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Safety

Instructions

Preface

Correct installation and periodic maintenance are essential to the safe use of your dif-
ferential pressure transmitters.

Read the safety instructions provided in this manual carefully and understand them
fully before starting installation, operation, and maintenance work.

Inspection

On delivery, make sure that the specifications are correct and check for any damage
that may have occurred during transportation. This equipment was tested under a strict
quality control program before shipment. If you find any problem in the quality speci-
fications, please contact your Yamatake Corporation representative immediately, pro-
viding the model name and serial number.

The name plate is mounted on the top of the enclosure.

Precautions

The following symbols are used in this manual to ensure user safety.

A WARNING

This symbol is used to warn of hazards where failure to observe a safety instruction
may result in death or serious injury.

A CAUTION

This symbol is used to warn of hazards where failure to observe a safety instruction
may result in injury or physical damage.

To ensure safe operation, be sure to observe the safety instructions provided on the
next page.

Yamatake Corporation will assume no responsibility, or offer any guarantee for any
failure resulting from violation of these safety instructions.
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Explosion protected Models

FM Explosionproof/Dust -ignitionproof Apparatus (in accordance
with NEC)

A CAUTION

* Install the apparatus only in areas for which the apparatus has been approved.

* Seal each conduit entering the apparatus enclosure within 18 in.(457mm) from
the enclosure.

* Do not open the apparatus enclosure when an explosive atmosphere is present.

1. Class |, Division 1 locations

1.1 Wiring methods

* Threaded rigid metal conduit, threaded steel intermediate metal conduit, or

Type MI cable with termination fittings approved for the location, can be
employed

* Threaded joints must be made up with at least five threads fully engaged.
1.2 Sealing
* Each conduit entering the apparatus enclosure is required to be sealed
within 18 in. (457 mm) from the enclosure.

* The sealing of each conduit can be provided with a sealing fitting approved for
class I locations.

* Sealing compound must be approved and must not have a melting point of less
than 93 ° (200 °F).

* The minimum thickness of the sealing compound should not be less than the
trade size of the conduit and, in no case, less than 5/8 in.(16 mm).

* Splices and taps cannot be made in the fittings.
2. Class |, Division 2 locations
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2.1 Wiring methods

* Threaded rigid metal conduit, threaded steel intermediate metal conduit,
enclosed gasketed busways, or Type PLTC cable in accordance with the provi-
sions of remote-control, signaling, and power-limited circuits (see NEC, Article
725), or Type ITC cable in cable trays, in raceways, supported by messenger
wire, or directly buried where the cable is listed for this use; Type MI, MC, MV,
or TC cable with approved termination fittings can be employed.

2.2 Sealing

* Each conduit entering the apparatus enclosure is required to be sealed as shown
in 1.1.2.

3. Class Il, Division 1 locations
3.1 Wiring methods

* Threaded rigid metal conduit, threaded steel intermediate metal conduit, or
Type MI cable with termination fittings approved for the location, can be
employed.

3.2 Sealing

* Where a raceway provides communication between the apparatus enclosure and
an enclosure that is not required to be dust-ignitionproof, suitable means must be
provided to prevent the entrance of dust into the former enclosure through this
raceway. One of the following means can be used: (1) a permanent and effective
seal; (2) a horizontal raceway not less than 10 ft (3.05 m) long; or (3) a vertical
raceway not less than 5 ft (1.52 m) long and extending downward from the dust-
ignitionproof enclosure.

+ Seals are not required to be explosionproof.

4. Class Il, Division 2 locations
4.1 Wiring methods

* Rigid metal conduit, intermediate metal conduit, electrical metallic tubing, dust-
tight wireways, or Type MC or MI cable with approved termination fittings, or
Type PLTC in cable trays, or Type ITC in cable trays, or Type MC or TC cable
installed in ladder, ventilated trough, or ventilated channel cable trays in a single
layer, with a space not less than the larger cable diameter between the two adja-
cent cables, can be employed.

4.2 Sealing

* Sealing means must be provided as shown in 1.3.2.
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5. Class lll, Division 1 locations
5.1 Wiring methods

* Rigid metal conduit, rigid non-metallic conduit, intermediate metal conduit,
electrical metallic tubing, dust-tight wireways, or Type MC or MI cable with
approved termination fittings, can be employed.

5.2 Sealing

* Sealing means are not required.

6. Class lll, Division 2 locations
6.1 Wiring methods

* Wiring methods must comply with 5.1.
6.2 Sealing

 Sealing means are not required.
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CSA Explosionproof / Dust-ignitionproof Apparatus (in accordance
with CEC)

A CAUTION

* Install the apparatus only in any hazardous (classified) locations for which the
apparatus has been approved.

* Seal each conduit entering the apparatus enclosure within 500 mm of the enclo-
sure according to the test report.

* Do not open the apparatus enclosure when an explosive atmosphere is present.

Sealing Compound

1. Class |, Division 1 locations

1.1 (a) Threaded rigid metal conduit or (b) cables approved for hazardous loca-
tions with associated cable glands approved for the particular hazardous
locations, can be used.

1.2 Threaded joints must have at least five full threads fully engaged.

1.3 Seals must be provided in conduit or cable systems to prevent passage of gases,
vapours or flames.

1.3.1 The seal is located in each run of conduit entering the apparatus enclosure

as close as practicable to and in no case more than 500 mm from the enclo-
sure.

1.3.2 The seal can be made in a sealing fitting approved for the location.

* Sealing compound must be approved for the purpose.

* The melting point of the sealing compound should not be less than 93°C
(200°F).

* The minimum thickness of the sealing compound should not be less than the
trade size of the conduit and in no case, less than 5/8 in. (16 mm).

* Splices and taps are not made in the fittings.

2. Class |, Division 2 locations
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2.1 (a) Threaded metal conduit, or (b) cables approved for hazardous locations
with associated cable glands approved for the particular location, or (c) Type
TC cable installed in cable tray, or (d) Type ACWU cable with associated cable
glands approved for the particular location, can be used.

2.2 Seals must be provided in conduit or cable systems to prevent passage of gases,
vapours or flames.

2.2.1 The seal is located in each run of conduit entering the apparatus enclosure as
close as practicable to and in no case more than 450 mm from the enclosure;

2.2.2 The sealing in Class I, Division 2 locations conforms to 1.3.2.

3. Class I, Division 1 locations

3.1 (a) Threaded rigid metal conduit, or (b) cables approved for hazardous loca-
tions with associated cable glands approved for the particular hazardous loca-
tion, can be used.

3.2 Where a raceway provides communication between the apparatus enclosure and
an enclosure that is not required to be dust-tight, the entrance of dust into the
former enclosure through this raceway must be prevented by (a) a permanent and
effective seal, or (b) a horizontal section not less than 3 m long in the raceway, or
(c) a vertical section of raceway not less than 1.5 m long and extending downward
from the dust-tight enclosure.

4. Class Il, Division 2 locations

4.1 (a) Threaded metal conduit, or (b) cables approved for hazardous locations
with associated cable glands approved for the particular location, or (c) Type
TC cable installed in cable tray, or (d) Type ACWU cable with associated cable
glands approved for the particular location, can be used.

4.2 Sealing of raceways conforms to 3.2.

5. Class lll, Division 1 locations
5.1 Wiring methods

(a) Threaded rigid metal conduit or (b) cables approved for hazardous loca-
tions with associated cable glands approved for the particular hazardous loca-
tions, can be used.

5.2 Sealing

Sealing means are not required.
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6. Class lll, Division 2 locations

6.1 Wiring methods

The wiring methods in Class I1I, Division 2 locations conform to 5.1 except that in
sections, compartments, or areas used solely for storage and containing no machin-
ery. (In such sections, compartments, or areas, open wiring methods conforming to
the rules for non-hazardous locations may be used.)

6.2 Sealing

Sealing means are not required.
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FM /CSA Nonincendive Apparatus

A CAUTION

* The nonincendive apparatus can be installed only in Division 2 hazardous
(classified) locations for which the apparatus has been approved.

* Tampering and replacement of any components within the nonincendive
apparatus may impair safe use of the apparatus.

Installation requirements

1. Wiring of the nonincendive circuit is permitted using any of the methods suitable
for wiring in ordinary (unclassified) locations.

~Note  Nonincendive apparatus is composed of all nonincendive circuits in
which any arc or thermal effect produced under normal operating condi-
tions of the apparatus is not capable of igniting the explosive atmo-
spheres. This protection technique is permitted for apparatus in those
Class 1, Division 2, Class II, Division 2, and Class III locations. Nonin-
cendive apparatus looks like intrinsically safe apparatus but are not,
require associated apparatus (ex. shunt diode barriers).

2. In any raceway, junction box, or similar fitting, the conductors of the nonincen-
dive circuit cannot be placed with the conductors of any other system, unless (1) the
conductors of the two systems are separated by a suitable mechanical partition, or
(2) all of the conductors of either system are segregated by a grounded metal shield.

3. It is recommended that separate nonincendive circuit conductors to be in sepa-
rate cables, unless (1) the conductors of each circuit are within a grounded metal
shield, or (2) the conductors of each circuit have insulation with a minimum thick-
ness of 0.01 in. (0.254mm)

4. If a raceway (including conduit) and cable for a nonincendive circuit in Class I,
Division 2 or Class II, Division 2 locations is capable of transmitting flammable
atmosphere through the raceway and cable from the Division 2 location to a
non-hazardous location, it must be properly sealed at the boundary by using of non-
approved sealing fittings.
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ATEX Flameproof Apparatus

1. General

1.1 The apparatus protected by the flameproof enclosure in accordance with EN
50018 can be installed in such hazardous areas, for which the apparatus has been
certified, as an explosive atmosphere containing flammable substances in the form
of gas, vapour, mist or dust may be present.

