MACX MCR-EX-SD-21-60-LP(-SP) @

Intrinsically safe solenoid driver for Group IIB gases,
loop-powered, current limit 60 mA
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1 Description

The solenoid driver MACX MCR-EX-SD-21-60-LP(-SP) 1.1 Properties
has been designed for controlling intrinsically safe solenoid
valves, alarm transmitters and indicators installed in the Ex
area.

— Single-channel

—  Loop-powered

—  Current limit 60 mA
—  Output [Exia] IIB

— Installation in zone 2

The intrinsically safe output circuit has a linear characteristic
curve and is limited to 60 mA.

The required power is supplied via the control signal on the

input side. - 2-way electrical isolation
The input and the output are electrically isolated from each ~ —  SlL 3 according to EN 61508
other. - With screw

The devices can be installed in zone 2 with the "n" (MAC,X MCR'EX'SD'Z?'GO'LP)
(EN 60079-15) protection type. or spring-cage connection
(MACX MCR-EX-SD-21-60-LP-SP)

WARNING: Explosion hazard

The device is an associated item of electrical equipment for intrinsically safe circuits. It is designed for
use in zone 2, if specific conditions are observed.

accident prevention regulations, as well as general technical regulations, must be observed.

WARNING: Explosion hazard

When installing and operating the device, the applicable safety directives (including national safety directives),
A Be sure to observe the safety regulations and installation notes on page 5.

o Make sure you always use the latest documentation.
1 It can be downloaded at www.download.phoenixcontact.com.

A conversion table is available on the Internet at

This data sheet is valid for all products listed on the following page:

o

DO@OOCTHE@EO@ OO0 [Uconiaa

INSPIRING INNOVATIONS


http://www.download.phoenixcontact.com
http://www.download.phoenixcontact.com/general/7000_en_00.pdf
http://www.download.phoenixcontact.com/general/7000_en_00.pdf

MACX MCR-EX-SD-21-60-LP(-SP)
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2 Ordering data

Ex solenoid driver

Description Type Order No. Pcs./Pkt.
Intrinsically safe solenoid driver for Group |IB gases, loop-powered, current ~ MACX MCR-EX-SD-21-60-LP 2865515 1

limit 60 mA, with screw connection

Intrinsically safe solenoid driver for Group |IB gases, loop-powered, current ~ MACX MCR-EX-SD-21-60-LP-SP 2924100 1

limit 60 mA, with spring-cage connection

3 Technical data

Input

Input voltage 20vDC...30VDC

Input current 10 mA ... 105 mA (695 mA for U, = 24 V DC)
Output

Output Intrinsically safe, designed for protection type Ex-i [Ex ia] IIC
Current limit Iy, (Iy = maximum current, see page 8) 58 mA

Output voltage 12.9V DC (at 58 mA)

No-load voltage Uy, 21.4VDC

Internal resistance R; 133.4Q

Short-circuit-proof Yes

Response time 30 ms

Output characteristic curve (see Figure 1 on page 3)

103469_en_00 PHOENIX CONTACT 2



MACX MCR-EX-SD-21-60-LP(-SP)

Output characteristic curve
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Figure 1 Output characteristic curve for
MACX MCR-EX-SD-21-60-LP(-SP)

General data

Supply voltage type

Power dissipation

Maximum temperature coefficient

Electrical isolation according to EN 61010
Input/output

Electrical isolation according to EN 60079-11
Input/output

Test voltage
Input/output

Ambient temperature (operation)

Ambient temperature (storage/transport)

Permissible humidity (operation)

Status indicator

Degree of protection

Housing material

Color

Width x length x height

Inflammability class according to UL 94

Conformance
EMC directive 2004/108/EC
Ex directive (ATEX)

Loop-powered
<14 W
0.01%/K

300 Vs (rated insulation voltage, surge voltage category Il, pollution
degree 2, safe isolation as per EN 61010, EN 50178)

