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Foreword

Please contact ATI Industrial Automation with any questions concerning your particular model.

product. This manual must be read and understood before any attempt is made to install or

2 CAUTION: This manual describes the function, application, and safety considerations of this
operate the product, otherwise damage to the product or unsafe conditions may occur.

Information contained in this document is the property of ATI Industrial Automation, Inc. (ATI) and shall not be
reproduced in whole or in part without prior written approval of ATI. The information herein is subject to change without
notice. This manual is periodically revised to reflect and incorporate changes made to the product.

The information contained herein is confidential and reserved exclusively for the customers and authorized agents of ATI
Industrial Automation and may not be divulged to any third party without prior written consent from ATI. No warranty
including implied warranties is made with regard to accuracy of this document or fitness of this device for a particular
application. ATI Industrial Automation shall not be liable for any errors contained in this document or for any incidental
or consequential damages caused thereby. ATI Industrial Automation also reserves the right to make changes to this
manual at any time without prior notice.

ATT assumes no responsibility for any errors or omissions in this document. Users’ critical evaluation of this
document is welcomed.

©Copyright (2021) by ATI Industrial Automation. All rights reserved.

How to Reach Us

Sale, Service and Information about ATI products:

ATI Industrial Automation
1031 Goodworth Drive
Apex, NC 27539 USA
www.ati-ia.com

Tel: 919.772.0115

Fax: 919.772.8259

Application Engineering

Tel: 919.772.0115

Fax: 919.772.8259

E-mail: applicationsengineers@ati-ia.com
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Glossary

Term Definition

A connection for a customer supplied air fitting on the master body through

Air Fitting Connection which air is supplied to the air chamber.

The physical action of supplying air to the pressure chamber in the

Centered compensator so that the device becomes rigid and is not fully compliant.

A device with the ability to passively move in response to a force exerted on it,
Compensator L

for example by robot tool misalignments.
Compliant The physical action of releasing air from a pressure chamber in the

compensator so that the device is not rigid and is fully compliant.

The body that allows for lateral, compressive, torsional, and

Compliant Plate .
angular compliance.

A circular plate that attaches to the bottom of the master body and interfaces

Chamber Cap with the compliance mechanisms, which attach to the compliant plate.

The customer’s tooling that attaches to the compensator’s tool plate and is

Customer tooling used to perform a particular function.

Master Body The part of the Universal Compliance Compensator that is mounted to a robot.

Moment The applied force multiplied by the distance it is from a point.

Circular plate, within the master body and serves as an end cap for the air

Piston chamber. The plate provides lateral support for the piston stem.

The piston stem is located in the piston plate of the master body. When

Piston Stem actuated with the piston plate, the device is centered.

Vent allowing trapped air to escape the non-pressurized side of the piston

Piston Chamber Vent within the air chamber in the master body.

Robot Any multi-axis automated articulated arm that can be reprogrammed.
Interface plate The interface plate between the robot flange and the compensator.
Sensing A sensor mounted in the master body that detects the proximity of the piston

and sends a signal that the compensator is compliant.

The part of the universal compliance compensator that attaches to the

Tool Plate .
customer tooling.

Interface plate between the compensator and customer tooling or

Tool Interface Plate ;
customer tooling.

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

The safety section describes general safety guidelines to be followed with this product, explanation of the
notification found in this manual, and safety precaution that apply to the product. More specific notifications are
imbedded within the sections of the manual where they apply.

1.1 Explanation of Notifications
The notifications included here are specific to the product(s) covered by this manual. It is expected that the
user heed all notifications from the robot manufacturer and/or the manufacturers of other components used
in the installation.

death or serious injury. The notification provides information about the nature of the
hazardous situation, the consequences of not avoiding the hazard, and the method for
avoiding the situation.

2 DANGER: Notification of information or instructions that if not followed will result in

WARNING: Notification of information or instructions that if not followed could result

A in death or serious injury. The notification provides information about the nature of the
hazardous situation, the consequences of not avoiding the hazard, and the method for
avoiding the situation.

CAUTION: Notification of information or instructions that if not followed could result

& in moderate injury or will cause damage to equipment. The notification provides
information about the nature of the hazardous situation, the consequences of not
avoiding the hazard, and the method for avoiding the situation.

NOTICE: Notification of specific information or instructions about maintaining, operating,
installation, or setup of the product that if not followed could result in damage to equipment. The
notification can emphasize but is not limited to specific grease types, good operating practices,
or maintenance tips.

1.2 General Safety Guidelines
Prior to purchase and installation, the customer should verify that the Universal Compliance Compensator
selected is rated for the maximum loads moments expected during operation. Refer to Section 9—
Specifications for specific ratings, or contact ATI for assistance. Particular attention should be paid to
dynamic loads caused by robot acceleration and deceleration. These forces can be many times the value of
static forces in high acceleration or deceleration situations.

All pneumatic fittings and tubing must be capable of withstanding the repetitive motions of the application
without failing. The routing of electrical and pneumatic lines must minimize the possibility of stress/strain,
kinking, rupture, etc. Failure of critical electrical or pneumatic lines to function properly may result in injury
to personnel and equipment.

All electrical power, pneumatic and fluid circuits should be disconnected during servicing.

1.3 Safety Precautions

WARNING: Do not perform maintenance or repair on Universal Compliance

A Compensator with power or air on. Injury or equipment damage can occur with
power or air on. Turn off power and air before performing maintenance or repair
on Compensator.

applications approved by the manufacturer. Using the compensator in applications
other than intended will result in damage to compensator or end-of-arm tooling and
could cause injury to personnel.

f CAUTION: The Compensator is only to be used for intended applications and

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

The Universal Compliance Compensator (UCC) is a compliance device that enhances the flexibility and reliability
of a robot or assembly machine. Compensators are used in automated assembly applications to provide compliance
for misalignment during assembly.

Figure 2.1—Universal Compliance Compensator
(4) M6 Socket Head

Cap Screw
Air Fitting
Connection
(Customer Supplied) Sensor
Assembly

Master Body \

/ /Chamber Cap

——

Breather Vent

(4) Compression
Spring

Compliant Plate

Tool Plate /

O-ring \

\ /PiStOn
O-ring
Piston Stem \\\

Spherical / S5~ —(4) Chamfer Washer
Rest Button \
(4) Overload Pin

The master body interfaces with the customer’s robot arm with (4) captive mounting screws, which are accessed
through the tool plate. The tool plate has a 50 mm diameter bolt circle (BC) mounting pattern for direct customer
tool mounting using (4) M6 tapped holes, (1) dowel pin location, and 31.5 mm recess. Refer to Section 10—
Drawings for mounting details. The compensator plate provides lateral, compressive, torsional, and angular
compliance. Refer to Section 3. 1—Compliance for additional information on the different types of compliance.
The compliant plate is restrained by (4) overload pins and (4) chamfer washers. Between the compliant plate

and chamber cap there are (4) conical compression springs, which provide a minimum amount of resistance to
compliance. To increase this resistance, or in other words to increase the stiffness of the device, air pressure can be
applied to the chamber which forces the piston, and therefore the piston stem, into contact with the spherical rest
button. The spherical contact between the rest button and piston stem also serves to provide smooth, ball-joint-like
compliance when air pressure is maintained. Extreme pressure grease is applied to the (4) overload pins, chamfer
washers, spherical rest button, and piston stem to enhance performance and maximize the life of the assemblies.

