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Ultra=slim Photoelectric Sensor Amplifier Built-in

EX-10 series ver.2

__ e | e

(Excluding EX-150/EX-170)| | (Excluding EX-150/EX-170)

by
Recognition
(Excluding some models)

R

PNP output
type available

Amplifier built-in extraordinarily small and slim size

Smallest body, just 3.5 mm 0.138 in thick Flexible mounting

The diffuse reflective type sensor is front sensing and is
so thin that it gives an impression of being just pasted
on the mounting base. The thru-beam type is available
as front sensing type, as well as, side sensing type,
allowing flexible mounting.

Thru-beam Diffuse reflective
« Front sensing type « Side sensing type « Front sensing type

It can be mounted in a very
small space as its size is just
W10 x H14.5 x D3.5 mm
W0.394 x H0.571 x D0.138 in
(thru-beam, front sensing type).

A wide variety of narrow-beam type! Light diffusion is approx. 1/2 of standard type.

Less interference with no slit, Possible to sense a minute object  Long sensing range of 1 m 3.281
narrow-pitch can be set. less than 0.5 mm @0.039 in with ft with narrow beam

The pitch of installation is 1/2 of no slit. Along 1 m 3.281 ft sensing range is
conventional models, so that the The series is applicable to sense a possible with narrow beam.

close-installation is possible. No cost  minute object without any cost.
is necessary to purchase or install
a slit.

EX-110/ EX-11Eo

20.5mm
EX-11So
EX-11So / EX-11SEo

EX-19So
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Ultra-slim Photoelectric Sensor EX=10 SERIES Ver.2

APPLICATIONS

Positioning of PCBs Detecting ICs Detecting PCB rack

EX-19So

BASIC PERFORMANCE

Electric powersaving . . . ... High-speedresponsetime:0.5ms
The EX-10 series @ The sensor is suitable for detecting small and high-
achieves reductions [ speed traveling objects.

in power consumption :

of up to 65 %. These
sensors contribute
to environmental
friendliness.

A maximum 35 % reduction
compared to conventional

sensors
L

EX-110, EX-11Eo, EX-15 and
EX-15E are incorporated
with 1 mm ¢0.039 in

slit masks so that g1 mm
0.039 in, or more, object
can be detected. Hence,
they are suitable for precise
positioning or small parts
detection.

Background suppression EX-140

/// / ! Black object reliably detected
/ i
/

Hardly affected by background
Even a specular background /// |
separated by 100 mm 3.937 11 ///’ //

A sensing range of 1 m
3.281 ft has been realized
with a slim size of just 3.5
mm 0.138 in. It can be used
to detect even wide IC trays.

: The best distance
It can reliably detect dark is approx. 10 mm

color objects since it is 0.394 in from the

convergent reflective type. /‘{;j

. 7 Background
in, or more, is not detected. //
(However, the background !
should be directly opposite.

A spherical or curved //
background may be 3
detected.)
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Ultra-slim Photoelectric Sensor EX=10 SERIES Ver.2

Incorporated an inverter countermeasure circuit

The EX-10 series become  Fluorescent light b

significantly stronger
against inverter light and
other extraneous light.

o

ENVIRONMENTAL RESISTANCE

Waterproof IP67

The sensors features an IP67 rating to allow their use
in process lines where water is used or splashed.
Rust-resistant stainless steel sensor mounting brackets
are available.

Note: If water splashes on the sensor during sensing operation, it may
sense water as an object.

Bending durability

Bending-resistant cable type EX-o-R is available. It is
most suitable for moving parts, such as robot arm, etc.

MOUNTING / SIZE
Mountable with M3 screws

Non-corrosive stainless steel type sensor mounting bracket is also available.

* MS-EX10-1 * MS-EX10-2 * MS-EX10-3
[Cold rolled carbon steel (SPCC)] [Cold rolled carbon steel (SPCC)] [Cold rolled carbon steel (SPCC)]
MS-EX10-11 MS-EX10-12 MS-EX10-13

[Stainless steel (SUS304)]

[Stainless steel (SUS304)]

[Stainless steel (SUS304)]

<mounting bracket for the front) <mounting bracket for the side > (L-shaped mounting bracket)

sensing type sensing type

M3 screws

Note: Sensor mounting brackets can not be used for
the narrow beam type (EX-0So).

Red beam makes beam alignment easy

The red LED beam projected from the emitter helps you
to align the sensor heads.

M3 screws

OTHERS

Compliant with safety standards! (excluding EX-150/ 170 and PNP output type)

Sensor unit complies with Category 1 PLc.

ISO 13849-1: 2015 Safety-related parts of control systems
Part 1: General principles for design

A Category 3 PLd Safety System can be built

By using Category 4 PLe compliant controllers together
with our sensors. Sensor redundancy is required!

m Category 3, PLd construction example

Sensor Controller

'

EX-1 O_I—
%

PM-25/45

SF-C21
* 8F-C21 or Category 4 PLe
compliant controller

« Do not use the two outputs from PM-25/45 series unit for
achieving the redundancy (duplication) of safety circuit.

* For more information, see our website or product flyer.

Less resources used

Based on environmental considerations, simplified packaging is used in order to reduce waste.

Can be retrofit and installed in a very small space as
a safety-standard-compliant photoelectric sensor for
added safety.

Example of use: For detection of opening / closing of door in front of load

port / EFEM robot
Risk factors (sensor malfunction)

e When robot arm is the
source of hazards

The workpiece is not placed at the

specified position.

_QUExtension of robot arm

v
The door opens automatically.
v
The robot arm extends and hits the
operator’s body.

Confirmation of open /
closed condition of automatic door

* Do not use for detection of humans.

* Do not use on a manually opening /
closing door.

» Do not use as a safety door switch.

