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SUMMARY 

This engineering evaluation established the baseline energy 
use for each process involved in the production of M483 155 mm ICM 
rounds by the 300 Area Production Line at Kansas Army Ammunition 
Plant based on current production practices and energy types and 
costs.  This baseline is the summation of all electrical demands 
including the air compressors serving the air-powered process 
equipment.  The current production schedule of 750 completed rounds 
on a single eight-hour shift requires a total of 1,622 KWH with 376 
KWH used for process air production.  At 4.00C per KWH a total cost 
per round of 8.65<: is indicated, with 2.01c of that being required 
to supply compressed air. 

Several specific recommendations have been formulated for 
actions to reduce current total energy use of the 300 Area pro- 
cesses.  A number of general recommendations are included relative 
to minor changes practicable at this time and changes that could be 
effected at the time modifications are made to the existing equip- 
ment.  Modification of the existing hydraulic systems in the pack- 
out area is a major recommendation, but it may be affected by final 
design limitations.  Many of the electric motors used can be oper- 
ated more efficiently through the application of power factor cor- 
rections.  The recommendations delineate these energy conserving 
alternatives and the associated predicted payback periods. 

This report also reviews the principal advantages and disad- 
vantages for air logics and intrinsically safe logics when utilized 
for an existing medium-sized control function.  The work station 
selected was a grenade layer insertion system used in the packout 

area. 



FOREWORD 

In the early 1950's, this nation's demand for petroleum began 
to outpace its supply.  Consequently, it began to import crude oil 
from foreign sources.  This imbalance between internal supply and 
demand continued to increase until, by 1973, nearly 30% of all 
domestic consumption was supplied by foreign imports.  During that 
year the Organization of Petroleum Exporting Countries (OPEC) im- 
posed an embargo on crude oil shipments to the United States, caus- 
ing severe hardships in both the industrial and private sectors. 
Even though the embargo was short-lived, it did have far reaching 
consequences, namely (1) the rapid escalation of fuel prices, and 
(2) the creation of a nationwide awareness that fuel supplies are 
very uncertain and subject to instant interruption.  In spite of 
this occurrence, the foreign oil dependency has been allowed to 
escalate to the point where nearly 50% of the United States' 
requirements are now imported. 

Because of the above fuel situation, there is reason for con- 
cern that energy in appropriate quantities may not be available in 
the future to meet mobilization requirements at the Army's manufac- 
turing and loading plants.  Even if these requirements can be sat- 
isfied, it is certain that manufacturing costs will be adversely 
affected by rapidly escalating fuel prices.  To insure that mobil- 
ization requirements can be met at an economically acceptable 
level, it became evident that a comprehensive energy conservation 
program would have to be established.  MMT Project 4281, "Conser- 
vation of Energy at Army Ammunition Plants," was established to 
introduce advanced energy conservation technology into the process 
operations at munitions plants. 

This report describes the process energy inventory portion of 
Project 4281 that was conducted at Kansas Army Ammunition Plant, 
Parsons, Kansas by Day & Zimmermann, Inc.  The purpose of this work 
was to thoroughly define the process energy requirements on one 
energy intensive production line and to identify cost effective 
measures which could be taken to reduce energy usage.  This work 
was done on a unit process basis for the 300 Area Production Line, 
by the use of energy measurement and comprehensive analytical tech- 
niques. 

This report identifies a number of general and specific energy 
conservation opportunities which can save $3,495 per year under 
current (one shift per day) operating level and $9,635 per year 
under a three shift per day operating level.  These savings rep- 
resent a 20% reduction in process energy requirements.  Implement- 
ation costs and payback times are discussed for all of the specific 
recommendations. 
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INTRODUCTION 

The Kansas Army Ammunition Plant was built in 1941 and 19A2 as a loading 
plant for shells, bombs and component parts.  It is located in Labette County, 
Kansas, approximately two miles east and one mile south of Parsons, Kansas. 
The plant is a Government-owned Contractor-operated (COCO) military industrial 
installation under the jurisdiction of the Commanding General, Headquarters, 
Department of the Army Materiel Development and Readiness Command, Alexandria, 
Virginia.  However, effective 1 July 1973, command jurisdiction and responsibil- 
ity for the Kansas Army Ammunition Plant were transferred from HQ, U.S. Army 
Armament and Supply Agency (APSA), Joliet, Illinois, to the U.S. Army Armament 
Materiel Readiness Command, [ARRCOM), Rock Island, Hlinols,a subcommand of the 
Department of the Army Materiel Development and Readiness Command (DARCOM). 

When the production lines at Kansas Army Ammunition Plant were devised, 
energy saving technology was not a major factor for consideration because 
cheap energy supplies did not warrant the additional expense that would have 
been required to achieve it.  Consequently, energy conservation measures were 
not employed in the original process designs except in cases of seves? energy 
waste.  The rapid escalation of energy costs over the past several years, 
however, has created the need for a reexamination of this philosophy to deter- 
mine if the incorporation of energy conservation technology in process operations 
is now worthwhile. 

The objective of this engineering evaluation was to respond to the afore- 
mentioned need by performing a process energy audit on one of the production 
lines at Kansas Army Ammunition Plant.  The ultimate goals were to establish 
a process energy baseline for each operation used, identify feasible procedural 
changes, and to the extent reasonable, develop cost estimates and work plans 
for implementing economically justifiable energy conservation measures.  Com- 
parison of air logics and intrinsically safe logics was to be performed for 
a selected assembly process. 

PROCESS SELECTION AND DESCRIPTION 

The 300 Area Production Line has been identified as the largest process 
energy user which is now in operation.  Consequently, it was selected as the 
focal point for the audit work described in this report. 

The 300 Line was originally released to the operating contractor in early 
1942 and was used to Load-Assemble-Pack (L/A/P) fuzes for various artillery 
shells.  At the end of the World War II emergency, the line was placed in layaway 
in late 1945.  It remained in a laidaway state until reactivation for the Korean 
conflict in 3 951 when it was again used to L/A/P fuzes for various shells. 
After the Korean Peace Treaty was signed, production gradually decreased until 
the line was again placed in layaway in 1956.  It remained in a laidaway state 
until 1967 when this line was chosen as the site for the L/A/P operation for the 
gravel mine.  Construction began in 1967 to modify the production buildings to 
perform this operation.  Then in 1968, the gravel mine item was discontinued and 



the line was placed in layaway again. Partial construction was completed; however, 
the line was laidaway with the major part of the construction yet to be completed. 
The line remained laidaway until 1974 when it was selected as a site for the 
L/A/P of the M483/M509  155 mm ICM round.  Construction began in 1975 to modify 
the production buildings to perform this mission. Much of the construction 
accomplished in 1967 was utilized in the modification and equipment installation 
for the production of the new item. Construction and modification was completed 
in June 1976 and initial production was accomplished in October 1976. This 
production line has remained in an active status producing the M483 155 mm ICM 
round since 1976. 

The production steps for L/A/P of the M483 155 mm ICM round are as follows: 
1) Hardness Test - the M42 and M46 grenade bodies are tested for proper hardness 
and for metal continuity.  If the grenade bodies are not of the proper hardness 
and contain cracks or weak spots, they are rejected.  2) Lead Insertion and Foil 
Insertion - the lead cup is placed in the top of the crenade and a foil disc is 
placed on the inside of the grenade which eovers the exposed powder in the lead 
cup to eliminate contact of the powder in the lead cup and the powder which will 
be loaded into the grenade body.  3) Body Load - the Composition A-5 explosive 
is loaded into the M42 and M46 grenade bodies and the armor-piercing cone is 
swaged into place.  4)  Initial Assembly - the fuze is placed upon the grenade 
body and the arming ribbon is put into place.  5)  Final Assembly - the completed 
M42 and M46 grenades are loaded into the 155 mm round. Eleven rows of eight 
grenades are loaded in each 155 mm round.  The base plug is then put into place 
and an expulsion charge is placed into the nose of the round.  The rounds are then 
packed for outshipment. 

Drawings showing the layout of the 300 Area Production Line and production 
machines in Buildings 315 and 324 are included in this report (figures 1 through 
4^      Air compressors for 300 Line process use are Installed in Buildings 
315 and 328.  In Building 315, the compressor room is located in the southwest 
corner of the packout area (not shown in figure 4). 



INVENTORY METHODOLOGY 

This engineering investigation was completed using a four-step 
procedure; study initiation; energy use data collection and anal- 
ysis; alternate control logic system analysis; and energy conser- 
vation and control logic recommendation. 

The effort was initiated by the selection of the 300 Area 
Production Line at Kansas Army Ammunition Plant for analysis, as 
described above.  A survey was conducted of all 300 Line production 
processes to determine what types of energy are currently utilized 
and to select a typical station for use in the control logics com- 
parison. 

The predominant energy form was found to be electricity with a 
significant portion of its total consumption being utilized to 
operate the compressors providing the power for air-operated equip- 
ment.  Instrumentation and measurement equipment required for the 
study was selected and obtained. 

Process energy use data was collected by metering both elec- 
trical demand and air consumption of the 300 Line production equip- 
ment.  This was carried out by metering each item or system of 
production equipment.  Actual energy use required for cleanup and 
maintenance functions was not obtained as these are production 
support activities.  Project Engineering, Line Maintenance, and 
Scale & Instrument Shop personnel were involved in the data collec- 
tion phase of this study. 

The alternate control logic analysis was initiated by survey- 
ing 300 Line production equipment to identify an operation that 
could best represent the feasibility of using an alternate logic 
control system. 

Energy use data was evaluated by the Project & Facilities 
Engineering Division to develop recommendations for energy conser- 
vation options.  Economic feasibility analysis was performed for 
both current schedule and mobilization production rates.  These 
recommendations were merged with the control logic analysis find- 
ings to form this final report. 



