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C. Control and Signal Modules

VL1— EtherCAT Control/Signal Module

1.

Product Overview

The VL1 modules enable the customer to control and communicate with the Tool Changer through a network
using an EtherCAT interface. Control of the Tool Changer is realized through the Master along with the reporting
of various Tool Changer 1/O. The Tool module supports Tool-1D reported through the Master and functions as a
pass-through for EtherCAT network and power to downstream equipment.

The VL1 module supports the use of an integrated single or double solenoid valve, which is provided on the
valve adapter module (9121-Jxx), for Latch/Unlatch control of the Tool Changer. The user is required to provide a
pneumatic supply source to the Tool Changer. Please refer to the appropriate manual for specific module and Tool
Changer requirements.

In addition to supporting the standard Tool Changer input signals (Locked, Unlocked, and Ready-to-Lock proximity
sensors) the modules also support advanced diagnostic and fault reporting. Refer to Table 4.3.

A standard 5-Pin Minifast connector is provided on the Master and Tool modules for interfacing with Auxiliary
Power. The power source for US1 and US2 Power must be a 24VDC certified power supply or equivalent voltage
controlled power supply. A standard M12 D-Coded 4-Pin connector is provided on the Master and Tool modules
for interfacing with EtherCAT. When the Tool Changer is coupled, the Master and Tool modules pass signals via
a spring-loaded pin block. A flexible rubber seal surrounds the pin block and is designed to be water resistant, but
they are not waterproof (see Figure 1.1).

The VL1-M/VL1-T modules are designed with a Safety circuit to allow the Tool Changer to be operated in the
safest manner possible. To avoid unintentional Tool release, the power for the unlatch valve is routed through a
safety switch connector. A safety switch must be connected to support this function. Refer to Section 2.5—Tool-side
TSI for detailed information regarding the safety features of the EtherCAT control/signal modules.

1.1 VL1 Master

The VL1-M module has an integrated 3-Pin Valve signal pin block to provide the latch and unlatch signals
to the solenoid valves. The master module is equipped with M8 3-Pin connectors for the RTL1, RTL2, Lock,
and Unlock sensor connections.

The Master module also incorporates AT1’s exclusive Arc Prevention Circuit which extends the life of all
electrical power contacts by eliminating arcing caused by inductive loads and high inrush current during
coupling/uncoupling. Refer to Section 2.2—Arc Prevention Circuit for additional information regarding the
Arc Prevention Circuit.

The VL1-M module provides status LED’s to visually indicate their operation.

An electrical interface is provided on the Master module for support of a solenoid valve (DC

\oltage, sourcing-type). The integrated valve is supplied from ATI as part of the valve adapter block
(9620-20-C-Jxx). Refer to the Valve Adapter Manual for more information (9620-20-C-Jxx Air and Valve
Adapters with Valve Signal Pass Through). Electrical interface drawings and connector details are provided
in drawings in Section 9—Drawings.
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1.2

Valve Signal Pin Block

Figure 1.1—VL1 Modules

Aux. Power Connector
EtherCAT Connector 5-Pin Male
M12 D-Coded, 4-Pin Connector Turck RSFL 56

SF, Ethernet 2, BF, ) )
Ethernet 1 LED's FE Ground Terminal Connection

M8 x 1.25 Threaded Stud

RTL, Lock, and Unlock
MFKS
_.—3-Pin Female Contacts (4)

Spring Pin Contacts
and Rubber V-ring Seal

Pin Contacts

TSI,

M12 4-Pin Female Contacts
Aux. Power Connector

5-Pin Male
Turck RKFL 56

0-99999 Tool ID

Module Status (MS) LED
Network Status (NS) LED

EtherCat Connector
M12 D-Coded, 4-Pin Connector

FE Ground Terminal Connection
Common Ledge M8 x 1.25 Threaded Stud

Mounting Feature

VL1 Tool

The VL1-T module requires a Spacer module to align the VL1 Master and Tool modules and mounts to the
Tool body of the Tool Changer. A M12 4-Pin connector provides connection to the TSI safety switch that is
integrated into the safety circuit.

The Tool module employs a series of thumbwheel switches for setting of the Tool-ID input. This allows the
customer to distinguish between the different Tools that are being used in a robotic cell or on a production
line. The Tool-1D is reported through the Master module bitmap. See Section 2.1.1—EtherCAT Interface
Information for EtherCAT bitmap and detailed I/O information.
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2. Product Information

The VL1 modules enable the customer to control and communicate with the Tool Changer through a network using
an EtherCAT interface. An EtherCAT node is established on the Master module but not on the Tool. Control of the
Tool Changer is realized through the Master Node along with the reporting of various Tool Changer 1/0. The Tool
module supports Tool-ID reported through the Master and functions as a pass-through for EtherCAT network and

power to downstream equipment.

2.1 Master Module

2.1.1 EtherCAT Interface Information
Table 2.1 lists the EtherCAT interface parameters employed in the VL1 Master module.

Table 2.1—EtherCAT Interface Parameters
Parameter Description
Hot Connect supported
Baud rate 100 MBit/s
Data transport layer Ethernet Il, IEEE 802.3
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2.2

Arc Prevention Circuit

The VL1 module incorporates ATI’s exclusive Arc Prevention Circuit. The Arc Prevention Circuit extends
the life of all electrical power contacts by eliminating arcing caused by inductive loads and high inrush
current during coupling/uncoupling. The Arc Prevention Circuit makes it possible to couple/uncouple

without switching power off and prevents damage to the contacts.

In the VL1 module, the Arc Prevention Circuit controls the ON/OFF status of the following
(2) power signals:

-Input and Logic power US1+
-Output power US2+
The behavior of the Arc Prevention circuit is more fully described in the following sections.

2.2.1 Arc Prevention Circuit Behavior during Coupling

))
LATCH command /. ((

electrical contact ON
)) =/

between master and tool

US1, US2 power )) /

t1 = Tool Changer Lock Time
t, = Power Switch ON-delay

The behavior of the Arc Prevention circuit during coupling can be more clearly understood by
referring to Figure 2.1, which shows the power-on timing diagram for the Arc Prevention Circuit.
Starting at the top of the diagram, the LATCH command is issued thus initiating locking of the
Master and Tool.

Soon after locking is initiated, electrical contact between Master and Tool Pin Contacts occurs
(this time is designated t, in the diagram). The magnitude of time t, is a function of many factors
including the weight of the EOAT, the distance between the Master and Tool when the LATCH
command is issued, how well the Master and Tool are aligned during pick-up, etc.

As soon as electrical contact is made and the LATCH command is issued, the Arc Prevention
Circuit will turn on US1 and US2 power. The time delay between when the electrical contacts
become fully engaged to when power is actually available to the EOAT (time t, in the diagram) is
less than 20 ms.

Important: The Arc Prevention Circuit will only allow power to pass to the Tool after the LATCH
command has been issued and the Master and Tool module’s electrical contacts are fully engaged.

Figure 2.1— Arc Prevention Circuit Power-On Timing
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2.2.2 Arc Prevention Circuit Behavior during Uncoupling

The behavior of the Arc Prevention Circuit during uncoupling can be more clearly understood by
referring to Figure 2.2, which shows the power-off timing diagram for the Arc Prevention Circuit.
Starting at the top of the diagram, the UNLATCH command is issued thus initiating uncoupling of
the Master and Tool.

Immediately after the UNLATCH command is issued, the Arc Prevention Circuit will turn off US1
and US2 power. The power-off time delay between the UNLATCH command and the switching off
of power (designated t, in the diagram) is less than 50 ms.

Some time after power is turned off and the Master and Tool begin to separate, electrical contact
between Master and Tool Pin Contacts will be lost. This occurs with a delay, designated t4 in the
diagram, after the UNLATCH command is issued. The magnitude of time t, is a function of many
factors, including the weight of the EOAT, the friction between Master and Tool alignment pins,
etc. but is usually not shorter than 100 ms.

Figure 2.2—Arc Prevention Circuit Power-Off Timing

14
) ) ON
UNLATCH command / { N
OFF
electrical contact \13 ()() { oN
between master and tool \ oFF
US1, US2 power U :F“F

t; = Power Switch Off Delay
t4 =Tool Changer Unlock Time
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2.3 Software

A ESI file for the Master node is available from our website (www.ati-ia.com/download/edsfiles) or by
e-mail. Reference the following Part Number:

(www.ati-ia.com/download/edsfiles) or by e-mail.
Reference the Part Number: 9031-20-1050
Robot input and output bitmaps for the Master node are provided in Table 2.2 and Table 2.3.

