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MANUAL OVERVIEW

OVERVIEW OF THIS PUBLICATION
The NITRA Pneumatic Automation Link (PAL) User Manual describes the installation, configuration, and
methods of operation of the NITRA Pneumatic Automation Link (PAL) system.

WHo SHouLD READ THIs MANUAL
This manual contains important information for those who will install, maintain, and/or operate the
NITRA Pneumatic Automation Link (PAL) system.

SUPPLEMENTAL PUBLICATIONS
Additional PAL system documentation can be downloaded at www.automationdirect.com. For
information about using the PAL Configuration Software, refer to the online help file available in the
software.

TECHNICAL SUPPORT
By Telephone: 770-844-4200
(Mon.-Fri., 9:00 a.m.-6:00 p.m. E.T.)

» On the Web: www.automationdirect.com
Our technical support group is glad to work with you in answering your questions. If you cannot
find the solution to your particular application, or, if for any reason you need additional technical
assistance, please call technical support at 770-844-4200. We are available weekdays from 9:00 a.m. to
6:00 p.m. Eastern Time.
We also encourage you to visit our web site where you can find technical and non-technical
information about our products and our company. Visit us at www.automationdirect.com.

SPECIAL SYMBOLS

‘E NOTE: When you see the “notepad” icon in the left-hand margin, the paragraph to its immediate right will
be a special note.

& WARNING: WHEN YOU SEE THE “EXCLAMATION MARK” ICON IN THE LEFT-HAND MARGIN, THE PARAGRAPH TO ITS IMMEDIATE RIGHT WILL BE A WARNING. THIS
INFORMATION COULD PREVENT INJURY, LOSS OF PROPERTY, OR EVEN DEATH (IN EXTREME CASES).
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PAL SYSTEM INTRODUCTION

OVERVIEW OF THE SYSTEM

The NITRA Pneumatic Automation Link (PAL) system is a highly versatile electro-pneumatic system
for industrial automation applications. A full range of high-performance compact solenoid valves can
be combined with configurable input and output (1/0) modules into a robust assembly with an IP65
rating. The assembly communicates with a PLC or other controller through an EtherNet/IP fieldbus
connection. Simpler systems without I/O can be directly wired.

The system is powered by 12 or 24 VDC and can be mounted on DIN rail or surface mounted using
optional adapters. Fieldbus systems can support up to 128 solenoids, 128 digital inputs, 128 digital
outputs®, 16 analog inputs, 16 analog outputs and 16 temperature inputs. Wired systems support
either 4, 8,21 or 38 solenoids depending on the unit.

Solenoid valve bases come with V4” push-to-connect tubing connections. If needed, each connector
can be changed out to either 4mm(5/32”), 6mm, or 8mm(5/16”) tubing sizes using optional
replacement connectors. Solenoid valve options include 3-way, 2-position (2 valves per body) either (2)
normally closed, (2) normally open, or one of each. 5-way valves are available in 2-position, single or
double solenoid and 3-position, center closed.

8-point Digital Input and Output Modules have 3-pin M8 connections. The Analog Inputs, Outputs, and
Temperature Modules have 4-pin M8 connections. Optional caps seal any unused connections. For
systems that do not need the IP65 rating, there are digital input and output modules with 16 points per
module and an IP40 rating. All I/O modules are configured using the PAL Configuration Software.
Fieldbus systems support local expansion and can be separated into smaller assemblies which all
share one IP address and are configured as a single system in software. This allow valves and I/O to be
located as needed on a machine.

To assist with the selection of your components for your PAL system, we recommend you use our
online selector tool located at this link. www.automationdirect.com/selectors/pal

NOTE: The total number of Digital Outputs is 128, unless the assembly is using all 22 possible 6-point Digital
Output modules, in which case the total count is 132.
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GENERAL SPECIFICATIONS

PAL System - General Specifications

Nominal Supply Voltage 12 or 24 VDC

Minimum Operating Voltage 108V *

Maximum Operating Voltage 312V

Maximum Admissible Voltage 32V **

Power for Each Controlled Pilot 3W for 15ms, then holding 0.3 W

Drive (for multi-pole) PNP or NPN

Solenoid Rating 100% ED

Protection Overload and short-circuit protected solenoid pilot Output

Maximum Number of Solenoid Pilots

21 or 38 multi-pole connection; field bus 128

Ambient Temperature

-10°C to + 50°C (at 8 bar) 14°F to 122°F (at 8 bar)