PROCESS AIR CONSUMPTION AND COST 

Air Data Collection Procedures 

Due to the range of air flow rates metered, It was necessary to 
use three flowmeters. The flowmeters and the flow rate monitor used 
were manufactured by Flow Technology, Inc. (FTI). An FTI model FTM- 
N10-GJS OMNIFLO turbine flow transducer was used for air flows in the 
range 0.03 - 1.25 actual cubic feet per minute (ACFM). An FTI model 
FT-8-8N7.5-GB standard line turbine flowmeter was used for flows of 
9-90 ACFM. Product data for each flow measuring device is attached 
as appendices A and B. 

A BLH type DHF high frequency pressure transducer (0 to 2,000 
psig) was utilized In conjunction with a Daytronic Model 3370 trans- 
ducer indicator. A standard laboratory thermometer was used for in- 
line temperature measurements. A 2-channel stripchart recorder was 
used for continuous pressure and flowmeter data recording. 

The FT-20N90-GB was used only to meter compressor output.  It 
was installed in the main airline in the compressor houses. A cumu- 
lative digital readout was checked at specified times to obtain ac- 
tual total air consumption during each production and nonproduction 
period of the days monitored (2 October 1979 thru 5 October 1979 and 
8 October 1979 thru 11 October 1979). Data obtained is shown in 
table 1. 

Flowmeters FT-8-8N7.5-GB and FTM-N10-GJS were used to obtain data 
for actual air consumption of each production process. These meters 
were Installed in a manifold system constructed by the Scale & Instru- 
ment Shop personnel (see figure 5). This system permitted accurate 
metering at the supply point to each work station.  Each meter was in- 
stalled in the manifold in accordance with the manufacturer's recom- 
mendations on inlet and outlet conditions. Actual connection and dis- 
connection of the manifold system to the air supply line were performed 
by Scale & Instrument, Project Engineering, and Line Maintenance per- 
sonnel.  Data obtained is shown in table 2. Figures 6 and 7 represent 
the correlation be-twtfen th^ meter reading and flow rate in ACFM for 
each meter. An example of a typical stripchart obtained using one of 
these flowmeters is provided (see figure 8). 

In order to make meaningful comparisons between varying flow rates, 
it is necessary to express those flow rates in standard cubic feet per 
minute (SCFM). The flow rate in SCFM is equivalent to the flow rate 
that would occur if the actual air pressure was 14.7 pounds per square 
inch absolute (psia) and the temperature was 520 degrees Rankine (60 
degrees Fahrenheit). As the flowmeters used in this engineering study 
expressed flow rate in ACFM, the following conversion equation was used 
to determine SCFM: 

Qs - Qa x Pa/P8 x T8/Ta 



Where: Qs - Air flow rate in SCFM 
Qa ■ Air flow rate as measured in ACFM 
Pa ■« Measured air pressure in psia 
Ps •» Standard pressure (14.7 psia) 
Ts - Standard temperature (520oR) 
Ta - Measured air temperature immediately downstream (0R) 

Summary of Air Data 

The 300 Area Production Line at Kansas Army Ammunition Plant uses 
compressed air as part of the operation of most production machines. 
Operating at the current production rate of 750 each MA83 155mm ICM 
rounds per day (one eight-hour shift), the average demand for compress- 
ed air is nearly 200,000 standard cubic feet (scf) for a 24-hour period 
(see table 3).  The predicted quantity of compressed air required to 
produce 750 rounds using the current operational practices is about 
63,500 scf (see table 4) or about one-third of the daily total air con- 
sumption. 

Actual air consumption (see table 1) and the corresponding produc- 
tion of grenades and completed rounds (see tables 5 and 6) were used to 
find the actual total daily air consumption, actual one-shift air con- 
sumption, and predicted process air consumption (see table 3).  The pre- 
dicted process air consumption was determined by estimating the daily 
air consumption of the work stations operating on the metered days. 
This involved calculating the air used during the total number of peaks 
required at each work station and adding that figure to that obtained 
by calculating the total non-peak consumption. Average values of peak 
period, peak usage, and non-peak usage (see table 2) were used. 

Table 3 indicates that process air consumption represents about 41% 
of the air used during the production shift or only about 33% of the 
total daily air demand.  The 300 Area Production Line maintains a rework 
operation and a maintenance shop, both requiring air from the 300 Line 
compressors.  These functions and the typical air system losses account 
for the remaining air during the production shift. Nighttime cleanup 
and maintenance activities are responsible for the sizeable air demand 
between production shifts. 

Air Consumption Analysis 

The procedure for this engineering study suggested the formulation 
of a correlation between production units produced, energy consumed, and 
cost of energy.  The energy consumed by process air is represented by 
the load on the electric motor on the operating air compressor.  The com- 
pressor motors were metered on the same days as the air output was moni- 
tored. During this period, energy cost averaged $4.49 per hour during 
the production shift and $2.13 during non-production shifts based on a 
unit cost of 4c per kilowatt-hour (KWH). This indicated an average air 
cost of 23.7c per thousand standard cubic feet consumed (Kscf). 



To compare current process air use and cost to that which should 
occur if ideal production could be achieved, four production rates 
were determined.  Comparing the energy use at the current production 
schedule to theoretical maximum production levels will show what im- 
pact process machine cycling would have relative to energy use. 

The current production schedule requires 750 completed M483 rounds 
per day (66,000 grenades required). One theoretical maximum production 
level would be 2,250 completed rounds per day based on three eight-hour 
shifts operating identically to the single eight-hour shift producing 
at this time. A total of 198,000 grenades would be required each work- 
ing day. 

Another theoretical maximum production level would require that 
the series assembly production in the packout area operate with no down- 
time at the machinery's design limit of two completed rounds per minute. 
This would indicate a theoretical maximum production of 960 completed 
rounds during a single eight-hour shift. 

A third theoretical maximum production level can be determined by 
requiring all grenade processing equipment to operate ideally with no 
downtime.  This would combine with the requirement that the series as- 
sembly production in the packout area also operate with no downtime. 
The maximum production rates of the grenade processing equipment ope- 
rating at the machinery's design limits are as follows: 

Hardness Testing, Lead Insert, 
Foiling (3 systems total)    ,-    90 grenades/minute/system 

Body Loading (3 systems total) -    90 grenades/minute/system 

Assembly Machine (3 systems total) - 30 grenades/minute/system 

The theoretical maximum production level of grenades obtainable 
from a single eight-hour shift is 129,600 (ABO minutes at 270 grenades 
per minute).  Matching this to the packout area's maximum demand of 
176 grenades per minute of operation (88 grenades per round times 2 
rounds per minute) indicates a packout time of 12.27 hours.  For the 
purposes of this study, a slight reduction of maximum grenade produc- 
tion was used to permit complete packout in 12 hours.  This would re- 
quire 125,720 grenades to produce 1,A40 completed rounds.  Note that 
all areas, except packout, would operate on a single eight-hour shift. 

Predicted process air consumption of each production area at each 
production level (see table A) was determined by using the peak usage 
per cycle and non-peak usage (see table 2) and determining the total 
duration of non-peak production time.  For 750, 960 and 2,250 rounds 
per day, it was assumed that two of the three systems available in the 
hardness testing, lead insert, and foiling area; two of the three sys- 
tems available in body loading; and eight of the ten assembly machines 
would be used. For 1.440 rounds per day. all systems would be required. 



As packout is a series assembly process, all work stations are required 
for each round.  Spare units were neglected.  The leak test operation 
is not normally used on every round, but it was considered as being 
used continuously for this energy analysis. 

Table 4 is included to show the relative air consumption and en- 
ergy cost of each production area at four production levels.  Air con- 
sumption was calculated as described above.  Energy cost was determined 
by using a flat rate of 23.7C per Kscf.  Energy cost per round was found 
by dividing the total energy cost by the number of completed rounds pro- 
duced. The term equivalent energy is used to indicate the electrical 
energy consumed by the compressor motor. The values shown in table 4 
under this heading represent the energy used by a specific process as 
fraction of the total energy used by the production line. For example: 

Total Air Consumption - 63,490 SCF 

Total Air Energy Use - ■ 375 KWH 

Assembly Machines Air Consumption - 38,549 SCF 

Assembly Machine Air Energy Use -  376 x 38,549 7 63,490 - 229 KWH 

The data contained in table 4 must not be misused.  For example, 

^VnI!er8y.USed by the  ProJectile marking process in packout is shown as 
^x KWH.  If this process were to be eliminated entirely, the associated 
energy savings would not be 21 KWH but some amount less.  This is due to 
the fact that the compressor operates less efficiently as the load drops. 
It is important to remember that the average compressor energy cost was 
$4.49 per hour on the days monitored and that when the compressor load 
was effectively eliminated, the energy cost still average; $2.13 per hour. 
Using a flat rate of 23.7c per Kscf to calculate energy savings would 
generate inaccurate conclusions. 

Figure 9 shows the comparative air consumption of each production 
area as compared to total process air. Air energy cost by area would 
maintain the same ratios.  Figure 9 indicates that the assembly machine 
area is the largest air consumer. The hardness testing, lead insert and 
foiling area ranks second in air consumption.  The body loading area ranks 

Figure 10 shows the comparative air consumption of each process in- 
volved in the packout area as compared to total air consumption of the 
packout area at either current or three-shift production levels. Air 
energy cost by process would maintain the same ratios. The consumption 
shown for the grenade layer insertion process Is the total for the 11 

960 ^VAS',, Miniinal ChanSe8 0CCUr When Production increases to 960 and 1,440 rounds per shift, 

0nW L
igT 10 Sdicate8 that the Projectile marking machine is the 

only single machine iu the packout area using a significant volume of 



air. The combined demand of the H load Insertion stations Is the only 
other Instance where economically justifiable air-related energy con- 
servation measures might be taken. These two functions represent 5.6 
and 3.'9 percent, respectively, of the total 300 Line process air. 



