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Clamp-on Flow Sensor

FD-X Series

Instruction Manual

Read this manual before using the product in order to achieve maximum performance.
Keep this manual in a safe place after reading it so that it can be referenced at any time.

W Table of contents

B Precautions for wiring

Use the FD-X Series within the rated range. The FD-X is a product that
A\ CAUTION uses a DC (direct current) power source. Do not apply AC (alternating

current) or other power supplies. Do not use a load that exceeds the
allowable limit.

Before wiring the FD-X Series, confirm the colors of the wires.
Use an insulated stabilizing power supply.

Do not apply excessive tensile force to the cable.

Ensure that the cable tip is not submerged in water during wiring
work.

Isolate the cable from power supply lines or power lines when
wiring.

Isolate the cable as far away as possible from in-cable source of
noise.

The total length of the cable from the in-cable amplifier to the
controller must be shorter than 12 m. The total length of the power
cable of the controller must be shorter than 30 m.
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B Precautions for installation
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Do not install the FD-X Series in locations used as footholds.
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H Symbols

This instruction manual uses the following symbols to alert readers to important messages.
Be sure to read these messages carefully.

It indicates a hazardous situation which, if not avoided, will result in
death or serious injury.

It indicates a hazardous situation which, if not avoided, could result
A\ ViARNING in death or serious injury.

It indicates a hazardous situation which, if not avoided, could result
in minor or moderate injury.

It indicates a situation which, if not avoided, could result in product
damage as well as property damage.

m It indicates cautions and limitations that must be followed during
operation.

1 Install the FD-X Series in a location where the inside of the
measuring pipe is always filled with fluid.

2 To prevent a situation where the FD-X Series is affected by the
pipe not being filled with fluid, it is recommended to secure itin a
position where the display surface is perpendicular to the ground.

3 When the fluid contains bubbles, detection performance of the
FD-X may be affected.

4 When installing the FD-X Series on a vertical pipe, choose a
position where the fluid flows in the upward direction.

5 In order to improve the detection stability, it is recommended to

secure a straight pipe section that is 20 times larger than the pipe

inner diameter (100 times or more for reduced pipe) on the
upstream side of the sensor.

Install the sensor on the upstream side of a flow regulating valve

or similar piece of equipment.

Install the FD-X Series on a surface with no seams or rust.

Do not install the FD-X Series in a location exposed to intense

light, such as direct sunlight, or radiation from a heat source.

When installing the FD-X Series in a location where vibrations

occur, secure the pipe with tubes or supports as close to the main

unit as possible. Excess vibration may cause unstable behavior or
apply stress on the pipe.

10 When connecting the FD-X Series to a metal pipe with an outer
diameter of ®8.3mm or smaller, and high vibration or impact is
possible, we recommend securing the sensor head using the
optional bracket (OP-88297) to mitigate the stress on the pipe.

11 To avoid interference between detection signals, do not install
multiple units closely in series.

12 Since the heat of the in-cable amplifier may affect the liquid
temperature, it is recommended to fix the amplifier to a location
other than the pipe.

13 In order to improve the detection stability, please do not apply
load to the cable between the sensor head and in-cable amplifier
as much as possible.
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\, pPoint Itindicates additional information on proper operation.

It indicates tips for better understanding or useful information.

m Indicates items and pages in this manual being referenced.

1 Before Operation

EEN safety Precautions

B General cautions

1 Do not use the FD-X Series out of the specification ranges.
Comply with the contents described in this instruction manual
when using the product.

2 Do not use the FD-X Series for facilities where death or serious
property damage is possible, such as nuclear power generation,
aircraft, railway, ship, vehicles, medical equipment, playground

equipment, etc.

3 Do not use this product for the purpose of protecting a human
body or a part of a human body.

4 This product is not intended for use as an explosion-proof
product. Do not use this product in a hazardous location and/or
potentially explosive atmosphere.

Do not modify the FD-X Series.

2 If the equipment is used in a manner not specified by the
manufacturer, the protection provided by the equipment may be

impaired.

B Precautions for handling

-

ACAUTION When installing the FD-X Series on a high-temperature pipe, the
sensor head can become hot. Be careful not to burn yourself.

1 Do not drop the FD-X Series, hit it against something, or apply

NOTICE excessive force.
2

Do not use a sharply pointed object to press the setting keys.

B Precautions for detectable fluid

m 1 High-viscosity, high-turbidity, or sparkling fluid may cause unstable
detection. Keep this in mind before using.
2 When the fluid temperature rises or pressure is reduced, bubbles
may form in the fluid within the pipe, resulting in unstable
detection.

H Other precautions

m 1 When power is applied to the sensor, it enters an 8 second "start-
up” process before it is ready to use. Do not use the outputs from
the sensor during this period.

2 Initial drift may occur after the power is turned on. To detect a
subtle difference in the flow rate, let the FD-X Series warm up for
approx. 15 to 30 minutes before use.

3 Do not bring a strong magnet or magnetic field close to the main
body of the FD-X Series.

m Do not use the FD-X Series as a measurement instrument for trade or
certification.

EEJ Notes on regulation and standard
B CE marking

Keyence Corporation has confirmed that this product complies with the essential
requirements of the applicable EU Directive(s), based on the following specifications. Be
sure to consider the following specifications when using this product in the Member States
of European Union.

® EMC Directive
+ Applicable standard  EN61326-1, Class A

Remarks: These specifications do not give any guarantee that the end-product with this
product incorporated complies with the essential requirements of EMC Directive. The
manufacturer of the end-product is solely responsible for the compliance on the end-
product itself according to EMC Directive.

B CSA Certificate
This product complies with the following CSA and UL standards and has been certified by
CSA.
+ Applicable Standard CAN/CSA C22.2 No.61010-1
UL61010-1

Be sure to consider the following specifications when using this product as a product
certified by CSA.

« Over voltage category |

« Pollution degree 3

* Indoor use

« Use this product at the altitude of 2000 m or less

+ Use the CSA/UL Listed power supply which has the Class 2 output defined in CEC

(Canadian Electrical Code) and NEC (National Electrical Code).
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2 Installation and Wiring

EZ Checking the package

H Sensor head (detector)
FD-XS1/XS8/XS20

Sensor head cable L
1

In-cable amplifier

Status indicator Other items included:
(illuminates depending on the flow status of the fluid) * Inspection report x 1

B Clamp set for plastic pipes

For FD-XS1 ~ FD-XC1R1/XC1R2

For FD-XS8  FD-XC8R1/XC8R2/XC8R3

For FD-XS20 FD-XC20R1/XC20R2/XC20R3/XC20R4

Other items included:
« Screws for clamp x 4 + 2 (spare)
« Installation Guide (plastic pipe) x 1

Fixing ring

B Clamp set for metal pipes
For FD-XS1 ~ FD-XC1M

For FD-XS8  FD-XC8M

For FD-XS20 FD-XC20M1/XC20M2

Other items included:
« Screws for clamp x 4 + 2 (spare)
« Installation Guide (metal pipe) x 1

Inner clamp

Outer clamp

H Controller (DIN rail mounting)
FD-XA1/XA2

Other items included:
« Instruction Manual (Japanese, English) x 1 each

H Controller (panel mounting)
FD-XA5

Panel mounting bracket x 1

Controller x 1 / ;

Other items included:
« Power cable (2m) x 1
Front protection cover x 1 « Instruction Manual (Japanese, English) x 1 each
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EZJ Installing the Sensor Head on a Pipe

The sensor head is installed on a pipe using the clamp set.
For detailed installation procedure, refer to the "Installation Guide" provided with each
clamp set.

Plastic pipe

Metal pipe

In-cable amplifier
(Mounting optional)

Fix with screws Fix with cable tie

EXJ Installing the Controller

H DIN rail mounting
® Attaching the FD-XA1 (main unit)

1 Align the claw on the bottom of the main
body with the DIN rail, as shown in the
figure on the right. While pushing the main
body in the direction of arrow (1), push
down in the direction of arrow (2).

2 Toremove the sensor, push the main body
in the direction of arrow (1), while lifting the
unit in the direction of arrow (3).

When using the mounting bracket (OP-88311 sold
separately), mount the controller as shown on the
right.

Mounting bracket

® Attaching the FD-XA2 (expansion unit)
Several expansion units can be used in conjunction with a main unit. Up to seven
expansion units can be connected to one main unit.

Mount the product on a DIN rail and install on a metal surface when
ACAUTION connecting multiple expansion units or mounting main units close
together.

NOTICE Turn the power off before connecting expansion units.

\ point * The maximum number of expansion units that can be connected

is as follows.

T |
FD-XA1 FD-XA2 7
FS-MC8N/MC8P FD-XA2 4
NU series FD-XA2 6
MU-N11 FD-XA2 4
FD-XA1 MU-N12 4
N-bus compatible sensor amplifiers
other than the above (when the FD-XA2 7
power cable is 2 m or less)

* Do not touch the expansion unit connectors.
¢ When using the FD-X Series with other series, use the lowest
power supply voltage range capable for the connected units.




Remove the protection covers
from the main unit and expansion
unit(s).

Install the expansion units on the
DIN rail, one at a time.

The installation method is the same as
that of the main unit.

Push the expansion unit into the
main unit connector port until a
clicking sound is heard.

Using the same method as step
(2), install the end units (OP-
26751: 2 units in a set, sold
separately) on the outer sides of
the main unit(s) and expansion
unit. Then, secure the end units in
place.

H Panel mounting
® Attaching the FD-XAS5

1 Drila cavity for mounting on the panel with the

dimensions shown to the right.

0.4
0

217"

Panel cutting dimension

2 Insert the controller into the cavity on the panel from the front.

3 Orient the panel mounting bracket as shown below, attach it to the
controller from the back, and attach the front protection cover to the

controller.

When removing the panel mounting bracket,
widen the claws on both sides of the panel

mounting bracket.

® Connecting the Power Cable to the FD-XA5

Panel mounting bracket

For the panel mount controller, you need to connect the included power cable.

Power cable

«When connecting the power cable»

«When disconnecting the power cable»

EZJ Connecting the sensor head and the controller

* Be sure to turn off the power before connecting the sensor head

cable.
« Fully insert the sensor head cable. It may be disconnected if it is
not inserted completely.

B Connecting the sensor head to the controller
Connecting the cable Disconnecting the cable

Hold and pull this part

Align the white
dot and insert

For extending the sensor head cable, use OP-88292 (extension cable

2m) or OP-88293 (extension cable 5m). The total length of the cable
from the in-cable amplifier to the controller must be shorter than 12m.

In-cable amplifier ‘ Max. 12m ‘ Controller

B} Wiring

B Wire color/function

Supply voltage 20-30V

Supply voltage 0V
Control output (ch.1)

(I0-Link-compatible wire when
connecting an 10-Link device)

Control output 2 (ch.2)
External input 1

External input 2

Analog output
(Available from 4-20mA or 0-20mA)

*There is no brown, blue, or orange wires with the FD-XA2 (expansion unit).