In addition, the bag is made from polyethylene which produces no toxic gases even when burned.
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Ultra-slim Photoelectric Sensor EX=10 SERIES Ver.2

Il ORDER GUIDE
Model No.(Note 2) Output
Type Appearance Sensing range ; Output
Y grang NPN output | PNP output | ©Peration
EX-11A EX-11A-PN Light-ON
150 mm 5.906 in
EX-11B EX-11B-PN Dark-ON
e, EX-13A  |EX-13A-PN Light-ON
) 196850 EX-13B  |EX-13B-PN | Dark-ON
£ ' S EX-19A  |EX-19A-PN | LightON
(2]
£ szttt EX-19B  |EX-19B-PN | Dark-ON
fr =
éf% 150 mm 5.906 in EX-15  — Switchable
35 either
Ei= Light-ON or
g s 500 mm
& £E N pry e EX-17 Dark-ON
- =7 NPN
o | 2 ) open-
= EX-11EA |EX-11EA-PN Light-ON
ERl= 150 mm 5.906 in 9 fr‘;'r']es‘f;‘t’(:r
g EX-11EB EX-11EB-PN Dark-ON or
£ 500 mm EX-13EA |EX-13EA-PN | Light-ON PNP open-
N 19.685 in collector
= ’ EX-13EB EX-13EB-PN Dark-ON transistor
% 1m EX-19EA | EX-19EA-PN Light-ON
(2]
Z 5261 EX-19EB |EX-19EB-PN | Dark-ON
o3 -
g 150 mm 5.906 in EX-15E — Switchable
3 either
s Light-ON or
.g

500 mm
I pry S EX-17E — | Darkon

EX-14A EX-14A-PN Light-ON

Front sensin
9 With operation mode

58
S E
=3 - [T ] 2t025mm 0.079 to 0.984 in (Note 1)
g é (Convergent point: 10 mm 0.394 in) EX-14B EX-14B-PN Dark-ON
88
EX-11SA |EX-11SA-PN | Light-ON
150 mm 5.906 in
- EX-11SB |EX-11SB-PN | Dark-ON
£
g " R b EX-13SA |EX-13SA-PN | Light-ON
g .
g = 19.6851n EX-13SB |EX-13SB-PN | Dark-ON NPN open-
= | € o collector
§ § - :S:P m EX-19SA | EX-19SA-PN Light-ON transci;tor
LRI
z| 2 28t EX-19SB |EX-19SB-PN | Dark-ON PNP open-
1M EX-11SEA |EX-11SEA-PN | Light-ON collector
. ) . ot :
= g o 150 mm 5.906 in 9 transistor
2 EX-11SEB | EX-11SEB-PN | Dark-ON
e =/ T EX-13SEA |EX-13SEA-PN | Light-ON
n 19.685 in

EX-13SEB | EX-13SEB-PN Dark-ON

NOTE: Mounting bracket is not supplied with the sensor. Please select from the range of optional sensor mounting brackets
(MS-EX10-0). Sensor mounting brackets (MS-EX10-0) can not be used for the narrow beam type (EX-oSo).

Notes: 1) The sensor does not detect even a specular background if it is separated by 100 mm 3.937 in or more. (However, the background should be directly
opposite. A spherical or curved background may be detected.)
2) The model No. with “P” shown on the label affixed to the thru-beam type sensor is the emitter, “D” shown on the label is the receiver.

Bending-resistant cable type

Bending-resistant cable type is also available for NPN output type. (excluding narrow beam type EX-0So and sensor with operation mode switch on the
bifurcation EX-150/170)

When ordering this type, suffix “-R” to the model No.

(e.g.) Bending-resistant cable type of EX-11A is “EX-11A-R".

5 m 16.404 ft cable length type
5 m 16.404 ft cable length type (standard: 2 m 6.562 ft) is also available for NPN output type. (excluding narrow beam type EX-0So and bending-resistant cable type)

When ordering this type, suffix “-C5” to the model No.
(e.g.) 5 m 16.404 ft cable length type of EX-11A is “EX-11A-C5".
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Il OPTIONS

Ultra-slim Photoelectric Sensor EX=10 SERIES Ver.2

| NOTE: Sensor mounting brackets can not be used for the narrow beam type (EX-oSo).

Designation Model No. Description
MS-EX10-1 Mounting bracket for the front sensing type sensor [Cold rolled carbon steel (SPCC)]
(The thru-beam type sensor needs two brackets.)
MS-EX10-2 Mounting bracket for the side sensing type sensor [Cold rolled carbon steel (SPCC)]
(The thru-beam type sensor needs two brackets.)
MS-EX10-3 L-shaped mounting bracket sensor [Cold rolled carbon steel (SPCC)]
Sensor mounting (The thru-beam type sensor needs two brackets.)
bracket
(Note 1) MS-EX10-11 Mounting bracket for the front sensing type sensor [Stainless steel (SUS304)]
(The thru-beam type sensor needs two brackets.)
Mounting bracket for the side sensing type sensor [Stainless steel (SUS304)]
MS-EX10-12 (The thru-beam type sensor needs two brackets.)
L-shaped mounting bracket [Stainless steel (SUS304)]
MS-EX10-13 (The thru-beam type sensor needs two brackets.)
« Sensing range: 600 mm 23.622 in [EX-190]
Slit on one side 250 mm 9.843 in [EX-130, EX-170]
0S-EX10-12 * Min. sensing object: 2 mm 20.079 in
(Sitsize 1.2 mm o0.047 n) « Sensing range: 400 mm 15.748 in [EX-190]
Slit on both sides 200 mm 7.874 in [EX-130, EX-170]
« Min. sensing object: 1.2 mm 20.047 in
« Sensing range: 800 mm 31.496 in [EX-190]
Slit on one side 350 mm 13.780 in [EX-13c, EX-170]
Slit mask 0S-EX10-15 * Min. sensing object: 2 mm ¢0.079 in

(Slit size @1.5 mm 20.059 in)

.

Sensing range: 500 mm 19.685 in [EX-190]
300 mm 11.811 in [EX-130, EX-170]
Min. sensing object: 1.5 mm 20.059 in

Slit on both sides

OS-EX10E-12
(Slit size @1.2 mm 20.047 in)

Sensing range: 400 mm 15.748 in [EX-19Ec] (Note 2)

250 mm 9.843 in [EX-13Eq, EX-17EC]
+ Min. sensing object: @1.2mm 0.047 in [EX-19Ec](Note 2)
g2 mm ¢0.079 in [EX-13Eo, EX-17Eq]

Slit on one side

+ Sensing range: 200 mm 7.874 in [EX-13Eo, EX-17EQ)

Sliton both sides Min. sensing object: 1.2 mm 20.047 in

Mounting screw

MS-M2

Mounting screws with washers (50 pcs. lot). It can mount
securely as it is spring washer attached.

Notes: 1) Can not be used for the narrow beam type (EX-ocSo).
2) Since EX-19Ex has a built-in @1 mm ¢ 0.039 in slit in the emitter, be sure to mount it in the

receiver.