~Note  The apparatus has been certified to comply with EN 50281-1-1(dust igni-
tion protection).

1.2 The apparatus enclosure must be kept closed in hazardous areas when the
apparatus is energized because the internal circuit of the apparatus is capable of
igniting in the explosive atmosphere. (Never connect any hand-held communicator
to the apparatus terminals by opening the cover, except while no explosive atmo-
sphere is present.)

1.3 It is required to connect the external earthing terminal of the apparatus to the
equipotential bonding system which includes protective conductors, metal con-
duits, metal cable sheaths, steel wire armouring and metallic parts of structures,
but does not include the neutral conductors of the power systems.

~Note  The protective conductor to which exposed conductive parts of equipment
(machines, apparatus, devices, components and instrumentation thereof)
are connected, must be separated in the hazardous area from the neutral
conductor, and must be connected to the power system earth point in the
non-hazardous area, if the power system is directory earthed.

For external earthing and bonding of the apparatus it is recommended to use a
cable lug so that the conductor is secured against loosening and twisting, and so
that the contact pressure is permanently secured.

1.4 Either cable systems (cable entry systems) or conduit systems can be employed
for wiring of the apparatus in the hazardous areas (see 2 or 3).

1.5 Non-sheathed single core cables are not permitted for live conductors unless
they are installed inside enclosures or conduit systems.

1.6 Conduits and, in special cases, cables (for example, where there is a pressure dif-
ference) must be sealed so as to prevent the passage of the explosive atmosphere.

1.7 Further information concerning installation and maintenance of apparatus is
given by relevant clauses in the following documents.

EN 60079-14 Electrical apparatus for explosive gas atmospheres
Part 14: Electrical installations in hazardous areas
EN 60079-17 Part 17: Inspection and maintenance of electrical installations in
hazardous areas.

EN 60079-19 Part 19: Repair and overhaul for apparatus used in explosive
atmospheres

EN 50281-1-2 Electrical apparatus for use in the presence of combustible dust
Part 1-2: Electrical apparatus protected by enclosures
-- Selection, installation and maintenance

ST3000 Serires900 Differential Pressure/Pressure Transmitter with FOUNDATION™ Fieldbus ix



Safety

Yamatake Corporation

2.Cable systems

2.1 Thermoplastic sheathed cables, thermosetting sheathed cables, or elastomeric
sheathed cables can be selected for fixed wiring in the hazardous areas.

2.2 Flameproof cable entry devices (cable glands) certified to comply with EN 50018
and appropriate to the type of cable employed, must be used for the connection of
cables to the apparatus.

3. Conduit systems

For conduit systems, relevant national standards or codes of practice should be fol-
lowed prior to the following recommendations.

3.1 Screwed heavy gauge steel, solid drawn or seam welded conduit, or flexible
conduit for protection of cables in explosive atmospheres (see ISO 10807) can
be selected for fixed wiring in the hazardous areas.

3.2 Conduit must be threaded for connection to permit the full engagement of five
threads.

3.3 Either conduit entry devices or sealing devices such as stopping boxes should be
provided at the wall of the apparatus enclosure to limit the pressure piling effect
and to prevent hot gases from entering the conduit system from the enclosure con-
taining a source of ignition. Each type of both the devices must be certified to
comply with EN 50018.

3.4 The stopping boxes, if used, should be filled with a compound which does not
shrink on setting and is impervious to, and unaffected by, chemicals found in the
hazardous area. The depth of the compound in the stopping box should be at
least equal to the internal diameter of the conduit, but in no case less than 10 mm.

3.5 When the conduit contains three or more non-sheathed single or multi-core
cables, the total cross-sectional areas of cables, including insulation, should not be
more than 40% of the cross-sectional area of the conduit.

4. Installation in explosive atmospheres caused by air/dust mixtures

4.1 Conduit or cable glands, if employed to connect cables to the apparatus, must be
selected and used in such a way that an IP6X protection (dust-tight) is guaranteed.

4.2 It is recommended to maintain the apparatus so that the dust layer will not exceed
a thickness of Smm.

~Note  Where the ignition temperature of a dust layer up to 5mm thickness is
equal to, or higher than, the value that is obtained by adding 75K to the
maximum surface temperature of the enclosure “T ...°C”" as marked on
the apparatus, the apparatus is incapable of causing ignition of the dust
layer. (T...°C is based on the maximum ambient temperature.)
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Instruction for Safety
1. Introduction
Explosion protected models

Smart Pressure Transmitters ST3000 series 900 has been constructed and certified
to comply with the CENELEC standards EN 50014, EN 50018,

EN 50281-1-1 and EN1127-1. Be sure to read all applicable laws of your country
and local regulations for the installation of equipment for explosive atmospheres.

EN 50014, Electrical apparatus for potentially explosive atmospheres - General
requirements

EN 50018, Electrical apparatus for potentially explosive atmospheres - Flame-
proof enclosure “d”

EN 50281-1-1, Electrical apparatus for use in the presence of combustible dust -
Part1-1: Electrical apparatus protected by enclosures

EN 1127-1, Explosive atmospheres-Explosion prevention and protection- Part 1:
Basic concepts and methodology

2. Smart Pressure Transmitters ST3000 series 900
Safety information marked on the transmitter

“@ 112 GDEExdII CTé6” is a full marking in accordance with the Directive
94/9/EC.

“II” indicates “equipment - group II”” for use in places other than mines.

“2” indicates “‘equipment - category 2” for use in areas in which explosive atmo-
spheres are likely to occur (Zone 1).

“G” is the symbol of the equipment - group and the equipment - category concerning
explosive atmospheres caused by gases, vapors or mists.

“D” is the symbol of the equipment - group and the equipment - category concerning
explosive atmospheres caused by dust (“Dust ignition protection”).

“d” is the symbol for the type of protection d (flameproof enclosure).

“IIC” indicates that the group equipment is suitable for use in the explosive gas
group “C” which contains hydrogen, acetylene and carbon disulfide (Annex A to EN
50014).

“T6” indicates that the maximum surface temperature of the transmitter is in the
temperature class T6, 1. e. the maximum surface temperature never exceeds 85°C at
the maximum ambient temperature of 60°C.

For particular use in the presence of combustible dust only,

“@ I1 2 D” can be abstracted from the full marking.

“IP67” indicates a protection class provided by enclosures (known as IP code spec-
ified in EN 60529), 1. e. the first numeral “6” means that the transmitter is protected
by a dust - tight enclosure as prescribed in EN 50281-1-1. The second numeral “7”
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Xii

means that the transmitter is protected against the effects of temporary immersion in
water.

“CE” (CE marking) indicates that, in accordance with the relevant European Direc-
tives: Directive 94/9/EC (ATEX Directive) and Directive 89/336/EEC (EMC
Directive), the transmitter complies with the protection requirements relating to the
design and construction of the transmitter. In addition, the CE marking is followed
by the identification number 0344 of the notified body (KEMA) responsible of the
production quality assurance notification under Directive 94/9/EC.

“INERIS 99ATEX0010 X”: The certificate number of EC-type examination carried
out by INERIS responsible of the examination under Directive 94/9/EC.

“DATE”: The year of construction of Smart Pressure Transmitter ST3000 series 900
is printed with the last two figures, together with the name of the month.

3. Installation

3.1 Operating condition

A WARNING

Never open the enclosure while the internal circuit is alive.

3.2 Mounting and wiring
For use in explosive atmospheres of gase, fluid or vapor:

The cable and conduit entry devices must be of a certified flameproof type, suitable
for the conditions of use and correctly installed.

With the use of conduit entries a sealing device must be provided either in the flame-
proof enclosure or immediately on the entrance thereto.

For use in the presence of combustible dust:

The cable and conduit entry devices must be of a certified flameproof type of E - or
ATEX - Generation, suitable for the conditions of use and correctly installed. Those
devices must satisfy the requirements for [IP6X (dust - tight) as specified in EN
60529.

For external earthing and bonding:

A cable lug must be used so that the conductor is secured against loosening and
twisting and so that the contact pressure is permanently secured.

Special condition for safe use:

The fastening screws of this apparatus are made of stainless steel and have a yield
stress of 500N/mm?
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4. Operation

Precautions

A WARNING

Do not open the enclosure when energized.

5. Maintenance

A WARNING

Unauthorized modifications of any part of the enclosure or the internal circuit may
invalidate the verified explosion protection of Smart Pressure Transmitter ST3000
series 900.

The integrity of enclosure must always be maintained.

6. Troubleshooting

A WARNING

Do not open the enclosure when energized.

7. Specifications

Item Description

Enclosure rating P67

Explosion protection  |Flameproof 112 D EEx d IIC T6;
Dust ignition protection II 2 D;
for ambient temperature - 20 to 60°C

(Note 1)

~Note  The cable and conduit entry devices must be of a certified flameproof type
(see 3.2 Mounting and wiring)
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FM Intrinsically Safe System (in accordance with NEC and ANSI/ISA
RP 12.6)

A CAUTION

* Only suitable associated apparatus separately approved by FM (FMRC)
shall be connected to the intrinsically safe apparatus.

* Electrical equipment connected to the associated apparatus in non-hazardous
locations shall not use or generate more than 250 Vrms.

» Tampering and replacement of any components within the intrinsically safe
apparatus with non-factory components may adversely affect the safe use of the
system.