Pinnacle Park « 1031 Goodworth Drive * Apex, NC 27539 « Tel: 919.772.0115 « Fax: 919.772.8259 « www.ati-ia.com
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A PNP or NPN sensor monitors the position of the internal piston. As the compensator returns to a center reset
position, the piston fully extends and the sensor switches “ON”. Under compliance, the piston is pushed back and
switches “OFF”.

3. Product Information

3.1 Compliance

The Universal Compliance Compensator is designed to provide lateral, compressive, torsional, and
angular compliance.

During lateral compliance, the compliant plate deviates from a center position by moving along the X and Y
axis (see Figure 3.1). A small amount of compression along the Z axis due to unseating of the conical reset
surfaces. Refer to Section 9—Specifications.

Figure 3.1—Lateral Compliance (X and Y Axis)

+.11in (2.7 mm) T
Y-Axis

+ .11 in]
(2.7 mm)
X Axis

During compressive compliance, the compliant plate moves toward the master body along the Z-axis (See
Figure 3.2). Refer to Section 9—Specifications.

Figure 3.2—Compressive Compliance (Z Axis)

Z-Axis Z-Axis

_J' 0.24 in
* (6.1 mm)
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During torsional compliance, the compliant plate rotates about the Z axis, relative to the master
body (see Figure 3.3). A small amount of compression along the Z axis due to unseating of the
conical reset surfaces. Refer to Section 9—Specifications.

Figure 3.3— Torsional Compliance (Theta Z)

During angular compliance, the compliant plate pivots about the X or Y axis (see Figure 3.4). Refer
to Section 9—Specifications.

Figure 3.4— Angular Compliance (Theta X and Theta Y)
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3.2 Payload Capacity (Break-Away Point) and Compliance Stiffness
The Universal Compliance Compensator’s payload capacity refers to the applied load at which compliance
begins and is also referred to as the break-away point. This applied load must include the weight of the
customer tooling, the weight of the customer workpiece, and any external loads applied to the tooling or
workpiece INCLUDING from acceleration. An applied load equal to or greater than this break-away point
can result in undesirable payload deflection (sag) and should be avoided.

The break-away point has been characterized in Figure 3.5 through Figure 3.7 below and is a function of air
pressure supplied. In Figure 3.5, the axial break-away is defined as 0.010” axial displacement.

Figure 3.5—Axial Break-Away
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In Figure 3.6, the X-Y moment break-away is defined as 0.1° angular displacement.

Figure 3.6—Moment X-Y Break-Away
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In Figure 3.7, the Z Moment break-away is defined as 0.1° torsional displacement.

Figure 3.7—Moment Z Break-Away
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In some cases, it may be useful to estimate loads and deflections BEYOND the beak-away point. Refer to
Figure 3.8 for an estimate of the expected angular deflection (rotation about the X or Y axis) as a function of
the applied moment X-Y load and the air pressure supplied. For more information, refer to

Section 10—Drawings. Refer to Figure 3.8 for calculating static X-Y moment, which is a function of the
payload weight and distance to the payload center of gravity.

Figure 3.8—Calculating Moment X-Y

Payload\ 7 -

Moment
M=P (X)
Where:
M : maximum moment (in-1bs).
P : customer payload weight (customer tooling and workpiece) (Ib).

X : distance from the compensator’s tool plate to the payload’s center of gravity (in).
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Refer to Figure 3.9 to determine an estimate of the expected angular deflection (rotation about the X or Y
axis) as a function of the applied moment X-Y load and the air pressure supplied.

Figure 3.9—Static Loading Moment Stiffness

I / / 3
| / 5 / —40ps
I ¥ =

0 50 100 150 200
Moment X-Y (Ib-in)

Angular Deflection (deg)
O =2 N W Pk~ 0O N

NOTICE: The user is discouraged from relying on estimated stiffness values near the device’s
extreme operating limits.

Depending on the application, it may be necessary to further limit the payload in order to factor in
acceleration or deceleration of the device during robot motion.
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Installation
' WARNING: Do not perform maintenance or repair on the compensator unless the

compensator is safely supported or removed from the robot, all energized circuits (e.g.
electrical, air, water, etc.) are turned off, pressurized connections are purged, and power
discharged from the circuits in accordance with the customer’s safety practices and policies.
Injury or equipment damage can occur with the compensator not supported or removed and
energized circuits on. Safely remove the compensator, turn off and discharge all energized
circuits, purge all pressurized connections, verify all energized circuits are de-energized
before performing maintenance or repair on the compensator.

WARNING: All pneumatic fittings and tubing must be capable of withstanding the repetitive

A motions of the application without failing. The routing of electrical and pneumatic lines must
minimize the possibility of over stressing, pullout, or kinking the lines. Failure to do so can
cause critical electrical and/or pneumatic lines to malfunction and might result in injury to
personnel or damage to equipment.

f 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.

The Compensator mounts to the robot wrist (refer to Figure 4.1) using the captive mounting screws supplied. The
customer tooling attaches to the compensator’s tool plate with customer supplied fasteners that are installed in the
tool plate’s tapped holes.

All fasteners used to mount the compensator to the robot and customer’s tooling should have thread locker applied,
and be tightened to a torque value as indicated in 7able 4.1. The recommended values in this table are based on
engineering standards.

Pneumatic lines and electrical cables are attached, bundled, and must be strain-relieved in a manner that allows for
freedom of movement during operation.

Table 4.1—Fastener Size, Class, and Torque Specifications

. o Fastener Size and Thread
Mounting Conditions Property Class Recommended Torque Locker
) M6 x 10 Class 8.8
Compensator to Interface plate, Supplied (4) Socket L Head
captive M6 socket head cap screws OCKet Low- Hea in-
P P Cap Screw 80 in-Ibs (9 Nm) Pre-applied
M6 x 1.0 Class 12.9 pnesye o
Customer tooling to Compensator Tool Plate, - N
(4) Customer supplied M6 fasteners Socket head cap 90 in-lbs (10.2 Nm)
Socket flat head cap 60 in-lbs (6.78 Nm)

Pinnacle Park « 1031 Goodworth Drive * Apex, NC 27539 « Tel: 919.772.0115 « Fax: 919.772.8259 « www.ati-ia.com
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4.1

Robot Interface

The compensator’s body is typically attached to the robot arm. An interface plate can adapt the compensator
to a specific robot arm. Alignment features (dowel holes and bosses) accurately position and bolt holes
secure the compensator to the robot arm or an interface plate. Custom interface plates are available from ATI
upon request. (Refer to Section 10—Drawings.)

CAUTION: Do not use dowel pins that are too long or do not allow the interface

& plate and Compensator’s body to mate flush. Using dowel pins that are too long will
cause a gap between the interface plate and the Compensator’s body and damage
to the equipment. Use dowel pins that do not extend further than allowed by the
Compensator’s body.