Slit mask

* 0S-EX10-12
* 0S-EX10-15
4

* OS-EX10E-12
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Example of mounting
(OS-EX10E-12)

Tighten along with the sensor
mounting bracket.

Sensor mounting bracket
* MS-EX10-1

Material: Cold rolled
carbon steel (SPCC)
(Uni-chrome plated)
Two M2 (length 4 mm
0.157 in) pan head
screws are attached.

* MS-EX10-2

* MS-EX10-11

Material: Stainless
steel (SUS304)

Two M2 (length 4 mm
0.157 in) pan head
screws [stainless
steel (SUS304)] are
attached.

* MS-EX10-12

Material: Cold rolled
carbon steel (SPCC)
(Uni-chrome plated)

Two M2 (length 8 mm
0.315in) pan head
screws are attached.

* MS-EX10-3

Material: Cold rolled
carbon steel (SPCC)
(Uni-chrome plated)

Two M2 (length 4 mm
0.157 in) pan head
screws, and two M2
(length 8 mm 0.315 in)
pan head screws are
attached.

Material: Stainless
steel (SUS304)

Two M2 (length 8 mm
0.315in) pan head
screws [stainless
steel (SUS304)] are
attached.

Material: Stainless steel
(SUS304)

Two M2 (length 4 mm
0.157 in) pan head
screws [stainless

steel (SUS304)] and
two M2 (length 8 mm
0.315 in) pan head
screws [stainless steel
(SUS304)] are attached.
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Il SPECIFICATIONS

Ultra-slim Photoelectric Sensor EX=10 SERIES Ver.2

Thru-beam -standard type

Type
Front sensing Side sensing Front sensing Side sensing Front sensing Side sensing
Model No.| Light-ON EX-11A(-PN) EX-11EA(-PN) EX-13A(-PN) EX-13EA(-PN) EX-19A(-PN) EX-19EA(-PN)
Item (Note 2) | park-ON EX-11B(-PN) EX-11EB(-PN) EX-13B(-PN) EX-13EB(-PN) EX-19B(-PN) EX-19EB(-PN)

Applicable regulations and

CE Marking (EMC Directive, RoHS Directive), UKCA Marking (EMC Regulations, RoHS Regulations),

certifications

ISO 13849-1 (Category 1, PL,

c) (Note 3), UL Recognition certification (Note 4)

Sensing range

150 mm 5.906 in

500 mm 19.685 in

1m3.281 ft

Min. sensing object

21 mm 20.039 in opaque object
(Completely beam interrupted object)
Setting distance
between emitter
and receiver:
150 mm 5.906 in

22 mm 20.079 in opaque object
(Completely beam interrupted object)
Setting distance
between emitter
and receiver:
500 mm 19.685 in

@2 mm 20.079 in
opaque object

( Completely beam)
interrupted object

emitter and receiver:

<Setting distance between>

1m3.281ft

Hysteresis

Repeatability (perpendicular to sensing axis) 0.05 mm 0.002 in or less

Supply voltage 12t024 VDC 10 % Ripple P-P 10 % or less

Current consumption Emitter: 10 mA or less, Receiver: 10 mA or less

<NPN output type>
NPN open-collector transistor
* Maximum sink current: 50 mA
« Applied voltage: 30 V DC or less (between output and 0 V)
* Residual voltage: 2 V or less (at 50 mA sink current)
1V orless (at 16 mA sink current)

<PNP output type>
PNP open-collector transistor
» Maximum source current: 50 mA
« Applied voltage: 30 V DC or less (between output and +V)
 Residual voltage: 2 V or less (at 50 mA source current)
1V or less (at 16 mA source current)

Output

Utilization category DC-12 or DC-13

Short-circuit protection Incorporated

Response time 0.5 ms or less

Operation indicator Orange LED (lights up when the output is ON)

Incident beam indicator

Green LED

Szlblliy lulitiioy (lights up under stable light received condition or stable dark condition)

Pollution degree 3 (Industrial environment)
IP67 (IEC)

-25to +55 °C -13 to +131 °F (No dew condensation or icing allowed), Storage: —30 to +70 °C 22 to +158 °F

Protection

Ambient temperature

Ambient humidity 35 to 85 % RH, Storage: 35 to 85 % RH

Ambient illuminance Incandescent light: 3,000 &x or less at the light-receiving face

Voltage withstandability 1,000 V AC for one min. between all supply terminals connected together and enclosure

Insulation resistance 20 MQ, or more, with 250 V DC megger between all supply terminals connected together and enclosure

Environmental resistance

Vibration resistance 10 to 500 Hz frequency, 3 mm 0.118 in double amplitude in X, Y and Z directions for two hours each

Shock resistance

500 m/s? acceleration (50 G approx.) in X, Y and Z directions three times each

Emitting element Red LED [Peak emission wavelength: 680 nm 0.027 mil (EX-19Eo: 624 nm 0.025 mil), modulated]

Material Enclosure: Polyarylate, Lens: Polyarylate

Cable (Note 5) 0.1 mm? 3-core (thru-beam type emitter: 2-core) cabtyre cable, 2 m 6.562 ft long

Cable extension Extension up to total 50 m 164 ft is possible with 0.3 mm?, or more, cable (thru-beam type: emitter and receiver). (Note 6)

Weight Net weight (each emitter and receiver): 20 g approx., Gross weight: 50 g approx.

Accessories Mounting screws: 1 set

Notes: 1) Where measurement conditions have not been specified precisely, the conditions used were an ambient temperature of +23 °C +73.4 °F.
2) Model Nos. having the suffix “-PN” are PNP output type.
3) Conformed from December 2021 production.
4) Except 5 m 16.404 ft cable length type. (EX-19Eo-C5 is included in the certified products.)
5) The bending-resistant cable type (model Nos. having suffix “-R”) has a 0.1 mm? 3-core (thru-beam type emitter: 2-core) bending-resistant cabtyre cable,
2 m 6.562 ft long.
6) For safety applications, do not exceed 30 m 98.425 ft.
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Il SPECIFICATIONS