B Wiring diagram
Insulate the input/output wires that are not used independently.

|:| Load (input device) @ Analog current input device

ONPN O®PNP
JR— rh?wn tonl — r’awn tonl
“Main unit only. *Main unit onl
Sioak 20-30V BTy 20-30V
(ch.1) ch.1)
White White
ch

Pink Pink - _ |

Violet Violet _~
Orange Orange
*Main unit only *Main unit only
Blue —| Blue —|
Main unit onl; ! ! oV Main unit onl ! oV
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3 Initial Settings

kIl Settings when the power is turned on for the
first time or after initialization

This section describes settings that must be configured prior to using the device. The
following screens are displayed "When the power is supplied to the unit for the first time"
or "After the unit is initialized". During the initial settings, the, 7-segment display is shows
[init].

» Underlined items are default values.

MODE
Press @ or (J tomove to the next menu screen.

Press @ to return to the previous menu screen.

Press @ or@ to select a parameter.

a. NPN/PNP Selection b. Flow Direction Selection c. Pipe Material Selection

Select Output Pipe Material
— )
Metal s
« NPN Select the direction of flow in «Metal Metal pipe
relation to the status indicator of "
* PNP the sensor head and the direction * Plastic Plastic pipe
of the cable.

d. Nominal Outer Diameter
of Pipe Selection

Pipe S End Config ) Settings
> s completed
FD-XS1 FD-XS8 FD-XS20
$3 96 ¢10
04 ¢8 12

1/8"(3.18mm) | 1/4"(6.35mm) |3/8"(9.53mm)
1/2'(12.7mm)
6A(10.5mm)
8A(13.8mm)

\ Point When using the device in a low flow rate area, perform origin
adjustment after the initial settings are completed. "Origin
Adjustment” (page 14).

e. Flow Unit Selection

44— a.NPN/PNP Selection

MODE
O+
Press and hold * mL(L)/min
+ Gh

FD-X_IM_E 4



4 Display Settings

- Main Display Screens

Configuring thresholds I Instantaneous flow rate display

Top row: 7-segment display
or

Bottom row: OLED display

Output indicator
Linked with ch.1 output ON
to illuminate orange

Switching thresholds L/H and ch.1/ch.2*" Stability indicator Current instantaneous

Arrow buttons

or Stability of detection flow rélite
signals
Full auto calibration (p.6) « 1to 4 bars illuminated

green: Stability level

SET
O Press and hold indication
- - + One bar blinking green: ' ' ' ' ' '

Origin adjustment (p.14) Unable to detect ' -' .' '-'
@ + @ Press and hold : > IO
FLOW

_ MODE button

Press and hold to
Functions Menu

Condition monitoring function (p.14) SET button
M[OjDE + @ Press and hold

Tap to
switch displays

H Instantaneous
flow rate hold display

Selected channel Flow threshold*'
(ch.)*!

MODE lluminates linked with

D output ON of ch.1/ch.2.
Operation available on Screen 11 . K

Reset hold values I MODE VII H
@ + @ Press and hold P 1 542 . Current instantaneous D G raph d IS play
flow rate Current

) instantaneous : i T
mL/m B 536 *Hold display of the maximum/minimum o - Operation available on Screen

instantaneous flow rates since the power flow rate Changing the upper/lower limit

III Cond |tion MODE Wa_s turned ON range on the graph

(P: Peak value, B: Bottom value)

. - . ’ .
monitoring display Graph Changing with (3) or
(skipped when the condition monitoring function display™® MoDeE Taptoswitch
is not set) Display period O the upper/lower limit
_-Relative value of current (Variable depending on on t.he display
instantaneous flow rate to the recording intervals)*” Leave the display unattended for
the instantaneous flow rate 3 seconds to complete the change
that was registered (%) Checking the past data*’
I nteg rated * Moving the cursor to the rightmost
MODE @ position or leaving the screen

_.-Flow threshold*? H unattended for one minute brings
fl OW d |S p I ay back the current data. ¢
Reset hold values

(for a bar graph only)

+ @ Press and hold

MODE Integrated
flow

Operation available on Screen 1

Condition monitoring function (p.14)

Integrated
" ¢ D) Presssnana IV Shot display Vv ot
(skipped when the shot mode is not set) S h ot h o I d

Operation available on Screen VI

Configuring thresholds*®

- Q

Confiauring thresholds* _.-Shot amount dlsplay
onfiguring thresholds* ™.__ (skipped when the shot mod t set;
Skipped when tha shot mods is not set) , 7 Resetting the integrated flow value
@ or @ N Integrated flow
threshold*® @ + @ Press and hold
Switching thresholds L/H and ch.1/ch.2*3> MODE
& - o ,
Operation available on Screen vV
Full auto calibration (p.6) Reset hold values
SET
O Press and hold Shot thresholds @ + @ Press and hold
(H: Upper limit, L: Lower limit)
Multi shot calibration (p.14) .
SET SET g
O Ef:gsl‘t? O ;:zsﬁold Hold display of the maximum/minimum
Y shot amount since the power was turned ON
Target calibration (p.14) (P: Peak value, B: Bottom value)
SET
MODE Press and hold
g o

*1 In area mode, two settings, H (upper limit) and L (lower limit), are displayed for one channel (ch.), and each can be selected and configured. When the instantaneous flow rate mode or the
area mode are not set, "- - - -" is shown.

*2 This is linked to the instantaneous flow rate setting of ch.1. The settings cannot be changed on this screen.

*3 Settings for channels in shot mode can be configured. In shot mode, settings for both ch.1 and ch.2 can be selected and configured.

*4 The integrated flow unit is the amount of flow by which the integrated flow rate is counted up. It is configurable, see "11. Integrated flow unit" (page 7)

*5 When ch.1 is in integrated flow mode, the setting is shown and is configurable. Otherwise, "- - -" is shown.
*6 When set to the shot mode, the upper row shows the shot amount and the lower row shows a bar chart containing the hold values linked to the peak and bottom values of the shots since
power-on.

*7 The data stored and shown is: for the instantaneous flow rate chart, the last "recording cycle (mins.) x 200" (last 1000 mins. in default setting). The recording cycle can be changed in settings
"F5. Recording Frequency" (page 15); for the shot rate chart, the data for the last 200 shots after power-on.

5 FD-X_IM_E



EEJ Automatic Configuration (Full Auto Calibration)

You can automatically configure the instantaneous flow rate or shot amount thresholds by just pressing-and-holding the SET button.

H Setting shot amount thresholds

H Setting the instantaneous flow rate threshold(s)
(Instantaneous flow rate mode/Area mode)

Normal screen (I Instantaneous flow rate display)

If there are both ch.1 and ch.2,
select the screen for the desired ch.

(Shot mode)

Normal screen (IV Shot display)

FKEYENCE TN o

n L

H480.0
80.0

Clamp-on Flow Sensor

SELECT

624

MODE

If there are both ch.1 and ch.2,
select the screen for the desired ch.

SET
O Press and hold

Release button :

The flow is sampled
during the press-and-
hold portion. Bottom
row displays "SET".

SET
O Press and hold

Release button

During instantaneous flow rate mode the threshold is set
at 50% (fixed) lower than the current value, during area mode
upper/lower limits are automatically set to +25% (variable) .

Instantaneous flow rate mode

Instantaneous flow rate Set 50% lower with the intermediate value

considered 100% (ratio cannot be changed)

Intermediate value of
the maximum / minimum
value during the period

Threshold (lower limit)

Time

Press-and-hold SET
and "SET" blinks
(Calibration started)

Release SET
(Calibration ended)

Area mode

Set to +25% of the intermediate value

Instantaneous flow rate of 100% (ratio can be changed)

Threshold (upper limit)

Intermediate value of
the maximum / minimum
r/ value during the period

Threshold (lower limit)

Time
Press-and-hold SET
and "SET" blinks
(Calibration started)

Release SET
(Calibration ended)

The ratio of +25% can be changed in “B1. Calibration target value (page 9).”

FD-X_IM_E

Upper/lower limits are automatically set
to +25% (variable) of the read value.

Shot mode

Set to the +25% of the intermediate value

Shot amount of 100% (ratio allowed to change)

Threshold (upper limit)

Intermediate value of
the maximum / minimum
value during the period

Time
Press SET and "SET" blinks
(Calibration started)

Release SET
(Calibration ended)

'
'
'
'
'
:
Threshold (lower limit) 1
'
'
'
'
'
:
The ratio of +25% can be changed in “B1. Calibration target value (page 9).” '



5 Configuring Functions

Basic settings

The numbers after each "Explanation” correspond to those in "6-1 Explanation of Functions".

Underlined items are default values.

Normal screen
Press @ or MODDE to move to the next menu screen.

A .
Press to return to the previous menu screen.

Press @ or @

MODE press to select a parameter.
and hold Press and hold M%)E to complete setting.

1. ch.1 detection mode 2. ch.1 output logic

3. ch.2 detection mode

4. ch.2 output logic

Basic Output1 Mode

Standard

Output1 Logic
Ne—> > e J

>

Settings

- Standard  Instantaneous flow rate mode *N.O. - Standard

- Area Area mode +N.C. - Area

- Pulse (+) Pulse output (+) mode «Pulse (-)

- Total Integrated flow rate mode - Shot

« Shot Shot mode - Error
- Bubble Alert
« Error+Alert

5. Analog output
current
* Skip when FD-XA2

6. Analog output

lower limit value
* Skip when FD-XA2

Output2 Mode
Standard

Output2 Logic
> . 4—> O

Instantaneous flow rate mode ~ *N.O.
Area mode -N.C.
Pulse output (-) mode

Shot mode

Error output mode
Bubble detection mode
Error + bubble detection mode

7. Analog output
upper limit value
* Skip when FD-XA2

8. Selecting input 1
function

Select Analog Analog Scaling

Input1 Function

+4-20 mA Model  |Default value |Setting range Model  |Default value |Setting range - Off Not used
+0-20 mA = o oo «Zero Input  Flow rate zero input
XS 1XS8 |(mumin) |(mLimin) FD-XS1 i) ey « Shot Sample Discharge sampling input
0 0-999.9 8000 (mL/min)
FD-XS20 [ iy |(L/min) FD-XS8 | miimin)
20.00 0-999.9
FD-XS2 . h
12. Select =20 (L/min) (L/min)
Full in the
advanced
function 9. Selecting input 2 12. Advanced function
settings function 10. Response time 11. Integrated flow unit settings
o) Input2 Function Response Time | I Int. Flow Unit | I |Menu |
- Off Not used 50ms / 100ms / 500ms/ Model Setting range +End  Settings completed
- Reset Total Integrated flow resetinput 15 /2.5s / 5s / 10s / 30s / 60s +Full  Advanced function settings
- Zero Shift  Zero shift input iy O 410100]
P XS1/x88 | 1000/ 10000 (mL)
0.01/0.1/ 1/ 10/
FD-XS20 |100'(1)
Full End
Return to the Basic Settings
oD
and press &5 to move to
the advanced function settings.
Save and return to
the normal screen
A Advanced
Settings

FD-X_IM_E



EEJ Advanced settings

The "Comment" numbers below each setting correspond to those in "6-1. Explanation of Functions".

Basic
Settings

1

A Advanced

Settings

Pro
Settings

Span
Adjust

B Application
Settings

FD-X_IM_E
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Underlined items are default values.
MODE
or () tomoveto the next menu screen.