PROCESS ELECTRICAL DEMAND AND COST 

Terminology 

Definitions relating to process electrical demand are: 

KW - Kilowatt.  This Is the real power or the power that actua- 
lly performs the work done by the electrical circuit. A watt-, 
meter acknowledges only this.part; that is, the current compo- 
nent that is in phase with the applied voltage or the current 
flowing through the resistance in the circuit. 

KVAR - Kilovolt Amperef? Reactive. Also known as "phantom power". 
It provides the magnetization force necessary for operation of 
the work performing device.  Current flowing in magnetic devices 
lags the applied voltage by 90 electrical degrees.  The cause is 
self-induction, a condition inherent in all A-C magnetic devices. 
Rise and decay of alternating current in the magnetic device in- 
duces a voltage and accompanying current, which opposes the force 
creating it. 

KVA - Kilovolt Amperes.  Heating developed in components of the 
distribution system is caused by the resultant of KVAR and KW; 
this quantity is known as kilovolt amperes.  This quantity is 
also known as apparent power.  All components of the distribution 
system - back to and including the utility company's generating 
equipment - must be sized to carry the KVA of the system.  The 
relationship of KW, KVAR, and KVA in an electrical system can best 
be illustrated by scaling vectors to represent the magnitude of 
each quantity, with the vector for KVAR at a right angle to that 
of KW. When these components are added vectorially, the resultant 
is the KVA vector. 

KW 

KVAR 

Power Factor. The angle between the KW and KVA vectors is known 
as the phase angle", and is used as a measure of the relative 
amount of KVAR in the system.  The quantity known as "power factor' 
is simply the cosine of this angle, or KW/KVA. As the amount of 
KVAR is decreased, the phase angle is diminished, and the magnitude 
of KVA approaches that of the KW. When this phase angle decreases 
to zero, power factor becomes 1.00 or 100 percent. At 100 percent 
(unity) power factor, KVA is equal to KW, and all of the heating 
developed in the system is a function of current that is actually 
performing work. 



Power Factor Improvement Capacitors.  Current through a capaci- 
tor leads the applied voltage by 90 electrical degrees and has 
the effect of "canceling" or "absorbing" inductive (lagging) 
KVAR on a one- for-one basis.  Benefits of this type improvement 
scheme are reduced voltage drop and current, increased distribu- 
tion system capacity, as well as improved billing costs.  Capa- 
citors installed across the terminals of an offending motor will 
reduce current from that point all the way back through the plant 
distribution system. 

Power Factor Control System for AC Induction Motors [Power 
Factor Controller (PFC)].     This invention is a solid-state de- 
vice which senses the load on a motor and adjusts the voltage so 
that the power factor is at the best attainable value.  This also 
reduces the current and losses due to current and voltage.result- 
ing in significantly improved efficiency. The value of using a 
PFC for a particular application depends upon the load on the mo- 
tor, the operating time, and electricity costs.  The principle 
behind the PFC is that when electric motors operate at less than 
full load, the power factor becomes increasingly worse as the 
load decreases from full load to zero load.  Power factor can de- 
teriorate from around 85 percent to as low as 10 percent to 20 
percent.  The result is   that input current is not proportional 
to load, but remains significantly close to full load current. 
The PFC essentially reduces the input voltage as the motor load 
is decreased, thus improving power factor and reducing current. 
Efficiency is improved by reducing core losses, which are propor- 
tional to the square of the current.  A negative aspect of the 
PFC is that it tends to cause a slight speed reduction of the mo- 
tor. Very little is said about the application of this device to 
motors on the 300 Line. This is due mainly to the unavailability 
of three-phase devices compatible with our motor sizes. This de- 
vice definitely holds possibilities though, and we plan to con- 
duct tests on one or more as they do become available. 

Electrical Data Collection Procedure 

Electrical data was collected utilizing a General Electric Model 
CH-7 portable recording voltammeter with hook-on current transformers, 
an amprobe clamp-on ammeter, and a General Electric Model CH-11 port- 
able polyphase watt/VAR recorder with hook-on current transformers. 
An example of a typical stripchart is provided (see figure 11). 

Each production process was monitored separately to find kilowatt 
demand and power factor.  The two 300 Area Production Line air com- 
pressors were monitored separately during the period 2 October 79 thru 
11 October 79. Data obtained is shown in tables 7 and 8. 

The power factor of each three-phase circuit was determined using 
the nomograph method. The nomograph used was provided as a part of 
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the CH-11 recorder.  Watt and VAR values from the stripchart were 
used in the calculations. 

Total 300 Area Production Line electrical demand is metered 
continuously through the permanent installation of a General Elec- 
tric Model V-65-S cumulative kilowatt-hour metering station in the 
primary, three-phase 12,570 volt supply lines.  Monthly totals and 
the approximate average daily demand is shown in table 9. 

Summary of Electrical Data 

All production areas of the 300 Area Production Line are de- 
pendent upon electricity.  Operating at the current production 
rate of 750 M483 155 mm    ICM rounds per day (one eight-hour 
shift), the average daily demand for the entire 300 Area is about 
5,700 KWH (see table 9).  The process related electrical demand 
during the eight-hour production shift (750 rounds) is about 200 
KW or 1,600 KWH (see table 10).  Lighting and air conditioning 
loads for the production buildings were not determined but would 
represent a large portion of the remaining electrical demand. 
Electrical equipment and miscellaneous uses in other 300 Area 
buildings were not monitored as they are not an integral part of 
the manufacturing process. 

Table 7 includes electrical demand and cost data for the three 
grenade processing areas.  Operating power factor for each three- 
phase system is also provided. A comparison of actual current re- 
quired and that indicated on the motor nameplate is shown. Table 8 
provides similar information for the packout area functions and the 
compressor houses. 

Table 11 provides a breakdown of the electric motors used by 
complex systems, such as body loading.  Values shown in tables 7 
and 8 are based on the combined load in multi-motor systems. 

The expected total electrical demand for the 300 Production 
Line processes at varying production levels is provided in table 10. 
These figures are based on the summation of air compressor electri- 
cal costs and process machinery electrical costs. A description of 
each production level and the process machinery required for each 
level was discussed above. 

The process machinery electrical demand of each production area 
is shown in figure 12 as a fraction of the total for the four areas. 
The packout processes account for approximately 40 percent of the 
total demand. Another 35 percent is used by the body loading systems. 
The assembly machines and the hardness testing, lead insert, and foil- 
ing operations require only about 20 percent and 5 percent, respec- 
tively. 
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Figure 13 shows the total energy consumption (air and elec- 
trical) by production area for varying production levels as a 
fraction of the total for the four production areas, including 
the air load of each area. Packout, assembly machine, and body 
loading functions have nearly equal energy demands which when 
added together consume more than 90 percent of the total for all 
processes. 

Electrical Demand Analysis 

The process machinery electrical demand is principally due 
to the large number of electric motors required to operate the 
machinery.  Most of the motors used on the 300 Area Production 
Line are selected on the basis that they meet Class 1, Group D, 
Class II, Groups F and G, explosion proof ratings.  Energy effi- 
ciency was not a prime selection consideration for the motors 
currently in use.  Each motor is sized to match a specific mount- 
ing configuration and to fit in the space allowed.  The cost of 
labor to modify the existing equipment to accommodate a more en- 
ergy efficient motor would generally far outweigh energy savings. 
The replacement of motors with high efficiency models before nor- 
mal replacement is due can not be justified based on energy sav- 
ings. 

Little energy conservation can be effected in the hardness 
testing, lead insert, and foiling area by making motor modifica- 
tions due to the small number of motors in service.  Normally, 
only two of the three principal systems are operated which fur- 
ther reduces potential savings in that the payback period for 
each system is extended. 

The body loading systems exhibit a fairly high rate of elec- 
trical power consumption due to the large number of motors com- 
posing each system.  The body loading systems use more motors 
than any other process system involved in the 300 Area Production 
Line.  By observing the low power factors and comparing the name- 
plate full load current to measured current, it is evident that 
these systems are relatively inefficient.  Application of power 
factor correction capacitors appears to be the only economically 
feasible energy conservation measure due to the configuration 
and design of the system.  Even this improvement is limited to 
the two 15 HP hydraulic pump motors in each system.  This could 
provide a 10 percent power reduction on each motor. 

The instrumentation and controls of the three body loading 
systems could be connected to a single 3 KVA Sola transformer to 
provide regulated 120 VAC power, but this is not recommended. A 
single transformer would have adequate capacity but could intro- 
duce many problems between the individual systems. Circulating 
currents, noise, interference, transient voltage spikes, spurious 
signal recordings, and equipment shutdowns are problems that 
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would definitely be expected to occur.  The control circuits and 
the safety shutdown circuits are, of necessity, very sensitive 
and thus extremely responsive to voltage spikes or transients. 
Lost production time and various other equipment problems would 
far outweigh the small power losses internal to the Sola trans- 
formers. 

The electric motors on the assembly machines fall into the 
same category as those for the body loading systems.  The cost 
of labor to modify the equipment would outweigh any energy sav- 
ings.  Adding a capacitor to the 2 HP motor could result in a 
15 percent reduction in power or about 500 watts. 

Each assembly machine has its own Sola transformer to sup- 
ply 120 VAC regulated power for instrumentation.  Some savings 
would result in serving multiple machines from one transformer. 
The ways and types of instrumentation being utilized do not lend 
themselves to the problems that would be encountered in the body 
loading system. 

The packout area provides the most opportunity to develop 
economically feasible energy conservation recommendations.  Two 
prime opportunities exist.  Some of the hydraulic pump motors 
might be made more efficient through the application of power 
factor correction capacitors or power factor controllers (PFC), 
Combination of hydraulic systems is another alternative which may 
provide sufficient energy savings to permit economic payback within 
a reasonable period of time. 

