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Section 1
INTRODUCTION

PURPOSE AND SCOPE

This manual has been prepared by CH2M HILL as a reference
guide for the operation and maintenance of the deep in-
jection well effluent disposal system servicing the Palm
Beach County Water Utilities Department System No. 9 North
and South Plants, hereafter referred to as WWTP 9N and

WWTP 9S. The preparation of this manual follows the guide-
lines set forth in specific conditions contained in the
Florida Department of Environmental Regulation (FDER)
Test/Injection Well Permit UC 50-092095.

GENERAL SYSTEM DESCRIPTION

The Palm Beach County Water Utilities Department (PBCWUD)
System No. 9 provides wastewater collection and treatment
service to the socuthern unincorporated area of Palm Beach
County. The system consists of two treatment facilities,
known as the north plant or WWTP 9N, and the south plant, or
WWTP 9S. Figure 1 shows the approximate location of the two
treatment plants. WWTP 9N is located at 19110 South State
Road 7, adjacent to State Road 7 between the American Homes
and Moon Lake Subdivisions. WWTP 9S is located at 22438 S.W.
7th Street, within the Sandalfoot Cove Golf Course. WWTP 9N
has a treatment capacity of 4.5 million gallons per day (mgd)
and WWTP 89S has a capacity of 3.0 mgd.

The primary components of the new effluent disposal system
serving System No. 9 are a deep injection well, injection
pump station, and monitoring well at WWTP 9N, an effluent
transfer pump station at WWTP 9S and an effluent transmis-
sion main between the two WWTP's. The transmission main is
routed along S.W. 3rd Street and State Road 7 as shown on

Figure 1.
WWTP 9N

A flow diagram and site plan for the WWTP 9N is shown on
Figure ?. Effluent flow from the secondary treatment units
can be split to either the wet well serving the injection
pump station or the advanced treatment units consisting of
filtration and disinfection facilities. Under normal
operating conditions only water serving a useful purpose is
directed to the advanced treatment process. Examples of the
uses of this water include plant usage such as yard irriga-
tion, wash down, chlorine solution supply, and pump seal
water. TIn the future, advanced treatment will also be pro-
vided to enable land application of the effluent on large
irrigation sites in the area such as golf courses.

tmTMC1/101 1-1
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Effluent not required for usage is directed to the injection
pumping system consisting of a wet well, pump station, and
surge control system. All effluent delivered to the wet
well is pumped to the deep injection well for disposal.

In the event of a failure of the injection system, all ef-
fluent from WWTP 9N is to be diverted through the advanced
treatment units for disposal in the lake system via the

emergency discharge piping. Effluent from WWTP 95 is to be
disposed of by discharge to the existing percolation ponds.

WWTP 9S

A process flow diagram for WWTP 9S is shown on Figure 3.
Effluent from the secondary treatment units flows to the
advanced treatment process of filtration and disinfection.
After disinfection, effluent flows to the effluent holding
tank (wet well) from which it is pumped, by the effluent
transfer pumps, into the effluent transmission main. The
effluent transmission main transports WWTP 9S effluent to

the WWTP 9N injection wet well where it is discharged. Thus,
the injection pumping system and disposal well receive ef-
fluent from both WWTP's 9N and 9S.

Although piping is in place at WWTP 9S to enable pumping of
secondary effluent directly from the treatment units, the
FDER is requiring that only advanced secondary effluent be
carried in the transmission main. This requirement is based
upon a plan to use the main in the future to carry advanced
secondary effluent to land application sites. The FDER will
not allow the transmission main to carry undisinfected
effluent if it will carry land application quality water in
the future,

Further information on WWTP 9S facilities and operating pro-
cedures can be found in the Operations Manual for PBCWUD
System No. 9 South WWTP, dated January 1986.

CPERATOR RESPONSIBILITY

The interconnector force main, injection well, monitor well,
injection well pumping system, and surge control system are
integral parts of the wastewater treatment plant and must be
operated and maintained by skilled personnel in order to
properly dispose of the treated effluent,.

Operator gualifications must include a working knowledge of
pumps, motors, electrical and electronic equipment, hv-
draulics, wastewater treatment, and good safety practices,
The Operator must maintain the system and correct any de-
ficiencies properly and promptly. The Operator must alsc ke
capable of interpreting, recording, filing, and reporting
the system operating and monitoring data.

tmTMC1/101 1-4
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The Utility is responsible for the allocation of sufficient
funds for maintenance, repairs, parts inventory, tools, and
site security. The Operator must keep Management advised of
the condition of the wastewater treatment and process
systems.

Both the Operator and Management should keep in mind that
the goal of the wastewater treatment system is to treat the
wastewater to the level required by law and to ensure that
the effluent is disposed of in an environmentally sound
manner.

tmTMC1/101 1-6
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Section 2
SYSTEM DESCRIPTION

FACILITIES DESCRIPTION

A detailed description of the facilities associated with the
underground injection system is presented in the following.

DEEP INJECTION WELL

The deep injection well has the capacity to receive up to

15 mgd. The well is constructed to enable disposal of treated
effluent into a hydrogeologic unit known as the Boulder Zone.
This zone is a highly transmissive dolomitized interval of

the Oldsmar Limestone. Native waters in this zone, a portion
of the lower Floridan aquifer, exceed 35,000 TDS and are
equivalent to sea water in basic chemical composition. This
feature underlies most of southeast Florida and is used for
effluent disposal by many utilities.

The injection well has four fully-cemented, }i-inch thick
steel casings installed as shown on Figure 2-1, Injection
Well Construction Details. The casings are designed to
enable drilling and isolate and protect the aquifers from
contamination by injected fluids.

The surficial aquifer, which provides the major portion of
the Palm Beach County water supply, is contained in forma-
tions that extend to a depth of approximately 220 feet at
the System 9 site. The outer casing, 54 inches in diameter,
is set to a depth of 250 feet from land surface.

The 44-inch diameter casing was set to a depth of 1,000 feet
to facilitate construction of the well by isolating the
Hawthorne Clays and Tampa Limestones occurring between 220
and 950 feet in depth.

The 34-inch diameter intermediate casing was set to a depth
of 1,800 feet to isolate the artesian waters of the Upper
Floridan Aquifer during construction.

The final casing string, 24 inches in diameter, is set to
2,650 feet, just below the base of the first competent con-
fining interval above the injection zone, a tan biomicritic
limestone of the mid-Eocene Series Lake City Limestone.

The injection zone is located in Oldsmar Limestone between
the depths of 2,700 and 2,900 feet. It is separated from
the potable water of the surficial aquifer by approximately
2,600 feet of limestones and clay which comprise confining
units of varving transmissivities. The heavy clays of the

tmTMC1/102 2-1
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Hawthorne unit, approximately 300-feet thick, form an excel-
lent aquiclude and the possibility of contaminating the
surficial aquifer with fluid from the injection zone is very
slight.

Extensive lithologic and hydrologic data has been collected
during construction of the well. This data is presented in
the engineering report titled "Drilling and Testing of the

Injection and Monitoring Wells for Palm Beach County System
No. 9 North". It is recommended that a copy of this report
be made available to all plant personnel for reference pur-
poses.

The injection well has been constructed in accordance with
the requirements of the Florida Administrative Code (FAC)
Chapter 17-28 under the Florida Department of Environmental
Regulation (FDER} Construction Permit No. UC 50-092-95.

Instrumentation and Control

The I&C loops for the injection well consist, primarily of
flow and pressure measurement and recording equipment.

Flow. The effluent flow rate into the injection well is
measured with an insert-type Venturi flow element man-
ufactured by the Badger Meter Company (24-inch PMT-1 Plastic
Insert Flow Tube with 304 Stainless Steel Throat rated for a
maximum flow rate of 7,200 gpm).

The Venturi element is located in the effluent injection
line 10 feet from the center line of the injection well.
The unit reads a maximum of 227.04 inches of water at

7,200 gpm. Accuracy of flow measurement is within approxi-
mately .25% when the unit has been calibrated. The instal-
lation contractor has calibrated the unit. Should it ever
become necessary to recalibrate the unit, calibration data
is included in Appendix B MANUFACTURERS' LITERATURE.

A Rosemount Alphaline Flow Transmitter Model 1151DP5J22B1 at
the well head converts the pressure differential to a

4-20 milliamp signal recorded on a Fisher & Porter Series
Circular Chart Recorder (Model Number 51B1102DBBXXXXXX2BB2BBX)
located adjacent to the main control panel in the Control
Building. The 12-inch circular chart scale reads from zero
to 75 and the flow rate is obtained by multiplying the chart
reading times 100 gpm. In addition, an eight digit totalizer
is included and reads in units of 1,000 gallons.

Pressure. Also at the well head is a Robertshaw 314B pres-
sure gage reading 0-60 psi. A Rosemount 4-20 milliamp
pressure transmitter Model 115GP6E22B1 sends a signal that
is recorded on a Fisher Porter circular chart recorder
Model 51B1102DMXXXDBXXX2BB2BB mounted adjacent to the main

tmTMC1/102 2-3



control panel (MCP-1) in the Control Building. The reccrder
reads on a direct linear scale 0 to 60 psi.

Figure 2-2 shows the injection well head configuration.

MULTI-ZONE FLORIDAN AQUIFER MONITOR WELL

In accordance with the requirements of Chapter 17-28.24 of

the FAC, a monitor system has been designed and constructed
to provide for the early detection of any upward migration

of treated effluent.

The Multi-Zone Floridan Aquifer Monitor Well is a dual-zone
monitor well located 80 feet east of the injection well.
Construction details of the monitor well are shown in Fig-
ure 2-3, Floridan Aquifer Monitor Well, and Figure 2-4,
Floridan Aquifer Monitor Well, Well-Head Details,

The upper monitor zone (zone 1) lies between the depths of
970 feet and 1,105 feet below land surface in the limestones
of the Suwannee Formation of the Oliogocene Series. This is
the upper-most zone of the artesian Floridan aquifer. The
shut-in artesian pressure of this zone was recorded at com-
pletion of construction as 6.2 psi. Any significant devia-
tion from this value will indicate either an instrumentation
error, which must be corrected, or an abnormal event that
must be reported to the appropriate regulatory agencies as
detailed in the Operating Permit.

This portion of the Floridan aquifer is monitored through
the annular space between the 1l6~inch and 6-inch casing. A
2-inch tap and ball valve on the lé-inch casing may be opened
to allow the zone to flush before drawing a sample for anal-
ysis (see Figure 2-4, Floridan Aquifer Monitor Well - Well
Head Details). The naturally-occurring artesian head at
this depth is 37.5 feet above mean sea level (MSL) and the
zone will flow at a rate of approximately 75 gallons per
minute (gpm) through the monitor discharge line on the
l6-inch casing. Native formation water at this depth is
brackish with chlorides in the range of 1000 to 1500 mg/L
and total dissolved solids in the range of 5000 to 6000

mg/L.

The lower monitor zone (zone 2) extends from the base of the
6—-inch casing at 1,699 feet to a depth of 1,800 feet below
land surface. The lithology of the lower monitor zone is a
soft, yellowish gray, biomicritic limestone typical of the
Avon Park Limestones of the Upper Eocene Series. The shut=-in
artesian pressure of this zone was recorded at completion of
construction as 8.5 psi. As with the upper monitor zone,
significant deviation from this value will indicate either
an instrumentation error that must be corrected or an ab-
normal event that must be reported to the appropriate regu-
latory agencies., The naturally occurring artesian head

tmTMC1/102 2-4
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in the lower monitor zone is 42.8 feet above MSL and this
zone also flows at a rate of approximately 75 gpm. Native
formation water at this depth is brackish with chlorides in
the range of 2000 to 2500 mg/L and total dissolved solids in
the range of 8000 to 9000 mg/L.

The lower monitor zone may be flushed for sampllng through
the 2-inch tap and ball valve on the 6-inch casing (see Fig-
ure 2-4, Floridan Aquifer Monitor Well - Well Head Details).

The upward movement of effluent into a monitor zone would
result in a decrease in the density of the monitor zone flu-
ids and an increase in observed pressure. Confirmation of a
leak would be provided by a significant reduction in con-
ductivity, a reduction of chloride content, and/or the pres-
ence of coliform bacteria in the monitor zone fluids.

Pressure in each monitor zone is continuously recorded and
water quality of the monitor zones is to be checked each
month. Proper procedures for the collection and analysis of
water quallty samples and for the reporting of data are ad-
dressed in Section 3 - DATA COLLECTION AND REPORTING PRO-
CEDURES.

Plant personnel responsible for gathering water quality sam-
ples should familiarize themselves with those procedures.

Monitor Well Instrumentation

Pressure from each monitor zone is measured and recorded.
Both monitor zones are provided with Robertshaw 314B pres-
sure gauges and Rosemount Alphaline Gauge Pressure Trans-
mitters (Model 1151GP6E22B1) that send a 4-20 milliamp
signal to the Fisher and Porter 12-inch circular chart
recorder (Model 51B1102DXXXDBXXX2BB2BB) mounted in MCP-1 in
the Control Building.

INJECTION PUMP STATION

The injection pump station consists of 4 horizontal, cen-
trifugal pumps. Specific information on each pump is pre-
sented below:

Pump Tag No. Rated Capacity Motor hp Model No.

P-01~2-1 1,400 gpm @ 50 Worthington
104' TDH 6L.R13

P-01-1-1 3,000 gpm @ 100 8LR14
96' TDH

P-01-1-2 3,000 gpm @ 100 8LR14
96' TDH

p-01-2-2 1,400 gpm @ 50 6LR13
104' TDH

tmTMC1/102 2-8



The design capacity of the four pumps is 8,800 gpm or 12.7 mgd.
Provisions were made on the suction and discharge headers to
add additional pumps in the future. The units are located
outdoors on a concrete slab. The motors are horizontally-
mounted, TEFC, squirrel-cage induction type, manufactured by
U.S. Motors.

An existing above-grade, steel constructed alum coagulation
treatment unit was converted into the pump station wet well.
The scraper mechanisms were removed, pipe connections for
the WWTP 9N and 98 discharges were made and a connection for
the pump station suction header was installed. The pumps
are actuated by a bubbler-type, level control system.

The motors are connected to the plant's emergency power sys-
tem. One set of 50 and 100 hp motors are connected to one
of the two generators and the other set of motors is con-
nected to the other generator. Thus, should a situation
arise where a power outage occurs and one of the generators
is out of service, the injection pump station will remairn in
operation. :

Instrumentation and Control

The instrumentation and control loops associated with the
pumping system are pump discharge pressure indication, pump
ON-OFF~-AUTC contrcl, wet well level, and control of flow
split between wet well and filters,

These functions are controlled from Master Control Panel 1
(MCP-1) located in the Control Building.

Figure 2-5 shows the instrumentation layout on the control
panel MCP-1.

Pump Discharge Pressure. A pressure gauge is mounted on the
discharge pipe of each injection pump. The gauges are
Robertshaw Acragage 314 B, 0- to 60-psi scale. The gauges
indicate discharge pressures from the pumps.

Pump ON-QFF-AUTQO Contrel. At MCP-1, each injection pump has
a hand switch for ON, OFF or AUTO control. Adjacent to each
switch are two lights which indicate if the pumping unit is
"ON" or "OFF".

When the hand switch is set to the "AUTO" mode, pump op-
erations are controlled by a bubbler-level switch system
housed in field panel FP-01-1, located adjacent to the pump
station. Air supply for the bubbler system is provided by
the air compressor serving the surge control system.

Figure 2-6 presents a graphic representation of the control
plan for the injection pumps. High and low water level

tmTMC1/102 2-9
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MCP-1

Located in Control Building

MCP-1 PANEL SCHEDULE
ITEM NAMEPLATE INSCRIPTION
NG, | TAG NUMBER (SERVICE LEGEND)
1 Nameplate MCP-1
2 Nameplate Filter Influent Flow Rate — GPM
2A Nameplate Filter Total Flow - Gals.x 1,000
3 FI-01-4
4 Nameplate Injection Well Flow Rate — GPM
Total Flow t i
° FRIFQI-01-5 | TR, FIo%60 Gisetion Well
6 Nameplate Injection Well Pressure — PSIG
. (Red Pen - Inlet Pressure
7 PR-01-5 Blue Pen - Zone A Pressure
v Green Pen-Zone B Pressure)
8 Nameplate Surge System Trouble
LEGEND
8A QL-01-7
9 Nameplate New Wet Well
Fi Flow Indicator 10 Nameplate Low
FR Flow Recorder 11 Nameplate High
FQl Flow Totalizer 12 LLLL-01-3
HS Hand Switch 13 LLHH-01-3
LLHH Qi'gt""}_e'-‘:g{" 14 Nameplate Ff.‘?éf“t V'I!l?:oﬁﬁlrllg Valve
LLLL  Alarm-Light 15 QL-01-4 [Close] ( Close )
Low Level 16 P~01-2-1 Injection Well Pump No. 1
P Pump 17 HS-01-2-1(00A) ( On-Off-Auto )
PR Pressure 18 QL-01-2-2-1 [00] (On)
Recorder 19 | QL-01-2-2-1 [00]| ( Off )
QA Alarm—Horn 20 P-01-1-1 Injection Well Pump No. 2
QL Alarm-Light 21 HS-01-1-1 [00A] | ( On-Off-Auto )
22 QL-01-1-2-1 [00]| ( On )
23 QL-01-1-2-1 (00] | ( Off )
24 P-01-1-2 Injection Well Pump No. 3
25 HS5-01-1-2 [00A) | ( On-Off-Auto )
26 QL-01-1-2-2 [00]J]| ( On))
27 QL-01-1-2-2 [00) ]| ( Off)
28 P-01-2-2 Injection Well Pump No. 4
29 HS-01~2-2 [00A] ( On—-Off-Auto )
30 QL-01-2-2-2 [(00])] ( On)
31 | QL-01~2-2-2 [00}] ( Off)
32 QA-01-7 [Surge
System Trouble)
33 Nameplate Injection Wel Pumps

FIGURE 2-5
Elevation View of

MCP-1
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of the pumps are
automatically aiternated.
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FIGURE 2-6
Level Control Settings for
Injection Pump Station
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conditions activate a wet well trouble light at MCP-1 in the
Contrcl Building.

FLOW SPLIT CONTROL

A control valve on the inlet pipe to the wet well enables
the operators to perform a flow split between wastewater for
disposal and reuse, As shown on Figure 1-2, after secondary
treatment the wastewater flow can follow two possible paths.
One is to the wet well for deep well injection and the other
is to the filtration and disinfection systems to receive the
advanced treatment required for reuse or emergency discharge
to the lake system.

The primary components of the control loop are a Limitorque
motor-actuated butterfly valve on the wet well inlet pipe, a
Sparling turbine flow meter on the filter influent pipe, a
Fisher and Porter flow controller, and a G.E. vertical scale
flow indicator with adjustable set point.

The system is designed to enable the operators to control
and limit the wastewater flow going to the filtration and
disinfection processes. Operation of the control system is
relatively simple, reguiring the following steps:

1. Check hand switch on Limitorque actuator on wet
well inlet wvalve., Switch should be set on REMOTE.

2. At MCP-1, turn the plastic adjustment screw on the
G.E. vertical dial indicator until the desired
flow to the filters is set,.

3. Check existing plant flow meter and filters to see
if system is operating properly.

A constant flow rate will be delivered to the filters and
all excess flow will enter the wet well for deep well dis-
posal. Total volume to the filters is indicated on a
mechanical totalizer on the vertical dial indicator.

SURGE CONTROL SYSTEM

The surge control system consists of a 6,000-gallon, 6-foot
diameter horizontal steel tank, an air compressor, instru-~
mentation, control, wvalving and piping. The function of the
surge tank is to dampen pressure surges. When pumps are
stopped, the water within the system remains in motion, due
to momentum of the water column, The continued movement
produces a vacuum behind the water column that persists until
the flow reverses. This sudden drop in pressure, followed
by a rapid increase in pressure as the flow reverses, can
produce extreme pressure variations in the injection system,
and severe damage to the pipe or well casing could result.

tmTMC1/102 2-12



The moment the pumps stop, the surge tank supplies water to
the pump station discharge pipe and well, By supplying this
water to the system, the pressure wave created when the flow
momentum reverses and comes back up and out of the well is
greatly dampened.

For proper operation, the surge tank should be about half
full of water. The remaining volume is filled with air sup-
plied by the air compressor. The System No. 9 surge control
system was designed so that the correct air/water volume
ratio would be automatically maintained. This is accomplished
by an instrumentation and control loop which, based on water
level in the tank sensed by electrodes, allows air to be
supplied to the tank when the water level is too high or
allows air to vent from the tank when the water level is too
low. Alarms notify.+the operators in the Control Building
when extreme high or low water levels occur. A sight glass
is provided on the tank to enable visual inspection of the
water level,

The air compressor for the system is a duplex, 5 hp Ingersoll
Rand T30 Model 242 5C unit located adjacent to the surge
tank. The receiver tank has a capacity of 80 gallons. The
compressor control system operates independent of the other
surge control instrumentation. The pressure switches are

set so that the air receiver tank remains pressurized at

100 psi.

Surge System Instrumentation and Control

The instrumentation and control loops associated with the
surge control system are graphically shown on Figure 2-7.
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Section 3
OPERATION AND DATA COLLECTION

OPERATION OF THE SYSTEM 9 NCORTH EFFLUENT DISPOSAL SYSTEM

The following instructions are provided to assist the oper-
ator in assuring the safe and efficient performance of the
deep injection well effluent disposal system. The instruc-
tions presented are general in nature and are for the system
as constructed. Before performing the operations listed
below the operator must assure himself that the system has
not been modified since preparation of this manual.

Before operating any of the equipment associated with ef-
fluent disposal system the operator should read the equip-
ment supplier's information provided in the Appendix of this
document. If the equipment in place does not match that
described in the appendix the operator should contact his
supervisor for specific operating instructions.

The surge control system is of paramount importance for the
protection of the effluent disposal system and must be in
service 1if the injection well is to be used.

GENERAL PUMPING INSTRUCTIONS

The following are general instructions that apply to the
operation of injection well pump station:

1. Insure that the surge control system is functioning
properly, with the water level in the tank at the
approximate midpoint of the tank. The reading on
the sight glass mounted at the front of the tank
should be between the marks indicating High Level
and Low Level. Check the Main Control Panel
(MCP-1} in the Control Building for Surge System
trouble. If the surge control system is not func-
tioning properly, do not start injection, contact
a supervisor and advise them of the condition. Do
not commence injection if the surge control system
is not functioning,

2. Check to make sure that all valves in the flow
path to the injection well are open. The dis-
charge valve on individual pumps may be chained in
a partial closed position in order to bring the
pump onto a more efficient point of its perfor-
mance curve. This determination of efficiency is
based on effluent flows at the time of construction
and the operator may wish to modify the valve set-
tings as plant flows increase over the operating
life of the system.
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Care should be taken that the pumps are never oper-
ated against fully closed valves. Damage to the
pumps may result due to overheating or pressure
build-up.

The pumps are operated from the control panel desig-
nated MCP-1 located in the operators room. Each
injection pump has an individual three position
switch, On, Off, or Auto. Under normal operating
conditions a pump should be in the Auto position,
with control of the pump being provided by the wet
well bubbler-type level control system.

3. To prevent personal injury or damage to equipment,
de-energize each piece of electrical equipment at
its main disconnect (circuit breaker) prior to
performing repairs or maintenance. Such work should
be undertaken only by properly qualified personnel.
In particular, care should be exercised to insure
that maintenance involving electrical equipment is
carried by properly certified and trained elect-
ricians,

4, Before undertaking any action (such as removing a
pump from service for maintenance), the operator
should be fully aware of its effect on the effluent
disposal system., Routine maintenance should bhe
scheduled for periods of low flow and should be
discussed with a supervisor before being under-
taken.

SURGE PROTECTION SYSTEM OPERATION

Refer to Section 2 Surge Control System for a description of
the Surge Control components.

Normal operation of the Surge Control system is fully auto-
matic, being controlled by tank water level sensors in the
surge tank.

Tt is strongly recommended that the operator wvisually check
the sight glass on the front of the tank at least once a day
to confirm that the proper water level is being maintained
in the tank. The water level should be at the approximate
mid-point of the sight glass during normal operation. Tt
may fluctuate during pump startup and shutdown but must re-
turn to the midpoint after the fluctuations subside.

If the system cannot maintain the proper water level in the
tank, repair efforts must be initiated immediately and the
injection system not used until the proper water level in
the tank can be maintained.
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The air compressor operates independently of the water level
control system in that a constant pressure is maintained in
the air receiver by independent pressure switches. An
ON-OFF-AUTO switch is located in the motor control panel
adjacent to the surge tank and should be left in the auto
position during normal operation.

The following summarizes the operation of the water level
control system.

Air addition proceeds as follows:

1. Activation of the High-High level element occurs
when the water level in the tank exceeds the
High-High set point of 29.3 feet above msl
(3.3 feet above the centerline of the bottom valve
on the glass sight tube mounted on the front of
the surge tank). This situation causes the air
addition valve to open, allowing air into the tank
from the compressor storage tank. An adjustable
time delay of up to five minutes is provided to
allow system vibrations to dampen out.

2. The air addition valve remains open until the
water level is forced to below the High-level set
point, 28.8 feet above msl (2.8 feet above the
centerline of the bottom valve of the glass sight
tube} . '

3. The balance of air/injection fluid pressure main-
tains the water level between the High and Low set
points (28.8 and 28.0 feet msl respectively) within
the surge tank.

Air Venting proceeds as follows:

1. If the water level drops to the Low~Low set point,
{27.6 feet above msl, or 1.6 feet above the bottom
valve on the sight glass) the air vent valve opens,
thereby releasing air from the tank to the atmos-
phere. An adjustable time delay of up to five
minutes prevents the air vent valve from opening
during surge conditions.

2. The venting of air allows the water level in the
tank to rise until the LOW level element closes
the air vent valve at 28.0 feet above msl, or 2.0
feet above the bottom valve on the sight glass.

When a Low~Low or High-~High level situations exists for a

period longer than the time set on the time delay (5 minute
maximum) , a SURGE SYSTEM TROUBLE alarm light and annunciator
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is activated in the operator's room. The operator should
immediately investigate the cause of the malfunction in the
surge control system and, if the water level in the sight
glass is not within the normal operating range, the level
must be manually controlled and repair procedures initiated
immediately.

To manually operate the system, air can be added to the tank
by opening the bypass valve beside the air addition solencid
valve near the air compressor. Observe the water level
change in the sight glass. Air can be released from the
tank by removing the solenoid-operated air vent valve near
the top of the tank and manually venting the }-inch gate
valve.

INITIATION OF EMERGENCY DISCHARGE PROCEDURE

In the event that it becomes necessary to initiate operation
of the emergency discharge system, the following general
steps should be taken.

1. Immediately advise your supervisor of the condi-
tion requiring emergency discharge and confirm
that emergency discharge is the proper option.

2. Open the valve isolating the emergency discharge
system from the chlorine contact basins.

3. Working at MCP-1 in the Control Building, divert
flow from the injection pump station wet well to
the filters by closing the New Wet Well Inlet
Throttling Valve (see Figure 2-5).

4. Contact the WWTP 89S Operator and advise of the
emergency discharge condition. The 9S Operator
should be instructed to activate the emergency
discharge system for that plant and commence
effluent disposal to the existing percolation
ponds.

5. Contact the Florida Department of Environmental
Regulation/Underground Injection Control, West
Palm Beach, Florida {(305/689-5800) and advise them
that emergency discharge has been initiated. A
detailed written report will be required at a
later date.

6. Contact the Palm Beach County Health Department
(305/837-3070) and advise them that the emergency
discharge system to the Hamptons Country Club
Lakes has been activated. It will be important to
ensure that it is understood that the emergency
discharge is permitted under the FDER operating
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permit and that the effluent being discharged has
been filtered and chlorinated.

7. Prepare and submit a written report to FDER of the
conditions causing the emergency discharge and the
acts undertaken to correct those conditions.

DATA COLLECTION AND REPORTING

Injection system monitoring data are collected to provide a
record of system performance and to alert the operator in
the event that problems develop with the injection system.
The record represents the only direct indication of the in-
jection system performance and serves to substantiate recom-
mendations for future decisions concerning the injection
system. Table 3-1, Injection System Monitoring Program,
summarizes the parameters and procedures used in monitoring
injection well performance.

MONITORING DATA

The monitoring data to be collected and their frequency of
collection are:

1. Injection flow in million of gallons per day (mgd)
is recorded continucusly on a circular chart
recorder located in the Main Control panel in the
Operators room of the Control Building.

2. Injection pressure in pounds per square inch (psi)
is recorded continuously on a similar circular
chart recorder (refer to Figure 2-5). Injection
pressure will fluctuate with the injection rate.

3. Artesian pressure in psi of the monitoring zones
is recorded continuously on the same circular
chart recorder used for the injection pressure.
The artesian pressure of hoth monitor zones should
remain fairly constant. Significant variation in
the recorded pressure in either zone is cause for
concern and must be investigated.

4. Effluent suspended solids in milligrams per liter
- to be determined daily following the standards
of the wastewater treatment plant operating permit.

5. Effluent specific conductance in microhos per cen-
timeter at 25 degrees centigrade - to be determined
daily following the standards of the wastewater
treatment plant operating permit.

6. Water quality of the monitor zones is to ke
checked monthly for specific conductance,
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Tabl

e 3=1

INJECTION SYSTEM MONITORING PROGRAM

Parameter Equipment or Procedure Frequency
Injection Flow Rate {(gpm) 24-hour circular chart recorder Continuous
in MCP-1 s
Injection Pressure (psig) 24-hour circular chart recorder Continuous
in MCP-1
Red Pen
Pressure in the Upper 24-hour circular chart recorder Continuous
Monitoring Zone-- in MCP-1
970-1105 ft Blue Pen
{psig)
Pressure in the Lower 24-hour circular chart recorder Continuous
Monitoring Zone-- in MCP-1
1699-1800 ft Green Pen
(psig)
Water Quality of Injected
Fluid:
Specific Conductance Sample in Plant Weekly
Suspended Solids Sample in Plant Weekly
Temperature Sample in Plant Weekly
Water Quality of the -
Two Monitoring Zones:
Specific Conductance Sample after flowing zones Monthly
Chloride Concentration
Temperature ¢
Fecal Coliform
BOD
Oy
Specific Injectivity of Inject @ 1800 gpm; Monthly
Injection Well measure pressure and calculate
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temperature, chloride concentration, fecal coliform
and biological oxygen demand. See Monitor Zone
Sampling, this section.

7. A specific injectivity test is to be performed
quarterly to evaluate the injection capacity of
the well in order to detect any changes in flow
capacity that may occur over time. See specific
Injectivity Test, this section.

DATA COLLECTION

Monitoring Zone Sampling

Water quality samples are to be collected from the two moni-
toring zones on a monthly basis and reported quarterly to
FDER. When compared to the pre-injection water quality data
collected during the drilling and testing of the monitor
well, the data will detect the changes that would be caused
by escape of effluent from the injection zone.

If effluent were to migrate through the confining zones, it
would result in a freshening of the native waters of the
monitor zones. A reduction of conductivity and chloride
levels would become apparent as a trend in the reported data.

The process for collecting monthly samples for analysis is
as follows:

1. Open both monitoring zone 2-inch ball valves. (See
Figure 2-3). The pressure in both monitoring pressure
recorders will drop significantly. A note should
be entered on the circular chart as to the cause
of the pressure drop.

2. In order to procure representative samples from
the monitor zone it is necessary to flush at least
three monitor tube volumes from each monitor.

Both zones will flow at an approximate rate of

75 gpm, the upper zone taking 108 minutes to dis-
charge one casing volume, the lower zone taking

33 minutes. As a matter of convenience to the
operator, it is recommended that both zones be
allowed to flow at the same time, and that the
zones be flushed continuously for 7 hours prior to
taking the samples. The brackish water produced
from the zones is piped to the plant mudwell, pro-
cessed through the plant and injected to the
boulder zone,

3. After the monitor zones have been flushed sterilize

the sample tap on the instrumentation line to avoid
bacterial contamination of the sample. Flush the
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Sample tap and take samples for the tests noted in
Monitoring Data, Item 6,

4. Close both monitoring zone two-inch ball valves
and check the monitoring zone pressures. They
should return to approximate pre-flushing values.

5. Run the tests in accordance with the standard labor-
atory procedures specified in the plant operating
permit. -

6. Record the data on the appropriate form (See Ap~

pendix C, Sample Form for Monitoring Well Water
Quality Monthly Report). Note any deviation from
normal monitoring sampling procedures or from
normal monitoring parameters.