375V (peak value according to EN 60079-11)

2.5kV AC (50 Hz, 1 min., test voltage)

-20°C ... +60°C (any mounting position)

-40°C ... +80°C

10% ... 95% (no condensation)

Yellow LED (switching state/status, lights up when output circuit is active)
P20

PBT

Green

12.5 mm x 114.5 mm x 104 mm (with connection terminal block)

Vo

EN 61000-6-2, EN 61000-6-4, EN 61326-1
EN 60079-0, EN 60079-11, EN 60079-15

Safety data according to ATEX for intrinsically safe circuits

Maximum output voltage U,
Maximum output current I,
Maximum output power P,
Gas group

Maximum external inductance L,
Maximum external capacitance C

Safety-related maximum voltage Uy,

Certificates
uL/CuL

ATEX

IECEXx approval

UL USA/Canada
Functional safety (SIL)

251V
87 mA
550 mW
A 1B
14.6 mH 7 mH
29 uF 0.8 uF

253V AC (125 V DC)

UL applied for

& (1) GD [Exia] lIB, 1A IBExU 07 ATEX 1133
IECEXx applied for

UL applied for

SIL 3 according to EN 61508

103469_en_00
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MACX MCR-EX-SD-21-60-LP(-SP)

Connection data MACX MCR-EX-SD-21-60-LP
Conductor cross-section
Solid (minimum/maximum)
Stranded (minimum/maximum)
AWG/kemil (minimum/maximum)
Stripping length
Thread
Connection method
Tightening torque

Connection data MACX MCR-EX-SD-21-60-LP-SP
Conductor cross-section
Solid (minimum/maximum)
Stranded (minimum/maximum)
AWG/kemil (minimum/maximum)
Stripping length
Connection method

0.2 mm2/2.5 mm?

0.2 mm?/2.5 mm?

24/14

7 mm

M3

Pluggable screw connection

0.5 Nm, minimum/0.6 Nm, maximum

0.2 mm%1.5 mm?

0.2 mm?%1.5 mm?
24/16

8 mm

Spring-cage connection

103469_en_00
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MACX MCR-EX-SD-21-60-LP(-SP)

4 Safety regulations and installation notes

41 Installation and operation
Follow the installation instructions.

NOTE: Installation, operation, and maintenance
may only be carried out by qualified specialist
personnel.

®

When installing and operating the device, the applicable
safety directives (including national safety directives),
accident prevention regulations, as well as general
technical regulations must be observed.

NOTE: The circuits inside the device must not be
accessed.

O

Do not repair the device yourself, but replace it with an
equivalent device. Repairs may only be carried out by the
manufacturer.

NOTE: The device is designed to meet IP20
protection when:

— ltisinstalled outside potentially explosive
areas.

— The environment is clean and dry.

0

Install the device in a suitable housing with a suitable degree
of protection in accordance with IEC 60529 in order to
protect it from mechanical and electrical damage.

For the safety data, please refer to the operating instructions
and certificates (EC type-examination, other approvals, if
necessary).

4.2 Safety regulations for installation in potentially
explosive areas

Regulations for intrinsically safe circuits

WARNING: Explosion hazard

When carrying out measurements on the
intrinsically safe side, be sure to observe the
relevant regulations regarding the connection of
intrinsically safe equipment.

AN

Only use devices approved for use in
intrinsically safe circuits.

WARNING: Explosion hazard

If the device has been used in non-
intrinsically safe circuits, it must not be used
again in intrinsically safe circuits. Clearly label the
module as being non-intrinsically safe.

JAN

Installation in Zone 2

AN

Observe the specified conditions for use in potentially
explosive areas.

WARNING: Explosion hazard

The device is associated equipment of the "Ex-i"
protection type and suitable for installation in
Zone 2.

WARNING: Explosion hazard

Install the device in suitable housing with a
minimum of IP54 degree of protection.
Observe the requirements of

IEC 60079-14/EN 60079-14, e.g., steel housing
with a wall thickness of 3 mm.