Table 2.2—1/0O Bitmap, Robot Outputs to 9121-VL1-M Module

Byte Bit# Name Description/Function
0 Locked Tool Changer is locked
1 Unlocked Tool Changer is unlocked
2 st power mresent S e Sy e
L |3 |use o st oy
4 RTL1 Ready-to-Lock Prox1 I/P
5 RTL2 Ready-to-Lock Prox2 I/P
6 TOOL_PRESENT Master and Tool are in electrical contact.
7 Tool Power Is On !ndicatgs that Arc Prevention Circuit is turned ON and power
is provided to the Tool
0 Unlatch Enabled Unlatch Enabled Status Information
1 TSIV TSI Switch Verify
2 TSRV TSI Relay Verify
5 3 Reserved unused input
4 RTLV1 Ready-to-Lock Relay 1 Verify
5 RTLV2 Ready-to-Lock Relay 2 Verify
6 Reserved
7 Reserved
0 EEEC?—IR_ON_ Overload or short circuit on Latch Output
1 LEJEIIEAOT%I—? 1N— Overload or short circuit on Unlatch Output
2 Reserved Overload or short circuit on unused output
3 3 Unsafe Unlatch Unlatch Rejected Due to Unsafe Condition Present
4 I';g(lzjlrt/Unlock Sensor Lock & Unlock Inputs True at the same time
5 COMM Error Tool ID Communication Timeout
6 Reserved
7 Reserved
4 0to7 |Reserved
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Table 2.2—I1/0O Bitmap, Robot Outputs to 9121-VL1-M Module

Tool ID Switchl Bitl

Tool ID Switchl Bit2

Tool ID Switchl Bit4

Tool ID Switchl Bit8

Tool ID Switch2 Bitl

Tool ID Switch2 Bit2

Tool ID Switch2 Bit4

Tool ID Switch2 Bit8

Tool ID Switch3 Bitl

Tool ID Switch3 Bit2

Tool ID Switch3 Bit4

Tool ID Switch3 Bit8

Tool ID Switch4 Bitl

Tool ID Switch4 Bit2

Tool ID Switch4 Bit4

Tool ID Switch4 Bit8

Tool ID Switch5 Bitl

Tool ID Switch5 Bit2

Tool ID Switch5 Bit4

WIN|P|ION|O|O | W|IN(P|IOINOOD|OIA|W|N|FL|O

Tool ID Switch5 Bit8

IS
—
o

~

Reserved

8 Reserved

Table 2.3—I1/0O Bitmap, Robot Outputs to 9121-VL1-M Module

Byte Bit# Name Description/Function

0 Latch Request Lock

1 Unlatch Request Unlock

1 2 Spare Spare O/P (Reserved)

3 Fault Reset Reset errors, allow affected 1/O to be reactivated

4t07 Reserved

2t08 (Reserved)
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2.3.1 RUN and ERROR LEDs

The RUN status LED is identified on the module as “SF”. It provides device status for power and
proper operation. Refer to Table 2.4 for an outline of this LED’s operation.

The ERROR status LED is identified on the module as “BF”. It provides EtherCAT status
information. Refer to Table 2.5 for an outline of this LED’s operation.

Table 2.4—Master Module RUN Status LED

LED State Note
Off INIT: The device is in state INIT.
RUN Blinking PRE-OPERATIONAL: The device is in PRE-OPERATIONAL state.
Single Flash | SAFE-OPERATIONAL: The device is in SAFE-OPERATIONAL state.
On OPERATIONAL: The device is in OPERATIONAL state.
Table 2.5—Master Module ERROR Status LED
LED State Note
Invalid Configuration: General Configuration Error.
Blinking | possible reason: State change commanded by master is impossible due to
register or object settings.
Local Error: Slave device application has changed the EtherCAT state
autonomously.
Single Flash | Possible Reason 1: A host watchdog timeout has occurred.
ERROR

Possible Reason 2: Synchronization Error, device enters Safe-Operational
automatically.

Process Data Watchdog Timeout: A process data watchdog timeout has
Double Flash | occurred.
Possible reason: Sync Manager Watchdog timeout.

ON Normal Operation

Figure 2.3—Master Module LED

RUN (SF) LED
Ethernet (IN) LED
Tool-Side Ethernet Port

ERROR (BF) LED

Ethernet (OUT) LED
Robot-Side Ethernet Port

£
M3 Captive Head Screws/

Window——
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2.3.2 Integrated Ethernet Switch

The VL1 Master module provides an integrated 2-port EtherCAT switch which supports the
EtherCAT standard.

2.3.3 Ethernet IN and Ethernet OUT LEDs

The Ethernet LEDs provide information about link status and activity on the ports of the integrated
Ethernet switch.

The Ethernet IN LED displays the status of the robot-side Ethernet port (refer to Table 2.6).
The Ethernet OUT LED displays the status of the Tool-side Ethernet port (refer to Table 2.7).

Table 2.6—Master Module Ethernet IN LED

Status LED Function Note
No Link Off The Master module has no connection to the Ethernet.
. The Master is connected to the Ethernet but there is currently
Link Green

no data exchange activity.

Active RX/TX

Blinking Amber

There is sporadic data exchange activity with the Ethernet.

EtherCAT connection

. Amber There is continuous data exchange activity with the Ethernet.
established
Table 2.7—Master Module Ethernet OUT LED
Status LED Function | Note
No Link Off There is no Ethernet device connected to the tool module.
. There are one or more Ethernet devices connected to the Tool
Link Green

module but there is currently no data exchange activity.

Active RX/TX

Blinking Amber

There is sporadic data exchange activity with the Ethernet.

EtherCAT connection
established

Amber

There is continuous data exchange activity with the Ethernet.
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2.4 Tool Module

The Tool module utilizes a patented, rapid communication method to report the Tool-1D information from
the push-button switches to the Master module as soon as the Tool Changer is coupled. Typically the
Tool-ID information is available to the Master within 150 ms from the time the changer is coupled.

Five push-button switches are provided on the Tool module for setting of a Tool-ID number.

If the plastic window and seal above the Tool-1D switches are removed, ensure the seal and window are
re-positioned correctly to prevent a leakage path to the module inside.

If the Tool ID is not communicated to the Master within 250 ms from the time the changer is coupled; then
a Tool-ID_Error shall be set in the bit map. If a Tool is not present the Tool ID is set to FFFFF. If the Master
and Tool are coupled and the Tool ID fails to be reported, a Tool-1D_Error shall be set.

Figure 2.4—VL1 Tool Module, Tool-ID Switch Settings

Set Tool ID to an
. . Unique 1-Digit Number
for each Tool

Module Status (MS) ) P
Network Status (NS)

\ .
M3 Captive - - Window
Head Screws (4)— C o
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2.5

Tool-side TSI

The VL1-M module is designed with special features to afford the user the opportunity to operate the Tool
Changer in the safest manner possible. The tool stand Interlock (TSI) circuit is provided to ONLY allow
Tool release while in the stand or storage location as indicated by actuation of a customer-integrated switch.

The TSI feature provides a “hard-wired” interrupt of the Unlatch solenoid circuit and is intended to prevent
release of the tool except when in the stand or storage location (See Figure 2.5).

The interrupt for the Unlatch solenoid circuit is passed electrically down to the Tool Changer tool where it is
wired into the TSI Relay. The second set of TSI Relay contacts sources US1 power and provides the TSRV
input for health status monitoring of the TSI Relay.

A double pole, single-throw limit switch (TSI Limit Switch) is integrated on the EOAT such that it is made
when the tool is in the stand. One set of the TSI Limit Switch contacts sources US1 power and drives the
TSI Relay, thus closing the Unlatch solenoid circuit. The second set of TSI Limit Switch contacts sources
US1 power and drives the TSIV input.

On the Tool Changer master side a parallel path is required for the Unlatch solenoid circuit so that the Tool
Changer can be Unlocked (for example: the locking mechanism can be fully retracted) prior to entering and
coupling with the tool. This is necessary when there is no tool present because the Unlatch solenoid circuit is
routed through the tool and the Tool Changer could not otherwise be Unlocked.

In order to achieve this parallel path an RTL Relay is integrated into the module and is driven by the RTL
sensor. When there is no tool present (therefore the RTL sensor is low) the RTL Relay allows the Unlatch
solenoid circuit to be completed and an Unlatch command is processed. When a tool is present (and
therefore the RTL sensor is high) the RTL Relay is energized and the Unlatch solenoid circuit is diverted
through to the tool side. The second set of RTL relay contacts sources US1 power and provides the RTLV
input for health status monitoring of the RTL Relay.
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Figure 2.5—Tool Stand Interlock (TSI)

Tool Changer Master ~——Robot Arm

TSI Limit Switch
Master Module

Trip Dog Integal
to the Tool Stand

Tool Module

4-Pin M12 Connector
for TSI Limit Switch

Tool Changer Tool

Tool Stand Interlock Safety Feature:

The Tool Stand Interlock (TSI) Feature is provided with this Tool Changer.