Improved energy efficiency of the 300 Line air compressors 
could be very beneficial.  Addition of power factor correction 
capacitors is feasible for existing equipment.  Changing to syn- 
chronous motors rather than induction motors when replacing units 
is another alternative. At this time, manufacturers seem very 
reluctant to use synchronous motors. The initial cost is greater 
than that of the induction type and is physically somewhat larger, 
In the long run, the synchronous motor will offset the higher 
initial cost through lower energy demand costs. 
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CONTROL LOGIC ANALYSIS 

Work Station Selection 

For the purposes of this engineering study a work station on 
the 300 Area Production Line was selected which represented a med- 
ium-sized control function. The system selected could be controlled 
by either air logics or intrinsically safe logics. A grenade layer 
insertion system was selected. 

These stations are used in the series round loading operation in 
the final packout area (figure A, item No. 3). The principal function 
of each of these stations (load insertion station) is to push each 
layer of clustered grenades into the shell body and remove the safety 
pins.  There are 13 identical stations of which 11 are used contin- 
uously to insert the 11 layers of grenades. The additional stations 
are currently installed to prevent downtime in the series loading 
operation and also for use on the M509 S-in.projectile,which uses 13 
layers of grenades. 

The existing equipment is powered by hydraulics and controlled 
by Dynamco moving part air logics.  It was recognized that electronic 
control system energy use could be reasonably calculated, but that 
air control system energy use could not be calculated exactly because 
of normal air leakage through air logic control components.  Therefore, 
the existing air circuit was metered and the energy use of logically 
equivalent electronic circuits was calculated.  Explosion proof 
requirements for ammunition production were considered in the selec- 
tion and pricing of control system alternatives. 

Intrinsically Safe Logics Analysis 

Two electronic control methods were investigated. An electronic, 
solid state, hard-wired system could be used to control the operation 
of a grenade layer insertion system.  Slmllarlly, a microprocessor 
based, software-controlled system could be used.  Either system would 
require a minimal level of operational energy. 

A solid-state equivalent circuit was designed to perform the 
control functions presently using air logics.  Figure 1A shows the 
design of a solid-state load Insertion station circuit. Figure 15 
shows the design of the air logics circuit in place currently. The 
electronic circuit was designed, the power requirements calculated, 
and the design and construction costs estimated. 

The solid state, hard-wired system would be a task-specif1c 
circuit and, therefore, virtually a one-of-a-kind item.  This neces- 
sitates having additional exact replacement modules and highly 
trained maintenance technicians to troubleshoot operational problems 
of the circuitry.  Accurate printed circuit schematics would need to 
be maintained.  Changes to the system "program" require changing the 
physical wiring or interconnection of the logic components. 
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Approximately 3.2 amps of current at 115 VAC (370 W) would be 
required to actuate the solenoids controlling the hydraulic valves 
in the grenade layer Insertion system.  These valves control move- 
ment of the clamping head, tray, shot pins, and pallet.  The control 
logic integrated circuits would consume an additional 30 W for a 
system total of 400 W.  At $0.04 per KWH, this represents an opera- 
tional energy cost of $0,016 per hour. 

The projected cost to build the solid state, hard-wired system 
is $3,500 based on February 1980 component prices.  This does not 
include auxiliary equipment such as test fixtures and instruments 
and spare replacement modules.  Costs associated with completing and 
debugging the interface with the mechanical components are not 
included. 

The microprocessor based, software-controlled system would per- 
mit more flexibility than would the solid state, hard-wired system. 
A programmable controller, such as the Allen-Bradley model PLC-2, 
could perform the required control functions.  Some of the advantages 
are ease of troubleshooting and isolating problems which can be 
performed by competent technicians following a minimum of special 
training.  Digital, electronic, solid-state industrial programmable 
controllers are designed for applications such as machine tool 
control, palletizing, measurement, and gaging.  Programming and 
logic flow are similar to other logic control systems.  However, the 
initial cost dictates that such programmable controllers not be used 
for simple functions that could be performed as well by less expensive 
alternate control mechanisms.  Decision points based on cost depend 
on the number of input and output functions and the complexity of the 
logic decision functions. 

Programmable controllers are modularized to permit rapid replace- 
ment of a faulty controller to minimize system downtime.  The avail- 
ability of off-the-shelf replacement modules, the product support and 
technical assistance generally available from factory-trained specialists, 
and the ease of logic modification (reprogramming) are advantages of 
utilizing microprocessor based, software-controlled systems. 

The operational energy requirement for a programmable controller, 
such as the Allen-Bradley model PLC-2, is only slightly larger than 
that for the solid state, hard-wired system described earlier in this 
report.  A total of 450 W is required due to the 370 W load of the 
solenoids and the 80 W input needed by the controller. At $0.04 per 
KWH, this represents an operational energy cost of $0,018 per hour. 

The cost estimate for a programmable controller, to use on a 
grenade layer insertion system,is $8,000 based on the same criteria 
as was used for the solid state, hard-wired system. 

Either of the two intrinsically safe control methods above could 
perform, the control functions for a grenade layer insertion system. 
Maintainability related costs and ease of reprogranming are important 
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advantages of microprocessor based, software-controlled systems. 
Initial cost Is the principal advantage of solid state, hard-wired 
systems. For either system, operational energy cost is Insignificant. 

Air Logics Analysis 

The existing grenade layer insertion system uses an average of 
0.A7 SCFM of air during continuous operation at an average cost of 
$0,237 per Kscf for an operational cost of $0,007 per hour. The 
machine logic is assembled from Dynamco moving part air logic standard 
components. The estimated cost as of February 1980 to have the control 
logic circuit designed and assembled is approximately $5,150. The 
Dynamco moving part air logics relays have proven to be reliable. 

Air logics are easily and quickly analyzed and repaired in the 
automated production environment, with a minimum of equipment and 
minimum skill. The control circuit can be altered easily for small 
variation in operation. .This is, however, both an advantage and a 
disadvantage because the alteration can be performed by unauthorized 
personnel. 

Control Logic Alternatives 

For the machine studied, directly converting the air logic to 
electronic logic, the machine using air logic consumes less opera- 
tional energy than the electronic equivalent.  The primary energy 
use of the electronic circuit is to power solenoids on hydraulic 
valves.  The electronic circuit could possibly be optimized to use 
less power.  In either case (air or electronic), the energy use for 
machine control is negligible.  It should be noted that the bulk of 
the energy used by the electronic systems is consumed by the actuating 
devices and not the logic devices. 

The hard-wired electronic control system can quickly be repaired 
by simply replacing the entire control circuit board.  In-'depth 
analysis and repair of the defective board can then be accomplished 
on the work bench.  This would, of necessity, require a complete set 
of spare boards.  Troubleshooting of the main air logic control system 
does have to be done on the machine and would incur production down- 
time for that period of time.  Troubleshooting of the auxiliary 
equipment (sensors, switches, etc.) on both the electronic and air 
control systems would incur production downtime, as both would have to 
be done on the machine.  The hard-wired electronic circuit cannot be 
as easily altered for a small variation in operation. The hard-wired 
electronic circuit would be even more cost effective if many identi- 
cal machines were to be used, although this is generally not the case 
in industrial facilities. 
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The microprocessor-based system is more expensive for the size 
system studied, but would be easily converted to alternate machine 
functions (small or large).  Troubleshooting and repair of machine 
stoppages could be accomplished quickly, but malfunctions in the 
electronic components would require replacement units be available. 

As a general rule, it can be said that the service life of me- 
chanical devices is limited, whereas electronic devices have no such 
life limit since there are no moving parts and therefore virtually 
no wear. Electronic devices have their own source of mortality, 
however, such as current surges and defective packaging.  The mean 
time between failure (MTBF) for electronic devices is higher than 
for mechanical devices and, therefore, the maintenance costs are 
considerable lower.  However, this is tempered by the need for mini- 
mum personnel and equipment and training costs for air systems. 
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ENERGY CONSERVATION OPPORTUNITIES 

This project has resulted in the identification of numerous 
energy saving concepts which can potentially be cost effectively 
applied to the 300 Line manufacturing operations.  These concepts 
are described below and are summarized in table 12.  The cost 
effectiveness of these opportunities was based upon typical energy 
costs of ^ per KWH for electricity and 23.7^ per Kscf for process 
air.  At the current production level of 750 rounds per day, this 
equates to a total daily process energy cost of approximately $65 
with approximately $15 of that directly attributable to process air 
requirements.  Actual economic impacts of system modifications 
should be somewhat similar to that indicated in the following 
opportunities.  However, prevailing energy costs, process require- 
ments, and production schedules could have substantial impact on 
the individual analysis of each system's economics at the time of 
modification initiation to the extent that some of them would no 
longer be feasible or, possibly, that other system modifications 
currently not being recommended could be worthy of further study. 

It is important to note that the opportunities and associated 
cost figures described below are based on several simplifying 
assumptions.  Two cautionary statements are warranted:  (1) 
Hydraulic system modifications may be limited by final designs and 
by other factors not specifically related to energy uses.  (2) 
Application of power factor controlling devices is also limited. 
There is a point of no return on the total capacitance that can be 
added to the distribution system.  As capacitors are added to 
motors, the plant electrical system power factor must be monitored 
carefully to avoid exceeding the 100 percent value. 

The opportunities are as follows: 

General Opportunities 

Routine maintenance and operating procedures can have signif- 
icant impact on total energy use.  Review of these procedures by 
300 Line pesonnel would ensure that adequate emphasis is placed on 
energy conservation.  Shut-off valves are currently installed in 
the supply lines to all individual process systems.  Routinely 
closing these valves during periods of non-production, e.g. lunch 
time, would reduce air consumption with no additional expense.  Any 
airleaks in the system should be repaired immediately.  Utilizing 
the more energy-efficient compressor of the two serving the 300 
Area Production Line more than the less energy-efficient compressor 
is another simple. Logical practice. 
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When modifications are made to the current production equip- 
ment and the related air and electrical systems, increased emphasis 
should be placed on energy requirements.  Replacing the current air 
compressors with improved screw-type models that are more energy- 
efficient, quieter, and require less maintenance is recommended. 
Careful review of design plans is encouraged to ensure that air and 
electrical supply systems are as energy-efficient as practical. 
The power factor of electrical equipment being purchased should be 
monitored such that a general improvement of 300 Line power factor 
will be achieved.  The addition of power factor controllers and 
power factor correction capacitors should be considered, where 
applicable.  Consideration of hydraulic system improvements would 
also tend to reduce the total 300 Line energy demand. 