CAUTION: Do not use more than two alignment features when securing the
Compensator to an interface plate. Using more than two alignment features can cause
damage to the equipment. Use either two dowel pins or a single dowel pin along with a
boss/recess feature to align the Compensator with the interface plate.

Incorrect Mounting of the Compensator’s Bod

/Interface Plate
A dowel pin that

——1 is too long can cause
a gap between the Compensator

and the interface plate.

!

Gap\:

Correct Mounting of the Compensator’s Bod

/Interface Plate

P

Boss Plate

|
Flush/

A correctly sized dowel pin
allows the interface plate
and Compensator to mount flush.

If the customer chooses to design and build a robot interface plate, consider the following points:

e The interface plate should include bolt holes for mounting and either two dowel pins or a dowel pin
and a boss for accurate positioning on the robot and Compensator. The dowel pins prevent rotation.
Refer to the robot manual for robot mounting features.

e The thickness of the interface plate must be sufficient to provide the necessary thread engagement for
the mounting bolts.

e  Dowel pins must not extend out from the surface of the interface plate farther than the depth of the
dowel holes in the Compensator’s body.

e Ifabossis used on the Compensator, a recess of proper depth and diameter must be machined into the
interface plate to correspond with the boss on the Compensator.

e  Mounting bolts that are too long can create a gap between the interface plate and the Compensator.

e The interface plate must provide rigid mounting to the Compensator.

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

The tool plate is attached to the customer’s tooling. An interface plate can adapt the tool plate to the
customer’s tooling. Alignment features (dowel holes) accurately position and bolt holes secure the Tool
plate to the customer’s tooling. Custom tool interface plates can be supplied by ATI to meet customer’s
requirements (Refer to Section 10—Drawings).

:2 CAUTION: Do not use dowel pins that are too long or do not allow the interface

Incorrect Mounting of

Correct Mounting of

plate and tool plate to mate flush. Using dowel pins that are too long will cause a gap
between the interface plate and the tool plate and damage the equipment. Use dowel
pins that do not extend further than allowed by the tool plate.

CAUTION: Do not use more than two alignment features when securing the
Compensator to an interface plate. Using more than two alignment features can cause
damage to the equipment. Use either two dowel pins or a single dowel pin along with a
boss/recess feature to align the Compensator with the interface plate.

’ A dowel pin that is too long and
/ creates a gap between the interface

Tool Plate 5, = plate and Tool.

_.—Interface Plate
Boss Plate

Tool plate

A dowel pin that is the proper size
/ and allows for the interface plate

and Tool plate to mount flush.
_—Interface plate

Tool Plate

No Gap/

If the customer chooses to design and build a tool interface plate, consider the following points:

The interface plate should include bolt holes for mounting and either two dowel pins or a dowel pin
and a boss for accurate positioning on the customer tooling and the tool plate. The dowel and boss
features prevent unwanted rotation.

The interface plate should include bolt holes for mounting and dowel pin holes for accurate positioning
on the customer tooling and tool plate. The dowel pins prevent rotation.

The thickness of the interface plate must be sufficient to provide the necessary thread engagement for
the mounting bolts.

Dowel pins must not extend out from the surface of the interface plate farther than the depth of the
dowel holes in the tool plate.
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4.3

Installing the Compensator to the Robot
Tools required: 4 mm Allen® wrench (hex key)

Supplies required: Loctite® 242, Clean rag

—

. Clean the mounting surfaces.

N

If required, attach the interface plate to the robot. Secure with customer supplied fasteners.

W

. With the Compensator in the unlocked position, secure the Compensator to the robot.
a. Apply Loctite 242 to the exposed threads of the (4) M6 captive socket head cap screw.

b. Insert a4 mm Allen wrench through the holes of the tool plate.

c. Using the Allen wrench, secure the Compensator to the robot with the (4) captive socket head cap
screws. Tighten to 80 in-1bs (9 Nm).

4. Attach sensor and pneumatic cables to the connections.

Figure 4.1—Installing the Compensator to the Robot

Robot Interface Plate
(Customer Supplied)

r/DoweI Pin
, (Customer Supplied)

Position
Sensor Assembly

Dowel Pin
(Customer Supplied)

Mounting Fastener(s)
(Customer Supplied)

Cap Screws (Captive) /
I,
Air Fitting Connection f

(Customer Supplied)

Chamber Cap
Breather Vent Compliant Plate
\Tool Plate
C ) \4 mm Allen Wrench
\ N
7
7 ANRNON
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Once the compensator is attached to the robot, the customer tooling or tool interface plate can be
attached. Refer to Figure 4.2.

Figure 4.2—Installing the Customer Tooling to the Compensator

\Tool Plate
L
\

XYY — —

Dowel Pin
(Customer Supplied)

End-Effector
/(Customer Supplied)

Mounting Fasteners
(Customer Supplied)

Secure the customer tooling or tool interface plate to the tool plate of the compensator using the
customer supplied (4) M6 fasteners. Refer to Table 4.1 for proper torque and Loctite specifications.
Refer to Section 10—Drawings for mounting details.

After installation is complete, the compensator is ready for into normal operation.

4.4 Removing the Compensator from the Robot
Tools required: 4 mm Allen wrench

1.
2.

Turn off and de-energize all energized circuits (e.g. electrical, air, water, etc.).

Remove air and sensor cables from the connections as required for service.

3. Remove the (4) M6 mounting fasteners securing the customer tooling or tool interface plate to

the conpensator.

Supporting the compensator, use an Allen wrench to loosen the captive fasteners securing the
compensator to the robot or interface plate.

. Remove the compensator.

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

B-17


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

Manual, Compliance Device, Universal Compliance Compensator
Document #9610-15-1003-10

4.5 Electrical Connections

The master body of the compensator has a proximity sensor.

4.5.1 PNP Type Sensors

The PNP sensors are 4 mm cylindrical inductive proximity sensor.

Table 4.2—PNP (Current Sourcing)

Description

Value

Voltage Supply Range

10-30VDC

Output Circuit

PNP make function (NO)

Figure 4.3—PNP Type Lock, Unlock and RTL Sensors

PNP (Current Sourcing) Connector
Brown (1) O +Vs (4) Black
|
PNP Black (4) o o Output
[ Blue (3) f oy Brown (1) (3) Blue

4.5.2 NPN Type Sensors

The NPN sensors are 4 mm cylindrical inductive proximity sensor.

Table 4.3—NPN (Current Sinking)
Description Value
Voltage Supply Range 10-30 VDC
Output Circuit NPN make function (NO)

Figure 4.4—NPN Type Lock, Unlock and RTL Sensors

NPN (Current Sinking) Connector
’ Brown (1) o O +Vs (4) Black
'z
NPN [2Ek@) o output
[ Blue (3) Brown (1) (3) Blue
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5. Operation

The compensator has a pneumatically driven mechanism that makes the compensator more rigid and requires a
continuous supply of clean, dry non-lubricated air 60 - 100 psi (4.1 — 6.9 Bar) and filtered to 40 microns or better.

A CAUTION: Safe, reliable operation of the compensator’s locking mechanism is dependent on

a continuous supply of compressed air at a pressure of 60 to 100 psi.