5/2 and 5/3 3/2
Common suopl Port 1 3to8bar(43to116| 3.5to 8 bar (51 to
ilind psi) 116 psi)

Operating Pressure

Separate pilot

Assisted valves Vacuum to 10 bar (Vacuum to 145psi)

Actuation Response Time (TRA) / Reset
Response Time (TRR) at 6 bar

supply Pilot pressure 3 to 8 bar (43 to 116 psi)
TRA/TRR valve 2/2 and 3/2 14 / 28 ms
TRA/TRR valves 5/2 monostable and 12 /45 ms
shut-off valve
TRA/TRR valve 5/2 bistable 12/ 14 ms
TRA/TRR valve 5/3 15 /45 ms
TRA/TRR valve 3/2 high flow 13 /36 ms

Fluid

Unlubricated air

Air Quality Required

ISO 8573-1 class 4-7-3

Degree of Protection

IP65 (with connectors connected or plugged if not used)

Agency Approvals

CE, cURus

* Minimum voltage 10.8V required at solenoid pilots.

** IMPORTANT! Voltage greater than 32VDC will damage the system irreparably.

Page 14
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CoMPONENTS OVERVIEW

@ ELECTRICAL CONNECTION MODULE

@ PNEUMATIC AIR SUPPLY MODULE

@ SOLENIOD VALVE

@ MODULAR VALVE BASE

@ INPUT / OUTPUT MODULE

@ ELEcTRICAL CONNECTION MODULES

END PLATE (INLCUDED WITH
ELECTRICAL CONNECTION MODULE)

END PLATE

®

©)

PNEUMATIC INTERMEDIATE SUPPLY MODULE

There are three different types of electrical connection modules available for use with the PAL system.
PAL-EIP supports EtherNet/IP protocol at 10/100 Mbps. PAL-EAD is used to physically separate PAL

assemblies while using a common IP address. For pneumatic only systems, with no /O, PAL-E25
or PAL-E44 may be used. PAL-CB4414 and PAL-CB4814 are 4-position electro-pneumatic manifold

bases for PAL valves with 4 or 8 controls for solenoid pilots. Up to 4 valves with one solenoid pilot can

be installed on PAL-CB4414, and up to 4 valves with one or two solenoid pilots can be installed on

PAL-CB4814.

ELECTRICAL CONNECTION MODULES

PAL-CB4414

PAL-CB4814

PAL-E25

PAL-E44

PAL-EIP

PAL-EAD

Stand-alone,
4-solenoids,
4-stations,

1- female NPT

2-exhausts

inlet, 8-outlets,

Stand-alone,
8-solenoids,
4-stations,

1- female NPT
inlet, 8-outlets,
2-exhausts

25-pin
electrical
connection

44-pin
electrical
connection

EtherNet/IP
electrical

connection
EtherNet/IP

Additional
electrical
connection
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EAD Application

PAL

it is often desirable to locate valves and I/O modules close to their respective

machine components. There are two main ways that this can be done with the PAL system. Smaller

subassemblies of valves and 1/0 can be assembled using a PAL

)

In larger systems

EIP bus coupler and PAL-C2 end plate

for each subassembly. These subassemblies will each be assigned separate IP addresses and treated

as independent units by the PLC. The second option is to use local expansion. One PA

and PA

L-EIP bus coupler

L-C3 end plate is joined by an expansion cable with a second subassembly with a PAL-EAD local

in this manner up to the limits of I/0 points

and solenoids. The end plate on the last subassembly should be a PAL-

expansion coupler. Subassemblies can be “daisy chained”

C2 unless the possibility of

future expansion is desired. If so, a PAL-C3 end plate with a PAL-ACC18 terminator can be used. When

using local expansion, the overall system has one IP address and is treated as a single assembly by the

configuration software tool and by the PLC.