It is estimated that the adoption of these general opportuni- 
ties will result in about a five percent reduction in process 
energy consumption which equates to an annual savings of about $850 
under a one-shift-per-day operating level and $2,550 under a three- 
shifts-per-day operating level. 

Specific Opportunities 

Hardness Testing, Lead Insert, and Foiling 

No economically justifiable system modifications, based 
solely on energy savings, could be identified. 

Body Loading 

Installation of power factor correction capacitors on the 
two 15 HP hydraulic pump motors in each system is recommended.  A 
total of approximately 10 KW could be saved by the 6 motors in this 
area.  The capacitor purchase and installation cost is estimated at 
$500 per system.  Approximately $265 per year could be saved per 
system at the current operating schedule of 750 rounds per day. 
These savings would double to approximately $530 at a three-shift 
(2,250 rounds) schedule.  This indicates a payback, period of 1.9 
years at the current schedule and 0.9 years at the three-shift 
rate. Under one-shift-per-day and three-shifts-per-day operating 
levels, two and three systems are used respectively.  The total 
estimated savings that can be expected from this change are $530 
(single shift) and $1,590 (three shifts). 

Assembly Machines 

It is possible that at some point economic justification 
could be achieved for installation of power factor correction 
capacitors on the 2 HP drive motors.  A current recommendation 
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involves addition of capacitors on the 5 HP drive motor in each 
system.  The cost per system is approximately $130 with a 2.6 or 
0.9 year payback period based on annual savings of $50 (one shift) 
or $150 (three shifts).  Under one-shift-per-day and three-shifts- 
per-day operating levels, eight and ten systems are used respec- 
tively.  The total estimated savings that can be expected from this 
change are $400 (single shift) and $1,500 (three shifts). 

Packout 

Conveyor System No. 1 (East).  Capacitors would reduce 
electrical demand by approximately 1.5 KW.  This represents an 
annual savings of $125 (one shift) or $375 (three shifts).  The 
payback period is estimated at 2.4 and 0.8 years, respectively, 
based on a cost of $300. 

Conveyor System No. 2 (West).  Capacitors could reduce 
electrical demand by approximately 1.0 KW.  This represents an 
annual savings of $85 (one shift) or $250 (three shifts).  The 
payback period is estimated at 1.8 and 0.6 years, respectively, 
based on a cost of $150. 

Forward Plate Insertion, Grenade Layer Inserters, Shim 
Insertion, Gaging.  The hydraulic pump motors used in these systems 
are loaded only during each brief work cycle, resulting in very 
energy-inefficient operations.  During the peak work cycle, the 
motor current exceeds the name plate ratings.  In the grenade layer 
inserters, this peak current increases as the number of grenade 
layers in the projectile increases.  Modification of hydraulic 
systems is recommended such that one pump could supply two or more 
machines.  A hydraulic accumulator could be used to smooth out the 
peaks of the systems joined.  This should permit the elimination of 
seven 5 HP motors, effectively reducing energy use by approximately 
37.8 KW.  Hydraulic system modification cost and the related pay- 
back period is dependent upon the final design and, therefore, 
cannot be included in this report.  Addition of capacitors to the 
remaining motors could further reduce electrical demand by approxi- 
mately 4.9 KW.  This represents an annual savings of $410 (one 
shift) or $1,225 (three shifts).  The payback period is estimated 
at 2.5 and 0.8 years, respectively, based on a cost of $1,040. 

Base Plug Torque and Detorque Machines.  The operation of 
these machines dictates that each have its own separate hydraulic 
pump.  Again, except for a short work cycle, the pumps are essen- 
tially unloaded.  Adding a power factor correction capacitor to the 
base plug torque machine would result in an energy savings of 
approximately 1.6 KW.  The detorque machine is not used on a con- 
tinuous basis so it does not offer an economically feasible modi- 
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fication possibility.  The 1.6 KW reduction represents an annual 
savings of $135 (one shift) or $400 (three shifts).  The payback, 
period is estimated at 1.9 and 0.6 years, respectively, based on a 
cost of $250. 

Projectile Weigh Station and M483 Marking Station.  The 
current demand of the hydraulic pump motors indicates that it may 
be practical to operate both systems from one pump also.  An accu- 
mulator would be required to smooth out the demand peaks.  Combin- 
ing the systems would free a 10 HP motor or approximately 11.2 KW. 
Adding a capacitor on the remaining motor would further reduce 
consumption by another 1.25 KW.  The 1.25 KW reduction represents 
an annual savings of $105 (one shift) or $310 (three shifts).  The 
payback period is estimated at 1.4 and 0.5 years, respectively, 
based on a cost of $150. 

Nose Plug Torque and Leak Test Station.  As with the weigh 
and marking stations, the current demand on these pump motors also 
indicates the possibility of using one pump to supply two machines 
and adding a capacitor to the remaining motor to bring about a 
savings of 11.2 KW + 1.25 KW or 12.45 KW.  The 1.25 KW reduction 
represents an annual savings of $105 (one shift) or $310 (three 
shifts).  The payback period is estimated at 1.4 and 0.5 years, 
respectively, based on a cost of $150. 

509 Transfer System.  Although the length of hydraulic 
lines would be longer than for any of the other dual configura- 
tions, it appears that the on-and-off load mechanisms can be con- 
nected to the same pump.  Because of this distance, two accumula- 
tors may be required.  Possible energy savings by shutting off one 
motor and adding a capacitor to the other would be 11.22 KW + 1.25 
KW or 12.47 KW.  The 1.25 KW reduction represents an annual savings 
of $105 (one shift) or $310 (three shifts).  The payback period is 
estimated at 1.4 and 0.5 years, respectively, based on a cost of 
$150.  This system is not currently being used.  Consequently, the 
above savings should not be considered as a potential savings 
opportunity under current opetating conditions. 

Building 315 Compressor.  Addition of power factor 
improvement capacitors to the 125 HP motor could result in at least 
a 7 percent reduction in current demand or about 9 KW of power. 
This represents an annual savings of $750 (one shift) or $1,125 
(three shifts).  The payback period is estimated at 0.5 and 0.4 
years, respectively, based on a cost of $400. 

Building 328 Compressor.  The 150 HP compressor already 
has power factor improvement capacitors in the circuit.  A second 
compressor is currently being installed.  It is a more efficient 
screw-type and it also will have capacitors. 
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Control Logic Opportunities 

All control systems are similar in that they have input 
devices such as limit switches, pressure switches and push buttons; 
a decision making section such as relays (air or electric), solid- 
state devices, or controller with software; and the output which 
controls such things as solenoids, motor starters, or indicators. 

Each type of control (air, solid state, and microprocessor 
based) has particular advantages and disadvantages in any applica- 
tion.  The energy use of any type of control is insignificant when 
compared to the overall energy use of a production facility.  Each 
machine control application should be evaluated by an engineer 
knowledgeable in all types of controls to ensure that the most 
cost-effective type of control which will satisfy the system 
requirements is applied. 

CONCLUSIONS 

The 300 Area Production Line at Kansas Array Ammunition Plant 
is a complex industrial manufacturing operation.  The three grenade 
processing areas and the loading and packout area require sophisti- 
cated production equipment utilizing reliable and safe controlling 
and power supplying systems.  Concern for minimizing process energy 
use is important but is somewhat offset by present energy costs and 
safety concerns.  Operator safety is a major concern of this pro- 

duction facility. 

Some reduction in total process energy use can be achieved 
immediately through implementation of the recommendations.  Long- 
term benefits of this engineering study will become more evident as 

energy costs increase. 

The review of alternative machine control systems provides 
information on the relative usefulness of both air logics and 
intrinsically safe logics.  This inforamtion will provide assis- 
tance for activities involving machinery modification.  The differ- 
ence in energy efficiency between the two systems is minimal when 
compared with system design cost, construction cost, and maintain- 
ability.  Therefore, energy efficiency is not a major economic 

factor. 

Energy costs are still low compared to labor and material 
costs.  After initial equipment design and construction, changes 
solely for energy conservation are generally not cost-effective or 
are not within the guidelines required by Array energy conservation 
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programs (minimum dollar cost, payback, etc.)-  Increased emphasis 
must be applied during initial design of equipment to ensure that 
cylinders and motors are matched to the load, rather than oversized 
per common practice.  Discretionary funds should be made available 
for small energy conservation actions which are outside of the 
parameters of major Army energy conservation programs. 

RECOMMENDATIONS 

As described in "Energy Conservation Opportunities" above and 
table 12, it is recommended that active consideration be given to: 

1. The implementation of those energy saving modifications 
which promise satisfactory payback under the current one-shift-per- 

day operating level. 

2. The initiation of additional investigations to define and 
implement those opportunities which cannot be characterized at this 
time (i.e., consolidation of hydraulic systems, use of more effi- 
cient logic control systems, etc.). 