Press @ to return to the previous menu screen.
Press 6@ or @ to select a parameter.
MODE .
Press and hold () to complete setting.
Skip if Shot mode is not set

A2. Display resolution
(discharge rate)

Shot Resolution

Skip if Instantaneous flow rate/Area mode is not set

A1. Display resolution
(instantaneous) A3. Display averaging

Disp Average

A4. Hysteresis

Hys Value
i

Flow Resolution

o

Model Setting range Model Setting range %eétinforgnge: Model Default value | Setting range
.0 - 10.0s
FD- . ¥ - § -
0.1/1/ 10 (mL/min) A 0.001/0.01/ 0.1/ 1(mL) (Default value: 3.0s) 02X S/ I Ol mEmin) 029999 B/ min )
XS1/XS8 XS1/XS8 N R
FD-XS8 |20 (mL/min) |0 - 9999 (mL/min)
FD-XS20 |0.001/0.01/0.1(L/min) FD-XS20 0.001/0.01/0.1(L) FD-XS20 [0.05 (L/min) 0-999.9 (L/min)

AG6. Status indicator
illumination mode

A5. Zero cut flow rate

A7. Screen brightness A8. Password

Zero Cut Flow Head LED Brightness | l Password Lock | | @
Model Default value | Setting range|] *Green  Green illuminated - turned OFF  + 100% - Off
e | +Red Turned OFF - Red illuminated ~ +30% -On
2 (mb/min) for-9999 | .Green Greenilluminated-Red - Display Off
FD-XS8 |40 (mL/min) |(mL/min) &Red illuminated
FD-XS20 |0.10 (Umin) |0*-999.9 :g?ftate Predictive Maintenance

*When set to shot mode (auto determination)
the acceptable lower limit of the zero-cut
setting range is 50% of the default value.

* Select either Green&Red or Off
when set to shot mode.

A10. Selecting nominal A11. Correcting the
outer diameter of pipe flow rate value

Pipe Size Flow Tuning
"

See Comment 12 for details. - Off Does not correct

A9. Flow direction

Back To Menu

Select the direction of flow rate

in relation to the status - Pro Settings  Correcting a range
indicator of the sensor head and 9 of Valuesg 9 Back
the direction of the cable. - Span Adjust  Span adjustment to A

A13. Entering the
pipe thickness

A14. Selecting the
type of fluid

A12. Entering the outer
diameter of pipe

Outer Diameter

Water[Back To Menu
‘—

—)

o L 1.00 mm
Default - - Water Water

Model Default value| Setting range Model ealauue Setting range o ot NOmETEER Back
FD-XS1 [4.00 mm |2.70 - 5.50 mm FD-XS1 0.10 - 2.00 mm

FD-XS8 [6.00 mm |5.50 - 8.50 mm FD-XS8 |1.00 mm |0.10 - 4.00 mm to A
FD-XS20 |10.00 mm |8.30 - 14.30 mm FD-XS20 0.10 - 4.00 mm

A15. Entering the ultrasonic A16. Entering the
sound speed kinetic viscosity
User Sound Speed Viscosity Value Back To Menu

Input 1497 m/s

1.00 cSt

Setting range: 300 - 1900 m/s Setting range: 0.01 - 500.00 cSt

(Default value: 1497) (Default value: 1.00) Back
*Fixed to "over 500cSt" when over 500cSt. to A

A17. Span adjustment

Back To Menu

Adjust Span

—>

>

Span adjustment is available

for raw instantaneous flow rate Back
values to detect.
Setting range: 0.100 - 10.000 to A

(Default value: 1.000)



A Advanced
Settings
P |

A4

B Application
Settings

D

Skip if Area/Shot mode is not set Skip if Shot mode is not set
B1. Calibration target B2. Subtracting B3. Subtracting
value integrated flow rate discharge rate

Total Decrement Shot Decrement

Setting range: +1 - +99% - Off Does not Sﬁjbtract at - Off Does not sfubtract at
o G0 areverse flow areverse flow
(Default value: £25%) +On Subtract at a reverse flow +On Subtract at a reverse flow

Skip if Bubble detection/Error + bubble detection mode is not set

B4. Bubble cancellation B7. Bubble detection

setting setting
Bubble Cancel p Default/Off Bubble Alert ,  Default , | Back To Menu
N A | v

Default v
«Default Standard setting + Default Standard setting
« Custom Custom setting « Custom Custom setting Back
- Off

toB
Custom Custom

B8. Bubble detection
sensitivity B9. One-shot output time

Bubble Alert Lev Alert One Shot

B5. Bubble cancellation
sensitivity B6. Hold time

Hold Time
+—>

Cancel Level

« High Sensitivity high Setting range: 1 - 60s +High Sensitivity high Setting range: 0.1 - 10.0s
« Mid Sensitivity medium (Default value: 5s) - Mid Sensitivity medium (Default value: 1.0s)
« Low Sensitivity low - Low Sensitivity low

C1. Connected sensor
head illumination C2. Checking settings C6. Diagnosis value

=
—) i — i No_|Diagnosi [ Back To Menu___|
C Check . D Blink Head LED Check Settings ,'\9, | Diagnosis Back To Menu
Functions AN 1 L4
+No  Does not execute +No Does not execute
- Yes ;Zec%tr?:\fc{gglgzgoﬁnhead +Yes View initial the setting Back
will blink in green. toC
Yes
i C5. Current pipe material

C3. Current flow unit C4. Current output settings

| Flow Unit | Selected Output Pipe Material

(Only viewable) (Only viewable) (Only viewable)

Check the current flow unit. Check the current output Check the current pipe

1

D Ssimulaton DL gmmmd Off n

¥

Save and return to
the normal screen

1
!

format (NPN or PNP). material setting (Metal or Plastic).
Initialization is required to Initialization is required to
change the format. change the format.

Skip if Shot mode is not set

D2. Simulation D3. Simulation
discharge rate instantaneous flow rate

atio 0 Simulation Flow

1]2 :uu‘—

D1. Simulation function

Simulation P

Back To Menu

—

v on 0.0
+Off  Does not execute Press @or@to specify Press @or@ to specify
+On Execute simulation your desired discharge rate your desired instantaneous Back
on the upper line so that the flow rate on the upper line so
output status can be that the output status can be toD
simulated. simulated.

Off

VN

E1. Initializing
| No \ [Eack Toveru
E |Initialize +—> >

+No Does not execute
-Yes Initialize Back
toE

Yes
v/ End Config
To the initial setting screen

after initialization (Initializing...)
(3. Initial Settings)
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6 Explanation of Settings

m Explanation of Functions

Comment 1 Detection mode

H [nstantaneous flow rate mode [Standard]
The output switches when the
instantaneous flow rate falls below
the threshold.

This mode is useful for detecting a
drop in the supply flow rate.

For ch.1 and ch.2

Instantaneous flow rate

P1(P2) I: N\ THys
P1(P2): Instantaneous flow rate of /; NHVS*erES\S)
ch.1(ch.2) i i
: : Time
Output
NGy O | -
Qup 3 -

N.O./N.C. operation of the output can be switched in the settings. (P.7)
Hysteresis can be adjusted in the Extended functions menu. (P.8)

Reference ; °

B Area mode [Area]

The output switches when the
instantaneous flow rate deviates
from a certain range.

For ch.1 and ch.2

Instantaneous flow rate

P1-H(P2-H

This mode is useful for detecting LHys
excess or insufficient supply flow (Hysteresis)
rate. T
P1-L(P2-L) s
P1-H(P2-H): /
Area high of ch.1(ch.2) Time
P1-L(P2-L): (ON“‘CF;;J‘ ggp_| L
Area low of ch.1(ch.2) Output on
wney o LI LT LT

N.O./N.C. operation of the output can be switched in the setting. (P.7)
Hysteresis can be adjusted in the Advanced settings menu. (P.8)

Reference ; *

B Pulse output mode [Pulse(+)] [Pulse(-)] Pulse(+) in ch.1
Pulse(-) in ch.2
One pulse is generated for each
integrated flow unit.

This mode is useful for managing/
viewing fluid usage by incorporating it
with an external devices such as a
counter or touch panel.

Instantaneous flow rate

As forward and reverse direction pulses
can be assigned to ch.1 and ch.2 0 Time
respectively, by subtracting the ch.2 chA \_/

pulse count from the ch1. pulse count, Pulse output ON UL
the net flow rate can be displayed (addition) - oFF

externally taking the reverse flow into

ch.2
ON
account. Pulse output

n) OFF

The integrated flow unit is configurable. "11. Integrated flow unit" (P.7)

Mode Assigned ch. Description
Pulse is generated based on flow moving in
Pulse(+) ch-1 the forward direction.
Pulse(-) ch2 Pulse is gene_rateq based on flow moving in
the reverse direction (reverse flow).

The output pulse turns ON/OFF every half value of
the integrated flow unit.
(Right figure: Integrated flow unit is set to 1L)

050 051 05L 05L
—_—

1L
—>After resetting

H Integrated flow mode [Total]

The output signals when the
integrated flow reaches the threshold
value.

This mode is useful for detecting when
a certain amount of flow has passed.

For ch.1 only
Integrated flow rate

set value

Time

Output ON
(N.O.)

Output ON —_—
(N.C) O N
External output/ —I_]l_

manual reset

OFF el

« "FFFF" is shown when the integrated flow value exceeds the upper limit of
the displayable range.

« The integrated flow value can be reset by setting the function of input 2 to
"Reset Total".

«  When the integrated flow reset input signal is sent, the integrated flow value
is reset to 0.

* The minimum input period is 20ms.

* The display depends on the integrated flow unit. (Example) When the
integrated flow unit is 0.1mL and the integrated flow is 15mL, "150" is
displayed.

FD-X_IM_E
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B Shot mode [Shot]

This mode switches the output if the
discharge/shot amount falls inside the
set upper and lower limits.

This mode is useful for determining if
the discharge amount is within the
appropriate range.

For ch.1 and ch.2

Instantaneous flow rate

Zero cut

Time
. . . shot amount
® Automatic determination

(default)

Output is determined after the
completion of a discharge/shot

(when the instantaneous flow rate /

drops below the zero cut flow rate). Time
The shot amount is automatically
reset to zero at the start of the next

S1-H(S2-H)

S1-L(S2-L)

Green | Tumed
Sensor head e | OFE

discharge/shot (when the status indicator ___Tumed OFF _K_1_ Red iluminated
. Output ON
instantaneous flow rate exceeds the NO) off
zero cut flow rate). OK/NG can be
determined for each shot without Output ON
(N.C.) OFF

PLC programming.
Ensure the instantaneous flow rate exceeds the zero-cut flow rate in shot mode.

S1-H(S2-H): Upper limit of ch.1(ch.2)
S1-L(S2-L): Lower limit of ch.1(ch.2)

* Inthe case of automatic judgment, please leave at least 100 ms from the
completion of one discharge to the start of the next discharge.

« If the next discharge is not started even after 30 seconds have elapsed from
the discharge completion, the discharge amount and output determination
will be reset.

« If you set the zero cut flow rate to a small value, the instantaneous flow rate
may unexpectedly exceed the zero cut flow rate, resulting in false
determination. In this case, frequently perform the origin adjustment or the
zero shift input, or change to "Manual determination".

® Manual determination

When "Shot Sample" is selected for Instantaneous flow rate

the function of input 1, the sensor

performs the determination

assuming that the period where |_|

there is an external input is the

discharge period. Zero cut I_I

1. The shot amount is reset when the Time
external input is turned ON, and shot amount
starts detecting. $1-H(S2-H)

2. Determination is done when the /
S$1-L(S2-L) /

external input turns OFF.