One 4-Pin M12 connector found on the Tool module is designed for use
with one Tool Stand present switch. Two sets of NO, double-pole single-
throw contacts are required on the switch. One set energizes a Tool-side
relay to complete the Valve circuit, while the second set provides an input
for fault monitoring. The switch should be integrated onto the EOAT to
sense when the Tool is in the stand.

If an Unlatch command is given and the Tool is not docked properly, the
Unlatch command will not be executed. This prevents the accidental
release of the Tool outside of the Tool Stand.

Teach plugs are available to override the TSI safety feature during initial
setup and maintenance situations.
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3. Installation

The control/signal modules are typically installed by ATI prior to shipment. The following steps outline the field
installation or removal. For wiring information refer to Section 9—Drawings.

A

WARNING: Do not perform maintenance or repair(s) on the Tool Changer or modules unless
the Tool is safely supported or placed in the tool stand, all energized circuits (e.g. electrical,
air, water, etc.) are turned off, pressurized connections are purged and power is discharged
from circuits in accordance with the customer specific safety practices and policies. Injury

or equipment damage can occur with the Tool not placed and energized circuits on. Place
the Tool in the tool stand, turn off and discharge all energized circuits, purge all pressurized
connections, and verify all circuits are de-energized before performing maintenance or
repair(s) on the Tool Changer or modules.

CAUTION: Thread locker applied to fasteners must not be used more than once. Fasteners
might become loose and cause equipment damage. Always apply new thread locker when
reusing fasteners.

3.1 Master Module Installation
Refer to Figure 3.1

Tools required: 5 mm hex key

Supplies required: Clean rag, Loctite® 242

1.
2.
3.

Place the Tool in a secure location.
Uncouple the Master and Tool plates.

Turn off and de-energize all energized circuits (for example: electrical, pneumatic, and
hydraulic circuits).

4. Wipe down the mounting surfaces with a clean rag.

5. Using the ledge feature, place the module into the appropriate location on the valve adapter. Align the

module with the valve adapter using the dowels in the bottom of the ledge feature.

Apply Loctite 242 to the supplied M6 socket head cap screws., install the (2) M6 socket head cap screws
securing the module to the air adapter using a 5 mm hex key. Tighten to 70 in-Ibs (7.9 Nm).

Power, signal, auxiliary, sensor cables and EtherCAT can be connected to the module after attaching
the module to the Tool Changer body. Ensure that the connectors are cleaned prior to being secured
as appropriate.

8. After a few seconds it should be operating on the network.

9. Safely resume normal operation.
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Figure 3.1—VL1-M Module Installation

_a—MB6 Socket Head Cap Screws
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Signal Control Module
VL1-M

Tool Changer/

Use Ledge Mounting Feature m (o)

to Properly Align Module / ) :
RTL, Lock, and Unlock Signal and

Sensor Connectors
Connectors

3.2 Master Module Removal
Tools required: 5 mm hex key
1. Place the Tool in a secure location.
2. Uncouple the Master and Tool plates.

3. Turn off and de-energize all energized circuits (for example: electrical, pneumatic, and
hydraulic circuits).

Disconnect the (L) Lock, (U) Unlock, and (R1 and R2) RTL sensor cable connectors from the module.
Disconnect the EtherCAT and 5-Pin power cables from the VL1-M control/signal module.

6. Support the control/signal module and, remove the (2) M6 socket head cap screws using a 5 mm hex
key. Lower the module until it clears the guide pin.
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3.3 Tool Module Installation
Tools required: 5 mm hex key

Supplies required: Clean rag, Loctite 242

1.
2.
3.

Place the Tool in a secure location.
Uncouple the Master and Tool plates.

Turn off and de-energize all energized circuits (for example: electrical, pneumatic, and
hydraulic circuits).

4. Wipe down the mounting surfaces with a clean rag.

5. Using the ledge feature, place the module into the appropriate location on the valve adapter spacer. Align

the module with the valve adapter spacer using the dowels in the bottom of the ledge feature.

6. Apply Loctite 242 to the supplied M6 socket head cap screws.

7. Install the (2) M6 socket head cap screws securing the module to the air adapter using a 5 mm hex key.

8.
9.

Tighten to 70 in-1bs (7.9 Nm).
Connect the safety switch cables to the module.
Connect the power cable and EtherCat cable connectors to the module.

10. Set the Tool-1D. Refer to Section 3.8—Setting the Tool-ID.
11. Safely resume normal operation.

Tool Changer )
. Tool-ID

Figure 3.2—VL1-T Module Installation

Use Ledge Mounting Feature

to Properly Align Module Tool Adapter

Assembly

_(2) M6 Socket
' Head Cap Screw
|

9121-VL1-T
/_

»— TSI Connector

EtherCat Connector
Auxiliary Power Connector

3.4 Tool Module Removal
Tools required: 5 mm hex key

1.
2.
3.

Place the Tool in a secure location.
Uncouple the Master and Tool plates.

Turn off and de-energize all energized circuits (for example: electrical, pneumatic, and
hydraulic circuits).

4. Disconnect the safety switch cables from the module.

5. Disconnect the power cable and EtherCat cable connectors from the module.

6. Support the control/signal module, remove the (2) M6 socket head cap screws using a 5 mm hex key and

lift the module.
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3.5

3.6

3.7

3.8

EtherCAT Interface

The EtherCAT interface parameters and 1/0 bitmaps employed in the VL1 modules are found in

Section 2.1.1—EtherCAT Interface Information of the manual. These should be thoroughly understood prior
to operating the Tool Changer. A detailed operational sequence is provided in Section 4.4—Recommended
Sequence of Operation.

Utility Schematic

Refer to drawings in Section 9—Drawings of this manual for customer interface and wiring details for the
VL1-M/VL1-T modules.

Electrical Connections

Refer to drawings in Section 9—Drawings of this manual for customer connections details for the
VL1-M/VL1-T modules.

NOTICE: The power source for US1 and US2 Power must be a 24VDC certified power supply or
equivalent voltage controlled power supply.

Setting the Tool-ID
Tools required: Phillips screwdriver

(5) push button switches are provided on the Tool module for setting of a Tool-ID number. Each Tool must
have an unique 5 digit Tool-1D number.

Figure 3.3—Setting the Tool ID

Set Tool ID to an
Unique 1-Digit Number
for each Tool

Increase (+) Digit

Module Status (MS)
Network Status (NS)

£, ®

\ .
M3 Captive - - Window
Head Screws (4)— % S

1. Loosen the (4) M3 pan head captive screws and remove the Tool-1D window.

2. Use a non-conductive tool (e.g., plastic stylus) to press on the Tool-I1D push buttons to increase (+) or
decrease (-) the digit values.

NOTICE: When replacing the window, ensure that the seal is re-positioned correctly to
prevent fluid ingress.

3. Re-install the Tool-1D window and tighten the M3 pan head captive screws.
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4. Operation

A recommended Sequence of Operations is provided in Section 4.4—Recommended Sequence of Operation of
this manual. This procedure is to be used as a general guide when programming a robot or PLC for use with a
Tool Changer and control/signal modules. This procedure is intended for “automatic”” modes used during normal
application processes.

4.1 Lock, Unlock, and Read-To-Lock (RTL) Sensor Cable LED Behavior
The Lock, Unlock, and RTL sensor cables are equipped with two LEDs. The Green LED indicates the
sensor has power and the yellow LED indicates the switch has been made. The LED behavior is affected by
the control/signal module.

Table 4.1—Sensor Cable LED Behavior for Common Tool Changer Positions

Tool Changer Position Sensor cable LED Behavior

RTL (R1) | EHON I ON Unlock (V)

Unlocked Sensor | CJOFF | CJON Sensor
(Tool Changer Master plate free of stand

with no Tool plate attached) RTL (R2) | EEON [ ON Lock (L)
Sensor 1 OFF 1 OFF Sensor

Ready to Lock RTL (Rl) 3 ON 3 ON Unlock (U)
(Tool Changer Master plate with Tool plate | Sensor | T ON CJON Sensor
parallel and at a distance of 1.22 mm or less | RTL (R2) | EH ON = ON Lock (L)
from each other) Sensor | CJON 1 OFF Sensor

RTL(R1) | EEHON I ON Unlock (V)
Locked : Sensor CION 1 OFF Sensor

(Tool Changer Master plate with Tool plate

attached in fully locked position) RTL(R2) | EEON | EEON Lock (L)
Sensor CION CION Sensor

RTL(R1) | EEHON [ ON Unlock (V)
Sensor 1 OFF 1 OFF Sensor

RTL(R2) | EEHON [ ON Lock (L)
Sensor 1 OFF 1 OFF Sensor

Missed Tool
(Tool Changer Master plate locked with no
Tool plate attached)

Figure 4.1—Lock, Unlock, and RTL Sensor cable LED Behavior (Shown in Locked Position)
RTL (R1)- Unlock (V) Green LED (Power)

R

' \Yellow LED
_ (Switch Made)

Lock (L)
(Control module shown for reference only)
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The following describes the most critical inputs from the ATI Master module.

