnet assembly.
addition to the standard N.C. contact. The alarm circuit contact Reassembhy is a reversal of the above. Manually operate (See
unit can be installed in the field. See Parts List. Manual Operation. shiove) the device when reassembled to
Bimetallic overload relays ere available as an optional feature. Insure eli parts ar* furictioining properly. Follow recommtended
Starters with Form BI (provisons fo 2 hralnis n ightening torques when reassemblitig device
Form 02 (provisions for 3 thermal units) use a naon-0oopenaat- le ASSRIMULY IW$Tf=ITWUIS - Fctory recommended
ud overload relay block. Form e starters (provisions for 3 torques for mechanical. eleictrical arid pressure wire connec-
i1hermnal units) awe Supplied with an ambient tempedrature corn- tons are UsteG; in the Recommended Tightening Torque Table
ponsated overiload relay bkck and Instructoio Sheot. The"e must be followed to insure prop-
A SPOT contact is supplied as standard on slt Type S bimeotal- at functioning of the device
tic overload relays. The NO. contact can be used in an alarm SHO~rT CNICUIT PftOTECTION - Branch-circuit overcur-
circuit and mull bo wired on the sanes polarity as th c en rtcto ute -poitdlt ahcnato, or starter.
contact. Contacts are not replaceable. In order todrctyi For starters, ioier to instructions furnished with the thermal
ploce a bimetalflic overload relay, the appropniate part number unit aelection table. For conractors (Class 650 or 8702). pro-
liated on the Panes als should be used ride branch-circuit overcurrent protection in mocordance with
TERMINALS - Power andti ontrol terminals on standard the National Electrical Code, excep doo not exceed the, maxi-
devices are suitable for use with ocpe wir enV mntrn protective device ratings "lsed below.
CONTACTS -- Are not harmed by discoloration and slight T'w iN- T.. iýTx-T
pitting. DO NOT FILE THEM as dressing wastes contact meN ewly D~ ron~o
nal. Replacement ia necessary only when tha contact hall worn NIMA Vi.-,0 FAieix ixF_ Axle
tinn. (M
COINTACT INSPE11CTOION - It is unnecessary to remove any ' W 300 W 50
wiring to inspect contacts Merely loosen th6 two captive 2O -0 g
screw$ uteri C) which hold the contsct actuator o Kthe, coritact
block. Lilt the contact actuator to expose contacts

hiwix ]on P0O to. 27446 PAGI I
a~r~i, N.C 2761 1

(9191 264-2671
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8502/36-278 _ n 8502/36-278
bulkETIN L=aU, aLLEIT CN.
D1STAMT CONTROL OF 0001TACTORI &. STAMTE$ local Sqiuasi D held office and ask f(a Product Data Bulletin
-. To assur proper contactor operation. agnes Impedance M379.
arid shunt capacitance of thle control circuit muist be consid-
Grad. Dependin upon the Vossag, wvre size, and It-i numnber CIO4W

6 Mp ~0Of control woires used. ttle knifng factor for figuring the m~axi-
mum distance of the wire run maoy be serie knpe2d5Inc or 21300
shunt capatmitance. If distances to soan or atop stations awe 4
longe than those listed, the wir, run configuration and materi-
als must be analyzed. For f.Wjie Inforination contsict your
ORDSNMi INSTRUC11OU - Speif quanttity. parn nurnter and esiponof part. gi"n complet name"lt dafte o thle
device. For examplie, one Annature andi Magnet Kit 31041-006-50 for Class 853 Type 600-3, Series A starter.

PARTS LIST

OwoPw%14.~ I Fft ?Po* 3Pxl 4"4 5 ft3

co *Type j 1 I I I

T,.S1 hlgbe1. 0 L Itno X W

I MTypSO4k2I

3I Dr F Ia I

2012668,ky01. 1.% .. .I~ MTM$.
9" 3 W 01IESDw.Z C~. MS01AN ... .

2 E06 .. ........I.....04,

9 ~ 1 A " A� M ".68" f"
.78 G-'93C w DW .OP I 1 I I01-

0- Pmue 44U CC1i m 6.101

F 8W, 0 =. 1_62 .I3~6  .* 4 es . ....

$I I41 8 043 2141.119.8210 6 1

P w I bIod = ~ Lug. 25OW -I

;w ~ pWc7 4 01 st11W474 Hý D WWS k * ~V n 2 4 5tIOm

A6 Co. t..g a P. op). 10.

I =q0 5*10w..pft
7.011.40.0w a.-0 e431w M~I o2700 8w , 01 m . 114 1K w140ff3.16 t 31.4 lI@
4014 AL* V-I

H ACTORYF aEOMNE =wig" NIN TOROI
i Iior -00" 4 2

O __27= _0 ___-aI _______._2_w -66

C" &_ (3 we8 o2wl03 11.21

i ..0.4l 1404 2w Sin 1,0044 1 4 M10 3 i w ma m

07 430 .. I2 po4~, -6 24-21 ID IN

So 22 810 Sin -5..00(16 113)1

*6 IA. xl0I.fl p- .0.1431 5071.06.P

___________W___________ _ .MA &E 120L~ V____W ___________________

S 0"6.W A , 1201 2 40 W H43 314 041 .1-0 0 V0-, 2 0t k606 HOW Ol 31 41W01o 43 44. 4 4

6W 4,01 266 4176
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502 AS 502 AS
a uL&eTIN IUa E Ti)

30 Ampere Dsconnect Switches with Flange Mounted Operating mechanism
Used in Ciaues 853 and 8738 -

Typo SB Series C Sizn 0 and Type SC 9erles C Sin 1
3.Pole AC Combination Sbrters

SWAArn: ! tuft to OW bet -4Oi•I 1 tl a'Sd 4 of 00 to *lW MW"wr
bolm Ingp.cting or wvici r ft NiaýM Nel m00 rM GPM* StWOO or dINmmee
*w"1ct with gor ctu,*.f cover or we .'wMieor is'

/ 2

3A,

14-- 13'

44L k

TA"t P AM1 LIS ____

ouvelly

sxkudM firm 2-6 3.. 01-014-62 1
2 LikAMOMlty 31301-12-50 1

3 W e ............ . 3t301 0-Q*OY 2
4 E-Rng . .. -. .......... 2 07-016-10 t
S Soo . .3130101001 1

7 Hgavos Aseem~,r
For WMA Ty I or 12 ercojr ........ 31VM 1
For I*MA Type 4 rcxk.... . ..... 10540-W 1

a P&efM1 SPrWa WOO1-143-O1 I
B Sw • ........ ....... ....... n310 7 40-01 1

10 COmor PW ....... z4 i-om40 I
11 Hex Head CWW$~%frr 21401-2=0 2
12 ILao*W&OW. MIA=~ 2
13 Fume8IONA... . OW SF-11
14 l .c ..... . .... See TiWM 2

MAIl 1903 PIT), a. M OW N I
(6wax W 32201
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502 AS MID____ 502 AS
S.,VICE -IN a ul 14 C VI

TAKLE 2 RMS CLIP KITS* - Fix 4m. with 30 08* oow1-d SWol _______

_____ __________________________________ NNME NM H.CANGEA8LE
Owsi_~_ las__ Fm Clue F. F4A~

NEVA Fuse Clip Cka

sine 25 V ax. wV.Nw TY 250 V.MaxzO 60VMu.ilx
0 1 0.30 0-1 0-30

6440 S-2 SR-

I goh:.Co .-

ELIECTRICAL h(TUWLCM CK £3.1
A ane or berj Po. leacu ekwm* lodc lot nay be added to ew i~~

-wc op~algm ffw~~wn The sW1 xluI in Me Wdwo Idt E~ft smwiinionptW$SM* Sic O~
"IRY be *Omcd cton ="V WMsbeWaio See Wb 3. Typ Mod~ j ca"ols WZ %

10 'm; I Tye 3007 Two

SP@Gty 0-Ith. We -Mbver &Wt dnuut-m of pail.

D9R 13COPANY!~
PAGE 2 P.O. S.. 472 MA"'4 1962

AJ.m6s.., Wo. 5=21
(414ý 332-2000

65



66



PNEUMATIC

ACTUATORS
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A E;SSilm-Huson Ojtf Con'pany

RPB~i"eries
Pneumatic Actuators
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Design and Construction

Models RPB250-RPB2250

Mechanical Components
The Bettis RPB-Series pneu- Double-acting models, requiring spring-return models may be dry

matic rack & pinion actuators are pressure to rotate in both direc- or lubricated non-corrosive gas.
specifically designed for "quarter- tions, are available with output Standard operating temperatures
turn" rotating mechanisms and torques to 16,500 lb-in. Spring- are from - 40" to + 200
are ideally suited for operation of return models, requiring pressure Fahrenheit. Optional, high temper-
plug, butterfly, or ball valves, to rotate in one direction, are ature trim is available for 00 to
These quality constructed and available with spring ending + 350" Fahrenheit. All models are
uncomplicated actuators provide output torques up to 5150 lb-in, factory lubricated for the opti-
a dependable, reliable and eco- Standard operating pressures are mum cycle life of the actuator. All
nomic method of opening and 40 to 120 PSIG. Operating media acuators are constructed for
closing a valve, for both double-acting and indoor or outdoor installation.
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Models: RPB5000-RPBI1000

Features Materlals of Construction
1. Bottom loaded, one piece accessory drive purposes may be A. Body: Precision-exitruided

blow-out prodf output shaft, is removed along with the position alumidnum afto hard anoidized and
retained by a safety redundant indicator to expose the low profile fluoropolymeir impregnated.
internal rotaining ring, slot-type accessory drive. BL Pistons: Cast aluminum

2. Self-ontained space saving 5. All fasteners are stanles alloy, dichromlate dipped.
spring modules allow safe wad steel. .C. Output Shaft/Nlnhen: Carbon
simrle conversion from double- 6. Square female drive allows stee, fluoropolymer coated.
acting to spring-return or to a dif- direct mnount capability for a "low D. End Caps: Cuas aluminum
ferent spong configuration. profile" valve actuator assembly allo, fluoropolymer coated.

3. Integral position stops allow 7. Advanced UV resistant fluor- E. Fasteners: All stainless setee.
up to ±5 degrees field ac~usiment opolymner rnpregnalon of Internal F. Seals: Nitftl standard.
at fth 90 degree position, and exteral housing surfaces plus Vison, optioinail.

4. The highly visible position fluoropolymer coatin on output C. Bprkngs Carbon s"e.
indicator may be indexed 90 drive shaft and enid caps provides phosphate coated, oil dopped.
degrees as appropriate for excellent hostile environmeant H. Heel Sewinag: PEEK Maly-
optional mounting configurations. PrOW1cion. I. Pliston Bewing: Fluoroplatitic.

An exposed square male drive
suitable for manual override or
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Operation

Doubl.-seting spfiag Return
(TOP VIEW) (TOP VIEW)

P2 PI P2 PI

For counterclockwise output rotation, apply pres- For counterclockwise output rotation, apply
sure to Port 1, which will force the pistons apart. pressure to Porn 1, which will force the pistons
The linear travel of the pistons Is converted to a apart and compress the springs. The linear travel of
rotation of the drive shaft by the rack to pinion the pistons is converted to a rotation of the drive
connection. The volume outside each piston is shaft by the rack to pinion connection. The volume
exhausted at Port 2. outslde each piston is exhausted at Port 2.

P2 PI it2 F4

For clockwise output rotation, apply pressure to Forclockwise output rotation, the volume bitwesi
Port 2, which will force the pistons to move the pistons is exhausted at Port 1, causing tle
together. The volume between the plstont is springs to force the pistons together. The volume
exhausted at Port 1. outside the pistons is vented at Port 2.

Reve Rottilon Reverse Rotation

When required, the pistons can be Inverted in the When required, the pistons can be inverted in the
housing resulting in a clockwise rotation when housing resulting in c clockwise rotaton when
pre3sure is appli4d to Port 1. pressure is applied to Port 1 and a countsrclock-

wise rotation when Port I Is vented.

Travel Stop Adjustment

Drive shaft rotation is limited to 9 I plus or
minus 5 by the stop screws located In each end
cap which limit the pistons outward travel.

Standard Aa.mMbiy Roverse Asassmoy
Adjustment of the counterclockwise rotation When required, the pistons can be inverted In the

limit Is accomplished by rotating the stop screws housing allowing travel stop adjustment of the
to reduce or Increase output rotation. clockwise output rotation.
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Typical Speifications

The folowing information mnay be 2.3 The drive shaft and pinion 3.6 Use of selfthreading orused as a guide to compile shall be one piece stel, bottor thread forming fasteoners shall be
speification for rack and pinion loaded! blowout-proof with a fluoro- stritly prohibited.pneumatic actuators. GN.Brils polymrW coating and secured by 3.7 Actuator must not Wnw*c
RMS-SstI actuators mest, 0( non-49POsed, redundant stainims porvl any metal-o-mtal
exceed all the specifications Stee retuining rings for softy pressure seals.
stated below. 2A End caps shall be cas~t 318 All springs must be shot

aluminum UV rasistant fluorm. peened and cormillon protected1.0 Settl APS-Serlee polmer coated. to ensure maximum cycle lIfe.
Pneumatic Rack & Pinion 2.5 Actuator shall Incorporate 3.3 Actuatior "hal be fiwdActuators internal porting to permit use of revesiuble to provide ±k5o travel

1.1 The pneumatic octato either direct mount or remote adjusment at outboard eid of
shall be quarter-turn,, ppoe~d controls with a minimum of exts'* travel and noin-adustable 1/2
Piston rack and pinion type of a nal tubing. nominal over travel in
totally enIlOSed design with no 2.6 Actuator shall be provided oppoefti diroction.
external moving linkages, with a mechanical indexable visual 3.10 Full looth engagement, at

1.2 The actuator shall be capa- position indicator. An optional slot the Pitch line, shall be maintained
ble of 95%4* rotation, and shall for direct, low profile of shaft throughout full range of travel
include external trawel stops with a driven accessories utilizing urn- mnlinimizing potential tooth failure.
minimnum of 1o0 adjustment. drive hardware shall be provided., aeil f o~tuto1.3 The actuator 3tall be rated Mfrf fCntuto
for continuous Operation Using &.0. Design A. Body: Precision-extrudeddry or lubricated non-corrosive, 3.1 Doule-Mitng and Wng aluminum alift hard anodized
gas and suitble for mounting in return models shel be ofee and fluoropolymer impregnated.any position. and field convertible by Only the IL Platens: Cast aluminum1.4 Ambient temperature rag eplmn of SW' caso afto~ de~ifhnts dipped.shall be from -400F to +2000F. spng mnodule assemblies. Q OutP ShafP~tlinm: CarbonFor high tempersture service, the 3.2 All spring module assem- Mol fluoropolylTner cooled.actualex shall be rated from OOF blies must be of self contfained D. End Cape: Cast aluminum
to +3500F. field service safe design. alloy, fiuoropoolyrt coated.

3.3 Spring design shall allo E. Foilnetene: All stainless stee.2.0 tGofstflJction salls conversion of sprifg modules F. Sealls: Writn~e standard.
2.1 Actuator housing shall be to fit application requirements. Viton, optional.

prec sion extruded aluminum, 3A4 Special tools shall not be CL. Springs: Carbon OW~,
harc anodlizsd with external arid required to adjfust or accomplIsh powsphate coated, oil dipped.
intei nal UV resistant fluoro- field covrsos I. Hoel Searing: PEEK Alloy.pcI) mer impregnation. 3.5 There shal be no bering J1. Piston Searing: Fluoropiastic.

2.2 Actuator shall be supplied area outboard of the pressure
wit!, all stanless steel fasteners. containing or weather seal&.
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Sizing Information

The following information is deeigned to aid in cor- emi~eded by theo actuator'3 spring start, end, air
rectly selecting GH-Beftis Rack and Pinion Actuators, start, and end. as apprpi~ate.

Accurate valve torques must M~ determined at
exuaeme and Intermediate valve pcelifoms NW"a size On-Off Fall-Closed Applicatlons
and typ are determined by application requirements, 1. Select appropriate actuator spring end and air
such as differential pressure, media, temperature stan torque for maximum valve seating and break
and valve manufacturers auggeslad sallety tWto tha toqu reureet repctvl
affet required torque ait specific valveO positions and 2. Select "pin start and air end torque for max-
direction of tlU'VSI. imum valve torque requirement at full open position.

For Duble-ct~ng3. Comnpare sorng start torque to maxilmumn valve
ForDouW-Adngstem gilowable torque.

Using the minimum Operating pressure available
at the actuator's installed loatio, selec a column On-Off FallOpn App~licatioms
from the Torque Rating Char of less than or equal 1. Seliect sppopnate actuator sorng start and air
pressure. Look down the crlumn until an output and torque for maximum valve break and seating
torque is selected whic s greater than th vaves torque requirement respectively.
maximum opetatirV, requiremwwt. Detemine the 2. Selec sipring and and air start torque for max-
conrect actuator model number which appears oni miur valve torque requirement at Mu open poaition."wfv sens line as thle belected oeA~xit toMMus Wampmn air stall torque tOD maximum stem

allowable torue. For modulating and othe severe
For Spriflg-lRetv i service applicationa. a mninimumn actuator torque of

The valve's maximum toraue requirement at 25% grete than the valve torque requirement at all
specific locations and direction of travell must be positgios of travel is recommended.

DwoucIng-AActlom v~i.~u

--- M bnw

490 W1.25 3 50% 7

Toqu R LAtig (Pound/Inches)25 is
Double-Act1WngMActu1t 3s

uSON - 4.-M-5
__ __ _ ___ * -____ ___WA.e

iso Isa ¶2 ¶8 25 __ ___737



Torque Ratings (Pound/Inches)

Spring Return Actuators
RPB-Serles (Pneumatic)

SId Nampw I WO_ Ow I w ..

2 69i 45 76 47 138 lg 201 1172 263 234 1 326 312

3 :04 67 - 113 70 170 133 V_9 19_ 301 2

250 4 - -90 so 317 _5 . 93 2'3 156 276 21,

5 175 112 .-- 126 54 1 69 116 251 179

1 6 29 135 .- -. '64 77 227 139
2 1 81 !35 8: 2M 196 11 3M9 471 '21 5 A 533
3 193 121 - 203 1 12! 316 238 428 350 541 463

450 t - - 158 54 271 157 383 279 49 6 r 3 92
5 3!7  2 W 0  - - - 226 96 339 20m 451 321
6 381" 243 - - - - - - 253 137 406 257

2 219' 179 300 764 549 43 790 02 1048 931 1297 7 181

3 418 70 202 48 449 278 526 947 775 1 196 073

106o00 -SO 3650 3 120 5" 37, 8e 618 1507 0067
5 6% 450 . .. 212 749 4M 990 710

6 83.. 540 .. . . .. 650 304 689 567

2 659 ,'w N0 395 7253 958 i16 152 2379 20M4 2939 2647

3 990 590 - - 7034 597 ING 17154 21,4 1 1 717 272 2260

2250 A 1320 787 - - 86 226 1379 768 202 7351 205 1914

1650 - 1161 424 1724 984 2267 1549
6" 990 78 I - . 7506 62, 2O 7181

2 10 78,5 1590 8W3 2782 1990 3970 3782 516 13A D 6350 5570

3 2340 110 - - 2390 1 720 3570 2400 4760 3593 5900 4780

m 4 3130 1570 - 7660 414 3180 1460 4370 zSam 5582 3990

5 39iC 1960 - - - - 2780 875 3970 2010 5100 3 20D

F -6 49&3 2360 - - - - I- 3570 1220 4 70 2410

2 3400 1720 3460 1 75C 60a !363 860 6! 8 LMI 1W I 9560 13900 12 200

3 51•0 2570 2600 49 5200 2880 ?790 5240 '0400 7840 1300 1040

160 4 6790 34X0 - - 4330 932 69I30 T350 9520 630 12100 6I730

5 8A90 4390 -. . . 080 18$10 $6O 4410 11 3M 7010

10293 -- j ... 7790 2700 10400 5300

RPQB,,Serhl (Pneumatic)

10 3 40D I m77 5~, U 59 -76 p625 8 7 MO ~ {1 10 - I- T-
75 5100 2570 5 5W 5229825 8250 11O ~100 T

1106 20 6 79.7 3430 5560 3405 8250 8250 11~ 7D 1(00 f12 375 72 375 -

25 406 42 ___ 17744 25 62 0 11 ODD 11W 2375 1 2375 13? I7U
_____ 30 70 20 5150 1 20 52 7 05 13~J735 U 39
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Performance Data

Ope~rqtn PresKr Rage 40 to120 PSIG. Operating Tsanprature:
Maximum Alaw.able VAxlidng Prow.m: 150 PSIG. fiand~ard: -40OF to +200"1F
Maximum Operating Pressure: 120 PSIG. Optiunai 0OF to +3500F
Opewaing Media: Cry or lubricate rno corro ga&

Double Acting Actustors

RPS-Serles
~UI 12D 3 120 J 150 3.0 02

~5S 205 242 120 150 __________

WSW$C6 454 50J 120 150 77 09

room4 go 11&6 120 t5o 15 1s

IPUjsS 22U0 20661 120 150 410 18

P=- cR 46A3 7701 10 1SO 820 as

.r0. orw go0 oo..aIn wo ,Sd.Or -O a (NEMA 46)

Spring Return Actuatoos

RPD-Serlea

2056 .2 150 68 !0 13

RPOB-Series

'Fro* go OW *0 S 8III-ýOOMA CI'OII I'1W W
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Dimensions
12.00 GG THU . HH DEEP

RPB-Sres6so 4 1- 4 WES.SRAZ , -F

S HO WN WITH INOICAM- R 2 EE

____ AS _-___ 
so.

siV VSW.WDEEP

- -a '- --- I __ý

8D -K ADJUSTMENT 9 U X" TH x .YSCREW E4HOLE&SSTPADOLEj C,. A

TO AA x 1 88 DEEP CC

c . ___ _ s

______ N M /DOf~

- - i ~M5 a48* x 31 DEEP

" T" TH hx FUL.L A J

Mountirng Dimensions vuww

NW R 5 TM u v IN x• ,t z ,,MI n CC 0 ,, 6E .. ..
AR S TT~i. 164

I ý . 29% ,NpI" IO C 5 433 IN *20 UNC 35 13, 1 2 " L 31 1,172 al 325 117 *20 UNC 35

2M. 26 9.24 ,.UNC 72 561 lm )21)U 36C 132 A.*26NC 31 1172 381 325 117 /,20UC 35

S M. 2M43 W.INT 1024L UC 99 748 1M bir1- LC .47 194 %.20 UNC 31 1.172 3,81 431 175 •UK 38

2011 YL 2M 'A NP8t 1024 UNC 116 M6 1.57 *16 UC MO 2MW *2 N 31 1172 3M1 431 1,75 %,0UC 38

WI K. 2M9 ~N~t w)2L0 I3 106 13 *13 UC 1.75 1498D 31 1.172 331 IIV1_3148 13D LU 75

1 J9 ~.236 AP 04 .1.7 1A 1.77 #Ifrl UNC 43972L*3117 81 81 -1C4

Goneml Dimensions
MudM A. B~6 . C D 9 F 6 N J K L 9 N IP 0

U8ll i 86A 725 313 382 3f4 160 2M130IS 55 .25 34 25 SO 133 50 M2 _11M_2

4_ L 678 775 338 • 3178 2.22 350 111 2 35 34 25 A_ 138 50 M IM

96 ~ 8. 575 434 49 472 271 443 238 93 25 34 25 9 162 60 2s 1 lOU

U- 8 in, 110 1.75 S75 6 551 3a L5 238 112 25 34 25 A 175 SO 261 IU
.I 12 44 aso nd IM•! • •l • • •I• • • • .
'ASO45 2112 725 105 772 416 796 413 12 35 4 35 35 46 0 23 lO

*00 I. 183 22 95D 13 6 8 3 8 1 5 3 25 1 M 86 1062M

RIMB
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BettiSolenoid

BettiSolenoids are custom designed for use with Call Connectlon-NEMA 4:
the RPB-Series pneumatic actuator product line 1. 1/2 NPT Terminal type plug-in, standard.
offering a direct mount feature which eliminates 2. Strain Relief, no cord, terminal type plug-in.
interconnecting tubing and fittings. 3. Strain Relief with 6 ft. (1.8m) cord, plug-in.