Thru-beam -narrow beam type anvergent 259 Thru-beam - with operation mode switch on bifurcation
Type (Difused beam fype)
Front sensing | Side sensing| Front sensing | Side sensing| Front sensing | Front sensing | Front sensing | Side sensing | Front sensing |Side sensing
Model No.| Light-ON | EX-11SA(-PN) | EX-11SEA(-PN) | EX-13SA(-PN) | EX-13SEA(-PN) | EX-19SA(-PN) | EX-14A(PN) | Ex.15 EX-15E EX-17 EX-17E
tem\ (NOt€2) | Dark-ON | EX-11SB(-PN) | EX-11SEB(-PN) | EX-13SB(PN) | EX-13SEB(-PN)| EX-198B(-PN) | EX-14B(PN) | (Note 3) | (Note 3) | (Note 3) | (Note 3)
Applicable regulations and CE Marking (EMC Directive, RoHS Directive), UKCA Marking (EMC Regulations, RoHS — - I
certifications Regulations), ISO 13849-1 (Category 1, PLc) (Note 4), UL Recognition certiication (Note 5) | <01t Directive, UL Recognition certification (Note 5)
2t025mm 0,079
Sensing range 150 mm 5.906 in 500 mm 19.685 in 1m 3.281 ft |10 0.984in (Note 6) 150 mm 5.906 in 500 mm 19.685 in
(Conv poit: 10mm (3% n)
20.5 mm 1 mm ¢0.039 in opaque object | 82 mm ¢0.079 in opaque object
. soﬁoeoil‘nr']ect o1 mm 20.039 in opague object | @2 mm 20,079 in opaque object ﬂp,1 mm 20 po4 (Comp\ete.ly beam interrupted object) (Completgly bearq interrupted object)
Min. sensing object p(CgmpIet eJIy (Completely beam interrupted object) | (Completely beam interrupted object) | 1" §0pp§r wire igf&g@égi:ﬁ{t‘t‘ﬁ S:tt\tal/r;% r?lz:re:irt]tce?'
beam interrupted (ete?) (ete1) Ggm gwgt&n ?: :> and receiver: and receiver:
&thec;)) 150 mm 5.906 in 500 mm 19.685 in
ote

Hysteresis

15% o less of operation
dltance (Note 6)

Repeatability (perpendicular to sensing axis)

0.05 mm 0.002 in or less 0.1 mm 0.004 in or less

0.05 mm 0.002 in or less

Supply voltage

121024 VDC 10 %

Ripple P-P 10 % or less

Current consumption

Emitter: 10 mA or less, Receiver: 10 mA or less 13 mA or less

25 mA or less

Output

<PNP output type>
PNP open-collector transistor
» Maximum source current: 50 mA
« Applied voltage: 30V DC or less (between output and +V)
* Residual voltage: 2 V or less (at 50 mA source current)
1V or less (at 16 mA source current)

<NPN output type>
NPN open-collector transistor
* Maximum sink current: 50 mA
« Applied voltage: 30V DC o less (between output and 0 V)
« Residual voltage: 2 V or less (at 50 mA sink current)
1V or less (at 16 mA sink current)

NPN open-collector transistor
* Maximum sink current: 100 mA
« Applied voltage: 30 V DC or less (between output and 0 V)
* Residual voltage: 2 V or less
(at 100 mA sink current)
1V orless (at 16 mA sink current)

Utilization category

DC-12 or DC-13

Short-circuit protection

Incorporated

Response time

0.5 ms or less

Operation indicator

Orange LED (lights up when the output is ON)

Orange LED (lights up when the output is ON), located on the bifurcation

Incident beam indicator

Orange LED (lights up under light received
condition), located on the receiver

Stability indicator

Green LED
(lights up under stable light received condition or stable dark condition)

Green LED (lights up under stable light received condition
or stable dark condition), located on the receiver

Pollution degree

3 (Industrial environment)

Protection IP67 (IEC)
Ambient temperature -251t0 +55 °C -13 to +131 °F (No dew condensation or icing allowed), Storage: =30 to +70 °C -22 to +158 °F
Ambient humidity 35 to 85 % RH, Storage: 35 to 85 % RH

Ambient illuminance

Incandescent light: 3,000 £x or less at the light-receiving face

Voltage withstandability

1,000 V AC for one min. between all supply terminals connected together and enclosure

Insulation resistance

20 MQ, or more, with 250 V DC megger between all supply terminals connected together and enclosure

Environmental resistance

Vibration resistance

10 to 500 Hz frequency, 3 mm 0.118 in double amplitude in X, Y and Z directions for two hours each

Shock resistance

500 m/s? acceleration (50 G approx.) in X, Y and Z directions three times each

Emitting element

Red LED (Peak emission wavelength: 650 nm 0.026 mil, modulated)

Red LED (Peak emission wavelength: 680 nm 0.027 mil, modulated)

Material

Enclosure: Polyarylate
Lens: Polyarylate

Enclosure: Polyarylate
Lens: Polyarylate, Bifurcation: Polyarylate

Cable (Note 8)

0.1 mm? 3-core (thru-beam type emitter: 2-core) cabtyre cable,
2 m 6.562 ft long

0.2 mm? 3-core cabtyre cable, 2 m 6.562 ft long (beyond bifurcation;
from emitter / receiver to bifurcation: 0.5 m 1.640 ft long)

Cable extension

Extension up to total 50 m 164 ftis possible with 0.3 mm?, or more, cable (thru-beam type: emitter and receiver). (Note 9)

Extension up to total 100 m 328 ftis possible with 0.3 mm? or more, cable.

Weight

Net weight (each emitter and receiver): 20 g approx.,
Gross weight: 50 g approx.

Net weight: 20 g approx.
Gross weigh: 40 g approx.

Net weight: 55 g approx., Gross weight: 80 g approx.

Accessories

Mounting screws: 1 set Mounfing screws: 1 set

Mounting screws: 1 set, Adjusting screwdriver: 1 pc.

Notes: 1) Where measurement conditions have not been specified precisely, the conditions used were an ambient temperature of +23 °C +73.4 °F.
2) Model Nos. having the suffix “-PN” are PNP output type. 3) Either Light-ON or Dark-ON can be selected by the operation mode switch.
4) Conformed from December 2021 production. 5) Except 5 m 16.404 ft cable length type.
6) The sensing range and the hysteresis of convergent reflective type sensor are specified for white non-glossy paper (50 x 50 mm 1.969 x 1.969 in) as the object.
7) The min. sensing objects are specified in case the emitter / reciever sensing range is to set the maximum.
8) The bending-resistant cable type (model Nos. having suffix “-R”) has a 0.1 mm? 3-core (thru-beam type emitter: 2-core) bending-resistant cabtyre cable,

2 m 6.562 ft long.

