Smart Two-wire Electromagnetic Flowmeter
User’s Manual

Preliminary

Yamatake Corporation
1. System configuration

Introduction

This instrument is a two-wire electromagnetic flowmeter operated on 4-20 mA DC.  It measures the flow rate of conductive fluid flowing in the detector and delivers a signal that is suitable for the measuring range.

Concept of flow rate measurement by this instrument

The concept of a flow rate measuring system using this instrument is shown.
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Analog output

If instantaneous flow rate values are to be delivered as an analog variable to control equipment, configure the system to deliver an analog output.

Digital output (DE output)

Use this system configuration if instantaneous flow rate values, instrument database and self-diagnosis results are to be delivered as digital variables (DE outputs) to control equipment.

Pulse output

As a pulse output, the open-collector output is available.  Pulse frequencies up to 200 Hz can be delivered.  The pulse output can be delivered simultaneously with an analog output.
If integrated flow values are to delivered as a pulse to control equipment, wire an another two-wire to deliver a pulse output.

Contact output

Instead of the pulse output, a contact output is available using the open-collector output.  The contact output can be delivered simultaneously with an analog output.

Input abnormality processing

This instrument has the function of causing the main indication to flash and making it zero (actual flow rate zero) if an abnormal input is detected regarding flow rate.  The output also becomes zero.

The input abnormality processing conditions are:

(1) The fluctuations are extremely large.

(2) The flow rate is far above the measuring range.

(3) The liquid level in the pipe is lower than the electrode.
System configuration for analog output

An example of system configuration is shown.  The instantaneous flow rate values measured by this instrument are delivered as a 4-20 mA DC analog signal.  

In this system configuration, the analog signal from the instrument can be delivered directly to a host control system.

           [image: image2.png]SSFCIVHART Communicator

. - B
X \ Host

A control

= 410 20mA system
Analog signal sV

T input)

Figure 2 System configuration for analog output




Smart two-wire electromagnetic flowmeter (main unit): Measures flow rate and delivers instantaneous flow rate value as an analog signal.

Communicator: Used to communicate with this instrument, read data and change the instrument settings.
Notes:

This instrument can communicate on two protocols: SFN communication (SSFC II) and HART communication (HART communicator).  The communication method to be used is selected by the (human) data setter.

When configuring a system using this instrument, it is necessary to determine the supply power voltage and load resistance to satisfy the operation conditions of this instrument.
For details, refer to Chapter 2.
2.Electrical wiring

Introduction

For this instrument to operate, 15.3 to 42 VDC power wiring is required for signals.  The electrical wiring of this instrument is described below as to the following items:

-Wiring cable connecting positions

-Dedicated cable connecting positions (detector and converter)

-Power source and load resistance

-Cable selection and laying

-Grounding

-Wire connection of power source and analog current output

-Wire connection for pulse output

-Wire connection for contact output

-Wiring procedure

Note:

Do not connect commercial power directly to this instrument.  Impressing commercial power on this instrument causes unrecoverable damage to the internal measuring circuit.
Power and load resistance

Use a direct current (15.3 to 42 VDC) for the power.

Impressing 50 VDC or over or 35 VAC or over causes unrecoverable damage to the instrument.

The power ripple should be 1 V or less in peak-to-peak value.

See that the load resistance of the wire connected to the loop lies within the operational range shown in Figure 3 with respect to the power supply voltage used.
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Figure 3 Supply power voltage - load resistance characteristics




For a sequencer or other application that does analog/digital conversion of 4-20 mA at high speed, use it after adding the following circuit in parallel with the load resistance.
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Selecting the wiring cable

For the electrical cable, we recommend 600 V vinyl insulation, vinyl sheath wire CVV with a conductor area of 2 mm2 or a stranded wire cable having equivalent or superior performance.

For the wiring in a noisy place, we recommend a two-core shielded wire.

Select a sheath material that can endure the environment (ambient temperature, corrosive gas, corrosive fluid and the like) in which the cable is to be laid.

The cable is brought in the terminal box through a conduit socket (with G1/2 internal thread, CM20 internal thread or 1/2NPT internal thread).  Therefore, the optimum cable outer diameter is (11.

For the terminal treatment, we recommend a crimp terminal (M4 screw) with an insulating sleeve.

The maximum length of wiring cable is 1500 meters.

Wiring cable laying

When laying a cable between the instrument and a controller, pay attention to the following:

-The wiring should avoid a large-capacity transformer, motor, power source or other noise source.  Do not put the cable in the same tray or duct with other power cables.