4.2.1 Unlatch Enabled

The Unlatch Enabled bit is set high when the module determines that the necessary preconditions
for unlatching the Tool have been met (Tool is in the Tool Stand, etc.). A Tool can only be released
if the “Unlatch Enabled” bit is high. Refer to Section 2.5—Tool-side TSI.

Table 4.2—UNLATCH Enable Logic and Truth Table

Inputs Output
Disable UNLATCH
Tool Present TSIV Sor CohEe UNLATCH Enable Status of Master Body
(see Table 4.3 for
definition)

0 0 0 1 No tool, positioned in free air
No tool, positioned in tool
stand (this is a transient state

0 1 0 1 o . .
which is only true just prior to
RTL being made)

1 0 0 0 Tool is present, positioned in
free air

1 1 0 1 Tool is present, positioned in
tool stand

X X 1 0 Error condition

4.3 Error Conditions

The following describes the reported error conditions and explains how to reset the condition.

Table 4.3—Error Conditions

Report update freeze Disable Unlatch
Error Condition immediately after and turn off Unlatch Reset with
UNLATCH command immediately
Output POWER failure No No “Clear Errors” - Bit
LATCH output overload No Yes “Clear Errors” - Bit
UNLATCH output overload No Yes “Clear Errors” - Bit
SPARE output overload No No “Clear Errors” - Bit
Cycle UNLATCH
UNSAFE UNLATCH e
COMMAND Yes Yes output bit ’(,Jr (?Iear
Errors” - Bit
Input/Logic Power Failure No Yes “Clear Errors” - Bit
RTL/RTLV Mismatch No Yes “Clear Errors” — Bit
TSIVITSRV Mismatch No Yes “Clear Errors” — Bit
Lock/Unlock Sensor Fault No No Correct error
“Clear Errors” — Bit or
Comm. Error No No Cycle Tool Changer
(unlock and lock
again)
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4.4 Recommended Sequence of Operation

1. Start— The robot and Tool Changer Master are free of the stand or storage location, the Tool
Changer is uncoupled and the Tool Changer locking mechanism is fully retracted (unlocked
condition). The tool is by itself in the tool stand. No error or fault conditions exist.

The RTL1 and RTL2 inputs are OFF.

The RTLV1 and RTLV2 are OFF.

The TSIV and TSRV are OFF.

The ATI tool and any downstream EtherCat device(s) are OFFline.

The Input/Logic Power Good and Output Power Available inputs are ON and must remain
so at all times.

f. The US1 Power_Present (Input Power) and US2_Power_Present (output Power)
inputs are ON and must remain so at all times.

g. Tool-ID invalid (all 1— OxFFFF)
h. Unlatch Enabled is ON.

2. Unlock the Master (This must be done prior to the Master entering the tool to prevent the ball
bearings from impinging on the tool bearing race.)Robot and Master move within 0.06” of the
tool and safety switch is within range.

® 20 T

a. The Latch output command is made OFF and the Unlatch output command is made ON.

b. The Unlocked input goes ON, indicating that the Tool Changer locking mechanism is fully
retracted and the Unlatch operation is complete.

c. Unlatch Enabled is ON.
3. Robot and Master move into the tool, are parallel and within 0.15” to 0.06” of the tool (for

example: the module contact pins are touching but the RTL sensors have not yet sensed the
targets on the tool).

a. Unlatch Enabled is ON

4. Robot and Master move within 0.06” of the tool.

a. The RTL1 and RTL2 inputs are ON, indicating that it is ok to couple the tool.
The RTLV1 and RTLV2 are ON.

The Tool Present and TSIV and TSRV inputs go ON, indicating that the Master and tool
are in close proximity of each other and verifying the operation of the TSI Limit Switches.

d. Communication is initiated with the ATI tool and downstream nodes. When the Tool
Present input goes ON Tool-ID becomes available within 100—150ms.

e. Shortly thereafter, communications should be established with the downstream devices.
f. Unlatch Enabled is ON.

5. Couple the Tool Changer.

a. The Unlatch output is made OFF and the Latch output is made ON.

b. The Unlocked input goes OFF a short time later, indicating piston travel. Subsequently,
the Locked input goes ON, indicating that the coupling operation is complete.

c. Power becomes available on the Tool and the Tool Power is On bit becomes ON.
d. Unlatch Enabled is ON.

6. Robot moves away from the tool stand with the Tool Changer coupled.

a. The TSI Limit Switch becomes deactivated, and the TSIV and TSRV inputs go OFF.
b. Unlatch Enabled is ON.
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7. Normal operation

a. The following inputs are ON:
i. Locked
ii. Input/Logic Power Good
iii. Output Power Available
iv. RTL1 and RTL2
v. Tool Present
vi. RTLV1 and RTLV2

b. The following inputs are OFF:
i. Unlocked
ii. TSIV
iii. TSRV
iv. Unlatch Enabled

c. The following output is ON:
i. Latch

d. The following output is OFF:
i. Unlatch

8. Robot moves into the tool stand with the Tool Changer coupled.
a. When the tool is returned to the stand, the TSI Limit Switch becomes activated and the
TSIV and TSRV inputs go ON, indicating that it is safe to uncouple the Tool Changer.
b. Unlatch Enabled becomes ON, indicating that it is safe to uncouple the Tool Changer.

9. Uncouple the Tool Changer.

The Latch output is made OFF and the Unlatch output is made ON.
The Tool Power is On bit becomes OFF.
Communication is lost with downstream device(s).

The Locked input goes OFF a short time later and subsequently the Unlocked input goes
ON, indicating that the uncoupling operation is complete.

e. Unlatch Enabled is ON.

oo oW

10. Robot and Master move away from the tool, are parallel and between 0.15” to 0.06” of the tool.

The RTL1 and RTL2 inputs become OFF.
RTLV1 and RTLV2 are OFF.

The Tool Present and TSIV and TSRV are OFF.
Tool-ID invalid (all 1— OxFFFF)

e. Unlatch Enabled is ON.

o 0o oW

11. Normal operation

a. The following inputs are ON:
i. Unlocked
ii. Input/Logic Power Good
iii. Output Power Available
iv. Unlatch Enabled

b. The following inputs are OFF:
i. Locked
ii. RTL1 and RTL2
iii. RTLV1 and RTLV2
iv. TSIV and TSRV
v. Tool Present
vi. Tool-ID invalid (all 1— OxFFFF)
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5. Maintenance

The modules are not designed to be field serviced as all point-to-point wiring connections are soldered. Component
replacement is limited to the V-ring seal on the Master.

the Tool is safely supported or placed in the tool stand, all energized circuits (e.g. electrical,
air, water, etc.) are turned off, pressurized connections are purged and power is discharged
from circuits in accordance with the customer specific safety practices and policies. Injury
or equipment damage can occur with the Tool not placed and energized circuits on. Place
the Tool in the tool stand, turn off and discharge all energized circuits, purge all pressurized
connections, and verify all circuits are de-energized before performing maintenance or
repair(s) on the Tool Changer or modules.

. WARNING: Do not perform maintenance or repair(s) on the Tool Changer or modules unless

If the Tool Changer is used in dirty environments (e.g., welding or deburring applications), limit the exposure of the
Tool Changer. Idle Tool assemblies should be covered to prevent debris from settling on the mating surface. Also,
the Master assembly should be exposed for only a short period of time during Tool change and down time.

Under normal conditions, no special maintenance is necessary; however, perform periodic inspections to assess for
unexpected damage and assure long-lasting performance. Perform the following visual inspection monthly:

e Inspect mounting fasteners to verify they are tight and if loose, then tighten to the proper torque. Refer to
Section 3—Installation.

e  Cable connections should be inspected during maintenance periods to ensure they are secure. Loose
connections should be cleaned and re-tightened. Inspect cable sheathing for damage, repair or replace
damaged cabling. Loose connections or damaged cabling are not expected and may indicate improper routing
and/or strain relieving.

e Inspect the Master and Tool pin blocks for any pin damage, debris or darkened pins. Refer to Section 5.1—Pin
Block Inspection and Cleaning.

e Inspect V-ring seals for wear, abrasion, and cuts. If worn or damaged, replace. Refer to Section 6.3.3—
Seal Replacement.
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5.1 Pin Block Inspection and Cleaning
Tools required: Nylon Brush (ATI Part Number 3690-0000064-60)
1. Place the Tool in a secure location.
2. Uncouple the Master and Tool plates.