3. The establishment of plans for implementing the opportun- 
ities under a three-shift-per-day operating level. 
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Table 1.  Metered air compressor output 

DATE TIME 
OF DAY 

TIME 
PERIOD 
(MIN) 

TOTAL AIR 
CONSUMPTION 

fACF) 

AVERAGE 
TEMPERATURE 

(0R) 

AVERAGE 
FLOW RATE 
CSCFM) 

TOTAL AIR 
CONSUMPTION 

f SCF1 

2 OCT 79 1230-1400 90 :' 4,424 551 347.1 31,239 
2 OCT 79 1400-1415 15 401 552 188.4 2,826 
2 OCT 79 1415-1600 105 5,264 552 353.4 37,107 
2 OCT 79 OVERNIGHT 960 2,302 544 17.1 16,416 

3 OCT 79 0800-1000 120 5,642 539 339.4 40,728 
3 OCT 79 1000-1015 15 281 544 134.0 2,010 
3 OCT 79 1015-1200 105 5,074 545 345.0 36,225 
3 OCT 79 1200-1230 30 858 547 203.4 6,102 
3 OCT 79 1230-1400 90 4,910 549 386.6 34,794 
3 OCT 79 1400-1415 15 440 550 207.5 3,113 
3 OCT 79 1415-1600 105 5,515 551 370.9 38,945 
3 OCT 79 .OVERNIGHT 960 2,211 540 16.6 15,936 

4 OCT 79 0800-1000 120 6,132 534 372.3 44,676 
4 OCT 79 1000-1015 15 447 540 214,7 3,221 
4 OCT 79 1015-1200 105 5,555 542 379.8 39,879 
4 OCT 79 1200-1230 30 935 544 222.9 6,687 
4 OCT 79 1230-1400 90 4,350 545 345.0 31,050 
4 OCT 79 1400-1415 15 346 546 164.4 2,466 
4 OCT 79 1415-1600 105 4,664 547 315.9 33,169 
4 OCT 79 OVERNIGHT 960 2,897 536 21.9 21,024 

5 OCT 79 0800-1000 120 5,589 531 341.3 40,956 
5 OCT 79 1000-1015 15 399 539 192.0 2,880 
5 OCT 7 9 1015-1200 105 4,929 542 337.0 35,385 

8 OCT 79 OVERNIGHT 960 7,283 544 54.3 52L128 

9 OCT 79 0800-1000 120 5,200 535 315.1 37,812 
9 OCT 79 1000-1015 15 373 534 181.2 2,718 
9 OCT 79 1015-1200 105 4,902 535 339.5 35,647 
9 OCT 79 1200-1230 30 766 535 185.7 5,571 
9 OCT 79 1230-1400 90 3,927 534 317.9 28,611 
9 OCT 79 1400-1415 15 395 534 191.9 2,879 
9 OCT 79 1415-1600 105 4,617 535 319.8 33,579 
9 OCT 79 OVERNIGHT 960 6,863 532 52.3 50,208 

10 OCT 79 0800-1000 120 5,040 528 309.5 37,140 
10 OCT 7 9 1000-1015 15 422 529 206.9 3,103 
10 OCT 79 1015-1200 105 4,756 532 331.3 34,787 
10 OCT 79 1200-1230 30 725 536 175.4 5,262 
10 OCT 79 1230-1400 90 2,970 535 240.0 21,600 
10 OCT 79 1400-1415 15 394 535 191.0 2,865 
10 OCT 79 1415-1600 105 4,287 536 296.4 31,122 
10 OCT 79 OVERNIGHT 960 9,796 534 74.3 71,328 

11 OCT 79 0800-1000 120 5,484 533 333.6 40.032 
11 OCT 79 1000-1015 15 364 535 176.5 2,647 
11 OCT 79 1015-1200 105 4,608 539 316.8 33,264 
11 OCT 79 1200-1230 30 730 543 174.4 5.232 
11 OCT 79 1230-1400 90 3,950 546 312.7 28.143 
11 OCT 79 1400-1415 15 355 548 168.0 2.520 
11 OCT 79 1415-1600 105 4,352 553 291.6 30.618 
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Table 3.  Air compressor output and predicted process consumption 

DATE DAILY CONSUMPTION ONE-SHIFT CONSUMPTION PREDICTED PROCESS 
CONSUMPTION 

TIME 
PERIOD 
(HOURS) 

TOTAL AIR 
CONSUMPTION 

( SCF ) 

TIME 
PERIOD 

( HOURS) 

TOTAL AIR 
CONSUMPTION 

( SCF) 

TIME 
PERIOD 
fHOURS-) 

TOTAL AIR 
CONSUMPTION 

( SCF") 

2 0CT 7 9 19.5 87,588 3.5 71,172 3.5 29,664 

3 0CT 7 9 24 177,852 8 161,916 8 70,308 

4 0CT 79 24 182,172 8 161,148 8 63,431 

5 OCT 7 9 4 79,221 4 79,221 4 30,167 

8 OCT 7 9 16 52,128 8 0 8 0 

9 OCT 79 24 197,025 8 146,817 8 60,156 

10 OCT 79 24 207,207 8 135,879 8 56,648   ' 

11 OCT 79 8 142,456 8 142,456 8 57,442 

AVERAGES 188,200 151,439 61,948 

PERCENT OF 
DAILY TOTAL 100.0 80.5 32.9 
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Table 9.  Monthly 300 Area Production line electrical demand 

MONTH 
ELECTRICAL 

DEMAND 
( KWH) 

JUL 79 128,400 

AUG 79 141,600 

SEP 79 124,200 

OCT 79 118,200 

NOV 79 99,600 

DEC 79 107,400 

WORKING DAYS 125 

AVERAGE 
DAILY DEMAND 5,755 

TABLE 9 
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Table   11.     Breakdown  of  motors   in  each  system having 
multiple motors 

WORK STATION VOLTAGE PHASE ' HP NAMEPLATE 
AMPS 

HAHOnBSS TEST AREA 
120 
120 

1/6 
1/6 

3.3 
2 

Hardness Tester (Body) 

Hardness Tester (Adapters) 120 
120 
120 

1/6 
1/6 
1/6 

3.3 
2 
3.3 

Lead & Foil Insertion 208 
208 
208 
208 

1/2 
1/3 
1/2 
1/2 

2.2 
1.5 
2.2 
2.2 

ONE BODY LOADER 480 
480 
480 
480 
480 
480 
480 
480 
480 
480 
480 
480 
480 
480 
480 
480 
480 
480 
480 
480 
480 
480 
480 

1/2 
1/3 
1/2 
1/3 
15 
15 
1/3 
1/2 
1/3 
1/3 
1/3 
1/3 
1/4 
1/4 
1/3 
1/2 
1/3 
1/2 
1/3 
1/3 
5 
5 

22 

1.1 
.75 

1.1 
.6 

2P 
20 

.45 
1.1 
.75 
.6 
.6 
.75 
.57 

1.0 
.75 

1.1 
.75 

1.1 
.6 
.75 

6.9 
6.9 

29.4 

(In BL #3 only) 
(Vacuua Systea) 
(Vacuua Systea) 
(Chillers) 

POTDER (XOTEYOH SYSTEM 480 
480 
480 
480 
480 
480 
480 
480 
480 
480 
480 

5 
3/4 
3/4 
3/4 
3/4 
3/4 
3/4 
5 
5 
5 

3/4 

7 
1.2S 
1.25 
1.25 
1.25 
1.25 
1.25 
7 
7 
7 
1.25 

l  
I03E ASSEMBLY MACHD)E 480 

480 
480 
480 
480 
480 
480 

1/4 1      .57 
1/3 
1/2 
1/3 
1/2 
2 
5 

.75 
l.l 
.75 

1.1 
3.7 
7.0 

t  

PACKOUT 
East Conveyor 480 

480 
480 
480 

5      6.5 
5      6.5 
5      6.5 

,  5      6.5 
West Conveyor 480 

480 
5      6.5 
5      6.5 

509 Transfer Systea 480 
480 
480 
480 
480 
480 

5      6.5 
2 !    3.0 
10 1    13 
10 1    13 
3/4 i    1.4 
3/4 ;    1.4 

Projectile Placing Station 203 
208 
203 

1/2 ;    4 
1/2     4 
10     26.6 
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4250 EAST BROADWAY ROAD ■ P.O. BOX 21346 B PHOENIX, ARIZONA 85036 B PHONE (602) 26W776 B TEIEX 668r344 .^^^o 

OMNIF LO® TURBINE FLOW TRANSDUCERS 

9 FLUID FLOW RATES AS LOW AS 0.001 GPM 

o MEASURES EITHER GASES OR LIQUIDS 

© 

o PULSE SIGNAL OUTPUT 

■,   © AVAILABLE IN A WIDE VARIETY OF MATERIALS 

« EXTREME TEMPERATURE RANGE 
OF—430oFto +350oF 

9 HIGH PRESSURE CAPABILITY TO 5000 PSI 

■   . .*.' .    •':■:  M   ■. -i. 

':■>■■■:.■ ■.'■. a 

I^'r1^—i- &MVti ^'*6Jiit]iSS*i\it* KtX 
-. •■'■■: i 

MbSnioc ■i...     V^-^i    . 
■■>'■■ 

^SSSSS^lffia PRINCIPLE OF OPERAT10N3i 

C 

Flow Technology's "Omniflo" represents an outstand- 

ing achievement in the realm of ultra-low-level fluid flow 

measurement. The "Omniflo" turbine flow transducer 

is an in-line metering device utilizing a bladed rotor to 

generate digital flow information. There is an obvious 

similarity between the "Omniflo" and conventional tur- 

bine flow transducers; however, the "Omniflo" differs 

in   several   important   aspects   in   its   mode  of   operation. 

Within the "Omniflo" meter a precision orifice di- 

rects all of the measured fluid tangentally past the under- 

side of a paddle bladed rotor. The rotor responds by 

rotating in a plane in line with the fluid's motion in much 

the manner of an understiot water wheel.'The "Omniflo's" 

turbine rotor, being freely suspended and of low mass, 

has effectively no ability to either absorb energy from, 

nor inject it into the moving fluid, so it must rotate at 

a speed which perfectly characterizes the velocity of the 

flowing fluid. A magnetic pick-off coil, located externally 

but adjacent to the rotor, has generated within it an 

electric current whose frequency is directly proportional 

to the rotation of the rotor and in turn proportional to 

fluid flow. The frequency of the generated pulses is pro- 

portional to the flow rate, and the sum of the pulses 

corresponds to the total fluid volume measured. These 

pulses can be fed directly into digital totalizers, frequency- 
to-DC converters, and, in fact, into any one of many 

frequency indicating, recording and control devices avail- 

able within the field. 