-For waterproofing and damage prevention of the wire, we recommend wiring work using conduits and ducts.  Use a waterproof gland at the conduit socket.

Grounding (integral type)

For the grounding terminal, do grounding work (grounding resistance 100 ohms or less) according to Figure 4.  Do not do both at the same time.
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Wire connection of power supply and analog current output
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Figure 5 Analog output wire connection diagram





Caution
-Incorrect wiring polarity can do damage to the equipment.  Double-check the wiring position.

-The SSFC II and HART Communicator cannot be used simultaneously.

-Only the communication method selected by the data setter is available.
Wire connection for pulse output

The pulse output is an open-collector output.

Do wiring paying attention to the voltage and polarity.
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Figure 6 Pulse output wire connection diagram





Caution

-Incorrect wiring polarity can do damage to the equipment.  Double-check the wiring position.

-Use an external power source that meets the voltage and capacity specifications.
Wire connection for contact output

Because of an open-collector output, do wiring paying attention to the polarity.
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Figure 7 Contact output wire connection diagram




Caution

-Incorrect wiring polarity can do damage to the equipment.  Double-check the wiring position.

-Use an external power source that meets the voltage and capacity specifications.
Wiring procedure

Do wiring between the instrument and a power supply according to the following procedure.

1. The terminal box cover is fixed by hexagon socket head setscrews (M3).  Loosen the setscrews with an Allen wrench (1.5).

2. Remove the terminal box cover by turning it counterclockwise with the dedicated tool.

3. Remove the dust plug in the socket for an output signal line conduit.

4. Insert the cable into the conduit socket.

Note: Take care not to do damage to the cable sheath.

5. Referring to Figure 3-5, connect the cable to the output signal terminals (IOUT+, -) of the terminal box.

Note: Pay attention to the polarity.

Tighten the terminal screws well. The recommended tightening torque is 1.5 N · m.

6. Waterproof the conduit sufficiently to prevent rainwater or the like from getting in.

Memo: We recommend using a silicon resin-based non-curing sealant.

7. Attach the terminal box cover and tighten it well with the dedicated tool.  Then, fix the cover with the setscrews.

Note: Take care not injure your fingers on the cover edge or the thread in the case.

3. Operations

3.1. Outline of various modes

With this instrument, the following 4 modes are available depending on the operation.

MEASURING MODE

This is the mode to indicate the measuring state.
OPERATOR’S MODE

This is the setting mode for the operator and consists only of the data that are frequently set or changed during startups.  A setting change is possible when the write protect level is 0, 1 or 2.  At level 3, the set data can only be confirmed.

[damping constant, auto zero adjustment, counter reset, counter preset value, and the like]

Caution

Set or changed data are temporarily cached in the memory when they are entered.  The operation state after this change is entered, however, note that if the data are not written in the memory within about 10 minutes, the operation state before the change is restored.  To save data, press the MODE key to go to the measuring mode.  The data are written in the memory when the changeover takes place to the measuring mode.

ENGINEERING MODE

This is the setting mode for engineering and consists of less frequently set or changed data than the OPERATOR'S MODE.

Setting and changing is possible when at write protect level 0 or 1.

The set data can only be confirmed when at level 2 or 3.

[ID, function specification, detector data, flow rate span, hysteresis width, pulse data, low-flow cut, output at an error, and the like]

Caution

To save the set or changed data, press the MODE key.  The content of the nonvolatile memory is rewritten when the changeover takes place to the measuring mode.  Press the MODE key at any rate.

Set or changed data are temporarily cached in the memory when they are entered.  The operation state after this change is entered, however, note that if the data are not written in the memory within about 10 minutes, the operation state before the change is restored.  To save data, press the MODE key to go to the measuring mode. To write data in the memory, always press the MODE key to go to the measuring mode.  The data is written in the memory when the changeover takes place to the measuring mode.
MAINTENANCE MODE

This is the maintenance setting mode used during regular maintenance or abnormalities or other cases that require adjustment or confirmation.

Adjustment and confirmation are possible only when at write protect level 0.

[Loop check, output adjustment, gain adjustment, and the like]

This mode is further divided into three sub modes:

OUTPUT CHECK MODE

CALIBRATION MODE

CRITICAL MODE

Caution
The CALIBRATION MODE and CRITICAL MODE contain very important adjustment values and operations for flow rate measurement.  Change these only after adequate confirmation of the adjustment content.  An incorrect setting can make flow rate measurement impossible.

Caution

To save the set or changed data, press the MODE key.  The content of the nonvolatile memory is rewritten when the changeover takes place to the measuring mode.  Press the MODE key at any rate.