WARNING: Explosion hazard
Disconnect the block power supply before:
— Snapping it on or disconnecting it.

— Connecting or disconnecting cables of non-
intrinsically safe circuits.

WARNING: Explosion hazard

Only use category 3G MACX MCR-EX
modules (ATEX 94/9/EC).

B b D

Installation in areas with a danger of dust explosions

WARNING: Explosion hazard

The device is not designed for installation in
areas with a danger of dust explosions.

>

Connection to the intrinsically safe circuit in areas with
a danger of dust explosions (zones 20, 21, and 22) is
only permitted if the equipment connected to this circuit is
approved for this zone (e.g., category 1D, 2D or 3D).

4.3 Use in safety-related applications (SIL 3)
When using the MACX MCR-EX-SD-21-60-LP(-SP) in
safety-related applications, observe the instructions in
Section 8, as the requirements differ for safety-related
functions.

103469_en_00
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MACX MCR-EX-SD-21-60-LP(-SP)

5 Installation

A | NOTE: Electrostatic discharge

AIA The device contains components that can be
damaged or destroyed by electrostatic discharge.
When handling the device, observe the
necessary safety precautions against
electrostatic discharge (ESD) according to

EN 61340-5-1 and EN 61340-5-2.

5.1 Basic circuit diagram
Ex area : Safe area
<«©out : @ N
| :
I | |
I | |
/oS N B =4
1 +@ L @+
+ : E E
o -
|
! ! E Figure 3 Design MACX MCR-EX-SD-21-60-LP
1
I ! !
o : : 1 Pluggable COMBICON screw terminal blocks
: N T (for MACX MCR-EX-SD-21-60-LP-SP with spring-cage
Zone 01,2 Zone 2 terminal blocks)
Div.1,2 Div. 2 2 LED STAT, status display, lights up when output active

Metal lock for fixing on the DIN rail

Figure 2 Basic circuit diagram with connection terminal Connection options for DIN rail connector

blocks

s W

5.3 Dimensions

114,5

Figure 4 Dimensions (in mm)

103469_en_00 PHOENIX CONTACT 6



MACX MCR-EX-SD-21-60-LP(-SP)

5.4 Mounting

WARNING: Explosion hazard

If the device has been used in non-
intrinsically safe circuits, it must not be used
again in intrinsically safe circuits.

Clearly label the module as being non-intrinsically
safe.

Figure 5

Mounting and removing

— Mount the device on a 35 mm DIN rail according to
EN 60715.

—  When using a DIN rail connector (ME 6.2 TBUS-... ,
Order No. 2869728), insert this into the DIN rail first.
This is used for error messages.

Please also ensure you observe the direction of the
module and DIN rail connector when snapping into
position:
Snap-on foot below (2) and connector left (1).

— The device is loop-powered and so does not require its
own power supply.
It can, however, be snapped in isolation onto a DIN rail
connector that supplies power to non-loop-powered
MACX MCR-EX modules.

— Install the module in suitable housing to meet the
requirements for the protection class.

— Before startup, check that the solenoid driver is
operating and wired correctly, especially with regard to
the wiring and labeling of the intrinsically safe circuits.

5.5 Connecting the cables

— Pluggable screw terminal blocks
(on MACX MCR-EX-SD-21-60-LP); litz wires provided
with ferrules.

— Pluggable spring-cage terminal blocks
(on MACX MCR-EX-SD-21-60-LP-SP); litz wires
provided with ferrules.
— Lay intrinsically safe and non-intrinsically safe cables
separately.
- Permissible cable cross-section: 0.2 mm? to 2.5 mm?.
— Screw connection:
— Insert the wire into the corresponding connection
terminal block.
— Use a screwdriver to tighten the screw in the
opening above the connection terminal block.
— Spring-cage connection:
— Insert a screwdriver in the opening above the
connection terminal block.
— Insert the wire into the corresponding connection
terminal block.