4. Strain Relief with 120VAC-60Hz light, no cord.
General Description 5. Strain Relief with 24VDC light, no cord, terminal

1. 4.Way, 5 port, 2 position, single coil with manual type, plug-in.
override. Coil Connection-NEMA 4.7-9:

2. 3-Way, 2 position, normally closed, single coil 1/2 NPT., potted, 24" leads
with manual override.

Operation:
The valve operates when the coil is electrically
energized and returns when the coil is
do-energized.
Media: dry or lubricated non-corrosive gas.

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

Orientation:
Valve may be mounted In any attitudelposition.

Cold 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. All coils are UL and
CSA listed.

2. NEMA 4-7-9, combination watertight and explo-
sion proof-indoor and outdoor. Offers the same
protection as NEMA 4 listed above plus hazard-
ous location ratings 7C, 7D, 9E, 9F and 96
(Class I & II, Groups C, D, E, F and G) Division I
and II. Enclosure Is UL and CSA listed.
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Temperature: Coil V~lae
Media^ - 4OF to + 2DOF. 1. 12OVAG 6OHzI11ODVAC-5O Hz.
Ambient:NEMA 4. -40F to + 11UT. 2. 24OVAC-OOWz22OVAC-50*lr/l2VtC.

NEMA 4-7-9, - 40F to + 125 F. &. 4SVACO601Z44AC-5OHzi24VDC.
Coil Rah 4. 24VAC.6O0iZ/22VAC-5OMzII2VDC.
1. NEMAA 4: Continuous duty molded ClASE H Coll V~lag Vwalkawe + I - 10%~ of Nominal.

insulation. Ptowe Conswniplon 6 watts
2- NEMA 4-7-t Continuous duty molded Clast 0 Mat~acials

Insulation. Vdlv S'sdy w Aluminum, anodized.
SeqsIORhwg = Nitrile.
Fafte-mrs - Stainless Steel assembly and

Dimensions ___________It

*7G.) P2 Pt

cm S (4-WCAY-ONLY) 3~w W~ -WY mAya

3-EUAI~fl P2
S-(lcJETw P1

ES-WAY)U RP2OM THRIJ RP82260

01- - -r__ 3-WAY T P2V
/v1 '-: -1 4Ti 5194ka P

71,. 9 __________________
124*11

+ i-tr~km P2

-. . Io" '

DA.UOO AMNDR (U lMSf
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MULTIPLE HEAD TRANSMITTE
The Multiple Head Transmitter Is a compact and curable transmitter designed and

developed by Gate City to provide from one to four outputs in a single housing with
future modifications in mind. Where space limitations make stacking of several
transmitters difficult, the Multiple Head Transmitter becomes the ideal altemative using
only 4-5/8" of height in the mneter stack.

The Multiple Head Transmitter can be used with any metering system that uses
Veeder-Root 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
tXpfl m=, the ajodal number, and the volume por outnut shaft revolution. Our
custom gear plate designs allow any volume of measurement to be used.

The Multiple Head Transmitter is currently available with two types of electrical
outputs, both of which are enclosed In explosion-proof housings which, depending 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
Throw (SPST) pulser is used, this would include such applications as 1 pulse per
gallon, 1 pulse per dekaliter, or similar outpuL This type of pulser is normally used to
signal a data system or similar device. A similar transmitter modified with a contact
protection network would be used with inductive devices such as a Gate-PakTM
additive injector. For applications that require a high-resolution pulse output a
Veeder-Root solid state pulser is used to supply outputs such as 100 pulses per
gallon, 10 pulses Der liter, etc. This type of pulser is normally used in applications
such as product blending or electronic presets where a high degree of accuracy Is
required.

The Multiple Head Transmitter is also available with a Right Angle Drive output that
can be used to drive various mechanical and electrical devices normally associated
with electronic meter proving or rate of flow indicators. The Right Angle Drive can be
set up to provide one output -evolution per 5 ga~lons, 10 gallons, I barrel, 1 dukabier,
etc.

When the Multiple Head Transmitter is used and only one pulser is required at the
present time, but future requirements are known, Gate City can provide your Multiple
Head Transmitter with the appropriate gearing so that thq correct pulser may be added
in the future. The future pulser can be nided merely by removing a blind plate cover,
and bolting the new pulser into posPion.

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

-1-
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MUL TIPLE HEAD TRANSMITTER
APPLICATIONS

S- - "".DIGITAL SHAFT

OPTICALGAT'"•G ENCODER
CONTACTOR

TERMINAL AUTOMATION
AND DATA SYSTEM

RIGHT ANGLE DRIVE FOR CONTACT PULSE TRANSMITTER
ATTACHMENT OF PORTABLE FOR TERMINAL AUTOMATION

ELECTRONIC METER AND DATA PROCESSING
PROVING EQUIPMENT •I PULSE PER GALLON OUTPUT

I.--.-

MASTER METER - -o -.

PROVER COUNTER .
MMC-7 . -

CONTACT PULSE TRANSMITTER
FOR ADDITIVE INJECrON -"" FOR DIGITAL VALVE CONTROL

SYSTEMS - PULSE RATE PER EQUIPMENT WITH OPTIONAL
SYSTEM REQUIREMENTS PARITY CHECK FEATURE.

TRANSMITTER HOUSING, AND
lINPUT/OU1PJT COUPLINGS ARE

ADAPTABLE TO VARIOUS METER 0
APPLICATIONS. SOME ADAPTORS

MAY BE REQUIRED.

0D

GATE-PAK INJECTOR ELECTRONIC PRESETS. BLENDERS.

ADDITIVE SYSTEMS AND OTHER ELECTRONIC CONTROLS

-2-



___ DIMENSIONS

MOUNTING HOLE
.2656 OIA.

.625- 6.625 BOLT CIRCLE

MOUNTING HOLE
0 ~3/6l-16 THREADED

5000 BOLTCIRCLE

2,000

2.000.50

TOP VIEW

4.375,4.375SIDE VIEW

.3-
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APPLICATION

SMITH METER

BLIND COVER PLATE
TYPICAL W TYPICAL

SMITH PRESET (4) - MOUNTING BOLTS VEEDER-ROOT
VEEDER-ROOT 014-28Xl-li8 HEX PRESET
LNC/PRINTER r(4) - NUTS 14.28 HEX LNC/PRINTER

(2) - MOUNTING BOLTS (4) - MOUNTING BOLTS
REFF.R TO SMITH L...... 114-28X1-1/8 HEX

PRESET MOUNTING i
INSTRUCTIONS _MLE_-

MULTIPLE HEAD
TRANSMITTER WITH

SMITH/NEEDER-ROOT

SMITH TO VEEDER-ROOT INPUT/OUTPUT
ADAPTOR (4649-1) I COUPLINGS

(2) - ADAPTOR SCREW$_
3/8-16X3/4 SLOT , (4) - MULTIPLE HEAD TRANSMITTER

MOUNTING BOLTS
1/4-28X7/8 HEX

TYPICAL r- SMITH METER
COUPLINGS jF4-S1 SHOWN)

-4-



APPLICATION

SMITH METER

SIANAR:,D INVERTED

iYZT

OUTPUT COUPUNG APPLICAT1ON

INVERTED: FOR SMITH 342 A&B SERIES PqESET AND OTHER SMITH EQUIPMEN1.
SEK INVERTED DETAIL DIMENSION MUST BE AS SHOWN.

PROCEELURE - LOOSEN SET SCREW AND INVERT COUPLING, ADJUST TO PROPER
HEIGHT AND ;ilGHTEN SET SCREW,

STANDARD: FOR VEEDER-ROOT 340C (78M9) SERIES PRESET AND COUNTER
PRINTFRS. SEE STANDARD DETAIL.
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APPLICATION

BROOKS BRODIE METER

BRODIMATIC

BLIND 
COVER 

PLATE
COUNTER E WITH GASKET r

BASE (4) - MOUNTING BOLTS VEEDER-RooTTYPICAL

SPACER 1/4-28X1-l/8HEX PRESET'
SHAFTt NUTS V14-20 HEX INC/PRINTER

ADAPTOR ~ Z~i
PLATE

(P/N 3650300000) I (4) - MOUNTING BOLTS
L . . . . . . .....- 114-28X1-1,8 HEX

ADAPTOR MOUNTING
(4) BOLTS - 1/4-28X7/B HEX MULTIPLF HEAD

(4) NUTS - 1/4-28 HEX 1 - TRANSMITTER WITH
BRODIE/BRODIE (BROOKS)

TRANSMITTER MOUNTING • INPUT/OUTPUT
(4) BOLTS - 114-28X1-1/8 HEX COUPLINGS

(4) NUTS - 1/4-28 HEX SPACER SHAR (4) - MULTIPLE HEAD TRANSMITTER

MOUNTNG BOLTS
*BRODIE ADAPTOR 1/4-28X7/8 HEX

(P/N 36503100)

r-, ' ADJUSTER

-~60

TYPICAL
COUPLING 00BRCOKS BRODIE METERo 0

o 0
0 o0
0 0 *NOTIE-TO MOUN4T THE

0 MULNJWLE HEAD AS
0 SHC'WN THE HDLE

0 00Ž>0 PATTERNJ ON THE
ADAPTORA MUST BE
M4ODFIED. SEE THE
ADI•PTOR DRAWiNG,

"-6-
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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.

o 0

o 0

0 0 TOP VIEW

o 0
* 0

RRODIE TO VEEDER-ROOT
ADAPTOR

(P/N 36503100)

SIDE VIEW

"-7-
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A PPLICA TION

LIQUID CONTROLS METER

BLIND COVER PLATE

WITH GASKET 1TYPICAL
(4) - MOUNTING BOLTS VEEDER-ROOT

1/4-28X1-1/8 HEX PRESET(4) - NUTS 1/4-28 HEX LNC/PRINTER

I • I (4) - MOUNTING BOLTST

I/4-28X1-1/8 HEX

MULTIPLE HEAD
TRANSMITTER WITH
LIQUID CONTROLS

• •INPUT/OUTPUT
COUPLINGS

I (4) - MULTIPLE HEAD TRANSMITTER
MOUNTING BOLTS

1i4-28X7/8 HEX

TYPICAL COUPLINGS

0 - 0 LIQUID CONTROLS

0 METER

0 0

o @0/

-8-



APPLICATION

NEPTUNE METER
BLIND COVER PLATE

WITH GASKET TYPICAL

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

(4) - NUTS 1/4-28 HEX LNC/PRINTER
TYPICAL... [JJ" " NEPTUNE

-0 tam PRESET
I (4) - MOUNTING BOLTS __-__ LNC/PRINTER

L.------------J 1/4-28XI-118 HEX 000C

MULTIPLE HEAD
S~IITRANSMITTER WITH

NEPTUNE
INPUT/OUTPUT

COUPLINGS
I PER APPLICATION I

NEPTUNE TO
VEEDER-ROOT

ADAPTOR

NEPTUNE

CALIBRATOR

O 'TYPICAL COUPLINGS

0 NEPTUNE METER

-9-
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APPLICATION

TOKHEIM METER

BLIND COVER PLATE
WITH GASKET TYPICAL

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

(4) - NUTS 1/4-28 HEX LNC/PRINTER

(4) - MOUNTING BOLTS
L- 1/4-28X1-1/8 HEX

MULTIPLE HEAD
TRANSMITTER WITH

I ITOKHEIM
INPUT/OUTPUT

COUPLINGS

I (4) - MULTIPLE HEAD TRANSMITTER
MOUNTING BOLTS

1/4-28X7/8 HEX

TYPICAL COUPLINGS

TOKHEIM METER

0 
0 )o 0

0 0
0 0

-10-
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ASSEMBL Y

GATE CITY MULTIPLE HEAD OPTIONAL TOP COVER
T•SRGNED FOR VARIOUS PLATE WITH GASKET

METER APPLICATIONS

'N OUTPUT COULPINGS
Sc: FOR VARIOUS METER

APPLICATIONS

BLIND COVER PLATES
(FUTURE APPLICATIONS)

0 0 0

00

S....... 
0 -

0 
°-

RIGHT ANGLE DRIVE

PULSE TRANSMITTERS C(RAD)
"DRY CONTACT WITH DUST CAP

"DRY CONTACT WITH
CONTACT PROTECTION

*SOLID STATE ELECTRONIC GEAR PLATE
"SOLID STATE ELECTRONIC (OUTPUTS PER APPLICATION)

WITH PARITY CHECK WITH INPUT COUPLINGS
FOR VARIOUS METER

APPLICATIONS

921-
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Series 1871
Puise Transmitters

Certified LI) STED

Applications
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 stepping
motors used with remote indicating, totalizing, and data systems. UL listed, CSA
certified.

Description
The pulse 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 proof housing
with a screw type cover for easy acess to the pulsing mechanism. The transmiiter
utilizes a dry reed switch, magnet, and gear train, sychronlzed to provide 2 pulses
per revolution or 10 pulses per revolution, as required.

Specifications
Contact rating .................................. Maximum 50 VA resistive

Not to exceed 250V or 3 amperes

Type switch ...................................... Single Pole Single Throw

Contact Resistance ......................... 500 milliohms

Acluating Time ................................. I milisecond average

Contact bounce ............................... 1 milisecond average

Speed ................. 0-3000 pulses per minute, 600 RPM maximurm

Pulse Timing .................................... 40 to 50% on, the balance off

Temperature .................................... Compensated for -40OF to + 160°F

Housing ................ ULJCSA, explosion-proof Class 1, Groups C & D
Cover holes provided for wire seal

-12-
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fl, a at . , 1 " .I t,.J 1 W• . 4•LI•Xt l• L., .

* -. .Serles 767181
Pulse Transmitters

e•ripio
These solýd state pulse transmnitters provide fast and accurate signalinD for
remote indication, totalizing, and data monitoring systems. They are UL listed for
gasolire pump computers and in applications that require monitoring of output
shaft rotation in hazardous locations.

The output can be eit~ier dual channel with 50 pulses pr revolution per channel
-c single channel with 100 pulses per ,-evolution. The dual channel pulse trans
can bo staggered or overlapping. A staggered output allows errors to be
detected on either channel or on both concurrently(power loss to puiFer). An
overlapping output permits the detection of directiorn of rotation and errors on
either channel, but not both concurrently. The single channbl devices, are used
when greater pulse density is desired and error detection is not required.

Speclflcatlons
Recommended Operating Conditions
Supply voltage 10-15v DC; 75 ma max a i 15v DC
Output Dependent on load
3wiiching times Rise time - 2 microseconds maximum

Fall time - 4 microseconds maximum

Input shaft speed 600 RPM

Operating Environment -400F to 1801T (-.:0 0C to 32 0C)

Housing Explosion-proof. For use in Hazardous locations
Class 1, Group D

SCHEMATIC

'I- -13-
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PARTS--,-

HOUSING - MAJOR COMPONENTS

13~ -------------'--'- -10"

13~

6o

-4 0
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PARTS LISTING

HOUSING - MAJOR COMPONENTS

ID# Descriotion Part Numter

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 plate ........................ 02-00006

6 Blind plate bolt ................................................................. 02-00057

7 Add-on Pulser

2 pulses per revolution................................................ 02-00100**

10 pulses per revolution ............... 02-00200**

100 pulses per revolution ........................................... 02-00300**

8 Pulser mounting plate bolt .......................................... 02-00059

9 Right angle drive adaptor ........................................... 02-00400

10 Blind cover gasket .................... 02-00080

11 Blind cover ......................................................................... 02-00085

12 Blind cover bolt ............................................................... 02-00087

13 Blind cover nut ................................................................. 02-00088

To insure the correct replacement gear plate will require the

original Multiple Head Transmitter serial number

*' To insure the correct replacement or add-on pulser will require

the original Multiple Head Transmitter serial number

-15-
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PARTS LIST

PULSE TRANSMITTERS

01

------------------------------

DRY CONTACT PULSER PARTS

-16-•
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PARTS LISTING
PUL.SE TRANSMITTERS

.E•"D--
IQ# -j\ax .' -Part Number

I PRiser mounting plate ................ 02-00029

2 Pulser

2 PrR* (187180-051) .................................................. 02-00034

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

100 PPR (767181-325) ............................................... 02-00036

100 PPR with parity check (767181-325P) ......... 02-00037

3 Reed switch .... ...................... ................... 02-00099

4 Contact protection network ........................................ 02-00010

5 Pulser mounting screw ............................ 02-00105

6 Pulser mounting plate bolt .......................................... 02-00059

7 24 Tooth pulser drive gear ............. 02-00002

a 36 Tooth pulser drive gear ......................................... 02-00003

9 18 Tooth pulser drive geor ........................................ 02-00001

10 Veeder Root pulser drive gear ................................. 02-00110

11 Set Screw, drive gear ................. 02-00115

* Pulses per revolution

987.
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PART"S LIST"

RIGHT ANGLE DRIVE

i7

6 6D ~ 1

-12

~1 8-
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_ _ _PARTS LXSTING

RIGHT ANGLE LRWIV

-M-1# Qmcson alIumm~fr
1 Right angle drve plate ......................................... 02-00022

2 Bushing .............................................................................. 2-00 0 50

3 Shaft. ......................... .. 02-0,0024

4 Retaining ring ....................... 02-00120

5 D rive screw ....................................................................... 02-00122

6 C able ................................................................................... 0 2-00 124

7 Cap .................................... 02-00023

8 Mounting bolt .......................................................... 02.00059

9 24 Tooth pulser drive gear.................. 02-00002

10 36 Tooth pulser drive gea ....................................... 02-00003

11 18 Tooth pulser drive gear ........................................ 02-00001

12 Veeder Root pulser drive gear ........... 02-001 1i0

13 Set Screw, drive gear ................. - .3.....Screw,.driv502-001 9
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PrARTS LIST

SHAFTS AND COUPLINGS
LIQUID VCEDER- VEEDER-

CONTWDLS RCOT TOKHEIM R)XCIMWELL ROOT BRODIE NEPTUNE

-- - - - - - - - - - - - -

LIQUID VFEDER-ROOT/
CONTROLS VEEDER-ROOT

I BRODIE/ BRODIE/ NEPTUNE
VEEDER-ROOT BRODIE

* ---- - --------

RODIE

SOAEDRIVE

u

LIUD SIH TOKHEIM ROCKWELL NEPTUNE

CONTROLS

-20-
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PARTS LISTING

SHAFTS AND COUPLINGS

Desaption -_.__Part Number
Liquid Controls Output coupling .............................. 02-00016

Liquid Controls shaft ...................... 02-00014

Liquid Controls Input coupling .......................... 02-00015
Veeder-Root (Smith) Output coupling .................................. 02-00027

Veeder.-Root to Veeder-Root (Srritii)shaft ........................ 02-00028

Smith Input coupling ................................................................... 02-00060

Tokheim Input (Pin) ..................................................................... 02 00065

Tokheim shaft ................................................................................ 02-00070

Tokheim Inpul couplig ...................... 02-00072

Rockwell Output o4oupling ................................... 02-00091

Rockwell Input Coupling .............................................................. 02-00093
*Rockwell couplings use shaft PN 02-00028

Brodie to Veeder-Root shaft ................... 02-00009

Brodie Output coupling ............................................................... 02-00008

Brodie to Brodie shaft ........................................... .................... 02-00130

Neptune Output coupling ..................................... ................... 02-00020

Neptune shaft ........................... 02-00017

Neptune Input coupling ............................................................. 02-00018

-21
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The 7"97 Vooee -cdi l MOWe kgiuer

The Fluid Power Product's Met*( fitted with the 7887 Vooder Root
Register is an' outstanding choice tor recording and displying delier

IL data in a wide variety of industries. This system totofizes and displays high
sWoed deliveries and transactions in large easy-to-read figures. and it is
idea tor increased efficiency in all kinds of klquidl inventory and delivery

The 7091 Vood-R~oct klolw Oegetr anid Pr~esePii7 7i7 IJ , - The Fluid Power Produict's Meter fitted with the 7891 Metor Register
_________and Preset combines inventory control and data processing Information

for a wide variety of Industries. This system combines to control and
dispay high speed Mlud deliveries and transactions anid Itis de far
increased efficliency in all kind of liquid inventory monitoring and

control inst allations.