Installation requirements

1. The intrinsically safe and associated apparatus shall be installed in accordance
with the control drawing(s) attached.

Especially, the control drawing(s) provides guidance on determining the maxi-
mum allowed capacitance and inductance of the interconnecting cables.

2. The intrinsically safe and associated apparatus is permitted to be installed in any
hazardous (classified) location for which they have been approved, by using any
of the wiring methods suitable for ordinary (unclassified) locations, including
wiring methods for communication systems.

3. Conductors of the intrinsically safe circuit shall not be placed in raceways,
cable trays, and cables with conductors of any non-intrinsically safe circuit,
unless (1) the conductors of the intrinsically safe circuit are separated from these
of the non-intrinsically safe circuits by a distance of at least 50 mm, and secured or
separated by a grounded partition or an approved insulating partition; or (2) either
all of the intrinsically safe circuit conductors or all of the non-intrinsically safe cir-
cuit conductors are in grounded metal-sheathed or metal-clad cables where the
sheathing or cladding is capable of carrying fault current to ground.

4. Different intrinsically safe circuits shall be in separate cables, unless (1) the
conductors of each circuit are within a grounded metal shield, or (2) the conductors
of each circuit have insulation with a minimum thickness of 0.01 inch (0.25 mm).

5. Intrinsically safe apparatus, associated apparatus, shields of conductors or cables,
enclosures and raceways, if of metal, shall be grounded.
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6.

10.

If the associated apparatus is a type of shunt diode barriers, supplementary
bonding to the grounding electrode is needed. And the grounding path resistance
from the farthest barrier to the grounding electrode shall not exceed 1€

In practice, the bonding to the grounding electrode is achieved by connecting the
grounding terminals of the barriers to the intrinsically safe ground bus which is
connected to the grounding electrode with an insulated conductor not smaller than
No.12 AWG (2.05 mm in dia.).

In hazardous locations, non-current-carrying metal parts of the apparatus,
raceways, and other enclosures of the intrinsically safe system shall be bonded to
ensure the electrical continuity.

In non-hazardous locations, where metal raceways are used for the intrinsi-
cally safe system wiring in hazardous locations, all intervening raceways, fit-
tings, boxes, enclosures, etc. between the hazardous locations and the point of
grounding for the power supply system or point of grounding of a separately
derived system, shall be grounded by using bonding jumpers with proper fittings
or other approved means of bonding.

Where conduits and cables are used to protect the intrinsically safe wiring against
environments, the conduits and cables must be sealed so that they do not transmit
gases, vapors, or dust from a hazardous location to a non-hazardous location. Seal-
ing fittings should be installed in each conduit run leaving the hazardous location,
on either side of the boundary within 10 ft (3.05 m) of the boundary. Such seals
need not be explosionproof.

The grounding electrode usually available on premises is specified in a), b), ¢) or
d):

a) Metal underground water pipe in direct contact with the earth for 10 ft (3.05
m) or more.

b) Metal frame of the building, where effectively grounded.

c) Concrete-encased electrode. An electrode encased by at least 2 in. (50.8 mm)
of concrete, located within and near the bottom of a concrete foundation or
footing that is in direct contact with the earth, consisting of at least 20 ft (6.1m)
of one or more bare or zinc galvanized or other electrically conductive coated
steel reinforcing bars or rods not less than 1/2 in. (12.7 mm) diameter, or con-
sisting of at least 20 ft (6.1 m) of bare copper conductor not smaller than No.2
AWG (6.54 mm in dia.).

d) Ground ring. A ground ring encircling the building or structure, in direct con-
tact with the earth at a depth below earth surface not less than 2 1/2 ft (762
mm), consisting of at least 20 ft (6.1 m) of bare copper conductor not smaller
than No.2 AWG.

Where none of the above electrodes is available, made electrodes should be used:

e) Rod and pipe electrodes. Not less than 8 ft (2.44 m) in length, consisting of the
following materials, and being installed in the following manner:
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* Electrodes of pipe or conduit shall not be smaller than 3/4 in. trade size and,
where of iron or steel, shall have the outer surface galvanized or otherwise
metalcoated for corrosion protection.

* Electrodes of rods of iron or steel shall be at least 5/8 in. (15.87 mm) in diam-
eter. Stainless steel rods less than 5/8 in. (15.87 mm) in diameter, nonferrous
rods, or their equivalent shall not be less than 1/2 in. (12.7 mm) in diameter.

* The electrode shall be installed such that at least 8 ft (2.44 m) of length is in
contact with the soil. It shall be driven to a depth of not less than 8 ft (2.44
m).

f) Plate electrodes. Each plate electrode shall expose not less than 2 sq ft (0.186
sq m) of surface to exterior soil. Electrodes of iron or steel plates shall be at
least 1/4 in. (6.35 mm) in thickness. Electrodes of non-ferrous metal shall be at
least 0.06 in. (1.52 mm) in thickness.

A single electrode consisting of a rod, pipe, or plate that does not have a resis-
tance to ground of 25Q or less shall be augmented by one additional electrode of any
of the types specified in a) to f). Where multiple rod, pipe, or plate electrodes are
installed, they shall not be less than 6 ft (1.83 m) apart.
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About This Publication

This manual is intended as a detailed “how to” reference for installing, piping wiring,
configuring, starting up, operating, maintaining, calibrating, and servicing Yamatake’s
family of ST3000 Smart Transmitters. It is based on using a model SFC160/260 Smart
Field Communicator as the operator interface for the ST3000 Smart Transmitter. Be
aware that some data in this manual overlaps information in the field Communicator
Model SFC160/260 Operating Guide.

While this manual provides detailed procedures to assist first time users, it also
includes keystroke summaries for most procedures as a quick reference for experi-
enced users.

Precautions

General Precautions

1. Checking the Product

When you accept the ST3000 Smart Transmitter, check its appearance to make sure
that it is not damaged.

A Smart Transmitter with semi-standard or special specifications may have different
accessories.

2. Check the specifications

The specifications are marked on the name plate on the outside of the transmitter case.
Make sure that the specifications match your order by referring to the specifications.

In making an inquiry, identify the model No. and the product No.

3. Transportation

We recommend to transport the transmitter to the installation site in the packaged state
in order to prevent damages from occurring during transportation.

4. Storage Environment
(1) Storage location

During storage, protect the transmitter from rain water as well as from heavy
vibration and shock. Store it at normal temperature and humidity (about 25°C,
65%RH) as much as possible.

(2) Store the transmitter in original packaging if possible.

(3) If a used transmitter must be stored for some period, wash it thoroughly after mak-
ing sure that no fluid remains in the pressure receiving section.

5. Installation Environment

XX ST3000 Serires900 Differential Pressure/Pressure Transmitter with FOUNDATION™ Fieldbus
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In order to maintain the original performance and reliability for a long time, install the
transmitter in the following environment:

(1) Ambient temperature

(a) The temperature gradient and temperature changes in installation environment
should be as small as possible.

(b) If a transmitter is exposed to heat radiated from the process side, lower its
ambient temperature as much as possible by insulating it or by selecting a well-
ventilated location for installation.

(c) If a process fluid can freeze, prevent freezing by means of heat insulation.
(2) Emvironment

Avoid corrosive emvironment as much as possible.

Install in explosion proof and intrinsically safe conditions.
(3) Shock and vibration

Install the transmitter where shocks and vibrations will be as small as possible.
(4) Installation of explosion proof type transmitter.

Refer to “Instructions for Explosion proof Transmitter*.

6. Application of Pressure to transmitter
In applying pressure to this transmitter, observe the following rules.

(1) The locking bolts of the adapter flange are loose when shipped. Tighten them to
the specified torque.

(2) Do not apply a pressure that exceeds the specified level.
(3) Do not tighten or loosen bolts while pressure is being applied to the transmitter.

(4) When a transmitter is used for measuring a poisonous substance, handle it care-
fully even after the pressure is released.

7. Electronic Parts

(1) This transmitter has several CMOS electronic components. Since static electricity
can easily cause the functional destruction of a CMOS component, never directly
touch them or touch a circuit with your hands.

(2) Is components must be touched, equalize the potential of the components before
doing so.

(3) When the printed wiring board (PWB) is removed, protect it in a non-conductive
bag.

8. Using a Transceiver

(1) When a transceiver is used very near a transmitter, its transmission frequency (in
the form of high frequency noise) may cause radio interference.

ST3000 Serires900 Differential Pressure/Pressure Transmitter with FOUNDATION™ Fieldbus xxi
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(2) When using a transceiver, determine the distance that will be necessary for avoid-
ing any interference, and ensure that the distance between the transceiver and the
transmitter is greater.

(3) When using a transceiver, be sure to close the cover of the transmitter

9. Welding in Proximity

(1) When welding is to be carried out near the transmitter, the welding current may
affect the operation of the transmitter depending on the grounding method.

(2) Directly ground the welding equipment and power transformer. Do not ground to
the stanchion pipe of the transmitter.

(3) Turn off the power supply to the transmitter.

Technical Assistance

XXii

If you encounter a problem with your ST3000 Smart Transmitter, check to see how
your transmitter is currently configured, and verify that all selections are consistent
with your application.

If the problem persists, please call Yamatake group representatives.

An engineer will discuss your problem with you. Please have your complete model
number, serial number, and software revision number on hand for reference, You can
find the model and serial numbers on the transmitter nameplates. You can also view
the software version number using the SFC.