Set or changed data are temporarily cached in the memory when they are entered.  The operation state after this change is entered, however, note that if the data are not saved within about 10 minutes, the operation state before the change is restored. To write data in the memory, always press the MODE key to go to the measuring mode.  The data are written in the memory when the changeover takes place to the measuring mode.

3.2. Write protect

Write protect details

The protection details are shown by write protect levels.
	LEVEL

	SW1
	SW2
	Data setter
	Communication

	
	
	
	OPERATOR’S MODE
	ENGINEERING MODE
	MAINTENANCE MODE
	OPERATOR’S MODE
	ENGINEERING MODE
	MAINTENANCE MODE

	0
	OFF
	OFF
	R/W ENABLE
	R/W ENABLE
	R/W ENABLE
	R/W ENABLE
	R/W ENABLE
	R/W ENABLE

	1
	ON
	OFF
	R/W ENABLE
	R/W ENABLE
	R/W DISABLE
	R  ONLY
	R  ONLY
	R  ONLY

	2
	OFF
	ON
	R/W ENABLE
	R  ONLY
	R/W DISABLE
	R  ONLY
	R  ONLY
	R  ONLY

	3
	ON
	ON
	R  ONLY
	R  ONLY
	R/W DISABLE
	R  ONLY
	R  ONLY
	R  ONLY


R: Read

W: Write

ENABLE: Enabled

DISABLE: Disabled

ONLY: Only one is enabled.

Setting of switch

	SW No.
	At shipment

	S1
	OFF

	S2
	OFF

	S3
	ON(Setting change impossible)

	S11
	N(Setting change impossible)

	S12
	N(Setting change impossible)

	S13
	N(Setting change impossible)

	S14
	N(Setting change impossible)

	S15
	N(Setting change impossible)

	S16
	N(Setting change impossible)

	S17
	ON(Setting change impossible)


Component-mounting face of main board
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Soldered face of main board
[image: image11.jpg]



[image: image12.jpg]


 [image: image13.jpg]



3.3. Operation by data setter

Introduction

The data setter has three modes: OPERATOR'S MODE, ENGINEERING MODE and MAINTENANCE MODE.  The MAINTENANCE MODE in turn includes three sub modes: OUTPUT, CALIBRATION AND CRITICAL.
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3.3.1 Operation in operator mode 


























3.3.2 Operation in engineering mode

































































































































































































































































































































































































































































































































































































































































































































































Connect 250 ohms or over as an external load resistance.
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*  OPERATOR’ S 


                  MODE





The operator mode is entered when the MODE key is pressed in the measuring mode while measurement is taking place.


Displayed for three seconds.





Damping time constant: Refers to a first-order time lag digital filter.  This levels fluctuations, but deteriorates the response.


Positions to which the cursor can move: *, "003.0"


Settable range: 0.5 to 199.9








*  DAMPING


003.0s





*  AUTO  ZERO


READY





Auto zero adjustment: Adjusts electrical zero and flow rate zero to the same level.


Positions to which the cursor can move: *, R


Settable range: READY ( ON.  Zero adjustment operation takes place for about one minute if the UP (() key is pressed.








Setting of reset value of integration: Sets the value from which integration starts when integration is reset.


Positions to which the cursor can move: *, 00000000


Settable range: Can be set between 00000000 and 99999999.





*  CNT-RESET  VALUE


           00000000





*  CNT-RESET  READY


PREV   00000000





Integration reset: Resets the integration to the reset value.


Positions to which the cursor can move: *, R


Resetting takes place when the UP key is pressed.


Settable range: READY ( ON.  Saves the previous value in PREV.





Auto spike cut: Removes spike noise.  Not recommended for pulsating applications.


Positions to which the cursor can move: *, F or N


Settable range: Select ON or OFF.  ON enables.





*  SPIKE  CUT


                           OFF





*  AVERAGING


ON            30.0s





Averaging: Set a time.  Averaged over that time.


Positions to which the cursor can move: *, 30.0, O


Select ON or OFF.  ON enables time setting.


Settable range: Set this between 1.0 and 30.0 seconds.





Selects a presentation mode of indication.  Select % for range indication, RATE for actual flow rate indication, and TOTAL for indication of pulse counts weighted with a pulse weight.


Positions to which the cursor can move: *, T


Settable range: Select %, RATE or TOTAL.








*  DISP  SELECT


                        TOTAL





Selects a communication method.


Positions to which the cursor can move: *, H


Settable range: HART, SFN-A, SFN-D, NONE


Reboots if the communication method is changed.





*  COM  SELECT


               HART





Goes to the engineering mode.