(3) Independent PAL Systems

Both examples have an equal number

of valves and I/O points

(3) Daisy chained PAL assemblies acting as (1) PAL system

NITRA Pneumatic Automation Link (PAL) — 1st Ed. Rev. F
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@ Input / OuTPUT MODULES

The PAL system can be configured with a variety of input or output signal modules, which can be

mounted on systems with fieldbus electrical connection and no additional systems. The signal
modules can be added at any time. You only need to unscrew the aluminium plate to the left side of
the electrical connection module and install the signal modules (ready fitted with fixing tie rods) and
retighten the end plate to the left. There is a small button under the access panel of the PAL-EIP that
has to be depressed during power up to discover initial assembly or when modules have been added
or removed. See PAL Configuration Software help topic PAL004 for further details.

INPUT /[ OUTPUT MODULES

PAL-501

PAL-502

PAL-503

PAL-504

PAL-S05

PAL-506

PAL-507

PAL-508

8 M8 digital 8 M8 digital 6 M8 4 M8 4 M8 16 digital 16 digital 4 M8 analog

inputs outputs digital analog inputs | analog terminal terminal inputs for
outputs + outputs block inputs block outputs | temperature
electrical measurement
supply

@ ComMPRESSED AIR CONNECTION MODULES

The PAL-P12 compressed air connection module is the primary interface for the compressed air supply
and PAL system solenoid valves. It features a 1/2” push-to-connect main supply and 5/32”(4mm) pilot
supply. Used in the default configuration, pilot pressure of 3 to 8 bar (43 to 116 psi) is supplied to

port X, allowing the main supply to be in the range of vacuum to 10 bar (145 psi). If the total system is
operated in the range of 3.5 to 8 bar (51 to 116 psi), the PAL-P12 can be easily converted to require only

the single main supply connection for complete operation. See chapter 5 for details on converting the
PAL-P12.

When additional air and/or power is needed that exceeds the capacity of the primary connections, an
intermediate module can be installed anywhere in the valve bank. PAL-M12 provides an additional

1/2” push-to-connect inlet and silenced exhaust while the PAL-M12P also include a 4-pin M8 power
connection.

PNEUMATIC AIR

PNEUMATIC

SUPPLY MODULE INTERMEDIATE SUPPLY MODULE

PAL-P12 PAL-M12 PAL-M12P

Compressed air supply -
Silenced relief

Intermediate module -
Silenced relief w/power

Intermediate module -
Silenced relief
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@MODULAR VALVE BASES
PAL modular valve bases are available with 3 or 4 positions. A version is available with an electrical
connection for a single control of each position, suitable for 5/2 single solenoid valves or 3/2 high

flow valves (physically impossible to install other valves). Another version comes with two electrical
connections for each position and is suitable for all types of valves. The electronics in the base controls

the signal coming from both the multi-pole connector and the fieldbus, so the base is the same,

regardless of the control system of the island. The air delivery ports (ports 2 and 4) are made up of
cartridge-type push-in fittings. The cartridge can be replaced, for example when the tube diameter
needs to be changed, by pulling out the clip placed under the base.

PAL-B3314

MODULAR VALVE BASES

PAL-B3614

PAL-B4414

PAL-4814

3-solenoids,
3-stations,
6-tubing outlets

6-solenoids,
3-stations,
6-tubing outlets

4-solenoids,
4-stations,
8-tubing outlets

8-solenoids,
4-stations,
8-tubing outlets

@ SoLENoID VALVES

Solenoid valves in the PAL system are designed to ensure high flow while using only one small size
valve (14 mm wide), without the need of installing a larger size one, to the benefit of component
standardization. Versions are available with all the main air supply diagrams - from 3/2 to 5/3. The
valves are secured to the base with two sturdy M4 captive screws. They come with all the accessories
that facilitate their use: manual control, LED light, plate with air supply diagram and technical data and
white ID tags.