ST3000 Serires900 Differential Pressure/Pressure Transmitter with FOUNDATION™ Fieldbus
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Chapter 1: Introduction

1-1 : Introduction

The ST3000 Smart Transmitter Series 900 with FOUNDATION™ fieldbus is a Founda-
tion registered device, which can cooperate seamlessly with other registered field
devices as well as host systems in a wide range of control systems.

The ST3000 Smart Transmitter Series 900 with FOUNDATION™ fieldbus has follow-
ing features:

a) Fully complies with Fieldbus Foundation H1 (31.25kbps) Voltage Mode Bus)
specifications

b) Supports the standard analog input (AI) function block
c) Bus-powered device

d) Comes with a device description (DD) file and a capability file (CF) for automatic
configuration.
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1-2 : ST3000 Smart Transmitters

1-2

Yamatake’s ST3000 Smart Transmitter includes model variations of these basic pres-
sure measurement types.

 Differential Pressure

* Gauge Pressure

* Absolute Pressure
Transmitter adjustments

Except for optional zero and span adjustments available with ST3000 Smart Transmit-
ters only, the ST3000 Smart Transmitter has no physical adjustments.

You need an SFC to make adjustments to a ST 3000 Smart Transmitter.

STD STC STG STA
Differential Differential Gauge Absolute
Pressure Pressure Pressure Pressure
with Flange

= = =
STR/STE STH/STU
Differential Pressure Gauge Pressure
with Remote Diaphragm Seals with Remote Dlaphragm Seal

Figure 1-1 ST3000 Smart Transmitter Family.

ST3000 Serires900 Differential Pressure/Pressure Transmitter with FOUNDATION™ Fieldbus



Yamatake Corporation Introduction

1-3 : Transmitter order

Order components

Figure 1-2 shows the components that are shipped and should be received for a typical

ST3000 Smart Transmitter order.

Mounting Bracket (Optional)

ST 3000

) ——

User's
Manual

J

Figure 1-2 Typical ST3000 Smart Transmitter

Device description

Device description (DD) file and capability file (CF) can be downloaded from
Yamatake Corporation WEB site (http://www.yamatake.com).

ST3000 Serires900 Differential Pressure/Pressure Transmitter with FOUNDATION™ Fieldbus
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Chapter 2 : Installation

2-1 : Introduction
This section contains information for the installation of the ST3000 Smart Transmitter.

It includes procedures for mounting, piping and wiring the transmitter for safe and
proper operation.

For Fieldbus configuration, refer to the “Fieldbus Integration Manual” (FB2-FBS100-
3501).
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2-2 : Mounting the ST3000 Smart Transmitter

Summary

You can mount all transmitter models except those with integral flanges to a 2 inch (50
mm) vertical or horizontal pipe using our optional angle or flat mounting bracket or a
bracket of your own. Those models with integral flanges are supported by the flange

connection.
Figure 2-1 shows typical bracket mounted and flange mounted transmitter installations
for comparison.

Figure 2-1 Typical bracket mounted and flange mounted installations.
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Methods of changing direction of indicator after mounted are shown below.

a) Rotate electronics housing 90° horizontally.

Loosen 3 mm set screw on outside neck of transmitter. Rotate electronics housing in a
maximum of 90 degree increments (left or right) from the center to a position you
require and tighten the set screw.

90°Max
90°Max

Figure 2-2

b) Rotate digital display module

Figure 2-3
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Flange mounting

To mount a flange mounted transmitter model, bolt the transmitter’s flange to the
flange pipe on the wall of the tank. Tighten the bolts to a torque of

SNB 201 Nem
SUS304 : 101 Nem

ATTENTION
On insulated tanks, remove enough insulation to accommodate the flange extension.

Figure 2-4 shows a typical installation for a transmitter with the flange on the high
pressure (HP) side so the HP diaphragm is in direct contact with the process fluid. The
low pressure (LP) side of the transmitter is vented to atmosphere (no connection).

SN

100 % Liquid

0 % Liquid

Figure 2-4 Typical Flange Mounted Transmitter Installation.
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Remote seal mounting

Use the procedure in "Table 2-1Mounting Remote Diaphragm Seal Transmitter" to
mount a remote diaphragm seal transmitter model. Figure 2-5 shows a typical installa-
tion for a remote diaphragm seal transmitter for reference.

ATTENTION

Mount the transmitter flanges within the limits stated here for the given fill-fluid in the
capillary tubes with a tank at one atmosphere.

Table 2-1 Mounting Remote Diaphragm Seal Transmitter

Step

Action

1

Mount transmitter at a remote distance determined by length of capillary
tubing.

If Transmitter Model Number Is...

STR929, STR930

STE929, STE930

Then Connect Remote Seal on...

H mark side of transmitter to upper flange mounting on tank wall.

ATTENTION
On insulated tanks, remove enough insulation to accommodate the flange
extension.

If Transmitter Model Number is...

STR929, STR930

STE929, STE930

Then Connect Remote Seal on...

Opposite side of transmitter to lower flange mounting on tank wall.

ATTENTION
On insulated tanks, remove enough insulation to accommodate the flange
extension.

Tighten bolts to torque of
SNB7: 201 Nem,
SUS304: 10+ 1 Nem.
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TN

100 % Liquid Level

Fixed
Ref Leg

0 % Liquid Level

~_

Figure 2-5 Typical Remote Dlaphragm Seal Transmitter Installation

ATTENTION

Calculation of Allowable Transmitter Installation Location in Remote Seal Type Dif-
ferential Pressure Transmitter.

When installing a remote seal type differential pressure transmitter on an enclosed
tank, we recommend the installation of the main unit below the lower flange. How-
ever, it is sometimes necessary to install the transmitter main unit between the upper
and lower flanges due to piping restrictions.

The condition that must be satisfied to ensure normal transmitter operations is speci-
fied here.

If a transmitter is installed in the position shown in Figure 2-6, the inner pressure of
the tank (P) and the head pressure of the liquid sealed in the capillary can be applied

to its main unit (low limit flange side).
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The transmitter functions normally as long as the pressure applied to its diaphragm
surface is equal to or higher than the low limit P (kPa abs.) of the allowable pressure of
its main unit.

100% Level

0% Level

Figure 2-6

This condition can be expressed with the following formula;

P, +((p'h)/102) > P(1kPa= 102mmH,0)

Therefore, 1 < (P,—P) x 102/(p")

Table 2-2
- . Low limit of - .
Specific gravity llowable Liquid contacting
of sealed liquid a temperature range
\ pressure °C)
P P (kPa abs.)
General application (*1) 0.935 2 -40 - 40
High temperature application | 1.07 2 -5-90
(*2)
High temperature & vacuum | 1.07 0.1333 -5-50
application (*3)
High temperature & high 1.09 0.1333 -10 - 250
vacuum application (*4)
Oxygen application, chlo- 1.87 53 -10-40
rine application (*5)

Remarks

1. An application where the pressure in the tank P, becomes a vacuum requires spe-
cial caution.

2. Ifthe above condition is not met, the pulling force applied to the diaphragm surface
will exceed the specified range.

Foaming occurs because the pressure of sealed liquid exceeds the saturated vapour
pressure and can cause zero point shifting. Negative pressure applied to the dia-
phragm can cause buckling and destroy the diaphragm.
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3. When the liquid contacting temperature exceeds the levels shown in the table, the
low limit of the allowable pressure also changes. Check the specifications.

4. *1,STRoOO -1, STEOOIO -1
*2. STROOIO -3, STE9OIO -3
*3, STROOIO -4, STEOOIO -4
*4, STROCIO -7, STEOOIO -7
*5, STROOIO -2 & -5 STE9OIO -2 & -5

<Example of calculation>

Let’s take up an example in which a remote seal type transmitter of the of the general
specifications is used for a vacuum application (3 kPa abs.)

* Liquid contacting pressure : Normal pressure (24°C)
* Low limit of allowable pressure (p) : 2 kPa abs. (15 mmHg abs.)
» Specific gravity of sealed liquid (p"): 0.935

* Inner pressure of tank (p) . 3 kPaabs.

The condition that must be met to satisfy the transmitter specifications is as follows:

h<(Py—P)x102/(p’)

h<(3-2)x102/0.935 = 109mm

Therefore, the high limit of the transmitter position is 109 mm.
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2-3 : Piping for the ST3000 Smart Transmitter

Summary

The actual piping arrangement will vary depending upon the process measurement
requirements and the transmitter model. Except for flanged and remote diaphragm seal
connections, process connections are made to 1/4 inch or 1/2 inch NPT female connec-
tions in the process head of the transmitter’s meter body. For example, a differential
pressure transmitter comes with double ended process heads with 1/4 inch NPT con-
nections but they can be modified to accept 1/2 inch NPT through optional flange
adapters.

The most common type of pipe used is 1/2 inch schedule 80 steel pipe.

Many piping arrangements use a three-valve manifold to connect the process piping to
the transmitter. A manifold makes it easy to install and remove a transmitter without
interrupting the process. It also accommodates the installation of blow-down valves to
clear debris from pressure lines to the transmitter.

Figure 2-7 shows a diagram of a typical piping arrangement using a three-valve mani-
fold and blow-down lines for a differential pressure transmitter being used to measure
flow.

To Downstream Tap To Upstream Tap
3-Valve

Drain Manifold Drain

Valve X R [T Valve

To Low Pressure To High Pressure
Side of Transmitter Side of Transmitter
To Waste To Waste

Figure 2-7 Typical 3-Valve Manifold and Blow-Down Piping Arrangement.
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Process connections

Table describes typical process connections for a given type of transmitter.