Normal Monitoring Parameters

Table 3-2, Injection System Monitoring Program Normal Values
and Trouble Shooting Chart, shows the monitoring parameters
and values to be expected when the injection system is func-
tioning properly. If the actual values measured for any of
the monitoring parameters vary from the normal range, im-
mediate steps should be taken to report the anomaly and to
identify and correct the cause.

Table 3-2 alsoc lists the corrective actions for the most
common causes of abnormal values. If the operator cannot
identify and correct the cause of the problem a qualified
professional must be contacted.

Specific Injectivity Test

A specific injectivity test is to be performed on a guarterly
basis to detect any changes in the performance of the injec-
tion system over time. The test is performed by injecting

at a specific rate (1800 gpm) and recording the injection
pressure at that rate. The specific injectivity index is
derived from that data and used to compare the relative per-
formance of the well over time,

The test is run as follows:

1. Schedule the test for a period when its perfor-
mance will not interfere with normal plant opera-
tions.

2. Working at MCP-1, take pumps P-01-2-2, P-01-1-1,
and P-01-2-2 out of service.

3. Using the discharge valve of pump P-01-2-1,
throttle the flow rate to 1800 gpm.
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Table 3-2

INJECTION SYSTEM MONITORING PROGRAM
NORMAL VALUES AND TROUBLESHOOTING CHART

Suggested Corrective Action if

Parameter Normal Range of Values Abnormal Monitoring Values are Encountered™
Injection Flowrate Average: 6,000 gpm 1. Check injection pressure for abnormal values.
(flow recorder) Maximum: 10,500 gpm 2. Check water level in pump sump.
3. Check flow path for closed or obstructed valves or
fittings.
4, Check and clear clogged pressure line to sender.
5. Check and calibrate flow recorder malfunction.
6. Check for electrical flow transmitter malfunction.
7. Notify plant operations manager.
8. Remove pump from service.
9. Inspect bowls for obstruction or wear.
10. Inspect shaft, bearings, and motor for wear or
damage.
Injection Pressure Static: 35 psig 1. Look for leak in injection line or in check valves.
(pressure recorder) Pumping: 35-45 psig 2. Check gaunge at wellhead to determine if electrical
pressure sender is malfunctioning.
3. Repair and calibrate pressure recorder,
4. Pump station malfunction; see items 1-10 above.
5. Inspect and repair plugged or damaged injection well.
6. Notify plant operations manager.
Zone 1
Upper Monitoring Zone Pressure 6.2 psi 1. Check bleed valve; close if necessary.
{pressure recorder - Blue Pen) 37.5 ft of water msl 2. Check and clear clogged pressure line to recorder.
Zone 2
Lower Monitoring Zone Pressure 8.5 psi 3. Check pressure recorder malfunction; repalr and
(pressure recorder - Green Pen) 42.8 ft of water msl calibrate.
4. Water quality change; see Monitoring Zone HWater
Quality, Items 1 and 2 below.
5. Notify plant operaticns manager.
Anticipated Uppsr Monitoring Zone Chloride mg/L: 1,000-1,500 1. Resample to verify laboratory values.
Hater Quality Specific Conductance ymhos/cm: 2. Notify plant operations manager of possible
{quarterly water sample) 9,000~10,000 effluent migration into monitoring zones,
Anticipated Lowgr Monitoring Zone Chloride mg/L: 1,000~1,500
HWater Quality Specific Conductance umhos/cm:
(quarterly water sample) 14,000-16,000C
Injected Filuid WHater Quality Specific Conductance pmhos/cm: 1. Check process control and correct as necessary.
(weekly water sample) 500~1,500

Suspended Solids mg/L: 0-20

8corrective actions not necessarily in appropriate sequence for all conditions.
bWater quality for monitor zones after extensive well development was:

Upper zone: Cl = 1,500 mg/L
Cond = 9,870 umhos/cm

Lower zone: (1 = 2,020 mg/L
Cond = 15,000 pymhos/cm
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4, Once the flow rate has stabilized, record the in-
jection pressure with the pressure gauge at the
the injection wellhead. Compare the pressure noted
at the well head against the pressure recorded on
the circular chart in the operator's room. If
there is a discrepancy, determine which unit is at
fault and correct the problem before continuing.

5. Turn off the pump while carefully watching the
injection pressure gauge. After the pressure has
stabilized (approximately 5 minutes) record the
shut~-in pressure.

6. Subtract the shut-in pressure from the injection
pressure measured at 1800 gpm and divide the pres-
sure difference into 1800 gpm. The resulting num=~
ber, reported in gpm/psig, is the specific inject-
ivity index.

7. Report the results of the test on the Specific
Injectivity Test - Quarterly Report Form.

REPORTING OF MONITORING DATA

One of the primary responsibilities of the injection well
system operator is to insure that the system monitoring data
is recorded and reported accurately.

Three sample reporting forms are included in Appendix C.
Monitoring Well Water Quality Report
Specific Injectivity Test Report
Daily Monitoring Data, Monthly Report

These reports are to be sent to the local FDER office and to
FDER Tallahassee along with other treatment plant monthly
report forms.

It is recommended that the operator compile the daily moni-
toring data at the same time each day. This will allow a
more accurate comparison of system performance over time.

The data for the Monitoring Data Monthly Report are to be
compiled using the influent recorder chart, the injection
flowmeter recorder chart, and the injection pressure and
monitor systems pressure recorder chart. The effluent water
quality is to be determined from grab samples as specified

in the Wastewater Treatment Plant Operating Permit. Sampling
points and procedures are outlined in the treatment plant
O&M manual.
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Any unusual condition at the time data is collected should
be noted on the Monitoring Data Monthly Report.

Table 3-1, Injection System Monitoring, program provides an
overview of the data to be reported.

Table 3-2, Injection System Monitoring Program Normal Values

and Troubleshooting Chart, gives the expected monitoring
parameters for normal function of the injection system.
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Section 4
MAINTENANCE

MAINTENANCE PROGRAM

The effluent disposal system for the PBCWUD System No. 9
represents a sizeable investment and requires a sound
maintenance program. This section is intended to help the
operator and management implement such a program.

Repairs that have to be made on a breakdown or emergency
basis are ultimately more expensive than preventive main-
tenance and also cause considerable annoyance and
disruption. Thus, a good maintenance program contributes to
successful operation by minimizing both expensive emergency
repairs and unexpected disruption of the operating schedule.

A good maintenance program requires an effective records
system which the operator must maintain. This system will
show when maintenance is due and will provide a record of
equipment performance.

The responsibility for general and preventive maintenance
resides with the operator. It is imperative, therefore,
that all operations personnel be familiar with the schedule
of required maintenance, and that they ensure that
preventive maintenance is carried out in a timely manner,

MAINTENANCE AND LUBRICATION RECORDS

All mechanical equipment in the effluent pumping system
requires periodic inspection, lubrication, and adjustment.
While performing such maintenance, ALWAYS REFER TO THE
INDIVIDUAL MANUFACTURER'S OPERATION AND MAINTENANCE MANUALS
FOR DETAILED RECCMMENDATIONS, INSTRUCTIONS FOR PERFORMING
MAINTENANCE DUTIES, AND SPECIAL STARTUP PROCEDURES.

CARD FILE SYSTEM

Various forms of card file systems, such as single cards,
three-card systems, edge-punched cards, and cards with color
tabs, are available from office supply houses., The single
card system, which uses ordinary ruled 5 x 8-~inch or 8-1/2 x
ll-inch cards, is appropriate for plants where a single
supervisor is solely responsible for maintenance and record-
keeping; this system is recommended for the City of Margate
facility. A single card should be filed either alphabet-
ically or by equipment number for each item of equipment.
The equipment card should contain the following information:

1. Name and lccation of equipment
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2. Name of manufacturer or supplier
3. Cost and installation date

4. Type, style, model

5. Capacity, size, rating

6. Serial and code numbers

7. Nature and frequency of maiﬁfenance and
calibrations

8. Proper lubricants, coatings

The back of each card is used to record the date the work is
performed, the type of work, and the initials of the person
performing the tasks. Corrective maintenance tasks may also
be noted on the back of the card to provide a complete
record ¢of all maintenance work performed on the equipment.

EQUIPMENT SUPPLIERS

A list of the manufacturers and their regional represen-
tatives is provided in Table 4-1, Major Injection System
Equipment Suppliers, for the surge control components,
valves, and injection and monitoring instrumentation used on
the second injection system. The manufacturers or their
representatives should be contacted to obtain spare or
replacement parts and for information about unusual
problems. Changes in addresses, phone numbers, and
representatives' names should be recorded for future
reference. A supply of replacement parts should be
purchased ahead of time and kept on hand for emergency use.

The respective manufacturers or their representatives must
be contacted for repair service on equipment under warranty.
Unauthorized repair by plant personnel or others could void
the equipment warranties,

MECHANICAL MAINTENANCE

Mechanical maintenance is of prime importance in keeping the
equipment in good operating condition to maintain satis-
factory performance. Disabled or improperly working
equipment is a threat to the injection well system's
capability to provide the required service,

Operating persconnel should thoroughly read the equipment

manufacturers' information on the mechanical maintenance of
equipment and should understand the procedures discussed.
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Table 4-1
MAJOR INJECTION SYSTEM EQUIPMENT SUPPLIERS

Equipment Items Service Representative

Injection Pumps Worthington Division
McGraw Edison Co.
2550 W. Oakland Park Blvd.
Ste. 215
Ft. Lauderdale, FL 33311
305/484-1411

Surge.Tank and Air Compressor Hydro Pumps
3441 N.E. 12th Terrace
Ft. Lauderdale, FL 33334
305/563-3133

Instrumentation and Control C.C. Control Corp.
(including flow meters, panels) 7321 southern Blvd.
Ste. Cl

West Palm Beach, FL 33413
305/684~-3547

Electrical Equipment Edwards Electric Corp.
7321 Southern Blwvd.
West Palm Beach, FL 33413
305/683~7066

valves American-Darling Valve
P. 0. Box 2727
Birmingham, AL 34202
205/325-7861
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The preventive maintenance program is designed to help
operating personnel keep all equipment in satisfactory
operating condition, Also, it will aid in correcting
malfunctions before they develop into major problems.

The following are general checklists of maintenance items
required at various operating intervals.

DAILY OPERATION

Check pumps, packing,rvalves, check wvalves, and
motors.

Perform necessary running lubrication.
Check to see if motors are running unusually hot.
Check pumps for noise or vibration.

Check the water level in the surge tank,

WEEKLY OPERATION

1. Wipe down all machinery.

2. Perform required lubrication.

3. Tighten packing glands, making sure that there is
an adequate amount of water leakage.

MONTHLY OPERATION

1. Operate all valves after pump shutdown. Valves
should be fully opened and closed.

2. Review and check alarm system.

3. Perform ail scheduled maintenance.

4, Run specific injectivity test as described in

Section 3.

QUARTERLY OPERATION

Collect monitoring well water quality samples and analyze.

YEARLY OPERATION

1.
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2. Dismantle pumps one at a time. Check impeller,
shaft sleeve, shaft, and pump bowl. Replace worn
equipment and parts as necessary.

3. Perform all scheduled maintenance.
4, Review monthly and quarterly monitoring reports
and look for any change or trend in any of the

monitoring parameters.

ELECTRICAL MAINTENANCE

Major electrical equipment should be maintained by
qualified, experienced electricians in accordance with the
recommendations of the manufacturer, although some
inspection, lubrication, and simple routine maintenance may
be done by plant maintenance personnel.

These maintenance instructions are general. Maintenance of
individual pieces of equipment should be performed specifi-
cally in accordance with the recommendations of the
manufacturer. Operating procedures and unexpected ambient
conditions such as excessive rain, wind, dust, and/or
vibration may dictate maintenance schedules different from
those recommended herein,

Electrical equipment is dangerous, and especially so for
unqualified people. Use the following safety procedures:

1. Have qualified electricians perform all but simple
routine maintenance.

2. Do not wear loose clothiﬂg, ties, or long hair
around rotating machines.

3. When inspecting energized equipment, wear safety
glasses to avoid injury to the eyes.

4. BEFORE DISASSEMBLING OR WORKING ON ELECTRICAL
EQUIPMENT, MAKE SURE THE EQUIPMENT IS
DE~-ENERGIZED. Such work should be performed by
qualified, licensed electricians only.

5. Tag the open breaker or disconnect, and, if
possible, lock it in the OPEN position.

6. Advise the plant operator that the unit is going

out of service and that power to the unit is to
remain disconnected until further notice.
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MAJOR MAINTENANCE

The following work items should be performed. in accordance
with the manufacturer's instructions, but not less often
than once per year, and more often if the equipment is in an
environment of excessive dirt or vibration.

ELECTRICAL EQUIPMENT

The following applies to all electrical equipment that
contains contact-making devices (circuit breakers,
contactors, switches, relays, etc.), electrical coils
(transformers, reactors, solenoids, etc.), electrical
terminations, insulators, or accessible electrical wiring or
busses.

1. Open equipment and wipe insulators and busses with
clean, soft, lint-free rags. Clean interior with
soft brush or vacuum cleaner.

2. Check all accessible electrical terminations and
connections, including terminations of power and
control cables, bolted bus connections, and all
accessible ground connections. Check visually and
with a screwdriver or wrench; tighten loose
connections., Taped connections need not be
checked.

3. Record the voltage at each power and distribution
transformer's secondary, both loaded and unloaded.
Compare with previous readings. Change taps or
contact the power company if voltage is more than
5 percent high or low.

4. Inspect contacts on switches, contactors, circuit
breakers, disconnects, and relays if the contacts
are accessible. Dress or replace contacts if they
are pitted or burned. Replace contacts in pairs,
rather than single contacts.

INSTRUMENTATION AND CONTROL (I&C) MAINTENANCE

These maintenance instructions are general. Maintenance of
individual pieces of equipment should be performed specifi-
cally in accordance with the recommendations of the
manufacturer. Operating procedures and ambient conditions
of dirt and vibration may dictate maintenance schedules
different from those recommended herein.

Modern I&C equipment requires little maintenance if it is in

the proper environment. It must be kept clean, cool, and
dry. If the equipment is chosen and designed properly, it
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will withstand ambient temperature and dampness and needs
only to be kept clean by periodic maintenance.

Every 3 months, open the instruments and/or withdraw them
from their cases; inspect the instruments, and clean with a
soft brush. Those instruments which have moving parts
should be lightly lubricated in accordance with the
instructions of the manufacturer. Do not over-lubricate.
Check for interferences between moving parts. Fill ink
reservoirs on recorders. Look for sources of unusual heat,
sound, or odeors.

Check the calibration annually on instruments, gauges, and
pressure switches., If possible, they should be calibrated
in-place, using the piping, wiring, and fluids of the
processes, calibrating a whole subsystem at once. This
method is cheapest and most reliable because it does not
require removing the instrument, and it avoids errors such
as bad connections and leaks on reinstallation. The
disadvantages are that it may disrupt the process, and it
may be difficult to obtain sufficient accuracy and range.

Calibrate pressure gauges and pressure switches by
connecting to a pressure header with a bleed valve and a
pressure valve connected to an air tank. Use a gauge of
known accuracy and recent calibration for a reference.

Check set points of pressure switches on increasing or
decreasing pressure. Gauges and pressure switches should be
checked annually.
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Table 4-1
MAJOR INJECTICON SYSTEM EQUIPMENT SUPPLIERS

Equipment Items Service Representative

Injection Pumps Worthington Division
McGraw Edison Co.
2550 W. Oakland Park Blvd.
Ste. 215
Ft. Lauderdale, FL 33311
305/484-1411

Surge Tank and Air Compressor Hydro Pumps
3441 N.E. 12th Terrace
Ft. Lauderdale, FL 33334
305/563-3133 '

Instrumentation and Control C.C. Control Corp.
(including flow meters, panels) 7321 Southern Blvd.
Ste. Cl1

West Palm Beach, FL 33413
305/684-3547

Electrical Equipment Edwards Electric Corp.
7321 Southern Blvd.
West Palm Beach, FL 33413
305/683-7066

Valves American-Darling Valve
b. 0. Box 2727
- Birmingham, AL 34202
205/325-7861
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Section 5
SAFETY

Although the establishment of a safety program is primarily
management's responsibility, day-to-day participation in the
program is the responsibility of all employees. This
section presents an overview of the safety program recom-
mended for the City of Margate facility.

GENERAL, PRECAUTIONS

Written emergency instructions must be placed in the pump
station electrical enclosure and must be accessible to all
personnel. Such instructions should include the following:

1. The telephone number and address of the nearest
doctor, the company safety office, and emergency
numbers for fire department, electric power
company, and police station.

2. First aid instructions.
All personnel should be trained in first aid. Instructions
in first aid should be given annually. Drills, particularly
resuscitation exercises, should be conducted periodically.

The major hazards to which an employee may be exposed at a
deep well installation are:

1. Physical injuries
2. Infections )

3. Electrical shock
4, Burns

5. Drowning

Physical injuries can be minimized by an established
employee training program; adequate lighting; an orderly and
scheduled goocd housekeeping program; proper protective
clothing such as safety shoes, harness, and hard hats;
proper identification of all equipment; and maintaining the
disconnecting equipment in good repair.

A potential for infections exists due to the nature of the
effluent and daily employee exposure., Infections can be
controlled by personal hygiene, inoculations, especially for
typhoid and tetanus, and protective clothing. Rubber
clothes and gloves should be available for protection where
needed.

Electricity is a hazard that requires careful attention.
Ordinary 110-volt electricity can be fatal. Since
electricity kills by paralyzing the nervous system and
stopping muscular action, it is essential that the victim be
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freed from the live conductor promptly by use of a dry stick
or other non-conductor. Never use bare hands to remove a
live wire. A qualified person should start mouth-to-mouth
resuscitation immediately and continue until breathing
starts, or until instructed by a physician to stop.

It is important that all operating personnel understand the
necessity of using available safety equipment at all times.
There is no excuse for injury or damage if proper equipment
is available but not used,

ACCIDENTS DO NOT HAPPEN; THEY ARE CAUSED.

Recommended general publications on safety and environmental
regulation are listed in Table 5-1, Recommended
Publications.

SAFETY EQUIPMENT

All safety equipment must be checked, cleaned, and repaired
at regular intervals. A list of typical safety equipment
includes the following:

1. One complete first aid kit
2. At least one fire extinguisher in each building

3. One portable blower with hose attachments for
ventilating tanks and manholes

4, Adequate warning éigns

5. One self-contained air supply appliance for use in
the chlorine building. This must be available for
use anywhere in the plant in the event an
emergency occurs either with a noxious gas or
where an oxygen-deficient condition occurs.

Refer to Safety in Wastewater Works, WPCF Manual of Practice
No. 1, for safety equipment and procedures for operation and
maintenance of sewerage systems.

ACCIDENT REPORT

In the event of any injury, the following action should be
taken:

1. Notify supervisor as soon as possible within
24 hours. If necessary, seek medical attention.

2. Fill out the Supervisor Investigation Report Form
within 24 hours of accident.

3. Fill out the Worker's Compensation form.
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Table 5-1
RECOMMENDED PUBLICATIONS

Safety in Wastewater Works

Manual of Practice No. 1

Water Pollution Control Federation
3900 Wisconsin Avenue

Washington, D.C. 20016

U.S. Department of Lahor--0QSHA

General Industry Safety and Health Regulations
Occupational Safety and Health Administration
Washington, D.C.

National Electric Code Handbook

NFPA No. 70

National Fire Protection Association
470 Atlantic Avenue

Boston, MA 02210

U.S. Department of Labor

Municipal Employees Safety Program
Bureau of Labor Standards
Washington, D.C.
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Note that failure to follow proper reporting procedure may
result in disqualification for benefits under Worker's
Compensation law.

Accident report forms may be obtained from the plant
supervisor.

PERSONAL SAFETY PRACTICES

This section gives some general safety practices which
should be followed on a daily basis in operating

any equipment at the City of Margate. The importance of the
proper use of safety procedures and equipment around a
sewage treatment plant cannot be overemphasized.

Basic personal safety measures include the following:

1.

2.

10.

11,

12,

TMC1/105

To avoid back strain, 1lift equipment straight up,
using leg muscles instead of back muscles.

Ensure that first aid equipment is readily
available for treating minor cuts, burns, and
wounds.

Place suitable rubber mats in front of all
high-voltage equipment switchboards,

Pick up all tools and practice good housekeeping.
Keep walkways free of grease, 0il, and ice.

Do not use electrical panels as racks for clothing
or tools.

Do not use gasoline as a cleaning fluid.

Do not inhale solvent fumes.

Use portable lighting equipment to provide proper
visibility in areas where permanent lighting
facilities are not available,

Regularly practice putting on and using respira-
tory-protective equipment to ensure quick, proper
use in times of emergency.

Promptly replace guards which have been removed
for servicing belts, gears, and other exposed
moving machine parts.

Adequately mark pipelines and faucets that contain
non-potable water.
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13.

The creation of a safe working atmosphere with
adequate ventilation is always preferable to wear-
ing any type of respiratory-protective equipment.
Portable blowers should be provided for
ventilating tanks, pits, and manholes. Under some
conditions, an air compressor can be used for
induced ventilation.

PREVENTING INFECTION

New employees, at their discretion or as required by city
policy, should have a series of three injections of typhoid
vaccine followed annually by booster shots and, at 3-year
intervals, with another series of shots. All employees
should receive yearly booster shots for tetanus. Other
measures for preventing infection include the following:

1'

2.

Use rubber gloves when in contact with areas
subject to sewage contamination.

Wash hands freguently.

Give prompt medical attention to any injury that
breaks the skin.

Keep fingers out of the mouth and keep fingernails
short. Remove foreign materials from fingernails
with a knife, nail file, or stiff soapy brush.

Do not smoke when hands are contaminated.

Prominently display accident-prevention
instructions including the following:

o . Names, telephone numbers, and addresses of
the nearest physicians, fire stations,
police, and sheriff.

o The location and directions for use of the
nearest respiratory-protective equipment.

o First aid directions for common physical
injuries.

o Procedure for the mouth to mouth,
cardiopulmonary, back-pressure, arm-1ift, and
prone-pressure methods of resuscitation.

PROTECTIVE CLOTHING

Guidelines for protective clothing use include the

following:
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Wear protectivé hats in all areas designated as
hard hat areas.

Use ear protectors in areas of high noise levels.

Use hoods and safety glasses where there is danger
from splashes of corrosive chemicals.

Wear safety glasses when using grinding wheels or
other work that might involve objects which could
fly into the eyes.

Wear welding masks at all times when welding.

Use protective creams to protect the skin from
contamination by oils, greases, paints, and dust.

Wear leggings and knee pads to protect knees
against bruises on jobs which require kneeling for
long time periods.

Wear safety shoes, toe guards, and nonsparklng
footwear where conditions indicate.

ELECTRICAL SAFETY

Guidelines for electrical safety include the following:

1.

TMC1/105

Never check or repair any instrument or equipment
unless you have made sure that it is disconnected
from the source of energy.

When working near electricity, do not ground your-
self on pipes or drains.

Allow only authorized, properly trained people to
work on electrical equipment or to make repairs.

Keep all electrical controls accessible and well
marked. Post warning signs at appropriate places.

Place rubber mats on the floor in front of elec-
trical panels.

Never use metal ladders around or beneath
electrical equipment. Do not raise pipes or other
metal into electrical gear above.

Treat all wires as though they are "live" wires,
including those in circuit breakers.

Ground all electrical tools.



9. In case of electric shock, free the victim from
the live conductor by use of a dry stick or other
non-conductor. Never use bare hands to remove a
live wire. Immediately apply artificial respira-
tion until breathing is restored or until
instructed by a physician to stop.

10. Carbon-dioxide type fire extinguishers should be
used around electrical equipment.

1l1. Before disassembling or working on electrical
equipment, make sure the equipment is
de-energized. Tag the open breaker or disconnect,
and, if possible, lock it in the OPEN position.

In addition, ground all phases rated higher than
600 volts.

LABORATORY SAFETY

The dangers of laboratory work include risks such as
exposure from improper storage, faulty technigues, burns,
poisons, explosions, improper handling or disposal, elec-
trical shock, toxic fumes, and fires,.

Many hazardous chemicals are supplied at the wastewater
treatment plant for routine analysis of required biological
parameters. Plant personnel should take special care when
handling these chemicals in order to avoid injury. The most
hazardous chemicals found in the plant laboratory are:

1. Acids~-sulfuric acid solution, concentrated
sulfuric acid, concentrated phosphoric acid,
acetic acid (glacial), and hydrochloric acid.

2. Alkalies=--~sodium hydroxide (pellets).

3. Miscellaneous--potassium dichromate solution and
crystals, arsenic trioxide powder, iodine
crystals, standard phenylarsine oxide solution,
and mercuric sulfate reagent,.

NOTE: Arsenic trioxide, mercuric sulfate, and standard
phenylarsine oxide solutions are extremely toxic, and
special care should be taken when handling these chemicals.
Always wash hands immediately after using these chemicals
and never pipette these solutions by mouth; use a pipette
bulb.

Other safety considerations include the fcllowing:

1. Provide a special container for disposal of all
broken glassware.
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11.

12.
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When using volatile solvents, bases, or acids,
work under a ventilated hood. Keep your head out
of the hood.

Add concentrated acid to water and not water to
the acid. If a person is splashed with acid,
apply large volumes of water immediately to
prevent serious burns.

Control grease fires by using a carbon-dioxide
type extinguisher.

USE SUCTION BULES ON PIPETTES TO AVOID CONTACTING
CONTAMINATED PIPETTES WITH YOUR MOUTH AND TO AVOID
SUCKING ACID OR BASE INTO THE MOUTH.

When handling dangerous chemicals (as listed
above), use rubber apron and face shield.

When connecting rubber tubing to glass tubing,
wear rubber gloves.

Use laboratory ventilation equipment to prevent
the accumulation of fumes and dust.

Do not smoke or eat in the laboratory.

Store cylinders of oxygen in a separate well-
ventilated section of the laboratory.

Provide a carbon-dioxide fire extinguisher in the
laboratory in a readily accessible location,

Isolate all oil and petroleum products from
chlorine gas and HTH (calcium hypochloride) to
prevent explosion.
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Appendix A

INJECTION SYSTEM DESIGN CRITERIA

EFFLUENT INJECTION PUMPS

Number

Capacity (each)

Maximum

SURGE SYSTEM

Tank

Air Compressor
Capacity
Operating Pressure

INJECTION WELL (IW-2)

Injected Flow
Measured

Recorded

Injected Pressure
Measured

Recorded

Casings

MONITORING WELL (M-2)

Casings, Floridan Well

Pressure Upper & Lower Zones

Recorder

TMC2/d4.9

4 horizontal electically driven

centrifugal pumps

2 @ 1,400 gpm
2 @ 3,000 gpm
12.7 mgd

6,000 gal

20 SCFM
100 psig

Venturi Flow Element 10.5 mgd
maximum

Fisher and Port 0 to 7,500 gpm

Flow element and differential
flow transmitter
Fisher and Porter 60 psi

54 in/250 ft

44 in/971 ft

34 in/1,801 ft

24 in/2,651 ft
Cpen/2,651~3,300 ft

24 in/250 ft

16 in/970 ft

6 in/1,699 ft

Zone 1, Upper Monitor,
open/970~1108 ft

Zone 2, Lower Monitor,
open/1,699-1,800 ft

Fisher and Porter
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VENTURI FLOW TUBE

Model: Badger Meter 24 inch PMT-~1
Plastic Insert Flow Tube
With 504 Stainless Steel Throat

Throat: 9.783 Inches Diameter
Max
Flow Rate: 7,200 gpm at 227.04 Inches Water
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Lo-Loss®
Plastic Insert Series

Technical
Brief

Description

The plastic insert series of the Badger Meter
Lo-Loss® is a modified venturi flow element. It has
greater rangeability and a lower permanent
pressure loss than any other differential-producing
primary element. The unique configuration of the
Badger Lo-Loss flow element is designed for
insertion within a pipe and then secured by the
companion flanges. The insert series is constructed
of tiberglass reinforced polyester resin with throat
materials of PVC in the PMT-IP series and either
bronze or stainless steet in the PMT-{ series. The
PMT-1 or PMT-IP utilizes a cast thermo-setting resin
with exact diameter dimensions to set in the throat
liner.

1. PMT-IP: The PMT-IP Lo-L.oss is an insert
pressure differential device constructed of a
fiberglass reinforced polyster resin body and a
precision-machined PVC throat section without
an annular chamber.

2. PMT-I: The PMT-I Lo-Loss is an insert pressure
differential device constructed of a fiberglass
reinforced polyster resin body with either a
bronze or stainless steel precision machined
throat section. Two versions exist — the PMT-I
which has an annular chamber and the PMT-IL
which has none.

Applications :
The plastic insert series of the Lo-Loss is designed
to measure full-pipe clean fluids or clean gases with

e AL
Lo PRESSUS Coommt C FioM

FLOW ==l
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) % Badger Meter,inc.

Ctosed Pipe File

2% or less solids concentration. The inserts can be
manufactured in standard sizes from 4” to 24" pipe
diameters.

Piping Requirements

The Lo-Loss flowmeters may be either horizontaty
or vertically mounted. A well-developed
symmetrical velocity profile is required. General
practice reguires the pipe to be maintained full and
the upstream piping be sufficient to assure profile
conditioning. Refer to ASME Fluid Meters, Bth
Edition, Page 180, for generai conditions. The:
Badger Lo-Loss requires one pipe diameter less
than the classic venturi.

General Specifications

ACCURACY:

Within the specified flow range and piping
configurations the Lo-Loss flowmeters produce
accurate measurements of

+.75% uncalibrated
+.25% calibrated

PRESSURE LOSS:

The permanent pressure loss of the Lo-Loss is
expressed as a percentage of the differential
produced as givenin Table 1 andisthe lowest of any
differential-producing type primary element.

BETA RATIO:

Badger Meter is the only manufacturer of
differential pressure producing devices that can
furnish beta ratios for the Lo-Loss from .35 t0 .85.By
custom computer designing a Lo-Loss to the exact
flow conditions with the proper beta ratio, Badger

can guarantee the most accurate and reliable primary

element with the lowest permanent pressure loss.

Operating Conditions

The plastic insert series for the Lo-Loss primary
device operates within the following temperature
and pressure ranges:

1. Temperature 32°F to 80°F
Pressure Less than 500 psi

2. Temperature 81°F to 200°F
Pressure Less than 50 psi

P.0O. Box 581390

- Tulsa, Oklanoma 74158
(918) 836-B411

Telex: RCA 203605



TABLE 1
PLASTIC INSERT SERIES
LO-LOSS® FLOW TUBE CAPACITIES
(Water at 60° F.)

Pipe  Throat °s  Approx. Laying APPROXIMATE CAPACITIES (Maxi Difterential in tnches of Water)
Size Diameter Head Length Inches Million Gallons per Day Galtons per Minute
Inches Loss Insert* 42.39" 75.36" 117,757 301.34" 42.39° 75.36" 117.75" 307.44"
2.529 53 “15%a 300 400 1 500 |7 8o T[T 2083 277.7° _347.2 555.5
6 3.114 4.2 13Y1s .450 800 U750 712001 3125 416.6 520.8 833.3
4.000 3.3 8%s 750 1.000 |- 1.250  -]° 2,000 ] 5208 694.4 - 868 1389
4.428 2.8 8%1s 9375 1.250 15625 1. 2500 |- 651 868 1085 - 1736 .
3.466 5.0 19'%¢ 562 750 .937 1.500 390.3 520.8 650.7 1041
4.018 4.3 177e 750 1.000 1.250 2.000 520.8 694.4 868 1389
8 4.919 3.7 145 1.125 1.500 1.875 3.000 7813 1041 1302 2083
5.978 2.8 10¥s 1.725 2.300 2875 | 4600 | 1198 1597 | 1998 3194
3.991 57 26Y4 780 1.000 [ 1.250 -. 2000} 5208 694.4 868 1389
4919 4.4 22%, 1.125 1.500 1.875 3.000 . 7813 1041 1302 2083
10 6.343 3.5 15%4 1.875 2,500 3.125 - 85000 [ 1302 1736 2170 472
6.807 3.1 12Y2 2.250 3.000 3.750 2083 2604 4167
7.710 2.6 13%, 2.906 3.875 4.844 2691 3364 5381
4.892 57 K3 1.125 1.500 1.875 1041 1302 2083
12 5675 4.6 284 1.50C 2.000 2.500 1389 1736 2778
6.966 4.0 23%, 2.250 3.000 2083 2604 4167
8.000 34 171 3.000 4.000 2778 3472 1 5556
5.600 57 36Y2 1.500 2.000 1389~ A73677 [ 27787
£.958 4.4 30V 2.250 3.000 2083 - |© 2604 4167 -
14 8.044 3.9 237 3.000 4.000 2778 T
9.757 31 22%s - 4.500 6.000° 4167
10.328 28 1872 5.250 7.000 . 4861
6.932 R 39%g 2.250 3.000 2083
16 8.036 43 3.000 4.000 2778
9838 | 36 4.500 6.000
T80 {498 23000 | 4,
18 9.849 |- 3.9 4.500°
12,592 | -3.0¢ 17,500
9.839 4.4 4.500
20 13.813 3 9.000
15602 | 25 12.000
’ - 9.783 5.7" 4.500
24 13.931 39 9.000
16.000 33 12.0600
17.677 28 15.000

*Flange thickness for model PMT-I: Pipe Sizes 4” and smaliler, flange thickness is 1-1/8": Pipe Sizes 6" and larger,
flange thickness is 1-3/8".