Positions to which the cursor can move: *, E


Settable range: Goes to ENGINEERING MODE if the UP key is pressed.





*  MODE  ENTER


ENGINEERING





Goes to the maintenance mode.


Positions to which the cursor can move: *, M


Settable range: Goes to MAINTENANCE MODE if the UP key is pressed.





*  MODE  ENTER


MAINTENANCE





#  ENGINEERING


        MODE 





Enters the engineering mode.  To enter this mode, manipulate as described in ‘OPERATOR’S MODE’. Displayed for 3 seconds.





ID setting: Enter the device-specific ID and TAG No.


Cursor: #, XXXXXXXX


Settable range: Characters #, 1 to 9, A to Z, ", ./- and " can be entered.





#  ID  SET


   XXXXXXXX





#  FUNC  SET


           PULSE





Function specification: Can select either pulse output or contact output as the open-collector output.


Cursor: #, P or T


Settable range: Select either PULSE or STOUT.  PULSE selects pulse output and STOUT selects contact output.








Detector information setting: EX value, detector type and bore diameter can be set.  These are set as basic information at shipment.


Cursor: #, 300.0, M, 0


Settable range: EX can be varied in the range from 200.0 to 699.9 and from 2.5 to 200, however, the output is influenced if varied.








#             EX    300.0


MTG   DIA   200





#               1.0000 m/s


   SPAN  7.0690 GPM





Range setting: Sets the range for analog output and % output.


Cursor: #, 7.0690, unit of flow rate, unit of time


Settable range: m3, l, cm3, G, mG, kG, B, t, kg, g, lb.





Specific gravity: Specific gravity can be set when selecting the unit of time.


Conditions for being displayed: Setting is enabled if a unit of weight (t, kg, g, lb) is selected for the measuring range (SPAN).


Cursor: 1.0000


Settable range: Can be set between 0.1 and 5.9999.





#  GRAVITY


                        1.0000


ＳＰＡＮ　０７．０６９　ＧＰＭ





#  COEFFICIENT


             1.0000





Coefficient: The correction coefficient for conversion to flow rate can be set.


Cursor: 1.0000


Settable range: Can be set between 0.1 and 5.9999.





Pulse weight setting: Sets the flow rate per pulse.


Cursor: #, 196.36, Unit of flow rate


Settable range: The pulse weight can be set from 0.0001 to 200 Hz.  Set the selected unit system (volume and mass) to the same as that set for SPAN.








#  PLS           10.000 Hz


  SCL     196.36mG/P





#  PLS           30.000 %


WID       0010ms





Pulse width setting: Sets the pulse width per pulse.


Cursor : #, 001.0


Settable range: NUM or DUTY 50%.  Setting is possible between 1 ms and 1000 ms (1 s) if NUM.





Dropout: If pulse output is delivered independent of flow rate due to fluctuations around 0%, such output can be fixed to 0%.


Cursor : #, 0


Settable range: Can be set between 00 and 10%.





Low flow cut: If analog output and indication output are delivered independent of flow rate due to negative flow rates or fluctuations around 0%, such outputs can be fixed to 0%.


Settable range: Can be set between 01 and 10%.


For a flow speed range exceeding 3 m/s (9.84 ft/s), lower limit 1%


For a flow speed range of 3 m/s (9.84 ft/s)or less, the percentage below which the flow speed is 0.03 m/s (0.0984 ft/s) or less.








#  LOW  FLOW  CUT


           10 %





#  DROP  OUT


             10 %





#  ST. OUT  MODE


　NORMAL       CLOSE





Contact output state setting: Sets the normal state of the contact.


Conditions for being displayed: If STOUT is selected by FUNC.


Cursor : #, C


Settable range: Select either OPEN or CLOSE.





#  HI-ALM            100 %


LO-ALM        0%





Burnout (P.OUT): Sets the pulse output state to take at a major failure.


Conditions for being displayed: If PULSE is selected by FUNC.


Cursor : #, H                   Settable range: Select either OFF or HOLD.





#  ERROR  OUT  MODE


P.OUT      HOLD





Upper and lower limit alarm setting: Can set the upper and lower limit alarm values of contact output.


Conditions for being displayed: The setting is enabled if STOUT is selected by FUNC.


Cursor : #, 0.0, 100              Settable range: Can be set between 0 and 100.





Burnout (I.OUT): Sets the analog output state to take at a major failure. It is the same as an ordinary burnout.


Cursor : #, H                   Settable range: Select LOW, HIGH or HOLD.





#  ERROR  OUT  MODE


I.OUT      HOLD
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