6 Comparison of safety data

VAN

WARNING: Explosion hazard

Compare the safety data before connecting a
device located in the intrinsically safe area to the
MACX MCR-EX-SD-21-60-LP(-SP).

Safety data for
Field devices: U, Ii, Pi, L, G
Solenoid drivers: Uo, o Po, Lo, Co

For the values for U, |,, Po, Ly, and C, please refer to
"Safety data according to ATEX for intrinsically safe circuits"
on page 3 and the EC type-examination certificate.

Requirements for intrinsic safety (simple circuits):

U= U,

=1,

P;>P,

Li+L.<Lg (L, and C. are dependent on the
Ci+Cy<C, cables/lines used.)

103469_en_00
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MACX MCR-EX-SD-21-60-LP(-SP)

7 Calculating a valve circuit

____________ h] r_____l
Isv

Solenoid driver Valve

Figure 6 Equivalent circuit

In order to connect a solenoid valve to the device, it is also
necessary calculate the measurements in addition to
comparing the safety data.

R;:  Internal resistance of solenoid driver
Uy: Guaranteed voltage of the solenoid driver without
load

ly: Maximum current that can be supplied by the
solenoid driver

Rc: Maximum permissible cable resistance when
connecting the solenoid driver and valve

Rgy: Effective coil resistance of the solenoid valve
(the copper resistance of the coil depends on the
temperature)

Isy:  The current required by the solenoid coil so that the
valve can close tightly

Usy: The voltage which is applied across the coil with Igy

Rgy and Ugy are determined by the copper resistance,
which depends on the ambient temperature.

The values of Rgy and Igy must be obtained from the valve
manufacturer. The values for R;and Uy, can be found in the
technical data under "Output" on page 2.

On the basis of this, the permissible cable resistance can be
calculated according to the formula below:

Recommendation:
Rc = Uy _ Ri — Rgy ForRg, anactual cable
Isv resistance of +25 Q should

be calculated.

In the event of a negative resistance, a successful
connection is no longer guaranteed.

Function requirements: Iy, > Igy and Rg > 0 Q.

o You can obtain a list of suitable valves from the
1 Download Center at

www.download.phoenixcontact.com.

103469_en_00
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MACX MCR-EX-SD-21-60-LP(-SP)

8 Safety-related applications (SIL 3)

8.1 Response times

Following a state change at the input, the output enters the
safe state in <20 ms.

8.2 Operating mode of the safety function
Operating mode as per EN 61508: "Low demand mode"

8.3 Failure behavior and required response

1. The safe state is entered in the event of an input voltage
failure.

2. The safe state is reached by removing the device's
connection terminal blocks.

8.4 Safety integrity requirements

Failure rates
— Type A device (according to EN 61508-2)
—  Safety Integrity Level (SIL) 3

)sare | pangerous | SFF’ DCs® | DCp?
284 FITS OFIT 100% 0% 0%
1 SFF = Safe Failure Fraction
2 DC = Diagnostic Coverage (safe or dangerous)
3 FIT = Failure in Time (1 FIT = 1 failure/10° h)
PFDayg values
T[PROOF] = 1 year 5 years 10 years
PFDavg' = 0 0 0

T PFD= Probability of Failure on Demand
Since the PFDpyg value is 0, it is not necessary to perform

regular proof tests. This is, however, still recommended
(see Section 8.5).

Failure limit

The operating mode is based on low demand mode. The
percentage of the device at PFH/PFD for the overall safety
loop is 10%.

Sensor and
switching | |Processing| | 'Ag;tzfrgir L Actuator
amplifier 15% oo, .
° ()
35%
Figure 7 Safety loop
Conditions

— The failure rates of the components used remain
constant throughout the period of use.

— Propagation of errors by the device in the system is not
taken into consideration.

—  The repair time (= replacement) should take eight
hours.

— Thefailure rates of the external signaling device are not
taken into consideration.