Table 2-3 Process Connections

Transmitter type Process Connection

Differential pressure Process heads with 1/4 in. NPT internal thread con-
nection.

Flange adapters and manifolds with 1/2in. internal
thread connections are optional.

Gauge pressure Process head with 1/2 in. NPT internal thread con-

nection.

Process heads with 1/4 in. NPT internal thread con-
nection. (STG90OO0)

Flange adapters and manifolds with 1/2 in. internal
thread connections are optional (STG90O0)

Absolute pressure Process heads with 1/2 in. NPT internal thread con-
nection (STA923, 940)

Flange mounted liquid level | 1.5. 2 or 3 in. flange with flush or 2, 3 or 4 in.
extended diaphragm on high pressure side*.
Reference side has standard differential pressure pro-
cess head.

Remote diaphragm seals See Model Selection Guide for description of avail-
able Flanged, Button-diaphragm (G1-1/2), and Wafer
type process connections.

Installing flange adapter
Table 2-4 gives the steps for installing an optional flange adapter on the process head.

Slightly deforming the gasket supplied with the adapter before you insert it into the
adapter may aid in retaining the gasket in the groove while you align the adapter to the
process head. To deform the gasket, submerse it in hot water for a few minutes then
firmly press it into its recessed mounting groove in the adapter.

Table 2-4 Installing adapter flange

Step Action

1 Carefully seat FEP (white) gasket into adapter groove.

2 Thread adapter onto 1/2 in. process pipe and align mounting holes in adapter
with holes in end of process head as required.

ST3000 Serires900 Differential Pressure/Pressure Transmitter with FOUNDATION™ Fieldbus
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Table 2-4 Installing adapter flange

Step

Action

3

Secure adapter to process head by
hand tightening 7/16-20 UNF hex-
head bolts.

Example-Installing adapter on pro-
cess head

ATTENTION
Apply an anti-seize compound on the

stainless steel bolts prior to threading >
them into the process head. Adapter Flange

7/16 X 20 UNF Bolts

Evenly tighten adapter bolts to a torque of 47.5 to 54N em (35 to 40 ftlb)

ST3000 Serires900 Differential Pressure/Pressure Transmitter with FOUNDATION™ Fieldbus
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2-3-1 :Piping for liquid, gas or steam flow rate measurement

Recommended piping -- Example 1

The illustration shows a typical example for liquid Flow Rate Measurement. This Dif-
ferential pressure transmitter is located below the differential pressure output port of
the process pipe.This minimizes the static head effect of the condensate.

The following apply:
Grade the pipe at the differential pressure output part.
Inclination symbol _+ in illustration: Low level _~ High level

After piping work, ensure that the connecting pipe, the 3-way manifold valve, and the
transmitter have no pressure leak.

Gasvent valve

Inclination
Differential pressure output port Inclination =
A

Main valve

Inclination

N Gas vent valve
/ A= =4 7 Tee
Orifice \i
Inclination
A

\__<_~ Low pressure side Vent / Drain plug

i .
Drain valve
Drain valve

Figure 2-8 Piping for Liquid Flow Rate Measurement (Example)

Inclination

= manifold valve

High pressure side

This transmitter is located underneath the differential pressure output port of the pro-
cess pipe.
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Recommended piping -- Example 2

The illustration shows a typical example for gas flow rate measurement. This Differ-
ential pressure transmitter is located above the differential pressure output port of the
process pipe.The condensate drains away from the transmitter.

The following apply:
Grade the pipe at the differential pressure output part.
Inclination symbol in illustration: Low level High level

After piping work, ensure that the connecting pipe, check for pressure leaks around the
3-way manifold valve, and the transmitter.

Differential pressure output port

High pressure side
lnclination

Vent / Drain plug

vent plug

Igclination High pressure side

Tee

Q=

Low pressure side

Figure 2-9 Piping for Gas Flow Rate Measurement -- Example

This transmitter is located above the differential pressure output port of the process
pipe.
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Recommended piping -- Example 3

The illustration shows a typical example for steam flow rate measurement. Recom-
mended for a Differential pressure transmitter located below the differential pressure
output port of the process pipe.

The following apply:
Grade the pipe at the differential pressure output part.

Inclination symbol —3 in illustration: Low level — High level

After piping work, ensure that the connecting pipe, the 3-way manifold valve, and the
transmitter have no pressure leaks.

If the process pipe is vertically mounted, mount seal pots at different levels to prevent
zero drift. But in this case, you cannot apply the previously-used zero adjustment pro-
cedure (using a 3-way manifold valve). For zero shift occurring at different levels, use
an SFC.

Orifice | Differential pressure output port

Main valve

Y~/
Inclination (<

a - . Q)
High-pressure side

Low-pressure side Vent / Drain plug

—_ Drain valve
Drain valve

Figure 2-10 Piping for Steam Flow Rate Measurement -- Example

This transmitter is located under the differential pressure output port of the process
pipe.
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2-3-2 :Pressure Measurement - Piping

Recommended piping - Example

For gas-pressure measurement, piping should be performed following the typical
example shown here. Always observe these points:

At the differential pressure output, make pipe vertical.

After completing piping work, check for pressure leaks around connecting pipe and

transmitter.
g - Gas vent plug _ Gas vent plug
Tee
Process pipe
Main valv.
Local valve
O
A 0
0)
( /)
Drain valvg Drain valvg
Vent / Drain plug
Vent / Drain plug
STD type Transmitter STG / STA type Transmitter
Figure 2-11 Gas Pressure Measurement - Piping

Piping method

The piping method for the fluid to be measured depends on the meter installation posi-
tion and the pipe line state. Typical examples of piping are shown in Figure 2-12.

Connect pipes by the following procedure:

(1) Use a T-shaped joint for the connecting pipeline.

(2) Install a main valve between the entrance of the connecting pipe and the T-shaped
joint.

(3) If the process is a horizontal line, tilt the pipe to allow draining from the pressure

line.

~Note  In case of a high pressure process, select a joint of appropriate specifica-
tions and shape and a pipe of appropriate shape and material with care.
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(4) Determine the connecting pipe schedule number and the nominal thickness of the
connecting pipe from the process based on conditions such as the process pressure.

& S

A. Liquid

Local valve

Drain valve
Main valve

| Process

B. Dry gas

Q“ Main valve
N B Process
Local valve .
Drain valve

Capacitor

Main valve

3

Process

Local valve )
Drain valve

C. Moist gas

Local valve

Drain valve

Siphon

Main valve

I

] Process

Figure 2-12 Example of Piping

D. Steam

Auxiliary equipment

(1) Oil sealing and air purging

If the pressure medium (such as suspension, high viscosity, and corrosive fluid) should
not be led directly to the element, avoid it by means of sealing or purging. Various
sealing and purging methods are available. Consult us for each case.

(2) Preventing pulsations

If the process has serious pulsations or great pressure fluctuations, provide a throttle
valve in the middle of the connecting pipe to prevent pulsations.
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2-3-3 :Liquid level measurement -- Piping (STD/STG)

2-3-3-1 Piping

Introduction

For measurement by STD type of liquid level in a tank, the piping method depends on
whether the tank is open or enclosed. For enclosed tanks, piping is modified according
to whether you use the gas sealing method (dry leg) or the liquid sealing method (wet

leg).

H mark

H indicating high pressure is marked on the center body of this transmitter. Check the
mark during piping work. The low-pressure side has no mark.

Low-pressure side [\/\/7 High-pressure side

o) | (©
o0

Figure 2-13 H mark on center body

[\

Before your start

The following parts are requirements for piping work. Refer to illustration.

3-way manifold valve

Pipe

Main valve

Union or flange

Tee

Drain valve

Drain plug

Seal pot (for enclosed tank and wet-leg only)

ST3000 Serires900 Differential Pressure/Pressure Transmitter with FOUNDATION™ Fieldbus
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2-3-3-2 Open tank - piping

Recommended piping - Example

For open tanks, connect the high-pressure side of this transmitter to the lower part of
the tank. Open the low-pressure side to the air.

After completing piping work, check for pressure leaks around the connecting pipe,
the transmitter, and the 3-way manifold valve. The illustration shows a typical installa-
tion.

Connect the high-pressure side of this transmitter to the lower part of the tank.

Install this transmitter below the lowest liquid level to be measured.

Open tank
Open tank

Main valve

&ED

Tee
Tee

Drain valve | ¥}

Drain vaIvez A
. 209) Vent / Drain plug

Vent / Drain plug

Figure 2-14 Open Tank -- Piping Example
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2-3-3-3 Closed tank - piping

Recommended piping for dry leg - Example

When using the dry-leg method, connect the high-pressure side of the transmitter to
the lower part of the tank. Connect the low-pressure side to the gas-sealing pipe of the
tank.

After completing piping work, check for pressure leaks around the connecting pipe,
the transmitter, and the 3-way manifold valve. The following shows a typical installa-
tion.

Always connect the high-pressure side of this transmitter to the lower part of the tank.

Install this transmitter below the lowest liquid level to be measured.

Main valve

G tpl
___Gasventplug

Tee Gas vent plug

Main valve

High-pressure side

Tee

Vent / Drain plug

Drain valve [
@ Drain valve

—

Figure 2-15 Closed Tank -- Piping (Dry-leg Sealing Example)
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Recommended piping for wet leg - Example

When using the wet-leg method, connect the high-pressure side of the transmitter to
the sealing pipe of the tank. Connect the low-pressure side to the lower part of the
tank.

After completing piping work, check for pressure leaks around the connecting pipe,
the transmitter, and the 3-way manifold valve. The illustration shows a typical installa-
tion.