SOLENOID VALVES

PAL-V2-32C* | PAL-V2-32A* | PAL-V2-32C32A* | PAL-V1-52 | PAL-V2-52* | PAL-V2-53C* | PAL-V1-32C PAL-V1-32A | PAL-V1-SR**| PAL-V0-PLUG

2 valves 3/2 NC Shut-off valve

(valid as 5/3 OC)

2 valves 3/2 NO
(valid as 5/3 PC)

3/2NC +
3/2NO

1 valve 5/2
spring return

1 valve 5/2
2 solenoids

5/3 center closed
2 solenoids

3/2 NC high flow | 3/2 NO high flow Blanking plug

* Requires a base with 2 solenoid connections per station.
** Requires bank main inlet port to be plugged.
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@ Y-FTTING

The Y-fitting is a reinforced technopolymer pneumatic fitting used to accomplish various air flow
combinations between one or two solenoid valves. See Chapter Five - Pneumatic Modules for further

explanation.
Y-FITTING

PAL-Y38

Y-fitting

@ END PLATES

The closed end-plate is the last element on the right end of each PAL system. A version for banks with
multi-pole connector is available. One for banks with fieldbus, containing a small electronic board; one
for connection to other additional PAL banks (only for systems with fieldbus). The end plate houses the
system for mechanically mounting the base to external supports i.e. DIN rail.

END-PLATES

PAL-C4 PAL-C2 PAL-C3

Closed end-plate | Closed end-plate | Closed end-plate

for banks with for banks with for electrical

multi-pole fieldbus connection

connector of banks with
fieldbus to

additional banks

CLOSED END SPACER MODULE (NOT SHOWN IN DIAGRAM)
To use the PAL system bank without pneumatics this module is needed. Only one module per bank is

required.
SPACER FOR /O
BANK ONLY

PAL-SPC

Module for electric version
only - Electrical I/O only

NITRA Pneumatic Automation Link (PAL) — 1st Ed. Rev. F Page 1-9
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ASSEMBLY

REQUIRED TooLs
When assembling the Pneumatic Automation Link (PAL) system we recommend using the following
tools:
« M4 open end wrench
e PHI screwdriver
e 4mm hex wrench
¢ 3mm hex wrench
e 2mm hex wrench
3mm slotted screwdriver

ASSEMBLING THE BANK
Hand tighten the three tie rods (1) of the compressed air supply input/output module for connection to
the bus coupler (2).

While aligning the tie rods, carefully mate the compressed air module (3) onto the electrical module.
Make sure the electronic board fits into the slots provided. DO NOT FORCE!

Hand tighten the three tie rods (4) and mate the base (5). Make sure the electronic board is fitted
properly. Should there be any binding, gently move the board to facilitate its insertion or gently push
the end plate board downwards. Repeat the operation for all the bases.

Page 1-10 NITRA Pneumatic Automation Link (PAL) — 1st Ed. Rev. F
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Unscrew the three M4 set screws on the end base (6).
Tighten the three tie rods (7) using a 4mm hex wrench at a torque of 2Nm [18 lb-in].

NOTE: For the optimal alignment of the boards, it is advisable to install the bases WITHOUT the valves
assembled.

Place the bank on a flat surface, insert the closed end plate (9) and tighten the three screws (8) using
3mm hex wrench at a torque of 2Nm [18 lb-in]. In the versions with electronic board (PAL-C2 & C3),
make sure the boards are properly aligned. DO NOT FORCE.

After checking that the seals are positioned properly, install the valves and tighten the Phillips screws
with a PH1 driver at atorque of 1.1 - 1.3 Nm [9.7 - 11.5 lb-in]. First tighten screw A and then screw B.

NITRA Pneumatic Automation Link (PAL) — Ist Ed. Rev. F Page 1-11
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Insert the I/0 module (13), making sure the electronic board is aligned properly. DO NOT FORCE.
Repeat the operation for all the I/0 modules.
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Carefully refit the plate (11), making sure the electronic board is aligned properly. DO NOT FORCE.
Using a 3mm hex wrench tighten the two M4 SHCS (10) at a toque of 2Nm [18 lb-in].

NITRA Pneumatic Automation Link (PAL) — Ist Ed. Rev. F Page 1-13
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REPLACING THE FITTINGS
Use a 3mm slotted scewdriver to remove the clips.

Insert the new cartridges until they are fully seated into the base.

Reinsert the clip completely.
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REPLACING THE VALVES

Unscrew the two Phillips head screws using a PH1 driver.

Gently lift the valve, perpendicular to the base, in order to remove the valve.

Check that the seals are positioned properly and lower to insert the new valve.
—
NS
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Tighten the two Phillips head screws using a PH1 driver at a torque of 1.1 - 1.3 Nm [9.7 - 11.5 |b-in].
First tighten screw A and then screw B.