This ensures correct determination

N Time
even when the zero cut value is

Shot
smaller than the default value. sampling OV

input ~ OFF (Sreen Tumea
Use when the instantaneous flow Sensorhead ————i— /1 G
rate is lower than the zero cut value, Stas indicator —TUneAOFE Redluminated

) Output oN

(N.O.) OFF

Output ON

(N.C.) OFF

* You can also use the zero shift input of input 2 at the same time. Accurate
detection is possible while periodically correcting the origin by performing the
zero shift when there is full fluid and discharge has stopped.

«  When Shot Sample is assigned to input 1, multi shot tuning is not possible.

B Error output mode [Error]
An output is generated when any of the

For ch.2only

following errors occur. Status Normal X Error status > Normal
« Head Error Sensor head error -
« EEPROM Error EEPROM Error Output ON
« rEv Reverse flow error (NO) o —
¢ ---- Detection impossible error
Output ON |
(NC) o

l For details on errors, see "10 Troubleshooting" (P.17).

B Bubble detection mode [Bubble Alert] For ch.2only
This mode can detect and output
sudden drop of ultrasonic signal when Status No bubbles < Bubbles contained><No bubbles
Sensituiy of the bubble detecti e o
ensitivity of the bubble detection can (N0, ofr y -
be selected from High (most sensitive), One-shot duration
Mid, and Low (less sensitive). Output  ON
Output is one shot; the one shot time is ~ (N-C.)  oFF
configurable. s head
ensorhead e e Red blinking flomalopeaion
status indicator

The size of the bubbles that can be detected depends on the piping, fluid,
and flow speed. Please test and validate the actual detectable bubble level in
the field. (Reference: When PFA pipe is ¢8 (inner diameter of ¢6), the fluid is
water and the flow rate is 0.1 m /s, bubbles with approx. @3 (High) /¢4 (Mid)
/95 (Low) can be detected.)

W Error + bubble detection mode [Error+Alert]

An output is generated when the condition for either "Error output mode" or "Bubble
detection mode" is met.

This is useful when you want an output to be generated on a single output wire for both
bubbles and errors.

For ch.2only



Comment2  Analog output

Comment 4 Response time
The response time is the time required for the internal evaluation value and the analog

You can set the flow rates that correspond to the upper and lower limits of the analog output.
Analog output can be selected from 4-20mA or 0-20mA.
(Below is an example when 4-20mA is selected)

W [nitial state (default values)

Analog output (mA)
Upper limit value (default
sos Model e (
20 FD-XS1 1000 mL/min
FD-XS8 8000 mL/min
FD-XS20 20.00 L/min
ol
o Flow rate
Analog output
Zero cut Upper limit value
(default value)
B When the settings are changed
Example 1 Example 2
|Analog output upper limit value | 100 (mL/min) |

|Analog output upper limit value | 1000 (mL/min) |

[Analog output lower limit value | 1000 (mL/min) |

[Analog output lower limit value | 100 (mL/min) |

Analog output (mA) Analog output (mA)

20.5
20

1000  Flow rate
(mL/min)

Flow rate
(mL/min)

1000

When there is a sensor head error, reverse flow error, or detection
impossible error, the analog output becomes 3.5mA (when 4-20mA is set) or

OmA (when 0-20mA is set).
The analog output is updated every 30ms or sooner.

Comment 3 External input

B Flow rate zero input [Zero Input]

While the external input is ON, the Instantaneous flow rate
instantaneous flow rate is forced to

zZero.

This is useful for zeroing flow rate

display or preventing an output at

an unexpected time, such as when

the pipe is not full of fluid.

Input 1

Time

External input _l_l—

The minimum input period is 20ms.
While there is an input, the analog output corresponds to OmL/min and the

integrated flow/shot amount is not counted up.

Reference ; *

B Shot sampling input [Shot Sample]

By selecting this, the shot mode becomes manual determination. For details, see "Manual
determination" (page10) in Shot Mode.

Input 1

B Integrated flow reset input [Reset Total] Input 2

This resets the integrated flow display to zero. When the integrated flow reset input signal is
sent, the integrated flow display is reset to 0. For details, see "Integrated flow mode"
(page10).

B Zero shift input [Zero Shift] Input 2
This shifts the average flow rate during
the zero shift input period to zero.
Especially in the shot mode, long-term
and stable detection is achieved by
utilizing the zero shift input each time
the fluid is still between shots.

Instantaneous flow rate

<> Shift for the amount of
the average flow value

during the input duration

Time

(o]
Zero shift input
ON

OFF

*  The minimum input

period is 20ms.
"Error" is shown when the zero shift has failed.

Turning off the power resets the shift status.

output to register/display at least 63% of the change in the instantaneous flow rate.
m— Actual flow rate change

A swnnnnnn nternally measured flow rate
value and analog output value

Example:
Assuming that the response time is 10
seconds and the actual flow rate
instantaneously rises from zero to
100mL/min, the instantaneous flow
rate of the sensor rises to 63mL/min,
which is 63% of 100mL/min, within 10

seconds. E

100mL/min

",

",

63mL/min

OmL/min L EFFTAMs

10(sec.)

Comment 5 Integrated flow unit
The Integrated Flow Unit is the amount of flow represented by every single digit increase of
the Integrated Flow Value.

Comment 6 Display resolution
You can change the display resolution. In shot mode, you can separately set the display
resolution for the shot amount.

Comment 7 Display averaging

This function averages the instantaneous flow rate value and displays it.
As this setting becomes larger, the display becomes more stable.

Display averaging only affects the display of the instantaneous flow rate. It
does not affect the determination of control output/analog output, shot

display or full-time recording function.

Comment 8 Zero cut flow rate

If the instantaneous flow rate is within a
certain area, the sensor is forced to
recognize the instantaneous flow rate as
0. This value is called the "Zero cut flow
rate”". When the zero cut flow rate is
turned OFF, the zero cut is not
performed and a negative value is
displayed in the case of reverse flow
(rEv).

Instantaneous flow rate

M\,

Time

Zero-cut
flow rate

While the instantaneous flow rate is below the zero cut flow rate, the control
output, analogy output and Integrated flow behave as if there is no flow.

If a flow rate exceeding the zero cut flow rate flows to the negative side
(reverse flow side), a negative value will be displayed.

The minimum value of zero cut range for Shot mode (Automatic
determination) is 50% of the default zero-cut value.

Comment 9 Status indicator illumination mode

When the function of ch.1 is set to "Instantaneous flow rate mode" or "Area mode", you can
specify the illumination mode of the status indicator. The illumination is linked to the setting

P1 (P1-L/P1-H) of ch.1.
® Instantaneous flow rate mode

Instantaneous flow rate [Green&
Red/
[Green] | [Red] 3State] | [Off]
Green Off Green Off
P1
/ \ Off Red Red Off
Time
® Area mode
[Green&
Instantaneous flow rate Red/
[Green] | [Red] | 3state] | [Off]
/\/\ of | Red | Red | off
P1-H
/ \ Green Off Green Off
P1-L
/ \ Off Red Red Off
Time

The status indicator is not affected by the output logic N.O./N.C.
When ch.1 is in shot mode, only "Green & Red" or "Off" (always off) can be
selected. For the behavior when "Green & Red" is selected, see Shot mode

on page 10.
When ch.1 is in the pulse output mode or integrated flow rate mode, the

indicator behaves in conjunction with the zero cut flow rate and not with the
P1(P1-H/P1-L) value of ch.1.

When ch.2 is in the bubble detection mode or error + bubble detection mode,
the status indicator turns on red while the bubble detection output is ON.
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B Predictive Maintenance Indicator (PMI) (3State)

If "3State" is selected and any of the following conditions are fulfilled, the large status
indicator can be used as a PMI.

1) Both ch.1 and ch.2 are in the "Instantaneous flow rate mode"

2) Both ch.1 and ch.2 are in the "Area mode"

When both ch.1 and ch.2 are in the
"Instantaneous flow rate mode" OK(Green lighting)

P1(P2

) Predictive

Maintenanc Y

(Green ‘-

blinking), b
P2(P1)

/ower limit error . \
(Red lighting)

If the flow rate value exceeds both P1 and P2, the status is green. If it is
between P1 and P2, green blinking. If it falls below both P1 and P2, red.

l Reference

When both ch.1 and ch.2 are
in the "Area mode",
configure the sensor so that
the area of ch.1 is within the
area of ch.2.

Upper limit error

(Red lighting) /’\
P2 H(P1-H) e Vantonance o
(Green blinking)
P1-H(P2-H) {5
(Green hghlmg/ O \
L

)
e
P1-L(P2-L) Predictive ot
wéamlen&ncke .l

PoL(PI-L) (Green biinking
Lower limit error ‘

(Red lighting)

The indicator turns on green if the flow rate is within the areas of both ch.1
and ch.2, blinks green if it is only within the area of ch.2, or turns on red if it is
not within either areas.

Reference ;

Comment 10  Screen brightness

This determines the illumination level of the screen when buttons are not pressed for a
certain period of time.

Item
100%

Description
The OLED display brightness is always 100%.

The OLED display brightness is reduced to 30% after a certain period of
time.

30% (Default)

H Correction of values [Pro Settings]
Detected value can be corrected by entering the size of the pipe and the characteristic of

the fluid being detected.
® Size of the pipe

The FD-X series calculates the flow rate based on the following internal parameters
depending on the "Selecting nominal outer diameter of pipe" setting.

FD-XS1 FD-XS8 FD-XS20
Nominal outer Tnheigls(' Nominal outer Tnheiglg- Nominal outer Tnhei(s:'s(-
diameter of pipe (mm) diameter of pipe (mm) diameter of pipe (mm)
®3 0.75 |96 @10 1.00
o4 1.00 |98 1.00 |12 1.50
1/8"(3.18mm) 0.80 [1/4"(6.35mm) 3/8"(9.53mm) 1.60
1/2"(12.7mm) 1.60
6A(10.5mm) 2.00
8A(13.8mm) 2.30

If the outer diameter or thickness of the pipe that is actually used differ from above, the
flow rate can be corrected by entering the actual values (Outer Diameter / Thickness).

® Characteristics of the fluid being detected
The FD-X series calculates the flow rate assuming that the fluid being detected is water.
If the fluid being detected is not water and you know the propagation velocity of
ultrasonic waves and kinematic viscosity, the detection accuracy can be improved by

entering these values.

Sound Speed: Enter the velocity of ultrasonic waves in the fluid being detected.

Typical data is as follows:

Velocity of Velocity of
Fluid ultrasonic waves Fluid ultrasonic waves
(m/s) (m/s)
Water soluble
Of
Water (25°C) 1497 coolant 1490
Lithium grease 1400 Qily coolant 1250

Viscosity Value: Enter the kinematic viscosity of the fluid being detected.

Comment 14 Calibration target value

Display Off

« Brightness of the OLED display decreases when using the FD-X Series for a long period
of time.

« Setting [100%)] leads to the speed-up of the decrease in the OLED display brightness.

« When [Display Off] is selected, only the 7-segment display shows the following.

N

*Pressing a button restores the previous display state.

The OLED display turns off after a certain period of time.

Comment 11 Password

When set to [On], you can set a PIN code for releasing the "7-2. Key Lock" (page 14).
Acceptable range is "0 - 9999".