The unique character of the "Omniflo" is its ability to 

measure very low liquid and gas flow under high tempera- 

ture and pressure conditions and to do this with accuracy 

and reliability. 
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GENERAL SPECIFJCATIONS mm*Mm$imi3im*m?* 
FREQUENCY OUTPUT 

The output of the "Omniflo" is a series of electrical pulses generated 

within its pick-off coil. The frequency range of these pulses mill normally 
be within 2 to 1,000 H?.., supplied at a minimum level of at least 15 mili- 

volts peak-to-peak. 

CONNECTIONS 
Standard fluid end fittings of the "Omniflo" are %" AN-10050-8 or 

%" female NPT. The electrical pick-off connector mates with an MS3106- 
10SL-4S two pin connector. The mating connector is furnished. Special 

connectors for either the fluid or electrical connections can be furnished 

upon request. 

TEMPERATURE 

Standard "Omniflo" transducers may be operated over a temperature 

range of -430°F to +350CF. Temperature rating to +750°F available 

with reduced performance. 

c 
MATERIALS 

Standard   "Omniflo"   housings  are  fabricated  of  303  stainless steel 
Transducers to meet special requirements have been fabricated of alumi- 
num,  316 and 347 stainless steels, Hastalloy, KMonel, and PVC. 
An extensive selection of bearing materials and types are available 
—  graphitar or  carbide journals,  ball  bearings,  or vee-jewel pivot 

bearings, for example. 

PRESSURE 
Fluid end connections are the governing factors in determining the 

"Ommflo's" pressure limitation. The standard transducer can operate with 
a fluid pressure of 5,000 psi at 100oF. 

LOW FLOW - SPECIAL REQUIREMENTS 
In order to sense and measure flow rates below 0.01 GPM liquid or 

0.05 ACFM gas, the "Omniflo" must utilize an LFA (Low Flow Ampli- 
fier.) The LFA is normally supplied within its own enclosure and is used 
as a pre-amplifier between the "Omniflo" pick-off and the readout. See 
bulletin REA for details. 

IAAEASUREMENT CHARACTERISTICS!^ 
LIQUID GAS 

REPEATABILITY 
Within a normal 10 to 1 liquid flow range, the "Omniflo" will operate 

with a repeatability to within ±0.1% of reading. 

LINEARITY 
The performance of an "Omniflo" turbine meter is inherently non- 

linear. The degree of non-linearity is dependent upon the range of the 

particular meter selected and upon the viscosity of the fluid in which it 

will operate. Linearity characteristics for low viscosity fluids, (approxi- 

mately   1  centistoke) are shown on bulletin TD-023-761. 
Optional premium linearities are available for ball bearing "Omniflos" 

with flow rates above 0.1 GPM and ranges no greater than 10 to 1 operat- 
ing in fluids with viscosities less than 3 centistokes, 

FLOW RATE RANGE 
The overall measurement capability of the "Omniflo" series covers 

the entire flow range of 0.001 to 5.0 gpm. Individual transducers are 
normally supplied to measure any specified 10 to 1 segment within the 
0.001 to 5.0 gpm flow range. 

VISCOSITY 
"Omniflo" transducers are calibrated with MIL-C-7024B calibration 

fluid and furnished with calibration data. Calibration at other viscosities 
and fluids can be furnished upon request. Maximum viscosity varies from 

5 to 50 centistokes depending upon flow range. 

PRESSURE DROP 
The pressure drop, based on water, will not exceed 10 psi for the 

maximum normal flow rate of any given "Omniflo" transducer, but will 
vary as a function of density and viscosity. Pressure drop requirements can 

be met by proper sizing of the transducer. See TD-024-762. 

REPEATABILITY 
The basic repeatability of the "Omniflo" transducer in gas service is 

±0.2% at all points within a normal 10 to 1 actual-volume flow range; 

however, when referring this measured volume to standard conditions, it 
must be remembered that the repeatability experienced becomes a 

function of the precision of the temperature and pressure measurements, 

in addition to the actual volume of flow. 

LINEARITY 

While "Omnif os" are basically non-linear, the linearity characteristics 
of "Omniflo" meters in gas are dependent upon the density of the gas as 
well as the flew range of the individual meter. Typical linearity character- 

istics for air at standard conditions are shown in bulletin TD-025. NO 
EXTENDED RANGES ARE AVAILABLE EXCEPT AS SHOWN ON/ : 

TD-025. V_ 

FLOW RATE RANGE 
The "Omniflo" transducer being a volumetric measuring device senses 

only the actual-volume of the measured gas at the measurement point (at 

the turbine rotorl. The overall actual-volumetric-flow rate range for gas is 
from 0.002 to 1.0 ACFM, with individual transducers being supplied to 
cover any specifisd 10 to 1 segment of this range. When calculating the 

relationship between the actual and standard condition volumetric flow 

range, normal temperature and pressure corrections must be used. 

Temperatures and pressures for the "Omniflo" should be taken im- 

mediately down-stream. 

PRESSURE DROP 
The gas density and viscosity largely determines the maximum pressure 

drop, however, under average conditions this should not exceed Vi psi. See 
TD-024-762. 

BULLETIN FTM-754 

-..juv^v'k.'*-, -- -^■,rt-.„M',rV.*v,^.. ;.J i 
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PRODUCT DATA 
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STAMDARD LINE TU! 
'."■-TTrT•r-r- •-r^j^.-. 

• FLOW RATES FROM 0.03 TO 20,000 
GALLONS PER MINUTE 

• LIQUID OR GAS MEASUREMENT 

• TEMPERATURES FROM —430oF. TO +750oF. 

• HIGH ACCURACY 

• DYNAMIC FLUID THRUST BEARING 

• HIGH OVERSPEED CAPABILITY 

• LOW MASS ROTOR FOR HIGH DYNAMIC 
RESPONSE, LONG BEARING LIFE 

• WIDE CHOICE OF MATERIALS 

• ADDED SAFETY OF BOTH UPSTREAM AND 
DOWNSTREAM ROTOR SUPPORTS 

• LOW PRESSURE DROP 

sw 

OVER 25 YEARS OF TURBINE FLOWMETER 
EXPERIENCE GOES INTO EVERY 

FT! TURBINE FLOWMETER 

FLOW TECHNOLOGY, INC. engineers helped develop the first 
axial turbine flowmeters over 25 years ago. Because of con- 
tinual development and improvement, FTI's turbine flowmeters 
have paced the state of the art. Fluid flow measurement is FTI's 
only business; we have to be very good at it. 

^nZSmES^^miGEHBRAl DESCRIPTION S^^S 

) 

Basically the FLOW TECHNOLOGY, INC. Standard Line 

Turbine Flowmeter is a miniature propeller suspended in a 

pipe. This freely-suspended axial turbine is rotated by the flow 

of fluid — gas or liquid — through the flowmeter. The rota- 

tional speed of the turbine if proportional to the velocity of the 

fluid. Since the flow passage is fixed, the turbine's rotational 

speed is also a true representation of the volume of fluid flow- 

ing through the flowmeter. This volume can be expressed as 

gallons per minute, liters per minute, cubic feet per minute, or 

various other engineering units. 

This idea is very old. Flowmeters based on the water wheel, 

a similar principle, have been used for centuries. However, 

modern technology has developed the turbine flowmeter to an 

outstanding level of accuracy, linearity, durability and relia- 

bility. 

There is no direct physical connection other than the turbine 

bearings between the turbine and its housing. The rotation of 

the turbine is  sensed through the  flowmeter  body  by an ex- 

ternally mounted pickoff on the surface directly above the flow- 

meter rotor. The rotation of this turbine rotor produces a train 

of electrical pulses in the pickoff. The frequency of these pulses 

is directly proportional to the volume flowrate. The pulses can 

then be transmitted to appropriate read-out electronics near 

the flowmeter or at a remote location. They can be amplified, 

counted, interfaced with computer terminals and used to 

measure and control fluid flow. The pulse train can be 

processed in any digital system. 

It is necessary to translate the pulses into meaningful infor- 

mation. Flow Technology, inc. manufactures a complete line of 

electronic devices for that purpose. These units con display flow 

rate in any engineering units, either analog or digital. There 

are also digital totalizers with LED or mechanical counters as 

well as batch controllers and blind converters which change 

signals into a format required to interface a customer's built in 

system. 

58 



V-■•%* •WWrr*'T«T^* T?" ■'" T **" 

23^GENERAL SPECIFICATIONS,..I^^Sf^ilSlM: 
(•Terminology per ANSI C85.1 and ISA S37.1) 

ACCURACY:* 

iO.05% af all points in the linear flow range (liquid) 

±H% (gas) 

LINEARITY:* 

d:0.5% of reading over the normal lOtl range (liquid) 

iO.1% special premium linearity for special pre-selected 

ranges, (liquid) 

±1% of full scale (gas) 

ELECTRICAL OUTPUT: 

The output level conforms with ISA RP 31.1 and is a minimum of 

30 mV peak-to-peak for frequencies at the bottom of the nomi- 

nal flow range. 

PRESSURE DROP: 

Ask for Technical Data Report TD-109. 

CALIBRATION: 

Each turbine flowmeter is furnished with a calibration with the 

standard reference fluid, MIL-C-7024B. Special calibrations 

available for applications where viscosity varies considerably. 

OPERATING PRESSURE: 

In general, the limiting factor governing the operating pressure 

of an FTI Standard Line turbine flowmeter is the rating of the 

end connectors. Because there is no porting of the flowmeter 

body, the flowmeter can be constructed to handle exception- 

ally high pressures if desired. 

c DYNAMIC RESPONSE: 

3 millseconds or better response to step input change of flow 

rate for meters smaller than 1 56 inches, increasingly longer re- 

sponse times as the size of the meter and the mass of the rotor 

increases. 