MouNTING THE BANK TO DIN RAIL
Mount the bank to the designated side of the DIN rail dovetail first.
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ELECTRICAL CONNECTIONS

Power WIRING
ETHERNET/IP MODULES

An M8 4-pin female connector is used for the power supply. Pin 1 (brown wire) carries power for the
main bus of the system. Pin 2 (white wire) is used to power any auxiliary solenoid valves connected to
the system. The auxiliary power supply of the valves is separate from the fieldbus, which means that
the valves can be powered off while the bus line remains live.

Input voltage range is 12VDC -10% to 24VDC +30% (minimum 10.8, maximum 31.2 VDC)

Choose an appropriate cable to maintain IP65 rating. See AutomationDirect.com for a large selection of
M8 IP65 rated cables.

WARNING: POWER OFF THE SYSTEM BEFORE PLUGGING OR UNPLUGGING THE CONNECTOR (RISK OF FUNCTIONAL DAMAGE).
& USE FULLY ASSEMBLED VALVE UNITS ONLY.

USE AN APPROPRIATE POWER SUPPLY FOR INCOMING POWER THAT COMPLIES WiTH IEC 742/EN60742/VDE0551 WitH AT LEAST 4KV INSULATION
RESISTANCE (PELV).

/!\ WARNING: SupPLY VOLTAGE GREATER THAN 32VDC WILL PERMANENTLY DAMAGE THE PAL SYSTEM.

N
ACT
00

on
0 0|ruNn
0 0err

Power
O
Error

Local

Error

Power Supply (M8 male connector)

Connection for bus power supply and
auxiliary valve power supply

4 __3 1=+24V bus (Brown)
’7 2 =+24\ valve (White)
3=GND (Blue)
L 4 =GND (Black)

A

2 1

. NOTE: The module must be grounded using the end plate connection marked with the Symbol PE <.

WARNING: IMPROPER GROUNDING MAY CAUSE DAMAGE TO THE BUS COUPLER. PROPER GROUNDING IS NECESSARY TO MAINTAIN IP65 RATING. UNUSED
M12 CONNECTIONS MUST BE COVERED WITH A PROTECTIVE CAP TO MAINTAIN IP65 RATING.

NITRA Pneumatic Automation Link (PAL) — 1st Ed. Rev. F
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ELecTRIcAL CONNECTION MODULES
Choose the appropriate Electrical Connection Module power cable for wiring. AutomationDirect part
numbers PAL-ACC04, PAL-ACCO05 and PAL-ACCO6 are for use with Electrical Connection Module PAL-E25.
Part numbers PAL-ACCO07, PAL-ACC08 and PAL-ACCO9 are for use with Electrical Connection Module
PAL-E44.

Input voltage range is 12VDC -10% to 24VDC +30% (minimum 10.8, maximum 31.2 VDC)

WARNING: POWER OFF THE SYSTEM BEFORE PLUGGING OR UNPLUGGING THE CONNECTOR (RISK OF FUNCTIONAL DAMAGE).

& USE FULLY ASSEMBLED VALVE UNITS ONLY.
USE AN APPROPRIATE POWER SUPPLY FOR INCOMING POWER THAT COMPLIES WiTH IEC 742/EN60742/VDE0551 WitH AT LEAST 4KV INSULATION
RESISTANCE (PELV).

/!\ WARNING: SuPPLY VOLTAGE GREATER THAN 32VDC WILL PERMANENTLY DAMAGE THE PAL SYSTEM.