Comment 12  Selecting nominal outer diameter of pipe

The FD-X series internally stores the parameters corresponding to the following outer
diameters of pipes, and calculates the flow rate based on the selected nominal outer
diameter of pipe.

FD-XS1 FD-XS8 FD-XS20
3 6 $10
o4 8 $12

1/8"(3.18mm) 1/4"(6.35mm) 3/8"(9.53mm)
1/2"(12.7mm)
6A(10.5mm)

8A(13.8mm)

Comment 13  Flow Rate Tuning

This feature can be used to correct the instantaneous flow rate if you want to increase the

accuracy of detecting the flow rate.

« If you know the actual instantaneous flow rate, then correction using Span Adjust is most
effective.

« If you know the information on the fluid and pipe, then correction using Pro Settings is
effective.

Reference ;

If you know the actual shot amount using an electronic scale or other
methods, you can enter the measured value in "7-4. Target calibration" (page
14), to automatically adjust the span.

B Flow rate span adjustment [Adjust Span]
You can adjust the span from 0.100 to 10.000 times of the internal detected value.

Flow rate
When the span is set to 1.500

15mL/min 5

10mL/min

Default
(1.000)

Internal detection value

FD-X_IM_E
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When calibrating the sensor, you can determine the + percentage which automatically sets

the range for upper/lower limits.

1. Upper/lower limits when the full auto calibration is performed when the detection mode
is set to area mode

2. Upper/lower limits when the full auto calibration is performed when the detection mode
is set to shot mode

3. Upper/lower limits when the multi-shot calibration is performed when the detection
mode is set to shot mode

Comment 15 Subtracting the integrated flow/shot amount

You can configure if the
integrated flow and shot
amount should be subtracted
from when the instantaneous
flow rate is below OmL/min

Instantaneous flow rate

(reverse flow). Default is Off o4 IZem_w‘ range — Time
(not subtracted).
Integrated
flow rate/
shot amount
At ion Off

At subtraction On

Time

The value is also subtracted based on the reverse flow rate when the reverse
flow error occurs and the feature is set to On (subtracted).

l Reference

Comment 16 Bubble cancellation feature

Set a period of time to hold the last display status and output status when the FD-X series
fails to receive the ultrasonic signal. This is useful when bubbles make detection unstable.

The level of the detectable bubble canbe  |nstantaneous flow rate . .
selected from High (most sensitive), Mid, H Actual flow rate
and Low (less sensitive). Hold time /i/

|

—

Time

Unstable
dueto bubbles>< Stable

Detection

status Stable

Reference ) *©  The instantaneous flow rate, control output, internal determination value, and
analog output value right before the hold period is kept while in hold. Shot
amount and integrated flow is not incremented during the hold.

*  When the state recovers from instability due to bubbles before reaching the
hold period duration, the hold is released and reverts to the normal state.

The size of the bubbles that can be canceled depends on the piping,
fluid, and flow speed. Please test and validate the actual detectable
bubble level in the field.

\, Point




Comment 17 Connected sensor head illumination

While "Connected sensor head illumination" is turned on, the status indicator for the sensor
head connected to the controller blinks green. This is useful to determine the sensor head
being configured when you are using multiple sensor heads.

Comment 18 Checking settings

You can check the current flow unit, NPN/PNP selection, and pipe material settings. These
settings cannot be changed in this section.

Comment 19 Diagnosis value

When the displayed diagnosis value is not stable, the detecting condition may be unstable.

Comment 20 Simulation function

You can check the sensor output or indicator function by entering any instantaneous flow
rate or shot amount to simulate a fluid flow with that value. This is useful for checking the
wiring and functionality before actual flow begins.

® Items that change based on the simulation flow rate
1. Output decision of output 1 and 2 2. Output indicators on the controller

3. Analog output value 4. Pulse output
5. Sensor head status indicator
Reference ] *  This feature does not affect the integrated flow rate or the recording data in

the full-time recording feature.
« External input is disabled in the simulation mode.

B Simulation screen for B Simulation screen for
shot amount instantaneous flow rate

Press @or@to specify

the desired value on the
blinking upper line.

Simulation Flow

EEJ settings for accurate detection of the shot amount

The settings explained below are recommended to detect the shot amount more accurately.

(1) Perform the origin adjustment (page 14).
Correct the origin after installing the unit on a pipe.

(2) Configure functions.

Use the shot mode that can set a threshold for each amount and make OK/NG judgment.
With the zero shift input through an external input, an origin's shift over time can be
corrected.

Setting items Setting values ::,::‘iggs gsm&iﬁ‘f
ch.1 detection mode Shot mode Page 7 Comment 1
Selecting input 1 function Discharge sampling input | Page 7 Comment 3
Selecting input 2 function Zero shift input Page 7 Comment 3
Response time 50ms Page 7 Comment 4
pepsen [lowrtevsbet Joges | commants
Zero cut flow rate Around OmL/min*2 Page 8 Comment 8
Subtracting discharge rate [ On Page 9 Comment 15

*1 Comment numbers corresponds to those of "6-1 Explanation of Functions".
*2 When the zero cut flow rate is set to zero completely, it is recommended to set it to a

constant rate such as 3 mL / min because slight variation factor leads to discharge error.

(3) Perform the target calibration (page 14).
The span is optimized based on the value of the shot amount.
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7 Useful Functions

Origin Adjustment

This function sets the instantaneous flow rate at the time of performing the origin adjustment
as "zero". Perform the origin adjustment after completing the installation and initial settings.

Perform this function when the pipe is filled with fluid and the fluid is
not moving.

\, Point

Normal screen (Instantaneous flow rate)

VOIS Press and hold
No

} To the normal screen

Reset
} -: —} To the normal screen
esetting . . .

Restores the origin to
the factory default state.

YL} -: —} To the normal screen
Orig. Adjusting

The origin adjustment takes
approx. 10 seconds to complete.

Perform origin adjustment
Origin Adjust?
o MODE

'
v’

*No Does not execute
* Reset Cancel origin adjustment
*Yes

Perform origin adjustment

If the FD-X series fails to adjust the origin, it shows "Error" and goes back to
the normal screen.

&R Key lock

This function prevents operation mistakes by locking/disabling key operations.

This is effective when you do not want the settings to be easily changed.

If you want to require a password for releasing the key lock, turn on the password in the
advanced settings as described in "A.8 Password".

B Locking/unlocking keys B Locking/unlocking keys with PIN

(Turn on the "password" in the advanced settings)

Normal screen

@ MODE
l 0
Press and hold
Press @
n to select

YA Press @ @

to move the digit
MODE

(O Press shortly

Normal screen

@ +MEI]DE

Press and hold

Input Password
0000

Keys Locked

Keys
* Locked/Unlocked

To the normal screen

Keys Locked

Keys
* Locked/Unlocked

To the normal screen

If an incorrect PIN is entered, the FD-X series shows the "Password Error"
message and goes back to the normal screen with keys locked.

Condition Monitoring Function

This is a feature to register the instantaneous flow rate at the time of performing the
condition monitoring function as 100%, and to display the value relative to the base flow
rate. It is effective when you want to check the degree of change relative to the base flow
value.

\, Point « Perform the Condition monitoring function when the fluid is flowing
at a nominal rate that you would like to have represented as 100%.

* The setting is linked to the instantaneous flow rate setting for ch.1.

Normal screen

MODE
+ (] Pressand hold
No

> To the normal screen

Perform condition monitoring
Condition Mont?

- >

Reset»
setting . . .

N To the normal screen
0 +f MODE

% indication will be reset.

Yo
L} -: To the normal screen
Referencing . . .

The base flow rate will be
registered after approx. 6
seconds and shown in %.

*No  Does not execute
* Reset Cancel condition monitoring
* Yes  Perform condition monitoring

The Condition monitoring function is effective only for the instantaneous flow
rate value and its threshold.

When performed at a low flow rate, the display may become unstable.

If the FD-X series fails to register the base flow rate, it shows "Error" and
goes back to the normal screen.

FD-X_IM_E
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Target calibration (for the shot mode)

This feature is used to adjust the flow rate detected by the sensor to a measured value to
optimize the internal span when the actual shot rate is known.

It is possible to optimize the span value based on the measured value even when the
ultrasonic sound speed in fluid or outer diameter and thickness of the pipe are not known.

(Nl Seiee (st sty Press and hold to measure a shot and check the measured value.

SET  MODE The sampling period ranges from the start of press-and-hold until completion.
]

Press and hold

SHOT
[ SAMPLING

Release the button

'/~ Ex)
—— Value of electronic
o balance: 21.3

: To the normal screen

O Yes Known Value Calib Finished

«No Does not execute —} W} —} To the normal screen

* Yes Executes the function @) |
Press@, @to enter the / N

measured value of the shot amount.
("21.3"is entered on the
above example.)

No

Span adjustment is made
based on the input value.

+ If the FD-X series fails to calibrate the target, it shows "Error" and goes back
to the normal screen.

+ During the target calibration, "A17. Span adjustment" (page 8) and "A5. Zero
cut flow rate" (page 8) are automatically adjusted based on the detected
value and measured value entered.

«  When "Pro Settings" is selected for "A11. Correcting the flow rate value"
(page 8), the target calibration will be failed (Error).

*  While "manual determination” is activated for the shot mode, the target is set
to the flow rate detected in the following condition: pressing and holding the
SET and MODE buttons simultaneously, and the shot sampling input is on.

- Multi-shot calibration (for the shot mode)

In this mode, the system determines pass/fail for the total shot amount in a cycle if there are

multiple shots in one cycle.

< ltis effective when you want to check the degree of change relative to the base flow value.

« After tuning, accumulates the discharge amount until the "discharge time" elapses after
the instantaneous flow rate exceeds the zero cut flow rate, and judges the output.

Normal screen (shot amount) Instantaneous flow rate

SET
O Press briefly (tap)
Zero-cut T
Discharge takes place me
. Shot amount:
more than once during The set
_and-| HS2H b4 - -5 - = value will
press-and-hold. S$1-H(S2-H) s
The time from the start to stus2f 4L 25% for the
SET end of discharge by dlscharge
Press pressing and holding is
and hold, he disch
the discharge time. Time
start of the shot
Calibration started| (The flow rate | Galibration ended
e " be th: -cut
Release the (s gihg:igrc:;«cr ﬂjfv"gfj,m"'e 'an zero-cult | (Release the SET button)
button + press-and-hold)
"Discharge time"
sl
FAH_ o
mL L, 2 ,41

The upper/lower limit setting values are subtracted to
+ 25% for the discharge amount during discharge time.
* A ratio of +25% can be changed in

“5-2 B1. Tuning target value” (page 9)

The screen after the multi shot calibration

The bar at the top shows the "discharge time".

The bar progresses from the start to end of the
discharge time, and the output is determined at 100%.

\, Point

+ If the FD-X series fails the multi-shot calibration, it shows "Error" and goes
back to the normal screen.

« If shot sampling input is selected in the external input function, the multi-shot
calibration is not possible.

« To release the multi-shot calibration, perform the full auto calibration or
initialization.

* The valid discharge time for the multi-shot calibration is up to 99 seconds.

EER nitializing

This restores the settings to factory defaults.

Normal screen

SET . MODE
O x 5 times while () pressed and held

Initialization
[Initialize? | No §
No oo P To the normal screen
Ve
+ No Does not execute Yes_} To the initial setting screen

* Yes Executes initialization (3 Initial setting)

ﬂm The recording data is not initialized.