END CONNECTIONS: 

Flowmeters FT-8 through FT-32 available with either AN Series 

37° flared tube (MS-33656) or NPT end connections. Sizes FT-8 

through FT-224 available with ASA B 16.5 flanges, 150 lb. 

through 2500 lb. ratings. Other end connections available on 

request. 

ELECTRICAL CONNECTIONS: 

AN3102A-10SL-4P with mating connector supplied. Flow- 

meters with explosion-proof pickoffs terminate in 54 " conduit 

union. 

MATERIALS: 

All portions of FTI Standard Line turbine flowmeters that come 

into contact with the fluid are fabricated of 300-series and 

400-series stainless steels. An extremely wide choice of ma- 

terials Is available to satisfy even the most severe specifica- 

tions. See Options. 

OPERATING TEMPERATURE RANGE: ^ 

FTI  Standard  Line turbine flowmeters can be fabricated to     v. 

measure fluids within  a temperature  range of —430oF. to 

-|-750oF. Nominal temperature range determined by pickoff 

selected. See bulletin No. PO-761. 

MHiilliSlLl APPLICATIONS OF THE TURBINE FLOWMETER ^^H^^ 

ENGINE R&D: 

Extreme precision flow rates of fuels and oxidizers for rocket 

and jet engine testing and today's urgent requirements for the 

same measurements for internal combustion and Diesel engine 

pollution testing. 

FLOW MONITORING: 

The output of turbine flowmeters is being used to monitor criti- 

cal flow rates of both liquids and gases in a number of dif- 

ferent industrial processes, protecting pumps and other equip- 

ment as well as insuring consistent end products. 

POLLUTION CONTROL: 

Precise measuring and control of fuel oils and natural gas to 

combustion turbine electric generating units allows conserva- 

tion of energy resources and more efficient operation. 

ON-LINE BLENDING: 

In the petrochemical and chemical industries, turbine flow- 

meters are precisely measuring catalysts and other fluids to in- 

sure the highest quality control and the lowest possible waste in 

automated systems. 

BATCH CONTROL: 

Turbine flowmeters are accurately measuring exact batches of 

liquids with a consistency and reliability vastly superior to 

weighing and other techniques. 

c 
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J SIZES & SPECIFICATIONSi^M^^i^^^^^ 
LIQUID 

i 
I     Model No. 

Nominal 
End Fitting 

Size (In.) 

Normal Flow Range (U.S. GPM) | Extended Flow Range (U.S. GPM) Approximate"            Approximate"^"    |: 

Frequency                     Factor Pulses 

Output (CPS)                     Per Gallon           1 
Minimum Maximum Minimum* Maximum 

Journal Ball 

|     FT-4-8 Vi 0.25 2.5 0.06 0.03 3 2300 55000               ^ 

|     FT.6-8 » 0.5 5.0 0.1 0.05 5 2100 25000 

I     FT-8-8 '/! 0.75 7.5 0.16 0.08 8 2000 IA000 

|     FT-8 H 1.0 10.0 0.2 0.1 10 2000 12000 

i     FT-10 V. 1.25 12.5 0.2 0.15 15 1700 8300                I 

|     FT.,2 « 2.0 20 0.33 0,25 25 2000 6000           ; 

|     FT-16 1 5.0 50 0.6 0.6 60 2000 2400 

I     FT-20 1% 9.0 90 0.9 0.9 90 1950 1300                 j 

'     FT-24 I'/i 15 150 1.5 1.5 150 1500 600                 ; 

1   FT-32 2 20 225 2.5 2.5 250 1300 350                 1 

j     FT-40 2W 30 400 4.5 4.5 450 650 100 

j     FT-48 3 40 650 7.5 7.5 750 812 75                 i 

:     FT-64 4 75 1250 15 15 1500 625 30 

FT-80 5 90 2000 25 25 2500 300 9              \ 

|     FT-96 6 130 3000 35 35 3500 • *• | 
f    FT-128 8 250 5500 60 60 6000 ... ...                ' 

FT-160 10 400 8500 100 100 10000 ... | 

1    FT-192 12 550 12000 150 150 15000 ... * * * 

|   FT-224 14 750 16000 

SSOBKiRSEBSBZES 

200 200 

SSSSSSs 
20000 

ssso^^mm^ ^^Si^i^!^SK^^^iH.m^i. 

Other sizes ovoilable; check with factory. 

lie above data is based on a liquid with a S.G. of 1 and a viscosity of 1 centisloke. 

Flow Rotes and Frequencies other than shown available upon request. 

' The extended range requires an active (RF) pickoff and a Range Extending Amplifif 

Model LFA-300 for meters 2" ond smaller. 

'At maximum of normal flow range. *** Consult factory. 

^Ml^^Sailiil^SIZES & SPECIFICATIONSiSlll^l 
GAS 

'i 

I    Model No. 

Nominal 

End Fitting 

Size (In.) 

Normal Flow Range 

(ACFM) 

Extended Flow Range 

(ACFM) 

Approximate" 

Frequency 

Output (CPS) 

Approximate "K"     ? 

Factor Pulses          \ 

Per Cu. Ft. Minimum Maximum Minimum Maximum 

'1   FT-4.8 Vt 0.25 2.5 0,2 3 2300 55000                 1 

|   FT.6-8 'h 0.5 5.0 0,25 5 2100 25000           ; 

',{   FT 8-8"" Vi 0.75 7.5 0,4 8 2000 16000                 | 

!     FT-B % 1.0 10,0 0.5 10 2000 12000                 \ 

■    FT-10 V, 1.25 12.5 0,6 15 1700 8300                 * 

;     FT-12 y, 2 20 1,0 25 2000 6000                 j 

'     FT  16 i 5 50 1,5 60 2000 2400                 \ 

■j    FT-20 i 'i 9 90 2,25 90 1950 1300                 \ 

0    FT.24 ih 15 150 3,75 150 1500 600                 ' 

?    FT-32 2 20 225 5 250 1300 350                ; 

J     FT-40 2li 30 400 9 450 650 ioo         ; 

!     FT-48 3 40 650 15 750 812 75                 i 

1    FT-64 4 75 1250 30 1500 625 30                 • 

|   FT 80 5 90 2000 50 2500 300 9 

;'    FT-96 6 130 3000 70 3500 ... ( 

Ihe above data is based on air at 60oF. and 14.7 psi for meters with ball bearings. 

• * At maximum of normal flow range. ••'Consult factory. 

Goses with less density will have a more limited range. 
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All dimensions in inches — certified dimensions ovoi able on request. 

AN (MS-33656) or NPT 

NPT (consult factory for larger size NPT meter) 

Stainlesi Steel 
Unte« Otherwise 
Specified 

SIZE & MODEL A B C 

% " - •'/."—•/>"         FT-8M !"«,. 2.45 3.00 

'/."• FT10M 1.312 2.72 3.187 

V4" FT-12M 1.375 3.25 3.250 

1"                                      FT-t6M 1.625 356 3.5 

1 54 " FT-24M 2.125 4.59 4.375 

T FT-32M 2.750 606 4.750 

* NPT meter hos 3/4" end fittings. 

END FLANGED (ASA B16.5): 

Stainless Steel 
Unless Otherwise 
Specified 

(O.D) 

T Max. 

A.S.A. 
Flat Face 
Raised Face 
Ring Joint 

s 
Pick 
Off 

•A'   t 1^4" 

Face to Face 

LINE 

SIZE 

1 SOI ANSI 300# ANSI 400» ANSI 600* ANSI 900* ANSI ISOOMNSI 2500* ANSI 

A B A B A B A B A B A B A B 

5 50 3.5 5 0 375 50 3 75 50 375 7.0 4 75 70 475 7.0 5 25 

.63 55 388 5.5 4 63 5.5 463 55 4.63 7.0 513 7,0 5.13 70 55 

.75 5 5 3.88 55 463 5 5 4 63 5.5 463 70 5 13 70 5 13 70 55 

1 0 5.5 4 5 55 488 55 488 55 488 80 5 88 80 588 8 0 625 

1 25 60 4.63 6.0 525 60 5 25 6.0 525 80 625 8.0 625 80 725 

15 6 0 50 60 6.13 60 6 13 6,0 613 9.0 70 90 7.0 9.0 80 

JO 6.5 6.0 65 65 6.5 65 65 6.5 90 8,5 90 8.5 90 9.25 

25 7.0 70 70 ' i 70 75 7.0 75 100 9 63 100 9.63 10.0 10 5 

3.0 10 0 7.5 100 8 25 100 8.25 100 8.25 10 0 95 100 10.5 100 12 0 

- - - - - - - - - - - - - - 
40 12,0 9.0 12.0 10.0 12.0 10.0 12.0 1075 12 0 11.5 12.0 12.25 12.0 140 

5.0 14.0 10.0 140 11.0 14.0 110 14.0 130 140 1375 14.0 14.75 14.0 16 50 

60 140 11.5 14.0 12.5 140 125 140 14,0 14 0 15 0 - - - - 

SIZES (I/2" - 14" ) 

Refer to PMNS-772 for complete model no. information. 

Consult Factory for dimensions if meter is over 6". 

Optional 1" NPT pipe connection available for Explosion-Proof electrical hook- 
up (FT-24 & larger). 

( 

• Special end fittings as required. 

• Bi-directional flow. 

• Special materials — aluminum, 316 stainless steel, 347 stain- 

less steel, hastalloy, K-Monel, Titanium, and PVC material 

available. 

Special bearings — carbide, graphite, or Rulon journals. 

Pickoff coils — Inductive, reluctance, high temperature (to 

+ 750oF,), modulated rf 400oF. and explosion-proof. 

Special ana additional calibrations available. 

^V';,: : i FOR ADDITIONAL INFORMATION   i;;     l;",; 

CONTACT FTI OR YOUR FTI REPRESENTATIVE:  ' 
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