Design Notes .

Recalibration with New Flow or Differential Pressures , : :

Maximum differential pressures listed under “Approximate Capacities” are for specific throat diameters
for each flow tube. To determine different pressures or flow rates the following formulas can be used:

1. Differential Pressure 2. Flow Rate
2 : A 14, -
M) X Known AP = New AP New AP __ /2 X Known Flow = New Flow
Known Flow Known APJ i
Examples: - ST
AP = 4239 inches 6" Pipe -- - -- "7
6" Pipe Existing Q = 1.125Mgd
Existing Q = 1.125 Mgd Existing AP = 42.39 inches
Throat Dia. = 4.29 inches Throat Dia. = 4.29 inches
New Q = 3.0 Mgd New AP = 50 inches
ap = (38 Y* ' 4239 = 301.44 inches Newa = (350 Y% , 4455 - 20Mgd
(1.125 ) X 4e 01.44in 42.39 g

AR rights reserved. All data subject to change without nolice. -
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- BadgerMeter,inc.

P.0. BOX 581390 LIFFERENTIAL ELEMENT
?Hgfﬁﬂﬂiﬂﬁﬂfﬁgaumg FRIMARY DATA/CALCULATION SHEET
(918) 836-8411 @ TELEX: RCA 203605 WATER CALCULATION - VOLUMETRIC FLOW

DATE 7MARAGS

BADGER 5.0, NO, I1-34556

CUSTOMER €.C., CONTROLS INC.

CUSTOMER F. 0. NG, i

USER CITY OF WEST PALM BEACH. FL

CONSULTING ENCR.

LO-LOSSOATA:

LO-LOSS STYLE PMT-1I SERIAL NO. I-345¢&
NOMINAL SIZE 24 TAG SYETEME #7
THROAT L[r1A (IN.) 9.783 BOLY MATERIAL -FLASTIC
BETA RATIO +y3lé THROAT MATERIAL 8304
TAF SIZE i/74 FLANGE MATERIAL FLASTIC
TAF LOCATION INTEGRAL
LDIFFERENTIAL FRESSURE IS 227.04 INCHES WATER AT 7200 GFM,
FERMANENT PRESSURE LOSS IS 5+3% ¥ OF DIFFERENTIAL,
FERMANENT FPRESSURE LOSS 1S 2.14 INCHES OF WATER AT 7200 GFM,

FLUID DATA
FLUID WATER OFER. SF. GR, + 99775
OPER.FRES, (PSIA) &9.7 BASE SP.CR. 1.,00017
OFER. TEMF. (F? 80 - OFER.,VISC. (CF) 857

) BASE TEMP. (F) &0

FLOW ZATA
MAX. FLOW (GFM) 7200 FIFE REYNDOLDS NO. 1128933
NORM. FLOW (GPM) 3040 FIFE REYNOLDS NO. 7702353

CUSTOMER FIFELINE & FLANGE DATA
NOM.PIFE SIZE 24 PIPE MATERIAL METAL
FIPE SCHEL/CLASS 10 FIPE I.0. 23,5
FLANGE TYPE ANS1 FLANGE RATING 123

AFFLICABLE DOCUMENTS:
INSTALLATION/AFPROVAL PRODUCTION
L L I R L N B O B RY RE NN BN N NN NN ) LA N I B B I IR O N R S )
LN NN E R NN I N I N NN I Y LA AR IR B I IR K B K IR B B A I N )
LA IR I NN B B BN B R BN B NN ) LA I B B IR 25 2 BN N B BRI TR S Y

LR SR AR IR B BN IR BB N A R R R N N NN ) LS A R N K BN R B BN IR N I IR N RN

. REFERENCE: FLOW METER ENGINEERING HANDBOOK, C.F.CUSICK, 3RD ED.,, 1961

CERTIFIED CORRECT BY: + DATE:

PREPARED BY :RV o



- BadgerMeter,Inc.

gﬁfg@?gﬁ%ﬂwEr DIFFERENTIAL ELEMENT
\ TULSA, OKLAHOMA 74158-1009 SUPFLEMENTARY DATA SHEET
(918} 838-8411 » TELEX: RCA 203605 WATER CALCULATION - VOLUMETRIC FLOW
BATE 7MARBS
BADGER S.0.nND. 1-3455%
CUSTOMER C.C. CONTRCOLS INC,
CUSTOMER F.0D.NO,
USER CITY OF WEST PALM BEACH,. FL

CONSULTING ENGR,

LO-LOSSDATA: ,
LO-LOSS STYLE FMT-1 SERIAL NO. 1-34558
NOMINAL SIZE 24 TAG SYSTEMS #%

WORKING ERQUATION FOR LIQUID FLOW
GAL/HR AT BASE TEMPERATURE

RGH=340, 11(S) (FAY{D2) {(FHM) (FGE) (FCF) . (E@ 13, PG 9%)
QGH = 432000 FHM = 15.046794
§ = ,1528 FGEB = .99982
FA = 1.00022 FGF = .99587
02 = 552,25
) REYNOLDS NO. EGQUATION FOR LIGQUID FLOW
GCAL/HR AT BASE TEMFERATURE
RD=352, 6534 (AGHAY (GE) /(D) (L), (E@ 20, PG 973
QGHA = 302409 It = 23.5
GB = 1.00017 U = ,85753

NISCHARGE COEFFICIENT =,84838



. BadgerMeter,inc.

P.0. BOX 581390 . TR
6116 EAST 16th STREET DIFFERENTIAL METER

* TULSA, OKLAHOMA 74158-1009

'(918) 836-8411 e TELEX: RCA 203605 FLOW VS DIFFERENTIAL CALCULATIONS
BADGER &.Q. 1-3454&
DATE 7MARBS _
CUSTOMER C.C. CONTROLS InNE,
ELEMENT 23,500 X 9.783 LO-LOSS
SERIAL NO{(S: I-345& S
TAG INFO. SYSTEMS #9
FLUID WATER THROAT I.D.(IN) 2, 783200
OFER.TEMP. ¢(F 80, 00O FIPE I.0.{IN) 23, 50000
OFER.FPRES. (PSIA) &9, 7000
RESOLUTION ' 1.000 FERCENT OF MAXIMUM
DIFF.UNITS INCHES OF &48F WATER
FL.OW LDIFF FLOW OIFF FLOW DIFF FLDW FF
(GPM) (IND {GCFM) (IN) {GPM) (IR (GPM (IND
7200 227.0 7128 222.5 7056 21i8.0 &£984 213.56
6912 209,22 &840 204,9 6768 200,48 6695 196. 3
bE24 192.1 A552 1a8.¢ &480 183.% 6408 179.8
6336 17%.8 6264 171.8 6192 167.9 6512 144,00
L0048 160, 2 5976 15&6.4 5904 152, 5832 148.9
_ 5760 145.3 5688 141.7 5616 1238.1 5544 134,46
) 5472 131,12 5400 127.7 5328 124.3 o258 120.9
S184 117.7 5112 1i4.,4 5040 111.2 4948 108.0
4894 104,9 4824 10L.9 4752 28,89 14680 95.22
44608 72.99 4535 20,10 4q4é 87.24 4392 84,47
4320 81.72 4248 79.02 417646 74,38 4104 73.7%
4032 71,19 37960 58,67 3888 56.19 3816 563.76
3744 al.38 3672 59.04 3600 546.75 3528 54, 50
3456 52.29 3384 50.14 3312 48,03 240 45,96
3148 43,94 3094 41,94 3024 40,03 2952 38,15
2880 36.31 2808 34,52 2736 32,77 2664 31.07
2592 29.41 2520 27 .80 2448 26.23 2376 24,71
2304 23.23 2232 21,80 21460 20,42 -2088 19.08
2016 17.78 1944 146,54 1872 15,33 1800 14.18
1728 13.06 156546 12.00 1584 10.98 1512 10,00
1440 2.074 1348 8,188 1296 7.349 1224 6. 554
1152 5.806 - 1080 S5.102 1008 4,444 F36.0 3.832
844.0 3. 265 792.0 2.743 720.0 2,264

THIS CALIBRATION DATA MAY DIFFER FROM THE NORMAL SGUARE ROOT RELATION EETWEEN -
FLOW AND DIFFERENTIAL PRESSURE DUE TO THE EFFECTS OF DISCHARGE COEFFICIENT VS .

REYNOLDS NUMBER- VARIATION AND/OR (IN COMPRESSIBLE FLOWS) ALDIAEBATIC EXPANSION.
EITHER OR BOTH.OF THE EFFECTS ARE INCORPORATED INTO THIS DATA AS APPROPRIATE.,

)



INJECTION FLOW TRANSMITTER

Model: Rosemount 1151DP5J22B1

Housing: NEMA 4

Flow Range: 0 - 7,500 gpm

Max

Flow Rate: 7,500 gpm at 245.2+ Inches Water
Output: 4-20 MA D.C. Linear

tmTMC1/106
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prlmary measuring ‘element?t is*"als

ment.

Becausa of * process “and eccmomfc*-

considerations, flow transmitters ,,mus_t

often be installed in harsh environmental ™

locations. The transmitter shouid, how-
ever, be located to minimize the effects of
temperature gradients and temperature
fluctuations, and to avoid wbratlon and

shock.
MOUNTING
.The 1151DP transmitter may be " sup-

acoessory mounﬁng braclcet.
:Process, connectlons on’,

1/2-NPT* conn 'ctions.m-'rhe ﬂange'
adaptero ’allow
eassly dlsconnected from tho process by
removing the flang

critical to-the accuracy of the measurow ag possiole

. avoid sediment deposits, and the trans-

ported by the piping connections If it ls S
mounted directly at thé poirit of measure- *
. ment,- or'_may : be-.wall. mounted..or > -~
mountod to a 2-inch pipe by means ofthe

“the trans- .
mitter ﬂanges are . 1/4-18 NPT Flanga-‘,
adapter unions are’ supplled which have_

,transmmer 2107 be::

5. Amblont temperature gradsems and
f_luctuations should be avoided.

For liquid flow measurement,” taps
should ba made to the side of the fine 1g: -

‘mitter, should be’ mounted’ besldo LOF,
balow the  taps so that gases. wnll vent into

the process line. For gas. ﬂow}meas res:

‘g

“'ment; taps §houid be made tome_ to ory’

:ng at least I mch perfociup

k toward the process connection for luquud

and steam -
3. Slope plpmg at least 1 inch per toot

'down toward the process connections

side of the line and thetransmitter houl '

" be mounted boside"or—a
jha

LT

dralnshouldbemo o'edupwar o allow
the g _ntlng ‘of ‘gases.. For gas: servlce Ity

procesy’ CO""W“ONS 0 "hﬂ ﬂanges arg# dralnfng ‘of any aécimolated Nquld “See

on 2-1/8" centers “to “allow direct’

mounting to orifice flanges. By rotating -

the flange adapters, connection centers
of 2”, 2-1/8" or 2-1/4" ¢3n be obtained.

To insure a tight seal on the adapter
flange, the following procedure should
be performed: finger tighten both bolts,
wrench tighten first bolt, wrench tighten
second boit, then retighten first boit.

" The transmitter body may be rotated in
the flanges for mounting convenience.

transmitter body. if the flanges are
horizontal (for example, to measure flow
in a vertical pipe) the transmitter must be
rezeroed to cancel the liquid head effect
caused by the difference in height of the
process connection,

{MPULSE PIPING

Proper focation of the transmitter with
raspect to the process pipe depends on

- Jhe: process.. ‘material.x:The - followmg

‘:-!houid beconsidered in detarmimng the ’
X . s SR

.-',Mmd 1n gas ling: (head eror)

Ve ,orrosrve or “hot . procass matanal

ransmitter.

Figure' 1. Side . vent/drains may be:.
chdnged from top to bottom by rotating
the process flange 180°.

Care should be exercised so that in
steam or other elevated temperature . )
services the transmitter temparaturo
limits are, not exceeded. .. . . ..

N LR TR :a&n- ﬂ- A

For steam service, li éd
with water to’ prevent contact of lhe tive
staarri “with the transmlrter. .Condensat

-9.: Wh
he side ol the:: conneaction close to the process taps and

ﬁurgo_ihrough equal lengths of the same
-~ suza"pipo;«Avold purgmg through lhe
transmmer o ; .

i apter bolts. The, should ‘be mounted ‘down to _allow e

Whé .ourgsng |s usad. make the purge..

TENE \,-‘- .

Slgnal terminals are located in the
electrical housing in a separate compart-
ment. Connections can be made by
removing the cover on the side desig-
nated-as “terminal side” on the name-
plate “The upper teminals are the signal
terminals and the lower termipals. are
test or indicator terminals (Figure 1).
The test terminals have the same 4-20 mA
-current signai as the signal terminals for
use with the optional indicating meter or

=mwst be kept out of contact with- tho,

chambers-are not necessary since the- fortesting: All power to the transmitter is

As iong as tha flanges are vertical, there.. yolumetric- displacement  of -the ,,,ns_m-supplied over the signal wiring, There is

is no shift in zero caused by rotating the

: - no -additional wiring required. DO NOT
mittef {5’ "eg"g'b"’ CONNECT POWERED SIGNAL WIRING

the transmitter must- transfer  the- blowout the duodem thetestconnection.

pressure seen at the process taps to thé‘ Jf .this should accidentally happen, the
tranismitter..Possible sourtes of orror in tést-connection can be jumpered for
this pressure transfer are:.-» > et Oparat!on of the transmitter.

1. Leaks.

2. Friction loss (parﬂcularfy if p
used). ..

Slgnal wnring need not be shieided, but
. " twisted- pairs shouid be used for best
fQ ng sy rasul Slgqal wiring shouldnotberun in
mi-v'ﬁ-&*&t'r t% i

¥ 3}\'-2{@" REE O )-\P\Lm"'“f“‘_;_
;Tomperature-lnduoaaadansity‘ varia =8,
- tion between logs {head error). + - - accumulation of mo:sture in the housmg,




FIGURE 1

PLUGGED TEES FOR

INSTALLATION

VENT/DRAIN

STEAM SERVICE OR
SEALING FLUID PLUGS
A
LY
SUFFICIENT
LENGTH
FOR COOLING
BLOCKING VALVES
A.VALVE 3-VALVE
- MANIFOLD
MANIFOLD NIFOL
FLOW

PLUG

3-VALVE
MANIFOLD

VENT/DRAIN PLUG

PIPE PLUG

LIQUID SERVICE

OPTIONAL SiDE MOUNTED

J-VALVE
MANIFOLD

VENT/DRAIN PLUG

| PIPE PLUG

GAS SERVICE

NOTE: FOR STEAM SERVICE DO NOT BLOW
DOWN IMPULSE PIPING THROUGH
TRANSMITTER. FLUSH LINES  WITH
BLOCKING VALVES CLOSED AND AEFILL
LINES WITH WATER BEFCORE RESUMING
MEASUREMENT. '

L OPTIONAL SIDE MOUNTED

WIRING CONNECTIONS

BN
+
POWER
I SUPPLY
U —
o] L
-

L VL S  JPE.F -*’-‘f-}‘.,-_:-v-‘_-'_-
SIGNAL LOOP MAY BE GROUNDED A
ANY. POINT OR LEFT UNGROUNDED

>
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. proof.fating for the instalied transmitter; -

7 approved lo_c_:atlons }+

power supply ripple of 1.
peak, the npp{e in thﬂ'

‘Bécause thetmnsm!tter seapacﬂange
coupled to ground, insulation res;stan
should not be checked: with, a . high
voitage megger. No moré than 100 volts .
should be used in clrcui: chacks Output
current 18" llmited to 30 mADC

13 i 86

HAZAHDOUS I.OCATIONS

R

"x.

 FIGURE 27/ sewmemn

B

$QUARE MOOT CURVE

nt order 1o -maintain the explosic

the following, condiuons ,must :
> {See” : Functionaf** Speclﬁca

Fdp iy M

mreads must not be damagad - and ulﬂply by%w to  get the percent of

2. The sensor houslng mhst be screwed;; . ; .,
into the electrical housing mth at least Example- 11510"4-3 calibrated to 0-50

five threads engnged A
3. Conduit must"’be_property mstalled
with lppropriate seals. -

4. If one of the conduit connections on
the housing is not used, it mustbeclosed .
with a threaded metal plug \mlh ai Teast’
five threads engaged.

50" Hzo The - equivalent
percent of flow for 3z Hzo is-
'determined‘as fol!ows

of calibrated flow.
To convert from a percent of the cali-
brated flow to the equivalent output
current, first divide the percent flow by

5. The sealing barrier between the circuit
side and the terminal side of the electrical
housing must not be damaged and the

terminal blocks must be intact. current and then add the 4mADC mini-

6. The retaining clips on the span and Mum output.Referring back to the above

example, the output’ cufrent for 80% of

adj ‘be in Iace
zero adjustments must be in p callbrated f!owrsdetermlnedasfollows

callbratlon

The 1151DP Flow Transrmtter ls
tactory calibrated to tha range shown-on - mmADC -b 4mADC.

the nameplate. This range . may. be .
changed within the limits of . the. 'RECOMMENDED' PROCEDURE FOR

transmitter. Zero may also be adjustedto’ .. CAUBRA'I"ON ADJUSTMENT
elevate or suppress zero. The span and’ The- 1510 Flow Transmitter has a 4-20

. zero adjustments are extemal and-. mADC- output which is proportional to

located under the nameplate. Span is th
~the'square root-of ‘the pressure bein
limited by 6..t° 1 ranging; for example, 0- maasal.?red Aswitching clr?::ntisdeslgnetgi
25 t0 0-150" H;0 on the mid-range unit. into the electronics such that tha squaring
Zero elevation and suppression adjust- . clrgult is deactivated when the differential
ments are llmlted.to 10% of flow span. mebolng measurod approgches -

feuites.

kinyn'

.-within the cailbmted spantoa percent ofqof fill:scale pressure: (equlvalent.to 20%
flow, first . express -the - pressure -as” "a:. of flow) and is notad]ustnblgﬂhocircmt
percent of calibrated span. Take the makes: a - smooth. transction»from the

root of this prassure percentage:m' '

-H; 0. The'’ calibrated span is -

100, Multiply this by the 16mADC output

ti:elovatlo

Dt

nge or dlscon-_
tmuny in output. Because'the !ransmon -

point is tixed and does not need adjust-*

ment only zero, span and Imeanty adjust-
ments are necessary.

Span and Zero Adlustment

The span and Zero adjustment screws
are accessible externally and are jocated
behind the nameplate on the side of the
electronics housing (Figure 3). The out-
put of the transmitter increases with
clockwise rotation of the ad]ustment
screws.

“The span adjustment screw has little or
no effect on zero. The zero adjustment
screw has little or no effect on span. As a
result, zero-can be set very fearly in-

-dependently of span- and vice versa.

Large changee In'span may cause a slight—

change in the zero posmon

TR ey

SPAN AnJusTMENT RANGE .

_Tha span on all’ 1151 transmitlers is’

continuously adjustable to allow catibra-
fion anywhere between maximum span
and /6 of maximum span. For example,
the span on a range 4.1151 can be con-
tinuously adjusted between 0-150" H,0
and 0—25" H, 0. -

'ZEHO ADJUSTMENT HANGE

"" el AN

-*f?‘ﬁfé" 610 adfi:stmem on an 1151 with J

= outputi Igjim!ted 10+ 10% of span. Zero -

u&m o Y suppression:are .not desir--
“The transition: point s fixed at 4% able. ‘because they would resuit in an

>

-output-arror- due 1o -the. square root
extraction. Zero based spans elirrunate .

this error.




FIGURE 4

FIGURE 3

ZERO AND SPAN ADJUSTMENT

ZERO —

SPAN

]
[
]
/
]

LINEARITY ADJUSTMENT
(4-20 mA OUTPUT)

LINEARITY
ADJUSTMENT
POT

DAMPING
ADJUSTMENT
POT

LINEARITY ADJUSTMENT

In addition to the span and zero adjust-
ments, there is a linearity adjustment
located inside the transmitter on the cali-
pration board (Figure 4). This is a factory
calibration and is not normally adjusted
in the field. Linearity is factory adjusted
for optimum performance over the cali-
brated range of the instrument. If it is
desired to maximize linearity over some
particular range, the following procedure
should be used: .

1. Apply mid-range pressure and note
the error between theoretical and actuat
output signal. Theoretical output signal

is 15.314 mADC at midpoint pressure.

based on endpoints of exactly 4.0 mADC
and 20.0 mADC. :

2. Apply full scale pressure. Multiply the
error noted in step 1 by 4.24 and by the
range down factor.

Maximum Allowgble Span
~ Calibrated Span

Rzange down factor =

Add the resuit to the full-scale output for
negative errors, or subtract the result
from the full-scale output for-positive
errors, by adjusting the timmer marked
“Linearity” (Figure 4). Example: At4to1
range down the midscale point is fow by

"

0.05 mA. Therefore, adjust “Linearity
trimmer until full-scale ocutput increases
by {0.05 mA X 4.24 X 4 = 848 mA.

3. Readjust span.
4. Readjust zero.

5. Recheck linearity and repeat steps 1-4
it necessary.

DAMPING ADJLjSTMENT
The J output amplifier board i2 designed to

permit damping of rapid pulsations in the
pressure source by adjusting the trimmer

- marked "Damping” tocated on the solder ~

side of the amplifier board (Figure 4). The
settings available provide time constant
values between 0.2 seconds (nominal) and
1.0 seconds. The instrument is calibrated
and shipped with this adjustment set at the
counterclockwise stop (0.2 second time
constant). it is recommended that the
shortest possibie time constant setting be
selected. Sincethetransmitter calibrationis
not influenced by the time constant setting,
the damping adjustment may be set with the
transmitter instalied on the process. Turn
the "Damping” adjustment clockwise until
the desired damping is obtained.

Caﬁtlon: The pot has positive stops at
bothy ‘ends. Forcing the pot beyond the
stops may cause permanent damage.

s'pan Correction for High
Line Pressures

High static pressure will cause a small
span shift in the transmitter. The span
change is —0.75 t 0.1% of reading/1000
psi for the 0-5/30" H,0O range unit and
-0.5 + 0.1% of reading/1000 psi for the
other ranges {0-25/150" H,0, 0-125/750"
H,0). This shift can be compensated
prior to installation by changing the span
calibration at zero static pressure.

EXAMPLE

It is desired to operate 0-25/150" H,0
range unit calibrated to 0-100” H,0 at a
line pressure of 1200 psi. The line pres-
sure effect will be:

—.5%

. X 1 i = —0.6%
7500 psi 200 psi 0.6

Since the full-scale output of the trans-
mitter will be lower by 0.6% when oper-
ated at line pressure, the span output
should be increased by 0.6% at 0 line
pressure (i.e., 0.6% of 16 mA = .096 mA).
The transmitter should be calibrated to
4 mA at 0" H,O and 20.095 mA at 100"
H,0.- ‘

.



blagk diagram in Figure 5 illustrates
f the system. A schematic
$hown in” the  Parts ‘ List

manual. -

" The “Rodemotint: Model 1151 Series’
ALPHALINE Pressure Transmitters have.
a. variable capacitance sensing element, -
-6-CELL:-{Figure: 6). :Differential:ca- ~

ithe.

' ,;pao'flanog,_b'e_t,vvgen,ihe sensing diaphragm -
and: the: capacitor- plates is converted
P electronically -to a 2-wire 4-20 mADG .

.signal. -,

) 'niig approach is based on the following
concepts:’

e ST G
R 2 oA
Where: P is the process pressura.
K is constant.
C,; is the capacitance between
=1 the high pressure side and the
. sensing diaphragm.

" _the low pressure side and the
sensing diaphragm.
2. lain = fVpp (Cy — Cy)
Where: lain is the difference in current
-~ : . from C, and C..
Vep is the peak-to-peak oscilla-

tion voltage.
t is the osciilation frequency.

R T T R Cy~C, -
=K, K = e D
P =K, X lan = Iret ST -

e

R o 7T SCNETR PP

...Cz Is the capacitance betwean -

L

- - ISOLATING -
DIAPHRAGM.

B

- CAPACITOR
.. .PLATES

SENSING
DIAPHRAGM

RIGID INSULATION

== SILICOMNE
SO’




Theory of Operation
THE &-CELL SENSOR

Process pressure is transmitted through
an isolating diaphragm and oil fill fluid to
a sensing diaphragm in the center of the
5-CELL. The reference pressure is trans-
mitted in like manner to the other side of
the sensing diaphragm. - :

The position of the sensing diaphragm
is detected by the capacitance piates on
both sides of the sensing diaphragm. The
capacitance between the sensing
diaphragm and either capacitor plate is
approximately 150 pF. The sensor is
driven by an oscillator at approximately
30 kHz and 30 Vep. It is then rectified
through a demodulator.

DEMODULATOR

The demodulator consists of a diode
bridge D1 through D8 which rectifies
the AC signal. (Refer to Drawing 1151-
0371 in Drawings and Schematlcs
Section.)

The DC currents through transformer
T101 windings 1-12 and 3-10 are then
compared in IC102A. This is the input to
the oscillator control circuit.

The DC currents through dicdes D2 and
D4 are ailgebraicaily summed. The net
current is directly proportional to pres-
sure, i.e.,

loin = tVpp (Cy — C3)

The diode bridge and a span tempera-
ture compensating thermistor are

located inside the sensor moduje. The,

effect of the thermistor is controlled by
resistors R4 and RS iocated on the com-
pensation board which is part of the
sensor module,

LINEARITY ADJUSTMENT
Linearity is adjusted by variable resistor

R101, two 10K resistors in 1C101 and

diodes D101 and D102, The current
generated through this part of the circuit
is summed into the input of the oscillator
control circuit. This provides a program-
med correction which raises the
oscillator peak-to-peak voltage to com-
pensate for first order non-linearity of
capacitance as a function of pressure.

OSCILLATOR

The oscillator, consisting of compo-
nents Q101, T101, C10S, C106,and R102,
has a frequency determined by the
capacitance of the sensing element and
the inductance of the transformer wind-
ings.

The sensing element capacitance is

. variable. Therefore, the _irequency is
varigble about nominal valus 30 kHz. -

IC102A is used in a feedback capacitor
circuit and controt voitage so that:

Vpp = et

G- C;
VOLTAGE REGULATOR

D201, IC203A, Q201, R215, R216 and
R217 are used to provide a constant
reference voltage of 6.5 VDC to the
oscillator, squaring- and current controt
circuits. Q201 is controiled so that a
constant current flows through zener
diode D201 at all times. IC101B, Cand D
provide voltage reference points of 1/4,
1/2 and ¥/4 of the primary reference of
6.5 V.

ZERO AND SPAN ADJUSTMENTS

The zero and span adjustments are
rasistive potentiometers (R302 and
R304).

Tha voitage developed across the span
potenticmeter and R305 by the sensor
current flowing through them (lair) is an
input to the output control amplifier.
IC103 serves as a current to voltage {I/V)
converter,

The zero potentiometer develops a
separate adjustable current through
R303 that sums with the sensor current
at the summing point {pin 5).

CURRENT CONTROL

The current contro! amplifier circuit
consists of 1C104, Q102, Q103 and
associated components. The two inputs
of 1C104 are the voltage developed
across the span potentiometer in the I/V
converter and the voltage output of the
squaring circuit. 1C104 compares the
input from the 1/V converter to the output
of the squaring circuit and adjusts the
output current by means of Q102 and
Mo

CURRENT LIMIT

The currant limit consisting of R115and
Q201 pravents the output from exceeding
30 mA in an overpressure condition.

SQUARING CIRCUIT

L 3
The squaring circuit squares the cutput
current as sensed by resistor R306. This
squared signal is fed into the
current control amplifier.

The output current from the transmitier
flows through resistor R306. The voitage
developed across this resistor is divided
by R203 and R204 such that for an output
current equal to 4 mADC, the input tothe
squaring amplifier {consisting of 1C201,
VTL202, 10202, iC203B, R209, R210,
R213, A220 and others) is equal to the
raferance voitage at the outputof JC1028.
For any oulput current greater than. 4

MADC, tha'input. hﬂumﬂng clredit

is multiplied by itself and stored across
C113 as the output of the squaring circuit.
IC201 is an oscillator driving switches
within 1C202.

TRANSITION POINT
R213 makes the output of the squaring

"circuit directly proportional to input

pressure for pressures below 4% of the
input pressure span. This is necessary
because of the electronic instability
inherent with attempting to square zero,

REVERSE POLARITY PROTECTION

Reverse polarity protection is provided
by diode D106.

TRANSIENT PROTECTION

Transient protection is provided by
zener diode D104.



Specifications - HS‘EBP VAP Fiow. Transmitter
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'MAINTENANGE SECTION

GENERRL'

The 1151 Series has no moving parts
and requires a minimum of scheduled
maintenance. Calibration procedures for
adjusting or changing ranges are out-
lined in the calibration section.

Test terminals -are available for in-
process checks. For bench checks, the
transmitter can be divided into three
active physical components: the sensing
element, the amplifier/squaring assem-
bly. and the calibration boarg.

. This section outlines a technique for

checking  out the components, the
method for disassembly and reassembly,
and a trouble shooting guide.

An jllustrated drawing, schematic dia-
gram, parts location and parts list are
included in this manual.
~ TEST ‘I’_ERMINALS

The test terminals are connecte

4. Chectk the capacitance between these
connections and the sensing element
housing. This capacitance should be
150 *+ 30 picofarads.

5. Jump connections 3 and 4 on the
header assembly and repeat steps 3 and
4, |

CIRCUIT BOARD CHECKOUT.

The printed circuit boards (11 and 13)
can most easily be checked for a mal-
function by subshtutlng a spare into the
circuit.

For isolating a failure on the board,
reter to the schematic diagram and parts
list. Reference voltages are shown on the
schematic. A block diagram and a dis-
cussion of each function is included
under the theory of operation section.

Disassembly Procedure
4 PROCESS SENSOR BODY

across a diode through which the 100p 1. Transmitter should be removed from
signal current passes. The indicating service before disassembling sensor
meter or test equipment shunts the diode pogy, :

when connected to the test terminais and
as long as the voltage across the
terminals is kept below the dicde’s
threshold voltage, no current passes

2. Process flanges {25) can be detached
by removing the four large bolts {26).
CARE SHOULD BE TAKEN NOT TO
SCRATCH OR PUNCTURE THE 1SO-

through the dicde. To assure thatthereis LATING DIAPHRAGMS.

no leakage current through the diode
when a test reading is being made or
when an indicating meter is connected,
the resistance of the test connection or
meter should not exceed 10 ohms. Re-
sistance values of 3 times that above will
cause less than a 1% error. The test
terminal screws are bored to accept a
miniaiure banana plug (Pomona 2944,
3690 or equal).

SENSING ELEMENT CHECKOUT

The sensing element (24) is not field
repairable and must be replaced if found
to be defective. If no obvious defect, such
as a punctured isoiating diaphragm or
loss of fill fluid is gbserved, the sensing
element may be checked in the foliowing
manner. - --

1. Disconnect the compensation board
(18) as described in the disassembly
section of the manual. The sensing

element need not be removed from the'

electrical housing for checkout.

2 Jump_tonnections 1 and 2 on the
header assembly.

3. Check the resistance belweean the
-combined junction and the sensing
element housing. This is the resistance
between one capacitor plate and the
sensmgdsaphragm.whichbgroundedlo
-the housing. This rm should
‘greatér than 10 me

R

3. Isolating diaphragms may be cleaned
with a soft rag and a mild cleaning
solution. DO NOT USE ANY CHLORINE

R ACID SOLUTIONS TO CLEAN THE®
DIAPHRAGMS. Rinse diaphragms with
clear water.