5.1

5.2

5.3

Centered

The compensator has a nominal reset (or center) position, which is achieved when proper seating has
occurred between conical surfaces among internal components. The reset position can also be described as a
state of zero compliance.

To achieve this reset position, the device relies on both pre-load from a set of internal compression springs
and from the supply of air pressure to the internal reset piston.

Compliant

To decrease the compliance stiffness, decrease the air pressure supplied to the device. Even if air pressure is
removed entirely, a small amount of compliance stiffness remains due to the pre-load of the internal springs.

To increase the compliance stiffness, increase the air pressure supplied to the device. Maximum air pressure
of 30 psi (2.1 bar). For the re-center (lock) function, unit may supplied with up to 100 psi (6.9 bar) but
forcing compliance under these conditions is not recommended as it may reduce service life.

Optional Sensing of Compliance

An optional proximity sensor provides detection of compliance in the device, which is useful in some
applications. In order for the sensor to be functional, the unit will need a minimal air pressure supply of 5 -
10 psi (.3 -.7 Bar) so that the piston stem actively contacts the spherical rest button in the compliant plate.
When the sensor is “ON”, the compensator is rot experiencing compliance. During compliance, the piston is
moved and the sensor switches “OFF”, indicating contact between the customer tooling and the work piece.

Figure 5.1—Sensor for Pressurized and Vented Modes

Master Body
Air Fitting Connectlon\ / Piston

(Customer Supplied)

Piston Chamber

Vent Sensor

Assembly

Chamber
Cap
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5.4

Operation of Inserting a Part
The compensator can be used in a part insertion operation. The compensator allows for misalignment of the
robot and work piece in the lateral, compressive, torsional, and angular directions.

The compensator may to be used in slip-fit “peg-in-hole” type operations, refer to Figure 5.2. The
peg-in-hole example is an application involving the insertion of one part into another. There are a variety
of peg-in-hole type applications that include the following: dowel pin insertion, mold alignment, washer
insertion, bearings into housings, and shafts into bearings.

Figure 5.2—Part Insertion

Robot moves to an insertion Robot moves to insert pin. Robot inserts the pin into the
position above the work hole.

piece.

The compensator’'s
compliance allows the pin
to center in the chamfered
hole.
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5.5 Operation of Picking a Part

The compensator can be used in a part picking operation; refer to Figure 5.3 and Figure 5.4. The
compensator allows for misalignment of the robot and work piece in the lateral, compressive, torsional, and
angular directions. The compensator can center the work piece for placement.

Figure 5.3—Pick Part Operation Lateral Direction

A AL

The robot positions above the The robot grippers close. The robot removes the part from
work piece so that it can pick the work piece.
a part. Then accounting for the position

of the workpiece and robot, the
compensator offsets.

Air pressure is supplied, the
compensator becomes rigid.

Figure 5.4—Pick Part Operation Compressive, Angular and Torsional Direction

L

Robot moves to a position The robot grippers close. The robot removes the part.
above the part.

The compensator offsets to account
Robot picks up the part. for the position of the robot and part.

As air pressure is supplied, the
compensator becomes rigid.
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6.

Maintenance

Under normal conditions, no special maintenance is necessary; however it is recommended that periodic
inspections be performed to assure long-lasting performance and to assure that unexpected damage has not
occurred. Refer to Section 6.1—Preventive Maintenance for a schedule and items that should be visually inspected
at regular intervals.

compensator is safely supported or removed from the robot, all energized circuits (e.g.
electrical, air, water, etc.) are turned off, pressurized connections are purged, and power
discharged from the circuits in accordance with the customer’s safety practices and policies.
Injury or equipment damage can occur with the compensator not supported or removed and
energized circuits on. Safely remove the compensator, turn off and discharge all energized
circuits, purge all pressurized connections, verify all energized circuits are de-energized
before performing maintenance or repair on the compensator.

. WARNING: Do not perform maintenance or repair on the compensator unless the

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.

6.1 Preventive Maintenance
The compensator provides a long life with regular maintenance. A visual inspection and preventive
maintenance schedule is provided in the 7able 6.1 below depending upon the application. Assembly details
are provided in Section 10—Drawings of this manual.

Table 6.1—Preventative Maintenance Checklist

Application(s) CErplEnE: CEk Inspection Schedule
Frequency
. . More than 1 per minute Weekly
General Usage, Material Handling -
Less than 1 per minute Monthly
Wet or Humid Environments All Weekly
Welding/Servo/Deburring, Foundry Operations
) i All Weekly
(Dirty Environments)
Mounting Fasteners
i Inspect mounting fasteners, verify they are tight and have the proper torque.
Refer to Table 4.1.
Interface Connections
o Inspect pneumatic connection for cuts in hose, abrasions, or wear. If signs of wear are

apparent, tighten connections and secure lines so that they allow freedom of movement during
operation and do not rub or obstruct other components.

o Inspect electrical cable for cuts, abrasions, or wear. If signs of wear are apparent, check
connections and secure cables so that they allow freedom of movement during operation and do not
rub or obstruct other components.

Overload Pins, Conical Compression Springs, and Chamer Washers

i Inspect the overload pins and conical compression springs. If bent, worn, or damaged,
replace. Refer to Section 7.2.1—QOverload Pins, Conical Compression Springs, and Chamfer
Washers Replacement.

Spherical Rest Button

i Inspect spherical rest button for wear, abrasion, and cuts. If worn or damaged, replace. Refer
to Section 7.2.2—Spherical Rest Button Replacement.
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7. Troubleshooting and Service Procedures

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

A

WARNING: Do not perform maintenance or repair on the compensator unless the
compensator is safely supported or removed from the robot, all energized circuits (e.g.
electrical, air, water, etc.) are turned off, pressurized connections are purged, and power is
discharged from the circuits in accordance with the customer’s safety practices and policies.
Injury or equipment damage can occur with the compensator not supported or removed and
energized circuits on. Safely remove the compensator, turn off and discharge all energized
circuits, purge all pressurized connections, verify all energized circuits are de-energized
before performing maintenance or repair on the compensator.

A\

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.

7.1 Troubleshooting

The system contains few components and provides trouble free operation once properly installed. The
following table is provided to assist with troubleshooting the system.

Table 7.1—Troubleshooting

Symptom

Cause

Resolution

Compensator’s piston
will not move (or sensor
does not indicate air is
moving the piston).

Insufficient or no air
pressure supply to the
master body’s air fitting

Verify proper air pressure is supplied. Refer to
Section 5—Operation.

Debris is caught between
the chamber cap and
compliant plate.

Remove the debris between the chamber cap
and compliant plate.

Optional Boot Accessory is
damaged

Inspect the boot and garter springs for damage.
Replace, if necessary. Refer to Section 7.2.4—
Optional Flex Boot Replacement.

O-ring seals are worn.

Contact ATI for service.

The unit is centered
but the Centered signal
does not read “on”
(true).

Insufficient or nor air
pressure supply to the
piston.

Verify proper air pressure is supplied. Refer to
Section 5—Qperation.