8 Full-time recording

The FD-X series continuously records the data for previous "instantaneous flow rates", "shot

amounts", "events" and "Accumulated flow". It is useful to check whether the discharge amount is

changing with time, or to analyze what happened when troubles such as flow abnormality occurred.

Sy Data to be recorded
B Shot mode not set
. Recording | Amount of data to
Type Meaning intervals be stored
Max./min. Maximum (P: peak) and minimum
instantaneous | (B: bottom) instantaneous flow rates | variable
flow rate during a certain period of time. (1 min/5 Approx. 4000 records
. (Approx. two weeks
Integrated min : . '
Integrated flow rate from power on. with 5-minutes
flow amount (default)/10 interval)
E Events that occurred during a min/60 min)
vent . N .
certain period of time.
B Shot mode set
. Recording | Amount of data to
Type Meaning intervals be stored
Max./min. Maximum (P: peak) and minimum
instantaneous | (B: bottom) instantaneous flow rates |\/ariable Approx. 4000 records
flow rate during a certain period of time. (10 shots/ | (Approx. one week
Integrated Integrated flow amount from power |50 shots with 50-shots interval,
flow amount  |on. (default)/ shot cycle of 3
E Events that occurred during a 100 shots) | seconds)
vent . . .
certain period of time.
Shot amount of Shot amount of each individual shot Saved per Approx. 21500 shots
S (each cycle during the multi-shot P (18h with the shot
each individual L shot
calibration) cycle of 3 seconds)

* Recording intervals can be changed through the settings. See "F5.
Recording frequency" in "8-3. Full-time recording advanced settings".
« Below are displayed in the "Event" screen.

Event OLED display Event OLED display
No event NO EVENT Reverse flow error REVERSE FLOW
EEPROM error EEPROM ERROR | Cannot detect STABILITY 0
Over current error OVER CURRENT STABILITY 1
Head error HEAD ERROR . " STABILITY 2
Outputt ON 1 OUTPUTI ON Change in stability  'saE Ty 3
Output1 OFF " OUTPUT1 OFF STABILITY 4
Output2 ON ! OUTPUT2 ON Bubble detected > | BUBBLE ALERT
Output2 OFF ! OUTPUT2 OFF

*1 Not recorded in pulse-output modef/integrated flow mode/shot mode.
*2 Displayed when a bubble is detected regardless of the detection mode setting.

m Screen for checked the recorded data

Current value on the normal screen

MODE
P @(or @) + [ pressand hold N

Full-time recording screen

FEYENCE ¢
[ ]

> e (¢
0

Press @to move to the next data

Press @and @ to switch the display  Press @to return to the previous data

Elapsed time since power-on is shown at the top right corner.
Example: When the recording frequency is 5 min., "000:25" means "the time period
of greater than equal to 25 minutes and below 30 minutes after power on".

Maximum/minimum

instantaneous flow rate Event

GDEVENT 000:308
OUTPUT1 OFF

Integrated flow
CADTOTAL 000:302
1) v

(unit

QDEVENT 000:25 s

NO EVENT

Number of shots since power-on is shown at the top right corner.
Example: When the recording frequency is 50 shots, "251-" means "period of greater
than or equal to 251 shots and below 301 shots after power on".
Maximum/minimum
instantaneous flow rate
ADHOLD 301-8

Event
QDEVENT  301-§

REVERSE FLOW

Individual shot rate
)
DALL 300 §

3.0

[
29 0

Integrated flow
aDTOTAL  301-8
(unit v

[
abDT TAl 251-8

[-7.\N N

QADEVENT

NO EVENT

¢

Recorded data may thin out when the shot interval is under 3 seconds
in shot mode (this does not affect normal output determination
operation).

\, Point
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EEJ Full-time recording advanced setting
« Underlined items are default values.

MODE
Press @ or () tomove to the next menu screen.

Press @ to return to the previous menu screen.

Press @ or to select a parameter.

MODE )
Press and hold () to complete settings.

Full-time recording screen

MODE
l O Press and hold

F1. Send data F5. Recording frequency ~ F6. Stop recording

Transmission No Recording Freq Stop Recording Settings
hﬂd ' ' ' ' completed
(End Config)

*No  Notsend Condition Setting range: | *Off Does not stop
-Yes Send Shot mode is | 1 min/5 min/ -On Stops recording
not set 10 min/60 min
Shot mode is |10 shot/50 shot/
set 100 shot
Skipped when the shot mode is not set
Yes

F2. Communication

baud rate F3. Selecting data to send
Baud Rate Select ShotData
A _.> . -

921.6 kbps 9 Blo =
+921.6 kbps Block Maximum/minimum shot
+460.8 kbps amount/integrated flow
+115.2 kbps amount/events between
- 38.4 kbps multiple shots
+9.6 kbps « Individual Per shot data

F4. Amount of data to send
(sending the specified data from the latest one)

_} - >
2000 a Sending Data . . .

v

Setting range (100 shots):
For Block: 100 to 4100

For Individual: 100 to 21800
(Default value: 2000)

The recording data will be
sent to a connected device.

I This setting is intended to send recording data to an external device. Such |
I preparations as connecting a USB cable to a PC and checking the communication |
settings on the PC are required. See Chapter 9 for details. |

I
b a

EEJ Deleting the recorded data

It is possible to delete all the recorded data stored in the FD-X series.
It is useful to initialize the recorded data.
Full-time recording screen

SET . . MODE,
O x 5 times while (] is pressed-and-held

Deleting data
Delete Record? No } To the full-time
0 <4 MoDE recording screen

* No Does not delete
* Yes Deletes data

To the full-time
recording screen

Yo Y " m—
Deleting . . .

Data is deleted.

FD-X_IM_E



9 USB Communication (Recorded Data Output)

The FD-X series can transmit the data accumulated by the full-time recording feature in
Chapter 8 to external devices such as a PC via USB communication. This is useful when
you want to check the data from a long period of time or to generate a chart using a

spreadsheet software.

m Communication specifications

Item

Specifications

Communication method

Full-duplex

Synchronization

Start-stop synchronization

® Supported OS
*  Windows10/8/7/Vista/Server 2003/XP/2000

Connect a USB cable
(mini-B) to the back of
the controller.

Transmission code ASCII
Communication speed Selectable %
Data bit length 8 bit
; Reference ./ *  You can use either OP-51580 (USB cable 2 m) or OP-86941 (USB cable
Parity check Even l- 5m).
Stop bit length 1 bit

Data delimiter Fixed to CR+LF

m Preparation

B Downloading the dedicated USB driver
You can download the USB driver from KEYENCE's home page.

www.keyence.com/global.jsp

If you are using the system in an environment where you cannot download the software via
the internet, please contact your local KEYENCE office.

H Installing the USB driver
Run "dpinst_64.exe" (64bit) or "dpinst_86.exe" (32bit) in the downloaded file.

Then, follow the instruction in the installation program.
When you successfully complete the installation, the following software is installed.

« USB driver <KEYENCE CORPORATION USB-COM [FD Series]>

m Transmission data format

When you run "F1. Data transmission” in "8-3. Full-time recording advanced setting" (P.15), the FD-X series automatically sends the data based on the ASCII code.
Each data is delimited by a comma (,).

Reference o °
l- « The transmitted data consists of the header section and subsequent data sections.
« The header section and each data section is followed by a carriage return (CR+LF).
« The instantaneous flow rate/shot amount data is sent according to the current resolution setting.

H Basic format
The format falls in to two patterns depending on the detection mode and the transmitted data.

Detection mode Transmitted data Format pattern
Block” A
Shot mode - -
Individual | B |
Others -

*Can be selected at "F3. Selecting transmission data" (P.15).

Column 1st column 2nd column 3rd column 4th column 5th column 6th column 7th column 8th column 9th column 10th column | 11th column
Meaning Data type”! nErI: erg:isrnglts Peak value | Bottom value rate*zﬂow EEPROM error Ove;rr;:;rent Head error | Cannot detect Revzﬁgrﬂow Output1 ON
o OPERATION TOTAL
Header section TYPE, TIME/COUNT, PEAK, BOTTOM, (unit*), ERE, ERC, ERH, STAB_0, REV, CH1_ON,
F, 0:10, 125, 123, 2013, 1 0 0, 0, 0. 0.
F, 0:5, 122, 120, 1698, 0 1 0, 0, 0. 0.
Example of the F, 0:0, 102, 98, 1602, 0 0 1, 0, 0 0
data section S, 101, 125, 122, 1203, 0 0 0, 1, 0 0
S, 51, 131, 12.5, 803, 0 0 0, 0, 1 1
S, 1, 13.8, 13.0, 392, 0 0 0, 0, 0. 0.
12th column | 13th column | 14th column | 15th column | 16th column | 17th column | 18th column | 19th column | 20th column | 21st column | 22nd column | 23rd column
Output! OFF | Output2 ON | Output2 OFF Change in stability D (Not used) Checksum | Line break
CH1_OFF, CH2_ON, CH2_OFF, STAB_1, STAB_2, STAB_3, STAB_4, BUBBLE, RESERVED, RESERVED, CHECKSUM [CR+LF]
R 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 225 [CR+LF]
14 0, 0, 0, 1, 0, 0 0, 0, 0, 0, 156 [CR+LF]
0, 0, 0, 0, 1, 1, 0, 1, 0, 0, 15 [CR+LF]
1, 0, 1, 0, 0, 0, 0, 1, 0, 0, 21 [CR+LF]
0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 92 [CR+LF]
0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 151 [CR+LF]

*1 When the data type is F, the 2nd column shows the elapsed time after power on, and the 3rd and 4th columns show the peak/bottom values of the instantaneous flow rate. When the data type is S, the 2nd column shows
the shot count after power on, and 3rd and 4th columns show the peak/bottom values of the shot amounts.

*2 The ™" for "TOTAL (unit *)" indicates the integrated flow rate unit at data transmission. Example: When the integrated flow rate unit is 0.1mL and the integrated flow rate is 12mL, the header section will be "TOTAL (unit
0.1)" and the data section will be "120".

B Column 1st column 2nd column 3rd column 4th column Reference About the checksum
Meani Number of | g Check Line break « The value of the checksum is calculated by adding each data except the delimiter
— shots ot amount ecksum ine bred (comma) and checksum of each data, and dividing it by 256 to obtain the remainder.

Header section| SHOT_NUM, | SHOT_RATE, | CHECKSUM [CR+LF] « Data type F is calculated as 1, and data type S is calculated as 2.
4, 12.5, 129 [CR+LF] *  When the data section is 12:34, it is calculated as 12+34=46.

Example of the 3, 8.7, 90 [CR+LF] « The flow rate is calculated without considering the decimal point.

data section 2, 130, 132 [CR+LF] Example: Data 12.3 -> Calculated checksum value 123

1, 107, 108 [CR+LF] » Eventis added for every 1.

Example: When only STABILITY 0 and BUBBLE ALERT occur, the checksum
calculated value is 1+1=2.
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10 Troubleshooting

Solution

Press the MODE button to switch
the display, and verify that you are
not in the integrated flow display
mode or in the shot display mode.