9) For safety applications, do not exceed 30 m 98.425 ft.
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[l /0 CIRCUIT AND WIRING DIAGRAMS

Ultra-slim Photoelectric Sensor EX=10 SERIES Ver.2

EX-11o EX-11So EX-13o EX-13So EX-19o EX-19So

1/0 circuit diagram

Color code

E !(Brown) +V

3 (Black) l
S Output (Note) +, 12t0 24 V DC
5 7 = 410 %
§ Tr [ v 50 mA max.
|(Blue) 0 v

Internal circuit «—o— Users’ circuit

Note: The emitter of the thru-beam type sensor does not incorporate the
output.

Symbols ... D1: Reverse supply polarity protection diode
D2: Reverse output polarity protection diode
ZD: Surge absorption zener diode
Tr: NPN output transistor

EX-110-PN EX-11So-PN  EX-13c0-PN - EX-13So-PN

1/0 circuit diagram

Color code
| Brown) +v
J | %20 l
—LTF 50 mA max, +_| 12t024vDC

(Black) Output (Note),

Sensor circuit

o]

_T +10 %
|
Internal circuit <—o— Users’ circuit
Note: The emitter of the thru-beam type sensor does not incorporate the
output.

(Blue) 0V

Symbols ... D1: Reverse supply polarity protection diode
D2: Reverse output polarity protection diode
ZD: Surge absorption zener diode
Tr: PNP output transistor

EX-150 EX-15Ec0 EX-170 EX-17EoO
1/0 circuit diagram

Color code

Di |(Brown) +V

¢ O

§
°
3 (Black) Output +l 12t0 24 V DC
5 7 = 110 %
§ Tr [ . 100 mA max.
| (Blue) 0 v

Internal circuit «—o— Users’ circuit

Symbols ... D1: Reverse supply polarity protection diode
D2: Reverse output polarity protection diode
ZD: Surge absorption zener diode
Tr: NPN output transistor
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EX-190-PN EX-19So-PN  EX-140-PN

EX-140 NPN output type

Wiring diagram

Brown

l

Black (Note) +_1 12t024VDC
_"™ +10%

Blue

Note: The emitter of the thru-beam type sensor does not incorporate the
black wire.

PNP output type

Wiring diagram

Brown

+l 12t0 24 VDC
_T +10 %

Note: The emitter of the thru-beam type sensor does not incorporate the
black wire.

Black (Note)

NPN output type

EX-150, EX-15E0, EX-170, EX-17EC wiring diagram

+i 12t0 24V DC
_T +10 %
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Ultra-slim Photoelectric Sens

or EX=10 SERIES Ver.2

Il SENSING CHARACTERISTICS (TYPICAL)

EX-11o0 EX-11Eo EX-15c

Parallel deviation

Thru-beam type

Angular deviation

EX-15Eo

200 200
T 7874 TMM
£ 150 2150 : :

5006 9
gvg[]b \Ej 906
- -
8 100+ 8100
§ o0 807
8 »
hel ©

Emitter|
£ 777 - mj— 2 50
giwo| -1 ! é [ 1950
n — »n
‘ Receiver‘ ‘ JReceiver \ 0 "
50 25 0 25 50 20 10 0 10 20
1969  0.984 0984  1.969 Left =— Center — Right
Left <— Center —» Right Operating angle 6 ( °)
Operating point £ (mm in)
EX-13o0 EX-13Eoc EX-17o0 EX-17Eo

Parallel deviation

Angular deviation

*Optical properties of side sensing types (EX-0ED)
Due to the optical properties of side sensing types, note that sensing may
be affected if multiple sensors are positioned in such a way that optical
axes intersect as shown in the diagram below.

Emitter 2

Emitter 1 é

Emitter 1———
 ———

e

1 x 2 or more

 —— o —
Emitter 2

>
e —

Parallel deviation with slit
masks (21.2 mm 20.047 in)

@ Receiver 1
Sy
Receiver 2

—1—— Receiver 1
i

Receiver 2

Beam from Emitter 1
may be caught by Receiver 2.

There is no problem when
sensors are installed in
parallel

(although the distance
between sensors should be
£ x 2 or more).

Thru-beam type

Parallel deviation with slit
masks (21.5 mm 0.059 in)

800 800 4 N — 400
34% 346 15748 |\ EX-130170 i 15748 Slit on one side
= Y i 4 P . EORIRN EX-130170 Al \ /
=600 +——{—{ EX-130|——— é 600 i—+ — '§39‘,’ Sliton both sides 7 g3 / \
Enill | A= |EX-17o - Eni ! s | EN NN ECTIETES | P £
3 \ EX-13E0 / 3 EXATo > \ ,>< St on one su% ><~ = ‘
8400 {EX-17Eo)| 8400 E 8200 \ - 7 8200 —
S1578 Emitter| 5574 Ei :3? S874 797 |[Siiton one side
2 Emitter ] =T 2 Emitter 2 sensing range: 350 mm 1376 n Emitter
o S P L = Emtter] Mgy > J J 8. | o ||Sitonbothsides, .
£200 - T “ L9 £200 EEJT* £100 \ e L1 100 sensingrange: 300mm 1151 n 4\3\ h
Sie |-t \ / — | Zim U a0y ! b B :
S E (%] — _
9 “TEX 3 gk Ex-13ﬂ ; { _x.135DT ‘ S | \ / Recewer
0 Receiver| EX- 17D EX 17Eo|Receiver] 0 EX-170|Receiver|"Receiver EX-17E0 '
100 50 50 100 20 10 0 10 20 40 20 0 20 40 100 50 100
3937 1.969 1969  3.937 Left <— Center —» Right 1575  0.787 0787 1575 3937 1.969 1969 3.937
i y enter 9 Left «<— Center— Right Left C Righ
Left «<— Center — Right Operating angle 8 (°) Operati int 2 \ig eft «<— Center —» Right
Operating point £ (mm in) perating point £ (mm in) Operating point £ (mm in)
EX-190 Thru-beam type

Parallel deviation

Angular deviation

Parallel deviation with slit
masks (21.2 mm 20.047 in)

Parallel deviation with slit
masks (21.5 mm 20.059 in)