3. Turn off and de-energize all energized circuits (for example: electrical, pneumatic, and
hydraulic circuits).

4. Inspect the Master and Tool pin blocks for debris or darkened pins.

Figure 5.1—Inspect Master and Tool Pin Blocks
Darkened Pins

Note: Pin blocks shown are for
illustrative purposes only.

Weld Debris

Tool Module Pin Block Master Module Pin Block
5. If debris or darkened pins are present, use a vacuum to remove the debris, and clean using a nylon brush
(ATI Part Number 3690-0000064-60).

NOTICE: Do not use an abrasive media and/or cleaners or solvents to clean the contact pins.
Using abrasive media and/or cleaners or solvents will cause damage to the contact surface or
cause pins to stick. Clean contact surfaces with a vacuum or non-abrasive media such as a
nylon brush (ATI Part Number 3690-0000064-60).

Figure 5.2—Clean Pin Blocks with a Nylon Brush

6. Inspect the Master and Tool pin blocks for stuck pins or pin block damage.

Figure 5.3—Stuck Pin and Pin Block Damage

Note: Pin blocks shown are for
illustrative purposes only.

Stuck Pins Pin Block Damage

7. If pins become stuck or if there is damage to the pin block, contact ATI for either a possible pin
replacement procedure or module replacement.

8. Safely resume normal operation.
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6. Troubleshooting and Service Procedures

The following section provides troubleshooting information to help diagnose conditions with the Tool Changer and
service procedures to help resolve these conditions.

A

WARNING: Do not perform maintenance or repair(s) on the Tool Changer or modules unless
the Tool is safely supported or placed in the tool stand, all energized circuits (e.g. electrical,
air, water, etc.) are turned off, pressurized connections are purged and power is discharged
from circuits in accordance with the customer specific safety practices and policies. Injury

or equipment damage can occur with the Tool not placed and energized circuits on. Place
the Tool in the tool stand, turn off and discharge all energized circuits, purge all pressurized
connections, and verify all circuits are de-energized before performing maintenance or
repair(s) on the Tool Changer or modules.

6.1 Troubleshooting
Troubleshooting information is provided in the following table.

Table 6.1—Troubleshooting

Symptom

Possible Cause

Correction

Unit will not lock
or unlock

Debris caught between
the Master and Tool
plates.

Clean debris from between Master and Tool plates. Verify
mounting fasteners is secure and does not protrude above
the mating surfaces.

Ball bearings are not
moving freely.

Verify the ball bearings are moving freely. Clean and lubricate
as needed. Refer to the Maintenance section of the Tool
Changer manual for instructions.

Air supply not to
specifications.

Check air supply. Refer to the Installation section of the Tool
Changer manual for specifications.

Valve adapter exhaust
muffler clogged.

The valve adapter exhaust muffler may be clogged. Refer to
the valve adapter manual for more information.

TSI switch not functioning
properly.

Verify the TSI switch is functioning and properly adjusted.

Input power outside limits.

Verify the input power is within limits (Valve Power Available
is ON).

Unlocked bit

Verify the Unlocked bit is ON.

Signals are mapped
incorrectly.

Verify signals are mapped and are communicating properly.
Refer to Section 9—Drawings for electrical schematic.

Master and Tool are within
the specified No-Touch
zone.

Verify the Master and Tool are within the specified No-Touch
zone when attempting to lock. Refer to the Installation —
tool stand Design Section of the Tool Change manual for
specifications.

Solenoid valve not
functioning.

The valve adapter exhaust muffler may be clogged. Refer to
the valve adapter manual for more information.

Unlatch conditions have
not been met.

Verify the Unlatch Enabled input is ON, refer to Section 4.2.3
Unlatch Enabled for conditions.
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Table 6.1—Troubleshooting

Symptom

Possible Cause

Correction

Sensors not

Tool plate is not secured
properly or debris

is trapped between
surfaces.

Ensure that the Tool plate is securely held to the Master
plate, that nothing is trapped between their surfaces.

operating Valve adapter exhaust The valve adapter exhaust muffler may be clogged. Refer to
properly (but muffler clogged. the valve adapter manual for more information.
EtherCAT Sensor cables damage or Verify the cables are connected correctly and not damaged,
IS operating ; il ¢ o? replace if damaged. Refer to the Troubleshooting Section of
correctly). incorrectly connected. the Tool Changer manual.
?;nsgrrrse;rle gtr)tnot Verify the sensors are set correctly and functioning. Refer to
orrectly the Troubleshooting Section of the Tool Changer manual.
functioning.
Damaged signal cabling gﬂzﬁ;/el?rergfgﬁignal cabling up- and down-stream of Tool
Worn or damaged contact Inspect module contact pins for debris/wear/damage.
Loss of pins

Communication

Product upstream

and downstream of
Tool Changer failed or
damaged

Check product upstream and downstream of Tool Changer
for failure. This failure can “appear” to be caused by the Tool
Changer or affect Tool Changer performance.

No Power on
the Tool side

Latch command not
issued

Verify the Latch command has been issued by the robot.

Tool Power ON bit

Verify the Tool Power ON bit is ON.

Tool Present bit

Verify the Tool Present bit is ON.

6.2 Service Procedures

The following service procedures provide instructions for inspection, adjustment, test or
replacement of components.

6.3

VL1 Device Replacement Procedures

The device replacement procedures are based on the following assumptions:

e The topology of the EtherCAT network was properly defined with the EtherCAT engineering tool.

e  The EtherCAT controller supports automatic device replacement.
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6.3.1 VL1 Master Module Replacement Procedures

1. Remove the “old” module from the Tool Changer, refer to Section 3.2—Master Module
Removal for removal procedure.

2. Install new module on Tool Changer, refer to Section 3.1—Master Module Installation for
installation procedure.
6.3.2 Replace VL1 Module with an Already-Commissioned VL1 Module

1. Remove the “old” module from the Tool Changer, refer to Section 3.1—Master Module
Installation for removal procedure.

2. It may be necessary to clean the mounting surface on the JR4 valve adapter prior to installing
the module in order to remove any debris that may be present.

3. Using the ledge feature as a guide place the VVL1-M control/signal module to the JR4 Valve
Adapter mounting surface. Align the control/signal module with the valve adapter using the
dowels in the bottom of the ledge feature.

4. If fasteners do not have pre-applied adhesive, apply Loctite 242 to the supplied M6 socket
head cap screw fasteners., install the (2) M6 socket head cap screws securing the control/signal
module to the valve adapter and tighten to 70 in-lbs (7.91 Nm).

5. Connect the pressure sensor and proximity sensor cables to the connectors on
the VL1-M module.

6. Connect the RTL1, RTL2, Lock, and Unlock sensor cables to the connectors on
the VL1-M module.

Figure 6.1—Module Installation and Removal VL1-M Control/Signal Module

_a—M6 Socket Head Cap Screws

|
I Valve Adapter on Master Side (shown)
1 Spacer on Tool Side

Signal Control Module
VL1-M

Tool Changer/

Use Ledge Mounting Feature

to Properly Align Module /n/
RTL, Lock, and Unlock

Sensor Connectors

Signal and
Power
Connectors
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Figure 6.2—LED’s

RUN (SF) LED

Ethernet (IN) LED
Tool-Side Ethernet Port

ERROR (BF) LED

Ethernet (OUT) LED
Robot-Side Ethernet Port

M3 Captive Head Screws

Window/"

A
7. Connect the RJ45 Ethernet cable and the 5-Pin Power cable to the connectors on
the VL1-M module.

8. After a few seconds it should be operating on the network.
9. The RUN LED should be GREEN.
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6.3.3 Seal Replacement
Part Required: Refer to Section 9—Drawings.

The seal protects the electrical connection between the Master and Tool module. Replace the seal if
it becomes worn or damaged.

1. Place the Tool in a secure location.
2. Uncouple the Master and Tool plates.

3. Turn off and de-energize all energized circuits (for example: electrical, pneumatic, and
hydraulic circuits).

4. To remove the existing seal, pinch the edge of the seal and pull the seal away from the pin block
on the Master module.

5. To install a new seal, stretch the new seal over the shoulder of the pin block.
6. Push the seal hub down against the pin block.
7. Safely resume normal operation.