Problem Cause

Troubleshooting

You are in the integrated flow
display mode or on the shot
display screen

Problem Cause Solution

Verify that the sensor head is

connected. « Check if the wiring arrangement
: There is a breakage in the « Check the sensor cable for . f is correct.
;gggyEégor s sensor cable or the sensor damage. }/XE;?OL;SE%t#:weﬁ?;n;;rlgput « If the input wire and output wire

head is disconnected

Check the connection of the
sensor cable to the connector.

are in contact, separate them.

input (Zero Input) is selected, '
input (Zero Input) is selecte « If the flow rate zero input (Zero

and the external input is ON.

Cycle the power.

Over Current is
displayed

There is an overcurrent on

control output 1 or 2

Check if the output wires are
connected correctly and are not in
contact with other wires.

Check if the load is within the

Instantaneous flow
rate does not
change from zero

Input) has been set accidentally,
select a different option.

No flow.

Check valves for open and close
conditions, and also check the pipe
and filter for clog.

rated range for the outputs. The fluid is actually flowing,

however, with a flow rate value
less than the zero cut flow
rate.

Perform initialization.

The memory has reached its |+ In addition, clear the full-time
end of life, or the sensor is recording log data.
malfunctioning. If the problem is not resolved,
contact local KEYENCE office.

Adjust the zero cut flow rate.

EEPROM Error is
displayed

If there is a slight reverse flow, the
FD-X series shows 0 instead of rEv
(7SEQG). Set the zero cut flow rate to
OFF and check the behavior.

Flow direction is not correct

Fluid is flowing in the reverse
direction as the configured Set the flow direction according to
flow direction, or convection is | the correct fluid flow direction.

Installation is not correct Vertfy that the sensor head was

. g?;,pﬁ?&je) is occurring correctly attached.

« Negative Perform the origin adjustment when « Adj
incbntancous | Origin has significantly shifted | the pipe is filed with fluid and the _ _ :‘gég?&f;‘g Jow ratespan e
flow rate is fluid is not moving. The diameter or thickness of value. Or perform the target
displayed the pipe selected in the calibration.

The instantaneous flow rate is | Use the FD-X series within the
significantly exceeding the range where correct values can be
rated flow rate shown

settings does not match with

the actual pipe « If you do not know the actual flow

rate, set the correct diameter and
thickness of the pipe.

Hz)wziisngff;a&%,: The displayable range was
is displayed’ atthe exceeded in the integrated

« Perform the integrated flow reset.
« Change the integrated flow unit to
a more appropriate setting, or use

Perform the origin adjustment again

The origin adjustment has not |\ hon the pipe is filled with fluid and

The value is been correctly performed.

top row.

flow display

an external counter.

A moving - (bar) is
displayed

Display brightness is set to

[Display Off]

Set the brightness of the screen to
[30%]

significantly
different from the
measured flow rate
or actual flow rate

the fluid is still.

Adjust the flow rate span
according to the actual flow rate
value. Or perform the target

values The characteristic of the fluid
Release the keylock to change largely differs from that of
settings. water.

If you forgot the keylock PIN,
contact local KEYENCE office.

calibration.

« If you do not know the actual flow
rate, enter the velocity of
ultrasonic waves and kinematic
viscosity.

Keys Locked is

shown Keylock function is active.

Press MODE-+right (or left) or cycle
the power to go back to the current

"rEC" is shown on | You are on the full-time

Move the sensor to a different

the top row recording screen . ¥
value display screen. The flow velocity distribution is . fg]it's?rtlhe flow rate span
- is shown * Verify that the clamp was ot uniform due {0 laminar according to the actual flow rate

flow or drift etc.

correctly attached.

Verify that the screws are not
unevenly tightened or are not
loose. The origin adjustment has not
Install the sensor so that the been correctly performed.
display is perpendicular to the
ground, not parallel.

Remove the sensor head and
clamp from the pipe, and attach
them at different location.

. If there is rust or dirt on the

The sensor head is not surface of the pipe, shift the
correctly attached to the sensor head position.

clamp « If there is a seam on the contact

value. Or perform the target
calibration.

Perform the origin adjustment again
when the pipe is filled with fluid and
the fluid is still.

« Instantaneous
flow rate is
displayed even
when there is no
fluid flow

Shot amount or
integrated flow
amount counts
up even when

« Install the sensor so that the pipe
is filled with fluid.

The pipe is not filled with fluid. |« Install the sensor so that the

display is perpendicular to the

ground, not parallel.

Clamp is not correctly
attached

+ Occasionally "0"

Set the response time to a longer
L/min(G/min) is

value.

i * The pipe is not filled with surface of the sensor head or the there is no fluid | The zero cut flow rate is set to |
. $$g|2¥i%'e fluid. back of the pipe, shift the sensor flow a small value Increase the zero cut flow rate.
stability * The detection signal is head position. . |Set the d||sp|ay averaging to a
indicators turn on |  unstable. + If bubbles or foreign matters are onger value.
+ One stability « The special rubber attached expected inside the pipe, change « Check the power capacity.

to the clamp has deformed
The sensor is affected by
pulsation or bubbles.

the installation location, or
remove them through high-
pressure washing.

If the special rubber has
deformed, contact local
KEYENCE office.

Increase the response time.
Set the hold time to a longer
value.

If the problem persist, then the fluid The target
or the pipe may be causing
detection issues, or the flow sensor
may be damaged.

indicator blinks. « Check the wiring for crossed

wires or loose connections.
Check the sensor cable for
breakage.

The display turns

* The power is not turned ON.
on and off.

« The cable is damaged.

An error occurs during the target calibration in the following cases.
Resolve the cause of the error then perform the calibration again.
When any of the following errors occur during sampling: Head

€ lar Error/---/Bubble Alert*/rEv (*only for the bubble detection mode)
calibration cannot |+ When the sampling result is any of the following: 0, a minus figure
be executed and or over the limit of the display

"Error" is displayed. |+ When the entered value is outside the input possible range for the
span adjustment value or zero cut flow rate value

[Pro Settings] is selected in the Correcting the flow rate value
(page 8)

« Install the sensor so that the
display is perpendicular to the

The sensor is affected by ground, not parallel.

pulsation or bubbles. Increase the response time.

Cavitation is occurring due |+ Set the hold time to a longer

to pressure changes. value.

The pipe is not filled with
fluid.

Output Status during Errors

Increase the response time.
Install the FD-X series on a
straight part of the pipe if possible Display
Avoid installing just after a bore
conversion section or a bulb.

Controller output

Flow rate distribution is
uneven over time

Control output’ Analog output Recorded data

head status
indicator

Instantaneous flow

] Head When set to 4-20mA: 3.5mA | Recorded as .
rate is unstable The FD-X series is affected by . Error OFF When set to 0-20mA: OmA | zero flow rate Blinks red
a noise « Increase the response time.
N Over OFF Normal operation Norma_l Blinks red
« Increase the response time. Current operation

The FD-X series is affected by |+ Implement an anti-vibration

a vibration measure such as supporting the EEPROM | Normal Normal operation Does not work | Blinks red
pipe. Error operation
The pipe material attached a [+ Make sure that the pipe material Ev OFF When setto 4-20mA: 3.5mA | Recorded as | Normal

When set to 0-20mA: OmA | zero flow rate | operation

Operates as if the | When set to 4-20mA: 3.5mA |Recorded as | Operates as if the
flow rate is zero. | When set to 0-20mA: OmA | zero flow rate | flow rate is zero.

sensor head does not match attached a sensor head matches
the pipe material selection the pipe material selection
setting setting.

*

In the error output mode, an output is generated for errors other than Over Current
(when the output logic is N.O.).
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11 Specifications

EEEd sensor head specifications

Sensor head model FD-XS1 FD-XS8 | FD-XS20
Supported pipe materials Metal pipe, Plastic pipe (Soft/Hard)"
Supported fluids Liquids (water, oil, adhesive, grease, chemical solution etc.)"

Supported fluid temperature

(Pipe surface temperature) 0°C (no freeze on the pipe surface) to 100°C

Clamp set model FD-XC1R1 FD-XC1R2 | FD-XC8R1 | FD-XC8R2 FD-XC8R3 FD-XC20R1 FD-XC20R2 FD-XC20R3 FD-XC20R4
Llastic ) ’ 178" 14 378" Ny
pipe Outer diameter of pipe $3 (3.18 mm) b4 $6 (6.35mm) $8 (9.53mm) 610 612 1/2”(12.7mm)
Attachable range $271t03.7 9351045 | $551065 | $5.910 6.9 $7.5t085 $9.0 to 10.0 $9.51t0 10.5 $1151t0 125 $12.2t0 13.2
ji‘;':,':;’:fd Clamp set model FD-XC1M FD-XC8M FD-XC20M1 FD-XC20M2
N , 1/8” 1/4” 3/8” 12"
Metal pipe |Quter diameter of pipe $3 (3.18 mm) b4 $6 (6.35mm) $8 (9.53mm) $10 $10.5 612 (12.7mm) $13.8
A designation - - - - - - - - B6A - - 8A
Attachable range $2.8t05.5 $5.5t0 8.3 $8.31t010.8 $10.8 to 14
Rated flow rate 0 to 1000 mL/min 0 to 3000 mL/min | 0 to 8000 mL/min 0 to 15.00 L/min 0 to 20.00 L/min
Zero cut flow rate™ (variable, default) 20 mL/min 40 mL/min 0.10 L/min
Display resoluti Instantaneous flow rate 0.1/1/10 mL/min 0.001/0.01/0.1 L/min
(Displayed on controller) - ['Shot amount 0.001/0.01/0.1/1 mL 0.001/0.01/0.1 L
F.S. 0.6% £0.1%
Platic. | time: soms'* | nstartaneous 6 mL/min £3 mL/min +8 mL/min 15 mL/min 20 mL/min
Repeat- time: 500ms | flow rate +1.9 mL/min +1.0 mL/min +2.6 mL/min +4.7 mL/min +6.3 mL/min
ability™ F.S. +1% +0.3% +0.15%
Metal pipe | time: 50ms™* | Instantaneous +10 mL/min +9 mL/min +12 mU/min +23 mL/min +30 mL/min
Response Instantaneous : ; : : :
time: 500ms | flow rate +3.2 mL/min 2.9 mL/min +3.8 mL/min 7.2 mL/min 9.5 mL/min
Hysteresis Variable
Integrated unit display
(displayed on controller) 0.1/1/10/100/1000/10000 mL 0.01/0.1/1/10/100 L
Display method Status indicator
Enclosure rating IP65/1P67 (IEC60529), IP68G (JIS C0920) 5
Ambient temperature 0 to 60°C (No freezing) | -10 to 60°C (No freezing)
I‘"'." Ambient idi 35% to 85% RH (No condensation)
Vibration resistance 10 to 55Hz, double amplitude 1.5mm, 2 hours each for X,Y,Z direction
Shock resistance 50G 11ms 3 times each for X,Y,Z direction
Sensor head Head body: PPS/PPSU, in-cable amplifier: PPS, cable: PVC, controller connector: PPS/PBT/POM
Material & q | For plastic pipe Body, fixing screw: PPS, detection surface: special rubber, pipe support rubber: FKM, sensor head fixing screw: SUSXM7
amp sef
D | For metal pipe Metal: SUS304/SUSXM?7, detection surface: special rubber, clamp support rubber: FKM, sensor head fixing screw: SUSXM7

*1 Liquid must allow for the passage of an ultrasonic pulse, as well as not contain large air pockets or excessive bubbles. Measurement may become unstable depending on the type of the pipe.