4. Flange adapters (21) and process
flanges (25) may be rotated or reversed
for mounting convemance.

ELECTRICAL HOUSING

1. Electrical connections are located in a
compartment identified as “Tarminal.
Side” on the namepiate. The signal ter--
minals and the test terminals ‘are’
accessible by unscrewing the cover (1)
on the terminal side. The terminals are
permanently attached to the housing and
must not be removed, or the housing seal
between compartments wiill be broken.
THIS WOULD INVALIDATE THE EX-
PLOSION PROOF CONSTRUCTION OF
THE HOUSING.

2. Circuit boards are iocated in a:
separate- compartment identified as

“Circuit Side” on the namepiate. The-

circuit boards are accessible by un-
screwing the cover (1)-on the circuit
side. It is good practice o remove power-
fromthotrammﬂbrbefmramoving the
circuit cover. - Y ' ‘-'-f
3. The amplifier/squaring. membly 13)s.
miay bd discBnnected siter fefroving A

three holding screws (14). This assembly
consists of two boards, the ampiifier and
squaring boards, which have been mated
together and then calibrated for con-
formity to the sguare root function.

These two boards should never be
_separated. :

*. 4. The compensation board (16)- -is

permanently attached to the sensor
module (24) and contains the tem-
perature compensating resistors. There
is encugh slack wire to pull this board off
of the pins and out of the way for access
to the calibration board {11).

5. The calibration board (11) may be
disconnected by aligning the zero and
range adjust screws so that they are
perpendicular to the board. The board
may be pulled out by inserting a #6-32
screw in the rivhut on the board.

6. The zero and range adjustment
screws {4) may be removed by removing
tha nameplate (8) and detaching the snap
rings (6).

REMOVING SENSOR FROM
ELECTRICAL HOUSING

1. Remove amplifier/squaring assembiy
and calibration board as described above,

2. Loosen the lock nut (17).

3. Unscrew the sensor module (24} from
the electronics housing, being careful
not to damage the sensor feads. Then
carefully pull the compensation board
through the hole. The threaded con-
nection has a sealing compoundonitand
must be broken loose. BE CAREFUL
NOT TO DAMAGE THE I1SOLATING
DIAPHRAGMS WHEN UNSCREWING
THE SENSOR.

4. The sensor module {24) is a welded
assembly and cannot be further dis-
assembled.

‘Reassembly Procedure
' PRELIMINARY

1. Inspect all *O” rings and replace it

necessary. Lightly grease with silicone -

oil to insure a good seal.
2. Inspect threaded connections to make

- sure five undamaged threads will fully

engage for explosion proof require-
ments.

CONNECTING ELECTRICAL
HOUSING TO SENSOR

1. insert compensation board
through glectronics housing.-

2.Use a sealing compound on tha
threads “of the sensor module (24) to

assure. a.water tight seal on the slec-
%*..mmm <SR -rw.nraut:

'~ummmwmeﬁemm,ﬂﬁw&wﬁ:e& SNSRI
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the same Out ut

2 Check that o™ rlngs and snap rings
. are! secu'eon the zerp and span adjusi-.
“ment screws {4). The snap rings must be
in place 1Gr. exploslon-proof operatlon

3. Aﬂgn the zero and span ad;usrment
screws with. ,rhe potennomefers on the
calibration board {11) and push the cali-
bration board onto tne bayonet con-
nectors ! T

gt

 %:Siide. the compensation board: (16); 9377:00
""ﬂ_onto the. pan 'vmh the compaonent side 1/_7"'

u;.(roughi * etween - ROt wi

;":::"'Sel lé?"‘én s&““f‘é )

vty s YR

ar[squariﬁg‘ass

noldmg’screws (14) ;

a1 S I,

2. lf tha glass the 2 c

51 DP range 3 4 and 5 sensors
_may be used with J output electronics.

assembled for any reason, be sure: that* . Sensors with zero compensation resistors

the “O" ring i$ in place behind the g!ass
before. reassembly For explosion-proof-
operation the retaining ring must be
tightened so that a 1-1/2 mii feeler gage
will not fit between the glass and the
metal:

PHOCESS SENSOR BODY

+ Carefully place !he process “O" rings
(23} around the isolating diaphragms.

2. Place the flanges (25) in the desired
orientation and hnger tnghten the four
bolts (26). - e : N

3. Evenly seat the flanges on the sensor
housing by the following procedure:

&. Tighten all four bolts finger-tight.

b. Tighten one bolt until the Hanges
saat.

c.'jTorqua' down the bolt ciagonally

.. . ..across from this one.

o d -Torque down the flrst boit.

ey ir r "

R26 R27 and R28 installed on the com-
‘pensation board (16) may not be used
with C output electronics.

6. The compensation board (16) is
permanently. attached . to. the sensor
module and !s ‘not mterchangeabie

WARRANTY

manufactured by
defects in" work
under normal use and semce lf any pari
of the equlpmem proves to be defective

in 'workmanshipor 'materiaf and if such’

part is, within 12 months of the date of
shipment from the Seller's factory,

returned to such factory, transportatlon:

charges prepaid, and if the same is found

by the Selier to be defective in workman-

ship or material, it will be replaced or

repaired, free of charge, f.0.b. the Setler’s

factory The Seliar assumes no liability
'k

' the dewco ond the curcumstances of the

eoé, ébilga‘iaoﬁs ’
wimplied by the-
p’F‘aSemaﬂves ‘and bv ‘tho '

i liabilities axpressed

r. ;re;:iair} ‘whather in
hould be shipped

failuie.”

3) Name and teléph'one number of the
person_to contact if there are questions
about the returned material.

4.) Statement as to whether warranty or
non-warranty service is requested.

5.) Compiete shipping instructions for
the return of the material.

6.) Original purchase order number and
dale of purchase

Adhorence 107 thme procedures wull
expedita . handling of _.the-_ returned
‘material, and “will prevent unnecessary
additional - charges for inspection: and
testing to determme the problem with the
device.

If the material is returned for out-of
warranty repairs, a purchase order for

'repalrs should be enciosed.

’ ".such ‘pari i oapabio— of beinga”' CEE




SYMPTOM: HIGH OUTPUT

POTENTIAL SOURCE AND
CORRECTIVE ACTION

Primary Element
Check forrestrictions at primary element.

Impulse Piping

Check for leaks or blockage.

Check that blocking valves are fully open.

Check for entrapped gas in liquid lines
and for liquid in dry lines.

Check that density of fluid in umputse
lines is unchanged.

Check for sediment in
process flanges.

transmitter

Transmitter Electronics Connections
Mazke sure bayonet connectors are clean

and check the sensor connections,
Check that bayonet pin #8 is properly
* grounded to the case.

Transmitter Electronics Failure

Determine fauity circuit board by trying
spare boards.

Replace faulty board.

Sensing Element
See Sensing Element Checkout Section.

TROUBLESHOOTING

SYMPTOM: ERRATIC QUTPUT

POTENTIAL SOURCE AND
CORRECTIVE ACTION

Loop erlng :

Check...for. hadequate voltage to- the
transmitfer. ™ "~ 1"

Check for mtermment shorts, open
circuits and multiple grounds.

NOTE: DO NOT USE OVER 100 VOLTS
TO CHECK THE LGOP!

Process Fluid Pulsation
Adjust electronic damping pot.

Impulse Plping
Check for entrapped gas in liquid lines
- and for liquid in dry lines.

Transmitter Electronics Connections

Check for intermittent shorts or open
circuits. .

Make sure that bayonet connectors are
clean and check the sensor connec-
tions. )

Check that baycnet pin #8 is properly
grounded to the case.

- M

2 it -{;“‘J BN e B e bl

SYMPTOM: LOW OUTPUT OR
NO OUTPUT

POTENTIAL SOURCE AND
CORRECTIVE ACTION

Primary Element -

Check mstallatson .and. condmon of
element.

Note any changes in process fluid
" properties which may affect output.

Loop Wiring

Check for adequate voltage to trans-
mitter.

Check for shorts and mumple grounds.

Check polarity of connections.

Check loop impedance.

NOTE: DO NOT USE OVER 100 VOLTS
TQ CHECK THE LOOP!

Impulse Piping

Check that pressure connection is
correct.

Check for leaks or blockage.

Check for entrapped gas in liquid lines.

Check for sediment in transmitter
process flange.

Check that blocking valves are fully open
and that bypass valves are tightly
closed.

Check that density of fluid in impulse
piping is unchanged.

Transmitter Electronics Connections

Check to see thal calibration adjust-
ments are in control range.

Check for shorts in sensor teads.

Make sure bayonet connectors are clean
and check the sensor connections.

Check that bayonst pin #8 is properly
grounded to the case.

Test Diode Fallure
Replace test diode or jumper test ter-
minals together.

Transmitter Electronics Failure

Determine faulty circuit board by trying
spare boards.

Replace faulty circuit board.

Sensing Element
See Sensing Element Checkout Section.
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3 }0-510 0-30Thches H,o (9-127 to 0-762 mm H,O) ,
4 0-25 10.0-150 inches H,0 {0-635 16 0-3810 mm H,0)
5 0-125 to 0-750 mches H,O (0-3175 to 0-19050 mm H,O}

CODE | OUTPUT-
J 4-20 mADC, square root of input with adjustable damping
MATERIALS OF CONSTRUCTION
CODE | plANGE DRAIN/VENT ISOLATING
ADAPTER VALVE . DIAPHRAGM FILL FLUID
12 Cadmium Plated C.5. 31685 . . 31858
13 Cadmium Piated C.S. Hastetloy C - Hastelloy C-276
14 Cadmium Plated C.S. Mone! Monal
15 ‘Cadmium Plated C.S. 31688 Tantalum -
2 316SS 31655 31635
23~ ---31688 - -+ - - - 31685~ Hastelloy C-276 SILICONE
24 31688 31658 Monel
25. | 3?683 : 31688 Tantajum
3 ] Haste”oy [0y Hastelloy C Hastelloy C-276°
s} Hasreﬂoy C Hastelloy C Tantalum **
44 - Monel™ " Monel Monel -
1A Cadmium Plated C.S. 31658 31685
2A 31685 - 31685 316S8S
1B Cadmium Plated C.S. Hastelloy C Hastelloy C-276
28 316558 31655 - Hastelioy C-276
3B Hastelfoy C - Hastalioy C Hastelloy C-276 FLUOROLUBE
10 Cadmium Plated C.5. 3168S Tamntalum
2D 31688 31658 Tantalum
30 Hastalloy C Hastelloy C Tantafumn

CODE | OPTIONS (See Product Data Sheet 2360 for Additional Options)

M1 Linear Meter, 0-100% Scale

Bt Mounting Bracket for Mounting to 27 Pipe

a2 Mounting Bracket for Panel Mounting

B3 Fiat Mounting Bracket for Mounting to 2* Pipe

D1 Side Vent/Drain; Tap

D2 Side Vent/Drain; Bottom

Fi FM Intrinsic Safety Approval with Foxbore 2AI-12V-FGB or 2A!-13V-FGB
- Barriers for Class ), Division 1, Groups A, B, C and D.

F2 FM Intrinsic Satety Approval with Tayior 12451134 or 12451144 Barriers for
Class |, Division 1, Groups B, C and D. Barriers 1245931, 1245932, 12451254 and
12451264 approved.tor Groups C and D.

— Other Options. Note: insert the appropriate Option Codes to specify any of the
additional Options described in Product Data Sheet 2360.

b [ ! o

{11510 4 . g 12 M1, B1 —w= COMPLETED DESIGN SPECIFICATION R
ADDITONAL QOPTIONS Other Serles 1151 Pressure Transmitter Product Data Sheets:
All Series 1151 Transmitter Options are described in Prodict Data Sheet 2360, .
Some not showrt in the Ordaring Information Table include optional materials, - PDS2255: 1151GP Remote Seal Gage Pm’"“
- POS2256:..11510P Differential Pressure. ..

ouiputs, tests, etc, Other FM or CSA Certifications 10r use- \mm Warfnghwu
Leeds & Norttwup”Fischar’s Portar-EisherControls and” rswm“mm‘s‘op High Differential Pressurs -

Also shown..Any appropriate Option. Ccme can bu added to the besic 118%-. an 1151HP High tine Pressure Ditferential
Transmitter Model Number, . PDS2260: 1151GP Gage Pressure
Ny PDSZ261: 1151AP Absolute Pressure
ACCESSORY 3-VALVE MANIFOLD Pachaged separatel
{ " PDS2262: 1151LL Liquid Level

Part No. 1151-150-1: eI ) .
3-Valve Manifold, Carbon Steel (Anderson, Greenwood & Co., MAAVE). PDS2294: 1151DR Draft Range Differential Pressure

Part No. 1151-150-2;
3-Valve Manifold, 31655 (Anderson. Greenwood & Co., M4AVS),



OPTION ORDERING INFORMATION

TR TRANSMITTER MODEL AND
PRODUCT DATA SHEET
(PD5} NUMBER.

-

CODE MOUNTING BRACKETS
81 Bracket for 2" Pipe Mounting - » - L3 - [ [ NA -
B2 Brackel for Panel Mounting - [ ] - L) L) - L NA . -
B3 Flat Bracket for 27 Pipe Mounting . L] [ . [ ] ] L] NA L]
B4 Bracket for 2" Pipe with Series 300 55T Bolts [ . . [ [ - L) NA -
BS Bracket for Panel with Series 300 SST Bolts - . - . . - L] NA .
B6 Flat Bracket tor 2" Pipe with Series 300 SST Boits - [ L3 - ] [ 3 . NA -
CODE METERS (Not available with options V2. \V3)
M1 Integral Linear Meter. 0-100% Scale L] . . - - . ] - -
M2 Integral Square Root Meter, 0-10 Scale - . . NA MA NA NA NA -
CCDE CERTIFICATIONS
CE Explosion Proof, CSA [ ] . ) ® ] . - e .
F1 tntringic Salety, FM. Foxboro ) . . L] . - - [ 3 - .
F2 Intrinsic Salety, FM, Taylor . [ ] - - . . ® [ L]
F3 Intrinsic Safety, FM, Weslinghouse Intrinsic Salety - L] L] L] ] . ) . .
Fa Intrinsic Safety. FM. Leeds & Northrup Approvai - . . . . [ - [ L
FS Intninsic Safety, FM. Fischer & Porter Not Valid ™ - . . ™ ™ . - NA
F6 Intrinsic Satety, FM, Fisher Controls With Output . - . . . . . . -
F? Intrinsic Salety, FM, HoneyweH Code B 3 . [ - . . . ® -
c1 Intrinsic Safety, CSA. Zener Barrier {See page 3} [ L3 - L] - L] [ ] .
Cc2 intrinsic Salety, CSA, Foxboro _J - . . [ ] [ ] - - . NA
c3 Intrinsic Safety, CSA, Fisher Conirols [ ] . ® e [ ] [ ] * [ ] -
CODE BOLTS FOR FLANGE AND ADAPTERS
L Austenitic Series 300 S5T [ ) . L] L] o L] ) - [ 3
L2 17-4 55T . - . . L] - 3 L] .
L2 ANSI) 193-B7 . [ 3 . ) . ] . » [
CODE PROCESS CONNECTIONS
o1 Side Vent/Drain Top Material Same as [ I . [ [ NA L] NA -
D2 Side Vent/Drain Bottom ] Flanga L) L3 . . L] NA L] NA .
D3 174" NPT Process Connection L] ) [ ] L) ) NA L] . .
"CODE WETTED O-RINGS R b A
w2 N Buna - N [ ] [ [ 3 [] [ ] * . L)
w3 Ethylensa - Propylene [ . - * L ) . [ ] [ ] L]
'CODE "~ PROCEDURES o
E P17 | Hydrostatic Testing . . e F o] . . . NA
2 Cleaning for Special Service . . . . . L] [} - .
P3 Cleaning for Nuciear Service . . . s | e NA [ . .
P& Cabibration at Line Pressure . ) [ [ NA MA NA NA NA
Ps Calibration at Temperature . . . . L) . L] . ‘e
‘CODE OUTPUTS L_

T w1 7 | Reverse Output e j o [ o |[NA| o [0 [NA|NA |
vz 102 Test Aesistor Test Resistors Not Available . . ] ] . e . .
v3 5Cr Test Resistor With Options M1 or M2 - [ ] . e [0 _L .. [ ] .

The options listed in this Product Data Sheet may be ordered by placing the appropriate code or codes at
the end of the transmitter modei number. D R CoRtre e
s EXAMMes 1151BP4EI2., B1uMTaD2: Pl cov: o sprid nisizAvpiiable ios: f -
Basic Model No, ‘ NA - Not Available
o ) S S e IR LN s A i SRET CA Y. N - S, R

W



PARTS I.IST/ IREWENGS*SECTION
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1214wy — 1
CORDINT
CONNECTION
(2 PLACES)
)
)
- ___B
TERMINAL comoccnons e
THIS SIDE 3
174-18 NPT
OM FLANGE
FOR PRESSURE conn:c:ﬂon
WITHOUT THE USE

FLANGE A.DA.FTERS. :

AOTATED TO QIVE
FLANGE CONNECTION

CENTERS OF T, 2-1/%°
OR Z-1/4" - 2- III"

-Di 'ensmnal Drawmgs

{OPTIOMAL
} TOP OR
BOYTOM)
150"

)

!—-— Ya~ C‘LEABANC! FOR COVER IIEﬂOVN. mmu

PERMANENT TAG

{OPFTIONAL)

TRANSMITTER
CIRCUITRY
THIS SIDE

WIRED-ON TAG
(srmomn)

f-—— nfrm i

7 OMAX,

NAMEPLATE
(REMOVE FOR SPAM
AND ZERQ ADJUST)

1/4-18NPT FOR
SIDE YENT/DRAIN

FLANGE

1O~

Ealfal

|

O

ADAPTEH

"y

OPTIONAL MOUNTING anACKETs
SHOWN IN TYPICAL MOUNTING CONFIGURATIONS

E-3/4" MAK. {OPEN) ~——

2-4/8

MOUNTING BRACKET AND OPTIONAL 3-VALVE
MANIFOLD BRACKET ORDERING CODE B1

ORDERING COGE B2

i

FLANGES .
CAM BE ROTATED

PANEL MOUNTING BRACKET

FLAT MOUNTING BRACKET
ORDERING CODE B3




Parts Drawing

(Drawing 1151-28)
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“ PART DESCRIPTION - " B - FLUORCLUBEFILL { gpapesg
(DRAWING 1151.23:2) No. - Order No.-. .. Order No. CATEGORY-
J QUTPUT CODE 4-20 mADC,
Square Root ‘of Input -
Amplitier/Squaring Assembly 13 01151-0378-0001 A
Catibration Circuit Board 11 01151-0377-0001 A
C OUTPUT OPTION. Replaced by
J output. It either an amplifier
or a calibraton circuit board from
a "C" output unit requires replacement.
order a "J” amplifier/squaring assambiy
AND calibration board.
Sensor Module, 0-5/30"H,0
N6SST 01151-0011-0032 01151-0230-0032 B
HASTELLOY C-276 01151-0011-0033 0115102300033 B
MOMNEL 01151-0011-0034 NA B
TANTALUM 01151-0011-0035 01151-0230-0035 B
Sensor Moduie, 0-25/150" H,0 -
316SST 24 01151-0011-0042 01151-0230-0042 B8
HASTELLOY C-2768 - 01151-0011-0043 01151-0230-0043 8
MONEL 01151-0011-0044 NA ]
TANTALUM 01151-0011-0045 01151-0230-0045 8
Sensor Module, 0-125/750" HyO it
31865ST ’ '01151-0011=0052- . | '01151-0230-0052 B
HASTELLOY C-278 TTO1151-001120053 | 01151-0230-0053 B
MONEL - Q151-0011-0054 - | NA a8
TANTALUM 01151-0011-0055 01151-0230-0055 B
Electronics Housing 3 - 01151-0060-0007
Electronics Cover 1 90032-0240-0003
Process Flange
Cadmium Plated Carbon Steel 01151-0238-0001
316S5T 25 01151-0213-0002
HASTELLOY C 01151-0213-0004
MONEL 01151-0213-0003
Process Flange for Side Drain/Vent Valve
Cadmium Plated Carbon Steel 011531-0236-0011
A1655T 01151-0213-0012
HASTELLOY C 01151-0213-0014
MONEL 01151-0213-0013
Flange Adapter Union
Cadmium Plated Carbon Steel 90001-0033-0001
316887 2 01151-0211-0002
- HASTELLOY C 01151-0211-0004 - .
MONEL 087151-0211-0003
Valve Stem, 316557 18 A
Vatve Sont. 31655 b4 , 01151-0028-0022
Plug, 31655 {used with side drain/vent) 18A C10386-0002
Vaive Stem, HASTELLOY G 18 A
Valve Seat, HASTELLOY C 19 } 01151-0028-0023
Plug, HASTELL OY C {used with sice drain/vent) 18A C10386-0202
Valve Stem, MONEL 18 } T1151-0028-0024 A
Valve Seat, MONEL 19
Plug, MONEL {used with side drain/vent) 18A C10386-0102
Adjustment Screw 4
Retaining Ring ] } 01151-0029-0001
O-Ring for Adjusiment SCrew 5

Lo Rt e Tl
| MOUNTING BRACKET: %!
~ PartDescription .-~ | Order No.
Compiele with’ Hardware -
'B1 Styla-Bracket - 01151-0036-0001
B2 Style Bracket 01151-0036-0004
33 Style Bracket - 01151-0036-0005




Component Layout, Aﬁiplifier PWA
{Drawing 1151-373 Revy. B)

Component Layout, Squaring PWA
{Drawing 1151-375 Rev. A)

Component Layout, Calibration PWA
(Drawing 1151-377 Rev. A}
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Meter Assembly

{Drawing 1151-25, Rev. D)

O-RING  SEAL

TERMMM.  SIDE

6o

A AR A n b

DESCRIPTION ITEM " ORDER QTY. REQ'D
*Kit, 4-20 mADC, Linear Scale 01151-0006-0005 1
Meter, 4-20 mADC, Linear Scale 09997-0001 1
Cover/Facapiate Assembly 01151-0098-0002 1
Meter Bracket Assembly
Mounting Ring 4
Standoff 2 0037-000
Screw for Mounting Ring 11 01151 7 " !
Screw or Meter 12 )
“O" Ring for Caver 1 01151-0033-0002 ..
*Kit includes meter, cover, bracket assembly, 0" ring and wiring.-.
**Part number is for package of 12 - only onhe requirad per transmmu
_tKit containing snough parts for one tmmltter.
" T z‘ 5 B R * Shisee Y
——— :_,,rm-' ..;;:.7;;*-*;;:» B R T - m— 1"*—'-"-_|
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Rosemount 1151 and 1144 transmitters are FM approved as intrinsically
safe when used with the barriers shown below only for the Class I, Division 1

Groups listed.

To assure an intrinsically safe system the 1151 and 1144 must be wired

in accordance with the barrier manufacturers field wiring instructions Tisted

et e DESCRIPTION, - Sy | JECALCHG, NO. | APF'D |. APP'D. |DATE
A I N N B
A New Release. - - 761372, )a/ VARG F
S 62440 R v/
B Add Honeywell Inc. 7 '%:
B, | Correct Honeywell Model Numbers | 770831 b cr [ %,

below.
Barrier Barrier Approved Class. ] Manufacturers
Manufacturer Model Division 1 Areas PubTication #
Fisher Controls AC 302 - C D A33A5385
Honeywell Inc 38545-XXXX-0110 B C D 30734039-000
~-113-F5B5
Honeywell Inc 38545-XXXX-011n - C D 30734577-000
-111/112-F5B5
oATE AROSEI]‘IOUHI Inc.  MINNEAPOLIS, MINNESOTA
7T 7T b{oe. sy Edwards 2/25/76 | rme
el LN FIA v A INDEX OF INTRINSICALLY SAFE -
APP'DAL " ek by lJZzé SYSTEM WIRING DRAWINGS . E
N FOR 1157 AND 1144 TRANSMITTERS | _
T SIZE CODE iDENT. P.IO DRAWING NO. .
‘A 04274 1151-0214
- B SCALE: | rev. 5y JsHeer 1 aF )




INJECTION FLOW RECORDER

Model: Fischer & Porter 51Bl1102DBBXXXXXXX2BB2BB
Display: Circular Chart Recording, 12 Inch
Chart Drive: 120 VAC 60Hz, 24 Hour Rotation
Input: 4-20 MA D.C. Linear
Pen: Fibre Tip, Disposable Red
Options: Mechanical Input Integrator

W/8 Digit Counter

52TR4011DX11

(Count x 1,000 - Gallons)
Flow
Range: 0 to 7,500 gpm
Chart/Scale: 0 to 75 Linear (Chart X100 = Value)

tmTMC1/106
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SERIES 51AT1100DB(DM) INDICATOR/RECORDER

INTRODUCTION
. Utility

The Fischer & Porter Series 51B1100DB (or DM}
Indicator/Recorder, shown on the frontispiece, pro-
duces a visual indication and/or permanent chart
record of any process variable that is metered by a
transducer/converter with a direct current analog
output equivalent to 200 millivolt minimum span.
Although basically operating from a voltage signal
input (eq., 1-5 V dc), this Indicator/Recorder also
accepts current signal inputs {e.g., 4-20 mA dc)
which are converted to a proportional voltage by
means of a precision input shunt resistor.

The process measurement section of all
51B1100DB {or DM) Indicator/Recorders is & unique
signal-to-motion servo-receiver, the F&P Series
S0TQ1000 TCRQ-ER™ Receiver, that uses a con-
tactless feedback device called a "llux bridge.” The
Indicator/Recorder may be furnished with one to
four such receivers depending upon the display
option selected and output functions desired. Each
indicating pointer and/or recording pen is color-
coded to identity dilferent inputs. Two-wire input
transmission lcops may be operated from an internal
dc power supply furnished with certain models of
each TORQ-ER Receiver.

Several optional secondary functions are available
with most models of the Series 51Bl1100DB Indi-
cator/Recorder, such as integration, pulse totaliza-
tion, pneumatic transmission or control signals,
digital or analog electrical retransmission of process
values, and high or low limit alarm or control signals.
However, these options may be limited by the num-
ber of receivers required in a particular Indicator/
Recorder.

The TORQ-ER Receiver constitutes the electronic
servo-operator portion of the Series 51B1100DB
(DM) Indicator/Recorder and, along with basic and
accessory instrument case wiring, is described in this
Instruction Bulletin. Details concerning mechanical
aspects of the instrument case are given within
Instruction Bulletin 51-1100, appended. Separate
Instruction Bulletins are also appended for each
accessory instrument (except resistance transmission
given herein), if supplied. See listings given under
"[[-Model Numbering System,” following.

Il. Model Numbering System

Refer to the F&P Manufacturing Specification
Sheet — or — the instrument data tag for the specific
model number of the instrument turnished. Standard
instrument options may be identified from the follow-
ing breakdown.

157 TORQ-ER
RECEIVER

PEN LIFTER RETURN SPRING  DATA TAG

PEN LIFTER IN7HUMENT SPINDLE ASSY

iSET POINT KNOB LOCATION WHEN REQ'D.

CHART PLATE
BUMPER

LIFT TYPE | T
AR | PRl

CHART
RETAINER

FACTOR
TAG

PLATE
INDICATOR STRIP (OPTIQNAL)

81 HO9 A2 DOQR GASKET

CHART LIGHT ASSY

GHART OR INDICATOR

3*® TQRG-ER
RECEIVER

{OPTIONAL)

2™ TORQ-ER
RECEIVER

SET POINT
INDICATOR

RECCRDING PEN

CHART ORIVE ASSY
(RECORDER ONLY)

STANDARD MOUNTING
HARDWARE FOR
FLUSH GR SURFACE
MOURNTING

4 ™ TORQ-ER
RECEIVER

PNEUMATIC
CONTROLLER OR TRANSMITTER
CONNECTION {OCATION

BULKHEAD COMNNECTION PLATE
(PRESS. TEMP, ELECTRICAL ETC)

ELECTRICAL CONNECTIONS ASSY

FIGURE 1.

TM — Trade Mark of Fircher & Poiter Co.

SERIES 51B1100DB (DM) INDICATOR/RECORDER

[



INYRODUCTION (Continved)

Indicater/Recorder Case:

Basic Model Number

Engineering File Reference
Indicators & Recorders

Design Level - Letter assigned by the
factory; Tletter changes when some part
is no longer interchangeable.

+ Original Design ~=eeewm-oooeammanaao. A
- Disposable Inking System ---s-cemu--- B

Case Style & Design; 14-1/2 w x 18-1/4" h
- Segmental Indicator ----c-mcamoacmocuo.
« Circular Chart Recorder ~eeee—cemceemo.

Receiver; 4-20 mA Torq-er {See Fig. 1)
Ist Receiver ----ooemmmmee .. b8
2nd Receiver =ee-emmm e D8
lst and 3rd Receiver —---memmmoooo oo oM ]

2nd and 4th Receiver ----ee-mecmmmo oo DM

Output Functions

- Position C: Controller/Integrator |
Refer to Table A
« Position A:” Alarms
Refer to Table B -~=mu-ooc oo A
« Pasition T: Transmitters
Refer to Table C

Accessory Station
Continued
Recording Pen OQption

Not Required ~ INdTcator ----c-eececccemmmaeae- X
Disposable Inking Systen

Case & Mounting Options

Surface or Flush Mounting ----cceecomcmmeaea_ .. 8
Pipe Mounting
Pipe Mounting w/2" Pipe & Flange -=---ccecmeemauc- £

Boor Options

+ Standard {No Accessories)

+ Chart Light - Recorder Only

+ Door Lock & Safety Glass

« Door Lock, Safety Glass and
Chart Light - Recorder Only

Chart Speed

Not Required - [ndicator ---=esescommmeacmi oL ooo.
8 hirey ==we—eeeos 1 7 days/rev -
24 hfrev --—-eao_oo 2 8 days/rev ~veeesao--

Power Regquirements
Chart Fower Instrument Power
Volts Hz Volts
120 60 120
126 50 120
230 60 230
230 50 230
24 60 24
24 50 24
120 6Q 24
120 50 24
230 60 24
230 50 24
Indicator 120
Indicator 230
Indicator 24

Enviroment
Non-Hazardous

|
-

[1]2]3]4]576]
518 1100 UB CAT 98 CAT Q A A O A A

T

TABLE A CONTROLLER AND/OR
INTEGRATOR QUTPUT FUNCTION

CATXXCAT
T Tw
+ Not Required -----eoomeamae .. I X
+ Non-Standard --eeeeeecmmmma oL A e A
+ Integrator, Mechanical B -—-mea- 8
- Controller, Pneumatic;
Knob Adjust Set Point C —mmemas C
- Controller, Pneumatic; Remote Set Point -- D ~eece-v D
+ Controller, Ratio, Pneumatic;
Knob Adjust Ratio ===u-oeomocaa L _L._ E mommman E
+ Controller E"C“ above} w/
Integrator ("8" above) -=ww-eeeeooooo_L___ G oemmeeee G
- Cantroller s"D" above} w/
Integrator ("B" above) ----eeoooeoaon_ . H o-mmaeoo H
« Controller, Ratio (“E" above) w/
Integrator ("8% above) -----eeeooooo ... Joeemiae J
- Counter w/Controller (“C" above) =e--a---- M oeeee M
TABLE B ALARM OUTPUT FUNCTION
51-1100 X X CAT X X C A
T TT
- Not Required -----ceum oo L L X
» Non-Standard -----eeeo oo .. A memanns A
+ Mechanical Alarm, Single;
w/Screwdriver Set Point ~=es--eamoooaoooo... 8 —eeees 3
* Inductalarm, Single; .
w/Screwdriver Set Point —-eeeewuooooooL_. L o-veaeos L
TABLE C TRANSMITTER OQUTPUT FUNCTION
51-1100 X X CATXXCAT
T T
Hot Required -=eweoeeme ... L X
Hon-Standard ~--=eeamem oo A ceeeen- A
Transmitter, Pneumatic ~---emmomeemoomecaoaaaa . B meeen-s B
Transmitter, Time PUlSe s-=emocmeeuaooooun £ s E



INTRODUCTION (Continued)

TORQ-ER Receiver: TABLED STANDARD SIGNAL RANGES

TITTT
Electronic TORQ-ER Receiver -----cemocmawan 50TQ -[ VOltage Slgnals Current Slgnals
Design Desigration ---------emmeeimmoi i 1
Range Input Range Input. Shu:at
Power Suppl in Vd Impedance |, Ad Resistor
NON=SEANTAFE —c e m e mm e e een ) n c in Ohmst | ™2 %€l in Ohms
120 V ac w/ 2-wire Transmitter Supply ==--==cceumeoa- 1
28 ¥ dC =mmmmmmm e 3
120 ¥ ac w/o 2-wire Transmitter Supply «-e--em-eocae- 4 1-5 1000 £ 0.1%
1-5 1Mn0 4-20 250+ 01%

Input Signal x 0.
R 00 10-50 100 + 0.1%
1a§ ¥ g€ =om e errm e o e o1
0-4 ¥ dg ---------------------------------------------- 02 ) 0-4 1000+ 0.1%
0-F V¥ dC m=mmmm et 03
0.25-1.25 ¥ € mmomoooo T o4 0-4 1M 0-16 250+ 0.1%

] 0-40 100 + 0.1%
Design Level - Letter assigned by the factory; letter
changes when some part is no longer interchangeable, ===a- o 0-1 250 k0 — —

0.25-1.25 250 k0 — —

JInput impedance of special ranges equais 250 k() /volt of input
span except for 200 mV dc which equals 300 k ) minimum.