Rile 7M9 Veedet-ft" MOWu RegetW4 and Pne

The Fluid Power Product's Meter fited with the 7890 Meter Register
and Printer provides inventory control records, bill ot lading receiptt or

- invoices. accounting records andi data processing information in a wide
variety of ixzndutre This system produces clean, detailed printed records
of high-speed fluid delive43 and trortsactions, and if is ideal for increased

efficiency in of kinds of 11quid inventory monitoring and! control situations.

The 7671 Sailid Stat Pub&e ftnwn*ite and toe 1071 Pub*e 7Iriolliter

These two pulse transmitters mounted to Flui Power Product's Meter ore

* ~~desgrgnd to Provide fast, accurate puWVlsnfor counters, printers and I
* ~stepping motors used with remote indicating, totalizing, and data"sytrm The 1871 Iranaritter provides a choice of 1 or W ppr. The 1671

output pulse can elither be dual channel withi 50 ppr or single channel

C~ -t ~ b Risd Powell Produfts Posllhve Dlspboemnw* Flow Moftmr

Accepted around the world in the Petroleumh Chalmical. Agricultural.
Rxhorrriacuical. Food, Utility and Military Markets, these meters are cost-

teffctive high performane meters Corvotnt atten4sýn to new product'
development. production dlesign. high standards of manufacture and
bind testing are the reasons Fluid Power Products meet the most
delranding requtrements of various types of indusiry.

DISTRIBUTE.D BY:
FUDPOWER PRODUMC, MJC.
HW N ANO GE NESEE RO

9 C box~m
STICKFAW. LA 704664U

P"WO~ (504) 542 S?
FA *~ (50) 54? 7394
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Liquid Level Switches for Pressure Vessels Bultn ,41

L-1 200 & L-1100 Float Operated Switches Catalog Sactici ' ~5
Also L-1 000 Series Float Switches
for Normal Pressure Applications

DESCRIPTION L41200, L-1100
The L- 1200 is a float switch for high pressure vessels. function- Works Effectively On:
ing to activate alarms and/or to shut-down equipment when a
liquid rises high enough to set the snap-switch. All other models - Comnpressor Scrubbers
in the L-1000 series operate in this manner, but vary in applica-
tion, material make-up, prossure rating, and size. - Pressure~ Vessels
Designed to meet specification for Class 1, Division 1. Group C - Heater Treaters

__& D haZfrdpua locations, the L- 1200 aodA~J.j.A0ALcaMfliid by. .
the Caniadiain Standards Association. These units are explosion - BoilersU
proof cons1tructed anid all moving pans coining into contact with
a fluid are corrosion resistant. -Any EquIpment Needing
INSTALLATION a Liquid Level Monitor
Level switches rray be mounted directly onto a tanki wall or irtli- d lh
redtly by means ot standoff piping and float chamber. For direct
mounting of t~he L-1200 Murphy manufactures a weld collar that
is mechanically designed to allow full float travel in switching.
Also manufactured is a fioat chamber (1500 psi rating) for instai- ' t
lations requiring isolation of the float from turbulent or rapidly 'U

fluctuating liquid levels. Either mounting should be installed per
ASME pressure vessel code.
Eixamine typical float chambter and weld colar installations. Take
speial note in float chamber installation of the hammer lug
union on the lower horizontal pipe: one or more such unilons are.
necessary to facilitate mounting.

Murphy Buoygiasa" Fl"at
L-t 20 . --. 0.5 specific gravity,

(Stainless-stee flotis OOnI.

0,65 S'Peciim gravityl

TYPICAL L-1200 FLOAT I TYPICAL L-1200) WELD

CHAMBER INSTALLATION COLLUAR INSTALLATION

FLOAT SW1TCH MOD-_LS:_ _____ ______

MODEL OESCRIPTION MODEL DESCflIPTION
L-1200' 1500 psi/l0,3MPa pressure ratirmg, r N14T 1.,1?-, 15 pal't03 kI~a presAive* rating 2' NPT.

BUOYGLAS- Float SPC17*. lilts Murpiy Foiypropyierna~ Flot. SPDT.
Float Chamber or Weld Coilay. L-1150) 15 rAW103 IrPa pressure rating ir."Hl"T.

L-1200-SS' Stainiess-atee body anct curtr P aypn ewyi f 'am, SP')T-
L-11DO 1500 PSVI/0.3 MPa prasarre raring, 11.2 NPT. 'ALSO: Model ior 4001F Schvir, %y1 Stainless-Steel Fk'.ai

8U0YGLASI- Final. SPDT"A madlfs cja- bie cit/well with s DPOT switch. ftpeyi fly desegisnato

ALSO. SE~E NOINE BACK PAGE
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1-1200L-1200S
)L 

121

flNrnb/ -N

IVWO PPisojOT t r_

Ina PH 15-0"8507

qN- awl W s "'W
WM OccAM Z~ag f

41rq aI.v~W. u!.-.

L-1200 OPOT, L1100 DPW? St 42-
15-00-0136 Mksa S~ich AsseamtiJy _ ___ ___ PN' 18O45.037

Switch RatinglI0A@a250 VAC
WIRING DIAGRAM1407¶.f

Ncsnk ~ma NO. .*.9g5 %I

II ?TUAflO P~64 V

.1apt maeGs U, k" In., VmuONE
Um LAR s."- C- i________

X)t VOC 'MA Fi anVG

REPLACEMENT PARTS NOTES ______ _______

POW" 000=4*-a t The 4oJo.irig items on tOw L-1200. L-1200 DPDT, Y-11100. arnd th9
L-2.-A sun i lM UYLS -1O(PTcnb ~lcl frcl'lda h Qt:0rns

Guide-K Shaft BCGAL100O Tcansebly trepacedo Lorvechrtda h atr:0rns
lI-Il-024 u." 8Sn--l Assen"tty(uieSataemy0prtrLee
15~-01-21 CCI ,~fS L-wO 1-S i2W0POT. I tt00tJPDT. Rapthwnwntpanus *me hsa"es ttwe

GI."@
15414200 L664ASMWY L 1200 mid the L-1100 except fot Mico Swiatc Asastv utNme

15-06-0002 *hirqag Pu 5-0036bewiig igamfv
15O-066 0002 g Ao4A- A 5116 diamestor x 11"tong-in Filoui Shaft Exolenuiort min be ordered. Astk

L-1100 tor Pant Numbetr 15-05-0325. Wilt be shipped kiaise.

1 5-010027 staret OLIYOc. A sutain~asteel lDOWt is avoiWable 0.61. apaich gravity. 4s9t tar Part
1"1.0-213 Coser Sance M'lVb Numb~er 165-05-01 66 ks -h 1-200: 15-05-0356 tor the L-1100O.

'40-s-cn " ~ vAs~~ 'Stafr'lll Steet Models comply with the National Association of
socs-Eta Hrqj Py, Corroilon Engfineeis (NACE) Standard MR-v- 75fo tr exrpoarre to 04,5.

30-15-sVX Wiorapo Not"i in hydrocarbon bearing senicix, tor instLance to Sulfide utivale cracking.

soxidicara rons, sutyean no Cftanger withot pnrw notice.

3)Clirnch W.: iaeovroCk. Salcur SPil 102 U.K. Frncisco Zawc Mo. 15. A11111.

%it. 40722) 41005$1 hix (0722) 410068 lii 471068 7380. a (5241448 15oi.1 S L.,Mexi
* Iu W. "lepbMasuhe U Pivl W. 11i 111 u.. 0*5. Nk411 lClila
PG 50 A Do0248. Tulsa Otirsisoma 74147 USA 2-65iA0~ Drive. Revustc of Singapore 1545 P .D 9D7N casmiife Aorisa 93590: USA
tatl (918 V17-3550 tae (91)6014-6140 too 4D2332 tat. (85) 241-31K6 tax (5) 24 1-838 09 8S241 08 Ut. (W,5 272-47 ?(Dtx (W' 947-1570

w Ffns W Manpoif hSwmAlifait ME0 Url V. it a Flawe al topsIt.31tag
PO Bcox 39 Afso ourwr Terxas TAY4 USA 3 1.nrimfissutgr*Sh70Parts irxncet12 l" tSO~muithtwry. Car mmuleim Vic3m0: Avstn~

' i(713) 342-0291 fill 1713) 341-60)6 Its 762629 tat. (1) 30702520be 11) 30 753989 MO. (61 3-35,1-%55S Us (It) 3 -356-5556
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INSPECTION
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KF 16" AND KG 20" INSPECTION MANHOLES

The KF 16" and the KG 20" Inspection Manholes give excellent service when there is
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 HEIGHT: 3"/" (Approximately) AVERAGE SHIPPING WEIGHT: Steel - 14 pounds Aluminum - 6 pounds

MODEL COVER MATERIAL WELD RING 16" ID GASKET VENT

TYPE CODE CONTACT PARTS EXTERNAL PARIS CODE MATERIAL CODE MATERIAL CODE TYPE

KF 1 Steel Steel 1 3" Steel 1 Black 0 No Vent12 gauge Buns N

2 Aluminum Plated 2 Aluminum3-" x VQ"

3 S5304 Plated 3 3"'304 SS
-- ,12 gauge

4 SS 3N

KG 20" 1 SPECTION MANHOLE
OVERALl. HEIGHT: 3',' (•rox�ueiy) • AVERAGE SHIPPING WEIGHT: Steel - 16 pounds Aluminum - S pounds

MODEL COVy IXT'ARIAL WELD RING 20" ID GASKET VENT

TYPE CODE CONTACT PARTS EXTERNAL PARTS CODE MATERIAL CODE MATERIAL CODE TYPE

KG I Ste"l Steel 1 3" Steel 1 Black 0 No Vent
12 gauge Buns N

2 SS 304 Plated 2 Aluminum3" X W"

3 SS304 SS 3 3" SS 304
12 gauge

13
January, 1987

KNAPFCO - KANSAS CITY, MISSOURI 64150
4304 Mattox Road Telephone:816-741-6600
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KF 16" INSPECTION MANHOLE

REFERRALS DESCRIPTION STEEL ALUMINUM. PLATED 304 SS 316 SS OTHER

1______ Weld Ring 108 1090 1001 1276
2 Clamp Ring 1107 1106 1109
3 Cover Assembly 1268 1269 1270
4 Gasket, Cover 1106
6 Bolt, Clamp Ring 1110 1111
6 Nut, Clamp Ring 1114 1115
7 Washer, Clamp Ring 1113

*K G ý20" NSPECTION MANHOLE
REFERRALS MPTION STEEL ALUL4INUM PLATED 304 SS 316SS OTHER

I Weld Ring 1175 3693 1168e 1263
2 Clamp Ring 1177 1184 3821
3 Cover Assembly 1277 1260
4 Gasket. Cover 1181
5- Bolt. Clamp Ring 1110 11111
6 Nut. Clamp Ring 1114 i115

7Washer. Clamnp Ring .1113
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CL-F1500

t14



MATERIALS

VOn13 1817 _A)
2010 -% W is -

19 16 IS

-• K
6

,3 • ~3 5 2 1 u."=
S•oswolction

("L-F¶1Kf-fl-()VB M!M______ ____ __________

1. 0nd4 ASTM A216"W 1 1rUbol q. Matti Rettinor • 61013 C.Rs. 17. Washer - Cold Rolled Steel, 304SS for
S,or1 (V1A"-3"1; A1 M A216 WCB T316 model (13". up)

2S Uot Ret{If-C CR.I. 12L14 14" end 6") It. 19th . Cold Rolled Steel, 304SS for
) 4".11. ASTA A21 S WCA 10. Hv% jicket Head Satz. Coibon T316 mode! I I,"- up)
Carbon Steil OW' ,jp), AtC Sqml; A•31 304SS f,; T3165 19. Hendle ,Coad Rolled Stel ("1).
3 ISSS N), T3 16 mo-M (14,"A') 'nmdel ItWuo) flvrit4 Iron (0 ".up), Svrivs

3. Bell -Mouel 11. Glmd PvcLIng • Corprced 3013S lor T316 mader ('"-1")
4 Stem -MoneI 0Gophitd W'.1" 1.ceVitg~n M~. Not -CartroAStee~l (3.1 "), 31GSS
S. Sets Virgiii PTFE PTFE 1W" 'i 4-piece) !oe T316 mudel (VA-")
Al. seket -Virqin PTFE lo, Option 12. Steplpse - a,1018 Carbon SteAl (1OW. up), 21. Frkin| Nut - Cold Rniled S:eel

01 end 0Z, 304SS for T316 nioal il'/"- up) (W"-I") 31SS• for T3VS model
7. Thrast Washer - Vrgin PTFE for 13, Rc.sIvnwj kIn g 3S4SS (1%"- Up) 1W-1

Cptlow" 0nl aOn . 4.4 G(, A4lq .Monal (1W'- up)
1. 6bdSh i s1018 C. Rs.0%"up, 15. Sring -Seri#% 30 1• •'13- uc)

"AIMI 31635 for T316 model I11W'- up) 16. Topc Liner Reinforced PTFE (10" up)

DIMENSIONS WEIGHT

._L
1 h2-4 U To

'J fiEo.1h. /8-16UNC 0(111" n4b1.

iDIRME ImOUS it I WO

fte A a c 0 1 F 6 N I J K L Ut.)
V' .•0 1."8 4.i5 2,38 511 3.50 iA NA .31 .19 I. t. 113 3,0
V .656 2.01 4.63 3.31 5.44 3.8 NA NA .38 .2I AS 1.3 4.2
1" .J75 1IA3 5.00 3.44 5.63 4.25 NA NA .50 I2 .8B 1.34 6.2

1 Y. 1.275 3.15 6.50 3.•4 10.00 1.00tM 3.25 3.5 74 .37 - - 123.
2' 1.0 3.17 7,0 3.64 10.00 6.00 3.10 3.25 .74 .37 - - 176

2Y'" 2.00 3.35 7.50 4.14 10.00 7.00 3.30 3.25 .74 .37 - - 27.1
3" 2.25 3.46 0.00 414 10.00 7.10 3.10 3.25 74 .37 - - 31.5
4" 3.00 4.09 9.00 6,75 mll 19 .00 4.13 4.13 1.06 -1- 54.2
6"_.," •,jLO..j5 110- . ii 4.50 441 85 13 -1- .. L7,0
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WARTS CL-F1500 SERIES UNIBODY CONSTRUCTION
ANSI FLANGED END CHLORINE SERVICE BALL VALVES

Watts CL-F1500 Series flanged end Chlorine Service stem packing; unihody design with internal body
ball valves are specifically designed fcr use on dry seal; two-bolt packing adjustment; ANSI end-to-end
and wet chlorine gas generating, storage and distri- dimensions and vented bail.
bution systems. All Watts Chlorine Service ball valves are cleaned
Available in ANSI 150 lb. configuration equipped and packaged in accordance with Chlorine Institute
with standard Monel ball and stem, these valves Recommendations.
provide maximum safety and service life in critical These valves also include standard locl~ing device
chlo.'ine environments, and 4-bolt actuator mounting pad for ease of auto-
Standard features include: multiple chevron style mation. Body material is ASTM A-216 Grade WCB.

i Onetrme diameter stem to preventANSI 150 Ib. configuration AI" a Ovriedaee"tmt rvn

Multiple Chevron Style Stem Packing torsional hillor

2-Solt packing adjustment isolates f Full ANSI aell thicksa e
stum packing from handle/stem Ventd bll prevntspest damnlt
rotation during rapid ball chamber pressure

Internal body seal insures end change
plug retention threads are isulatad 4-bolt actuator mounting pad
from corrosives Optkinal oval handle aviltble

Standard Monel Ball and Stem an %"- 1" sizes

Cleaned in acrdance with Multiple trim materials eveitble
Chlorine Institute Recommendations All valves wenad and marked

"For Chlorine Service"

PERFORMANCE DATA
VALVE SEAT RATING

3 - SPECIFICATIONS:z zz -CV Operating Torque--, , Size R ting (In.-Lbs.)200•" 15 6o

0 " 25 so

-•1" - -' 40 150
t.0 0 1% go 260

FO -2" 150 350
50 V2" 290 434

3: 430 608
4 4 so 730So 100 2• 0 250 300 350 400 450 j. 1,648

TEMPERATURt *F

SPECIFICATIONS

Approved valves shall meet A.N.S.I. H16,34 and dard virgin PTFE seats, multiple stem packing arnd
Chlorine Institute Pamphlet 6 requirements. Valve unibody construction. Watts No. CL-Fl500 or equal.
is a unidirectional ball valve with vented ball, stan-

116



HOW TO ORDER:
2" -CL-F1500 - 150 - MWM - 01 - OL

T ~ ~~~~ANSI Clow: ovsImri!

gg:Seri"I Iso 01 :PTFIE
V-61, 6" 02 D uraf ill

Mm- Monti
H" -Hosollo SH Stain Ion Lowe

OTHER CRITICAL SERVICE WATTS BALL VALVES:
CL-7200 - Threaded End Chlorine~ Service Sall Valves
SF-3500-150 - AlII' 20 Flanged Sall Valves
C-7100-MI/S-8100-Ml-M/M - lUnibody Ball Valves with Monel Trim

THE WATTS BALL VALVE FAMILY

MIJUSMOI 21II~armem,1A15U4? ilMIIWT S Products Tlw 7111 iat "Ls
Divison Wau qli.~ aaaLtd. Tele405213

NWt AN!~t~ 41:11,t~G b TeNe. '7146

VtlFS 11157,5S PRINTED IN US.A
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"T" VENT

KNAPPCO'S "T" type vent, with standard tapered pipe ti reads is su itable fur ve nti ng
underground and above oround storage tanks.

The unit is made of aluminum and both of the openings are equipped with perforated
brass screens wnich are held securely in place.

VE 0012 - 1"
VE 0013 -- 1Y4"
VE 0014 - 1%"
VE 0015 - 2"

MUSHROOM VENT

The XNAPPCO Mushroom Vent is made of aluminum with standard tapered pipe
threads.

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

VE 0016 - 1W"
VE 0017 - 2"
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VE 0005 VENT

COMBINATION:
VE 0006 - VE 0005

The VE 0005 Vent is a newly designed, pressure vacuum, rollover protection system
which meets the most stringent field requirements. (Patent No. 4,593,711.) The
design eliminates accidentiat venting caused by road bounce and eliminates
leakage due to surge.
This Vent relieves pressure at I PSI and vacuum Lt 6 ounces per sq. inch and
provides complete rollover protection from 0 to 180 degrees.
The KNAPPCO VE 0005 Vent is designed for easy cleaning and maintenance.
Replacement parts and gaskets are available.

Relief capabilities of KNAPPCO 2700 Vent:

Intake - 1243 CFH @ 1 PSI
Exhaust -- 3348 CFH @ 3 PSI

Thread size: 1% - 12 N

January,. 1057

KNAPPCO. KANSAS CITY, MISSOURI 64150
4304 Mattox Road Telephone:816-741-S500
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000.