Sensor cable is damaged
or loose connection

Inspect the sensor cables for damage or loose
connection. If loose, re-connect. If damaged,
replace.

Sensor assembly is
damaged.

Replace the sensor sub-assembly as
necessary. Refer to Section 7.2.3—Sensor
Assembly Replacement.
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Table 7.1—Troubleshooting

Symptom

Cause

Resolution

Compensator has lost
lateral and/or torsional
compliance.

Debris is caught inside
the cavities within the
compliant plate, or in
the space between the
compliant plate and the
chamber cap.

Remove the debris caught inside cavities within
the compliant plate, or in the space between the
compliant plate and the chamber cap.

The overload pins or
chamfer washers are
damaged.

Inspect overload pins and chamfer washers

for damage. If worn or damaged, replace.
Refer to Section 7.2.1—Overload Pins, Conical
Compression Springs, and Chamfer Washers
Replacement.

Compensator has
lost compressive
compliance

Debris is caught inside
the cavities within the
compliant plate, or in
the space between the
compliant plate and the
chamber cap.

Remove the debris caught inside cavities within
the compliant plate, or in the space between the
compliant plate and the chamber cap.

The conical compression
springs, overload pins and/
or chamfer washers are
damaged.

Inspect overload pins and conical compression
springs. If worn or damaged, replace. Refer

to Section 7.2.17—Overload Pins, Conical
Compression Springs, and Chamfer Washers
Replacement.

Compensator has lost
angular compliance

The overload pins have
come loose.

Inspect the overload pins, removing the

tool plate if necessary, for looseness at the
threaded connection. Re-install overload pins
with recommended thread lock and torque.
Refer to Section 7.2.17—Overload Pins, Conical
Compression Springs, and Chamfer Washers
Replacement.

Debris is caught inside
the cavities within the
compliant plate, or in
the space between the
compliant plate and the
chamber cap.

Remove the debris caught inside cavities within
the compliant plate, or in the space between the
compliant plate and the chamber cap.

The conical compression
springs, overload pins and/
or chamfer washers are
damaged.

Inspect overload pins and conical compression
springs. If worn or damaged, replace. Refer

to Section 7.2.17—Overload Pins, Conical
Compression Springs, and Chamfer Washers
Replacement.

The spherical rest pin
and/or valve stem are
damaged.

Inspect the spherical rest button for damage.
If damaged, replace. Refer to Section 7.2.2—
Spherical Rest Button Replacement.

Inspect the valve stem for damage. If damaged
contact ATI.

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

B-24



http://www.ati-ia.com

Manual, Compliance Device, Universal Compliance Compensator
Document #9610-15-1003-10

7.2 Service Procedures

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

7.2.1 Overload Pins, Conical Compression Springs, and Chamfer
Washers Replacement
Parts required: Refer to Section 8. 1—Compensator Serviceable Parts.
Tools required: 2.5 and 3 mm Allen wrench

Supplies required: Mobile Grease® XHP-222 special grease, clean rag

1. Turn off and de-energize all energized circuits (e.g. electrical, air, water, etc.).

2. Remove the customer tooling from the compensator and remove the compensator from the
robot. Refer to Section 4.4—Removing the Compensator from the Robot.

3. Using a 2.5 mm Allen wrench, remove the (8) M3 socket head cap screws securing the tool
plate to the compensator. Refer to Figure 7.1.

4. Using a 3 mm Allen wrench, remove the (4) overload pins and discard.

5. Remove the compliant plate from the compensator and set aside.
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6. Remove the (4) conical compression springs and discard.

7. Use a clean rag to remove existing lubricant and debris from the bores and surfaces of the tool
plate, compliant plate, and chamber cap.

NOTICE: Use MobilGrease XHP222 Special grease to lubricate the mechanism and
O-rings. Note: MobilGrease XHP222 Special is a NLGI #2 lithium complex grease with
molybdenum disulfide.

Figure 7.1—Replacement of Overload Pins and Conical Compression Springs

Piston Stem
(Mobil Grease
XHP-222 Special)

P

Flat,

/ \ Master Body

Master Body
Chamber Cap

(4) Conical
Compression Spring

Flat, Compliant Plate

Compliant Plate

5

(4) Overload
Pin

Flat, Tool Plate
Tool Plate

™~

<
\(8) M3 Socket Head Cap Screw
8. Apply XHP-222 special grease to the piston stem.

9. Install the new (4) conical compression springs over the chamber cap’s threaded holes for
the overload pins.

10. Install the (4) new chamfer washers into the compliant plate.

11. Insert the (4) chamfer washers into the compliant plate with the chamfer facing outward away
from the springs.

12. Apply XHP-222 special grease to the washers’ sides that face the bottom of the overload pins
heads and internal bores of the compliant plate.

13. Apply Loctite primer 7649 to the threads of the of the new overload pins.
14. Apply Loctite 242 to the threads of the overload pins.

15. Install the compliant plate over the conical compression springs. Verify the flats of the master
body and compliant plate are aligned. Ensure the large end of each compression spring is
properly nested in the corresponding counterbore in the compliant plate.
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16. Pass each overload pin through the chamfer washer, compliant plate, and conical compression
spring. Secure using a 3 mm Allen wrench. Tighten to 52 in-Ibs (5.9 Nm).
17. Assemble the tool plate to the compliant plate with the dowel pins and flats aligned.

18. Secure the tool plate to the compliant plate with the (8) M3 socket head cap screws. Tighten to
12 in-lbs (1.4 Nm).

19. Install the compensator to the robot, and attach the customer tooling to the compensator. Refer
to Section 4.3—Installing the Compensator to the Robot.

20. After the procedure is complete, resume normal operation.

7.2.2 Spherical Rest Button Replacement
Parts required: Refer to Section 8.—Compensator Serviceable Parts.
Tools required: 2.5 and 3 mm Allen wrench, Arbor press with appropriate sized draft pins
Supplies required: Mobile Grease XHP-222 special grease, clean rag
1. Turn off and de-energize all energized circuits (e.g. electrical, air, water, etc.).

2. Remove the customer tooling from the compensator, and remove the compensator from the
robot. Refer to Section 4.4—Removing the Compensator from the Robot.

3. Using a 2.5 mm Allen wrench, remove the (8) M3 socket head cap screws securing the tool
plate to the compensator. Set aside the socket head cap screws and tool plate.

4. Use the 3 mm Allen wrench to remove the (4) overload pins and set aside.
5. Remove the compliant plate from the compensator and set aside.
6. Remove the (4) conical compression springs and set aside.
7. Press the spherical rest button out of the compliant plate and discard.
8. Use a clean rag to remove existing lubricant and debris the bores and surfaces of the tool plate,
compliant plate, and chamber cap.
Figure 7.2—Replacement of Spherical Rest Button
(8) M3 Socket Head
Cap ScreW\
(4) Overload Pin -
\ >
(4) Chamfered Washer\
Spherical
Rest Button \
Chamber Cap | . \
\ | X" v = \ Flat, Tool Plate
2 == Tool Plate
.
\_—

Flat, Compliant Plate
Compliant Plate

(4) Conical Compression Spring

O

9. Press the new spherical rest button into the compliant plate.

Flat, Master Body

Master Body
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NOTICE: Use MobilGrease XHP222 Special grease to lubricate the mechanism and
O-rings. Note: MobilGrease XHP222 Special is a NLGI #2 lithium complex grease with
molybdenum disulfide.