Be sure to connect the low-pressure side of this transmitter to the lower part of the
tank.

Install this transmitter below the lowest liquid level to be measured.

Main valve

Seal pot

Main valve

Gas vent plug
/

—

High pressure side

Low pressure side

- A.“! ‘ \
Drain valve {@ Vent / Drain plug
{@ Drain valve

Figure 2-16 Closed tank -- piping (Wet-leg sealing example)

2-20 ST3000 Serires900 Differential Pressure/Pressure Transmitter with FOUNDATION™ Fieldbus



Yamatake Corporation Installation

ATTENTION

For liquid or steam, the piping should slope a minimum of 25.4 mm (1 inch) per 305
mm (1 foot). Slope the piping down towards the transmitter if the transmitter is below
the process connection so the bubbles may rise back into the piping through the liquid.
If the transmitter is located above the process connection, the piping should rise verti-
cally above the transmitter, then slope down towards the flowline with a vent valve at
the high point. For gas measurement, use a condensate leg and drain at the low point
(freeze protection may be required here).
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2-4 : Wiring for the ST 3000 Smart Transmitter

2-4-1 :Wiring for the Transmitter -- Standard model

2-22

Introduction

The wiring instructions here are to be followed only if no explosion-proof standards or
requirements apply.

When providing the wiring and cabling for an explosion-proof transmitter, refer to the
instructions for explosion-proof transmitters (provided later) in this manual in addition
to the following instructions.

Wire and cable this transmitter as explained below.

1. Turn the power to the Fieldbus off.

A CAUTION

Make certain that the Fieldbus is not turned on while connecting the Fieldbus cable to
the S900. Otherwise the S900 or the Fieldbus power supply might be permanently
damaged. Yamatake's warranty does not cover these damages.

2. Connect the Fieldbus Signal “+” to the SIGNAL “+” terminal and Fieldbus Signal
“-” to the SIGNAL “-” terminal.

~Note  The Fieldbus signal is polarity sensitive. The transmitter requires 9 to

32V DC to operate
X
%“ X
Fieldbus - 7 Ci) | ]
Fieldbus +
| ’ ESTEEJ*
e [
<®/ Earth Screw
Terminal Block
I’\J
Figure 2-17 Wiring

3. Ifnecessary, connect the Fieldbus Shield to the terminal marked with the ground
symbol. To ground the transmitter, the ground resistance must be 100Q2 or lower.
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2-4-2 :Wiring for Transmitter-- Explosion-Proof

Guidelines

Explosion-proof requires special precautions and installation methods. Refer also to
subsection "2-4-1 :Wiring for the Transmitter -- Standard model".

A WARNING

» Tighten the case cover fully, to the end, and lock.

* C(learly delineate safety responsibilities in operating procedures. Espe-
cially, for an explosion-proof transmitter, specify locking of the cover of
the transmitter case.

Locking

Before cabling can be performed, use a 3 mm hexagonal wrench to open the locking
structure.

Case cover

Figure 2-18 Unlock Transmitter Case

Leading-in external cables
Leading in cables to the equipment

Refer to the instructions in the chapter of About Explosion-Proof (“Explosion pro-
tected Models” on page Safety-ii) in the front of this manual.
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Chapter 3: Transmitter start-up

3-1 : Introduction

This section contains general information to establish communications and configure
the ST3000 Smart Transmitter.

For details on establishing Fieldbus communications, refer to the “Fieldbus Integration
Manual” (FB2-FBS100-3501).

3-2 : Establishing communications

Configuring parameters

To establish communications, all devices on the fieldbus network must be recognized
by the LAS (Link Active Scheduler).

To setup a basic parameter for the Fieldbus communication, proceed with the follow-
ing steps:

Set the network parameters according to the table below. Note that since all the
devices on the same Fieldbus network use the same value, the values that the slowest
device on the network can accommodate shall be set to the LAS.

Table 3-1
Symbol Parameter name Range of values
V(ST) Slot Time 5to 100

V(MID) Minimum Interframe Gap 10 to (V(MRD) -1) x V(ST), lower
than 120 inclusive.

V(MRD) | Maximum Response Delay V(MRD) x V(ST) shall be greater
than 20 and V(MRD) shall be less
than 11, inclusive.

T1 SM Step Timer 96000 (3 seconds)

T2 SM Set Address Sequence 1920000 (60 seconds)
Timer

T3 SM Set Address Wait Timer | 480000 (15 seconds)

~Note  An LAS requires parameters other than those listed here to operate.
Please refer to the user's manual that comes with the LAS device.

If necessary, restart the LAS and make sure that the S900 appears on the Fieldbus net-
work with any one of the default addresses (0xF8 through 0xFB). If not, recheck the
parameters above and the cable connections to the S900.
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3-2

~Note  [f more than one new Fieldbus device is attached to the network at the

same time, up to four (4) of them will appear on the network addressed
0xF'8 through 0xFB.

Assign PD_TAG and NODE_ADDRESS

Assign the PD_TAG and the NODE ADDRESS to the S900 with a filedbus configu-

rator. The default values of these parameters are given in the table below. If they are
set successfully, the S900 is communicating properly on the Fieldbus network.

Symbol

Parameter name

Default Values

PD_TAG

Physical Device Tag

None (32 spaces)

NODE_ADDRESS

Node Address

0xF8

~Note  The PD TAG and NODE ADDRESS must be unique from all the devices
on the same Fieldbus network. If the same NODE ADDRESS is assigned

to two devices, one of them will change its address to a default address
(0xF8 through 0xFB).
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Chapter 5: Operation

5-1 : Introduction

This section covers the procedure for operation on a fieldbus network. Since each
FOUNDATION™ fieldbus configurator has a different of method to configure it, this
section will explain how to reconfigure them manually.

5-2 : Ranging

5-2-1 :Elevation (TB)
The elevation feature is used for the cancellation of the impulse line head pressure or
for adjustment at the installation to the process.

The corrected PRIMARY VALUE after elevation is calculated using the following
equation:

PRIMARY_ VALUE (corrected) = PRIMARY VALUE + ELEVATION VALUE
The ELEVATION VALUE is set by one of the following procedures:
1. ELEVATION _CMD
Set 1 (SET_ELEV) to ELEVATION CMD.
This sets the present SENSOR VALUE to ELEVATION VALUE.
2. Manual setting
Set the desired value to ELEVATION VALUE.
To clear the ELEVATION VALUE, set 0.0 to ELEVATION VALUE.

5-2-2 :XD_SCALE (Al FB)

The range and engineering unit of the FIELD VAL parameter are configured by the
XD SCALE parameter of the AIFB. The table below lists the engineering units avail-
able for the S900. To select the desired engineering unit, set the Unit Code to the Unit
Index Sub-parameter of the XD SCALE parameter.

Table 5-1
Engineering Unit Unit Code
Pa 1130
MPa 1132
kPa 1133
hPa 1136
bar 1137
mbar 1138
psi 1141
g/em? 1144
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Table 5-1
Engineering Unit Unit Code
kg/cm? 1145
inH,O 1146
mmH,0 1149
inHg 1155
mmHg 1157

5-2-3 :0UT_SCALE (Al FB)

The range and engineering units of the PV and OUT parameters are configured by the
OUT _ SCALE parameter of the AIFB. To select the desired engineering unit, set the
Unit Code defined by Fieldbus Foundation specification to the Unit Index Sub-param-
eter of the OUT_SCALE parameter.

5-2-4 :Output conformity (Al FB)

The input signal from the sensor (PRIMARY VALUE of the TB) that is supplied
through the CHANNEL (S900 has one channel) is scaled to a percentage (%) of the
ranges of the XD SCALE. FIELD VAL is the raw output from the AIFB in percent-
age (%) and is calculated by using the following equation:

FIELD_ VAL (%) = 100 * (PRIMARY VALUE - EU@0%) / (EU~>100% - EU@0%)

FIELD VAL is then processed by the low value cut-off and damping and becomes PV
and OUT. PV and OUT have the same value if the MODE is in AUTO. In the MAN
mode, the manually set value can alter OUT. Besides low-cut and damping, PV or
OUT is processed with the following equations which are selected by L TYPE:

L_TYPE = 1 (Direct) PV (OUT) = PRIMARY VALUE

L _TYPE =2 (Indirect) PV (OUT) = (FIELD_VAL/100) * (EU@100% - EU@0%)
L TYPE=3 PV (OUT) = SQRT((FIELD VAL/100) * (EU@100% -
(Indirect Square root) EU@0%))

EU@0, EU@100, and the engineering unit are determined by the OUT SCALE
parameter.
5-2-5 :Low cut-off (Al FB)

To activate the Low Cut-off function, set the value to Bit 10 (Low cutoff) of [O_OPTS.
PV (OUT) will be forced to 0 (0.0) when PV (OUT) is LOW_CUT or lower. The unit
for LOW_CUT value is same as the unit used for OUT _SCALE.

5-3 : Damping

You can adjust the damping time constant (in seconds) setting PV_FTIME parameter.
Set the PV_FTIME to zero to disable the damping function.
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5-4 : Digital display setting

If your S900 comes with the optional LCD display unit, the parameter for the display
can be configured by the DISPLAY MODE parameter of the TB. To select the desired
parameter, select the code or the DD item name from the table below and set it to the

DISPLAY MODE parameter from your Fieldbus configurator:

Table 5-2
Parameter on Display Code (DD Item Name)
(None) 0 (NON)
PV of AIFB 1 (AL PV)
OUT of AIFB 2 (A1 OUT)
FIELD VAL of AIFB 3 (Al FIELD VAL)
PRIMARY VALUE of TB 4 (XD _PV)
Scaled OUT of AIFB by DISPLAY RANGE parameter | 5 (DISPLAY RANGE)

Table 5-3

Operating Condition

Indication

Normal (Mode = AUTO)

Continuous indication

Mode © AUTO

Blinking

Critical Status

Communication failure between display and CPU
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Chapter 6: Maintenance

6-1 : Introduction

This section covers the routine maintenance procedures for a fieldbus network. Since
each FOUNDATION™ fieldbus configurator has a different method to configure it, this
section will explain how to reconfigure them manually.