T0 T
3

6®r

VE 0005

REFERRALS DESCRIPITN STEEL ALUMINUM PLATED 304 SS 316 SS OThER

1 Bo1 2701 ____ _ ____

SRetainer 2720
3 Closure, Eni 2709

Ball 2721
"- _ Actuator 2707

6 Gasket 2710
7 Spng ...... 2718

e P op~p t_ 2711
9 ~~Gasket 7.1

10 Rtetainer 2713

12 Senst Vaivo 70

13 Gil'20

14 Gasket 2712

15 Retainer 213

16 Nut 10-32 .3544
17i- ppin 705
is Washer _ _2708

19 Aing. Snap .___ _ 2714
20 Gsoklt 3455

21 Nut. Hex 4144

22 Ring, Snap 2715
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Pvw
OPEN LOOP PUMPS

Cylinder mounted potymerous journall
bearings
"* A~dows operation with low viscosity or

other special Kuluad
"* Provides infinite bearing ltie

The industries largest coto seeto Provides comrpact design
*.23 different types
* Field interchiangab6ity woit.iot discon-

necting from drive or system piping

0

a Hea" duty bell drive shabt
availa~bile

Seatted kmay shalt bearings
"* Allows operation with low viscosity or

other special fluids
"* Allows side loading

Steel shoes with specialty treated facest
lior increased fluid retrtohwl. running onCONTWENTS O hardened swashrblocl( surface.

htem Pag No Allows a higher degree ofzorrlaihnria
Features and Benetits ..............2 rssac
spatiicatiois; ............. ................ 4 0 Allows higher pressure operation with
Controls-Pressure ............... - .. ... 6-7 long lIfe

Volume ........... ....... ý.. .. 7-9 a Allows operation with low, viscosity or-
Eetoi....... ....... 9 0other special fluids

Pump Comnbinationls ...... 10 Swashblock an adewt * Provides longer tise
Sao arid W~eights. .12 oolverous bearings spca

Perforranaii Curves ....... ..... 14 a Allows running on low viscosty or other
Sound Curves ... . .... .. 18 special fluids
Mounting Brackets. .. . 20 a Permits consstent control reaction
iAdapters and Couplings .. 21 a Etminstes troublesomef yoke beatings
Howto Ordtir. .............. .. ......... auProvides origlife
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PERFORMANCE
ASSURANCE IS
SSTANDARD WITH EVERY
OILGEAR PUMP

Each Oilg•gt Pump manufactured is shipped with a
corovate Commitment to stay with t"e inslal~tioi until
the unit oetfonrs as specified.

This total dnedication to perforrnanne is based
upon experience gained since 192,2 in matching fluid
px,•."r systeis to a Vermendous range of machines
and applications.

Oilgear's Pericrnance Assurance is made possible
because of the many hydraulic techniques learned over
the years in supplying machinery buik-ie, and users
with unique solutions to hundreds of unusual fluid
power problems.

Hardened cylinder surface running on Hictoricatfy, Oilgear has concentrated al! of its
energies on hydraulic equipment arn Systems, Every

hardened valve plate ("hard-on-nard") Olgear tacility is stafted wih factory trained and field
a Provides groatar resistance to

• contamination,- experienced application engineers. These m. are"•u Provides tonger life :backed by a headquarters engineering staff who has
' Allows opration with low vicosityaccess to the records and knowleoge generated fromr~~~~~~ ~ Alow oprtinwihlo icosity or

.. "other spca fuids. Ithese nistoncally successful solutionsohrpec..ia .f.lui.. Per•,ornance Assurance doesn't stop with the design
of the system or the sale of a component. 11 guarantees
that Oilgear engineers will be there-when they are

Valva plate se!ections needed-supplying the educarion, field service, parts and
a mRear or side port cornnectiors available repa", to make sure each system runs .smoointy-airdkeeps on running.

Thru-shaft availability"• Allows for multiple pump installation
ironm a single drive shat,"* Allows., pumps to drive auxiliary duvices

Three frame sizes with seven capacity 1
-ranges alowing greater flexibility to

O selectively match pressure and capacity
a Low la t/high presEtýire to low pres&jre/

high flovw from the same frame Was.-ID

q~ 0 10
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hiydveulic Motors
OMP, OMPW, CoMPA and OMPAW ~

IjI

".I 135 l..1 fr) br

(6,0 lb n I ---------

mlled Iall-A&M
0w11 *OlS 4 de ~ oi. II7S IIl
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- OMP .-

co"4 nuntba t; Aid Walighl___

M 50s OMP so 01,11P 10 OMP 160 OMP200 OMP250 CMP315 OM01400 wa

l~~ 51±M0 1100 15-Ot 151.00L0IIO3 951-0004 151-OO48 151-0000 I.1-0006 151-11;7

cydrrcetohmrl 25rn 5-001151-002 1-03 =M ¶5.031--o3215049_11i5F03 540 545

(9+ Moorwih151.0005 151-O03 .1611.07 151.00I jW -I 644,=0 151-O06 1151.004. 11511-0=4 151-1100

Wi2.3IL 1l)7*.-,5 71 -r,, 13- 14.1 46 15. 16.3 3.7
s aws block. for OMPIOMM. Mourfririr gte inct

Technkoil dfte
UK-units ___ ___

OMP 50 OMPSO 0-AIOO1 O6M 1W, OMP2C0 IOMI'2501 OMP315 OMVP40

G We ficdsolacsiant Qri) 2.911 475 5.5W 9.55 livI 14.78 5.Af7 2.5375
ont am. 7- ---.- -.--- W.- -

Mat ~ ~ ~ ~ ~ o spe 1m) C9~ 0.-70 600 SWO3 390 250 20. 11

Corti. A' 5low. 40. 18 .17W0. 2100o 50 2300 230)
M"t. torque,.b ~ ¶1 l) 4,11 750 1200 1500 2300 3 3 30 30

pek)1200 190 2400 380 40 4900 5300 5300

Max. oitput (tip) ---. 5----

0_______ 12___ T3- ,5 12 "I

CAOL. 1450 14 450 80 6 ý't 1450., 1450 14o0 1000 &W0

Max. paesuie, drop J71/to) int.-) 20M __ 200 00 00 O 10 15 15

Ma. ~lfo (pm. .K)Conl. Ili . 3 7 3.27.~19 1. 12.2 1"9.2 73.2
Mae. ___ al lwmpm.U" il.') 11,0 10.5 165 16.Z 16 19.5 16.5 A6.$

Mat~. inletl piaWsr0 (¶1tiln') nt.1) _____ 2500 2500 2500 2500 2500 2500 2500 .500

.-ý 1. :- -7q -c-M Orm.¶n 1100-' 00. 100" 1,03a A100 1100 1100) 1100
M&%.Pressureaon frarrlle aN saw-
)withoulidraui~l'men iorlt 100400r/ron 725 .725 -. 725 725 - 5M 725 -.. 729

o> 3W irmine 30, N0Sr65~~6 365 360 368 3
Meax.prisunssinmdraiii liris --- -

nimt0. a rm1 1100 110 ¶100 1100i 1100 ff00 1100 1100

Mat. return prestfure with
drain line I(tuke.) ) 25W 0 2W0 700 25M1 2500 250 2500 2 .00

peak')20 3300 3.100 3300 30 3300 3300 3300

M~~Wigrsua (1//Ibiv ISO0 ISO iso 100 7 5 75 75
witt. in¶Oad shal tme es.do 7

Prss d0op 2200bo 96` 10 iw " 2.200 20

M mn. starting lorote (fIlio) a0 t m ax- prinss. d .%p 0 0 1 5 4 0 2 0 5 0 3 0 2 0 3 0
int. 802O 2 3

Intarmoloanl operlituin: thle perrniawble values may occar for mat, 10% of awinr minute.
)P~aek oad thep permissiblevatues may occur for max. 1% of vivery mirnute. see 'Continuous efoarallon/intermttlant operatronpealk laid. page 65.
I The prasnfura on th Ifaslt soal is Calculated as the. a'era~ge betw~a. orfm'e ande ~~ return praaaures:

.)Se man. preasari.don the. Shrah Sea". page 
T

i,

1Prifisfilgm u kcur CPf or Clantoss hydrlw/ic!

nOotom can b, found on page 74L

COOP m0oros ha,* nlo
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Funtc.Vin diagrams The following function diagramsl are for ue asa The diagrams apply to mineral based hydraulic
ctittscribed ir. (he lictlon "Selection of hydraulic oil with a viscosity of 35 cSt and a temporatu-is of
motor". Pago 05. 50*C.

The 6 agrtini art virew on tttv baltil of uncfiun Operation at laon than 5-10 r/mln will be slightly
testlo on a ri;refot9nfhtive numbof of m*1ora from loes smooth.
our production. See "Min. speed", page 67.

OMP %0

~7 1

300 
h

3f00

00

09 t00 Soo~0f~i 0 600 70q 0ON SA 1000 "rn

A:CpL rWPMQAreK5a l oft~ more th~an 100 bar f(1400 "t~itn'
it )nt.ninim /ia, io ýc~,, jut.) nd * fleow fmmthan 40 wmin 18. gaemi. u.N

N~s int"No 02m
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Needle Valves
Series MV

Colorflow Series MV and MVB
Noodle Valves and Throttling Valves
These high-precision metering and shutoff valves
allow extremely close control of fluids used in
actuating and governing many types of mech-
anisms and equipment. Exclusive "Colorflow"scale on thle valve Stem simplifies returning trio

valve to a previous setting, conserves time lost In
hunting for this setting. Bi-directional flow.

One standard and two optional noodle designs for
the 1V8 and 1/4' MV valves permit a wide range of P 94rlell MVW bl5anced
flow-rate control. tlrottlel valve

Series MV Valves are offered in brass or steel, 4
Needles are stainless steel. Choice of angle or

In-line designs and ali standard port connections.

Maximum operating pressure:
Steel: 5000 PSI (345 Bar) for Models MV200
through MV1220; 3000 PSI (210 Bar) for Models
MV1600 and MVBF 1600-3200. see. MV •l*l valive

Brass: 2000 PSI (140 Bar)

Needles:
Standard, all models: 300 taper, Optional, MV200
and MV400 only: Dash 2: Fine.
Dash 3: Micro-fine.

Quick Reference Data Chart
Port Flow, Pressure Orifice

Model SiRe, In. Max. $t Max. Flow Area, Int C
Number NPTF GPM (LIM) PSI (Bar) Fuji Open Fipelo.

MV200 i ts8 3(11) 200(14) 0.0107 0,244
MV200-2 i1t 1.6(71 20. (14) .0053 .121

Mv2W3 '118 0.51121 200 (d) .0014
MV400
MVS20 *14 511) 130(g) .0216 .493

MV400-2 1W4 2.8(11) 200(14) 0081 156

MV400-3 114 0.5(2) 200(14) .0017 .03 .

MV600
MV020 * 8 1(30) 35(2.5) .0547 1294

MV800
MVO02 0 112 15(57) 48(3) 10845 1,30S~MVI0200" MV122 •______30 X4 25(65) 52 4) .140 3.205MV 1220 •

MV1600 , 1 40(151) 96M() 1675 3829
MveF1G00 1.' 65(246) 100(7) 0.30 7,0
MVSF2400 .12 230871) 100() 0.963 220
MVBF3200 2'_ , 300(1136) . 5(5) 153 35.0

CoeI Ouwm*UAoc@PW"-m

For addiUonal Information - call your
Parke Sales Office (sem listing on page VI).
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N~eeU19 V0IVwp

Series MV

Am200~0 lr MV 460 Slede
ControlledFo mu Do otold Flow vs. Pressure Drop ~ ~ ~ ~

;NWeedle Full Open Needs Full Open

4A-

I'4 MV2618-2 32

AI H- wit 4V63 0
MV200'3

.-T- dM. 0VW

20 40 an5wIm101 140 NSoPSI 20 4060 600100 120140 160Psi

00-
1.4 2 4.1 $A5 4L 6.3 $1 110o UpN 0 14 2. A 5.16. Si U. 04 11,0 BAR

MV N00 thna 1600 Woe MVBF Sod"e 1600 thtu 320Q
Controlled Flow we, Pressuro Drop Controlled Flow vs. Pmosure Drop

Ns~oFullOpenNeedle Full OWn
.41 3nI

10055u,.o2400

H -- - - . - - . -l 0 6 IO-

~1dril~ tv ~vson

no -___A
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LEVEL AND
TEMPERATURE

SWITCHES
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-- LEVEL SWITCH
HIGHEST PERFORMANCE RATING

THE "LH" SERIES LEVEL SWITCHES WILL CONTINUOUSLY
CARRY 5.0 AMPS AND WILL SWITCH UP TO 93. 0 AMPS.

--- RELAYS CAN BE ELIMINATED IN MANY INSTANCES ---

- VOLTAGE - 5 70 240 VAC, DC (TEMP.)

- BREAKDOWN - 400 VRMS MIN. WITE ICOMMON)

- CAPACITANCE - 1.0 PICOFARAD R"EO(LEVEL)
- INSULATION RESISTANCE - 1X10 OHMS
- tNITIAL CONTACT - 500 MILLPHMS

RESISTANCE

- LEVEL SENSITIVITY - -. 050
- OPERATING PRESSURE - 50 PSI MAX.
- FLUID COMPATIBILITIES - ANY FLUID CEXCEPT

STRONG HYDROCARBON SOLVENTS)
- FAIL SAFE - UNIT WILL OPERATE

CONTINUOUSLY IN FREE AIR WITH
NO DAMAG E

- SWITCH MODE - LH-013 NORMALLY OPEN I
(FLOAT UP)
LH-012 NORMALLY CLOSED
(FLOAT UP)

- MOUNTING 1/ - 14 NPT THROUGH TOP OR -

BOTTOM IN VERTICAL POSITIONS

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

TTEMPERATURE CONTTROL

6 AMP, llV, 4 A.P# * 2tOVAC•DC NOl INDUCTIVE
TON N4T|Nj• UP TO Rb I. PS AND 1000 P•,I. CONTACT FACTVRV

"UoL. AECOGmIlZ.l, FILE E.)7151 COMPflnENT.TCNPiPA'tJE AND RIGuL.ATING
CONINOL' CA L!TJP4G•, FILE LAZZ8l73 -11U45USRIAi CONTROL EQuIPNENT -
MClON CONTNOLiNC RS • M'I$C LLA kOU$"

MODEL NO. 1.?-4 1/4 iFT:, ::A5SS NORM..LOSED
MOD IL N0. T23-f I/4 INp. SRASS, f 0 -4 OPEN

TEMP.SETTINGS AQr IS C (95 F) TO 11S C (739 F) .11 S C INCIEMENTS
• FO3 OTHER TS94, SETTING$ FROM 38 f To ISO f AND TO 2 OR 3 SWITCNE%
IN A SING•LE t/7 kPT HOI]SiNO - CONTACý FACTORY,
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TEMPERATURE & LEVEL SENSOR
"NEW" HIGHER RATING

1J1jL"V.1 CONA - O WqT
."Ip~gL C STAT RATING-NNNVTE

CARRY - 3.0 AMPS MAX. @ 110 VAC - DC
303 WATTS @ 110 VAC - DC

BREAK - 1;1 AMP MAX. 0 110 VAC - DC
3,0 AMPS ON MODELS "LH"

VOLTAGE - 5 V TO 220 VAC OR DC

"TEMMERATURE" CONTACT RATING - NON INDUCTIVE
NORMALLY OPN OR CLOSED

CARRY - 12 AMPS
MAKE OR BREAK - 6 AMPS
AUTO RE-SET - WITH 3 C.
TEMP.SETTINGS - 35 C. (93 1.) TO 115 C. (239F.)

IN 5 C. INCREMENTS
TEMP.OPTION - TO TURN ON A "HEATER" IN COLD
"LL" OPTION WEATHER USE C5 C.) 38 F.

"SETTING

FOR SEPARAT INDICATION OF "TEMPERATURE" AND
"LEVEL" CONNECT WIRES IN PARALLEL AS SHOWN.

FOR S EN.~ j INDICATION OF BOTH "TEMPERATURE" ANC,
"LEVEL", CONNECT IN SERIES AS SHOWN.

IIZICATOR, STARTER COIL, ETC LIGHT, BUZZER OP P.ELAY, ETC.

W C- o mam,,...----' o n L Neon Bulb

LevelLeve
Red Red

Neon will ligKt when switch opens

G-' Temp Gr.

Red LeelRfad

W . Common wh. •fowno

TL-008 NURM. CLOSED, FLOAT "UP" _ft-009_NORM._3ENE• FOAT'"UP"

APPI)VED PURIFICAT7'N CORP., 606 ATLWr1C s 1r .. 5,•, CT 069C2 203-357,-141
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BLACKMER POWER PUMPS 960210

INSTAL.I.Al"1N, OPERW1QN, AND MAINTENANCE INSTRUCTIONS seto Ion

MODELS: OX, OXS, X, XS ~ Eftovte Noyerntw I
Raaep. may 198

2, 21/,3, 4
(Includes Mode( X1.2)

WARINW
THIS PRODUCT ISTI OWl BE INSRLLED ow
uwSYSTE HMuc hBEEN 096110HE NY
THOSE GUAUFIED TO ENOINEME*11 SUCH
GVS1UMU& THE SIITE RM MST 3M ACCOR-
DANCE WITH ALL APPLICABLE REGULA.
THIIowANS *1WMeCODSIBAmWARNeOpAN
HAZARDIS UNIQUE TO THE PAWIIcuLAR

RINSTALLATION

CLEANING~ PRECAUTIONS shape when anchor bolts ame tighteneid. Shims should be used
under the edges of the bowe prior to tiglhteing of the anchor bolts

New tanks reqluirc careful cleaning to reirmoe weld quitte, sLag, to prevent distortion.
.cale and other foreign matter before filling with kluid. Suction
pipes from the tank to the pump should be flusWe before being
attached to the pump. PIPING

LOC IONMany punyp sysems deliver as a raw below dhe designated capes-
LOCATIONity of the pumpo boom=use de systent was irnproperly piped. Before
Locae te pw. a ner th sorcaof sppl as to rt ~ie htaUing any *mlg. a ocinplete piping diapai shoul be mnade,
Locae te prT s nar ie oure otsuply s pstik t reuce and pipe friction, suction dif, discharge head. vacuuasm and total

detrimental Wnet pipe friction. A solid fouridation redims vibra- pressuire on the punyi shotuld be comnputed for the specific liqluid
tion ai noise nod improves the puiiT performanuce. On pam - being handled, and die dewred flow ram. Withow these cosnpu-
ien? mtittlaHItios it is Tacomariiieuid that the pumnping units be ustions, it is imoost anupossble to determine befoehand whether

securely bonetd to a conScret foudition. a punping liucallaon will work properly.

FOUNDTIONRestrictions in the pipe line, such as edbowt, sharp bends, globe
FOUNDY10Nvalves. certain rescdse-type plug valves and widersized

strainrsm, should be avoided. Use Sm or ball valves, not globe
When new purnp fouandations; are to be cam i1n conlcrowt it is WIg- valves. The WWie line shoul be at Iean an large a the intake
getsted that anchor bolts of the type shown in Fig. I be set into port, and as stright as practical. It should slope downward to
the concrete. the pusap, never upward or with upstanding loops. Use pipe of

This tadeqluste size mid strength that has been thoroughly flushed prior
Titype of anchor bolt allows for slight shifting of position to to be~ing connected to the pump. Exparision joints, pieced at a

better line up with the mounting holes in the base plate. When minimum of three fee (0.91 mecters) away homu the purny, will
ptumps are to be located on existing cont'rese floors, holes5 should compensate for expansion and contractio.

bd i A sto the concret and foumdlaskon bolts anchored therein.
It is very important that there be no aor leaks in the intake lineý
If practical to do so, apply air pressure to the completed pipe
line to check for leaks.

T"he use of check valves or Woo valves in the supply tank is gemse-

basc~,care ig I ~ of ally not recorrassended with a self-prinsias, positive &ispacemen

liqui to heat up and expand. A check valve in the suctiont line

When Installing units built on channel or structvral steel type the: pipe joiras. Ifsa check valve is required, locate it neav the
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PARTS LMST NO. CInsC

(N\\

XPA XI -A MECHANCA W" - SWRM0gR X2A, XS2- MECHANICAL MEAL.. OPTIONAL
sm. owi'nm PAWS M Na ma aP. PAWWM WMy "Pon PAW pm * N pm pmr m

N.PmW 4A - m P~ P"mP1

33

418. XI - MECHNIMCAL SMAL- 8TWANOR XSIA. 128. MECHAICAL SEAL -OPTIONAL
UPW. PaM umAfl pamu- UI ow. MAT PA 4M vu

p" owm umpm PA
U3 ~ ~~~ 331W26 2 la wi- = 0p

XS2*A,(82. MECHANICAL SEAL -OPTIONAL
)(02A,= I - MECHANICAL MEAL - STARVIAAL W. PAWN - .m -AT* -imW. UofMU AM xm "OLPn pm pl

onP MATr PART pmW am um
PsaP .jftO.I2 3- 1.. iimt1 wout,

rd Iaa I !m 2__M__0_"

Pa1r 71" 1scIde ". Pumpt r~am

mp T.Pa *Aa fth "Am aW Nil"~ X" #lpawr paml.b lolw jfl" "m PAWNCSOPN
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BLACKMER PUMP PARTS UIST 216

MODELS: X2A, XS2A Section 100
(See Ilnxtions 1E5/C for Operation and Mainoteance) Effective January 19911

Replaces November I ge?