10. Apply XHP-222 special grease to the piston stem. Refer to Figure 7.1.

11. Place the (4) conical compression springs over the chamber cap’s holes for the overload pins.
Refer to Figure 7.2.

12. Apply XHP-222 special grease to the washers’ sides that face the bottom of the overload pins’
heads and internal bores of the compliant plate.

13. Apply Loctite primer 7649 to the threads of the overload pins.
14. Apply Loctite 242 to the threads of the overload pins.

15. Install the compliant plate over the conical compression springs. Verify the flats of the master
body and compliant plate are aligned. Ensure the large end of each compression spring is
properly nested in the corresponding counterbore in the compliant plate.

16. Pass each overload pin through the compliant plate, chamfer washer, and conical compression
spring. Secure using a 3 mm Allen wrench. Tighten to 52 in-1bs (5.9 Nm).

17. Assemble the tool plate to the compliant plate with the dowel pins and flats aligned.

18. Secure the tool plate to the compliant plate with the (8) M3 socket head cap screws. Tighten to
12 in-lbs (1.4 Nm).

19. Install the compensator to the robot, and attach the customer tooling to the compensator. Refer
to Section 4.3—Installing the Compensator to the Robot.

20. After the procedure is complete, resume normal operation.
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7.2.3 Sensor Assembly Replacement

The sensor is very reliable and normally does not need to be replaced. Exhaust all other possible
solutions, check continuity, air supply, lubrication, and pneumatic components prior to testing or
replacing the sensor.

Parts required: Refer to Section 8. 1—Compensator Serviceable Parts.

Tools required: 2.5 mm Allen wrench

1.
2.
3.

Turn off and de-energize all energized circuits (e.g. electrical, air, water, etc.).
Disconnect the sensor cable.

Remove the (2) M3 socket head cap screws that secure the sensor assembly to the master body
of the compensator. Refer to . Pull the sensor assembly straight out from the master body.

To test the suspect sensor, connect the sensor cable and place a ferrous target in front of the
proximity sensor to confirm that the sensor is functional. The sensor signal should read “on”
(true), and the sensor should illuminate.

a. Ifthe sensor is not functioning properly, replace. Disconnect the sensor cable and discard.

b. If the sensor is functioning properly, reinstall.

& CAUTION: The sensor assemblies are precision aligned and permanently

assembled at the factory. Do not attempt to disassemble and rebuild.

Insert the sensor assembly into the master body of the compensator as shown in . Make sure the
O-ring is in place and seated properly on the back side of the sensor assembly.

Secure the sensor assembly using the (2) M3 socket head cap screws. Tighten to
12 in-lbs (1.4 Nm).

If applicable, connect the sensor cable connector.

8. Confirm the operation of the sensor by applying air pressure to the air fitting and then checking

(2) M3 Socket
Head Cap ScreW\

to see that the LED illuminates on the sensor.

After the procedure is complete, resume normal operation.

Figure 7.3—Sensor Replacement

Master Body

Sensor Assembly
(9005-20-1743)

”

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

B-29


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

Manual, Compliance Device, Universal Compliance Compensator
Document #9610-15-1003-10
7.2.4 Optional Flex Boot Replacement

Parts required: Refer to Section 8.2—Accessories.

1. Turn off and de-energize all energized circuits (e.g. electrical, air, water, etc.).

2. Remove the (2) garter springs retaining the flexible boot to the grooves in the chamber and tool
plates of the compensator. Refer to Figure 7.4.

3. Slide the new flexible boot over the tool plate and onto the compensator.

4. Secure the flexible boot using (2) garter springs. Make sure the garter springs fit tightly in the
grooves of the compliant plate and tool plate.

5. After the procedure is complete, resume normal operation.

Figure 7.4—Flexible Boot Replacement

Compliant
Plate

Garter Spring
Tool Plate —y /

/Flex Boot
/Garter Spring
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8. Serviceable Parts

8.1 Compensator Serviceable Parts
Table 8.1—Universal Compliance Compensator
Item No. | Qty Part Number Description
Universal Compliance Compensator, 31.5 Boss, 50mm BC, NPN
9117-U1K-050-SA-M-2131-L Sensor, Hardwired 5m Cable , M5 Port, 2131 Tool IP, Locking
Universal Compliance Compensator, 31.5 Boss, 50 mm BC, PNP
y 1 9117-U1K-050-SB2-M-2131-L | Sensor, Hardwired 0.25 m Cable and 90° LED Pico, M5 Port, 2131
Tool interface plate, Locking
Universal Compliance Compensator, 31.5 Boss, 50mm BC, PNP
9117-U1K-050-SB2-M-2131-L-C1 | Sensor, Hardwired 0.25m Cable, 90 Deg LED Pico, M5 Port, 2131
Tool IP, Locking, with Flexible Boot
5 1 9005-20-1743 PNP Sensor Assembly, Hardwired 0.25 m Cable and 90° LED Pico
9005-20-1744 NPN Sensor Assembly, Hardwired 0.25 m Cable and 90° LED Pico
3 2 3500-1058008-15A M3X8. Socket Head Cap Screw, Class 12.9, Blue dyed Magni-565,
ND Microspheres Epoxy, Yellow
4 4 3500-1066035-13 M6 X 35 Socket Head Cap Screw, Low Head, Black-Oxide Class
8.8 Alloy Steel
5 4 3610-1707500-20 CS)gnicaI Compression Spring 3/4” L, 0.85” X 0.50” OD, 7.99 Ibs/in,
6 1 3700-15-2156 Spherical Head Rest Button
7 4 3700-15-2126 U1-050 Overload Pin
8 8 3500-1058010-15A M3X1Q Socket Head Cap Screw, Class 12.9, Blue dyed Magni-565,
ND Microspheres Epoxy, Yellow
9 4 3700-15-2127 UCC 050 Chamfer Washer
8.2 Accessories
Table 8.2—Accessories
Item No. Qty Part Number Description
* * 9005-15-5012 Flexible Boot Kit for UCC-050
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9. Specifications

Table 9.1—Specifications

Specification Values Comments

Max Payload 5kg (11.0 Ib) See also Max Static Moment ratings.

X/Y Lateral Compliance +2.7 mm (0.11in) Some axial compliance coincides. See also Note A
X/Y Axis Rotation +3° See Notes A, B

Z Axis Rotation +8° See Note A

Z Axial Compression 6.1 mm (0.24 in) See Note A

Max Static Moment X/Y 2.26 Nm (20 Ibf-in) For zero deflection under 3g robot accelerations.
Max Static Moment Z 1.13 Nm (10 Ibf-in) For zero deflection under 3g robot accelerations.