* See manulacturing specification sheet for value used, if ap-
plicakble.

PRINTED CIRCUIT
BOARD ASSEMBLY

FLEXIBLE
TAPE CONNECTOR

Al g\‘. _"':'.;{ : ;
@ i S \\ .:;.._ /-'. , o
™ Sl s M OUTPUT

LINKAGE

SI-3608-)

e

a3

S FIGURE

[\

TCRQ-ER RECEIVER (50TQ1000C)

{s)



INTRODUCTION (Continued)

lll. Specifications

Operating Power
Line Service .....................

Power Consumption
TORQ-ER Receiver
ACSupply ...................
DCSupply ...................
Recorders Only .................
Accessories ....................

Environmental Limits
Ambient Temperature Range .........
Humidity ........................

input Requirements
Signal ..

Suppression Vow, ) ..o,

TORQ-ER Receiver Qutput
Shaft Rotation ....................

Dampirg (100% input step change)
Minimum ... o

Maximem ... ................
Torque at Stall . ... ...............

Transmitter Power Supply (Option}
Output Voltage ...................

Ripple ... ... ..
Short Circuit Current .. ... ... ... ..

Accuracy ... ..
binearity .......... ... ... ...
Repeatabtlity .......................
Deadband .........................
Power Supply Effect .................
Temperature Effect ..................

Electrical Environment ...............

Optional Features ...................

Physical Characteristics

Mounting Style . ..................

Qutline Bimensions .. ..............
Weight .......... ... ... ... ...,

120 Vac £ 10%, 50 or 60 Hz + 5%
24 to 26 V dc, regulated — plus —
120 V ac or 24 V ac for chart drive
and/or ac accessory {if required).

4 watts, 4.5 VA, per receiver.

80 mA dc per raceiver.

add b watts, 5.6 VA, for chart drive.
see applicable Instruction Bulletin.

+4° to +52°C (+40° to +125°F).
510 95% @ +38°C (+100°F).

see Tahle D for standard input signal ranges.
must be between +4 and +0.2 volts, where

Vepan = Vigow —Vou
Example : Vicow = +2V
Vo = —1¥

Vspan = +2V — {(—1v}=3v
+1 to —2 times span, but not lower than — 3 volts.

34° (cow is upscale) transmitted via linkage to
appropriate spindle.

0.36 seconds for 63% scale — or —
1.7 seconds full scale.

15 to 25 seconds for 63% scale.

1 inch-pound minimum,

24 to 27 V dec @ 20 mA to remote 2-wire transmitter,
one supply per receiver {120 ¥ ac modeis oniy}.

50 mV p-p maximum.

current limited to 60 mA.

+ 0.5% of span.

* 0.25% of span.

0.2% of span.

0.2% of span.

+ (.1% of span for + 10% input voltage change.
+ 0.5% of span for 28°C {50°F) change.

non-hazardous or Class |, Division 2, Group D,
(supplied for non-hazardous service unless other-
wise specified}. Enclosure meets requirements of
NEMA 2/IEC 1P22.

door lock, chart light, safety glass, air purge.

See Accessory Station[2]of Madel No.

Surface (Wall or Panel) = B
2" Pipe Mounting = E
2" Pipe Mounting with

Floor Flange = F
See Figure 5.

approximately 35 pounds {15.9 kg) with single TORQ-
ER Receiver and no accessories.

Add 5 pounds (2.27 kg) for each additional TORQ-ER
Recetver,



INTRODUCTION (Continued)

Display
Segmental Indicator .............

Concentric Dial Indicator ..........

Circular Chart Recorder
Scale ...

Connections
Pneumatic ............... ... .....
Electrical ......... .. iuiieirninn.

5-5/8" long scale, percentage or direct

reading (two TORQ-ER Receivers maximum

per instrument),

11-1/8" diameter scale, percentage or direct reading
{one TORQ-ER Receiver maximum per instrument).

12" diameter, 4-5/8" calibrated scale, percentage
or direct reading, 100 charts supplied {four TORQ-ER
Receivers maximum per instrument).
#1-red, #2-blue, #3-green, #4-black
(ink cartridges provide 4-6 months supply).
Speed See Accessory Station[4]of Model No.
8 hrs/rev =
24 tirs/rey
7 days/rev
8 days/rev
Not Required

B
< Fa WA

*
* Used with Series 1101 only.

1/2" NPTI w/filter screen.

1/2" and 374" conduit knockouts {see Figure 5),
signal and power cables terminated at barrier

strips (see Figures 6-8).

IV. Functional Description

A. Composition

All instrumentation comprising the Series
S51B1100DB (or DM) Indicator/Recorder is housed
within a die-cast aluminum case which is accessible
by means of a fully-gasketed door complete with

display window.

A Recorder case may be litted with one to four
Series S0TQ1000 TORQ-ER Receivers, each operat-
ing an asscciated chart pen as typified in Figure 1.
Segmental indicators are limited to two TORQ-ER
Receivers with associated indicating pointers. A
single Receiver operating a dial pointer is the maxi-
mum furnished in a Concentric Indicator. Compare
the Receiver model number designations, "DB” &
"DM", as given under "1[-Model Numbering System”
with the physical “in-case” locations, as typified in
Figure 1.

The Series S0TQ1000 TORQ-ER Receiver consists
of an electronic printed circuit board coupled to a
TORQ-ER as shown in Figure 2. The printed circuit
board utilizes the latest solid state and integrated
circuit design techniques to provide a high level ot
performance and reliability. The TORQ-ER Receiver
is modular in construction and may be readily with-
drawn from the instrument case by decoupling the
drive linkage and removing & few mounting screws
and electrical connections. The printed circuit board
then becomes accessible for inspection by removing
four additional TORQ-ER housing mounting screws.

Several major accessory instruments are available
with a Series 51B1100DB Indicator/Recorder; i.e.,
1st TORQ-ER Receiver location (see Figure 1):

1} an electromechanical integrator equipped with
an eight-digit counter and, if desired, output pulsing
contacts to operate a remote electrical counter; thus
providing cumulative totals of any rate function pro-
cess variable under measurement.

2) a one-, two- or three-mode pneumatic _con-
troller to facilitate actuation of any valve-controlled
process variable.

3) a pneumatic or vacuum transmitter to facilitate
retransmission of the process variable to a remotely-
located receiver.

4) time pulse or resistance retransmitters.

5) high and/or low limit contact actuators for
purposes of alarm or control.

0) a 6- or 8-digit electromechanical counter for
totalization of a pulse type signal from an quxiliary
instrument.

A pneumatic receiveris included when pneumatic

~ controllers are turnished with remote set point or

ratioing features.

Electrical interconnections are accomplished thru
a cable entry plate at the base of the insirument case
to an interconnection block and power input bracket
located in the lower central section of the case, as
shown in Figure 1. An incandescent scale/chart
light, deor lock and safety glass display window may
have been provided as an eguipment option.



INTRODUCTION (Continued)

The Indicator/Recorder may be provided, at spe-
cial option, to meet Class [, Division 2, Group D
hazardous area requirements. Such instruments are
manufactured in accordance with the specific code
but are not submitted to Underwriters Laboratories
for approval. The instrument enclosure meets re-

quirements of NEMA 2/1EC 1P22,
B. Principles of Operation

The Series S0TQ1000 TORQ-ER Receiver is es-
sentially an electronic converter-servo receiver,
which produces an angular displacement of a torque
motor output shaft that is proportional te the input
signal. The position of the torque motor is estab-
lished by simultaneous comparison of the magnitude
of the input signal to the feedback voltage. The
resulting signal controls the on-off duty cycle of the
“"up-down" output gates. Refer to the functional
block diagram of Figure 3 to supplement this
discussion.

The process variable signal is applied to a voltage
divider and a passive damping network that provides
adjustable servo-response. The damped input signal
is then applied to one input of a temperature-stable
ditferential amplifier. The differential amplifier
controls the "up” or "down"” channel of an output
driver which, in turn, fixes the duty cycle of the signal

applied to the respective upscale and downscale
windings of a torque motor. The torgue motor output
shaft positions 1} an indicating pointer or recording
pen, 2) input linkages of any accessory output in-
strumentation furnished, and 3) flux gates of a con-
tactless "flux bridge” which serves as a signal feed-
back device for null-balancing of the servo-loop.

A 10 kHz controlled-amplitude, symmetrical
square-wave reference voltage is developed by an
electronic switch that is triggered by a free running
multivibrator. The multivibrator output is shaped
and limited before application to the primary winding
of the flux-bridge (shown in Figure 4). The phase and
magnitude of voltage developed in the secondary
winding is a function of the flux gate displacement
from mid-position. Recall that the flux bridge gates
are directly coupled to the torque motor shaft. Sec-
ondly, a permanent magnet in the flux bridge as
rotated by the torgue motor produces a motion
developed voltage in a velocity winding to provide a
degenerative rate leedback voltage. The resultant of
position and velocity feedback voltages is demodu-
lated and applied to the second or reference input
(-) of the differential amplifier, U1.

The torque motor, functionally illustrated in Figure
4, consists of a permanent magnet armature that is
actuated by application of a direct current thru an
upscale or downscale field winding. At null balance

VOLTAGE
a4 REFERENCE

- T | fYorque WoToR

PROCESS £ & l

sona DAMPING ry

(ANALOGI & NETWORK ut 3V \
> GIFFERENTIAL [
5 AMPLIFIER .
o _ I DOWN
g | :
o FEEDBACK I :
Qvg SIGNAL ! /
. .
B I/
- SYNCRONOUS .
. DEMODULATOR TORG-ER i/
3} - L]
Y S— R Fi X
§ -~ —~/ BRIDGE
% A
- REFERENCE VOLTAGE GENERATOR I [ rositron I veLociTy
5 | GENERATOR / GENERATOR
OSCILLATOR ' R00800)

v HaKHz ELECTRONIC ! AT @
SWITCH /

. @) ZERD SPAN @
| atgust [ ADJUST
.

SI-2887-4

| SERIES 5t-1100
| INSTRUMENT CASE

FIGURE 3. BLOCK DIAGRAM




the output stages (Q2 and Q3) will alternately switch
on-off at the same duty cycle (nominally 1500 Hz);
hence, the torque motor will hold that position. When
the process variable input signal either increases or
decreases, the unbalance between input and refer-
ence signal causes the differential amplifier-output
driver to apply additional current in the upscale or
downscale torque motor winding. The armature
rotates the flux bridge to a new position level where
the reference feedback equals the input signal and
the servo-system comes to rest at a new pen or point-
er balance position. Full scale rotation of the torgue
motor armature is accomplished within 34 degrees
of arc.

INSTALLATION

l. Inspection

The Fischer & Porter Series S51B1100DB (DM)
Indicator/Recorder should ke inspected immediately
upon arrival for indications of damage which may
have occurred during shipment. Generally, a careful
visual inspection is sufficient to determine whether
damage has occurred. All reasonable packing pre-
cautions have been taken to prevent such damage.

" All damage claims should be reported to the shipping

agent involved for instruments shipped F.O.B. War-
minster or to Fischer & Porter Company for instru-
ments shipped F.O.B. job site before installation is
attempted. If damage is such that faulty operation is
likely to result, it should be brought to the attention
of the Fischer & Porter Company Service
Department.

Normal care exercised in the handling and opera-
tion of this equipment will contribute substantially
toward satisfactory performance. Carefully inspect
the packing material before discarding it to prevent
loss of mounting hardware, connectors, cables or
instructions that may have been included with the
shipment. Any instructions given on tags attached to
the instrument should be followed caretully.

Il. Llocation

The selected installation site should be well lighted
and relatively vibration free. Ambient temperature
timits should be maintained between 40° to 125°F
(4° to 52°C). Unless turnished for Class [, Division 2,
Group D, operation, the Indicator/Recorder should
be operated in a non-hazardous atmosphere. The
proper line service must be made available at the
installation site.

Ill. Mounting

The outline and mounting dimensions of this
instrument are given in Figure 5. Perdorm the appii-
cable mounting procedure given ceiow. Additional
details for mounting accesscres. changing the con-
nection plate location, and zir nsurjing requirements

= " m

are discussed in Instruction Builens 31-2770
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FIGURE 4. FUNCTIONAL DIAGRAM
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A. Surtace Mounting
1. Flush Panel

If the Indicator/Recorder is to be ilush panel
mounted, prepare the panel cut-out in accordance
with the dimensions specified. Have the instrument
inserted thru the cut-out from the front of the panel
and attach the three mounting brackets to the sides
and top of the case using the 1/4-inch hex head bolts
provided. Adjust each bracket on its slide mount un-
til the bracket face bears firmly upon the panel; then
tighten each bracket boit.

2. Vertical Surface

Attach the three mounting brackets to the sides
and top of the instrument case using the 1/4-inch
hex bolts thru the hole, rather than the slide mount
slot, on the bracket. Fix the instrument case to the
wall or panel using the three 9/32-inch diameter
clearance holes, the centers of which are delined in
Figure 5.
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INSTALLATION (Continuved)

8.
1. Without Pipe Stand

2” Pipe Mounting

The instrument case may be mounted to an exis-
ting 2-inch horizontal or vertical pipe by means of a
yoke assembly that is attached to the rear of the
case. First, remove the 5/16 diameter hex head nuts,
washers and pipe clamping bracket from the yoke
assembly. If the two 3-3/4-inch carriage bolts are
in the wrong position for the particular installation,
remove the four lillister head screws which lasten
the yoke bracket to the rear of the case. The bracket
can then be oriented for either vertical or horizontal
pipe meounting, as required. Remount the yoke brack-
et to the case by replacing the four 1/4-inch fillister
head screws and lockwashers.

While supporting the instrument case, place the
yoke bracket against the 2" pipe, with the pipe
between the two carriage bolts. Then, install the
clamping bracket (opposite the yoke) and replace
- the two washers and nuts. Position the instrument
case to obtain_the desired height and orientation.
Finally, tighten the hex head nuts alternately to
maintain equal pressure on each side of the clamp-
ing bracket, until the applied pressure is sufficient
to support the instrument case firmly.

OUTLINE & MOUNTING DIMENSIONS
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INSTALLATION {Continued)
2. With Pipe Stond

The mounting procedure is identical to that dis-
cussed in 1.—Without Pipe Stand, preceding, except
that the 2" pipe section with attached 2" standard
pipe {lange provided with the instrument must first
be secured to the floor {or foundation) before the
instrument case is mounted. Mounting the pipe stand
consists of inserting four 1/4 diameter bolts (not
supplied by F&P) through the 5/16 diameter clear-
ance holes provided in the pipe flange. These mount-
ing bolts must be selected to suit the particular
installation. The pipe flange can be used as a tem-
plate for pilot hole location.

IV. Electrical Connections
A. General

Electrical entrance facilities are provided at the
base of the instrument case as convenience knock-
outs for 1/2-inch and 3/4-inch conduit. See Figure
1. Open the instrument case door, remove the cir-
cular chart (if applicable), raise the pen or pointer by
means of the pen lilter and remove the scale/chart
plate for access to the interconnection barrier strip
located in the lower central section of the case.

To determine the power regquirements of the par-
ticular Indicator/Recorder at hand, refer to the model
number given on the instrument nameplate or man-
ufacturing specification sheet. The letter given in
the "station 5" location of the model number, as
specified under "[I-Model Numbering System” of the
INTRODUCTION, should be compared to Table E to
define the line service needed to place your instru-
ment in operation.

Refer to the appropriate interconnection diagram,
Figures 6 or 7, for terminal identification. Note that
the instrument is protected by an internal one ampere
fuse connected in series with the respective power
switch(es).

B. Input Power
1. AC Service

Connect a source of 120 volts, 50-60 Hz, to ter-
minals #4 (phase) and #5 (neutral) on the intercon-
nection barrier strip as shown in Figure 6. When the
recording chart drive motor is specitied, or it Indi-
cator/Recorder ac accessory instruments are
furnished, the applicable line voltage must be either
50 or 60 Hz as indicated by the model number.

2. DC Service

Connect a source of 24 to 26 volts dc to terminals
#6 (—) and #7 (+) as shown in Figure 7. An external
supply ground is recommended: however, it is not
necessary tor the operation of the instrument. If the
instrument is a Recorder or if ac accessory instru-

mentation is fumished, a supplementary ac line
source of 24 volt or 120 volt at 50 or 60 Hz (See
Table 2} must be connected to terminal #4 (phase)
and #5 (neutral).

Connect a good external ground to terminal "G”
of the interconnection barrier strip to ground the
instrument case.

C. Input Signals
1. Voltage Inputs

If the process variable input signal is generated by
a voltage transmission device, direct connections to
the following input terminal pairs are required, as
furnished: terminals #10 (+) and #11 (—) for lst
TORQ-ER (red pen or pointer); terminals #12 (+)and
#13 (—) for 2nd TORQ-ER (blue pen or pointer);
terminals #14 (+) and #1535 (—) for 3rd TORQ-ER
(green pen); and terminals #8 (+) and #9 (—) for 4th
TORQ-ER (black pen). The signal voltage input range
will be specilied on the instrument nameplate or
manufacturing specification sheet.

2. Current Inputs

It the process variable input signal is generated
by a current transmission device, such as an F&P
Two-Wire Electronic Transmitter, a precision re-
sistor, Rx, must be connected across the same voltage
signal input terminals given above to convert this
current to a voltage. See Figures 6 and 7. Note that
a TORQ-ER Receiver with a 1-5 (or 0-4) volt dc input
range is used when standard current transmission
devices are to be monitored. Thus, a £ 0.19%, 3 watt,
wirewound resistor is recommended with resistance
value as follows: 1000t for input signals of 1-5 or
0-4 mA; 2500} for input signals of 4-20 or 0-16 mA;
or 100 0 for input signals of 10-50 or 0-40 mA. For
non-standard current transmission ranges the shunt
input resistance in chms is obtained by:

Es
Is

Rx =

Where,
Es = Standard voltage input span in dec
volts =l to 5 V=4V
Is = Current input span in dc
amperes

If the Indicator/Recorder TORQ-ER(s) operate
from the 120 volt ac service, an isolated 24 volt dc
power supply can be furnished within each TORQ-
ER Receiver. This option must be specified at time-
of-purchase. The positive leg of each internal supply
may be used to energize the associated "two-wire”
current transmitter. The positive leg of these sources
are either wired to Indicator/Recorder interconnec-
tion barrier strip, TB 1, or require connection directly
to terminal #104 of the individual TORQ-ER barner
strip as shown in Figure 6.

W
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INSTALLATION {Continved)

If the Indicator/Recorder TORQ-ER Receivers
require a 24-26 volt dc power input service, the
positive leg of this external source may be used as a
common supply source for all "two-wire” current
transmitters as shown in Figure 7.

D. Optional Electrical Accessories

Whenever a Series S51Bl1100DB Indicator/Re-
corder is equipped with a single TORQ-ER (lst
receiver), the case can accommodate additional
accessory instrumentation; both pneumatic and
electrical. Further, a Series S51Bl1100DB Indi-
cator/Recorder may be furnished with a pair of
Mechanical Alarms or Time Pulse Transmitters,
each operated from the associated TORQ-ER (1st &
2nd receivers). Most details covering accessory
instruments will be found within applicable Instruc-
tion Bulletins, appended. Wiring and interconnection
details for electrical accessories within the Indicator/
Recorder case are given in Figure 8 and the following
discussion.

1. Series 52T-4000 Efectromechanical Integrator

Single receiver models of Series 51B1100DB
Indicator/Recorders may be equipped with a quantity
otalizing Series 52T-4000 Electromechanical In-
tegrator. [f this I[ntegrator is not equipped with
motion-actuated electrical contacts, no further
electrical connections are reguired. However, if
Integrator pulsing contacts have been provided, a
remote electrical counter rated at the same line volt-
age as the service to the Indicator/Recorder may be
interconnected to terminals #12 and #13 of barrier
strip TB2. Run 2-conductor, #14 AWG cable thru
1/2-inch conduit via the knockout provided in the
instrument connection plate and connect cable to
electric counter terminals as shown in Figure 8.

Note that if Integrator pulsing contacts are re-
guired, the accessory combination of Integrator and
Inductalarm is limited by terminal availability such
that only a single, not a dual, Inductalarm may be
used,
2. Series 50MF2000 Time Pulse Transmitter

Certain models of Series S1B1100DB Indicator/
Recorders may be equipped with the Series
S0OMF2000 Time Pulse Transmitter (see “II-Model
Numbering System” of the INTRODUCTION). This
device provides remote digital transmission of the
metered process variable values. The pulsing con-
tacts of Time Pulse Transmitter in a single TORQ-
ER receiver instrument are available on 1) terminals
#8 and #9 of TB2 when no Seres S5AC1000 Mechan-
ical Alarms are also provided—or 2) terminals #12
and #13 of TBZ when alarms are provided as shown
in Figure 8.

It is also possible to have one Time Pulse Trans-
mitter for each of two TORQ-ER Rece:iver: pulsing
contacts for the lst Receiver available 2n terminais

#8 and #9 and for the 2nd Receiver available on
terminals #14 and #15 of barrier terminal strip,
TB2.

Route external wiring thru 1/2-inch conduit. Wir-
ing access is provided via a knockout in the Indicator/
Recorder connection plate. Complete specifications
concerning wire size, interconnection distances, etc.,
are given within the applicable Instruction Bulletin
which is appended when this accessory instrument
is supplied.

3. Resistance Transmission

The single TORQ-ER Receiver (Indicator/Record-
er) may be equipped with a servo-driven slide-wire
potentiometer to facilitate analog electrical trans-
mission of the measured process variable to a remote
station.

Standard potentiometer resistance values are
100, S00 or 1000 ohms. Note that when the process
display indicates either 0% or 100% of scale ar chart,
the slider will be positioned at 7.5% from alternate
resistance element extremes. The slider arm of the
resistance potentiometer is available for direct con-
nection, the resistance extremes are connected at
terminals #12 and #13 of barrier strip, TB1. Using a
3-conductor, #14 AWG cabie, interconnect ag shown
on Figure 8 and run the cable thru 1/2-inch conduit
to the user-turnished reference supply and receiving
instrument.

4. Series 55AC1000 Mechanical Alarm

Single or dual Mechanical Alarms may be fur-
nished with Indicator/Recorders equippad with 1st
and/or 2nd TORQ-ER Receivers. Note that a “high”
alarm is defined as one producing a switch closure
on increasing process; a low” alarm produces a
switch closure on decreasing process. Load inter-
connection is as shown in Figure 8. Use #14 AWG
leads routed thru 1/2-inch conduit to the load{s)
whenever practical. Refer to Instruction Bulletin
55AC10C00, appended, when this alarmis furnished.

5. Series 55AD2000 Inductalarm

Interconnections for the single and dual Inducta-
larm are also given in Figure 8. Contact states for
various operaticnal modes are also given. Reference
to Instruction Bulletin 55AD2000 will provide in-
stallation and operating procedures for the Inducta-
larm, when this option is included.

6. Electromechanical Counter

A 6- or 8-digit electromechanical counter can be
supplied for integration of some process variable
tunction; such as delivered volume. The counter
requires a 24 V dc pulse input signal with a minimum
pulse duration of 20 ms. Maximum count rate is 25
Hz with a minimum of 20 ms between pulses. When
supplied, the counter is located on the right-hand
side of the chart plate. Applicable interconnection
wiring is shown in Figure 8.

(
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OPERATION
I. Pre-Operative Procedures

1) Ascertain that all electrical connections have
been completed as given under INSTALLATION,
preceding. Any pneumatic interconnections should
have been made in accordance with the instructions
covering applicable pneumatic accessory instru-
mentation.

2) If a Recorder was supplied, raise the recording
pen(s) by means of the pen lifter, mount a circular
chart on the chart drive spindle and orient the chart
in the correct time position relative to the lowered
pen. Insert the ink cartridge(s) into the hypodermic
holder(s) and prime the ink into the pen as given in
the instrument case Instruction Bulletin, appended.

3} Inasmuch as the Indicator/Recorderis normally
factory-calibrated to the user’s pre-specified mea-
surement range, no further zero or span adjustment
should be required. However, if veritication of range
alignment is desired, referto ALIGNMENT, tollowing.

4) Place the Indicator/Recorder line voltage
toggle switch(es) located within the cut-out in the
lower central section of the chart plate, in the ON
positicn.

NOTE

For instruments equipped with ac line-
powered TORQ-ER Receivers, the left-
hand switch and fuse energize the lstand
3rd Receivers. The right hand switch and
tuse control the 2nd and 4th TORQ-ER
Receivers. For instruments equipped with
de line-powered TORQ-ER Receivers, the
left-hand switch and fuse control all Re-
ceivers. The right-hand switch and fuse
energize the ac line-powered chart drive
motor and/or accessory instrumentation,
it furnished.

Energize other metering instrumentation associ-
ated with the Indicator/Recorder. Start-up each
process being displayed and note upscale deflection
of associated pen or pointer. [f a pinned downscale
display is observed on any process, reverse the signal
input leads to the associated TORQ-ER Receiver.

iI. Operation

With all elements of the metering system(s) ener-
gized and process(es) activated, the Indicator/Re-
corder is operational. In normal operation the
DAMPING {screwdriver) control should be adjusted
completely counterclockwise. However, if the penor
pointer should produce an undesired “paint brush”
effect due to a fluctuating process, rotate the DAMP-
ING control sufficiently clockwise to smrotn ne

display response. The pen or pointer will drive mo-
mentarily to zero and then return to its metering
position at the response speed newly set. Anincrease
of 0.1% metering error will be introduced at the
maximum damping adjustment.

ALIGNMENT
. General

The Series S51B1100DB(DM) Indicator/Recorder
is aligned at the factory to the user's pre-specified
input signal limits. Therefore, this instrument should
be in proper operating alignment for utilization with-
the transducer or signal converter eriginally speci-
tied. These operating limits are given on the manu-
facturing specification sheet that normally accom-
panies this Instruction Bulletin — and/or — are
engraved on a metal tag that is mounted on the upper
inner surface of the instrument case door.

[nasmuch as ranging components used within
each Series 50TQ1000 TORQ-ER Receiver as pro-
vided within the Indicator/Recorder, were selected
for specific measurement limits, the latitude of span
and zero adjustment is moderate. In the event that
the signal input requirements change significantly,
a new TORQ-ER Receiver printed circuit board or
modification of the input divider and damping cir-
cuit will be required. See "Il Changing the Range,”
following, for range conversion procedures. [t should
be noted that a precision voltage source and/or
digital voltmeter is required for calibration.

To verify range alignment, calibrate, or demon-
strate proper performance of the TORQ-ER Receiver,
perform the applicable procedure asoutlined below.

li. Calibration

This alignment procedure assures that the proc-
ess transducer or transducer-amplifier being used
has a predictable calibrated signal output versus
process measurement characteristic that may be
simulated accurately by means of a calibrated ad-
justable dc voltage reterence source.

Perform the following procedure:

1) Ascertain that all electrical interconnections
have been completed as given under INSTALLATION,
preceding.

2) Open the instrument case door —

a) lift the circular chart pen or segmental
scale pointer by means of the lifter arm —
or — withdraw and remove the concentric
dial pointer from its shaft, —

b) remove the circular chart from the chart
motor spindle if the instrument is a Re-
corder and —

c) remove the chart or scale pla:s.

(



ALIGNMENT (CONTINUED)

3) Remove the interconnecting process trans-
ducer signal input lead(s) from those terminals of
Indicator/Recorder barrier strip, TB2 or TB1, asso-
ciated with the TORQ-ER Receiver to be calibrated.
See Figures 6 & 7. Also remove the precision shunt
input resistor from these same terminals if the
TORQ-ER Receiver accepts a current input signal.
Make certain that terminal "G" of barrier strip,
TB1l, — or — that the instrument case, is connected
to a good ground.

4) Determine the signal input voltage limits to
which your instrument has been factory aligned as
specified on the metal tag mounted on the upper,
inner surface of the instrument case door. If more
than one TORQ-ER Receiveris furnished, each range
specilication is identified by pen or pointer color
that represents the Receiver mounting location as
identified in Figure 6 or 7. Note that if an input sig-
nal is specified in dc milliamperes, the TORQ-ER
Receiver input range should first be converted to dc
volts, as lollows:

E it =1 i) (Bx} x 1073
where,
E ... = input signal at 0% or 100% in volts dc
[ ... = input signal at 0% or 100% in milli-
amperes dc
Rx = resistance of precision input shunt in

ohms

5) Obtain a precision voltage source that is capa-
ble of producing a calibrated voltage output which
is at least equal to the greatest absolute range limit
for the TORQ-ER Receiver under alignment {see
Figure 9).

6) Interconnect the voltage source e.m.f. ocutput
terminals to the appropriate terminal pair (see Figure
6 and 7) of barrier strip, TB1 or TB2.

7) Remount the Indicator/Recorder scale plate
--- or -~ chart plate and circular chart. Lower the pen
or segmental scale pointer to operating position —
or — remount the concentric scale pointer. Place the
Indicator/Recorder power switchies) in the ON
position.

8) Adjust the precision voltage source to pro-
duce that dc voltage level at its output terminals
equal to the mid-value of the signal input range.

9} The pen/pointer should indicate 50% of full
scale. [f necessary, adjust the TORQ-ER Receiver
screwdriver ZERC control such that the pen or point-
er aligns with 50% of chart or scale. Note that align-
ment access slots have been provided in the scale/
chart plate for the 3rd and 4th TORQ-ER Receivers,
when furnished. For recorders, the chart may be
lifted or a portion torn away to uncover these slots.

10} Adjust the precision voltage source to produce

a) a dc voltage equal to the maximum value
of the input signal range —or—

b) a dc voltage equal to the minimum value
of the input signal range.

11) The pen/pointer should indicate the selected
value. If required, adjust the TORQ-ER Receiver
screwdriver SPAN control to produce pen or pointer
alignment with —

a) 100% of chart or scale if step #10) -a)
applies.

b) 0% of chart or scale if step #10) -b)
applies.

12) Repeat step #8 thru 11) until the pen or point-
er remains exactly on the two calibration points.

13) Adjust the precision voltage source to check
alignment accuracy at additional points, such as
25%, 50%, 75% of scale, to verity that the receiver
is accurately calibrated and tracking properly.

14) If an input shunt resistor was utitized to con-
vert a de current input signal to a voltage input, check
the resistance of the shunt by means of a laboratory
standard bridge. The tolerance of this resistor should
not exceed *0.1% from the value specitied on the
manufacturing specification sheet. If tolerances are
greater than =+ 0.1%, contact your local Fischer &
Porter office, referencing the F&P serial number that
appears on the metal plate mounted inside vyour
instrument case door. When the resistance is satis-
factory, reconnect it across the proper signal input
terminals.

15} Repeat the alignment verification procedures
for each of the TORQ-ER Receivers furnished in your
Indicator/Recorder.

NOTE

In the event alignment procedures do not
produce proper results, refer to the MAIN-
TENANCE section.

16) When proper calibration has been demon-
strated satisfactorily, disconnect test equipment and
restore interconnection wiring as given in the IN-

STALLATION section.

lll. Changing the Range

A TORQ-ER Receiverinput range may be changed
by ordering a replacement printed circuit board to
new range specifications, by ordering a range con-
version to a factory-returned printed circuit board,
or may be done at the user's facility by performing
the following conversion procedure. As previously
discussed, precision test equipment is required for
accurate calibration. Further, only skilled mainte-
nance technicians familiar with solid state service
technique should be permitted to make circuit
modilications.