-•• 
,..•>~~~~~- ----------- tOV l._•: .... •

' 407E. X2 AND XS2 ARE DhSCON"INUED MODELS.
nw. P4*?MAM Kam t'TW1P~ A P~fr X4 P

VIII PAW PART am M P oIN PM T 4*

I Cap.-RelifVav.l~lV 15 4114n2 20 Het"d 2 145 042

2 A- jsu$Ang Sw- ftV' _,. j 431401 431401 21 CaPtww - Head 16 9MI 31 "T713

4 Cowa -R/v 1 411401 4.11401 24 -An BW-Ai 2 *M4 *

p rn . R/V V 4 --316 920316 z Gasket - P aring Ce 1 3894" '"-

7 Spring Guide -R IV I 41X SS 423W55 27 3 miag Cbwv - Oucar 1 1 04143 04141,-3

spring. -R/V a -o w 4-42 471412 27A DIanrig Covet- Inbtard 1 111431 041411

.7r5 / S 7 471415 28l Caprwi-ling Coe- 928

Spin" t/ p-r v4 ed) 41420 *471420 35 KY& - Slut? I SO9LC 190130

Sprinig - "ft MI caIto i4 47140 71 4W5 Pe"61412 651412

a Spring - RNv (1112 1 471428 4r71428 42 Funp - 2- N.-T 1-2 651411 6~4b11l

W - ,/ X*S)2 d47141-7 4714417- l(laofR (2 ) Weld &544), 6S44l$

&S Spring - /V In si 471418 471418 'FiarWn•Tr - 2- NPo 6 415 6514,
5 Spring.- RftV pe-impop' 471427 47142V7 42A ltre: - IFLeip 2 13914"1:111114050

E~SSpring - ft/V ri .*i-u PA 47142r 471429 42B4 Capscnw - t.wooFw.V.n. 4.8 92033P 92031

Vilvt - ft/V (Sid,) q 41417;~451417 CAP-ee - Melleni EAU- 92W31 92033

Vl;- ft/V (Nkkal ;; 1ltd 51415 451415 O-RjAg - MAI47 7019474d

10_ Artie - ft/V C-ve 1 -ii35Z ;311045i 72 0-Ring - Head ramn- 2 701914 -.1914

;2 Cylinder 1 011401 02R1463- 0-lng._ Held (Trere4 =.91 T=)291

13 Rotor & Shaft u W.~ 215iý 73 age Mung 2 9%3195 I

EC P4tor & Shaft 241 12 j224497V J~raeFun 105 371

Vana - Dumvvure (Std.) *Wl419 I191419 76A Grause Mlir( Fitting 2 1lM192 T 7199

Vane"- fi-ize 0992 0992 77i~~ Fus Rod" 2 * 12M1~

Vahe .. EC krocize 09392 093924 a~ Qanket - At,/' Cap I 
7  1  

7
1

9
814
{Oll

14 vane -Cast Inma 4 09392 093921l 104 Gtme Seal 1 [1114331918*

Vae-EC Cia? LI_, 993 032 123T -Dit Shield I 701480 701480

Vr anfae091427 D91T ~PRetp apir kJut (2(5) 12j71
Vane - ECLaminata 912 091429 Gat2aer inpr Eit j - 8945 8143

'Available for XS Mcxdeta only. "Par"Inlu rdaed in Pumtp keprii 3(t Paut Included in Gasket Reapir K~it.

Notat \rilon and Tenocn are Rogjatemd Tmudeuawrit of FI. Dnfont.

Nc~w An X(S)2 Modlel can be upgradad 6o tn X(S)2A MoWe "y replacing the RevotcA Shaft (Wtf Ncý 13), the Besring (Ret No. 24), a fthMe cbartic-

Se3a1 (Ref, No 153)-mun tie pled as a pit4
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S'"'AINEF4 Check ttw alipnwrtwo of th.e 4,ut to the AXIMP to avoid stmiir
wbtvh mi&ib Intes cauim rtayabimwnlre. T chctr, tuxikutt flanng

A strincr is so irsende to protect the Puap horn dimago or lbtwi pmiaim joits. I~yes Ys~i vW to inýg &~ialy ol. 4RV) down.by foreign pncltces. Oetiera~ll. the Atrainer shonuld be istshed After put%4s have be, .) in opramion "or ; wjý&k al. liv, cj^
in the inlet hin, ricrse to the pump, &Wntihodld have a ne ofton plewtyl rtcheck alignmcnw,
aera ofn leist ',oi tr tirncs die area ~im of the pump intake pipc.
rfv m:Xe 8.aif aplimmrnxs. refer t" eft mstoui'azm's ers
meneaifton for pntw% instaitlurlo and taieiig o! tbe sttoiner. Ilha nFAR AEOUCIER PLIO4MEW - GX(S~) 001Y

wiu.-r4iold t i~qwl md loied t rs,&intryas. rie rpdtý"r cans be routted an ira IncuiNg to ruse or lowier the
input irish to fciblhs aligtvient to tie imnot31 ihift. Filu',loosenýAA.GNMENT Ith* fouri clam cbcicrewi and two? retscrws in the "'oi flange.
Th~e reducer ii thou free w rotate. If i stic4., tap tt with a oudiThe alignment of Ot~ mowo, dwt gear reourer, and thet pump is let. To Pligo dhe relucei, check the alignitint of the two halvesoftcen diuetrbed in trrnts,. and mut~q be checkod before the unit of die maipling.

is put into oprAton.

On tou-ts where flexibile couplings are used, the. cuxqsing guard ROTATION
should be reonived and a straight edg laid acros die two hubs
of mie coupling. as thowi in Fig. 2. The=naint offiet should On the X(S) pumps, a rigtit4iwi pump roeasc u~TINeise withhe less inani .013" (0.381mm), the intuke or, the right sile when viewed fromt the driven cr4.

ON the GX(S, pumps, a right-haidu pump also rorsats clockwiseSTqA"YI LO with the intake on :We right side- when viewto fromi, the driven

end. Howeover. due to it" gear reducer, the rtduw.e input shaft

TO REVERSE PUMP ROTATIONMISALIGNED) MISALIGNED CORRECT
ALIC0NMENT On X(S) janpm,s nimnove the head from ieU shaft sikle aral reverse

the ritor and~ sitaft so tha fth sl)al proa'midrs through the headFig. 2 - Allgm.ium Check o on ti- cyikvxr. Ont GX(S) ptumps, both headsa shocld be
iremsved, a th de c4itnde' mrvered.With a feelar gauge, or piece of flat steel of prxgse thick~ies'dhock the angular alignimatt of the cixq'lixag halves. Check itn On both the X(S) andI the OX(S) pvr',ss, the vanat; amust $.lafour places at 90 depre utrerwtmas about the pefr," of d--- he reverse in their Welotso itm the peseuwi rdtief grooves ltamcoup~ling. Maximum villance, in this spcing should n" exceed in th-t directonm of ntrusnon Ile rounlded% wcaragl edge of the.020' (0. O0nar.). Micaligitnigt is not desinble. If k doesi exist, vattes must be ouvtwavd in conact the bore of dhe cylilidor. Seeit mtould not exceed the above litijiis. "MaL-emme'* for remoalv arid replacectern of ft- pump putm.

OPFERATION
PUMP PEFFORMAf4CE CHECK closed Valve, operation in reverie may causo: in anasse in noist

and vihatalus
It is ustually ticirabie to mnake a rurining chock of i ;irawping
systemn before putting it into operation. fl't. main point wn check
include: general uperation ci thLe syftm, leukage fmrotr piping FLUSHING YHE PUMP
end ouipamriem direction o punili routim,. proper pwWt speed.
noiae level of the priwip, pumnping ise, Lid ehut-off pressure. Liquid which solidify wthenM col i which mighlt totheurist: dam-

age the pump afltr p.,olot~d contac shoud be dialled ow,.Whenvever a new pump is first staited, it should bt watched care-
fully for several hours and checked for signs of rrralfuncuion. Dkrain the. pump mid litics by pumiping our. Then piupW fluthing

liquidl to uliubly clean die pump, (-lose the discharge line forIf the putrip is abnomaxly w~ns, follow the checking procedures 30 secondl intervals (maximum) wlule purlnping. Thiis should ',e
outlined under "Pumnp Tv~itlbles and Their Cures.' done a fiew timres to flush out fth relief valve.

RUNNING PUMP IN AEVERSE RELIEF 'ALVE

It is sometirrti desirabie to reverse the pimp for draining a line. Tne pressunr setting or ransge for which the relief valve is Wil,The pump is satisfactory for this Typ of operation if a separate is marked on a meaa tag atachad to the relief vtlve cover. Viepressure relitf valve ýs provided to protect the, pump, fromn ecies- itolie valve shoutd tionualy be set 15 psi (100 M~) hWgSW th~insive pressures. When pLmping bckwards agax" a potiible the opernting ptresure
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"T'o ree the, p res�e.�g.t�~imov t~herIwief valve crqp sirn When Pwnang tsl,.iids ndez. a high wax-,ion lift n ctv.\tAttil
the adjuming screw. kxen L Iockoaut and turn the aplisting or UsUving Of the pump e'tists, p" r00r t1iti% tlIough the
scyew clockwise, or inwvrd. To rduce de pi = sett", turn relif valve will ruwslt in cmssive noiv. ii, tOe valtve, WAln it
tie screw countercockwise, or outward. Springs for higher or is necessary to operate tun.r these coxiitfous, i flepa!= bvpass
kawcr picsur'e s•itings an available. (See individual parts lisis vwlve, piper] back to the storge tank, is reormwdu]
for ielief valve spring pari numibers.)

MAINTENANCE

UAINTENAMC•E AND THOUNli" SHO•N G
MFWT oe DONE MY AN IN!IiMDUAL £EXPIMI-
EctIED WITH PUmp mAimWaEANCE AND THE
TYPE OF SYSTEM iNVOIV1D. J

wLeRsCATrON Bere remo•ving the heudi asvsembly, check for burrs or rmgh
ness on the shaut i•w cowJ dlamage. O•etmchwaica seal O-nngs.

Puorp berriogs aliould be lubncated every week to every three Tie he~l assembly, coasisting of the 6ead. head &-ring, bear.
months, depending on the appliention, and the operatuig con- ing, and mechanical seat, can now be removed torn the cylin-
Jitions. dr. To do so, memove lhe head capscrews and camefilly pry the

head away from die cyknder with . screw drver. The bearing
Use Standard OW -. Amolith All Weatler Grease, or an equiva- and seal ame slip fit o'1 the shaft and will slide off readily if the
khe grease wi'i-h is compatble with the elastormre aid the appli- shaft is clean and smtoth.
catiA.

Next, remove the bearing from the head. After reroving the
CAUXrWON Excessive greasing p•v.wre cm) cause grease to be bearing, the seal "may be prmssed or pried out with a lever, as
pushed beteaen die nitdhanical izal fnccs r~ansing seal faulure, shown in Figure 3.

It it xomimeondred tha, y"i remove the grea.e relief fiting, and
with r IAMd gun apply grease slowly to the grease fittings ono
both beming cmvrs until excess grease begins to conic froni the
grease rief 5iting port. Replace t1w grease relief fitting. It is
normal for sten greite to sape fron die tell-ae hoes uder
the bearing houuinl; for a shon time rr•r lutrication

Befoxe strting th pump, put oil in the gear rmcxtcr using the
gracde oil sturped on the insnuctaon plate suached to the gear
rase. Eachs reducer is provided with to oil pipe plug. Reimov
dhis plug and fill with oi. Couplings with nibber irnserts do not Fig. 3
require lub,'6atfio. Otde couplings ar• pre-iubricated mn the fac-
tory, bi require froquem lubrication to prevent exc-ssive wear. NOTE: Tip of batrs) to be imserr•edlsr•eiately between hear

and seal If plaerd elsc wtsms, seal damce is likely ýTig. 3A).

PUMP DISASSEMBLY

elived, Wd the lquM is drabied.

R.en'ove tle Lmring cover Capoews and slide tie beasirg cover
from he dishah. On the X(S) 2 and 2h ' pmumps. the dien slield Fig. 3A -- Retoval of Seal

will corme off with te hearng cover. Thr groase sea:, !ocated
in th hearin. cover caviry, will also stice off with the bearing
cover.

T'le X(S) 2 -6/ %, and 3" pum;n are .ncnamrdly orlippexd wdt a
kirkwosher •-d iocknut nsALs outsicide the beng on each end REPLACING VANES ONLY
of the shaft. To remove fte betuing ck-ut. beWd up the enaged
lockwashtr aUng and rotate the out comn, rclockwise. Vanes can usually b re M cted by irimoving only one head, mid

sliding dhmn ui or outt of the roim aid. To preven paish rods

The X(S) 4" pum is eqd--ppal with bearing lock collar. To fro- dropping down a i'ane rsntrid only be removed when t

releis, the lock co1ll, renmove thow jam. nuts ad loosen the Two is scatem! in s slot inn w rotor (at t1e 12 o'clock positon). Turn

(2) %et screws. The collat can then be slid frmn the sha. tic shaft by hand tW aadRe come, i) the 12 o'clock .osition.
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kwin 1b.,, Vrucuurt i~t) 01' r.ew vanc rt ih ti~xxw Fe sure
to install d-.- sseu vanes stthe u"r WN r~ wfaring edge cut- Detri ir~ain too rtxow a&M "l~. mal-e sure the shasft is free
waid1 to '• 1LJ& -t h suic• -f a%, "vlutder, Ar; with :he m f of brr; whMit nnglt cu oi nick the mechanical eaal O-ingý
gro(,%e fw.c4, in the odnsf.'c•. 4, t1okf. o e Figure 41, It wihl t nicessmy to insm.l the bottom vanes and push rods

befire rewing te ia•tr and shaft. The vanes mim be held in
. . " -~ place as the roror a4M4%laft it inwed into the cylinder.

-,.K- - '• \VANES

~~ When Litasilint, the vanes, be sum~ the rounded or %earing edge
ji outward to contact the vie'.fae of the cylinder, with the relief

-sroovg facing in de Oricon f rotaon (refer bck to Figure
-T c A .,. e inuals ie rauimn• V&Les, . tum the shaft by hand until
I-.- AM 1 COTMan cm=iy "do "ns to the 12 o'clork position, insert a vane,
OF IKYM and t,-Im to the next enCry slor

Fig. 4 - Vane Installwion

HEAD ASSEMBLY

PUMP ASSEMBLY Before installing th head assembly, make sure the shwh is free
of burrs which might cut or nick the mechanical seal 0-rings.

Before reassmibling the pump, clkan rlch pit thoroughly. Wash A small amitr of oil applied to the shaft will help slide the ports
cu the seal and ýxamg recsmres in the hlz.r.s in place.

Place di head assembly on the shaft with the tell-tale hole in
MECHANtICAL SEAL the beatin housing poumwt downw*A. Slide de head against

If the meriatn setal has be&n leaking, it is recotnmended that the cylinder.

a complete new seal assambly be untalled. !laill wnd partially tighen four (4) bead capscrews, 90* apart.

"W on each end of the pump. The capciws should be tightenedSWipe ,he • and oteu 0-rings of te se•a as clt as Pomi- enough to squee the hind O-ring and %How metal to metal zon-
hle. Apply a small amouut of oii to the 0-rings to aid in instal, W between the hiad san cyinder. Rotate tx .Jsaft by hand to
stic. Ph= the seal in the rez•es in dL. head with f•,•AtJ stamped tes fcm Hining or tight qxs. If the r"oo does ", turn freely,
pars pointing inwv d., It can be forced in rlve by hand pres- Uighyoup the rts of te hub with a jew bungnerc o u bwr
sure. Ihe pin on thr sationary we should be to eithet side of the rotor. Recheck for niling. When the correct pmition is
the lug ins& the seal recess. 'ound, in=stl ie mmaininC bead cpcwews and fully tLighten all

cap-crews.

SWEAINC
LOCKNUT & LOCKWASHER -

InsutllOn earing imtothe being bore 'r e hcad with the &rAu X(3) 2V." A 3" PimPS
'hW'l to, aids the ,Wsde, vich that fth balI ame vsibie aOW initial-

lation. Tme pun'p r•s be free turning with all head ap•cmrews sight
before maklng an adjusurnt on the locknu, The pa•"•se of
!ocknus adjust.n.-tt is to center and nmintain th pump rortr

HE..AD O-RING between the hilas.

Tie head 0-rinj should be replaced if it is swollen. ricked or It is importit that the hearing i,..kts and lockwashmer be
cut. Tne O-ring is aoenally ,ma•ler in di.,meter than he gioove. inta propery, Oveigdai locknuts will caum bearing bl-
TO install, lay "he ring flat ot. the hepd ant stan in on ow side ure mtn/or . b•oken lock-washer inner tang "A" (see Fig. 6).
of the sroo. Slide thumns ove; the rirg in opposite directions Loose lockiuts will allow the rotor to shilt Vnginst the hlads,
',-hile strtching it ahead with the fingers, ai shown in Figure 5. causing wer.

Fig. 5 - Installing Head O-Ring
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PUMP TROUBLES AND THEIR CURES

LEAKAGE If the pump is run for exteriod periods with a closed dischai-ge,
causing the liquid to circulate hrough the relief valve, vaporiza-

New mechanical seals may leak slighdy until the mating surfaces tion will occur and create excessive noise.
have had an opporturity to seat properly. If the leakage becomes
excessive or continuous, the mechanical tea should be repaced. Exceeding the recommended maximum speed can also cause
Leakage will aqpear at the iLl.ale hole under the bearing housming. noise in the pump.

If there is leakage between the pump head and casihg, the head If all of me above have been checked. and the pump is still noisy
should be ramoved and checked for burrs or dit. Alsc, check and not delivering the rated capacity, the vanes should be exam-

the face of the casing to make sure it is clean and smooth. Gently ined for possible damage.
file any burrs or rough spots. Head 0-rings should be inspected
for cuts or nicks, and replaced if found to be damaged. DAMAGED VANES

ESCAPING GREASE Vanes can be damaged by the following:

Grease wil appear at the grease relief fitting on the bearing cove, e Pumping liquids which chemicaliy atack the vane material.
after normal greasing of the pump. The amount should not * Foreign objecs entering the pump.
become excessive nor continue for an extended period of time. * Putriping liquids of too high visccity.
If it continues, remove the grease relief fiting ,nd exarAine for * Excessive hest.
damage. Replace if necessary. * Incorrect vane installation (see "Replacing Vanes").

_ Cavitationo
If excessive grease escapes around the pump shalf, remove the * Ovempeeding.
bearing cover and inspect the grease seal for damage. Reinstall
the bearing cover with the greas seal centered on the sha•t h is advisable to replace the vmnes if they indicate push rod

perAetrtion, are worn un~verily, or have raised projections on
the wearing edge.

NOISE

If s pump has been drained and flooded with air there may be LOW DEUVERY RATE
some noise in the relief valve when the pump is next started.
It is usually of short duration, and will not damage the pump. A low delivery rate may be caused by:

Excessive vaicuun on the pump due to restricte auction can -. o * Restriction in the suction line.
cavitation noise. Them are several possible causes of excessive * Resistance in the discharge line.
vacuum: * Air leaks in the suction line.