*2 The zero cut flow rate can be changed in the settings. When using the unit with a low flow rate range, perform an origin adjustment when the fluid is not moving if you change the zero cut flow rate.

*3 This specification is valid when the flow velocity distribution is stable. This value does not take into account the effects of pulsation or fluctuations in flow velocity distribution due to facility factors. Convert the F.S. (full scale) listed
in the table according to the rated flow range.

*4 The longer the response time is set, the more repeatability is improved. As a guideline, use \ (50ms/response time) times.

*5 The connector part of the sensor head cable is IP65 / IP67.

Shot amount repeatability (Typical values)

Sensor head model FD-XS1 FD-XS8 FD-XS20
Clamp set model FDXCARA FD-XC1R2 | FD-XC8R1 | FD-XC8R2 | FD-XC8R3 | FD-XC20R1 FD-XC20R2 FD-XC20R3 FD-XC20R4
S Diameter of pips 3 ‘ (3_11é8mm) o4 6 (6.113gmm) 8 (9.531/3?71m) 10 12 1/2°(12.7mm)
attachment 50ms £0.005mL £0.003mL 0.004mL £0.006mL £0.008mL
Shot time [1s £0.075mL £0.008mL 0.012mL £0.019mL £0.023mL
10s 0.044mL £0.024mL 0.036mL £0.057mL £0.071mL
Clamp set model FD-XCIM FD-XC8M FD-XC20M1 FD-XC20M2
T Dlametogcipipe 3 | (3.11é8mm) | %4 6 | (6.;zl;:nm) | 8 (9.53§?nm) | 10 | (10.65Amm) $12 | (121.;2mm) | (13.%Anﬁm)
attachment 50ms £0.007mL +0.008mL £0.009mL £0.012mL
Shot time [1s £0.021mL 0.025mL £0.027mL £0.036mL
10s 0.063mL 0.075mL £0.083mL £0.112mL

*1  Repeatability of the shot amount is the typical value for water, response time of 50ms, no zero cut setting and after origin adjustment.
*2 Variations due to facility (such as pulsation, valve control, liquid pool, change in flow velocity distribution) are not taken into account in this value.
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Controller specification

Model

FD-XAT | FD-XAZ [ FD-XA5

Type

DIN rail type, main unit [ DIN rail type, expansion unit | Panel mounting type, main unit

Display method

Output indicator, 4-digit 7 segment display, OLED, Stability level display

Display refresh frequency

Instantaneous flow: approx. 5 times/second, Discharge amount/Accumulated flow approx. 30 times/second

Response time

50ms/ 100ms/ 500ms/ 1s/ 2.5s/ 5s/ 10s/ 30s/ 60s (selectable, default: 500ms)

Integration data storage interval

Written to the memory every 10 seconds

Memory back up*1

EEPROM (data storage period: more than 10 years, number of data rewritable times: 1 million times or more)

Detection ch.1

Instantaneous flow rate mode/Area mode/Pulse output (+) mode/Integrated flow mode/Shot mode

mode
(selectable) ch.2

Instantaneous flow rate mode/Area mode/Pulse output (-) mode/Shot mode/Error output mode/Bubble alert mode/Error + bubble alert mode

Output ch.1/2

NPN/PNP setting switch
Open collector output: 30V or lower, main unit: 50mA or Iower/ch.'zlexpansion unit: 20mA or lower/ch., residual voltage: 2V or lower

Input/output Analog output 4-20mA/0-20mA (selectable) load resistance: 5000hm or |ower| - |4-20mA/0-20mA (selectable) load resistance: 5000hm or lower

External input 1/2

Flow rate zero input/shot sampling input/integrated flow reset input/zero shift input (selectable)
Short circuit current: NPN 1mA or lower/PNP 2mA or lower, input time: 20ms or longer

Network support 10-Link’3® | Supports NU series | 10-Link3
"l’gl‘(":g’:“""'y 20 to 30 VDC including 10% ripple (P-P), Class 2
Power source
Current 195mA or lower 185mA or lower 195mA or lower
consumption (including the sensor head, excluding the load current) (including the sensor head, excluding the load current) (including the sensor head, excluding the load current)

Protection circuit

Power supply reverse connection protection, power surge protection, output short circuit protection, output surge protection

Addition of expansion units

Up to 7 per main unit | -

Ambient .
ter;p::‘ature -10 to +50°C (No freezing)
N 1 [Ambient idif 35% to 85% RH (No condensation)
ista —
resistance y;ls’if::::‘f‘l:e 10 - 55Hz, double amplitude 1.5mm, 2 hours each for X,Y,Z direction

Shock resistance

100m/s? (approx. 10G) 16ms pulse, 1000 times each for X,Y,Z direction

Material

Main body case/front sheet: PC
Key top: POM
Cable: PVC

*1 Internal data of full time recording can be read by USB (Ver.2.0) communication.

*2 20mA or lower/ch when adding expansion units.

*3 10-Link: Specification v1.1/COM2(38.4kbps) is supported. If the end of the cable needs to be an M12 connector when supporting 10-Link, connect an M12 conversion connector (OP-88296) to the cable.
*4 Refer to page 2 of the Instruction Manual for the number of connected units to N-bus devices.
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Default Settings/Values List

Item FD-XS1 | FD-XS8 | FD-XS20
a.NPN/PNP Selection NPN
b.Flow Direction Selection Toward the LED from the cable
c.Pipe Material Selection Metal
d.Nominal Outer Diameter of Pipe Selection o4 96 @10
e.Flow Unit Selection mL(L)/min
1.ch.1 detection mode Standard
2.ch.1 output logic N.O.
3.ch.2 detection mode Standard
4.ch.2 output logic N.O.
5.Analog output current 4-20 mA
6.Analog output lower limit 0 0 0.00
7.Analog output upper limit 1000 8000 20.00
8.Input 1 function selection Off
9.Input 2 function selection Off
10.Response time 500 ms
11.Integrated flow unit 1mL 1mL 0.01L
A1.Display resolution (instantaneous) 1 mL/min 1 mL/min 0.01 L/min
A2 .Display resolution (shot amount) 0.01 mL 0.01 mL 0.001 L
A3.Display averaging 10s
A4 Hysteresis 10 20 0.05
A5.Zero cut flow rate 20 40 0.10
A6.Head LED illumination mode Green
A7.Screen brightness 30%
A8.Password Off

A9.Flow direction selection Toward the LED from the cable

WARRANTIES AND DISCLAIMERS

(1) KEYENCE warrants the Products to be free of defects in materials and
workmanship for a period of one (1) year from the date of shipment. If any
models or samples were shown to Buyer, such models or samples were
used merely to illustrate the general type and quality of the Products and
not to represent that the Products would necessarily conform to said
models or samples. Any Products found to be defective must be shipped to
KEYENCE with all shipping costs paid by Buyer or offered to KEYENCE
for inspection and examination. Upon examination by KEYENCE,
KEYENCE, at its sole option, will refund the purchase price of, or repair or
replace at no charge any Products found to be defective. This warranty
does not apply to any defects resulting from any action of Buyer, including
but not limited to improper installation, improper interfacing, improper
repair, unauthorized modification, misapplication and mishandling, such as
exposure to excessive current, heat, coldness, moisture, vibration or
outdoors air. Components which wear are not warranted.

(2) KEYENCE is pleased to offer suggestions on the use of its various
Products. They are only suggestions, and it is Buyer's responsibility to
ascertain the fitness of the Products for Buyer’s intended use. KEYENCE
will not be responsible for any damages that may result from the use of the
Products.

(3) The Products and any samples ("Products/Samples") supplied to Buyer are
not to be used internally in humans, for human transportation, as safety
devices or fail-safe systems, unless their written specifications state
otherwise. Should any Products/Samples be used in such a manner or
misused in any way, KEYENCE assumes no responsibility, and
additionally Buyer will indemnify KEYENCE and hold KEYENCE harmless
from any liability or damage whatsoever arising out of any misuse of the
Products/Samples.

(4) OTHER THAN AS STATED HEREIN, THE PRODUCTS/SAMPLES ARE
PROVIDED WITH NO OTHER WARRANTIES WHATSOEVER. ALL
EXPRESS, IMPLIED, AND STATUTORY WARRANTIES, INCLUDING,
WITHOUT LIMITATION, THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT
OF PROPRIETARY RIGHTS, ARE EXPRESSLY DISCLAIMED.

IN NO EVENT SHALL KEYENCE AND ITS AFFILIATED ENTITIES BE
LIABLE TO ANY PERSON OR ENTITY FOR ANY DIRECT, INDIRECT,
INCIDENTAL, PUNITIVE, SPECIAL OR CONSEQUENTIAL DAMAGES
(INCLUDING, WITHOUT LIMITATION, ANY DAMAGES RESULTING
FROM LOSS OF USE, BUSINESS INTERRUPTION, LOSS OF
INFORMATION, LOSS OR INACCURACY OF DATA, LOSS OF
PROFITS, LOSS OF SAVINGS, THE COST OF PROCUREMENT OF
SUBSTITUTED GOODS, SERVICES OR TECHNOLOGIES, OR FOR
ANY MATTER ARISING OUT OF OR IN CONNECTION WITH THE USE
OR INABILITY TO USE THE PRODUCTS, EVEN IF KEYENCE OR ONE
OF ITS AFFILIATED ENTITIES WAS ADVISED OF A POSSIBLE THIRD
PARTY’S CLAIM FOR DAMAGES OR ANY OTHER CLAIM AGAINST
BUYER. In some jurisdictions, some of the foregoing warranty disclaimers
or damage limitations may not apply.

BUYER'S TRANSFER OBLIGATIONS:
If the Products/Samples purchased by Buyer are to be resold or delivered
to a third party, Buyer must provide such third party with a copy of this
document, all specifications, manuals, catalogs, leaflets and written
information provided to Buyer pertaining to the Products/Samples.

leg.clzligr:mal outer diameter of pipe o4 o6 910
A11.Flow rate tuning Off

A12.Pipe outer diameter input 4.00 mm 6.00 mm 10.00 mm
A13.Pipe thickness input 1.00 mm 1.00 mm 1.00 mm
A14 Liquid type selection Water
A15.Ultrasonic speed input 1497 m/s
A16.Kinematic viscosity input 1.0 cSt

A17.Span adjustment 1.000

B1.Calibration target value +25%

B2.Integrated flow rate subtraction Off

B3.Shot rate subtraction Off

B4.Bubble cancellation setting Default

B5.Bubble cancellation sensitivity Mid

B6.Hold duration 5s

B7.Bubble detection setting Default

B8.Bubble detection sensitivity Mid

B9.0One-shot output time 10s

F1.Data transmission No
F2.Communication baud rate 921.6 kbps
F3.Transmission data selection Block

F4.Data amount selection 2000

F5.Recording frequency 5 min

F6.Stop recording Off

Instantaneous flow rate threshold P1/P1-L 100 800 2.00
Instantaneous flow rate threshold P1-H 400 3200 8.00
Instantaneous flow rate threshold P2/P2-L 200 1600 4.00
Instantaneous flow rate threshold P2-H 300 2400 6.00
Shot threshold S1-L 1.00 3.00 0.015
Shot threshold S1-H 6.00 18.00 0.090
Shot threshold S2-L 2.00 6.00 0.030
Shot threshold S2-H 4.00 12.00 0.060
Threshold of integrated flow 200 600 300
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