Figure 6.3—V-ring Seal Replacement

Stretch seal over shoulder of pin block
and push seal hub down against
the pin block with finger tip

V-ring Seal V-ring Seal

|

Pinch edge of seal with
fingers and gently pull
away from pin block
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7. Serviceable Parts

7.1 Master Module Serviceable Parts

Table 7.1—Master Module

Item No. Qty Part Number Description
1 1 9121- VL1-M VL1 Master EtherCAT module Assembly
2 2 4010-0000030-01 | V-Ring Seal V-22A Nitrile
3 1 3700-20-4820 Window, DJ Master
4 2 3500-9957012-21 Pan Head M3 Captive Screw M3 X 12 1812-12-SS-PP-1
5 1 3410-0001201-01 | O-Ring
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7.2 Tool Module Serviceable Parts

Table 7.2—Tool Module

Item No. Qty Part Number Description
1 1 9121- VL1-T VL1 Tool module Assembly
5 1 3700-20-3058 ;rggﬁl\é\,llgi?% E;‘L(r)kr)c‘)I'I:JaotleS|de control/signal
3 1 3410-0001021-01 | O-Ring
4 4 3500-9957012-21 | Pan Head M3 Captive Screw M3 X 12 1812-12-SS-PP-1

7.3 Accessories

Table 7.3—Accessories

Item No.

Qty

Part Number Description

3690-0000064-60 | Brush, Blue Nylon All Purpose (Contact Pin Cleaning)
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8. Specifications

Table 8.1—Master Module

9121-VL1-M VL1 EtherCAT Control Master module Assembly
Auxiliary Power: 5-Pin Male Mini RSFL 56
EtherCAT: 4-Pin Female M12 D-Coded FKDD 44
Integrated Tool Changer I/O:
Connector(s) (4) M8, 3-pin female connectors supporting Tool Changer Locked, Unlocked,

and Ready-to-Lock proximity sensors.
Integrated Connection to valve adapter:

(1) 3-Pin Pin Block supporting Latch and Unlatch signals

EtherCat Port

US1+ and US2+ Power: 10A, 20-29VDC Note: Arc prevention is applied to
US1 and US2 power.

Pass-Through
Signals

3A, 30VDC maximum

Current Draw

US1 Power: 220mA @ 24VDC: Master and Tool with Locked, RTL1, and
RTL2 sensors “on” and Safety Switch activating Relay.

US2 Power: 250mA @ 24VDC (Solenoid Valve) (only when locking or
unlocking Tool Changer).

Note: Power source for US1 and US2 Power must be a 24VDC certified
power supply or equivalent voltage controlled power supply.

Temperature 32°F to 120°F (0 to 49°C).
Weight 2.17 Ibs (0.98 kg)

Table 8.2—Tool Module
9121-VL1-T VL1 EtherCAT Control Tool module Assembly

Factory Default
Configuration

(5) Independent Tool-ID switches, each reading a (0-9) position (all factory set
to Tool Position 1)

Connector(s)

Auxiliary Power: 5-Pin Female Mini RKFL 56
EtherCAT: 4-Pin Female M12 D-Coded FKDD 44
Connection to TSI Switch:

(1) M12, 4-Pin female connector supporting connection to Limit Safety Switch

Pass-Through Power

US1+ and US2+ Power: 10A, 12-30VDC

EtherCat Port

3A, 30VDC maximum

Temperature

32°F to 120°F (0 to 49°C).

Weight

1.62 Ibs (0.73 kg)
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9. Drawings

9.1 VLIMVLIT

Y0 LIA-02-0€96

G 40 | 133HS  G-Z/0b| #103roNd

m; €z

NOISIAY HIINON ONIMYHD | 371 V08

¥1/60/60 193048 'Y

Buimelq Jawolsng |NPOIA [04U0D | YDI8YT LA 1/S0/60 ‘[BOOLSE M A8 AIOIHO

¥L/€0/60 SHBWIBH "W :1a nmvaa

EQUY

“ILV 40 NOILVZINOHLINY N3LLI¥M 3O HLIM 3O 33040 NO 1d3D0X3
HINNYW ANV NI d3DNA0¥4IY 38 OL LON "DNI ‘NOILYWOLNY TVI¥LISNANI LY 40 AL¥3dO¥d
Aueduio) passisibay 1006 OSI
WOOBHIE MMM 6528 7L/ 616 L+ KBS
wooBHEDON ewT G110 ZLL 6L6 L+ 1oL
VS 66522 ON XodY ‘SALQ YIoMpoOD) 0}

NOLLYWOLNY
Wiisnan l LN
[

NOILDIrONd JIONY P

NI 33V SNOISNawIa TV
"ONIMYYA 3TVOS LON Od

ISIMIIHLO SSITINN :SILON

1-11IA"LCL6
SINPON [o0L LA

31 (SN) snieys spomaN

a1 (sh) smeis einpoy (& JUS

‘Z 8|qe | 893) ¥ daXd4 ont
8lews4 uld-y ‘pepod-a ZLIN
10)08UU0YD | YDI8Y)g

(z s ‘¢ @iqe] 993)
9G T4MY oI

Q1100 10} SBYIIMS
uopnqusnd ()

— (€ yS 998)
GZ'8LIS 07 Md ¥oinL

slewa4 uld-¥ ZLIN —{ |g'E
J0j08ulo) |SL
reel
oyl
I — %ﬂ\ﬂy pajdnog usym
i 5 ¥ Lo}
598
9'GL
gz 1eeus ees
Loz/8Lly 40 *9JON 320y | 0

PAPPY "AIQUIBSSY J03ID [00] 661 1-0Z-5006 POAOWISY G

Jva JOLVILINI NOILI¥Os3a ‘A3Y

"plous|os a|qnop Jo 8|Buls aq Ued SiNpow JaJSe LA SUl Uim pajelbajul sioydepe aaen b
'S8|NPOJ\ Y} U0 UMOYS SE Pajualio ale SI0}08UU0D }auUldy}g pue Jamod Aseljixny ayl ‘¢

‘G J98ys uo
uMOoys SI dJeWayds [BOLIJO8I8 Y] i }98YS U0 UMOYS aJe | A 8y} Joj sped a|qeadinias z

‘pajou se jdaoxa ‘9|eds
Z:€ B e UMOYS dJe SM3IA 90.} J0}08UU0D ||y "9|EDS }93YS Je UMOYS dle sanpow a8yl |
S9JON

“SYIFIWITTIW
Z 188ys 883
‘a3H103dS JE— <
o . W-LTA-12L6
, cow\,\_,(_mg. S 611z 3OS SINPOI 133SEIN LA
€ YOIMS O ivL3ad
Z Ydums O O
byoms -\ - &
@@@
©©©
G'€9
6,6
el [ 8001

(2 s @9S) € SHLIN YL
SJ0J08UU0Y) JOSUSS Xt (Z WS ‘z a19e 99S)
¥ AaM4 oInL
dlews4 uld- 'pepod-ad ZLIN
10}98UU0YD | YDJIaU}T

h— ; )

'SATT JOHH3 pue NNY

9'9G
L(z s ‘| s|qeL 99g)
9G 14SY XoInL youms
IUIN 38N Uld-G EEN
10108UU0Y) Jamod Aleljixny
v'eel
, Vvl

.“Sjuauodwiod s}l 10 JaBueyd |00} 3y} Yyjim joejuod Aue Jo s10}0auuod Bunew
ay} jJo uonsasul Jo uonesedas sapnjoul Ajjerdadsa siy| "Jamod Buirowais a10jaq
pajdwajje aq pinoys 3oejuod ON ‘4ajealb 1o AQS Jo abe}oA e sey ainpow siy |

plezeH }o0ys [edL303]7 - ,iyIONVA .

. ‘S||BJOP 104 [ENUEBL O} JJoY

Pinnacle Park ¢ 1031 Goodworth Drive ¢ Apex, NC 27539 ¢ Tel: 919.772.0115 « Fax: 919.772.8259 « www.ati-ia.com

C-33


http://www.ati-ia.com/

Manual, Control Module, EtherCat, VL1

Document #9620-20-C-VL1-05

¥0

NOISIAZY

LIN-02-0€96

AIFWNN ONIMYAT

4

ErN

Ll

El\/}

G40 g 133HS  G-8Z/0f| #103r0¥d

Buimelq Jowoisng S|NPO [04uU0D 1 vDIeUT LA

J

¥1/60/60 18Z)04S 'V
¥1/S0/60 ‘[29013G M\ A8 G3HNDIHO

YLI0/60 SHEW|[BH "W A8 Nmvaa

‘LY 4O NOILYZI¥OHLNY NILLIIM 3OI¥d HLIM 3O 33030 NO LdIOXI d3NNVYW

ANY NI G3DNQ0¥43¥ 38 OL LON "ONI'NOILYWOLNY IHISNANI 1LV 4O AL¥3dO¥d

Auedwo) paigjsibay 1006 OSI
woo'el-jeMmn 66287/ L 6467} + XeS
wooe-he@ojul lews  GL07/L 646 b+ 1oL
VSN 66522 ON Xedy ‘auQ yLompoo L0}