* Damaged or worn pt'np pa•sz,
"* Inlet piping too small. a Pemp speed too low or too high.
"* Strainer plugged or dirty.
"" Undersized or restricted fittngs, 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.

blackme,
IBM C*fntiy Avmu., GF ,an f.d MAACtn 49509. U S-A
(6t5) 241.1 O Tel.x 4320140 * Fax (616) 2.41 37U
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PUMnP PERFORMANCE DATA _____ _

_____ (so 46 a ino 104 04 al M1 264 1 17 140 X& ~ j 2 16li 4MAl

.1- / '44 3414W 313 20 16 M 9M 644 SW9 IM 0209974 40 912 1533 0=98

IQ67 72"s is 11 4D-I3 1" Ila.
'Awq Capa4S.1n vo nc.ý 1ý` wIl I~ u, S 1W 0S& 122CS) 4.,o.a w SO1 m345 Will 6011aI m20494w 7671071l wk3106 4.as. coo0 4443 Wal 0 am
Iy.3I . ,44 V0C s*

MAXIMUM OPERATING LIMITS

o7m9 r IocoR y 7999%474 -wo PUAl

07s42 125 M2 5ao00 70190 9D 340 3w. 746 775 7247 71

71)16f 25 am7 99= 10590 1 612 3w ¶46 ITS 120 7 9

125 W62 10900 1053m 270 1021 300 140 77 17 1 07 0

11109 IM2 94 *40 839 398 79 W 06340 9473 W40I_

**724q5 ffa4717 Of07 cow eb7 70020554.7 22 0 C3 " 77914777ý ý - owI*el

G73 2- r9 raw17M 1 977 ?pFWV fw

*36404071

DIMLNSIONS -~Inches (mmn)
6.99 A 5 CIA 1 F 16 J 0 L i

Qgom. l I) I I' W4
19 74 290 j 737 757 om7 7071 737 4 177 107 50 7 Of "I

7 1. 7% 0% w.13 4% 7v. 7 4 5. 3 t59 sm77

7. 4' 64- F49 44 5 7 3$ 9 3 %71 9 04 0( 6 4 541 51z. 217 ( 4 r~ol

6.0 C 4!f a

f9 6 476 4 " 74..I* i 4 0 L4 %~~7 i 69a

(m. 4 am .1*~ cal 4w 7~7 449(N " wOf 1 I'll, V
71794 79 2. 9% 9 1374 W~ t6 25 4 79.0b
KM M96 46474477 li)725 6 50 1315 V 773 47 )47 701 to"1

h % 6 t7% ~3.41 2% t#17 w9 .g*

hkackmev pump
Cw I*h 14 LulWLs 5 7
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PUMP FERYORMANa. DATA ____ ________

MOWN ~ 56 4~ 39 70 Ij U U 27 ~ 0 (0 11055 466 8*

T 4; 347 lia IA 1& 111*.7

4 -W~'-a--I*- -- ------ -m

00*%4 7 am5. 70.6 IV $1 we 140 7600

S6.9~~~~~~ ~ ~ ~ E0 01.l 14~ 74 6*1 44 l 414 7744064 0941,4 414 32 p 0t11 41 3 f54*a4

?#A 6WW 0 %'(*I a 7N0ýw 00 '1" C<OPOMAz-2'7*(Wl 0 a~" ;m kcc

,;W73 _____ --gw1

D1MENS!CONS -Inches (mmi)

lill M8 017) (ISO) (54h tmr (Ili I ~ 1w W, 7 line (14a W-

13% S . 2t 0 M
amr7f~o'm v-)57 04 2'? , It04b

I x A 14& 6476 6451 to411174 If 41 1 OR0A

Jim G- I 7% 013 41 31 C7I go6 7(l4 cm1 am 0 1547C(m7 I'M5 f4l7 427)
it weS60169 4 16. 3 7 , 46110

------ 7;Is -- - - _ _

*-;-znI 21-05466464671064

lS71Aow' Is% s6 T4 I*547 r T I S0 %6I a 479 6 mb'
__ f" 0 0 44375 41 7327 (714) an 1I ___

1940h 260 0 'bHOm US &
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Circuitry Valves __

Quic E~~.~Lc~my!SElImInates the fleed for large diameter piping
or large Qsolttor VaONe&
F rovides quick durrpiflCj of exhoust sk- at t!,

Ordering lnlanuetiom Ss~tt mcdal ciumbo for port

ENM4 t PM~ 10011 MWU MUIWr A I C
- - 'V1U WiýS .r ti.** 1i 1~7tI /111 UI, 123/3211#3.71 1 1/2M.i

Model PRI 0 Single Pulse Relay VWily
*Converts a continuous supply of Inlet air Into a w'omertdlry pressurd

pulse.

Has a minimosm pulse ptessurii of A5 PS10 (2.4 lhat) and an operna~ng

M Meat SV1O- and Model tinlV2O-Bnspe~r~dbu

ThOerae~a aRI 3wmyt valv Nith Itw o ane Tis [ihsffcet uaio1n

p lot wth shif gratest~plo pressure p~rvlvrdh p rvav a

agahost the port hiving Its orgnlepAffrt b an oppsin Og4i
;ressair (afr'uresau te iK1 tudlfbe e a ls o fo-o fvlea

OrderingUM fiat Prmr Orde modl n

(It6 0C. 1/6O"olor12(.) 0 9

4009 port'Of withs *uheil graesfresretagisttfipr MyngtA es
prss re(a milm m rss m ifar*-,.4 P



Valve Accessories
I Model 201308-X Exhoust S11encei-

0 Used 0~ RedUo lhe exhautu no4e of ai powrodOM moosAnd vulves.
SRecommaniwd so high Q.Fm. •p-o€wawn. A" high flow c'owty " low

back prsessure wlt) no il)d up
( . • N reqeor•rad rgno fapw of of t (swi Q complO. •o•ffoion rsfant, all

Order 2i3ng X Stutered Brofnze BrathrVtnos

Ue o rw_.nt ir .. • f-,•r n.lrig __.w.*.-_we.

19311 ,2irsming Inmttwron: • rnt mod iow,:. ••

Model X0312..X FExhaust Muffler vu"trSterad bronz, sir muffler dne exiaudt egg sr smr

dlffucei1 for uso on *xhaw•+t ports f -

,S+ :ound deadening c+uaIlIIeS with k 25-
S•pressure dOmp. Z.j ,•. ,,.'"..LZ • -

•0~t ,4' micr'on ,.wm~naI f~liration. gu J/z •--.....Q- z::+=•Ordnnlng ttform s Select model forL.

____ ~ threadi size desired. -Model 203134X Exhaust Bpeod Controls
* Controle tie meferng of air ftow on exhtt ports of air AMive. TheI spIm operating cylinder may be IncreaNd or dMewaed wtoh adju stng0screw. Adjusted posltin may be locked In pcS m by ,1111k nut.E*hi uJa g leeva is bn ls. ed bronze held in po11ttcn by • bsa uonts.

Ordemrll Infomatiotn: SAlt model for thread size desired,

( U@Rl0t POTr liRmeI I•OSIDJ JLINO~l+ (OlpI~

thma .sin• &~ed 2DR1-11 -1,W. MU.,.•1

/4I I02 /hi Muffler

mwntero brn A~nflrC andv exhust~la azf
diffusr for c on pxaua t port of

valv150

a-m m oneiginaile ihfe



Panel Mounted Miniature
Control Valves and Indicators

SUses basic 200 swie 3-way tfals.
, Peach ia•w can b4i pb'nbed w p•r•orm as .tormally povskig. normally non-passing, •etec-

~H l tar. or an~y two-wav function.* VtlveU avaltable with puah button or roco~r type seleCtom,
S"tIndlcisors car be viewed at full 800 viewing angle.

* Valves srd lnuic to5 ,Niv* positive anap-in design for quiclk and eany installallon.

Can be stack Mlunldd in mulltples using panel cut-out 4nethod or ARO'S 597913.X mountirQ
plalit.

"• -ti6dhosivve 1690mn; shoolt alvallable.

Ordeting Ilnlrmatlmi Both valves and Indicatc¢s come complete Order mounting plates and

LO ~ We
1

nds9796-X Mountin PIMo

SModel Inchesl (rwlin) lnchtm, (mm Coteulart

Ji~56~-I 3 116" 1 mini A 7/16" (43 min Ij

IH Mode. .1724-- mLZ 3
W

6  
m mmn) 2-

,MEL S6 3 &W f84 min 437/11"lfH mt n! a
.551. ~ jfjf 4 102 mint 5 1/8" e,130 mmd A--

57 ee Model 59724n X LegTed Sheets

tIon legends that f it the W$1"
(14 mmn) recessfd square on
the valves and indicators.
Each sheet contains six blank

pi and 37 dIfferent (2 each)
/ ..- ~' lgends. The dash number

, 'represents backgrcund color
"M " (-1 white, -2 black, -3 4green .4

reda

Panee Mount IndiccWdt 3-Way Control Valve AsseM bly
Pressurefremperatehr .... Some is 200 •Lraes Valves PressurorTrmperatusudFhw . .Sar• as 200 Sries Valves

s" page 4 see page 4

in tloatlW' Models/Instant Models/I/l" Actualion Port
Model Colm' P01 Tub Fltln NPTIF Port Type Designtion

IN 1" NPT(F) 9601 591418 FU Xbutton 2;in non-
__11-___•.___ _ _ AMQMthAl.. passing

5904.1 S304 Rocker 3-In passing,, IMsI/ntL.nsd__

Dlmenstons arld Mounting Informatlon

Eni," - ....
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50 Series Valves
1/8" Ports _____

3-Way Palm Button 6 A.4 r

U311-1

P#We Mcmnfd PaIMf PlTHMS mauy be ~oftse Vtx

up to UG8 max. -" fthkkne.

4-Way Palm Button C,, 4 srtco'*

~III

0 U341-XX

Pame M"MrMi PVM wuwon M" w momrto
up to /8" mfa $RIO) ti~knhs.

3-Way Roller Cam r

-44

"'-SI

WMINWI oa. iu M m or wrpi um~ Wommon, Mokimo, agnfc or mutewm~c 94,WR valve may crwef a howawd or &tnps~ n4 1
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Alpha Series Body Ported
4-WayValves 118" & 114" Ports
Application Information

= j5potedh,4-wa vsw nables use of apeed controls al valve's exhaust poftt
r onlm th ave of five ways: single solenoid, douible soleolo, singles pilot, dotiNe pilot aidl

solenoidollt.
*Class F soenoid colts we rated for 100% duty cycle.
*A micro circuit relay contietli Is available arnd makes the valve TTL compsilbks.

"* 'Ite overrIde methods provide a convenient way to w-tup and trouble Shoot circuift without elect lon pow.-
er to the solenoid*.

"* Fr Information on connections and replacement coils, see pages 53 ant OW.
"*cenold models amu also avalable with molded leads.
*For information on the light emitting seal (L.E.S.) ses page 13.

Feature/I Benefit Information
Quick change coi can easli be FWv ao2ustor aptionn andaible:
interchanged or replaced by -.....- ' single pilot. dJoubl Pilot, single
reorning vwt slidn~g existing coil solenoid, double solenoid and
off and a new coll on. sodlsno'dipilcI.

* Pug-n connectors ct'tilinstallationi
time and grive secure hookups.

Die cast alttii alo each convector 6t Its own junchtio
body wtth Doelns enW -;&AM " lmntngf odt

gie teto n cnj o the solenviold to a secotdary Juno.
rftshtmn tkon box.

One pie':. biWancett spool pro-
vides quick response and high

flow. Urethane se~al is bonded! tn
alumiruum wN)on to tos"s wear,

Spec~lcations WH * iVvslm tciauet ua ltm ci n Othe 4 Ccmr"I"o.

Lubirica~lon: VWiv are pre-lubed and can be opeatted withoAi air linst lubrication to an approximate lif of 20
millwio cycles. de~rendfn on application. If air cylinders or other air line devifss require Iutbr cation, ensure that
lutmlrtaon olic are compat"l with valiw seals and of sufictent viscosity to assure adequate lastxlcaWAo. See P"*
62 for lixt (.4 suggested oils.

-CycLe. per minute is rated et 600 CPM oil all Alpha Valves.
PPfflUE111111111 UK PILOT

IVP TMP P01Tr F~AN=~ PRIESSURE FLWW' Cv wEvr4,IT AstiMNT
ACMtMO~fR 11JM 812 PSI (b) PSI (bay) SCFiW jd!2j/* FACTOR 0w. (a TIEMPIRAT'J

Pilt WS-ilna so (35i.. 30(14.2) 0j 71 IM

Pfto SaIn 11M" 2'0 (.7) 140(2.)
~ - vacuum~r .1 30 ( 09 vA7 W09Stoleni p~io *M- 1!50 (10.4) - 27 S_ (23_)_____________tiesto_

___ __ _so__ S(3.5)-t 30 (14.&) 0.9 10U. t~
Solenoid SrWln 114- 50 (3.5)**t so~ fr36) Is 91 (M)

Soeod 3ollervid 118- 25 ('.7)t 3'(42 09 1&1 (371)
Scerioid SOLsnold 1/4" 25 ( )t 50 (23.8) Ii 12.it (w6)

*SCFM of 80 PSI (5.6 ban) supply -d 68 PSIJ4.5 bat) dOwnulroam 'nrosus.j.
-We 60 PSI (4.1 bar) mirin phia prouw" 1w 3-posoe valvbes
tube 11r low prisurs wid vsciAwi supply.
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•#1

1 rr~r wr~r~POWER AtM DIVISIN
ffi llA) 1410 ILIJNOIS AVEIUE, SHNEBOVGAN, WISCONSIN 53082

-- 0Seriesj
WO- AMR-PAC"

S~WOBeL

-• P2STONCOM SPPE Ortable, ONi-Less
COMPRESSOR Heavy-Duty Air Conmressors

GENERAL DESCRIPTION
Performanca iii tndem with portflaWy noakos the Me-
Par, T,30 Seriet oui fioest, mnost ionvenient tank
C ompreswtor whk'h ,is iefleot for the protesainnat ano
_e.rlouu do-it-yourselfer. This conorzesor intcluues Qir
storage tanks, anti en autnnrtc proeaurp twitch

SM2CIFIGA7TONS SH~~~ ~~.F .. ................. ... .. .......... ............ , '2 •'

.................................. _ _ 1 V T, Hz
Strng Vag (mmn.)... ..................... i•. . V T•)
Pon Rquhrewner._ . .......... ............. .. - .. 1A
Safety V .... Sf ........ .. .. 140 PSI (127,.3 KPa)
110 Disp...neo*.......4.. CFM (127. LPM,
Air D..lv ..y.............. . ..... .... . @ P50 PSI

.................. ..... , .,'M3,54 LPM @ 345 KPa)
..................-.•. •,W @M a ft P81

.................................. L .@552 KPo) ilk.11,o... I .... t-o1 .... ........................ 2A5MCf @ 0 k P To M)

......... ................. (72.2 LPAi 1 Wb KPx)
AMip' atWor .... Prasuy................ 103 A
Antohtic Control.................... _ Qm EArt @ RS PSti.

............................... . ýS-5 K)a.
....I............. ........... %opa@0125 PsIGT3m~
--... ***........-........ *....... * (86139 KPz)

Tankt Sz._................. 2 Get, EACH (TotSl 4 (Ohl.)
.1,....................-30 N~P) e.5O ow. TOTAL
Wt i........._.............. _..............'62 lbs.

Cord ....................................................... fl .83 M )
PSI. Povnaa Per Square Inch
KPa .~Kllopwaacas

CR~a C~ubic FMw Per Ulnute
LPN a4 -.Nor Per Minute

APPUCATION
Ice1 as primwry or setxcoary air source Ifr almost any
operatror,. PartV;ulz.y suitabl itor shops, garages: and T.SOS
iactor•pi where repetitive use iomanv'lS high reiiabifity.

Parih NZý 6341Rov A?; 7 9 L,91 Thor-jr Wairh Prft oMLUS A.
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GENERAL MAINTENANCE
AND SERVICE
FOR SERVICE AND PARTS

For service corlact the dealsr from whom you puraivased the wrmprsesur.
To p~eca parns orders: Provids 1the model data located on the nameplate of the compreisor and cal; our

[parts departM3nt 1-8W-323-0620

A WARNING: Read and undorstwd the Information in compressor should be located at least 2* away from
this owner's manual before operating air compressor. walls or other obstructions tnat could interfors wgth the

flow of air.
1 . The compressor should be located In a dry,.loian,

and well ventilated area. Extension Cords
To avoid voltage drop and power loss to motor, use

2. inspect before use: hose, plug, and cord for signs of additional hose instead of an extension cord. It at'.
damage. Do not use If a deficiency is found. Contact extension cord must be used,. use only a 3-wire extension
your nearest service center for replacement parts, cord equipped with a 3-blade grounding plug and a 3-slot
Never operate a damaged unit, receptacle that will accept the plug on the compressor.

3. Do riot tamper with safety valve as lt has been Make sure the extension cord is in good shape,
factor set. Any adfustmntw with this valve could _______________

cause seious Injury. 1101060111M QAUOE FOREXTENINO#4 CORDS

4. This air compressor needs no lubrication. Applying oil CORDO LENGTH 25 FEET 50 FEET 100 FEET 150 FEET
to any part could result !n polluted air delivery to the GAUGE 16 14 10 11--

air-handling equipment. NOTE: Wire size increases as gauge number decreases.
5. Comp~ressed air, must never be aimed at anyone

hecauss it can cause serious injury. Keep children Grounding Instructions
away. WEEAR FYE PP.O -iCTION. A WARNING: improper grounding can result in

tAll air comnpressors generate heat even under normal electncal shock. In the event of a short circuit, grounding
operating conditions. Yo avoid serious burns, never reduces the risk of shock by providing an escape wire for
touch thb air oompressor dmiing or lmmedimtely after the electric current. The air compressor must be
operation, grounded.

7. When un its not in Puse, wra coil, around compressor The air compressor cord is equipped with a grounding
arkd store in dry ;4Awe. Do not atin ccd wire and appropriate grounding plug. The plug must be

used with an outlet that has been installed and grounded
6. Blefoe sarvicing, cleanrVn or renioval of any part. shut in accordance with all local codes and ordinances. The

off power and relieve ptMessre outlet must have the same corntiguration as the plug, Do

9. Trhir system produces 125 P51. To %vokld rupture and nousandptr
injury, do not operate this pump with coniponents Do not modify the Plug that has been provided. It it doess
rated loss than '125 PSI wotikiN pressure (4ncluding not fit the available outlet, the correct grounded outlet
but not hýmited to spray guns, hotie and hose must belinstalled by aqualified electrician.
connectic.ns WithOWh pressurp regi'lator). Inspect the plug and cord before each use. Do not use

compressr if there are signs of damage.
Ifwarranty servi*c mortelre or* neodid c~ntact your

nmarest authorlied tervIce ovfte~. If one does not
exist contact the foctury. Uauthadl.~d repipars or GROUNDED I
teardown of PAe unit will void factory warmaty. OUTLET ;

SET UP
Locatilon of Air Compressor
Operate air compressor in a~ alvan. dry and well ventilated
area. 'the air filter must bui kept cleair of obstructions which
could reduce air flow to the i-umpressot Th~e air GROUNDING 4PIN
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A WAR4NING: Improper ins.ta,ýatlon of the grounding 2. Attach air hose and accessory.
plug can iesiuit in eloctrical shock. If repair 'or replacement 3. Turn on/oft lover to the on position and allow tan%
c! the cord or plug is required, rio not connect the prsuet im
grounrling wire to either flat blado termrinal, The wire with eurtobld
the grr.Yo tvilh or wittiout yellow zinipes) insulation is the 4, When the motor stops ý it has reached cutout piessure
grounding wire arid mu~st "e ccnrmncled to the grounding and the unit is ready for use.

pin. NOTE., When us~ing an accessory or air tool, pressure in
Check w~ih a qualified electrician if the grounding the storage tank iecreases. When it reaches a certain low
instructions ame not comp~etety undersftcid, or if unsure level (rut.in pressure) the motor wilt automatically restart
u~nit is oroperly grounded. arid raise -the pressure in the storage tank.

OPEiRA~19N 5. 'to shut down compressor, simply move on/off lever toi
the Ott position.

safety Valve 6. Allow compressor to cool.
The safety valve Miem 24 - tank drawings) is desigiied to
prevent pressure in the storage tank from exceeding 140a 7. Drain storage tank (see Storage'Tank in Maintenance
PSIG !iecion).

A WARNING. Do not tampror wi~t or attemnpt to ~NEAC
eliminrate the saitety valveMANE NC

Ttermaj OverKead Pnttuitctm Air Filter
The compressor mi.wtcr is equipped with a ihervinol Inspect air tiligr (item 49 - compressor drawiitg) before
overload protector. l1 the niotor should overheat, the each use. Clean filter with scap and water as necessary If
overriad protecitir well shut the mo~tor off. It thi;s occurs, filter becores chogoed or damaged, replace it.
turn ho~ onmoft lover to the off pcsition and allow mnotor teeol~ irfie ih lmal
rool k~r 44protdrewii~y 5 minutes,4 ANN:F9e lv arlte iha.ayal
NOTIE: Tank oressure must be below 95 P~Qi, he Iqgw1 or solveri!. Explosive vapors mpy accumulate in the
compressor to start. air tank and cause an oxplosicn, resulting it) serious injury

or death.
l11etirr the compressor by moving on/off lever to the on CUIN 0ntoeeearcmrso ihu i
position. If witiptemaor fails to s~ait, check for blowi, fuses; CATO:D Moet arcmesrwihuar
tia Compressor may req~uire inure time to cool. If the titter.
overload protector shuis down the motor frequently, it Storagai Tank
could be du~e to low voltage. Commoon siqns Of lo`V voting J Storage lank~ should We draineo after ittu-h u~e or after
are: every foiur hours of operation to prevent conoiensatlon

boid.-up andi corrosion inside tanks_ To drain tank, slowly
I1, Motor does not get u~p to power or speed. arid carefully open drain fitting litem 8 - tank drawings), tip
2. Fuser or circuit breakqr activate when starting unit upright and allow water to drain out.

comipressor. NOTE. Wl~en draining tank, watch lor debris (rust
3 Liahts; dim or remain dim when comprez~sof is started. partices). If there appears to be debris in water. contact

4. Ohermotr oeraed ppiince ta toopeateyour deader for possible tank replaicement. It is
4pOtermooer oeae aynest o prt recommended the tank be replaced every three years.

5. Too many motor operated appliances on same circuit. &LWARNING: Do not weld on the air tank of this
compressor. Welding on the ai, compressor tank can

Operating Procedures sevefely impair tank strength and cause an extremely
hazardous condition, Welding on the tank in any manner

1. Make sure on/off lever is in the off position, wilt voic' the warranty. If %arranty service or repatrs at&
A needed contact your nearest authonized servicing dealer.