Positional Repeatability (X-Y) | +/- 0.15 mm (0.006 in) -

Total at 0 psi supply pressure and min/max axial

Spring Force Min/Max 35.6/92.1 N (8.0/20.7 Ibf) .
compliance.
Weight 0.6 kg (1.4 Ib) Includes optional sensor.
Nominal Operating Pressure | 5.5 bar (80 psi) Used to determine ratings.
Compliance Stiffness Tuning | 2.1 bar (30 psi) Max Pressure See Note C
Rated Service Life 1 million cycles See Note B
Compliance Sensor PNP or NPN See Note D
. ISO 50 mm BC, (4) M6 SHCS,
R ] (1) 6 mm Dowel, 31.5 mm Boss |
ISO 50 mm BC, (4) M6 SHCS,
Tool Mounting (1) 6 mm Dowel, 31.5 mm Default “-2131” tool plate, if included. See Note E.

Recess

Note:
A. Compliance allowed in all directions simultaneously, but max compliance cannot be reached in all directions
simultaneously.

B. Compliance limit for rated service life. Internal hard stops allow up to + 8° but reduced spring life
should be expected.

C. Tune compliance stiffness by varying lock pressure between 0-30 psi. Forcing compliance above 30 psi may
reduce service life.

D. Sensor Options: SB2 — 3 wire DC PNP with 0.25m lead and 90 Deg LED M8 Quick Connect/ SO - No sensor.
E. Tool Plate Options: 0000 - Omit ISO Tool Plate / XXXX - Custom tool plate, available upon request.

Pinnacle Park « 1031 Goodworth Drive « Apex, NC 27539 « Tel: 919.772.0115 « Fax: 919.772.8259 « www. ati-ia.com
B-32


http://www.ati-ia.com

Manual, Compliance Device, Universal Compliance Compensator

Document #9610-15-1003-10

10. Drawings

10.1 9630-15-U1K-050-SA-M-2131-L

€0 T1€L2-IN-VS-050-M1N-G1-0£96

NOISIAZY ¥3IBWNN ONIMYYA

m; Ll

azs Ele

€40 | 133HS  G-QLZLB| #1DIrO¥d | NOLDIO TONY P

Bunioo

‘dl 1001 LELZ ‘HOod S * 9IgBD WG paJimpleH ‘Josuas NdN
‘0g wwQg ‘ssog G L€ ‘Jojesuadwion soueldwo) [esisAlun

I

0Z/EL/L HOUPUSY| 'g A8 GID3HO

02/6/1 JouBepp *Q A8 NMvaa

1LY 4O NOILVZISOHINY NILLI¥M 3OI¥d HLIM YO ¥30¥O NO 1430X3 JINNVI
AN NI G3DNQ0¥¢34 38 OL LON "ONI 'NOLYWOLNY T¥IALSNANI LV 4O AL¥3dO¥d

Aueduwiog paisjsiboy 1006 OSI
WoDE-lE MMM 6528 Z/L 646 )+ XES
woo'eHIEQOUY BT GLLOTLL L6 L+ 1Pl
VSN 66522 ON Xedy ‘anq ylompood 4£0)

NOLLYWOLNY
TvidLsnani

SHLEWITIW

NI 33V SNOISNIWIQ 11V
"ONIMV¥A 31VOS LION Od

( ‘QIHI03dS

3SIMITHLO SSTINN :SILON

(L4 di1s
T3IMOQ Ww9 )

G€0'9
R ooo.w@ 1

NOILdO HOSN3S +-VS-

NOILVLOY SIXV A-X

]

31GVIIVAY QVIHHL §°6 J -—

JONVHVITO
NIN G°2S

ozoz/sls | Tl

T 133HS @3aav 91261 003 *

o]

aioq Jojoiul |

uoyduosaqg g

.>mm_

SY3IANILSVH IAILAYO
SOHS Av3H-MO1

/l\m 310N

SS09 € — [=—

NOISS3™dINOD SIXV Z

"SINTVA FONVITdNOD XVIN H04 TYNNVIN LONAOYd ¥O JLIS9IM 1LV OL ¥3434 '€
"INIJWIHINOTY JONVYHVITO ¥Od 31VLS d3X3Td

NI NMOHS OS1V 319V 'SAV3T ONIATY HLIM 378V WS a3HIMAYVYH HLIM JOSNIS NdN ‘¢

'SOHS AV3IH-MOT JAILdVYO SS3OJV OL HONTFIM X3H 04 a3sN OSTV I1T0H 'L

‘S31ON

NOILVLOY SIXV Z 13S440 TVy3LV SIXV A-X

MIATAS 3LV INVIHNOO - 5y TN 1001

\m_b\._n_ 1001
-

)

ssogsied [

k

——

:7 5'€99
JOV4HILNI

¥3ANOLSNO

(L4 di1s

GE X 0' X9 xv\L_H

r—— 13S34 G€9 —=

T3IMOQ Wwg @)

S€0'9
92 55992 M

L 310N
d3¥31IN3IO0 ® d30vds ATvNO3

(3LV1d INVITdNOD NYHL)
JONVHVYIT0 3AIS-HOVE 992" @ HLIM
(31V1d 100L NYHL) £ 2 0 LX9N X¥

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

B-33


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

€0 T-LE€LC-N-VS-050-MLN-G1-0€96

NOISIAZY AIFWNN ONIMYAT

m; z

ErY ElkeN

€40 g 133Hs G-91LZ1L6| #103r0dd

Buiyo07]
‘dI 1001 LELT ‘Hod GIN * 8|qeD WG palimplen ‘Josuss NdN
‘0g wwQg ‘ssog §'L¢ ‘Jojesuadwo) aoueldwo) [eSIoAIUN

I

0Z/EL/L MOUpUSY "g A8 AIOIHO

02/6/1 Joube @ A8 NMvaa

11V 40 NOILYZIHOHLNY NILLIAM ¥OIdd HLIM 3O 33030 NO 1d3DX3 33NNV
ANV NI @30NQ0¥d3¥ 38 OL LON “DNI ‘NOLLYWOLNY TVIIISNANI 1LY 4O AL¥3dOdd

—

A:mQEubbm\&m&mmEmmom\mhwm.wmm.m&ffxmm EQ-.—.!EQ.—.:E
wooernemmm - GLL0c/L6L6°L+ 191 TvidLsnani - IF<

VSN ‘66622 ON Xodly “anuq ypompoos L£o)

Q=

NI 33V SNOISNIWIA 11V
"ONIMYYA FTVOS LON O

JSIMITHLO SSFINN SILON

140d OILVYINN3ANd
7928 0XSN

NOILLVOOT 1¥0d JILVINN3Nd

Manual, Compliance Device, Universal Compliance Compensator

Document #9610-15-1003-10

Pinnacle Park « 1031 Goodworth Drive « Apex, NC 27539 « Tel: 919.772.0115 « Fax: 919.772.8259 « www. ati-ia.com
B-34



http://www.ati-ia.com

Manual, Compliance Device, Universal Compliance Compensator

Document #9610-15-1003-10

€0 T-LE€LC-N-VS-050-MLN-G1-0€96

NOISIAZY AIFWNN ONIMVHT

S|

3z

bl

EL\/})