1



ALIGNMENT (Continvad)

Note that input spans down to 200 millivolts de
may be specified since the TORQ-ER receiver is
basically a 200 millivolt measurement device with
a resistive voltage divider at its input. Note that the
input zero may fall anywhere within +1 to -2 times
span. Further, the input impedance of the TORQ-
ER Receiver diminishes as the span is reduced; i.e.,
250 kilohms per volt of apan. However, for the sin-
gular case of a 200 millivolt de span, the input im-
pedance is greater than 300 kilohms. To supplement
this discussion reler to Figure 11.

A. Range Modification

To change the range of the TORQ-ER receiver
proceed as cutlined below.

1) Determine the input span voltage by use of
the following equation.

v span T v 100% ~ VO%
For example:

Vigee =2V

V o = —]. V

then,
Vian = 2V -(-1V)=3V

NOTE

The input span must be between + 4.0 and
+0.20 volts. If Vepan is less than 200 milli-
volts, full scale deflection cannot be
obtained.

2) When Vian has been determined, select the
appropriate resistance values for use in the input
divider and damping circuit.

a) Vspan is between +0.4 and +4.0 volts; use
R3 =953 k 1, omit R4, RS =499 k0.

b) Vepan is between +0.26 and +0.40 volts;
change RS to 100 k), omit R4 and re-
place R3 with a jumper:

) Vipan is between +0.2 volts and +0.26 volts;
omit R4 and RS and replace R3 with a
jumper.

d) If Vepan is more than 4 volts, the user must
employ an external resistor divider to ef-
fect a 4 volt span at the input to the TORQ-
ER.

TORQUE MOTOR
ASSEMBLY

1200 {1 2 WATT
LOAD RESISTOR

SURFACE

PRINTED
CIRCUIT

BOARD 120 VOLT

50-60 H:
LINE INPUT

LOAD RESISTOR REQUIRED ONLY WHEN
TWO-WIRE TRANSMITTER POWER

SUPPLY OPTION 1S INCLUDED.
{CONNECT BETWEEN TERMINALS
103 AND 04 FOR TEST LOAD.)

TYPICAL DC STANDARD

NOTE
VOLTAGE SOURCE

Gl 1937 -4

24 vdc
LINE INPUT

FIGURE 9. IHTZEZONIT

ZTION FOR DYNAMIC TEST



ALIGNMENT (Continved)

B. Zero Carrection

1) Calculate the ratio of input zero over input
span. V... must be between -3.0 and +4.0 volts.
For example:

\'
Ratio = o
span
Assuming, Vo, -1 volt and V..., = +3.0 volts,
then

NOTE

This ratio must be between — 2.0 and + 1.0,
otherwise readings will be off scale.

2) Using the value calculated in step 1., preceding,
proceed as follows:

a) It ratio is between +0.30 and +1.0, replace R9
with a jumper.

b) If ratio is between—0.40 and +0.35 no change
is required.

¢} It ratio is between—2.0 and—0.40 replace R11
with a jumper.

When modifications have been completed, re-
assemble TORQ-ER Receiver and replace it in the
instrument case. Align TORQ-ER Receiver using the
procedure outlined under “II-Calibration” in this
section.

CIRCUIT DESCRIPTION
. Input & Damping Network

The dc input signal is applied to TORQ-ER Re-
ceiver terminals #106 (+) and #105 (-) by way of
Indicator/Recorder interconnection barrier strip,
TB1 or TB2, as shown in Figure 6 or Figure 7, as
applicable. If the process variable information is
transmitted as a current signal, either by a two-wire
transmitter or the conventional method, a precision
wirewound shunt resistor is connected across those
input terminals to convert the current to a properly
ranged voltage input signal as given in Table I—
Standard Signal Ranges under “lI-Specifications”
of the INTRODUCTION.

The input signal (voltage) is then coupled thru an
adjustable damping network to a high impedance
voltage divider consisting of resistors R3 {or R4)
and RS, as shown on the schematic diagram, Figure
11, Basically the damping network is utilized to

filter noisy or erratic signals in order to obtain a clear
chart record. The ratio of the output voltage devel-
oped across R5 to the input voltage is approximately
20:1; e.g, a 200 mV output for a 4 volt input span.
This aftenuated signal is in turn introduced to the
non-inverting (+) input of an integrated circuit oper-
ational amplitier, Ul, employed in a differential
amplifier configuration.

Zener diode CR1 maintains a fixed negative bias
across damping capacitor Cl, to assure that the
voltage polarity remains in the proper direction even
if a negative input signal is required. However, the
absolute low limit for input voltage is —3 volts.
(Damage to capacitor Cl will occur if this limit is
exceeded.) Adjustment of the DAMPING poten-
tiometer, R1, permits varying the overall circuit
time constant to obtain the desired degree of damp-
ing; i.e., pen or pointer traverse time can be varied
between the nominal limits of 0.36 seconds mini-
mum to 25 seconds maximum (for 63% of scale
deflection following a 100% step change). Rotation
of the DAMPING control in a clockwise direction
will increase the RCtime constant, thereby increasing
the amount of damping.

II. Reference Voltage Generator

The reference voltage generator circuit consists
of an oscillator, electronic switch and a temperature
stable voltage source. The oscillator stage, U2, is an
integrated circuit operational amplitier utilized as a
free-running multivibrator. The multivibrator oper-
ates at a frequency of 10 kHz and provides a sym-
metrical square wave output signal with a stability
of *1% per 25°C ambient temperature change.
{Refer to test point “F".)

The output of the oscillator is used to drive an
electronic solid state switch, Q5 and Q6. The elec-
tronic switch alternately shorts or opens a circuit
in parallel with Zener diode CR8. Functionally, when
the 10 kHz signal voltage applied to the base of Q6
swings in the positive direction, Q6 and Q5 will
conduct. As a result, Q5 now grounds CR8 while Q6
simultaneously cuts off the voltage source, Q4.
Alternately, when the oscillator signal switches to
ground on the 2nd half of each cycle, Q5 and Q6
will now be cut oft. Concurrently, Q4 will switch
“on,” thereby charring capacitor C9 until Zener
CR8 limits the voltage (+9 V),

Thus, a square wave of constant frequency, sym-
metry and ¢ .i.iude is developed at the junction of
CR8 and Cy. This signal is ac coupled to the primary
winding of transformer T2 (refer to test point "E").
In addition, this signal is also rectified and filtered
by CR7 and C8 respectively, to provide a stabie
—4 volt de reference supply.
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CIRCUIT DESCRIPTION (Continued)
il. Flux Bridge & Feedback System

Transformer T2 has two secondary windings, one
used to provide a reference voltage to the flux bridge
and the other used to drive a synchronous demodu-
lator. The center-tapped coil of T2 secondary pro-
vides a 1.4 volt peak-to-peak reference signal which
is applied simultaneously to the primary winding of
the flux bridge feedback system and a parallel re-
sistance network (R9, 10 & 11). Potentiometer R9
is used to set the required ZERO ADIUST voltage.

The signal output from the secondary winding
(position generator) of the flux bridge varies from
200 millivolts p-p at minimum scale through zero
output at midscale to 200 millivolts p-p of opposite
phase at full scale. The output level of this "position”
signal is adjustable by means of the SPAN AD].
potentiometer, R6. This preset position signal is now
returned to the center tap of the reference trans-
former where it is added to the “zero” signal. The
resultant voltage appearing at the slider of the ZERO
control varies between 100 and 500 millivolts p-p
depending upon the servo-controlled pen or pointer
position {refer to test point "C").

A synchronous demodulater, Q1, is employed to
rectify the position signal. This is accomplished by
using the 10 kHz square wave signal developed by
the other secondary winding of the reterence trans-
tormer (T2) to control the demodulator. Functionally,
a bias voltage is developed alternately through re-
sistor B8 or through reverse bias diode CR6. The bias
voltage is essentially an alternating high to a low
impedance gating signal and results in half wave
rectification of the 100 to 500 millivolt p-p reference
leedback signal. Capacitor C4 filters the dc feedback
signal while capacitor C3 bypasses any remaining
10 kHz component to ground. Finally, a filtered dc
signal {see test point "B") is coupled to the inverting
input (—) of the differential amplifier, U1, for com-
parison with the process signal. The reference teed-
back signal is now subijected to an added voltage
component developed by the velocity generator
winding of the flux bridge. The voltage output from
this winding represents a rate function; i.e., voltage
magnitude is proportional to pen or pointer speed.

IV. Differential Amplifier

The differential amplifier, Ul, simultaneously
compares the magnitude of the process and feedback
sighals applied to its inputs. When these signals are
of equal magnitude, the cutput of Ul will be a rela-
tively symmetrical square wave. Any unbalance be-
tween the input voltages will cause the amplifier
oulput wave form to unbalance, ie., the duty cycle
will change in proportion to the magnitude and
direction of the error. For example, if the process
signal increases, the amount of time thar the outp

of Ul is high will also increase, thereby causing the
torque motor to drive "upscale” until the feedback
signal equais the applied process input voltage. When
a null condition has been re-established, the torque
motor will hold its position. Hence, the TORC-ER
receiver is essentially a closed loop system; ie., any
change in the position of the torque motor {whose
shaft is common to that of the Hlux bridge) will cause
a proportional change in the magnitude of the feed-
back voltage until the unbalance is reduced to zero.

Capacitors C6, C7 and resistor R13 form a feed-
back network which has both low pass and high pass
characteristics. The former gives an integral char-
acteristic to the system, while the latter acts to main-
tain self-oscillation of the system at 1200 to 1500
Hz (see test point "G"). This high frequency is
selected to preclude any influence on the pen and
inking system of recorders.

V. Output Driver & Torque Motor

The output driver stage consists of two transistors,
Q2 and Q3, which are connected in an alternately
on-off mutually exclusive arrangement. The ocutput
voltage from the differential amplifier, Ul. is applied
to the basze of output transistor Q2. which in turn
drives the "ccw" winding of the torque motor. When
the instantaneous output voltage trom Ul rises
above +0.7 volts, Q2 will conduct and cause cutolt
of Q3 (de-energizes the "ccw” winding). Then, when
the output of Ul drops below +0.7 volts, Q2 will ke
cut off and Q3 will conduct and energize the "cw”
winding of the torque motor. [n either conducting
condition the feedback system will automatically
change its output signal to effect a balance condition
at the input of Ul. At balance, transistors Q2 and
Q3 will repeat on-off states at the same duty cycle
{1200 to 1500 Hz).

NOTE

"CW" and "CCW" refer to clockwise or
counterclockwise rotation of the torque
motor shaft. "CW” is upscale pointer/pen
moverment.

The output driver stage is designated to that most
ol the power is dissipated across the torque motor
windings. Further, as Q2 and Q3 operate in the
switching mode, power dissipation of these tran-
sistors is very small. It should be noted that since an
integrating ampiifier is used in the TORQ-ER Re-
ceiver, the current in one winding will increase over
a small period of time if the output shaft is manually
held "off nuil.” When the cutput shalt is released, the
pen or pointer will be momentarily deflected until
the leedback system regains true balance wun the
process input voltage.

Under normal operation the torque motor has a
torgue of 1 inch-pcund in either direction. It the
motor will drive in only one direction, check the

<



CIRCUIT DESCRIPTION {Continued)

continuity of the windings. The normal dc resistance
of each winding is 360 ohms measured between
pin 5 and 8 and pin 6 and 8. The torque motor may
drive to either 100% or 0% if power is not applied:
this is normal and is due to the internal permanent
magnet rotor. If the torque motor is defective, the
entire motor-feedback assembly (TORQ-ER} must
be replaced.”

VI. Power Supply (As Specified)

A. 120 Volt, 50.60 Hz, Power Input

The 120 V ac line power applied to terminals 101
{phase) and 102 (neutral) is stepped down via power
transformer T1. The voltage developed in the sec-
ondary winding of T1 is first rectitied by CR3 and,
in turn, the rectitied dc is then applied to a capacitor
input type filter, C12. The output of the filter is
+31 V dc used to drive the torque motor. In addition,
+15 V de and +7.5 V dc outputs are derived from a
Zener diode series divider network, CR4 and CR5,
respectively. The +15 V and +7.5 V dc supplies are
used fo power the solid state circuitry. Note that test
point "A” is power supply common.

A two-wire transmitter power supply can be sup-
plied as an option in the 120 V ac powered TORO-
ER Receiver only. This option must be specitied at
time-of-purchase. This two-wire supply is also driven
by the voltage developed in the secondary winding
of transtormer T1. A full wave rectitier, CR10 and
CR11, converts this ac to a dc voltage which is then
filtered and applied to a transistor voltage regulator
circuit. The output voltage is fixed at approximately
25.7 Vdc by Zener dicde CR1 2. This two-wire supply
provides short circuit protection by the use of series
limiting resistors. The output voltage for the remote
two-wire transmitter is presented at terminals 104
(+) and 103 (-).

B. 24 to 26 V d¢ Power Input

An external +24 to +26 V dc power supply can be
used to power the TORQ-ER Receiver. When this
power service is specified, power transformer T1,
rectitier CA3 and capacitor C12 are deleted {rom the
printed circuit assembly. The power is introduced to
the TORQ-ER Receiver at terminals 104 (+) and
103 (- and common). Diode CR2 is now added
across the power input terminals to provide reverse
voltage protection. The +24 V de is coupled to the
filter section of the internal power supply through
jumper 1. In addition, to minimize noise on the
process input, a copper cut removes the " —" side of
the process input line (terminal 108) from internal
common. An external jumper, Jx, is then connected
from terminal 105 to terminal 103 (the "—" lne of
the external 24 V dc power supply). When power for
a remote two-wire transmitter is required, it can be
powered directly from the external 24 to 26 V dc
power service.

MAINTENANCE

l. General

The F&P Series 50TQ1000 TORQ-ER Receiver
consists of two modular units; the TORQ-ER unit and
the servo-amplifier printed circuit board. Mainten-
ance beyond the modular level should be attempted
only by a trained electronic technician. When quali-
fied electronic maintenance personnel are not avail-
able, the complete TORQ-ER Receiver may be
returned prepaid to the manutacturer for servicing.
If the instrument is beyond the coverage of the
warranty, a reasonable service charge may be
expected.

If minimizing downtime in the event of instrument
malfunction is of major importance, spares should be
maintained on a modular basis. Defective modules
may then be repaired from component level spares
without interruption of the process. Service problems
that cannot be solved by normal trouble shooting
procedures should be referred to the manufacturer's
service department with complete information as to
the nature of the difficulty. Instructions covering
corrective measures and parts replacement, if com-
ponent failure is indicated, will be turnished
promptly.

Il. Routine Maintenance

No routine maintenance procedures are required
for the TORQ-ER Receiver within the Series
51B1100DB(DM) Indicator/Recorder. Routine
maintenance procedures for any accessory instru-
mentation furnished within the instrument case are
given within the applicable Insfruction Bulletin,
appended.

lll. Disassembly of TORQ-ER Receiver

To remove a TORQ-ER Receiver from the instru-
ment case for inspection, troubleshooting or replace-
ment, perform the following disassembly procedure:

1) Open the instrument case door and raise the
pen(s) or pointer(s) by means of the lifter arm. With-
draw a concentric dial indicating peinter from its
hub. Remove the circular chart from a Recorder
Remove the scale or chart plate.

2} Disengage the connecting link to the instrument
case spindle from the TORQ-ER take-off lever.

3) Place TORQ-ER Receiver power switch in the
OFF position.

4) Remove the clear plastic shield that covers the
TORQ-ER Receiver interconnection barrier strip.
loosen terminal screws and remove all intercon-
necting leads from this barrier strip.

5) Remove the four #10 fillister head screws and
two #6 binder nead screws that mount the TORQ-ER
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MAINTENANCE (Continved)

Receiver to the instrument plate. Two of these screws
are at the base corners of the printed circuit board
and four of them are located on the torque motor
assembly housing flange. Further, if the TORQ-ER
Receiver is mounted in the upper section of the in-
strument case (1st & 2nd Receiver location), remove
the single mounting screw that attaches the instru-
ment spindle plate to the torque motor assembiy
housing.

6) Withdraw the TORQ-ER Beceiver from the

instrument case.

7) Remove the four #6 pan head screws and lock-
washers from the rear of the printed circuit beoard
that mount the TORQ-ER unit.

8) If necessary, disconnect the miniature 14-pin
plug which connects {lexible interconnection tape
cable to the servo-amplifier board from the
TORQ-ER.

V.

A. Sensory Inspection

Troubleshooting

In the event of equipment malfunction, perform
a visual inspection of components for indications of .
charred resistors, broken or shorted leads, etc. Over-
heated transformers or electrolytic capacitors may
help to localize touble spots. The acrid or pungent
aroma of a charred resistor or punctured electrolytic
capacitor also serves as a localizing means. If com-
ponent failure can be localized by the senses, analyze
the schematic diagram of Figure 11 for possible
causes of component failure. Replace all suspected
subassemblies or components. Refer to the parts list
following section VI for subassembly or component
replacement specifications.

B. Troubleshooting

Further assistance in the localization of the more
probable areas of system maltunction is given in the
following troubleshooting table.

TROUBLESHOOTING TABLE

TROUBLE & PROBABLE CAUSE

REMEDY

1. Receiver inoperative with associated power
switch "on.” Line tuse blown.

a) Shorted filter capacitors, C12 or Cl4 (ac
Receivers only).

b) Shorted power transformer, Tl {(ac

Receivers only).
¢} Delective full wave rectifier, CR3.

d) Detective Zener diodes, CR4 & CRS.

(Fuse may not blow.}

e) Delective filter capacitor, C12, C13 or
Cl4, C15.

f) Shorted transistor in reference or error
signal circuitry. (Fuse may not blow ]

1. Isoclated internal short circuit to TORQ-ER
Receiver or accessories, if ac TORQ-ER is
turnished, by removing accessory line leads
from TORQ-ER Receiver terminals #101 &
102. Replace fuse and apply line voltage.
If fuse blows, shert is in TORQ-ER Re-
ceiver — if not, check accessories as out-
lined in associated Instruction Builetins.
a) Beplace defective capacitor and 1

ampere fuse.

L) Replace defective transformer and 1
ampere fuse.

c) Replace rectifier CR3 and 1 ampere fuse.

d) Replace defective diode(s) and 1 ampere
fuse, if applicable.

e) Replace delective capacitor, as applies,
and 1 ampere fuse, if applicable.

{} Replace delective transistor or entire
servo-amplifierboard and 1 ampere fuse,
if applicable.
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TROUBLESHOOTING TABLE (Continued)

TROUBLE & PROBABLE CAUSE

REMEDY

2. Pen or pointer pins upscale with proper
signal interconnections and with zero or
upscale signal input.

a) Defective component in relerence vol-
tage generator circuitry.

b) Defective feedback bridge circuifry.

<} Defective flux bridge.

d) Shorted or open torque motor windings.

e} Defective differential amplifier circuitry.

2. Attempttomove off upscale pin by adjusting
ZERQO control. If unable, check —

a) Perform dynamic checks in section V,
following, to isolate defective component.

b) Same as 2a), above. Replace defective
component or servo-amplifier board.

c) Same as 2a), above. Replace TORQ-ER
unit.

d) Replace TORQ-ER unit.

e) Check voltage waveforms at amplifier
Ul & Q2 Replace, if defective.

3. Pen or pointer pins downscale with proper
signal interconnections and “on scale” sig-
nal input.

a) Defective signal input or damping circui-
try.

b) Same as 2e), abave.

c) Same as 2d), above.

3. Attempt to move olf downscale pin by
adjusting SPAN conire!. If unable, check —

a) Check d¢ veltage level at input circuitry
as given on instrument data tag. Remove
input signal and line power and check
static resistance of input circuitry.
Replace defective components.

b) Check Ul, Q2 & Q3. Replace, if detec-
tive.
c) Same as 2d), above.

4. Pen or peinter motion is erratic or oscillates.

a) Intermittent delect in reference voltage
generator or differential amplifier circui-
try.

b} Intermittent connection in tape cable
between servo-amplifier board and
torgue motor assembily.

4. Determine that this is not function of input
signal that can be overcome by adjusting
DAMPING control clockwise.

a) Same as 2 a), above.

b) Check iforloose or broken wire. Repair as
necessary. Clean contacts of 14-pin con-
nector with suitable sclvent.

V. Dynamic Test

A. General

In the event that procedures given in the preceding
troubleshooting section do not isclate instrument
malfunction it may be necessary to perform dynamic
testing. To gain accessibility for dynamic tests, re-
move the TORQ-ER Receiver from the instrument
case and separate the printed circuit board from the
TORQ-ER unit as given under “lI-Disassernbly of
TORQ-ER Receiver,” preceding. Position the printed

circuit board, component side up, on an insulated
surface with the TORQ-ER unit, still interconnected,
adjacent to the board.

Obtain an adjustable dc standard voltage source
that is capable of producing the dc signal voltage
limits required of the TORQ-ER Receiver with an
accuracy of at least +0.1%. An accurate voltmeter
or calibrated oscilloscope will also be required. [f
the TORQ-ER Receiver operates from a two-wire or
conventional currentsignal source, calculate and use
the equivalent voltage limits prcduced across the

21



22

MAINTENANCE {Continued)

input shunt resistor at the instrument case intercon-
nection barrier strip. Next, obtain a 1200 ohm, 2
watt resistor if the TORQ-ER Receiver is an ac model
with two-wire transmitter. Interconnect for dynamic
tests as shown in Figure 9. All tests are taken with a
simulated signal input voltage level set at 30% of
maximum unless otherwise specified.

Note that the test points, as well as circuit desig-
nations, are screened on the servo-amplifier board
to serve as an aid for dynamic testing (see Figure 10).
Typical waveforms associated with these test points
are given on the schematic diagram of Figure 11.
These should be measured with an oscilloscope with
a 1 millisecond sweep.

8. DC Power Supply Check

1) Check the 24 volt dc supply (ac TORQ-ER
Receivers only) by measuring from the "+" junction
of CR3 and C12 to power supply common (test point
“A”). This should measure +31.5 volts dc * 5% when
input is 120 volts ac. The 120 Hz output ripple should
be 2.0 voits p-p or less. [f measurements do not fall
within these limits, examine power transformer, T1;
full wave bridge rectifier, CR3; filter capacitors,
C12 or C13: dropping resistor, R23; and zener di-
odes, CR4 & CRS.

2} Check the 15 V dc supply by measuring at the
junction of CRS, R23 & C13 to power supply
common. This should measure +15 volts dc + 5%.
The 120 Hz output ripple should be 0.15 volts p-p
maximum with no more than 50 millivolts p-p high
irequency ripple.

3) Check the —4 V dc supply by measuring from
the junction of diode CR7 and capacitor C8 to signal
common. This should measure —3.8 volts dc £ 10%
with a 1.0 mA load. The 10 kHz output ripple should
not exceed 30 millivolts p-p. [f measurements do not
fall within these limits, reler to "C. Relerence Voltage
Generator,” following.

4) Check the two-wire transmitter dc supply
{option in 120 V ac TORQ-ER Receivers only} by
measuring between terminals #103 (—) and #104
{(+) of the board barrier strip. This should measure
between 24 and 26 volts dc with a maximum 60 Hz
and 120 Hz output ripple of 50 millivelts p-p either
with or without the 1200 ohm load resistor attached.
It measurements do not fall within these specified
limits, perform a static resistance check of all com-
ponents associated with this power supcly.

NOTE
This two-wire power supply is >ipabie of
sustaining a short circuit load fer ~ne hour

without damaging components. Jh=r oir-
cuit current = 60 mA dc maximwir,

C. Reference Voltage Generator

1) Check the reference voltage generator by ob-
serving the waveform measured between —

a) Test Points "A" and "F’ of the board. This
should be a 10 kHz, 14 volt pp * 5%
square wave.

b) Test Points "A” and "E” of the board. This
should be a 10 kHz, 9 volt p-p square wave.

" 2) Compare the waveforms observed at test points
“F* and “E.” Both should be a 10 kHz symmetrical
square wave. I the correct voltage exists at test
point "F” but not at "E,” suspect transistors, Q4-6;
transformer, T2; diodes, CR7 or CR8; or capacitors,
CB or C9. It proper voltage exists at test point "E”
proceed to step #3.

3) Observe the waveform between test point "D”
and power supply common. This should be 3-200
mV p-p square wave with a repetition rate of 10
kHz. If the correct voltage exists at test point "D,”
but not at "C,”" all circuitry associated with the {lux
bridge and demodulator, 1, becomes suspect. Note
that the voltage applied to pins P2-4 and P2-14 of
the flux bridge must be 1.4 volts p-p * 7%.

4) Observe the wavelorm (velocity feedback sig-
nal) between the test point "B” and power supply
common. This should be a 50 to 250 mV rectified
dc signal with a repetition rate of 10 kHz. Ripple at
test point "B” should be less than 15 mV p-p; how-
ever, large spikes up to 100 mV p-p may also be
present.

D. Flux Bridge & Feedback Circuit

1} Manually adjust the TORQ-ER output shaft
from 0% to 100% of operating range while measur-
ing the dc voltage between test point "B” and signal
common. This should change from 50 millivolts to
250 millivolts de. Disregard random spikes of 100
millivolts p-p. [{ proper measurements are obtained,
proceed to "E. Input & Damping Circuit,” tollowing.
[t improper, check field eftect transistor, Q1; capac-
itors, C3 and C4; and diode CR&. Also, disconnect
line voltage from the TORQ-ER Receiver, and check
the flux bridge velocity generator winding by con-
necting the negative lead of a multimeter to terminal
"P2-13" and the positive lead to termainal "P2-3"
of the 14-pin miniature connector. With the multi-
meter set to its lowest dc voltage measurement
range, quickly displace the TORQ-ER output shaft
upscale; the meter pointer should deflect slightly
positive. The meter pointer should deflect slightly
negative if the pen is quickly displaced downscale.
If assembly and components are sound, proceed to
step #2.

2) With the line voltage reapplied to the TORQ-
ER Receiver check the output of the flux bridge
position generator by cbserving the waveform be-
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tween terminals, "P2-2" and "P2-12." Vary the
TORQ-ER shaft from 0% thru 50% to 100% of range.
A 10 kHz, 200 millivolt p-p square wave should be
obtained with the shaft at 0%, dropping to zero with
the shaft at 50%, and rising again to a 200 millivolt
p-p square wave of oppositle phase with the shaft at
100% input. If improper voltages are obatined, the
flux bridge may be defective. Disconnect line voltage
and check for short circuits to ground from terminals
2, 3, 4 and 12, 13, 14 of P2. If the flux bridge is
found defective, the entire TORQ-ER unit must be
replaced.

CAUTION

Do not attempt to disassemble the flux
bridge or torque motor. Return the entire
assembly to Fischer & Porter Company,
Warminsterr, Pa. for servicing or
substition.

3) With line voltage reconnected and the input
signal adjusted to 0% or 100% of its rotation, adjust
the screwdriver SPAN control to its extreme limits.
The TORQ-ER output shaft should rotate approxi-
mately 30% of its full span. With the input signal
adiusted to 50%, little or no output shaft motion
should occurwith the same SPAN control adjustment.

4) With a 50% input signal, a full adjustment of
the screwdriver ZERO control is capable of moving
the TORQ-ER output shaft 75% of its tull sweep;
ie., cw o ccw adjustment limits.

E. Input and Damping Circvit

1) With the DAMPING screwdriver control ad-
justed completely counterclockwise, manually adjust
the simulated dc signal input voltage from 0% to
100% of its operating range while measuring the dec
valtage between Ul-pin 5 and signal common. This
should change from S50 millivolts to 250 millivolts
dc. The output shaft should rotate smoothly between
its limnits without oscillations. If improper measure-
ments are noted, check input dividers, R1, R3 and
RS and capacitors, Cl and C2.

2) Check the damping circuitry by suddenly
changing the de¢ input signal voltage from 0% to
100% of operating range. The output shaft should
rotate full scale in approximately 1.5 seconds. With
the input signal at 0%, rotate the DAMPING screw-
driver control completely clockwise. The output
shaft should return to its 0% position and stabilize.
Suddenly increase input signal to 100%; the output
shaft should reach 62% of maximum positicn in 15 to
25 seconds. If improper operation occurs, check
capacitors, Cl1 and C2, and resistors, R3 and R4,
When testing is complete, adjust the DAMPING con-
trol completely counterclockwise.

F. Differential Amplifier

Compare the input and feedback signals by mea-
suring the dc voltage level at the inputs of difter-
ential amplifier, Ul. Measure the respective voltages
applied to pins 4 and 5 to signal common. They
should measure 150 millivolts de *+ 10% at 50% of
maximum, but mere importantly both test points
should measure within 10 millivolts of one another
in normal operation. When both input volitages are
equal, the output of Ul should be a 1200 to 1500
Hz square wave with 50% duty cycle. If the position
feedback signal at pin 4 is not equal to the process
signal at pin 5, check the reference voltage generator
and feedback system for proper operation.

G. Torque Motor

1} Observe the voltage across each torque motor
winding; P2 pins 5 and 6 to common. A typical wave-
form is shown for test point "G" (see Figure 11).
The output current through each motor winding
should be a sgaure wave of about 1200 to 1500 Hz
when the circuit is operating normally and at null.

2} Remove line voltage from the TOR(Q-ER Re-
ceiver. The torque motor output shaft will normally
drive to 0% or 100% position because of its perma-
nent magnet rotor. Measure the dc resistance of each
motor winding. The respective winding should mea-
sure 360 ohms { * 10%) from terminals 5 to 8 and
6 to 8 of P2. If the torque motor is defective, the
entire TORQ-ER unit must be replaced.

VI. Parts Replacement

It is recommended that certain complementary
spares be maintained in stock so as to facilitate rapid
maintenance in the event of instrument breakdown.

Replacement spares for the TORQ-ER Receiver
may be maintained on one of two maintenance
levels; ie.: 1) the single printed circuit board and
the TORQ-ER, and/or 2) individual electronic com-
ponent spares for the printed circuit board. Note that
the TORQ-ER unit is not considered repairable on a
component level basis in the lield.

A separate Parts List is available for mechanical
components integrally mounted in the Series 1100
Indicator/Recorder instrument case. Refer to Parts

List 51-1100.