SWARNING: Before using air tools or accessories. If one does not exist contact the fac-Inry. Unauth~orized
check manufacturer's maximum prtssure raing. tearctow.' of the unit will void the factory warranty.
Maximum pressure rating must be above 125 PSIG.
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UflAVVIElf",i.Jlk FAH IS~ LIST FOR T-30 COMPRESSOR DRAWING

.4 J2Z12~. _____

7.Ii 30,4~S~f

-~ l~____28 13'

--2 -20
7 __ -VmUGA ýv- -. _1

__q___ -6 N- - 24

14

p -
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19
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UIIAWINU ANLD V~AN 1 LIST FOR T-30 WIDE TANK DRAWING

iI&sw 5ý-6
-I o mb

14~1 4257 TA%"

~ 19

23
26 14

7r

20 1

/ 20

Z612~ 22
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DRAWING AND PARTS LIST FOR T-3O PANCAKE TANK D)RAWING

7.L I~a - -, •I .

J. . _.-2ML.P•.. --- .•L JL .. ,L ..- .St8a. , •t, -. Ic

M- -

MU5 22 --- l9

12 IT 945 ,3 - ft.T..TW

144

21

28
16
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L)HAWING AND PARTS LIST FOR T-30 WIDE TANK DRAWING

_ t J"Ift i29 I ~ _fy _ _ _

-'~ ~ -- 1 ~ u

10 624327 PI jj tA _ _¶

1. 24ilQ ~ j~ &1131
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G,.cvER MAI-.HIN• V.oreKo

SERIES 15-150 Pound
Cast Cadbm and Allay $teal flonget Fitti•gs

DIMENSIONS

C. COD e NO. Ib3 coo t N O. 152 Wo .aw Co L t NO , M14

CO • l t ect Is s co r[Na c • C D NO II$' CO~tt NO . IIC aO0 . MC• lI13
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N0 I. JA. Ilm.• I t I I I I I 1I ! 4 jI I

IWE•,•, 1SiZ Al 4. 1 i 14 1 r~ 2 Z4 3i I ? I ? 5 ; 6 f 8 0I 1 2 0 0 I0 0.. 1 0.0 0 0 ir~CODE... , .... - - .1 ....... 16.. ..

--C_,,on w "I. i

_ ..._-_.. ..i ", 7 ,I .. ... .. I K-

r OEte NO. Me COO NO 151 'CD 2y 3OD NU5 5I ~4Ijj j1~ % 15V NO4 151~3I27

~;:t~e 1 ~ 5 1 241 1 4 1 164 113 1 0 2

,, _ _- __ ! ,_4,..4! ,, ___ _ _ .Wide drlmlnlr f F•e e 7
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a W '4^(. W f
~~I ~ nr ~ r7'tI~1lflInstallation Shoot: 2025P-INS

~~ Effective: W01543
UPR 34S6789 Revision: 02-15 *8

INSTRUCTIONS FOR INSTALLATION & MAINTENANCE
OF PRESSURE & VACUUM SVWCHGAGES's
SERIES: 20-P, 25-P, A20-P, A25-P

INCLUDING V, VWC, ABS, EQ, DP MODELS
TYPICAL PRESSURE SWICHGAGE?,

Boninls te A SWICHGAGEO Is an Indicating mechanical gage, with
adjustable limit colntacts which may be preset at the

Dual 8"Isfactory. it Is the sole responsibility of the lirstailer/user to
Dial *insure the proper contact setting before placing it lfn

operation. SWICHGAGESO are availab~le In vaelou- sizes
and shapes to adapt to most applications, for pressure,
teqmerature, liqcuid level, vibration or speed. These are
dry contact type switches for light duty oiectiricAl switch-
Ing and should be used with a Murphy Magnetic Switch
or Transformer Relay. Both electnical and mec!hartical

Loe experience Is necessary for proper Installation and
LexanfLan maintenance.

Wod Plated! Hex Socket
Soff-CIeaning Limit Countct
Contacts Adjustment

TYPICAL TATTLETALE MAGNETIC SWITCH

TATTLETALE' Magnetic Switches TTLEAEMSTBTO
Murphy manufactures; several, patented magnetic switches for TLAE'RU UTO
protection of the tight duty SWICHGAGE' contacts and to
ensure positive shut-down of equipment. There are magnetic
switches for Capacitor Discharge ignition. Magneto. o~r battery
systems. and models for electric motor driven equipment.
TArTLETALESr- are pop-out indicators that show the cause of
Shut-down It several TATTLETALES" aer used in conjunction
wilt, several different SWICIIGAGES', the first one out will
lockout all other magnetic switches, Be sure the type of Mag-
netic Switch matches the power source usold to trip it.
0 Note: At equipment start-up. the magnetic switch reset but- UN
ton must be held in until no-mat operation occurs, unless AWTTHLIISuocr
closed SWICHGAGES I are locked out oy lime delay or lockout'r 2 CTR
button. (Not applicable for Meg. or C.D. power)

TYPICAL WIRING

SEE BULLETIN M-6797 FOR MURPHY TArLETALES & MAGNETIC SWITCHES
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BASIC DESCRIPTION
20 A A $IRI$1"1111111.131UCI/AUUM SWtCHGAGRS' Ai0 II A211S IMUS 1`11S PIS"AACtIAN SW cQgojwas'
20OJkrits 2-1/11O'52irntmlountinghole)and 25 sono. I2-111tS, S2mn. A20 sort". (2-t160. S2rem mounting hle.) arid A25 kt'4j i(.t1ir,
mounting nole) hame tit" rates arnd atei disphrag~n actuated T~io (Wmrn mounting hole) have pollyearoonsto cases end aea ducphragrn
tiolntuir/cooiite groundsa through the c~ae to Complete Ithe Switchi actuated 'Thoea c~auea hwo" ndod. isolated Iteer"ndina 10? aliviti
circuill Tht limit conlectla) Is wirad to poweri through a Murphy conirct:ttIhL vointor-ContactIs wired toa00flif-n OfgfCKnd;the brfii.
Msgrititic Switch. See diagrams tor SWICHOAQE* wire color code Co"IactIIl) is wired to power, through a Murphy tn1gftatldc switch. 6..
Coned.cli or* rated 2A @ 3(NV reeliltiva (plit 'duty); gauge connectionIS SWtl.'HGAGE' diagrams for terminal cod"s. Untacta 2A Q 30V resti.
I.,8-27NPT Sao instatlaiion and typical %viring diagrams tor wire up of live (pilot duty), gauge connection 11/11-7 WP. Sea Installaftro and
SWICHAGAG anid Murphy magnetic swilch. typical witring liagrambion thiaksafle~, forwiretup atSWtC'lGAGE0 and

Murptiy m-agnetfic switch.

STANDARD ELECTRICAL iDAGRAKJ: 20 & 2S - PRESSURE/VACUUM SERIES
THESE DIAGRAMS 4AF SHOWN WITH POINTER IN THE NORMAL OPERATING RANGE.

STD. NOVEL HL MODCL ASS MODEL 90 MODEL

LOW 2 Ho1 ~igh Le~1B ow
R*IM tci o.d - C~dIlC

CaeCo" GmseFsNO Slac301 1 NMO Siackc
G.d. (m ad G4corn. WMMt l CornM. White

Std. Switch noating: Pilot Duty. 2A @5 30 VAQ!O'C resistive Micro-Switch Rating: 3A X5 30 VOC inductive
4A CR126 VAC indtIctivei

STANDARD ELECTRICAL DIAGRAMS: A20 - PRESSUIREIV#ICUUM SERIES
THESE DIAGRAMS ARE SHCoWN WITH THE GAUGE POINTER IN THE NORMAL OPERATING RANGE.

STO. MODEL HL MODEL ASS MODEL EO MODEL

LowLO 5 j Ho (o -1AS _ )AS
NC CNO NC CNO NC CNO NC CNO

Std. Soltc Ratings: Pilot Duty 2A @ 30 VAC/DC resiative Mrefo-Gwttch MatIng: 3.1 130 VDIC Inductive
4A 125 VAC Inductive

STANDARD ELECTRICAL. DIAGRAMS: A-25 - PRESSURJREVACUUM SERIES
THESE DIAGRAMS ARE SHOWN WITH POINTER IN NORMAL OPERA711IG RANGE

510. MODEL "L MODEL ASS MODEL EO NOVEL
NC C NO PIC C NO PC C NO NC CNO

,0 00ST ~RESET SET ES"1

LOW #1Dijlo L LO 0$00

Sid. Switch Rating: Pilot Duty, 2A 15VAC/OC resistive Hidecr-Switch Rating: 3A 1530 VDIC, inductive

4A 15 A -idutv
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............... W JA~i

SPECIAL APPLICATION SWICHGAG aS': ADS, EO, OP, VWC, ST, F-7
ALARM SEP1IFORE SHUItT-DOWN KR-WT U rCOlfOL

TWO SWITCH Ox'TION WtiITd*LMI OTO
ASS: SWiCHGAcIE with Alairm (Mtome Shut-down EO: BNAP-ACflON Pressure SWICHGAO~i.
rho ASS has a wtandard, frontl limll-contact lor low proisure An fC) iii ihe cormbination of i M~URHYPIIiAGE4 and a SPOT
uQuipment Snuldcown and atn internal, SPOT micro civitch fnr micro sv.itch, The switch will $CT (see wiring Diagram) at its
Alarm Before Shut-Down (sarr Wiring Diagram¶), When fine low Preset low pressuire point on falling prefeurri. As the pratisurt
sider of theo micro switch FIETS (preset paint, or, falling pros- rises, the switch will FIESET. approxinmatey 1^0% scale ebove
Sure). the NC side of the swilcO completes a Ocicit 10 activate the low orelisurki OLI point. (The 10% difference is inherent in
on alarrn From this point the pressure must Incresse aPPrCxt- tha physical movemesnt of the mnicro switich.) By knowing the
instely 10% of scale before the micro switch will f4ESET and lost oresSutV SET point this 3 wire SWlCHGAGE cant be Used
open the circuit; it pressure falls, the shut-down circuit will be ito make or broak at circuit.
completed. ýýo Example. you tiaeS a 0-100 pz; LEO with a SET point of 15 psi;
NOTE: The In r ý ontact shut-down limit setting (adjustable) the Sý,itchws11 RESET at + 10%of scale0-25 psi.This FOcould
and nilern switch tow point are preset at Ins factory, It setting$ji be wired to light a lamp on low pressure start-up, and then put
olhr'r then sicrildard aea necessary, then stpecify whtii out th, tamp as pressure riseii past 23 psi.

or~i7n f FITRDFEEM EfS The SPOT micro switch Is rated 3 A @ 30VDC inductive and 4 A

DIP: DlIffrential Pressure SWICHtOAGE @ 1ASHINGiN LEO ALAR

installation: 1) connect the input side of the filter to the center 'AHNLEAAR
Port: 2) connect the fitter output pressure so the upper port - ST: LED Pleeb-e On OWICHOAGE' Clesure
CAUTION. us3 a 7/16' wrench on the upper port's wrench flat$ Tne ST has a standardl, lror't limit-contaLt for low pressure
to prevrent damage to the gauge. DO NOT ovor tighten port astem. For shut-down or ow'iliary alarm, wire to compatible
connections: 3) seat the limit contact to the mianufactuire- a rating, see examples of Murphy audible alarm nd magnetic
titter spec ifications: 4) connect w iring to a slarm il and/o r shut- lkwitChes give. ' below . ', P~
VWC: Watst Column Calibrated. Vacuum SWICMGA06 LDMTM OEMLSIp 4U

Installation, 1) mount the VWC away tram engine vib ration ý 2) NtI. WfiNiO. ODats V15 154 VOO
run the vacuum tine from the gauge to a point between t3le air -pPe

cleaner ens.. (a) cairburetor on carbureteod enigine. jb) turbo-
charger on furbochargerd diesels. (c) the engine on naturally 201-P7: emit-Autlorniett Lockout
aspirated direwls. NOTE: a flexible section Is ecosential at comne On stai-up presiuns, the SWICHGAGE8 low l1imt contact can he
point in the vacuum line tn eliminate vibration. Be siure the by-paaaed by pushing ithie lockout butto. The lockout will trip
SWICI4GAGPE is grounded Insa 12 or 24 volt system, and that the automati~tcally on riving pressure. Lockout roles. leve is fatory
clarm used is of the same voltage as the battery. Me: check at iniial stain-up.

TROUBLE 5140T340 TIPS n/L- "m appear's to Involves Mupy etucits)___
PROSLFM ________PROBABLE CAUSE a POSISIBLE CO)RRECTION ______

Erighe will rzot staee lo fuse In nagnetic switch ckirout; replace with 14 A fuse.
*False ground In comntol ciroult~ repair.
*Open clrcuii (CLOSED LOOPS): repair.
*Control circtrA overloaded by accesordes: reroute accessarles.

False Shutdown kfItemftten shorting In wri~ng &me to wear orinsuuatiton hratakdown.:
Chteck to wring. laplaef as necessary.

- CAOSED LLOPo circuilt ha ilite.msittent opeon or x hart: check all
wiin. repl.Weas edd

- Vibreti causes the magnetc swftch Ito I*~ rape replacer
or relocate switch asneeded.

SWIC+1GAGE4 closes but does rnot trip - Incomplete circult: loacte openv ciruift and repair.
the hiagnetIc switch or ktill the eongInes. - Magneto not providg power to prinat" terminal post:

repair moragneo.
- 0.D. typ miagnetic switch beling iteed with magnsto or bathery:

_____ ~replace with cowed magnetic switch.___
SWICHGAGEiS closeos and kills engine. - Magnetic, switch binds, prevarsinto tuip: adjust or replace the switch. -

but it does not trip the magnetic switch. - Conventional mnagntir switchi us ed with C.D. ignition: rapoole
_________________the switch with a 0.0. deeiginated switcht._____

TATTLETALES Iripped tut engirke -Lost ground to :Jah engine: repair.
is stilt running (meg. or C.D.)______________

Pointer Will not operate properly; - dogged lineas or pulsation dampener: remove and clean or replace,
inaccurate redns Klrkad/iritrpedibrcften pressure or vacuutm lino: replace line.

Poir1e, Or cornedc burnedrin-rwo. . Without exception this condition is caused by inoton-act wiring or a short circuil
rot or to wiring diagrams and rechooctc wirng: replace SWICIIGAGEO,

If you neood additional wisistaince, contact YOUR LOCAL. MURPHY DEALER. or a Murphy repres"Itative at one of the
offices liste4i on this torn.
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TYPICAI,. INSTALLATION

SWCHGAGE' INSTALL.ATION (Refer to ootwiing( 3. if not in 8 PrOw'r1J P571e1. wire the limtit switchlesi to a
1. Secure thie iSWICliGAGE'I in thne ~5ll using the clamp oiwl Mvrtoyotsu tio~tic tiwiiol ort relay.
outs provided. %079!: rPilot drJol (.1 A 06 31, V res~stivej contheits must be
NOTE: Be auer% the SWICHGAGE' and panel are grouna,;d. protecled 11,Nm tiign curitint disconnect power qoutng
2. Connect the pressure or vasuum line. oijing a 1/S NPTsadap- Wi ý1-0-
tor at the SWICHGAGE' erid: TRICT. Gto,,ji prnont; wait lot pointer to lift off tow contact:
N079: So. oure that pretssure tin* is clean and thatm ipe crops orl ($Imck i rs~indri~tit close limit swltcli."esl to rlsrm/shutdown : ad.
lteion used on fittings; do"s not Wiock the tins. lNfl ltimit ('0or'llt' to COIVCt Idtiit poinit,

SW1CN;AlGE A IWAttU SECURE~ CLAM1I

l~wlAL~Tramii NZO ADJUSTABLE

WASH 4r- ~ TYPICAL LMTCONTACTSI

SWT*gITCH~AI SWITCH ooo

TATTLETALZ INSTALLA]IO
PUSIO BUTTON T O POWEA

OLCAL- ~ TO SWICHGAOES
POtrITIONII"tI N~UliA L N OS~t

GRUDUND &AW NULTIMITER

USE THE PROPER 1TOOLS - 00 NOT OVER. 3HTEW

Murphy recommends mounting SWICIGAGESs wi'd mag- GAWI WIRING. OF SWICHOAGE' AND MAGNETI SWITCH
netic tiwitcflei away from ioxceeslsve vibrations anl lhz use of it (>sconrect battery or otle.r power dluring Installation.
panel shock mount% wherever vibration may occuy. Handle alla
instruments with care; although durable. these prrducta Mkirphy components are easily wired-up and marintained.
should not be subjected to rough handling, dropping, or Use good quality wvire and terimnals, Oe oure atr connections
severe vibrations. are Clean C(ponjete and Correct. The wiring arid the type of
Magnevtic Switches. Mount with electrical lugs down. If "411001- magnetic switch difter for vatious applications, but a knowl-
sary. drill the TATTLETALE6 and pilot-stud holes (temtplate edge Of basic electrical functions and of the circuits necessary
provided): clean away burrs and filings. Position the magnetic for the speiacfic job (whast you wont to happen). and common
switch in the panel, making sure the pilot stud Is in place. Add Wsne wi~l make the system workiche way you want it to work.
TATTLEIALET decal, then wasiier, *hen nut and tighten, See examples W typical wiving and instructions packed with

each magnetiQ switch.

IMPORTANT, PLEASE REAO COMPLETELY

SWICHGACý.iS'. Murphy magnetic Switches and valves, prop- a Mount ri magnic switches and Murphy valves in an upright
arty installed and maintained. are effective, work-reedy tools in position. to prevasni moisturem~llecilon and shorting.
any preventive maintenanco program. For optimum perfor- Ckmnanttg Loinsr uaneos since many strong solventiK anid
mance. check these tooli' periodically: look for frozen cleaners conihate und Psmatlvritly dome"gthe clew polycar-
pointers, kinked or worn tubing, broken wiring or loose con- bonale tsi om n SWCHlGAGES". please use one of the so-
nctions: cVose the contacts, then watch for expected resoults. lutiono hated here: mild osap and water; mineral spirits; white
Replace any dafilaged or worn paruv clean and repair as kerose4ne: VM&P naphtha: heptena~h~xane: vairsol No- 2:
e.ncemsary Murphy will repair or replace parts covered by the menthylfiaopropyl/isributyl alcohola I & 3 d~natured al-
Murphy two year limIted warranly. cohols; froons TF & TE; petrnleum ether f&5*C boiling pt.).
is Check tht wiring: It must be Correct eari Complete: tight CAUTIONl: Many of these cleaners are flammable, DO NOT

connections. unbroken insulation, no accidental grounds, USE when the oquiptvien Is running or very hot. Keep away
do not run shut-down wires with ignition wiring, from spai'iw aido Harri.

0 Check all tubing and connections for leaks.

~ 1FRANK W. MURP14Y niauiwasetum
ta 9Ma 4700' TrUL" OQri..m 7414. USA 1W- i0141 S274 viC (918 011I 4414A nx 465

on i~. .i is. T.- "O"LO ' Nl NOW- EUI.In . II *60- 0-0 I. M 4' ONK iW CAi~, iM-i SM I

Sm a -1ftl~ w. 04651YU 31 0"7 6-ini os.. C~I'Miaii ,,.. AVý04 ,

Ati0fMlt u 01W MIftnift 5W4 - 4 fI' 30710%- N?~, 30 isis '6', uss.nr?6,

169



170



LCD
ELECTRONIC

COUNTER
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9ULLEIWENQA CUVý2.C

MODELS CU1B 1 & CUB 2 COUNTERS
OPEN Up NEW COUNTING HORIZONS, FROM COUNTING SIAPLE SWITCH CONTACT CLOSURES

an I mtleym- TO HIGH SPEED PULSES FROMI Tn., CMOX, OR OTHERa~ac1U0U caITm ELECIROACSCSOURCES
-AT A PRICE LESS THAN EQUIVALEN'T EX. tEL ECTRO.

MECHANICALJ COUNTERS

Time hens c the CU is.fo amm tiny lusomAase chip drveloped by We Limt

es Imu *02 (Jaem~l tquaw timmies. Vim .wiucr9s~eaa.U. tOn chip and other-~~ peiphsI pmut areateached toe substraues wish the skelsaise ormsetus heing
made, ebsmasmoy - using wins appoimeatmeely 1/3 the, thtiammr of e htenusq ism. The momih is = stormily new secornis incounting. thM is amon aly aom

cum I 00MAL Pmm"g effectosv bem opis the door to counting epplicatms doa sodl now w etsno
NSS~mUAL O5I5I ~ satttsually fuax"&

AND HERE ARE SOME MORE ADVANTA GES:
SELF POWERED NO-WEAR, NO-NOOSE

Self-Cuttesinvo buw~s ulebmsmeas thme amed for mestormul poermo id prwToe CUB's micto~o-mas cut moowratey mod sileasly soclamoe smuse
loo 1m of Olsn! fweefis& Also pooieks Amt mits or Pseon" appicaaon comes ip come how so comphadoy wow one ordinary SuE exmime. Moss
111110Y *aspuwem also me-he elesammiam ofdbumiak hoomers ad fillws the usmi am, it -o momen ths petoarsman 3500 dius (4 yaws) whit sho ate are o(
ci 2-asoucseet bell win. for inguasigas ad meolmoeww npvt signals. hemseosa.