— The average temperature at which the device is to be
used is +40°C. This is based on standard industrial
conditions.

8.5 Proof test

Even where the PFDyg value is 0, it is still recommended

that you check the function of the valve burner in conjunction

with the entire safety loop.

1. Take appropriate steps to prevent incorrect use.
Prevent other areas of the system from being affected
by the proof test
(e.g., set the control system to test mode).

2. When a voltage of between 20 V and 30 V is applied at
the input, check whether a voltage of > 0 can be
measured at the output terminal blocks.

The field device must switch at the same time.

3. Restore the safety circuit to full functionality.

4. Return to normal operation.

9 Appendix

Exida assessment summary (3 pages)
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Management summary

This report summarizes the results of the hardware assessment carried out on the solenoid
drivers type PI-EX-SD-**-** with a corresponding motherboard and on the solenoid drivers with
top hat rail design, MACX MCR-EX-SL-SD-**-**-LP.

Table 1 gives an overview of the different devices. Within each type the different devices have
the same circuit diagram.

Table 1: Device overview

Motherboard type: Top hat rail type: Output values:
PI-EX-SD-21-25 MACX MCR-EX-SL-SD-21-25-LP 21V/25mA
PI-EX-SD-21-45 MACX MCR-EX-SL-SD-21-45-LP 21V /45 mA
PI-EX-SD-24-48 MACX MCR-EX-SL-SD-24-48-LP 24V /48 mA
PI-EX-SD-21-60 MACX MCR-EX-SL-SD-21-60-LP 21V /60 mA

The hardware assessment consists of a Failure Modes, Effects and Diagnostics Analysis
(FMEDA). A FMEDA is one of the steps taken to achieve functional safety assessment of a
device per IEC 61508. From the FMEDA, failure rates are determined and consequently the
Safe Failure Fraction (SFF) is calculated for the device. For full assessment purposes all
requirements of IEC 61508 must be considered.

The failure rates used in this analysis are the basic failure rates from the Siemens standard
SN 29500.

According to table 2 of IEC 61508-1 the average PFD for systems operating in low demand
mode has to be >10* to < 10 for SIL 3 safety functions. However, as the modules under
consideration are only one part of an entire safety function they should not claim more than 10%
of this range, i.e. they should be better than or equal to 1,00E-04.

The solenoid drivers type PI-EX-SD-**-** with a corresponding motherboard and the solenoid
drivers with top hat rail design, MACX MCR-EX-SL-SD-**-**-LP are considered to be Type A'
components with a hardware fault tolerance of 0.

For Type A components the SFF has to be 90% to < 99% according to table 2 of IEC 61508-2
for SIL 3 (sub-) systems with a hardware fault tolerance of 0.

The solenoid drivers PI-EX-SD-**-** and MACX MCR-EX-SL-SD-**-**-LP are operated in
passive mode, and can therefore be regarded as loop powered modules. Because loop
powered modules are directly driven from the digital output of a safety PLC there is no
additional power supply which can keep the output energized in case of an internal fault. Thus
all internal faults have either no effect on the safety function or lead to a safe state.

! Type A component:  “Non-complex” component (all failure modes are well defined); for details see
7.4.3.1.2 of IEC 61508-2.

© exida.com GmbH phoenix contact 06-06-05 r004 v1r0.doc, September 18, 2006
Philipp Neumeier Page 2 of 3
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Results for solenoid drivers PI-EX-SD-**-** with Motherboard:

The following table shows how the above stated requirements are fulfilled.

Table 2: Summary for PI-EX-SD-**-** with Motherboard — IEC 61508 failure rates 2

AsAFE ADANGEROUS SFF PFDave

284 FIT OFIT? 100% 0,00E+00

Results for top hat rail type solenoid drivers MACX MCR-EX-SL-SD-**-**-LP:

The following table shows how the above stated requirements are fulfilled.