If minimizing down-time is of paramount im-
portance, it is recommended that spares be main-
tained -n a subassembly basis. A delective printed
circuit hoard may then be repaired trom ~omponent
lzva: arares without prolonged interricion of the

CrmeiEal
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REPLACEABLE PARTS LIST
TORQ-ER RECEIVER 50TQ1000C

TABLE A SUB-ASSEMBLY & COMPLETE RECEIVER PART NUMBERS

MODEL PC BOARD TORQ-ER TORQ-ER RECEIVER

NUMBER PART NUMBER | PART NUMBER PART NUMBER
50TQ1101 & 1102 686B283U05 698B046U01 698B046U02
50TQ 1103 & 1104 686B283U04 698B046U01 698B046T03
50TQ1301 & 1302 686B283U03 698B046U01 698B046U04
50TQ1303 & 1304 686B283U02 698B046U01 698B046U05
50TQ1401 & 1402 686B283U07 698B046U01 698B046 U006
50TQ1403 & 1404 686B283U06 698B046U01 698B046U07

TABLE B TORQUE MOTOR ASSEMBLY

DESCRIPTION

F&P PART NUMBER

Torque Motor

Bracket, cast aluminum

669B047U02
354B0110U02

C
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REPLACEABLE PARTS LIST

TABLE C. PRINTED CIRCUIT ASSEMBLY

SYMBOL DESCRIPTION PART NUMBER
Cl1 CAPACITOR, Tantalurn: 430 uF, 8 Vde 160K 022003
c2 CAPACITOR, Tantalum: 2.2 nF, 50 V de 160K 046001
C3,4 CAPACITOR, Polyester Film: 0.33 uF, B0 V dc 160H485U027
C5 CAPACITOR, Polyester Film: 0.01 aF, 80 V de 160H485U09
Ccé CAPACITOR, Polyester Film: 0.1 ukF, 80 V de 160H485U21
Cc7 CAPACITOR, Mylar: - 0,68 uF, 50 V dc 160K038U06
C8§,9,13 CAPACITOR, Tantalum: 15 nF, 20 V dc 160K 0361062
clo CAPACITOR, Silv'd Mica:. 270 pF, 500 V dc 160G 061001
C11 CAPACITCR, Polystyrene: 4700 pF, 100 V dc 160H482U01
Cl2%, 14*% CAPACITOR, Electrolytic: 250 puF, 50 V dc 160A025U1%
C15% CAPACITOR, Electrolytic: .50 nF, 50 V de 160A013U0}
Cléx CAPACITOR, Polyester Film: 0,047 nF, 80 V de 160H485U17
CRl1 DIODE: Type 1N4728A, Zener 166B113U01
CR2+, 10%, 11%* DIODE: Type 1N4003 166B050U01
CR3* DIODE: Type MDA920A-4 166E004U01
CR4,5 DIODE: Type IN4737A, Zener 166B113U10
CR6, 7,9, 13, 14| DIODE: Type 1N4151 166B112U15
CRS8 DIODE: Type 1N936, Zener 166B053U01
CR12* DIODE: Type IN4750A, Zener 166B113U23
CR15 DIODE: Type 1N4745A, Zener 166B113U18
Ql TRANSISTOR: Type 2N4860, FET 156B125U0!
02,3, 7* TRANSISTOR: Type 2N2270, NPN 1568127009
Q4,5,6 TRANSISTOR: Type ZN3947, NPN 156B127U04
QB* TRANSISTOR: Type 2N2222, NPN 156B127U08
Rl POTENTIOMETER, Wirewound: 50 kg, 10%, 1/2w 162A166U01
R2 RESISTOR, Composition: 470 Q, 5%, 1/4 W 161K228U17
R3# RESISTOR, Metal Film: 953 kQ, 1%, 1/2 W 161 T0O30U95
R4+ POTENTIOMETER, Metal Film: 1 Mg, 25%, 1w 162C185U16
R5,12 RESISTOR, Metal Film: 49.9 k%, 1%, 1/4 W 161 T022U68
R6,10 POTENTIOMETER, Wirewound: 1 kQ, 10%, 1/2w 162C188U01
R7,9 RESISTOR, Metal Film: 681 Q, 1%, 1/4 W 161T020U81
RS RESISTOR, Composition: 47 k%, 5%, 1/4W 161K230U17
R11 RESISTOR, Metal Film: 1580 Q, 1%, 1/4 W 161T021U20
R13 RESISTOR, Composition: 39 k&2, 5%, 1/4wW 161K230U15
R14 RESISTOR, Composition: 2400 2, 5%, 1/4 W 161K229U10
R15 RESISTOR, Composition: 1000 2, 5%, 1/4 W 161K229U01
R16,17 RESISTOR, Metal Film: 75 2, 1%, 1/4 W 161T0O19U8S
R18 RESISTOR, Composition: 3300 Q, 5%, 1/4 W 161K229U13
R19 RESISTOR, Composition: 10 ke, 5%, 1/4 W 161K230U0)
R20 RESISTOR, Metal Film: 10 ke, 1%, /4w 161T022001
R21,22 RESISTOR, Metal Film: 20 kQq, 1%, 1/4 W 161 T022U30
R23 RESISTOR, Composition: 360 Q, 5%, P 161G361U01
R24+ RESISTOR, Composition: 620 Q, 5%, L/2W 161A621U01
R25%, 26% RESISTOR, Composition: 470 Q, 5%, 1/2 W 161A471UQ1
R27% RESISTCR, Composition: 27 Q, 5%, 1/4 W 161K227U11
Tl* TRANSFORMER, Power: 120 V ac, 50-60 Hz primary 380E112U01
T2 TRANSFORMER, Reference: 155T/320T & 27T ct 380E108U01
Ul INTEGRATED CIRCUIT: Type MC1741CL 177B003U 04
U2 e | ._INTEGRATED CIRCUIT: Type MC1709CL 177B003UO2
* ac Only
4+ de Only
5 o R FISCHER -

“PORTER
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SERIES 52T[14000 MECHANICAL INTEGRATORS

MODEL NUMBERING

Refer to the F&P data sheet or the instrument
name plate for the specific model number of the
equipment furnished. The basic details of the
model number are explained below. Explanation is
not shown beyond the 9th digit due to the techni-
cal nature of the information — this information
serves only to key the ‘‘building”’ drawings.

52 107 40 00 €
— Integrator, Mechanical input ——————1 | T
Enclosure Mounfing
TL | 51-1400 & 51-1100 Left Hand ]
™ | 521231 Right Hand :
TR | S51-1400°% 51-1100 Right Hand ;
QOperation :
Motor Service L
40 Electric General Purpose .
41 Electric Class 1, Group D, Div. 1 M
42 | Pneumatic All )
45 Electric | Class 1, Group D, Div. 2 |
Counter, Contact Options —
Counter Contacts
11 | Mechanical None
12 | Mechanical Micro-Switch
13 | Mechanical #Glaswitch
14 None Micro-Switch Hot Available
15 None *Glagwitch | { in Design Level €

*Contacts of Glaswitch are used to pilot a relay only.

Design Level: Letter assigned by factory;
letter changes when some part is no
longer interchangeable in both directions.
® ) = Original Design; 3-wire capacitor mofor (not discussed)
® B = J.wire motor
o { = 52 TM 4000 input sector gear & pointer separated:
Die cut cams for tinear & Sq. RL. inputs ‘

INTRODUCTION

The F&P Series 52T[14000 Integrator is a com-
ponent used in a flow rate measuring instrument. It
is used to show the total cumulative quantity of
the flowing fluid that is being measured by the
instrument. The Integrator receives its input signal
via a connecting link from the instrument spindle
that is indicating the process. The link positions a
cam that is cut so that its profile represents the
flowmeter curve. A synchronous motor, either
electrically or pneumatically operated, provides a
timed source of power to operate a contact arm
{feeler mechanism) that detects the position of the

input cam. A unidirectional clutch drives the out-
put counter when the contact arm is being driven
away from the cam.

The Integrator is available for mounting in
various instrument enclosures. To .accommodate
the Integrator in all locations, a left and right hand
version are built; in one instance the counter
mechanism is turned at right angles to provide
display from another side. Optional equipment in-
cludes either a Micro-Switch or a Glaswitch
operating in synchronism with the counter. These
switches are electrically interconnected to remote
mounted equipment for counting or control
functions.

This Instruction Bulletin fully describes the
operation of the electric motor operated
Integrator. The pneumatically operated Integrator
differs only in the method of operating the contact
arm. This difference is discussed in an appropriate
section of the instruction. The Master Timing Unit
that serves to drive the pneumatic motor is dis-
cussed in a separate Instruction Bulletin that is
furnished with that equipment.

INSTALLATION - OPERATION

The Integrator is always factory mounted in an
instrument enclosure and calibrated prior to ship-
ment. All that is required by the customer is to
connect either the electrical or pneumatic power
source. If this is an electrically operated Integrator,
a wiring diagram is furnished with the instructions

for the particular instrument supplied. If this is a
pneumatically operated Integrator, it Is used in

conjunction with a Master Timing Unit.
Instructions are supplied with the Master Timing
Unit that shows the arrangement of the piping.

If the Integrator is furnished as a spare part to
be added to an existing instrument, a supple-
mentary Instruction Bulletin will be furnished.

To place the Integrator into operation, turn on
the supply to the electric or pneumatic motor. The
Integrator is now operational and will begin to
accumulate counts in accordance with the process
level. Normal operation of the Integrator will be
noted by the actuation of the contact arm that
touches the cam.

The Integrator reading, time and date should be
noted at the starting time or at such time that it is
desirable to integrate the measured process. Usual-
ly Integrator readings are noted on a periodic basis;
e.g., 24 hours, week or month. Subtract the



INSTALLATION-OPERATION (Continued)

present reading from the previous reading, then
multiply the difference by the counter factor. The
resulting number is the cumulative total quantity
of the measured process for that given period of
time.

If it is desirable to obtain integration over a very
short period of time, the time at which the counter
reading is taken becomes very important. The loss
of a few seconds time may result in serious errors.

ACCURACY CHECK

To check the accuracy of the Integrator, the
process signal (input measurement) must be held
steady at a particular value for a reasonable period
of time. The Integrator count is, in most instances,
far more important than the value displayed by the
instrument recording pen or indicator. The ideal
method of checking the Integrator count is to
adjust the process for a known value and note the
increase in the count over an accurately timed
period. If the process cannot be held steady, then
it will be necessary to simulate the process condi-
tions. For instance, if the instrument is receiving a
3-15 psig pneumatic signal, disconnect the input
and apply a manually adjusted air -pressure to
simulate the process. If the instrument is a variable
area flowmeter, the flow thru the meter could be
bypassed and the float blocked in position with a
dowel stick (by removing the inlet fitting) to
simulate the process.

There are many conditions where it may not be
practical to adjust the process or disconnect the
Instrument as in the above paragraph. Under these
conditions, the only remaining practical method of
checking the accuracy is to position the recording
pen or pointer by hand to the desired check
point(s). In most instruments the connecting link
between the process receiver and instrument
spindle will have to be temporarily removed to
position the pen/pointer. In the Magnabond™ type
flow rate indicator/recorder, the pen or pointer can

- be positioned -to the desired scale point without
removing any linkage. Use any appropriate method
to hold the pen or pointer at the desired value. The
Magnabond beam can be held in place by wedging

- cardboard between the follower magnets and the

extension well,: - -

The accuracy of the Integrator should be
checked in at least three points. If the results of
the accuracy check are plotted on a graph, similar
to that shown in Figure 2, it may easily be deter-
mined if the Integrator or the instrument linkage is
at fault. In the majority of cases all that will be
required is a zero adjustment.

EXAMPLE: s1aeaz
MAXIMUM NO. GF COUNTS/HR. = 835

| % ERRCOR () 100% SCALE = §.35 COUNTS

2% ERROR ® 40% SCALE = 3.34 COUNTS

6710 20 36 e s 60 ‘w0 T8 ise
RATE —= % OF SCALE

FIGURE 2 ACCURACY CHECK GRAPH

To draw the “error’’ graph, substitute the actual
scale numbers for the “percent of scale” readings.
To calculate the maximum allowable error, two
calculations are made. The tolerance between 40%
and 100% of scale is 1% of rate; between 20% and
40% of scale a 2% of rate tolerance is permitted. If
for example, the Integrator was designed for 835
counts per hour at 100% scale, a 1% error would be
8.35 counts at 100%. Plot points B and C and con-
nect through the graph zero; disregard these lines
below 40% scale. At 40% scale (334.0 counts/hour)
a 2% error would be 6.68 counts. Plot points D and
E, then connect through the graph zero; disregard
this line below 20% scale.

For an accurately timed interval note the in-
crease in counter reading at three or more widely
separated scale points. Compare the desired reading
with the actual reading and plot the plus or minus
errors on the graph; draw a curve through the plot
points. _

If the resulting curve is similar to curve X or Y, a
zero correction is indicated. A zero correction to

the contact arm will move the curve toward the
base line by equal amounts along the curve. If a

curve similar to curve Z results, it is an indication

that the linkage has been altered. To correct this
situation a range adjustment in conjunction with a
zero adjustment would be required. A bow in the
curve (not illustrated) would indicate the need for
a linearity correction. Refer to the Alignment and/
or Calibration section for the alignment of the
linkages and the zero adjustment method.

Selection of the time interval is very important
for the accuracy check. The maximum number of

)



counts is usually used as the determining factor.
For example, if the Integrator accumulates 136
counts per hour, in 15 minutes only 34 counts
would . be shown; if on the other hand, the maxi-
mum number of counts is 1496 per hour, in 15
minutes 374 counts would be accumulated. Thus,
as the number of counts per hour increases, any
error would be amplified so that it is more easily
seen. Realize that the counter readout is digital,
therefore, if the accuracy is to be checked within
1% of rate at least 100 counts should be collected.

An electric clock operating off the same voltage
and frequency as the Integrator should be used
when making an accuracy check. A few seconds
may make considerable difference in the counter
reading. An electric clock is preferred to a mechan-
ical stop watch or clock since the Integrator is
operated by a synchronous motor that is affected
by the frequency of the power supply. The fre-
quency of the power supply should be accurately
controlled since records are usually kept by the
day, week, month or year.

To sum: up, the following is an example of how
the accuracy check is made at one point. Assume
the process variable has positioned the recording
pen or pointer at 50% scale which is the equivalent
of 90 gallons per minute. If the time interval
selected is 30 minutes, the increase in counter total
should be equivalent to 90 x 30 or 2700 qgallons. A
counter factor is usually involved because of the
large numbers. If the counter factor is 10, divide
by this factor, 2700 + 10 or 270 counts would
have turned up. The allowable tolerance @ 50%
scale is 1% or an error of £2.7 counts. Other points
throughout the normal operating range are checked
in a similar manner.

If non-repeat is suspected, conduct the test at
some given value, then move the process variable
either up or down scale and return to the original
point. Then, conduct a second test, both readings
should agree within *1 of rate (2% of rate below
40% scale).

FUNCTIONAL DESCRIPTION

Reference to Figure 3, a functional schematic of
the Integrator, will aid in the discussion that
follows.

A synchronous motor is used to operate the
Integrator. A drive wheel with a pin mounted off
center is driven by the motor and as the pin moves
through its orbit, it drives a spring loaded follower
arm. The follower arm thus causes a timed oscilla-
tion of the main shaft. Attached to the opposite
end of the main shaft is the contact arm. The con-
tact arm detects the position or profile of the cam
that represents the process. If the process variable
is at 100% scale, the contact arm will oscillate
through a 30% arc. At lesser process variable
values, the contact arm travel is limited by the
higher cam profile. Thus for each position of the
cam there is a discrete angle of rotation produced
on the main shaft.

Summation of the main shaft rotation is accom-
plished through the use of a unidirectional clutch
that is attached to the main shaft. Actuation of
this clutch engages a digital counter on the return
stroke of the main shaft (contact arm moving away
from the cam).

Figure 4 illustrates the operation of the double
faced unidirectional clutch. Illustration A shows

#1 20321
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FIGURE 3 FUNCTIONAL SCHEMATIC



MAIN SHAFT
ATION

MAIN SHAFT
(INPUT}

CLUTCH QUTPUT
HUB

DRIVE DRUM
RETAINING PIN

ROLLER

PERMANENT
MAGNET

O Jo CLUTCH SPIDER

CLUTCH ENGAGED

CLUTCH DISENGAGED

ILLUSTRATION A
FUNCTIONAL OPERATION

GI ZoM

INION OF COUNTER
GEAR TRAIN

MAIN SHAFT
FRONT COVER PLATE

MAIN HOUSING
ROLLER

DRIVEN SPIDER
AS8'Y

PERMANENT
MAGNETS

ILLUSTRATION B
CUTAWAY VIEW

FIGURE 4 UNIDIRECTIONAL CLUTCH - FUNCTIONAL OPERATION AND CUTAWAY VIEW

FUNCTIONAL DESCRIPTION (Continued)

both the engaged and disengaged positions. Small
diameter permanent magnets are used to hold the
rollers in position. To engage the clutch, the drive
drum attached to the main shaft is rotated clock-
wise. The rolling action of the drive drum and the
magnetic attraction of the rollers to the permanent
magnets causes the rollers to become wedged at the
points indicated as A-B. The wedging action locks
the drive drum to the clutch spider and that in turn
drives the output hub which operates the counter.
The clutch will disengage when the main shaft
rotates counterclockwise. The opposite direction
of the drum tends to move the rollers away from
the points indicated as A-B. Thus, the wedge is
removed and the output hub is no longer driven.

Notice in IHNustration B, the cutaway drawing of

--—the- clutch;- that—-there- are actually two clutches
back to back. One clutch drives the gear train;

. whereas, the other clutch prevents the gear train
“from backdriving. The latter clutch rollers lock
" against the “clutch "brake ring secured to the
housing.

The frequency of the power supply determines

—- the number -of-strokes-that the contact arm makes.

If the Integrator is connected to 60 Hz power, the
arm will move 24 strokes/minute; 50 Hz and 25 Hz

power will produce 20 and 10 strokes/minute
respectively. The pneumatic unit is pulsed at 8
strokes/minute.

In the case of 60 Hz, each stroke at maximum
provides 30° rotation; thus, 24 strokes/minute
times 30° rotation/stroke equals 720° rotation/
minute, or 43,200° rotation per hour. By dividing
this figure by 360° it will be found that the main
shaft made 120 revolutions at maximum input
signal. -

By selecting the gear train ratio, between the
main shaft and the counter, the proper total count
can be selected. If the 30° arc is too large, the cam
profile is adjusted to reduce the maximum angle.
From cam maximum to minimum the cam is cut to
suit the characteristics of the measurement device.
The gear train, shown in Figure 5 is a schematic

511266

CONTACT ARM
* SHAFT

FIGURE 5 FUNCTIONAL SCHEMATIC OF
THE COUNTER GEAR TRAIN



N

Counts Or Impulaes " Number of Tecth Gear Ceounts Or Impulses Number of Teeth Gear
Per Hour at 100% On Gears Train Per Hour at 100% On Gears Train
(60 Cycle Operation) A|{B|C|DP|E|F Ratio (60 Cycle Operation)| A| B |C {D |E |F Ratio
136.5 s2]56|28| 80|28 |80 . 1137 712, 8 481 60|48 |60 |52 [S6 . 5940
144.3 44| 64|36 72|28 |80 L 1203 763. 5 60} 48|28 |80 |64 [44 . 6363
150. 0 36)72[36) 72|36 |72 . 3250 826. 8 52156 |52 |56 |48 |60 . 6890
158. 3 56| 52f28] 80|28 |80 . 1319 856. 8 36[72]36 172 |80 |28 . . T140
168. 0 48| 60}36| 72|28 |80 . 1400 BE8, 4 6414428 [BO |64 |44 . 7404
183. 7 60|48[28|80)28 |80 . 1531 317. 4 60| 48160 |48 136 [72 - 1812
195.0 52| 56367228 |80 . 1625 960. 0 48] 60]54 |54 |54 |54 . 8000
206. 1 36| 72§36772] 44 |64 L1718 1034. 0 5256 (52 |56 |54 |54 . 8621
213.8 64(44]28}80]28 |80 -1781 1114.2 54[54]54 ]54 |52 |56 - 9285
226.1 5615236 72}28 |80 . 1884 1200. 0 5454154154 |54 |54 1. 0000
240.0 36l 72]36]72]4860 . 2000 1269.3 644464 144 (36|72 1. 0578
262.5 36} 7212818016048 . 2187 1293.3 52} 56|52 356 |60 |48 1. 0778
278.5 36} 72]|36]{72|52]56 .23zl 1391. 6 Bh)52]56 {52 |54 |54 1. 1597
Z288. 8 44[64]28]180| 54154 . 2407 1498. 7 56152156 j52 |56 |52 1. 2489
300.0 368721367254 )54 < 2500 1534. 8 48160]48160 )72 |36 1. 2730
310.9 4464|2880 56 |52 L2591 1620. 4 44| 64 144 164 | B0 |28 1. 3504
322.8 363 72|36{72]|56(52 . 2690 1678. 8 72| 3672136128 (80 1. 3990
336. 4 48160]28[80]54 54 . 2800 1745. 4 54| 5454 5464 |44 1. 4545
362. 1 s2|s6|28|80]|52]56 . 3017 1875.0 60| 48160 |48 §54 |54 1. 5625
375.0 3672367260348 . 3825 2024. 4 56|52} 56|52 (64|44 1. 687N
390.0 52](56]|28]|80]54)54 . 3250 2069. 2 52)|56|52]|56|72136 1. 7244
420.0 80j28|28|8B0D| 28|80 . 3500 2193. 6 48| 60| 48 |60 |80 28 1. 8280
436. 3 361 72]36| 72| 64]44 . 3636 2343.6 60| 48| 60|48 |60 |48 1. 9530
453. 7 44} 64)44)64] 48160 - 3781 2538. 0 64)144]| 64 |44]|54]54 2. 1150
488.7 48} 60| 28] 80| 64§44 . 4073 2733. 6 64| 44| 6444|5652 -2, 2780
517.2 52| 56|52)56]|36{72 -4310 2782.8 s6] 52|56 52| 72|36 2.3190
528.0 48] 60]48) 60| 44164 . 4400 2955. 6 52{56152|56180]|28 2. 4630
566. 4 44] 64| 44] 64| 54154 . 4720 3172.8 64| 44| 644416048 2. 6440
600.0 36[ 72| 72(36]36(72 . 5000 3299.8 72] 3672|3644 64 2. 7499
6514. 5 48| 60} 48) 60| 48160 5119 3428. 4 80{ 28]28]80f80]28 2. 8570
656. 4 60| 48} 28180] 60|48 . 5470 3692. 7 64| 441 64 441641} 44 3.0773
672.0 48] b0} 28{ 80| 72| 36 . 5600 3838.8 72] 36{ 72| 36( 48|60 3.19%0
694. 8 56| 52|56 52] 36|72 . 5790 3975. 6 56{ 521 56| 528028 3.3130
NOTES

1} To determine counts or impulses per hour

for other frequencies or the pneumatic integrator,
multiply the above values by the factor shown below

25 cycle - multiply by 5/12
50 cycle - multiply by 5/6
pneumatic - multiply by 1/3

61 2037

2} gear train ratio =
max. variable measurement (in units per hr.
counter factor x K

where:
counter factor = units/count or impulse
[electric counter).
K = 1200 for 60 cycle 500 for 25 cycle
1000 for 50 cycle 440 for pneumatic

TABLE A. GEAR TRAINS

representation that shows the four fixed shafts that
carry the six spur gears. By interchanging ten dif-
ferent gears in the six positions, the appropriate
gear train can be supplied. If the exact gearing
factor is not available, the cam is cut to interpolate
the desired factor. Table A lists the standard gear
trains that are available.

NOTE

Throughout the description, reference is
made to a mechanical counter. The
description is also valid if the mechanical
counter has been replaced by either a
Micro-Switch or a Glaswitch. These
switches provide electrical contact
closures that are used to actuate remote
mounted counters or process equipment.

MAINTENANCE

1. General

No routine mechanical maintenance is required
for the Integrator. It is suggested that a good grade
of machine oil be applied to the various external
shafts about once a year. A single drop of oil on

each shaft will be sufficient. The internal moving
parts have been lubricated for the life of the
instrument. . ,

If an accuracy check shows that counter reading
is high or low, usually a zero adjustment of the
contact arm assembly will correct the error.

Should an Integrator be replaced with a rebuilt
unit, transfer the cam from the original Integrator
to the rebuilt unit. The plastic cams are not
generally interchangeable from one Integrator to
another; however, the metal cams are interchange-
able. A more detailed explanation of the cam
follows in the Alignment and/or Calibration
section.

If for any reason the original cam becomes
damaged and requires replacement, order a new
cam from Fischer & Porter Company. The
complete serial number of the instrument must be
furnished to obtain an exact duplicate.

ll. Zero Alignment

If an accuracy check indicates a need for a zero
alignment, it is preferably made at the normal
operating level of the instrument. Although the
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curve should extrapolate through zero, it is
possible to have extreme accuracy at the operating
point if the curve is allowed to exceed the
tolerance at the lower portion of the scale (in most
flow measuring primaries the measurement accu-
racy falls off at the lower end and is not usually
operated at low scale points). If the counter read-
inys are on the high side, turn the zero adjustment,
located on the contact arm assembly, as shown in
Figure 11, in a clockwise direction to reduce the
total count. Conversely, if the counter readings are
low, turn the zero adjustment counterclockwise to
increase the count. The gear train ratio of the
Integrator determines the amount of rotation
required on this zero adjustment; therefore, the
amount of rotation must be determined by empiri-
cal means. It is suggested that 1/2 turn increments
be tried as a starting point to determine the effec-
tiveness of this adjustment.

If the Integrator has been disassembled, note
that the contact arm must have a small motion at
zero percent scale. This motion permits the cam to
rotate when the process changes from zero. A small
(but constant) amount of “lost motion' is built
into the clutch so that at zero position the contact
arm can move away from the cam about 3/32"
without driving the counter. If the contact arm

moves appreciably more or less than this amount,.

make a preliminary adjustment of the contact arm
position on the hub by means of the adjusting slots
and screws. Make a final adjustment with the zero
adjusting screw. Turning this screw clockwise
moves the contact arm away from the cam. The
final zero adjustment should then be determined
by means of an accuracy check discussed in a previ-
ous section.

lIl. Trouble Shooting

Should the Integrator fail to operate, as evi-
denced by no movement of the contact arm, check
to see that the power supply to the motor is turned
on; the service switch is “on”, and the fuses intact.
If the motor starts when the load is removed (by
lifting the contact arm from the cam), excessive
friction is indicated. Check the external gear train,
counter and/or Micro-Switch actuator (if present).
If these are all properly aligned and operating
freely, the difficulty is probably due to clutch or
main shaft friction. Such friction is probably
caused by the main shaft being bent from mechani-
cal damage.

If the contact arm fails to return to the cam
after being lifted, either by the motor or manually,
the difficulty may be: 1) a broken or bent main
shaft; 2) loose set screws in the hub of the contact

arm or follower arm; or 3) a broken spring on the
follower arm.

If non-repeat of the counter reading is noted,
check for the following:

1) Lost motion in the input linkage, especial-
ly around the over-travel spring of the input sector
gear.

2) Friction in the gear train due to an
accumulation of dirt on the gears or the bevel gears
at the counter being meshed too tight.

3) Binding of the input sector gear due to
improper adjustment of the eccentric pivot or dirt
accurmnulation on the sector or in the bearings in
the cam hub.

4) Failure of the clutch due to an accumula-
tion of dirt.

Refer to the trouble shooting chart in the rear of
Instruction Bulletin for other possible sources of
trouble.

IV. Disassembly

The Integrator is available in several different
forms. This disassembly procedure applies directly
to the basic electric motor operated Integrator.
Parts V and VI discuss and illustrate the variations
that are encountered with the Claswitch and the
pneumatic operated Integrator, respectively.

A. Integrator Removal

To remove the Integrator from the instrument
case proceed as follows:

1) Turn off the electrical service to the
instrument.

2) Remove the scale or chart plate from the
51-1100 or 51-1400 instrument; the indicator plate
in the 52-1231 instrument does not have to be
removed. Then, disconnect the electrical leads to
the Integrator. Tag the wires to aid in replacement.

NOTE

The Series 52TM4000 Integrator that is
used in the Series 52-1231 instrument
has two input levers. One input lever
positions the sector gear while the other
positions the flow rate pointer. Each
lever is mounted on an eccentric bushing
for independent setting. Make appropri-
ate text adjustment.

3) Disconnect the link between the instru-
ment spindle and the Integrator.

4) Remove the three mounting screws
securing the Integrator and remove it from the
instrument enclosure.

(



B. Removing Front Mounted Parts

Refer to Figure 6, an exploded view of the right .
hand Integrator, to aid the disassembly procedure.
Proceed as follows:

1) Remove the mounting screw and eccentric
bushing from the input sector gear and withdraw

_the sector gear. Inspect the sector gear assembly

for lost motion at the point where the overtravel
spring contacts both pieces. If lost motion is noted,
the parts should be repaired or replaced.

2) Remove the retainer ring (ring is a friction
fit-no groove) from the cam spindle. Lift the cam,
with the attached hub and bearings, from the
spindle. (The spindle is pressed into the housing.)
Unless cam replacement is required, do not remove

\ REAR COVER PLATE

SPAGER
WASHER

FOLLOWER ARM
ASSEMBLY

ANTI-CHATTER
SPRING

FRONT
COVER PLATE ™
CVERTRAVEL
6 SPRING

g INPUT
7 SECTOR GEAR
. WASHER ECCENTRIC
BUSHING
-~

FL AT/k' ADJUSTMENT

\\‘v\'{m! >

GEAR TRAIN
FLAT WASHER

o

e

SPACER WASHER
DRIVE DRUM
CONTACT ARM
ASS'Y

SNaP Rike o FOR MICRO SWITCH
BEVEL GEARS 7 MIGRO - SWITCH
.r"‘.'-/
" sSPUR
GEAR P
+ WASHER
PONTER 8 INPUT ASS'Y % ‘( / 1 ~
FOR SERIES $2TM4000 gg (31— ——FRONT coveR PLATE
NPUT SECTOR GEAR ASS'Y -~ a ™~
ECCENTRIC 83 FLAT STUB SHAFT@ .
WASHER SWITCH FLAT WASHER-" L b
A e s "I ~
POINTER

BEARING
WASHER

N

MAIN SHAFT B
DRIVE HUB

TEFLON WASHER
Cl/.UTCH SPIDER

TEFLON
WASHER

) ROLLERS
@)
COUNTER . W‘

ADDITIONAL PARTS

'FIGURE 6 EXPLODED VIEW OF STANDARD ELECTRIC MOTOR OPERATED INTEGRATOR



10

MAINTENANCE (Continued)

the cam from the hub. Inspect the bearings and the
gear attached to the hub for signs of wear or ex-
cessive dirt. If there is any sign of rust on the
bearings, they should be replaced. When replacing
bearings, do not use a screwdriver or pointed tool
to press the bearings in place.

3) Loosen the set screw and remove the con-
tact arm assembly from the main shaft. Inspect the
contact arm to see that the knife edge is sharp.
Further disassembly of this arm is not required
unless parts replacement is necessary.

4) If present, remove the Micro-Switch.

5) Remove the counter after checking to see
that the bevel gears used to drive the counter are
meshing properly. Undue friction at this point can
cause Integrator failure.

6) Remove snap rings and/or loosen set
screws and remove gears used to drive the counter
{(and Micro-Switch). For ease in re-assembly, record
the placement of the gears.

7) Remove the five screws securing the cover
plate to the main housing, then lift the cover from
the housing.

8} Inspect the exposed portion of the main
shaft for burrs, Remove any burrs with a very fine
file or emery cloth before proceeding any further.
Then, lift the clutch spider from the shaft and
housing. Be careful not to lose the eight (8) rollers
and two (2) Teflon spacer washers associated with
the clutch spider.

Clean all the clutch parts in a suitable solvent,
then carefully inspect the rollers for any signs of
wear (flat spots, pit marks, etc.). Replace any
defective rollers.

Do not disassemble the clutch spider any
further. If any defects are noted, order a complete
clutch spider from F&P,
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9) Lift the clutch brake ring from the
housing and inspect for wear. Replace if scored or
pitted.

10) The drive drum may be removed from
the main shaft by turning the Integrator face down
and tapping the housing. (The drive drum will slide
off the shaft.) Inspect this part for signs of wear on
the inner periphery. If signs of pitting or score
marks are noted, the part should be replaced. When
replacing the drive drum, make certain that the
clutch spring ring is in place.

€. Removing Rear Mounted Parts

1) Remove the four screws securing the rear
cover plate to the main housing, then carefully lift
the cover from the housing being careful not to
damage the electrical leads.:

2) Loosen the set screw securing the follower
arm assembly to the main shaft. Carefully pull this
assembly from the shaft — do not lose the plastic
spacer washer that is below the assembly.

3) From the front, withdraw the main shaft
with the attached drive drum hub. If the main
shaft is to be replaced, set the hub 1.156"” from the
inner end of the shaft to the face of the clutch
drive hub, as shown in Figure 7.

NOTE

The Integrator with a Glaswitch uses a
different motor assembly. The pro-
cedures discussed in the following steps
do not apply. Refer to Part V and to
Figure 8 for the appropriate in-
formation.

4) Remove the drive drum from the motor
shaft by loosening the set screw. The anti-chatter
spring should be removed and inspected for signs
of wear,

5) Remove the remaining two screws to take

-out the motor assembly. This completes the dis- -

assembly procedure.

D. Re-assembly

Re-assembly consists mainly of reversing the dis-
assembly procedure. Note the following points.

1) Unless the Integrator is relatively new, the
Teflon washers and cam hub bearings should be
replaced.

2) A small amount of graphited oil should be
applied to the clutch spider where the rollers rest.
A good grade of light machine oil should be
applied to the internal main shaft bearings and
external gear shafts.

(



-

L

3) Make certain that the drive hub is properly
located on the main shaft as shown in Figure 7.

4) Leave the front cover plate screw loose.
Position the cover for free shaft rotation, then
tighten cover screws.

5) When replacing the gear train, be very
careful with the gear (A) that attaches to the
clutch spider hub. The gear set screws to the hub
and the hub is very thin. Excess pressure will dis-
tort the hub and cause the shaft to bind.

6) If the contact arm has been separated
from its driving hub, re-assemble so that the set
screws will be aligned with the flat on the main
shaft. The two adjusting screws should be centered
in the slots.

7) Make certain that the contact arm and the
follower lever assembly are aligned so that the set
screws engage the flats on the main shaft.

8) Engage the sector gear with the cam
pinion so that cam rotation is from 0 to 100% with
respect to the contact arm.

9) Rotate the sector gear eccentric bushing,
as necessary, to obtain proper meshing of the
sector gear and pinion. Backlash must be prevented
without introducing friction.