Bon-ane sme asly insplammeehie (2 *AV Cdbl. edhelt.) sd evrsrep hassery
%14e 6i tors Yese RELIASILITY

Intessnal dreasm conesermtle. wabstanwds many "ms the 0G
/1GM SPEED, fam o ci tock adS 'baI. Iopes to onvotione"cmal ao

noe 5000Cpser0 som vod a kme hes Limae fenet shut "AIA perfir- CUBDommom als taennso elascanasc omsaas This sleilasss Wos merm
mansce. EXs~ -.mmms. Thiops 050 up vast moman iloawat am$es th" pm- 1en11sis asmoocmse with contaem coerrosion.
viously wett mqvsnWihe or at Wes. wecsemeasdmatd by expensive eslcsramic Beatmey opeans.se a high dogrss of b" felAsoensg, pies m inhewvmoesa
snensars asnews 5to 10tesis as sntCh. mad. .pjsan item of manssu thea 2 0d SW51614. prooides 16110-high

limmnity frome saiwul mi atsin soarfarousc
FLEZIjSIL~rv

V&TiQWu CoWM inPUtS a0w mas wvboithl vnoula ceqeco heiih spaei pdms RUGGED, SEALED FRONT-PANEL CONSTRUCTihON
cotpn ses feno4arsiwic smaors esod cvaimcs The raw fineciso out be dia- Nlomad i. a diaevest mmta came CUBD assesaon frommpass- selald and
abiod. nouop for foot pommal senme laness must. or both. designed to mmn NR&MA 44MI qscipwctions. for wasi-dow sod/or .

wism penporty icnahi.4.

SPECIFICATM9N
I. - UNLAV: 4-digit LCD &COUNT 31PED: Up to 5Soap with switch contect "os (comosmer haer

CkUII- 0.3' (Smmqbigh CUB 2 0.3S-(#.mN) ighs U94AIl u&eheW. c9cuIM ) Of 21p 60 3000"~ with bd-Md"st efJRoIsc
2. POWER SOAVDCK No esomode powsm .sqwmr. Oeints tuis 2 N'type Open (See 408geun s pre-liqe is"').

ataipoelasasmbetel (suppylid sopsamaly). Dettesy Wei up to 4 yeasm or vasse.
ISea n'ot., of qim) NOTE: O0t~yAitsleeCvlls etoctmrssdfijh swe~ ýdCUD Cmsuir, 00

I. COmUNT me BanE iKPiP SJGNALSý Adepta o Cum-Stwimdi Commocn NOT USN CARSON-ZINC SA TIERIES sins. sAhy haew charr We emus
Sigmails. Oput-Cdiazeaso Tyaieesmr Outpat, and li-Polar Drive Cl~uiet i send caWeisittak o/Wsuyt ceameg Wetmeel susowar aft Ammg Whoen moveg
01-ose in dam diagswi mon pe pag,c Commnter isosraemess a-4 msrtoo uwirih comboesf, Comm to W" inpu ramm icuuorend aNmmty open wanos

a asgeive 8"n (psll do-s; tsmssitim of osum or mast sips's. Circuit dea'ssmod Swurch cemo"C A *iemoi mu m ealese y-dees
4.;MEATING TEe4I EXtATIU[ SANL- IP to !C:(~ . 2MF eead amg e,,ree ecip briqfty sm ,qas causet. emu resin lutus ry bV. ba
S. TO5AG 9Tt~mATURF ilAr#Cf -20*c oa +6S5C (-e to + 411-I) Aftca-he loss twsme ytoov.

USE CUB COWJTERS W77H
VCM - VOLTAGE CONVERTER MODULES too, lseskted, A.C., contsrol veItse# aeounS lnpes to Z'UVAC,

LCN - LOGIC CON VERTER MODULES tot intodeie with vi.nsfaral Degit owla)Jeo a qutgasle,
PSMA - POWER SUPPLY A INTERFAACC MODULE io, epuriostio with eiesohonle &enoseotf.

tS.. Aceesaaory Section 0.1 The Crtatogj
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015ENSIONS, ANSTALLA ?TON, & BATTERY INSERTION

Atiw cating = msto POW. dide the -m sailt over the w cf fto Make sun ume at&d tas or tae of *Ae cl ips lbo k.w thmioam th tde ,
bodk to d~ uko( di beinA Tb. slide con~er dw~g the podc idisameabody sowm tha te aqEedor ldht wedge htwommithepanel

Cat-out. huail i'mwwA" cli c ean *sob e of Guame body with smemong opmeq and body as the sam' are tihimtc~

OU~i O09

.943.
""Ma,

t-C-tf
c~ms"

BATTRY CVER EMOVL & ATFEYINtollO
'WIENUD
CLAe "us ~I i apmb n oaciste asd iabr etadcW altenkhi Putgga adpp

innn ldep A temw opW.aetduhelcdkde N.T uol oe as iba Uat oosfa.- o ak
CLAeP !a " h aebta h p o o hp o ~ eit e.mdup edl uedw a oe asbc eohc ae

ThecuWow covlertu im bl am pawb eospp mod brick stup " ccjh'bo awaS olf Wd s edh ia sadpp

C wv. T mnj% um wmaoadand ade omTo ommll v-w immn lft andUp w a ca Cpubee ow-w 10
ratalm indl sa bewes O MWmadlow dM ad ts bwr la Smd r M bp*qwCiman coer maps eSA~ bw pbwm c.

0"Ill, ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~lltei WA leapm te do Fewasbcf"or. a bs Imstt sso eo be pn oaiy

amps ~ ~ ~ saVc-mg " m mtw o" A OM fnfm atetsah@,FCammeim

E tesier hfms Can cawcCIg5"5qfwfis m

ELECTRICAL CONNEC77OAIS
Wift rjggmotoceasind.wiSAlm or to mmcmm camm Lamet bea Sm&d wet 1. Awaid long wine rmashi ca"l naight or von witd poet carcants
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LAO".GA 30 0 flLTRAT1ON SYS7 EMS

1900-911

WATER DETECTION DEVICE
DETECTS HIGH4 WATER LEVELS

IN FILTER SEPARATOR VESSEL SUMPS

DESCRIPTION: J t '

The 9aO-91 1 Water Detection
Device woo developed to fvploac the
float control and slug valvs used on
filter separstors. C

The 9004911 Water Detecton
Gev"'zo detects wowe level in filter
aspaataw vessel swvtps. Whesn 6
high wowe love[ Is detected an vlarm
Piont orne on. Posonr*S cant Lhen141!
manually drain the water, The
auxiliary COfct*Cs canl operate an '

alarm or ahut off the pumpso. etV.4

For Year klndvdusAM have Wa
difflcu'ty tromi" ahooting flMa
control and *lNo valvee. The 900-
911 Is adi riecftr device and is
extremel relambie The 90091 i i 900-911 Water Detection Device Float Assembly shown above.
easier to diagnose arsd rep#Or thnr,
hydraulically oporated devices.

OPERATIONW:
A dorum shaped 10oa is imetled on a Wre drilled plate. This plate assembly fins an the float cuntrol valve mount. The
loat rides on a stainless s1001 stem. When the water begins to rsa in the sum p, this fluvt follows the Interface

between fus and wate. The contacts insitle the stem are activated by the mag-'iet In, the float when tne wate
reaches thle Alarm lvvel. An electronvic relay registers this contact closure because of thle 4Incrase ;n resiativity ot tha
closed conracts. This method of signal prevents high voltace inside a vessel filled with let fuel and makes fte unit
intrinsically safe,
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A1ZP-VS 7 1M E-

MEOORANDUM FROM COMMANDER, DIVISION SUPPORT COMMAND,
24TH INFANTRY DIVISION (MECHANIZED) SUPPORT COMMAND,
7ORT STEWART, GEORGIA 31314

MEX1ORANDUM FOR COMM4ANDER, U.S. ARMY BELVOIR RESEARCH,
DEVELOPMENT AND ENGINEERING CENTER; SATBE-FL,
ATTN: MR. M.E. LE PERA, FORT BELVOIR, VIRGINIA 22060-5606

SUBJECT: Filtration/Additiva Unit

I. As we bring our use of the Filtration/Additive Unit (FAU)
to a c' ose 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 use as beneficial as we did.

2. We found the FALT to be effective, to perform as
advertised and believe that there is a definite place in the
Army inventory for such a piece of equipatat. As you
continue development of the FAU and eventual fielding, there
are several issues which we recommend be addressed.

a. 2!•Libutlo• As we transition to a single fuel, the
need to maintain clean fuel is doubly critical. Utilization
of JP-8 for the entire force requires that all fuel within
the Division be maintained at Aviation specifications all the
time. We recommend a minimum of one FAU per DItvision, 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
(AS?) and one in the Main support Battalion. Fielding of
five per Division will strategically place the machines
across 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 ned arise and will also allow
cross leveling of then should one become non-operational. We
have learned that only one of "anything" can be a problem as
the loss of it can bring an operation to a quick and complete
halt.

b. K An&U, Recommend the mission to operate
the FAU be assigned to the Quartermaster 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 support and eliminates the "middle
man" when a fuel purification mission is to be performed.
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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. Their
exposure increases 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 electrical 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. Recommend the
towing lunette on the trailer be redesigned and relocated if
necessary in order to ensure it accepts the towing pintle
from the towing vehicle.

d. Miscellaneous' Recommend you add a flexible "wand
type" device (3 to 4 feet in leng/th) to the end of the intake
hose. This device will assist greatly in reaching fuel 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
petroleum community rose to the challenge and provided
detailed and greatly needed assistance. Professionals from
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 free to call if we can be of assistance in the
future. My POC is the Division Materiel Management Officer,
MAJ Bryan L. Wiles, DSN 870-8993.

ROB L.FLOYD i
COL, OD
Commanding
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APPENDIX D

After-Action Letter (Point Paper) From Camp Pendleton,
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4700

4 Mar 93

From: Commanding Officer, It Reconnaissance Battalion

To: Commander, lat Marine Division, 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 Mr. G. B. Bossee

1. g. For at least a year the Battalion has experienced
continual problems with the clogging of secondary fuel filters on
the light armored vehicles (LAV). All indications are that the
cause is fuel contaminated with water, microbiological agents, and
sediment.

a. Bulk fuel delivered to our underground storage tanks is
treated on site with a biocide and stabilizer that effectively
checks micobiological growt.l However, am :hs fuel is stored over
relatively long periocis of time both in the undexground tanks and
LAV fuel cells, it grows increasingly contaminated with water
through condansation. Simultaneously, microbiological growth that
has been terminated by the biocide additive, along with other
particulate matter, settles to the bottom of storage tanks and fuel
cells forzing sludge. During vehicle operation the sludge is
agitated and passes into the fuel system, ultimately clogging the
two filtrat,. particularly tIe secondary (five micron) filter.

b. Mhe more often fuel is utilized the beater, as condensation
and algae growth is minimized, as is the formation of sediment.
However, LAVA r1 jrj come close to utilizing even half the fuel in
their cells during a typical training week. Because this condition
exists, and vehicle performance is so adversely affected due to
clogged filters, to date there have been four approaches to the
problem.

(1) Fuel cells are "topped off" at all times to limit water.
formation throngh condensation.

(2) Pseriodi= purginq of the storage tanks is required.
This in not only a costly process, but can also result in the loss
of already purchased fuel-now contaminated. There is also 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 two filter process as
opposed to the FAAU's six filters.
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(3) F~ael ifilters are replaced. Filters, of' which there are
two, coat ;ýV5.00 each.

(4) LxV fui~l ca'.1 are re3npvjW from the vehicle for.
purging.. This ILs a uanpower iritenuive process as it tak*s two
mechanics lo~ houra to complete the task.

2. nLj3iO. Mhe problem of poor fual quklity in apparantly
Widespread as discussed in enclosure (1).. T1.e c-rux of the problem
at our level is to fi~nd a way to periodically filter the fuel. in the
110=J41O tBftO and L7AV Euel calls. We have been proactivfe is
pursuing strategies to identify f-oluttopis that are, economical, and
at the saam time minimize labor co~sts anzd nsq&tive impact on
training,, Pxrt of this effort has bee-n to seek assist.ance and -
recoimmndatioras from various agencies responsible for fueA. handling
within the Divijio.in, VWE and uase- structures (s-q.# -G-4* F$SG Bulk
Fuel, M4Cs Bulk pael, MWDS bulk Fuel, etc.). We also soughbt
information through our various LAM specific conltacts, fvn3 example.
MCLB Barstow and Albany, the L&V Program M~anager (rA~V-PM) . etc.

a.* CW02 Shihinski, our maintenance off icez,' 84eUS to have found
a potential solution through the LAV-PI' jngineering Section), UJ.S.
Airmy Tank Automotive Command (TACOZ4), Wren, michigan. He was
informed by rAcwt that an experimental fil~tering and additive device
was under development by the U.S. krmy Belvoir Research, Dve lopment
and Engineering Center, Ft. Helvoir, Virginia (Enclosure (2)).

b. In Decemnber, C1402 Shihinski contacted Mr. Maurice E. Lepera,
Chief of Fuels and Lubricants Division, Ft. Belvoir RD&E-
,Arrangeaents were made for the FAAU to be shipped to us as part of
the tasting and evaluatiLon process. Technical assistance was
provided by Mr. rar B. R Betrsae, a repressentative from Southwest
Research Institute. Mr. Beasee confirmed that any coat Would bet
absorbed by his agencay as the device was stl 1. under developmental
study at Ft. Be'.voir. Prior to shipment it was clear that, no cost
would be incurred by either FiLret Divisl-on or the LAV-PH'S Office.

c. ouring the ap~proximately one week in late February that 14r.
Basses and the FAAW were on. site here at Loas Flores, oar entire
stock of fuel was f iltered to the 0.* 5, micron level. This !nCl'Udes
the fue.L in our storage tanks and 9 4 LAN fuel cells. The "ey Point
is that raswval of the fuml call &As aot necessarY for efficient
filte~ring, aiid eachb fuel cell took less than 20 minutes to purge
using only th4 macki-ins, and a single operator. We sukisequently
shipped the unit to just Tank Battalion with our ovn Operator, where
it is my understanding that over 14,000 gallOns Of fuel W*-rs
cleansed.

2
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a. The savings realized in labor, material, and fees to
civilian contractors to clean storage tanks are obvious. It is also
extremely easy to operate, requiring only about 15 minutes of OJIT.

b. A system like the MAAU also has strong application to the
marine Corps as a primarily expeditionary force. Based on our
research into the matter, there is no filtration system similar to
the FAAU currently organic to the marine Corps. It is our belief
that it would have imediate application both at home and abroad.

.(I1) The fuel problems experianged during Desert Shield and
Desert Starm ara legend. %Us most sei6or staff nono ionss e
officers who serve in the Battalion' maintenance section attest .to
the difficulties they experienced with curtaminated fuel from" ZIP
sources. They also describe severs problems with "bad* fueL_
delivared long after .PF sources were dry.

(2) As an expeditionary force we routinely deploy to
nations that are unlikely to maintain an acceptable level of quality
control in fueL storage and shipment. It is likaly, therefore" that
a deployed force would- be required to utilize fuel purchasd-
locally. It is also likely that this fuel would have some level of
unacceptable contamination.

(3) In the event of conflict, contingency operations, etc.,
captured enemy materiel, particularly fuel stocks, have proven
useful in relieving the pressure on friendly logistic systems.
These stocks could suffer from soma degree of either intentional or
unintentional contamination.

C. The effectiveness of the FAKU is clearly evidenced by
enclosure (3). The point of this paper is to.pass on what-we
believe to be very useful information and recommend involvement in
the development and fielding of the FAAU.

. ~F. Kelly

3
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FORT RICHARDSON AK 99505 FT LEE

ATTN: ATCL-CD
PROGM EXEC OFF, COMBAT SUPPORT ATCL-MS
PM LIGHT TACTICAL VEHICLES, FORT LEE VA 23801-6000

ATTN: SFAE-CS-TVL 1
PM MEDIUM TACTICAL VEHICLES, CDR

ATTN: SFAE-CS-TVM I US ARMY FIELD ARTILLERY SCHOOL,
PM HEAVY TACTICAL VEHICLES, ATTN: ATSF-CD

ATTN: SFAE-CS-TVH 1 FORT SILL OK 73503-5600
US ARMY TANK-AUTOMOTIVE COMMAND
WARREN MI 48397-5000 CDR

US AR•MY TRANSPORTATION SCHOOL
PROGM EXEC OFF, CLOSE COMBAl ATTN: ATSP-CD ,MS
APEO SYSTEMS, ATTN: SFAE-ASM-S 1 FORT EUSTIS VA 23604-5000
PM ABRAMS, ATITN: SFAE-ASM-AB I
PM BFVS, ATTN: SFAE-ASM-BV I CDR
PM IMP REC VEH, ATIN: SFAE-ASM CMV I US ARMY INFANTRY SCHOOL
US ARMY TANK-AUTOMOTIVE C)OMMAND AfTN: ATSH-CD-MS-M
WARREN MI 483975000 FORT BENNING GA 319i15-540C

DOD PROJ MGR, MOBILE ELECTRIC POWER CDR
US ARMY TROOP SUPPORT COMMAND COMBINED ARMS COMBAT DEV ACTrt
ATTN: AMCPM-MFP-TM (MR WADS.) I AMTN ATZL-CAT-E
7500 BACKLICK ROAD FORT LY-AVENWORITH KS 66027-5300
SPRINGFIELD VA 22150
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CDR CDR
US ARMY ENGIWAER SCkiO)L US ARMY WVESTEERN COMMAsND
ATTN: ATSE-CD I ATTN: APLG-TR
FORT LI-ONARD WCKOD MO 65473-5000 FORT SCHAFTF, HI 96858-511XJ

CDR CINC
US ARMY SAFE.TY CENTER US SPECIAL OPERATIONS COMM.AND
ATTN: CSSC-SPS 1 ATTN: SOJA-P
FORT RUCK-ER AL 36362 MACDIL, AF3 Fl, 33608

CDR CDDR
_US ARMY 0RDNANCE CENTER & SCHOOL US CENTRAL COMMAND
ATTN: ArsL-C...CS 1 AITh: CINCClN/CC ,14-L
ABERDEEN PROVING GROUND MD MACDILL, AEB ML 3360F,
21005

HQ, EUROPEAN COMMAND
CDR A9T1N: ECJ4.ZLL
MILITARY TRAFFIC MGM CONMMAND VAMINGEIN, GE
A"TN: MT-SA I APO NEW" YORK 09128
WASHINGTON DC 20315

Department of the Navy

OFFiCE OF CHIEF OF NAVAL RESEARCI-7 CDR
ATTN: OCNR-12E (DR ROBERTS) 1 NAVAL RESEARCH LABORATORY
ARLINGTON VA 22217-5000 ATFN: CODE 6180

WASHINGTON DC 20375-5000
CDR
DAVID TAYLOR RESEARCH CENTER US MARINE CORP LLA-ISON
A7-TN: CODE 2759 (MR STRUCKO) 1 TN: USMC-LNO (MAJ OTTO)
ANNAPOLIS MD 2140Y2-5067 US ARMY TANCK-AUTOMOTIVE COMMAND

(TACOM)
CDR WARREN MT 483997-5000
NAVAL FACMLiTIES ENGR CENTER
ATTN: CODE 1202B (MR BURRIS) 1 DEPTrY COMMANDING GENERAL
200 STOVAL STREET USMC RD&A COMMAND
ALEXANDRIA VA 22322 ATM: PM GND WEAPONS (CB6T)

QUANTICO VA 22134-5080
CDR
NAVAL PETROLEUM OFFICE COMMANDER, H&S COMPANY
ATTN: CODE 40 (MR LONG) I ATTN: COL J F KELLY 2
CAMERON STATION 1ST RECONNAISSANCE BATTALION
ALEXANDRIA VA 22304-6180 (LIG!T ARMOR)

BOX 555564
DEPARTMENT OF THE NAVY CAMP PENDLETON CA 92055-5564
!IQ, US MARINE CORPS

tTV'N: LPP-2 (MAT TALLER])
WASHINGTON DC 20380

Department Lu the Air Force

CDR CDR
US AIR FORCE WRIGHT AFRO LAB SAN ANTONIO AIR LOGISTICS CIX
ATTN: POSF (MR DFJ.-ANEY) I ATTN: SAAi./SFl (MR MAKRIS)
WRIGHT-PATERRSON AFB OH 45433-6563 KELLY AIR FORCE PASE TX 78241
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HQ VS AIR FOR.C( 915 SMSQ'/lTV (MxIEP)
AWTN: LEYSY I BLDG 100 ROOM ::34
WMIIINGTON DC 20330 EGLTN AIR 1-O.,RCE BASE 1L. 32542-5000

CDR CDR
WARPENR ROBINS AIR LOGISTIC CTR USAF 390 TRANSPORTATION SQUADRON
A1TN: WRALC/LVR-I (lvMR PFRAZX.UA) ATN: LGTVP (MR tAUGUI4)
ROBINS AIR FORCE BASE GA 31098 OFFUTr AM FORCE BASE NE 58113

Other Organizations

DEPARThENT OF El,"EGY
CE-151. ATTN: MR JOHN RUSSF, 1
1000 INDEPFNDENCE AVE. SW
WASHINGTON DC 205,5
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