! 7 1 H 800 H H H 7
i / : i 4% 4 : | i
T \ / i i T 1[Slit on one side| T | [Slitononeside| | !
=100 \ : 1000 . : = 4 ! ~1000 ‘. .
Sam S5 <600 T i S0 | /
€ 13 Enf ) ' £ \ ;
E E E \ i £
2 i - i - Lo = \\[Sit on both sices |
3 3 8400 \ f 3 \ /
g § Emitter gl 5 \ 7 Enmitt
B 50 Emitter—| 3 S0 ' ] Emitter | 7,0 \ f—Emiter—
5 10685 ED 10685 EjT © 519685 -
o T o 9 L =) T o 2
£ e | £ iy £200 -l S Uit
g | I g / §7 8741 |Slit on both sides \ / T 3 | —+
Receiver \\ T 2] i
| ‘ Receiver | | | ‘ Recelver \ Re‘,cewer
0 } } 0 | 0 0 | |
200 100 0 100 200 40 20 0 20 40 200 100 100 200 200 100 0 100 200
7.874  3.937 3937  7.874 Left ~— Center—» Right 7874  3.937 3937 7874 7874  3.937 3937 7.874
Left «<— Center — Right Operating angle 8 (°) Left «<— Center — Right Left «— Center — Right
Operating point £ (mm in) Operating point £ (mm in) Operating point £ (mm in)
EX-19Eo LORCEI R oY | EX-11So/EX-11SE0 BUORCEINYoY | EX-13S0/EX-13SEn MUUORLElukye:d EX-19So Thru-beam type
Parallel deviation Parallel deviation Parallel deviation Parallel deviation
200 800
7874 3% i
i 4 P EX-1355 i
e 150 ool [ 4] Sl
£ 2310 € = TN 7 £ 30310
£ £5.906 | EX-1180 EX-11SEo gum| NN ;o £
< ‘ £ ‘ & A i £ !
[0} (0] (0] Q
g S 100 A 8 400 8
= (= = . C
g 83937 | EX-11S § 576t | Emi VEmitter | §
B 50 Emiter| 500 | EX11S0] [Ex-11SEc]| 30 Emitter 2 50 Emitter |
O 19685 S Emitter ) S Sm S 19685 mitier
o =) Emitter o T o o
£ - £ 50— 7 1 Eppoflttt = £ =7
& ‘ Tl Ziees| H-L ! L B |EE ‘ — | 3 ‘ ~le-L
‘ ‘ EEE . @ Receiver Receiver| o 7
0 | Rever] | Receiver‘ IReceiver ‘ o LEX-1385 [EX-13SEo ‘ 0 Receiver
200 100 0 100 200 50 2 0 25 50 50 25 0 25 50 100 50 0 50 100
7.874  3.937 3.937 7874 1969 0.984 0.984 1.969 1969 0.984 0.984  1.969 3.937  1.969 1969 3.937

Left «— Center —Right
Operating point £ (mm in)
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Left «— Center —Right
Operating point £ (mm in)

Left «— Center —Right
Operating point £ (mm in)

Left «— Center —Right
Operating point £ (mm in)
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Il SENSING CHARACTERISTICS (TYPICAL)

Ultra-slim Photoelectric Sensor EX=10 SERIES Ver.2

EX-14o

Sensing fields

* Horizontal (left and right) direction « Vertical (up and down) direction

40 50 %50 mm 1,960 %1 969 n 40

T Non-glossy paper T
<30 <30 e
Eusw E1.181 750 x 50 mm
£ E i 1.969 x 1.969 in
4 O "an -glossy paper
8 20 3 20
077 s \)
@ @2 POt i
T 5 -
,g 10 210 s ]
20394 o 75 1)
2] 2] mm o - ]L

\ \ Y 0350

10 5 5 10 10 5 5 10
0394 0197 0197 0394 0394 0.197 0197  0.394

Down <— Center— Up
Operating point £ (mm in)

Left «<— Center— Right
Operating point £ (mm in)

Correlation between lightness and sensing range

1‘5‘% The sensing region (typical) is
T . represented by oblique lines
=30 A\ in the left figure. However, the
g 118! < sensitivity should be set with
§ ) enough margin because of
20 slight variation in products.
&% <A\ 9 P
e . Sensing region
2
3 10 £
gow| \ \ \ ‘
. SR \\§ =
N2 N4 6 N8 2= []ightness shown on the left
- Hioptness Hight E 5’ <may differ slightly from the
N1 N2 N3 N4 N5 N6 N7 N8 No & & \actual object condition.

Il PRECAUTIONS FOR PROPER USE

Convergent reflective type

Correlation between material (50 x 50 mm 1.969 x 1.969 in) and sensing range
80

3150 The bars in the graph indicate
T the sensing range (typical)
<60 for the respective material.
£2362 %% However, there is a slight
% variation in the sensing range
© 40 — depending on the product.
g1 Further, if there is a reflective
2 object (conveyor, etc.) in the
2 20 N background of the sensing
30787 ) - .
9 4o a object, since it affects the
0‘384 7 v K1 |+ sensing, separate it by more
T ¥EE BE £ 27 B 8 thantwice the sensing range
§ 2= _88 5 o= E § shownin the left graph.
5 5 EE8E 852 ¢ ¢
S a8 389 » £~ 8 §
s 258885 8 E ¢ ¢
x 982 g3 3% e
8 8 BEzg =< 5 3
o@ g8 = 8 € S
<5 [2] s 2
o= = O

* Never use this product as a sensing device
for personnel protection.

* In case of using sensing devices for
personnel protection, use products which
meet laws and standards, such as OSHA,
ANSI or IEC etc., for personnel protection
applicable in each region or country.

Mounting

* In case of mounting on tapped holes (Unit: mm in)

Side sensing

Front sensing

Sensing
direction|

0 433
Y / ok Attached screw
I M2 x0.40.016 hole [M2 (length 8 0.315)]
| tapped, 6 0.157 deep M2 040,016 hole
VIS tapped, 7 0.276 deep

The tightening torque should be 0.2 N-m or less.
* In case of using attached screws and nuts (Unit: mm in)

Side sensing Front sensing

Flat washers

Sensing ¢ [ Sensing
» ensing direction
dlrectlon Nuts
4B Attached screw ‘ 1 ‘
Spring washers
I Attached screw / pring M2 length 8 0.315)] >10.433™

[M2 (length 10 0.394)]

mounting plate: 2 0.079 or\g

Thickness of
mounting plate: 2.5 0.098 or less

Thickness of

The tightening torque should be 0.2 N-m or less.

Downloaded from AFFOW.com.