V. Servicing Glaswitch

Refer to Figure 8 for an exploded view of the
Glaswitch and associated operating parts. To
remove these parts, the Integrator must be re-
moved from its enclosure. Realize that the
Glaswitch may be operated in an explosive at-
mosphere — therefore, make certain that the power
is turned off before removing any parts.

The Glaswitch is a low level reed switch and can
be damaged by current overload. Realize that there
is no mechanical connection between the parts
attached to the rear of the front cover plate and
the Glaswitch that is inside of the housing. Check
that the gears and magnetic wheel assembly are
free to rotate without undue friction or lost
motion. The gear support plate has the lower
mounting hole slotted to permit adjustment of the
gear mesh. '

To check the operation of the switch, connect
the switch leads to an ohmmeter arid rotate the
magnet wheel. Observe the point at which the
switch closes. Continue to rotate the magnet wheel
in the same direction until the switch opens. If the
switch opens before the magnet wheel rotates
160°, the bias magnet should be moved toward the

. center of the housing; if closed more than 200°,

move bias magnet away from the center.

FOLLOWER ARM LOCKED
IN PLACE BY PIN

MOTOR < 8 /) DRIVE ARM
FOLLOWS ROLLER

MOTOR

WIRES MOUNTING SCREW

GLASWITCH ANTI- CHATTER SPRING
WIRES NOT REQUIRED FOR THIS
APPLICATION

i S g G R SRR A,

&, MAGNET WHEEL
MAGNET & [I™ ASSEMELY

;:‘:’3*% %}
o \?i@ql\ﬁ(

GEAR ASS'Y —

FRONT viEw

WHEN ASSEMBLED, ALL OPERATING
COMPONENTS SHOWN IN THIS AREA
ARE OUTSIDE OF THE INTEGRATOR
HOUSING.

~
ACTUATING MAGNET WHEEL ASS'Y
IS LOCATED N THIS AREA ON
THE OPPOSITE SIDE.

STUB SHAFT

REAR VIEW OF INTEGRATOR
SHOWN IN THIS AREA
THE - REAR COVER AND
FOLLOWER ASS'Y ARE NOT SHOWN,

GLASWITCH

) ﬁq-——- CLAMP
\ 9
\_ BIAS MAGNET

BASE PLATE
ASS'Y

44
/

GEAR WITH
DRIVE PIN
GRIP RING
GEAR 'F' IN STD. GEAR
" TRAIN - OTHER GEARS
ARE NOT ILLUSTRATED
FOR SAKE OF CLARITY ) &t zo3%

FIGURE 8 EXPLODED VIEW OF GLASWITCH COMPONENTS
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MAINTENANCE (Continued)

Vl. Servicing the Pneumatically
Operated Integrator

A. General

The pneumatically operated Integrator differs
from the electric motor operated unit only in the
method of actuating the contact arm. In this
version, a diaphragm, push rod, bell crank, coil
springs and a connecting rod are used to drive the
contact arm. Figure 9 is a cutaway view of the
pneumatically operated Integrator. A source of
power is provided by a Master Timing Unit.

The Master Timing Unit is a separate piece of
equipment having its own Instruction Bulletin.
Briefly, the Master Timing Unit is a device that
transduces clock time to accurately timed pneu-
matic pulses. The resultant pulses are transmitted
via tubing to the Integrator. The Integrator accepts
these 8 pulses per minute that increase from zero
to 4-1/2 psig (approximately) as a source of
operating power,

As the pressure of the pulse increases, the dia-
phragm moves which thru the linkage causes the
main shaft to rotate thru a 30° angle. As the
pressure of the pulse falls, the return springs move
to return the diaphragm while the main shaft
returns to its original position. If the contact arm is
halted by the cam profile, a lesser angle of rotation
is made by the main shaft. To accommodate the
reduced angle, the connecting link is slotted so that
when the main shaft stops, the drive arm pin can
continue to move clockwise. The drive arm pin is
spring loaded against the end of the connecting
link slot.

STARWHEEL, ROTATES TO CLOSE
MICRO- SWITCH CONTACTS
[OPTIONAL ACCESSORYY

%
OPTIONAL
POWER -

SWITCH

TERMINAL MARKINGS
WIiLL, VARY WITH
DIFFERENT
INSTRUMENTS

s zyos

]
POWER SOURCE {
AND FREQUENCY | e

FIGURE 10 WIRING DIAGRAM

B. Disassembly - Re-assembly
The disassembly procedure of the front

mounted parts is the same as the electric motor -

operated Integrator discussed in Part IV. The rear
mounted parts are different as indicated in the cut-
away drawing shown in Figure 9. The following
points should be observed when re-assembling the
Integrator.

1) Set the clutch drive hub 0.531" from the
inner end of the shaft instead of 1.156" as indi-
cated in Figure 7 for the electric operated
Integrator.

2) If the diaphragm is being replaced, assem-
ble the backing plates so that the rounded edge of
the plates contact the diaphragm. Also assemble
the diaphragm ring to the housing so that the
rounded edge is against the diaphragm.

BELL CRANK

PUSH ROD AND
PIN

DIAPHRAGM WITH
BACKING PLATES

LIMIT RETURN
STOP SPRING

DRIVING ARM

DIAPHRAGM
SPRING STOPS

MAIN SHAFT

DRIVING ARM

LINE TO MASTER
TIMING UNIT

§7 2997

FIGURE 9 CUTAWAY VIEW OF PNEUMATIC MOTOR OPERATED INTEGRATOR



"ALIGNMENT and/or CALIBRATION

I. General

The Integrator may have either a custom cut
cam or a precision die cut cam. The die cut cam
has been in use since approximately mid 1971.
This type cam is used on instruments having either
a true linear or square root input signal; all others
use the custom cut cam.

Before proceeding, determine which type of cam
is on the Integrator to be aligned and/or calibrated.

The custom cut cam is made of a black plastic
material and is marked on the surface with light
scribe lines during the factory calibration. Certain
of these scribe lines are marked with the number of
degrees that the main shaft rotated at a specific
indicated flow rate on the scale. The degree mark-
ing is only useful for the cam cutting machine;
however, the flow rate value is useful in checking
the calibration. For example, if the cam is marked
6°/40.3, the indicated flow rate should be 40.3
actual engineering unit when the contact arm
strikes the cam profile at this scribe mark. This
type of cam has the instrument serial number
marked on the cam. This type of cam has been
factory calibrated; no further calibration should be
attempted in the field. However, it may be neces-
sary to adjust the alignment of the cam with
respect to the process indicator or recording pen
after repair.

The precision die cut cam is made of aluminum,
having a black anodize finish. The cam has a ‘0"
and 3 lines stamped on the cam surface (some early
cams have several lines silk screened on the sur-
face). With this type of cam, it will be necessary to
calibrate the cam for various flow rates, then adjust

the alignment with respect to the process indicator.

il. Alignment of the Custom
Cut Cam

Reference to Figure 11 will aid in locating the
adjustments used in the following procedure.

The reference marks can be used to rapidly
check the alignment of the linkage to the Integra-
tor. Position the process indicator or recording pen
so that the Integrator contact arm is striking the
reference marks. Compare the actual indicated or
recorded value with respect to the reference marks.
If the test shows any deviation, this indicates that
the linkage or cam has been moved.

There are three types of adjustments to align the
cam position to the process (or indicated value);
namely, zero, span and linearity.

If all check points on the cam are offset to the
same degree, a zero adjustment is required. The
zero adjustment may be made by loosening the
two screws securing the cam to the hub and mov-
ing the cam in the proper direction. Retighten the
screws. A fine zero adjustment can be made by
turning the knob in the connecting link.

SPINOLE TAKE-OFF INPUT

BRACKET ARM SECTOR
GEAR
INSTRUMENT
SPINDLE

3|

=

CONNECTING LINK————__________._

INPUT LINKAGE
OVERTRAVEL SPRING

MICROMETER SPAN —

ADJUSTMENT SCREW

LINKAGE SHOWN WITH
PROCESS AT 50% SCALE

SLOTS FOR COARSE
ZERO ADJUSTMENT

SCRIBE MARK ON CAM FOR 0%
LINKAGE ALIGNMENT CHECK

ZERO
ADJUSTMENT

20 % MARK

SERIAL NO. FOR
CUSTCM CUT CAM

SLOTS FOR CAM

ALIGNMENT
50% AREA
/COUNTER
b
CONTACT
ARM Gl 20341

FIGURE 11 LOCATION OF ADJUSTMENT POINTS
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ALIGNMENT and/or CALIBRATION (Continued)

If a span adjustment is indicated, a micrometer
adjustment screw is provided for this purpose on
the input sector gear of the Integrator. To increase
the span, turn the micrometer adjustment screw
counterclockwise; conversely, to decrease the span,
turn the adjustment screw clockwise. After making
a span adjustment, it will be necessary to make a
slight zero correction. Alternately check zero and
span until the desired degree of accuracy is
obtained.

If a linearity adjustment is indicated (after mak-
ing the span adjustment), the adjustment is made
by altering the connecting link length and the angle
of the take-off arm on the instrument spindle
assembly. The take-off arm may be moved by
loosening the screw at the kidney shaped slot on
the spindle bracket. This take-off arm will be
moved the amount necessary to accommodate the
new length of the connecting link. When making
this adjustment, set the pen or pointer at the mid-
scale value. With the pen or pointer thus set,
observe the same value on the cam using the con-
tact arm (contact arm resting on the cam) as a
reference point. If the reference mark on the cam
is to the left, the length of the connecting link
should be increased and the take-off arm adjusted
accordingly. If the scribe mark is to the right, the
length of the connecting link should be decreased
and the take-off arm adjusted accordingly. Any
correction of linearity will affect the zero and span
adjustments. Therefore, these adjustments should
be rechecked and adjusted as necessary.

lIl. Calibration of the Die Cut Cam

Field calibration of the Die Cut Cam is not
difficult but it is rather time consurning. Be pre-
pared to spend at least 5 to 6 hours until experi-
ence is gained; with experience 4 hours is about
normal.

The cam is calibrated completely independent of
the input linkage. Only after the cam calibration is
completed is the linkage attached and aligned. Pro-
ceed as follows:

1) Temporarily disconnect and put aside the
connecting link that is used to drive the input
sector gear of the Integrator.

2) Check that the input sector gear mesh is
proper. To do this, hold the contact arm down
with one hand and move the input lever with the
other hand. If the gears bind, loosen the sector gear
pivot screw and rotate the eccentric bushing in a
compensating direction, then retighten the screw.

3) With the Integrator contact arm in opera-
tion, rotate the cam so that the arm strikes the
20% mark exactly. With a piece of self-adhesive
tape, tape the cam in this position. Extend the tape
across the face of the cam and allow the ends to
attach to the casting. Use a magnifying glass to
make certain that this 20% point is correctly set.
(The 20% mark is the first mark above the “0".)

4) Calculate the counts that the Integrator
will accumulate at 20% scale and then the approxi-
mate time required to turn up 100 counts. Note: at
20% scale the accuracy specification is £1% of rate;
therefore, 100 counts are required to show the
addition or subtraction of 1 count.

For Example:
full scale counts = 360 counts/hr

" 260 counts/hr x .20 = 72 counts/hr @ 20% scale

72 counts/hr
60 minutes/hr

100 counts (desired) _  83.3 min. to accumulate
1.2 counts/minute 100 counts @ 20% scale

= 1.2 counts/minute @ 20% scale

Since it would be difficult to figure a stop point
83.3 minutes ahead (1 hr., 23 min., 20 sec.), for
ease in calculation choose 90 minutes and work
backwards; 90 minutes x 1.2 counts/min = 108.0
counts +1% tolerance = 108.0 counts x .01 or
+1.08 counts.

5) Allow the Integrator to operate at 20% for
the above time to accumulate the counts as shown.
If this is the initial calibration, the zero adjustment
on the contact arm may be considerably out of
adjustment. In fact, a coarse zero adjustment (slots
in contact arm) may be necessary. It is suggested
that the Integrator count be taken every minute,
for 5 minutes initially to see if gross errors exist.
Using the preceding example, 1.2 counts/min are
to be accumulated. Using an accurate stop watch
take a counter reading and start timing. Note: Start
the stop watch just as the contact arm leaves the
cam. If the counter reading at the start is:

12752008
+1.2 counts/min the counter reading

009.2 @ end 1st min.
+1.2

010.4 @ end 2nd min.
+1.2

011.6 @ end 3rd min.
+1.2

012.8 @ end 4th min.
+1.2

014.0 @ end 5th min.

should be




As the minutes go by, the count may begin to
drift high or low. If the counter readings are high,
turn the zero adjustment, located on the contact
arm, in a clockwise direction. Conversely, for a low
counter reading turn zero adjustment counter-
clockwise. It is suggested that the zero adjustment
be turned one full turn as a starting point. The gear
train ratio determines the effect that this adjust-
ment has.

If the limit of the zero adjustment is reached, a
coarse zero adjustment is required. The slots in the
contact arm provide this adjustment. To make this
adjustment, stop the Integrator motor when the
contact arm is just off the cam (approximately
1/8" by eye). Loosen the screws at the slots and
rotate the arm in a corrective direction about 1/8".
Moving the arm towards the cam will lower the
count for the same cam position; conversely, away
from the cam will raise the count. Return the fine
zero adjustment to its mid-position of travel.

Continue to run 1 thru 5 minute checks, adjust-
ing the fine and coarse zero until the Integrator is
accurate for a 5 minute period. Once it is accurate
for a 5 minute period, extend the timing period to
collect at least 100 counts. In the example given it
will take 90 minutes to collect 108 counts +1.08
counts.

Make as many adjustments as necessary to get
the Integrator within tolerance at the 20% scale
value before proceeding to the next step. Once the
contact arm zero adjustment is properly set, do not
move it for the remainder of the calibration
procedure.

6) Remove the tape and rotate the cam to
the position where the contact arm will strike the
50% reference mark. Tape the cam in this position.

7) Calculate the counts that the Integrator
will accurmulate at 50% scale and the approximate
time required to tum up 200 counts. Note: 200
counts chosen because accuracy is *0.5% of rate
above 40% scale.

For Example: -~ -
360 counts x .50 = 180 counts/hr @ 50% scale
180 counts/hr
—_— = 30 inut
60 minutes/hr counts/minute

200 counts (desired) _ 6.6 minutes to accum-
30 counts/minute _ ulate 200 counts

therefore choose 7 minutes x 30 counts/minute
or 210 counts '
+0.5% tolerance = 210 x .005

or +1.05 counts

8) Run a count at 50% against the clock. If
the counts are correct (within the calculated
tolerance), mark the point of contact on the cam
with a sharp pencil.

If the counts are high or low, the cam should be
rotated to a new position. If the count is high,
move the cam slightly in a clockwise direction;
conversely, for a low count move the cam counter-

clockwise. _

NOTE

A shorter time period of one or two
minutes can be used to “rough in’’ the
cam position.

Recheck the count at the new cam position;
make changes as necessary to the cam until the

" ‘count is correct. When the count is correct, mark

the cam with a sharp pencil at the point of contact.

9) Remove the tape and rotate the cam to
the 100% reference mark. Retape the cam in this
position. Calculate the counts that the Integrator
will accumulate at 100% scale and conduct a
check, as previously discussed.

For Example:

260 counts/hr
60 minutes/hr

200 counts (desired) _ 3.3 minutes to accum-

= 60 counts/minute

60 counts/minute  ulate 200 counts

therefore choose 4 minutes x 60 counts/minute
or 240 counts
+0.5% tolerance = 240 counts x .005

or 1.2 counts

When the cam is in the correct position, mark
the cam with a sharp pencil to indicate the true
100%. The cam is now calibrated for the Integrator
to which it is attached. The 20% mark and the

pencil marks at 50% and 100% provide three align-
ment points for adjusting the input linkage.

10) Remove the tape from the cam and
replace the connecting link. Adjust the process so
that the recording pen or indicator is at 50% scale.
It is assumed that the process receiving element is
properly positioning the recording pen or in-
dicator.

If the instrument has the Integrator mounted on
the right side of the case, the linkage should appear
as shown in Figure 11. Notice that the instrument
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ALIGNMENT and/or CALIBRATION (Continued)

spindle take-off lever is horizontal and that the
:onnecting link is in the last hole. The bottom of
the link should be in a hole in the center of the
span adjustment carrier.

If the instrument has the Integrator mounted on
the Jeft side of the case, a similar linkage arrange-
ment should exist. The only exception is that the
nstrument spindle take-off lever should be approx-
mately 15 to 20° above the horizontal center line.

11) Adjust the process to position the record-
ing pen or indicator at 20% scale. Adjust the length
of the connecting link, by turning the roller adjust-
ment, so that the arm strikes the 20% mark
axactly; use a magnifying glass to set this point.

It may be necessary to loosen the cam clamp
screws and rotate the cam in the appropriate
direction. If the end of the adjustment slots are
-eached, remove the retaining ring from the cam
hub shaft. Pull the cam assembly from the shaft
and rotate it one gear tooth in a corrective
direction. Return the cam assembly and replace the
retaining ring. Do not place the retaining ring tight
against the bearing hub as it will bind the bearing
ring. The cam slots can be used to make the final
adjustment.

12) Apply a signal to the receiver that is
equal to 100% scale input. The contact arm should
touch the actual 100% mark on the cam (the pencil
mark that was put on the cam).

If the contact arm touches the cam at the pencil
mark, the cam rotation is correct. If the arm
touches the cam beyond the actual 100% pencil
mark, the span is long; below the pencil mark, the
span is short.

Correct a long span by turning the micrometer
adjustment screw on the Integrator input lever
clockwise. This increases the length of the input
lever to reduce the cam travel. Conversely, turn the
adjustment counterclockwise to correct a short
span. It is suggested that the adjustment screw be
turned one complete revolution as a starting point
to check its effectiveness.

13) Reduce the input signal to its 20% value.
The arm should strike the 20% mark; however, if a
span adjustment was made in the previous step, it
will be necessary to readjust the length of the con-
necting link. An adjustment at either end (zero or
span) will affect the other adjustment.

14) Alternately check and adjust the span at
100% scale and the connecting link length at 20%
scale until both points are correct. It is not practi-
cal to put a tolerance on the position of the cam
with respect to the contact arm. Realize that each
serration on the cam profile represents approxi-
mately 1/4 of 1% of full scale.

15) Apply an input signal equal to 50% scale
and observe the point at which the contact arm
strikes the cam. If the contact arm tduches the
actual 50%-line (pencil line), the linkage alignment
is completed. If the contact arm touches the cam
above or below the actual 50% mark, a linearity
correction is required.

If the contact arm touches below the 50% pencil
line, the angle between the connecting link and the
instrument spindle take-off lever must be reduced;
conversely, increase the angle if the contact arm
touches above the 50% mark. To reduce the angle,
loosen the screw that locks the instrument spindle
take-off lever to the spindle bracket and move the
lever up about 1/8" (for a 1% linearity correction);
conversely, to increase the angle, move the lever
down. Then, adjust the length of the connecting
link to restore the cam to the 50% mark.

16) After making a linearity correction,
retwrn to the 20% mark and readjust the length of
the connecting link, if necessary. Recheck and
adjust span at 100% as before. When the 20% and
100% points are correct, recheck the linearity.
Repeat this process until all three points are
correct.

17) Check to see that the contact arm does
not fall off the cam when the pointer is at zero on
the scale. If it does, the stop on the receiver must
be adjusted to prevent this.

C
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TROUBLE SHOOTING CHART

TROUBLE

PROBABLE CAUSE

%

Counter reading does not
change (with primary
meter in operation).

1) Faulty process receiver or instrument
linkage.

2) Loose or missing gear in train to counter
or electrical switch.

3) Defective mechanical counter or
electrical switch.

4) Integratér inoperative due to defective
motor.-or electrical service.

5) Excessive friction in gear train or clutch.

6) Broken spring on follower lever
assernbly inside Integrator.

REMEDY

1) Repair faulty receiver. Check for bent
or disconnected linkage. Input changes
should cause movement of sector gear
and cam.

2) Tighten, repair or replace faulty gear(s).

3) Isolate troubls. Repair or replace
defective element.

4} Check power supply, switches, fuses and
wiring.

5) Inspect gear train, clean or replace gears,
check mesh of counter bevel gears.
Disassemble, clean and repair clutch and
check for bent main shaft. If equipped
with Micro-Switch or Glaswitch check
associated gears.

6) Install new spring, remove ail broken
pieces of spring from housing.

Inaccurate counter
reading.

1) Primary measuring transmitter out of
calibration.

2) Receiving element in secondary
instrument out of calibration.

3) Inaccurate time comparison standard.

4) Bent connecting links or loose
instrument spindle sectors.

5) Improper zero adjustment.

6) Wom cam.

7) Incorrect counter factor used.
8) Shift in cam position on its hub.

9) Span adjustment of Integrator linkage
improperly adjusted.

1) Align primary transmitter.

2) Align secondary instrument receiver and
synchronize with primary transmitter.

3) Make certain power supply frequency is
exactly as specified. Frequency
variation will change Integrator speed.

4) Repair and align linkage as discussed
under Alignment and/or Calibration.

5) Perform accuracy check to determine
corrective action.

6) Replace cam. Order from F&P; identify
instrument by giving complete serial
number or part number.

7) Check instrument data tag or mfg.
specification sheet for correct factor.,

8) Reposition arm. See Alignment and/or
Calibration.

9) Check linkage alignment. See Alignment
and/or Calibration.

Integrator fails to start
when power is applied.

1) Defective motor, fuse or wiring.

2) Excessive load on the motor for
starting.

1) Check power supply, switches and
wiring.
2) Eliminate source of friction.

bl
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PRESSURE TRANSMITTERS

Injection Well Head Pressure
Monitor Zone 1 Pressure
Monitor Zone 2 Pressure
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INSTALLATION SECTION

GENERAL

The quality of the pressure measuwre-
ment depends to a great extert on the
proper instaflation of the transmitter and
the |mpulse piping.

Because of process and economic con-
siderations, gage and absolute pressure
transmitters must often be installed in
harsh environmental locations. The trans-
mitter should, however, be located to
minimize the effects of temperature fluctu-
ations, and to avoid vibration and shock.

MOUNTING

The 1151GP or 1151AP transmitier may
be supported by the piping connection if it
is mounted direclly at the point of mea-
surement, orf may be wall mounied or
mounted 10 & 2-inch pipe by means of the
mounting bracket accessory.

The process connection on the transmit-
ter flange is 1/4-18 NPT. A flange adapter
union is supplied with a 1/2-14 NPT con-
nection. These process connections re-
quire thread seafant. The Hange adapter
allows the transmitter to be easily discon-
nected from the process by removing the
Hlange adapter boits.

To ensure a tight seal on the adapter
flange, the following procedure should be
performed: finger tighten both bolts,
wrench tighten first bolt, wrench tighten
second bolt, then retighten first boit. Tor-
que to approximately 29 fi-ib.

The transmitter body may be rotated in
the flanges for mounted convenience. As
long as the flanges are vertical, there is no
shift in zero caused by rotating the trans-

mitter body.

It the flange is horizontal, a slight zero
pressure cahnge (0.03 psi) will occur due
to the liquid head of the transmitter. For
ranges up to 0-17/100 psi the transmitter
should be rezeroed.

Proper location of the transmitter with
respect to the process pipe depends on
the process material. The following should
be considered in determining the best io-
cation,

1. Comosive or hol process material must
be kept out of contact with the transmitter.

2. Sediment shoukd be kept form deposit-
ing in the impulse piping.

3. Impuisa piping should be kep! as short
as possible. -
4. Ambient tempemiuro' gradlems :and
fluctuations should be avoided

For liquid pressure measurement lhe
tap should be made to the side of tha line

to avoid sediment deposits, and the
transmitter should be mounted beside or
below the taps so that gases will ventinto
the process line. For gas pressure mea-
surement, the tap should be mads to the
top or side of the line and the transmitter
should be mounted beside or above the
taps so that liquid will drain into the
process line. For steam flow measure-
ment, the tap should be made to the side
of the line, and the transmitter should be
mounted helow the taps so that the
impulse piping will stay filled with
condensate,

The tap should be made to the side of
the line for transmitters having side vent/
drains. For liquid service the side vent/
drain should be mounted upward to allow
the venting of gases. For gas service it
should be mounted down to allow drain-
ing of any accumulated liquid. See Figure
1. Side vent/drains may be changed from
top to bottom by rotating the process
flange 180°.

Care should be exercised so that in
steam or other elevated temperature
services the transmitter temperature
limits are not exceeded.

For steam service, lines should be filled
with water to prevent contact of the live
steam with the transmitter. Condensate
chambers are not necessary since the
volumetric displacement of the trans-
mitter is negligible.

IMPULSE PIPING

The piping between the process and
the transmitter must transfer the pres-
sure seen at the process tap to the
transmitter. Possible sources of error in
this pressure transfer are:

1. Leaks.

2. Friction loss (particularly if purging is
used).

3. Trapped gas in a liquid iine (head
error).

4. Liquid in gas line (head error).

The following precautions are sug-
gested to minimize the possibility of
errors:

1. Make impulse piping as short as
possible.

2. Slope piping at least 1 inch per foot up
toward the process connection for liquid
and steam,

3. Slope piping at ieast 1 inch per foot
down toward the process connections
for gas

4. Avoid mgh pomts in liquid lines and
low points in gas lines.

5. Use impulse piping of sufficient
diameter to avoid friction effects.

6. Be sure all gas is vented from liquid
piping legs.

7. Especially for high pressure appli-
cations, be sure the impulse piping is of
adequate strength to be compatible with
anticipated pressures.

WIRING

Signal terminals are located in the
electrical housing in a separate com-
partment. Connections ¢an be made by
removing the cover on the side
designated as “terminal side” on the
nameplate. The upper terminals are the
signal terminals and the lower terminais
are test or indicator terminals (Figure 1).
The test terminals have the same current
signal {4-20 mADC or 10-50 mADC) as
the signal terminals for use with the
optional indicating meter or for testing.
All power to the transmitter is supplied
over the signal wiring. There is no
additional wiring required. DO NOT
CONNECT POWERED SIGNAL WIRING
TO THE TEST TERMINALS. Power will
blow out the diode in the test connection.
If this shouid accidentally happen, the
test connection can be jumpered for
cperation of the transmitter.

Signal wiring need not be shielded, but
twisted pairs should be used for best
results. Signa! wiring should notberunin
conduit or in open trays with power
wiring, and should not be run near heavy
electrical equipment.

Conduit connecticns on the trans-
mitter housing should be sealed or
plugged (using a sealing compound} to
avoid accumuiation of moisture in the
housing. If the connections are not
sealed. the transmitter should be
mounted with the electrical housing
downward for draining.

Signal wiring may be ungrounded
{floating) or grounded at any place in the
signal loop. The transmitter case may be
grounded or ungrounded. Power supply
regulation is not critical, even with a
power supply ripple of 1 volt peak to
peak, the ripple in the output signal
would be negligible.

Because the transmitter is capacitance
coupled to ground, insulation resistance
should not be checked -with a high
voitage megger. No more than 100volts
should be used in circuit checks.

Output current is limited to 30 mADC
on the 4-20 mADC unitand 150 mADC on
the 10-50 mADC unit.
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CALIBRATION - E Output
Option (4-20 mA)
SPAN ADJUSTMENT RANGE

The span on all 1151 transmitters is
continuously adjustable to allow calibration
anywhere between maximum span and 1/
& of maximum span. For example, the
span on a range 4 trapsmitter can be con-
tinuously adjusted between 0-150" HO to
0-25" H.0.

ZERO ADJUSTMENT RANGE

Model 1151GP with E output code can
be adjusted for zero suppression up to
500% of span, or 600% zero elevation,
down to 28" Hg vacuum (See Figure 2}.
Model 1151AP can be adjusted for zero
suppresson up to 500% of span (abso-
lute). ~

Thezaromybeelevatedorsuppressed
to the above extremes with the limitation

that no applied pressure within the cali-
" brated range exceeds the full-range pres-
‘axampie;a range 4 1151
cannot be calibrated for 100* to 200" H,O
{only 100% zero suppression) because the
200" H;0 exceads the 150’H20fwl-range
ptemnlimslofamnget :

lnordertoactievalargemtsofele-
vation or suppression it is necessary to
make an adjustment on thé component
side of the amplifier board. On this board
smmebvaﬁowwesdonm
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of “suppress zero” position, The 1151GP
transmitter may be calibrated to cross zero
(e.g., —75° HO to +75" H,Q) but this
may result in a slight reduction in linearity,
which can be comrected by linearity adjust-
ment. Note: Always insure that the
jumper is fully seated on its pins. In the
event that the jumper has not been placed
in any of the three positions, the amphﬁer
board will function to  provida™ normal
amounts of elevation or suppression.

Recommended Procedure for Zero and
Span Adjustment

The zero and span adjustment screws
are accessible externally and are located
behind the nameplate on the side of the
electronics housing (Figure 4}). The
output of the transmitter increases with
clockwise rotation of the adjustment
SCrews.

The zero adjustment screw and the
"elevate/suppress zero” swilch have very
little effect on the span. The span
adjustment, however, does affect zero.
The effect is minimized with no
suppression or elevation, where the span
adjustment changes the zero output and
the fuil-scale output by approximately
the same percentage. Therefore, itis best
to calibrate the transmitter from 0 to the
desired span and finish the calibration by
adjusting the zero screw (and elevate/
suppress zero switch if necessary) to
achieve the desired elevation or
suppression.

Example {for an 1151GP4)

Initial Transmitter Calibration: 25 to 125"
H,O (100" H,O span with zero sup-
pressed 25" H,O)

Desired Transmitter Calibration: 125” to
150" H,O (25" H,O span with zero
suppressed 125" Hzo)

Al Adjusl zero to ellmlnate any exlstlng

zero elevation or suppression,.. With 0" -;
pressure applied to tranamitter,tum zero - - }.

adjustment clockwise until output reads
4 mA. The unit is now calibrated 0 to 100"
H,0.

B. Adjust the span to the desired new )

span. To reduce the span, turn the span
screw clockwise until the output, with 0"
H;O pressure input, equals

4 ma x (E""““g 5"’"‘) 4ma ( i )— 16 mA

(i the span was to bs increased from 25
to 100” H,O the span screw would be
turned counterciockwise until the
output, with' 25" H,O input, aqualled
Existing Span =5 mA

WMAX(W) 20rr|A(
C. Adjust ths zero scrow counter-

clockwise 10 bring the outpug ‘with o0 |-
o' 4 mA. The, tranamitter .

Jnput, backl

icalibratlon shculd now be very close t0 0

42,257 H.0.

D. Check full-span output and fine tune
the span and zero adjustment if required.
Remember zero adjustments do not
affect span, but span adjustments do
affect zero predictably. Adjusting the
span screw will affect the zero 1/5 as
much as it affects the span. To
compensate for this effect, simply over-
compensate . by 25% -For example, if,
“‘after completing Step C. the transmitter
output read 19.8900 mA at 25" H,0O the
span pot would be turned clockwise untit
the output (at 25" H,0) read 20.025 mA.

19.900 + (20.000 ~ 19.900) X 1.25 =
19.90G + .125 = 20.025.

Since the span adjustment affects zero
1/5 as much as the span, the .125 mA
increase in span causes a .025 mA
increase in zero. Therefore, turn the zero
adjustment counterclockwise (at 25"
H,0) until the output reads 20.000 mA.
The unit should now be calibrated for 0to
25" H,0).

E. Suppress Zero. Turn zero screw
counterclockwise untilthe output reads 4
mA with 125" H,O applied to the high
side of the transmitter. The output may
stop changing before the desired 4 mA
reading is obtained. }f this occurs, turn
off power to the unit, unplug the amplifier
board (refer to exploded view and parts
list in the back of this manual to locata the
amplitier board), change the switch
position (Figure 3) to “suppress zero”,
piug the amplifier back in and complete
the zero adjustment. if the zero was being
elevated, the same basic procedure
wouid apply except the switch would be
thrown to the etevate zero position.

. Recheck full scale and zero and fine
tune if necessary.

There is some mechanical backlash in
the zero and span adjustments, so there
will be a dead band when direction of
adjustment is changed. Because of the
backlash, the simplest procedure, if the
desired setling is overshot, is to
purposely overshoot a larger amouni
before reversrng the dnrect:on of lhe
adjustmeni.,_ )

Linearity Ad]ustmeni

In addition to the span and zero
adjustments, there is a linearity
adjustment located on the solder side of
the amplifier board (Figure 5). This is a
factory calibration adjusted for optimum
performance over the calibrated range of
the instrument and is not normaily
adjusted in the field. If it is desired to
maximize finearity-over some particular
range, the following procedure should be
used:

1