_—

"izsnan Nl LN

| —

NOLDIrO¥d JIONY Pig

B @

“SYFLEIWMTIW
NI 33V SNOISNIWIa 1TV
"ONIMYJA 3TVOS ION Od

‘a3dID3ds
3SIMIIHLIO SSIINN :SILON

HL AFZ

+23N

EE

Z8n

“LsN

AIN3S3Hd 100L

— (€N |0 | (1D | |~

+LSn

Z %o0lg uld

§ algqel

G® ¥ 9|qe] 99g

$)d0ig uld |001

Gl ¢ IVOS
g7v13a

uid [emoQ

(paysumg) Zsn

(payoumsun) 1SN

34

PAYINMSUN) AND LSN

— |02 |

(paysums) OND 2SN

£ alqeL

uid |amoQ

AISL

=]
—

1NOISL

“IXL

+IX1

AdS1

NI ISL

-G8rSY

+G8h Sy

Xy

[ [0 [ =F WD) | O |~ 0O |

+1}H

| Yooig uid

¥ 2lqel

G a|qe] 99g
¢ ooig uid

S B ¥ 9|9 L 99
s)o0|g uld Jelsep
Gl 12 3TvOS
v viaa

[[SEWNEETS

ajog 1oyl

uoyduosaq Aoy

¥ 9|qe 99g
1 o0|g uld

- -

“XL “XL

+Xd +xd

+%] +X]|

— | |

joo] | Jasel

Z ®lqel

(payoums) Zsn

(paysumsun) L SN

34

payaumsun) NS 1SN

(payaumsg) gND 2SN

aadl (20 Lol hodll sl

L @IqeL

Z:¢ 8|eds
€ 9|qe] 99
(8pig 00]1)
10j98UU0Y) djewd Jamod Aleljixny

S l

2:¢ 9[edg
Z 8|qe] 895
(sopig |00 pue Jejse|y)
J0j08UU0) 1BDIBY1g

1:Z 9|e0S
| 8|qe| 998
(apIs Jo1sEN)
10}08UU0YD B[\ Jamod Aleljixny

Pinnacle Park ¢ 1031 Goodworth Drive ¢ Apex, NC 27539  Tel: 919.772.0115 « Fax: 919.772.8259 « www.ati-ia.com

C-34


http://www.ati-ia.com

Manual, Control Module, EtherCat, VL1

Document #9620-20-C-VL1-05

¥0 1IN-02-0€96 | @ Ll

G40 ¢ 133HS  G-8TL0P) #103rOdd | NOIDIO¥d 31ONY P

NOISIAZY AIFWNN ONIMYAT Er 31vOs

Buimesq Jawoysng a|NPoy [04U0D 118Ul LIA

¥1/60/60 18Z)04S 'V
1/50/60 ‘|eoosag "\ A8 AIIOIHO

B @

ELNS

¥1L/€0/60 SHBWIBH "W :3q nmvaa

1LV 4O NOILYZIIOHLNY NILU¥M ¥OIid HLIM 3O ¥30O NO 143DX3
FINNVYW ANV NI 3DNA0¥3Y 38 OL LON "ONI ‘NOILYWOLNY TYIILSNANI 1LY 4O AL¥IdO¥d

Aueduiog paisjsibay 1006 OS/

woo'eljeMmn — 66Z8°7// 64674+ XeS
woo'e-e@ojul ews G107/ 616 L+ 1oL
VSN 66522 ON Xedy ‘auQ yLompoo L0}

_—
NOILLYWOLNY . h<

TvIidLSNanI

“SEALEIWMIW
NI 33V SNOISNIWIa 1TV
"ONIMYYA 3TVOS ION Od

‘a3dID3ds
3SIMIIHLO SSIINN SILON

| —

1-1IA-L2L6

g ]F

=

‘Bnid malos jas |99)s ssajulels
GIN Buinowas Aq passedoe s| 8j0H

daaq Wwie ‘sjoy papessy 80 X G

uoI}OBUUOY [BUIWIS] PUNOID) J4

N

[TEENNEES |

oibg__| Joowu_| uoidusseg

(4oe) +A 14
uowwo)) -A [ Indu) L
Goeun) +A___1 A £
8 alqel A -
. L algeL
1671 31vOS
Mvi3a C'€ 9|eos
€ SMHIN XoinL
|eoldA |
uonosuuo) induj Josusg
(umoys 10N ‘ajnpoyy Jeydepy b €
SAJ_/ UM SeoealU|)
UOoI}0BUUOD BAIBA | uid
196uey) |00 pajesbaju|
14

induj AISL
j01u00 Aejey ISL
HL AbZ
HL AbZ
9 a|qeL

— N

Z:€ 9|eog
GZ'8L/S°0-v' M4 yoinL
Sewad uld-¥ ¢LIN
10J08UU0D) |S1

\._.._.n_>-_.Nrm

[

E

-

W-L1A-1ZL6— |

b
S Y =
W-LIA-LCL6

T T T

‘Bn|d malos }as [99)s SSa|UIE)S
GIN Buinowsal Aq passadoe s| 8joH

deaQ W ‘8joy popeaIYL §'0 X S

UoIo8UUOY) [eUIWIS] pUNOID 34

|_—(9 2|qe] 995)

GZ'8L/S°0-¥' PM4 MoInL
Joyosuuo) |LIS1

(umoys JoN

1LY Aq papiroid ss|qeD)
€ SYLIN XoInL Xt
Suol}0BUU0Y

OJ] Josuag Ajwixold
paje.baju| Jobueyy |00

pasjuBienc) JON UOHEIUSHO

Pinnacle Park ¢ 1031 Goodworth Drive ¢ Apex, NC 27539 ¢ Tel: 919.772.0115 « Fax: 919.772.8259 « www.ati-ia.com

C-35


http://www.ati-ia.com/

Manual, Control Module, EtherCat, VL1

Document #9620-20-C-VL1-05

0 LINA-02-0€96 a 7 [ G 40 { 133HS G-8C/0t) #103rO¥d | NOUOIrOdd 310NV P

NOISIAZY 438NN ONIMYHD | 371 EpZe ~
¥1/60/60 ‘18210418 Y xTv

Buimesq JawoIsnD 8INPOIA [03U0D 148U LA P1/S0/60 ‘[BO0LISE "M A8 A0
P1L/E0/60 HEWIBH W g nmvaa

3

11V 40 NOILYZIIOHLNY N3LL¥M ¥OI¥d HLIM 3O 33040 NO 1430X3

HINNVW ANY NI G3DNA0¥3Y 38 OL LON "ONI 'NOILYWOLNY T¥RHLSNANI ILY 40 AL¥3dO¥d ;
SYILIWIMIW

Auedwo) passysibay 1006 OS! NI 34V SNOISNIWId TV

Ea@m\..cms\_\_\_g 65297/ 6161+ Xed i—@-.ﬂ“—m—%%ﬂw. - < 'ONIMY3A 3TVOS ION Od
wooerpe@ojul jews - GLL0T/. 6467+ 181 i

VSN 6652 ON “xedy ‘8niq Yuompoos L£0) el ISMEIHLO SSTING S10N

Alquiessy je9|] Joisey 861 1-0¢-G006

leas Bury-Al 10-0£00000-010%

[ESS Jejnuuy ‘S|NPoj £d I9)SBIN ‘MOPUIAN] 028%-02-00LE

MOPUIM dl 1901 850€-02-00LE

¥20-89GSY ‘Buu-O| 10-102L000-0Lt€

1£0-89GSY ‘Bul-O| 10-1201000-0L¥E

3
Z
3
3
SS PeaH PaNoIS gl X €N Maudg dAndeD| 1 2-210/566-00G€ 9
3
3
[9)

NOILHIYOS3d] d{3IFINNN Ldvd| "AL

sjed 9|qeadlnag |00 pue Jajse|N LA

T T ]39S 955

m_mo i ko‘m»ﬁc, I uoydusseg * .>W£_

Pinnacle Park ¢ 1031 Goodworth Drive ¢ Apex, NC 27539  Tel: 919.772.0115 « Fax: 919.772.8259 « www.ati-ia.com