6-2 : Calibration

The S900 is shipped precalibrated at our factory. The S900 does not require recalibra-
tion once it has been installed. If recalibration is required, we recommend a bench cal-
ibration in a controlled environment.

This section explains step-by-step procedures to manually calibrate the unit from your
Fieldbus configurator.

~Note  The commands and responses that the S900 recognizes are in numeric
representation. If your configurator supports DD (Device Description)
and is capable of displaying descriptions written in DD, they will appear
on your screen as well. They are listed in parenthesis after each numeric
value.

6-2-1 :Calibrating zero (TB)

To manually calibrate Zero, follow the procedure described below:
a) Place the S900 on flat surface and apply a pressure equal to Zero.
b) Set CAL VAL and CAL UNIT to the Zero value.

¢) From your Fieldbus configurator, set the CAL_ENUM sub-parameter of the
CAL _CMD parameter in the TB to 1 (CAL_LOWER).

d) Verify that the SENSOR_VALUE has been corrected to Zero with the configura-
tor.

6-2-2 :Calibrating span (TB)

To manually calibrate Span, follow the procedure described below:
a) Place the S900 on flat surface and apply pressure equal to Span.
b) Set CAL VAL and CAL UNIT to the Span value.

¢) From your Fieldbus configurator, set the CAL_ENUM sub-parameter of the
CAL_CMD parameter in the TB to 2 (CAL_UPPER).

d) Verify that the SENSOR VALUE has been corrected to Span with the configura-
tor.

~Note 7o reset the current Zero and Span corrections, set the CAL_ENUM sub-
parameter to 254 (CAL_RESET). The Zero and Span must be corrected
before being used on the process.
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6-3 : Self-diagnostics

Detailed information on the measurement status can be obtained via
MEASUREMENT STATUS.

Table 6-1
MEASUREMENT _ . L. . .
STATUS Status Description Corrective Action

0x000002 Characterization data failure | 1. Reset unit .

occurred 2. Contact service center
Critical
. 1. Reset unit

0x000004 Suspect input occurred 2 Contact service center
Sensor over temperature

0x000100 Check process temperature
occurred

0000200 Excess zero correction Recalibrate
occurred

0x000400 Excess Zpan correction Recalibrate

Non-Critical occurre

Meter body overload or

0x001000 meter body failure occurred Check process pressure

0x004000 Correct reset status Recalibrate

0x010000 External switch failure Call service center
occurred
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6-4 : Disassembly and assembly

6-4-1 :Before you start

A WARNING

* Never open the case cover while the transmitter is ON or in a hazardous location.

* Handle the explosion-proof transmitter with care. It may lose its explosion-proof
performance due to corrosion, deformation, damage to the case cover, or damage
to a screw or a joined part.

» The explosion-proof performance of the special explosion-proof pressure transmit-
ter is not guaranteed unless it is LOCKED. Always tighten the case cover com-
pletely, and lock the case cover.

Dismounting and mounting the case cover

This transmitter has a locking structure. Before dismounting the case cover, unlock the
mechanism using a hexagonal wrench (included).

When remounting, insert the case cover fully and lock it, using a hexagonal wrench.

A CAUTION

After mounting the case cover, make sure that no dust or rain gains ingress into the
transmitter case.

Case cover

Figure 6-1 Locking Case Cover
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6-4-2 :Mount center body cover and adapter flange

Dismount covers

Remove the four sets of bolts & nuts, shown in the illustration.

Remarks:

After dismounting, handle the center body cover carefully. Avoid damage to the dia-
phragm.

Adapter flange

‘ 3 Bolt / Nut
Bolt / Nut -

Figure 6-2 Center Body Cover Fixing Bolts

Mount covers and adapter flanges

When mounting the centers body cover and adapter flanges, tighten the bolts to the
following torque.

Replace the seal gasket, if it is damaged.
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Table 6-2 Cover bolts / nuts and tightening torque

Bolt/Nut tightening torque N-m

Wetted parts . .
. Cover material Cover material
Model No material Bolt/Nut Carbon steel/Stainless steel PVC
) (other than Material
diaphragm) When new gasket is When existing When new / existing
used gasket is reused gasket is used
STD910 SUS316 SUS304 3542 20+1 -
Carbon steel 9942 1721 10+1
STD920 SUS316
STD930 Hastelloy C SUS630 -
SUS304 1541 10£1 -
Carbon steel 45+2 30+1.5 15+1
STD920 Tantalum
STD930 SUS316L SUS630 i}
SUS304 3542 20+1 1541
SUS316
Hastelloy C Carbon steel
+ + -
STD960 Tantalum SUS630 45+2 30£1.5
SUS316L
SUS304 3542 20+1 -
STD921 Carbon steel
280+30 -
STD931 SUS316 SUS630
STD961 SUS304 17020 -
Carbon steel 9942 1721 10+1
STG940 SUS316
STG960 Hastelloy C SUS630 _
SUS304 15+1 10£1 10£1
Carbon steel 450 30415 15+1
STGY940 Tantalum .
STG960 SUS316L SUS630 -
SUS304 3542 20+1 15+1
Carbon steel
STG981 SUS316 SUS630 90-20 )
Hastelloy C
SUS304 55420 -
SUS316 Carbon steel
+ + -
STA923 Hastelloy C SUS630 4542 30£1.5
STA940 Tantalum
SUS316L SUS304 3542 20+1 1541
Carbon steel
2242 17+1 -
STC929 SuUS316 SUS630
SUS304 1541 10£1 -

Table 6-3 Adapter flange bolt / nut and tightening torque

Bolt/Nut tightening torque N-m

Bolt/Nut Adanter 1l torlal C
Material apter flange material Car- .
bon steel/Stainless steel Adapter flange material PVC
Carbon steel 7+0.5
20+1
SUS630 -
SUS304 10£0.5 7+0.5

ST3000 Serires900 Differential Pressure/Pressure Transmitter with FOUNDATION™ Fieldbus
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6-6

6-4-3 :Washing the center body

Introduction

The transmitter and the pipes must be kept clean to maintain its accuracy and achieve
satisfactory performance. Deposits accumulated in the pressure chamber of the trans-
mitter may result in measurement errors.

Rinsing the center body (STD/STG/STA/STC Type)
Rinse the center body using the following procedure:
(1) Remove the hexagon head bolts of the center body and dismount the cover.

(2) Wash the diaphragm and the inner surface of the cover with a solvent and a soft
brush. Take care not to deform or damage the diaphragm.

(3) In reassembling the center body, replace the cover gasket with a new one as neces-
sary.

(4) Tighten the cover bolts at the specified tightening torque. (Refer to "Table 6-
2Cover bolts / nuts and tightening torque")

Remarks related to cold area

If you stop the operation after measuring liquid that can be frozen (such as water) in a
cold area, drain the liquid from the center body (by loosening the drain plug.)

Maintenance of sensor

The sensor does not need any special routine maintenance/inspection. When the flange
is dismounted for maintenance, wash the diaphragm using a soft brush and solvent.
Work carefully without deforming or damaging the diaphragm.
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A. Default value of block parameters

A-1: Transducer block

FF Standard Parameter

Index Parameter Sub-parameter Default Value FF
I ST_REV - - 0
2 TAG_DESC - spaces spaces
3 STRATEGY - 0 0
4 ALERT_KEY - 1 0
5 MODE_BLK Target AUTO O/S
6 BLOCK_ERR - -
7 UPDATE_EVT - -
8 BLOCK_ALM - -
9 TRANSDUCER_DIRECTOR |- -
Y
10 TRANSDUCER_ TYPE - 100 = Standard Pressure with TYPE of Transducer
Calibration
11 XD_ERROR - -
12 COLLECTION_DIRECTORY |- -
13 PRIMARY_VALUE_TYPE - One of the following depending |0
on the model.
107 = differential pressure
108 = gauge pressure
109 = absolute pressure
14 PRIMARY_VALUE -
15 PRIMARY_VALUE_RANGE |EU_100 Upper limit of sensor range
EU 0 Lower limit of sensor range
Units Index Same as XD SCALE
Decimal Point 2
16 |CAL_POINT_HI - +INF +INF
17 |CAL_POINT_LO - -INF -INF
18 CAL_MIN_SPAN - 0 0.0
19 | CAL_UNIT - 1133 =kPa %
20 SENSOR_TYPE - 125 = Piezo resistive 0
21 SENSOR_RANGE EU 100 Upper limit of sensor range
EU 0 Lower limit of sensor range
Units Index 1133 =kPa
Decimal Point 2
22 SENSOR_SN - Unique serial number
23 SENSOR_CAL_METHOD - - 0
24 |SENSOR _CAL_LOC - NULL NULL
25 SENSOR_CAL_DATE - 0 0
26 |SENSOR_CAL_WHO - NULL
27 | SENSOR_ISOLATOR_MTL |- 0
28 SENSOR_FILL_FLUID - 0
29 | SECONDARY_VALUE - -
30 |SECONDARY_VALUE_UNIT |- 1001 =°C
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Yamatake original parameter