Table 3: Summary for MACX MCR-EX-SL-SD-**-**-LP — IEC 61508 failure rates 2

Asare ADANGEROUS SFF PFDave

282FIT OFIT? 100% 0,00E+00

The above results show that the solenoid drivers PI-EX-SD-**-** with Motherboard and MACX
MCR-EX-SL-SD-**-**-LP - both when loop powered - can be used for all safety applications.

The calculations are based on the assumption that the devices are mounted in an environment
that is IP 54 compliant (e.g. housing, control cabinet or control room).

The failure rates are valid for the useful life of the solenoid drivers PI-EX-SD-**-** and MACX
MCR-EX-SL-SD-**-**-LP (see Appendix 1).

2 It is assumed that practical fault insertion tests can demonstrate the correctness of the failure effects
assumed during the FMEDAs.

® In order to deal with the excluded faults in the quantitative analysis it might be reasonable to consider a
dangerous failure rate of 0.1 FIT, leading to a SFF of 99,97% and a PFDayg of 4,38E-06 for a proof time
of 10 years.

© exida.com GmbH phoenix contact 06-06-05 r004 v1r0.doc, September 18, 2006
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KomnaHus «Life Electronics» 3aHumaemcsi nocmaskamu 351€KmMpPOHHbIX KOMITOHEHMO8 UMIOPMHO20 U
omedyecmeeHHo20 rpouseodcmea om npoudeodumernel u co ckrnados KpyrHbix ducmpubbomopos Esporibi,
AMepuku u Asuu.

C koHua 2013 200a KoMraHusi akmueHo pacwiupsiem fuHelKy MocmagoK KOMIOHEHMO8 0 HarnpaeneHuo
KoakcuarbHbIl kabesb, Keapuesbie 2eHepamopbl U KOHOeHCcamopbi (KepaMuyeckue, nieHoYHbIe,
3neKmposiumuyeckue), 3a cuyém 3akntoyeHuss ducmpubbromopcKux 002060p08

Mbi1 npednasaem:

o KoHKypeHmocnocobHbie UeHbl U CKUOKU MOCMOSIHHbIM KITUeHmMam.

e CrieyuarsnbHbie ycrio8usi 07151 TOCMOSIHHbIX KITUEHIMO8.

e [lod6op aHarnoeos.

lMocmaeky KomMrnoHeHmMo8 8 ftobbix obbemax, y0oernemeopstouUx eawum MompebHoCMSsM.

lpuemnembie cpoku nocmasku, 803MOXHa yCKOPEeHHasi mMocmaska.
Locmaeky mosapa & ritobyto moyky Poccuu u cmpaH CHI™.
KomrinekcHytro nocmasky.

Pabomy no npoekmam u rnocmasky obpa3syos.

®opmuposaHue ckiada nod 3akaszyuka.

Cepmucgbukambl coomeemcmeus Ha rnocmassnseMyro npooyKyuUto (Mo XenaHu KueHma).
o TecmuposaHue nocmasnsemMou npodyKyuu.

e [locmasKy KOMMOHEHMOo8, mMpebyruux 806HHYIO U KOCMUYECKYH MPUEMKY.

e  BxodHoli KOHMposib Ka4yecmea.

e  Hanu4yue cepmugpukama I1SO.

B cocmaee Hawel komnaHuu opeaHu3oeaH KoHcmpykmopckuli omderst, npu3eaHHbIl MomMozamb
paspabomyukam, U UHXEHepaM.

KoHcmpykmopckuli omOen nomoaaem ocyujecmseums:

Pezaucmpauuro npoekma y npousgooumersisi KOMIOHEHMOS.

TexHu4eckyro no0depXKy rnpoekma.

Bawumy om cHaMuUs KOMroHeHma ¢ npoussoocmea.

OueHKy cmoumocmu fpoeKkma ro KOMIOHeHmam.

U3ezomoerneHue mecmosol rnnambl MOHMaX U ryckoHanadoyHbie pabomeil.
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