C-36


http://www.ati-ia.com

B [¢ )
0 VIA-0Z-0896 | 8 | b | g0 gums ggglop) #103r0m NSNS
NOISIAZY SIBNNN ONIMYID | 3715 EL/eN 1/60/60 1OTI0NS Y y_ £ L
c > Jc
> [c |2
Buimeuq Jawolsng oNPOY [0J3UO! MLl ¥1/S0/60 ‘[BO0LSE "M A8 APIOIHO EHERS ENCINE]
ime.d 1SN SINPOW [0A4U0D LYDIOWT LA 2 < (3 aviay aviay ¥ HOLVINN
¥1/€0/60 HEWIBH "W 18 Nmvaa QTN 111 \\ FHVMINYIS
=L T H——F if
“I1V 4O NOLLYZIMOHLNY NILUM 3OI¥d HLIM 3O 33030 NO 1d30X3 H L1181 3148
HINNYW AN NI G3DNA0¥d33 38 OL LON “DNI'NOILYWOLNY WINISNANI 11V 4O AL3dOdd ) SV S NITSL
) \quseb nm@m&mm 1006 OS/ NOILYWOLNY . < i HOIV1 I 0Ld T 3IAd
 woo'eHIEMMN  65Z9'7// 616\ + XES wisisnans il AL avianisy 0 © MO NO ¥3MOd
wos .H.em@@:. BWT  GLLOCIL6L6)+ 1oL ( NO ¥3mod HIAPZ
VS 665/ ON xady ‘anuq y1ompoos Lgo) SLNdLNO
e oV
AV ISL 21192 31A8 o ATST
oo F._._m_mw.;m?%
IN3ISTEd 100L
P 9118 1 31A8 T1NIsIgg T00T o
AyA3d ¢ 5181 31A8 ?J%T
] I\I@ X 4
(6 3LON 335) 22 VYAST e A
BT R N AR N S SN I S af6os N 0.
V SN0 88 D7 CAENIRIN] ~
SO S SEEEN £ i /I rueavee g .
35N LSNW HOLIMS ISL 28 VAL AR rMS <\loo; n kA (z any
‘310N f=I ariooL NA (zA1LY) S Lig z 3LA8 ye= = | S31ON 33S)
] A TVOIdAL
e 1t ‘€ SHAW HOHNL
eMS (LA v 118 2 31Ag g Loy SN HOANES
aliooL L g L 3L1Ag TIOOTNA N ¥3ONVHO 100L
s 2118 | 31AE o+—Fz5gr— LA
\@/J o_w._ﬁw._. ¥3IMOd T00L
Nl T § 118 € 3LA8 S yoggT NOo® "
V13 !
IsL /\o__._ﬁWh oLg L 3LAg aTSO0T hl
€ 118+ ALA8 S Tgmog InaIno A
+A
SLNdNI ¢ L1813 THEmGa oIo0T
. ‘ SLNdNI
OBWIBYS Y} Ul UMOUS Se ‘I1a)depy dAleA 8y o) [eubis
U23B|UN/Y9IE] BU) J0BUUOD 0} Pasn sI §o0|q uld [eusajul uy "0} -58YSY| -G8vSY
‘sjuswalinbal 2 3LON ._d“w___ww vy ._,»_k,_mom_uw
YoM 014109ds 10} | 1V 19BJUOD "S3INPOW LA Y} Yim YNINYIL i +58YSY =5 +587SY
Jou s13nq (591 1-02-5006 U/d) LY WO Sigellene  gNNO¥O 34 ~ 430N
SI yopms Jwi| v “(moayy-a|buls ‘ajod-ajgnop) sjoejuoo c R hﬁ IVNINYIL
‘O°N JO S}9S OM) DABY JSNUW JOJOBULOD |S1 8Y)} O} PLJOBUU0D 2 = * ANNOYD 34
UOIMS Jiwi| 8YL ‘IS L Ym uoneibajul 1oy yoyms i) E Z Z XY
[BOIUEYDAW € JO asn By spoddns ajnpow 1-LIA-LZL6 BUL ‘6 2 310N T /310N
‘wnuwixew yg o} T13HS L 3 o F o
pajel aie %o0|g Uid-01 dY} uo saqoid Buuds ay] ‘wnwixew ¥YOLO3INNOD L\ H X1 e HOLOINNOOD
VG| SI90|g uld-2 8y} uo saqoud buuds jo Bunesjusuno syl ‘g LVOY3IHLI 8l 8 13ANY3HLT
“(punolo = = +XL -Xd = 14
sissey) 9°1) BuISnoy anpou 8y} 0} PajOBULOD SJe S|BUILLID] $8m X Ly X
puNoIo 34 pue ‘34 |BYS J0JOBUU0D 1YDIBYIT BYL L mww. (2255 3OVANILNI +Xd <k ¢ vy aaxd »ount
‘uojeuLiojul [euolippe Smm 0078 NId-0} 1LY . H¥OLOANNOD
10} [enueuw 1onpoud 8y} 0} Jajey “Uo pauiny si Jamod 208 EV=xT / X1 xr€e  Lvo¥3Hl3
uaym Buiyonoy aue suid Joeju0d pue saqoud Buuds ayy jo mmw L XL L
1€ Yy} S3INSUS SIY | 300|g Uld PIS 1001 du} i ud passaoal % R 4 HOLIMS XL
e ybnoayy papiwsuen st feubls , INISIHd TOOL. 8UL "9 -Xd/+Xd L w._.o_,_hr L3LON 1VON3HLT
‘pleog Od ulew ay) woly SXLI+XL 5L S
leuBis ,NO ¥IMOd. 84} Aq Paj|03u0d S| UoROUNy BUIYDIMS ‘SHIVd A31SIML TV
ay] '|oo] pue Jaisely ay) jo Buiidnooun pue Buljdnoo - s Dzem / +N%v g
BULINP +ZSN PUE +| SN O UIN} SHNIIID UONUBABI 01y 8Y] °G cox 4 vm &3
“UOIJBLLIOUI BI0W 10} [ENUEBW Jonpoid ay} 0} wwm ¥ D578n 4 T SO Ad
Jajay "dewyg J9)se|y LA 2y} ul papodal st O/ QI 100L 8YL =z5 wh\n 310N 9 > 9 (1no)+gsn ($3LON33S) (NI +2sSn _ L 310N hﬂ\ 95 T4SY MOMNL
“1osn 8y} Aq payjddns eie sejnpopy 203 ¢P=3 1771 1 (wno) +isn NO¥IMOd  (N) +1sn TT0 € “40193NNOD
LA 84} 0} Jamod AJelixny pue 1 yOIey)3 o) sejqe) g = z yz dIMOd XNV
'SI0SUSS 8U) 0) PJOSULOD SJE JBY) SA|GED [EUIR)XD ron =Tsn TIE Isn -Isn
yum paddinba sawoo abexoed tabueyd |00} a)9|dwod syl 'z > L Sy
“(+15N) Jomod =Zsn 9310N 39S TV Zsn Zsn
payoumsun L.SN Aq pasemod aie mLOm:mm.mwwr_«wM%«m%w;mw_. NId 3SS303Y: (S 3LON 33S) 80d HOLIMS 0¥V
T T [}53US 585 1 (1-17A-1216) ITINAOW TOOL LA JOVAIINI (W-11A-L216) ITNAOW HILSYIN LA
5100 | JOIDhIL Uoidissaq [roy | 0078 Nid-Z ILY

Manual, Control Module, EtherCat, VL1

Document #9620-20-C-VL1-05

919.772.8259 « www.ati-ia.com

919.772.0115 « Fax

C-37

Pinnacle Park ¢ 1031 Goodworth Drive ¢ Apex, NC 27539 ¢ Tel



http://www.ati-ia.com/

	C. Control and Signal Modules
	VL1— EtherCAT Control/Signal Module
	1.	Product Overview
	1.1	VL1 Master
	1.2	VL1 Tool

	2.	Product Information
	2.1	Master Module
	2.1.1	EtherCAT Interface Information

	2.2	Arc Prevention Circuit
	2.2.1	Arc Prevention Circuit Behavior during Coupling
	2.2.2	Arc Prevention Circuit Behavior during Uncoupling

	2.3	Software
	2.3.1	RUN and ERROR LEDs
	2.3.2	Integrated Ethernet Switch
	2.3.3	Ethernet IN and Ethernet OUT LEDs

	2.4	Tool Module
	2.5	Tool‑side TSI

	3.	Installation
	3.1	Master Module Installation
	3.2	Master Module Removal
	3.3	Tool Module Installation
	3.4	Tool Module Removal
	3.5	EtherCAT Interface
	3.6	Utility Schematic
	3.7	Electrical Connections
	3.8	Setting the Tool‑ID

	4.	Operation
	4.1	Lock, Unlock, and Read‑To‑Lock (RTL) Sensor Cable LED Behavior
	4.2	Inputs
	4.2.1	Unlatch Enabled

	4.3	Error Conditions
	4.4	Recommended Sequence of Operation

	5.	Maintenance
	5.1	Pin Block Inspection and Cleaning

	6.	Troubleshooting and Service Procedures
	6.1	Troubleshooting
	6.2	Service Procedures
	6.3	VL1 Device Replacement Procedures
	6.3.1	VL1 Master Module Replacement Procedures
	6.3.2	Replace VL1 Module with an Already‑Commissioned VL1 Module
	6.3.3	Seal Replacement


	7.	Serviceable Parts
	7.1	Master Module Serviceable Parts
	7.2	Tool Module Serviceable Parts
	7.3	Accessories

	8.	Specifications
	9.	Drawings
	9.1	VL1M VL1T