Index Parameter

Sub-parameter

Default Value

31 MEASUREMENT_STATUS

32 | SENSOR_VALUE

33 CAL_CMD CAL_ENUM 0=NONE
CAL_VAL 0.0
34 CAL_STATUS - 0=NONE
35 HEIGHT_VALUE - Flange Height
36 HEIGHT_VALUE_RANGE EU 100 30
EU 0 -30
Units Index 1010 =m
Decimal Point -
37 ELEVATION_CMD - 0=NONE
38 ELEVATION_VALUE - 0.0
39 ELEVATION_STATUS - 0=NONE

40 | DISPLAY_MODE

Display option code = R:
5 =DISPLAY_ RANGE Display option code = P:
3=AI FIEDL VAL

41 DISPLAY_RANGE

EU 100 Upper range of display
EU 0 Lower range of display
Units Index Display unit

Decimal Point
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A-2 : Al function block

A-2-1: Al1 (index=1200)

Index Parameter Sub-parameter Default Value FF
I ST_REV - - 0
2 TAG_DESC - Spaces Spaces
3 STRATEGY - 0 0
4 ALERT_KEY - 1 0
5 MODE_BLK Target Auto o/S
6 BLOCK_ERR - -
7 PV - -
8 ouT - -
9 SIMULATE - Disable Disable
10 XD_SCALE EU 100 Upper limit of sensor range 0-100%
EU 0 Lower limit of sensor range
Units Index Calibration unit
Decimal Point 1
11 OUT_SCALE EU 100 100.0 0-100%
EU 0 0.0
Units Index %
Decimal Point 1
12 GRANT_DENY -
13 10_OPTS {0x00,0x00} 0
14 STATUS_OPTS {0x00,0x00} 0
15 CHANNEL 1 0
16 L_TYPE Output conformity = Linear: |0
2 = Indirect
Output conformity = Square-
root
3 = Indirect_Sq_Root
17 LOW_CUT 0 0
18 PV_FTIME - 0
19 FIELD_VAL -
20 UPDATE_EVT -
21 BLOCK_ALM -
22 |ALARM_SUM -
23 ACK_OPTION 0x0000 0
24 |ALARM_HYS 0.5% 0.5%
25 HI_HI_PRI 0 0
26 HI_HI_LIM +INF +INF
27 HI_PRI 0 0
28 HI_LIM +INF +INF
29 LO_PRI 0 0
30 |[LO_LIM INF INF
31 LO_LO_PRI 0 0
32 [LO_LO LM INF INF
33 HI_HI_ALM -
34 HI_ALM -
35 LO_ALM -
36 LO_LO_ALM -
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A-2-2: Al2 (index=1300)

Index Parameter Sub-parameter Default Value FF
1 ST_REV - - 0
2 TAG_DESC - spaces spaces
3 STRATEGY - 0 0
4 ALERT_KEY - 1 0
5 MODE_BLK Target o/S o/S
6 BLOCK_ERR - -
7 PV - -
8 ouT - -
9 SIMULATE - disable disable
10 XD_SCALE EU 100 100 0-100%
EU 0 0
Units Index 1001 =°C
Decimal Point 1
11 OUT_SCALE EU_100 100.0 0-100%
EU 0 0.0
Units Index %
Decimal Point 1
12 GRANT_DENY {0x00, 0x00}
13 IO_OPTS {0x00, 0x00} 0
14 STATUS_OPTS {0x00, 0x00} 0
15 CHANNEL 2 0
16 L_TYPE 2 = Indirect 0
17 LOW_CUT 0.f 0
18 PV_FTIME 0 0
19 FIELD_VAL -
20 UPDATE_EVT -
21 BLOCK_ALM -
22 |ALARM_SUM -
23 ACK_OPTION 0x0000 0
24 | ALARM_HYS 0.5% 0.5%
25 HI_HI_PRI 0 0
26 HI_HI_LIM +INF +INF
27 HI_PRI 0 0
28 HI_LIM +INF +INF
29 LO_PRI 0 0
30 LO_LIM -INF -INF
31 LO_LO_PRI 0 0
32 LO_LO_LIM -INF -INF
33 HI_HI_ALM -
34 HI_ALM -
35 LO_ALM -
36 LO_LO_ALM -
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A-3 : Resource block
FF standard parameters
Index Parameter Sub-parameter Default Value FF Initial Value
I ST REV - - 0
2 TAG_DESC - spaces spaces
3 STRATEGY - 0 0
4 ALERT _KEY - 1 0
5 MODE BLK Target Auto O/S
6 BLOCK_ERR - -
7 RS_STATE - -
8 TEST_RW - -
9 DD _RESOURCE - (NULL) null
10 MANUFAC _ID - 0x000DFC96 = (Yamatake Manufac-
turer ID)
11 DEV_TYPE - 0x0103
12 |DEV_REV - -
13 DD _REV - -
14 | GRANT_DENY - 0x00, 0x00
15 HARD TYPES - 0x8000 = scalar input
16 |RESTART - -
17 FEATURES - 0xD100 = (Following 4 functions)
* Unicode strings
» Reports Supported
* Soft Write lock supported
* Change of BYPASS in AUTO
mode
18 FEATURE SEL - 0x0000 Set by mfgr
19 CYCLE TYPE - 0x8000 = scheduled
20 |CYCLE_SEL - 0x0000 0
21 MIN_CYCLE_T - 4000 = 125mS
22 |MEMORY_SIZE - 0
23 NV_CYCLE_T - 0
24 |FREE_SPACE - 0%
25 FREE_TIME - 0%
26 |SHED RCAS - 640000 = 20S 640000
27 |SHED_ROUT - 640000 = 20S 640000
28 |FAULT_STATE - 0x01 = Clear
29 |SET_FSAFE - 0x01 = OFF 1
30 |CLR_FSAFE - 0x01 = OFF 1
31 MAX_NOTIFY - 3
32 |LIM_NOTIFY - 3 MAX_NOTIFY
33 CONFIRM_TIME - 640000 = 20S 640000
34 WRITE LOC - 0x01 = Not Locked 1
35 UPDATE_EVT - -
36 |BLOCK_ALM - -
37 |ALARM_SUM - -
38 | ACK_OPTION - 0x0000 0
39 | WRITE_PRI - 0x00 0
40 | WRITE_ALM - -
41 ITK_VER - 4
Yamatake original parameters
Index Parameter Sub-parameter Default Value
42 | SOFTWARE_REV - 0
43 SIM_ACTIVE_SW - 0=SIM_INACTIVE
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A-4 : Diag block

FF standard parameter

Index Parameter Sub-parameter Default Value FF Initial Value
1 ST_REV - - 0
2 TAG_DESC - spaces spaces
3 STRATEGY - 0 0
4 ALERT_KEY - 1 0
5 MODE_BLK Target 0o/S 0o/S
6 BLOCK_ERR - -

Yamatake original parameter
Index Parameter Sub-parameter Default Value

7 DEIVCE_STATUS -

8 MEASUREMENT_STATUS -

9 OPERATING_TIME -
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A-5 : PID function block

Index Parameter Sub-parameter Default Value FF Initial Value

I ST_REV - - 0

2 TAG_DESC - Spaces Spaces
3 STRATEGY - 0 0

4 ALERT_KEY - 1 0

5 MODE_BLK Target O/S o/S

6 BLOCK_ERR - -

7 PV -

8 SP -

9 ouT -

10 PV_SCALE 0-100% 0-100%
11 OUT_SCALE 0-100% 0-100%
12 GRANT_DENY 0%00,0x00

13 CONTROL_OPTS 0x0000 0

14 STATUS_OPTS 0x0000 0

15 IN -

16 PV_FTIME 0 0

17 BYPASS 1 0

18 CAS_IN -

19 SP_RATE_DN +INF +INF
20 SP_RATE_UP +INF +INF
21 SP_HI LIM 100 100
22 SP _LO_LIM 0 0
23 GAIN 0 0
24 RESET +INF +INF
25 BAL_ TIME 0 0
26 RATE 0 0
27 BKCAL _IN -
28 OUT_HI_LIM 100 100
29 OUT_LO _LIM 0 0
30 BKCAL_HYS 0.5% 0.5%
31 BKCAL_OUT -
32 RCAS_IN -
33 ROUT _IN -
34 SHED OPT 1 0
35 RCAS_OUT -
36 ROUT_OUT -
37 TRK_SCALE 0-100% 0-100%
38 TRK_IN_D -
39 TRK_VAL -
40 FF_VAL -
41 FF_SCALE 0-100% 0-100%
42 FF_GAIN 0 0
43 UPDATE_EVT -
44 BLOCK_ALM -
45 ALARM_SUM -
46 ACK_OPTION 0x0000 0
47 ALARM_HYS 0.5% 0.5%
48 HI_HI_PRI 0 0
49 HI_HI_LIM +INF +INF
50 HI_PRI 0 0

51 HI_LIM +INF +INF
52 LO PRI 0 0

53 LO LIM -INF -INF
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Index Parameter Sub-parameter Default Value FF Initial Value

54 LO _LO_PRI 0 0

55 LO LO_LIM -INF -INF
56 DV_HI_PRI 0 0

57 DV_HI_LIM +INF +INF
58 DV_LO PRI 0 0

59 DV_LO LIM -INF -INF
60 HI_HI_ALM -

61 HI_ALM -

62 LO_ALM -

63 LO LO_ALM -

64 DV_HI_ALM -

65 DV_LO_ALM -
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