Operation mode switch
(EX-150, EX-15E0, EX-170 and EX-17Eo only)

Operation mode switch
L: Light-ON
D: Dark-ON

Operation indicator (Orange)
Lights up when the output is
ON.

Switch

position Description

Light-ON mode is set when the switch is turned fully
clockwise (L side).

Dark-ON mode is set when the switch is turned fully
counterclockwise (D side).

Others

* This product has been developed / produced for industrial
use only.

* This product is suitable for indoor use only.

* Do not use during the initial transient time (50 ms)
after the power supply is switched on.

» Excess bending of the cable or stress applied to the
cable may disconnect the internal lead wire.
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Il DIMENSIONS (Unit:

Ultra-slim Photoelectric Sensor EX=10 SERIES Ver.2

mm in)

The CAD data can be downloaded from our website.

EX-11o EX-11So EX-13o EX-13So EX-19o0 EX-19So

35
- 10
21| [ 0198 B Y
0.083 1,55
0.217)
1.750.069 —=| |=—
1.750.069

©2.5 90.098 cable, 2 m 6.562 ft long

Emitter

EX-11En EX-11SEoc EX-13En EX-13SExo EX-19Eno

10
[ 0.394—™
1.75 0.069—| |=—
1.75 0.069
v
7.5
0.157
145 1
0.571 0.433
A —
—J
| —
45
0.177

i -
2-2.2 0.087 /> 6.5
mounting holes 0-257

92.5 20.098 cable, 2 m 6.562 ft long

. 225
0.089
Beam-

emitting
part

42—
0.165

Emitter
EX-15 EX-17
Emitter 10 Receiver Stability indicator (Green)

100
6.450

55
0.217

Beam-

45
0.177
2-92.2 90.087
mounting holes

22.5 90.098 cables

Beam-

Incident beam indicator (Orange)

-3
394 35
254~ 0.138
5.5 175 15 <
0.217 0.069 0.059 'h 2.1
¥ 0.083

2-92.2 90.087
mounting holes

19.685

rm 5.2 0.598
[ ¥
| Operation indicator |~ 19.2
(Orange) 0.756
\ v 38
1.496
- =] Operation mode switch
| E2 -
! N 23.820.150 cable,
2 m 6.562 ft long
{l=10.039 o
- 7 = 0.315
0.276
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10 'Stalbility
. indicator «3'5
| 6.45 |« (Green) 0.138
5.5 Operation T «(2)'(1)83
0.217 indicator ’
(Orange)
1.75 1.5
0.069 0.059
| | t
A
Beam- 4 T T
receiving| (- 7&*57 1 145
part  t* 0.433 0571
c——
c—J
| E—
4.5
] 0.177
6.5 =\ 2.92.2 60,087 ‘
0-256 mounting holes
2.5 00.098 cable, 2 m 6.562 ft long
Receiver
Sensor
Stability
indicator (Green) 10
Operation 2043594*
indicat —»| 6.
indicator (Orange) 0,954
—4.5 |- 175 -
0.177 0 669
225 || : 1.75 1.5
0.089 0.069 0.059
u —
,,,,,,, A T
Beam- Q} 4 T
ivi 0.157
{k reac:wmg 17 n 1us
partt 0.433 0.571
c——
c—2
| | —
A 4.5
] 0177
f
6.5 =\ 2-02.2 90.087
42 | e 0.256 mounting holes
0.165 92.5 20.098 cable, 2 m 6.562 ft long
Receiver

EX-15E EX-17E

Emitter

1.75
0.069

1.75

0.5710.433

[}

4.5
0.177

2-92.2 0.087

l-2.25

225 6089

45
™ ‘*0.177
0.089

2-92.2 20.087

mounting holes 500 mounting holes
19.685
22.5 20.098 cables
ﬂ 15.20.598
7% Operation indicator % 153'2 [
(Orange) ? | 0756
— @ Operation mode switch
B e
Il Il 23.860.150 cable,
J‘g 2 m 6.562 ft long
e -/ 8 |-
| 7110059 0.315
0.276
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Ultra-slim Photoelectric Sensor EX=10 SERIES Ver.2

. DIMENSIONS (Unlt mm |n) The CAD data can be downloaded from our website.

EX-140

Stability indicator

5 (Green) ;
oo [T%% Operation BE I
T 0089 indicator (Orange) 5083

B 4.5 T
i /@ o 1 145
receiving :
part 0.433 0.571
— |
=@ -
Beam-emitting part 4.5
0.177

2-92.2 0.087 mounting holes

2.5 90.098 cable,
2 m 6.562 ft long

MS-EX10-1 Sensor mounting bracket (Optional)

Assembly dimensions

11.2 76 Mounting drawing with EX-140
£0.047 *‘ 0.299
l .
o — ‘ 12 +—20 0.787— (0.7)
: 0.047 <76+/(0-028)
¢ ‘ S D 5
3.7 —
0.146 J—
7 3. (4.9)
0.146 0.138 (0.193)
20
0787 [~ 2275089 —
4M2x040016 | 26540 B i35 05127
thru-hole threads ) ' "| 2-23.4 20.134 mounting holes —- 5 *100472%* 3.5
| 0.197| 1’8 0.138 1.5
y O A Beam- 0357 |(8.:8) 0.049
f DT eniting (0346)
11 1 8 15 part (e
0.433 ; 0.3150.591 [ ﬁ\—jq—r
i : @’4 Beam- | (DD 30716 8 41 15
@ 9l receiving| // } b ogis0433 0501
part (=il & |
Material: Cold rolled carbon steel (SPCC) — == 1
(Uni-chrome plated) \ 4.250.167
Two M2 (length 4 mm 0.157 in) pan head screws are attached. : ﬁ
‘ 2-93.4 ©0.134 mounting holes

MS-EX10-2 Sensor mounting bracket (Optional)

Assembly dimensions

t1.2
7.6 ) ) .
‘0'347 0.299 [© Mounting drawing with EX-11Ec and EX-13En
25 (2.3)
0.246 t1.2 — 07289 - (0.091)
T £0.047 : ¥
] | :
20 625 45| (7.45)
0.787 0.246 0177 | (0.293)
32 | 14 R i '
0.126 0.055 (1.3)
\ (0.051) 031-56
— I 4 025 .. 10 ., 9725 425
f —©® %7 0157 0.010 [ 0.394 0.049
o | 3 1.
1 e 15 B = 0.05
0.133 0315 0891 T T 1 ;= T Ty
%1%’ Beam- 2.50.098] s T !
1@ l 15 1 & receiving ¥ 8
0.591 0433 part 0.315
2-M2 x 0.4 0.016 l . part = %4
thru-hole threads 8 35 = = |
0.315 =7 0.138 5 04.12657
Material: Cold rolled carbon steel (SPCC) —|: 8 «81?38
(Uni-chrome plated) 2(()).31 5 .
Two M2 (length 8 mm 0.315 in) pan head screws are attached. 0.787
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[l DIMENSIONS (Unit: mm in)

Ultra-slim Photoelectric Sensor EX=10 SERIES Ver.2

The CAD data can be downloaded from our website.