D-SUB 25-PIN CONNECTOR PIN  Color of the corresponding  Function PIN' Color of the corresponding ~ Function
Male Female wire (DIN 47100/ wire (DIN 47100/
14 1 1 14 1 White 1 14 Brown + Green ring 14
2 Brown 2 15 White + Yellow ring 15
3 Green 3 16 Yellow + Brown ring 16
4 Yellow 4 17 White + Grey ring 17
5 Grey 5 18  Grey + Brown ring 18
6  Pink 6 19 White + Pink ring 19
7  Blue 7 20  Pink + Brown ring 20
8 Red 8 21 White + Blue ring 21
9  Black 9 22 Brown + Blue ring Fault reporting
2 13 1 25 10  Violet 10 23 White + Red ring * Config. PNP/NPN
. . 11 Grey + Pink ring 1" 24 Brown + Red ring +/DC
BANK side CABLE side 12 Red +Blue ring 12 25  White + Black ring ovDC
13 White + Green ring 13
D-SUB 44-PIN CONNECTOR PIN' Color of the corresponding  Function PIN' Color of the corresponding  Function
Male wire (DIN 47100 wire (DIN 47100)
LI 1 White 1 23 White + Red ring 23
2 Brown 2 24 Brown + Red ring 24
3 Green 3 25 White + Black ring 25
4 Yellow 4 26 Brown + Black ring 26
5 Grey 5 27 Grey + Green ring 27
6  Pink 6 28 Yellow + Grey ring 28
7 Blue 7 29 Pink + Green ring 29
8  Red 8 30 Yellow + Pink ring 30
9 Black 9 31 Green + Blue ring 31
44 10 Violet 10 32 Yellow + Blue ring 32
o s 11 Grey + Pink ring 11 33 Green + Red ring 33
BANK side CABLE side 12 Red +Bluering 12 34 Yellow + Red ring 34
13 White + Green ring 13 35 Green + Black ring 35
14 Brown + Green ring 14 36 Yellow + Black ring 36
15 White + Yellow ring 15 37 Grey + Blue ring 37
16 Yellow + Brown ring 16 38  Pink + Blue ring 38
17 White + Grey ring 17 39 Grey + Red ring Fault reporting
18  Grey + Brown ring 18 40 Pink + Red ring * Config. PNP/NPN
19 White + Pink ring 19 41 Grey + Black ring +VDC
20  Pink + Brown ring 20 42 Pink + Black ring +VDC
21 White + Blue ring 21 43 Blue + Black ring ovbC
22 Brown + Blue ring 22 44 Red + Black ring ovDC
12-24VDC -t I—t
0VDC PAL - E25 PAL - E44
; PIN 23 (CONFIG PNP / NPN) PIN 40 (CONFIG PNP / NPN)
PIN 24 (+VDC) PIN 41 &42 (+VDC)
soSgglNG nC r:lr:‘ ?5 (0VDC) b;llr:‘ 4:3 &44(0VDC)
OUTPUTS
12-24VDC t
0VDC 1 PAL - E25 PAL - E44
PIN 23 (CONFIG PNP / NPN) PIN 40 (CONFIG PNP / NPN)
PIN 24 (+VDC) PIN 41 & 42 (+VDC)
NPN c PIN 25 (0VDC) PIN 43 & 44 (0VDC)
SINKING Yo PIN1 PIN1
OUTPUTS

‘E NOTE: The module must be grounded using the end plate connection marked with the Symbol PE =.

/!\ WARNING: IMPROPER GROUNDING MAY CAUSE DAMAGE TO THE BUS COUPLER. PROPER GROUNDING IS NECESSARY TO MAINTAIN IP65 RATING.
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PAL-EIP CONNECTIONS

The network connectors on the PAL-EIP are M12 female D-coded for Ethernet. Pre-wired Ethernet
Cat5e cables with M12 male D-coded connector or field-wireable connectors such as AutomationDirect
part numbers 7000-14581-0000000 or 7000-14521-0000000 are recommended for connecting the PAL

system to the network.

EtherNet/IP Network Connections
IN (M12 Female Connector, D encoding)

1=TD+
4

1 2 =RD+
3-Tp.
3 2 4 =RD-

Metal ring nut - Shield

OUT (M12 Female Connector, D encoding)

1=TD+
4 ! 2=RD+
=" 4=RD-

Metal ring nut - Shield

IN
UNK
A

our

on
oa
0
0 0err

[ [RUN

Bus
Error’
Local
Error|

WARNING: IMPROPER GROUNDING MAY CAUSE DAMAGE TO THE BUS COUPLER. PROPER GROUNDING IS NECESSARY TO MAINTAIN IP65 RATING. UNUSED

M 12 CONNECTIONS MUST BE COVERED WITH A PROTECTIVE CAP TO MAINTAIN IP65 RATING.
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