MS-EX10-3
|— 15 —
o591
7 OEG * ?
k 10.5
1 {1}}*7 0.413
Il 7j ¢
1.4 ‘ ‘ 32
0.055™ *8 0.126
t1.2 5315 4-M2 x 0.4 0.016
10.047 ’ thru-hole threads
I | S
10.8 6.5
0.4125 @ @ 0.256
L, " —»‘ 2
0.433 0.079

Material: Cold rolled carbon steel (SPCC)
(Uni-chrome plated)

Two M2 (length 4 mm 0.157 in) pan head screws and two M2 (length 8 mm 0.315 in) pan
head screws are attached.

MS-EX10-11

t1.2 81
£0.047 FJ-319
* +
37
0146 20
4-M2 x 0.4 0.016 65 %% 45
thru-hole threads 170,556 FJ.SG"OWSB T4 32
5 |~ To0ss 0126
f élb — 1
0433 5505
. 0315 0501
%;it
Q@ Ol W I
3.2~ 14
0.126 0.055

Material: Stainless steel (SUS304)
Two M2 (length 4 mm 0.157 in) pan head screws [stainless steel (SUS304)] are attached.

MS-EX10-12
t1.2 8.1
t0.047 F-Sw
6.25
0.246
T ;
20
0.787
1.4 392
0.055| %%
i
A ]
T %
1 ] ‘EO 815
0.433 % . 0.5l91
2-M2 x 0.4 0.016 - 14
thru-hole threads 0.055
3.2
r0.126
.8 L 35
0.315 0.138

Material: Stainless steel (SUS304)
Two M2 (length 8 mm 0.315 in) pan head screws [stainless steel (SUS304)] are attached.
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Assembly dimensions

Sensor mounting bracket (Optional)

Mounting drawing with EX-140

(2.75) 10.8 t1.2
(0.108) 0.425*1 [“1 0.047
(0.7) |
(0.028)
f — 7 35 .. 105__
= J E:] 0.138 0413 7 32
Beam- 13 11700060 Beam 7 0126
receiving part [ 0.512 f+-  emitting pa e
A\ | = 5,625 1.25 0.276
0.197] 0.246 40.049 ‘ 14
‘ 0.055
N d / |
ik ,ﬁ N :
L; 30.118 T |
SE BN p 115 8
0438 0.591 0.315

0

(@
o\

4.25
0

Assembly dimensions

167
!

Sensor mounting bracket (Optional)

Mounting drawing with EX-140

20
t1.2 0787 g4 |  (07)
10.047 0.319 (0.028)
i | -
— ‘ (4.9)
‘ (0.193)
37 35 22.75 '
0.146 0138 3 089
H0.5512 a5
o T 0TE045+  |+—Tag
o107 0_315’]‘
o (93) . 32 1.25
(0369) 14 40.126 0.049
0,055 | |
G Y | |
Beam-emitting part Tl T ! v
- N YTty
> 30118
Sl I o8
0.3150.433 0591
Beam-receiving part ‘/ fh ‘
=== i
14 425
0.055 0.167
B2
0.126

Assembly dimensions

Sensor mounting bracket (Optional)

Mounting drawing with EX-11Eo and EX-13ED

8.1 (2.3)
t1.2 *5.3137] 0.091
£0.047 319 (0.9
| | [l
z5 (7ﬁ5)
25 4 :
0.246 0177 ; (0393)
1
* (1.3) |
(0.051)
4
sy 25 10 __ 14 4.0
0.010 """ 0.394 0.055 0_(149 -
0126
=
= — & s
o Beam- 250098 | : \+J é
0591 0.4 R receting : 0315
’ ’ N part : | 1 '
=m0 =3 @ —
j 1.4 4.25
¢ 0055 __ 0167
! <32 1
0126
8 _, |.35
0.315 0.138
20
0.787
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Ultra-slim Photoelectric Sensor EX=10 SERIES Ver.2

[l DIMENSIONS (Unit: mm in)

The CAD data can be downloaded from our website.

MS-EX10-13 Sensor mounting bracket (Optional)
i Assembly dimensions
r ; ing drawing with EX-
012_153 \ | , 0276 Mounting drawing with EX-140
) 32 3'126 Tt (2.75) 108 t1.2
+ 1.40.055 (0.108) ™ 0.425*‘ ’*t 0.047
141 e o | kls20.126
005517787 |07 (0.7)
0.315 (0.028)
. 15 _ | I |
0.591 4-M2 x 0.4 0.016 —
thru-hole threads i :I
T |
O S 13 175
6.50.256 05127 [T0.069 3.5
G} | 5 625 0.138 105
" - AR ™ 04137
* 0.197] 0.246 1.25 o7
L 1 _ 2 0.049 0276 |14 4,
0.433 0.079 Beam-emiting | —— ' 0.055 126
rt N
Material: Stainless steel (SUS304) pat “:’f ; T T ,
Two M2 (length 4 mm 0.157 in) pan head screws [stainless steel (SUS304)] and two M2 B - '}\" ) & 0'11811 15 fs
(length 8 mm 0.315 in) pan head screws [stainless steel (SUS304)] are attached. pae;\m-recelvmg %t b 0.433 0501 } 0.3;15
— | l al
6‘.'12657 _L 0.055
I f I
| | L2
f i 0.126
L
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The applications described in the catalog are all intended for examples only. The purchase of our products described in the catalog shall not be
regarded as granting of a license to use our products in the described applications. We do NOT warrant that we have obtained some

intellectual properties, such as patent rights, with respect to such applications, or that the described applications may not infringe any
intellectual property rights, such as patent rights, of a third party.

Panasonic Panasonic Industry Co., Ltd.
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I N D U ST RY 7-1-1, Morofuku, Daito-shi, Osaka 574-0044, Japan
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