€40 € 133HS  G-QLZL6) #1D3r0Nd

Buioo

‘dl 1001 L€LZ ‘Hod GIN ‘ 8B WS palimpley ‘JosusS NdN

‘0g wwQg ‘ssog G'L¢ ‘Jojesuadwo) aoueldwod |esIdAIuN
J10L

0Z/SL/L YOUpUBY g A8 AIADIHO

02/6/1 18uBBAA @ A8 NMVEa

“ILV 40 NOILYZINOHINY NILLFIM 3OIdd HUIM 3O 3300 NO LdIDX3 3INNYW
ANY NI @3DONA0¥43¥ 38 OL LON "ONI ‘NOLLYWOLNY TYRLSNANI 1LV 4O AL¥3dOdd

—

Auedwo) passisibay 1006 OSI NOILLYWOLNY
woyel-jlemmmn 66297/ 646+ Xed TvidLsnani . I-I<

wooe-je@ojul Jews  GLLOTLL 646 L+ 18l
VSN 66622 ON ‘Xadly ‘9AuQ YLOoMpooD L0}

| ——

NOLD3rO¥d JTONY PiE

B &

SYLEBWMIW
NI 33V SNOISNIWIA 1TV
"ONIMYA 3TVOS LON Od

‘@3d103ds
JSIMIIHLO SSIINN SILON

M3IA d3001dX3
TLELC-IN-VS-0S0-M1N-LL 16

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

B-35


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

Manual, Compliance Device, Universal Compliance Compensator

Document #9610-15-1003-10

10.2 9630-15-U1K-050-SB2-M-2131-L

¥0 T1€12-IN-2aS-050-M L N-G1-0€96 m_i L

NOISIAZY 43NN ONIMYG | 3215 Ele

€40 | 13

HS  |-LEZLPL #103ro¥d

Bup007 ‘d |00 _,m_‘N.htOn_ GIN ‘Bnid 8IN

a31 680 06 % 8|98D WGZ'0 PAIIMPIEH ‘JOSUSS %007 dNd

‘08 WwQg ‘ssog G'L¢ ‘Jojesuadwio) soueldwo)) [essaAlun
ELUY

9L/62/E0 ZYM A8 OIOIHO

9102/82/€ H0UPUdY 'g ‘A8 NMvad

1LY 4O NOILVZISOHINY NILL¥M ¥OI¥d HLIM YO ¥30¥O NO 1d30X3 ¥3NNVI
AN NI G3ONQ0¥¢33 38 OL LON "ONI ‘NOLYWOLNY TVIALSNANI LY 4O AL¥3dOdd

wooe-je@ojul Jlews  GLLOTLL 646 L+ 181
VSN 66522 ON Xedy ‘anq yLompooD L0}

o~
NOLLYWOLNY . h<

Tvidisnani

NOWD3IFO¥d TIONY P

SIELEWITIW
NI 33V SNOISNIWIa 11V
"ONIMV¥A 3TVOS ION OQ

[ ——

‘a3dI03ds
3SIMITHLO SSTINN :SILON

(.
O e
° /l\m 310N
JOVAEIINI 1O0g0d
30V4HILINI YINOLSND
37aVIIVAY QvIdHL m.mi
0S¢ 089
JONVVI10
NIN G°2S

30V4HILNI
HIANOLSND
(L4 di1s
T3IMOQ Ww9 )

G€0'9
8 owo.w@ 1

NOILdO JOSN3S .-¢gaS-u

NOILVLOY SIXV A-X

!

]

30V4HTLNI
wawolsno
SS0dS'LED

NOISS3™dINOD SIXV Z

SS0g € — [=—

"SINTVA FONVITdNOD XVIN HOd TYNNVIN LONAO0Hd ¥O JLIS9IM 1LV OL ¥343d '€

"INIJWIHINDIH FONVHEVYITO ¥O4 ILVLS @IXI1d NI NMOHS OSTV 318V0 "MOLOINNOD
8N 371 933d-06 ITVIN /M AILVYNINYIL "379VO WGZ'0 AIHIMAEVYH HLIM HOSNIS dNd ‘¢
'SOHS AV3IH-MOT JAILdVYD SS3OJV OL HONTFHM X3H 04 a3sn OSTV I1T0H 'L

‘S31ON

NOILVLOY SIXV Z

13S440 TVy3LV SIXV A-X

31V1d INVITdNOD

\m_._.<._n_ 7001
-

FOVAHUILNI TO00L

0S¢ 08

——

JOV4H3LNI
43IWOLSNO
9ALHSLED ]

:7 5'€99
J0V4HILNI

¥3ANOLSND

(114 di1s

SOHS Adv3H-,
GEX 0'LX9

ooz/sls | A

T 133HS 43aav 91261 003 *

vo]

aioq Jojoiul |

uoyduosaqg g

.>mm_

SY3IANILSV4 IAILAYO
MO
W X

re—— 13S34 G€9 —=

TIMOQ Wwg @)

S€0'9
92 55992 M1

| 3LON ‘JOV4YILNI ¥INOLSND
a3ovds A1IvNo3
(3LV1d INVITdNOD NYHL)
JONVHVYI 10 3AIS-HOVE 992" @ HLIM
(31V1d 100L NYHL) 2 2 0 LX9N X¥

d3¥31IN30 ®

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

B-36


http://www.ati-ia.com

Manual, Compliance Device, Universal Compliance Compensator

Document #9610-15-1003-10

¥0 T-LELZ-N-ZES-0S0-MLN-GL-0896 | 8 | Zib | goozmms  |-iezipl #103r08 | nowosrossmony o
NOISIAZY AIFWNN ONIMVHT 3z 31vOS
Bupjo0T ‘dl 1001 L€1Z ‘Mod G ‘Bnid 8N w @
_ 31600 06 B 819ED WGZ'( PAUIMPIEH 'JOSUSS 3007 dNd 91/6Z/E0 Z¥H A8 ABOHO
g wwQg ‘ssog G'L¢ ‘Joyesuadwio) soueldwod fesianln P ————

“ILV 40 NOILYZINOHINY NILLFIM 3OIdd HUIM 3O 3300 NO LdIDX3 3INNYW

ANY NI @3DNA0¥43Y 38 OL LON "ONI ‘NOILYWOLNY TVIILSNANI ILV 4O AL¥3dOdd ) “SYILTWITIW
Aueduwion passjsibay! 1006 OS!  66292/2 6161+ Xed NOILYWOLAY - < NI 33V SNOISNIwId TIV
- "ONIMYA 31¥OS LON OQ

wooe-pe \_\_\s\w GL0TLL6L6°)+ 9L TvidLsnani
VSN 6652 ON xedy ‘anuQ yp1ompood Lgo) "Q3HIDIdS
( 3SIMITHLO SSTINN :SILON

¢

]

140d JILVINNIN
"9 A8 0OXGIN

)

NOILVOO1 1¥0d JILVINNINd

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

B-37


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

Manual, Compliance Device, Universal Compliance Compensator

Document #9610-15-1003-10

0 T-L€LC-IN-28S-050-MLN-G1-0€96 | 4 bl

NOISIAZY AIFWNN ONIMVHT 3z 31vOS

€40 € 13HS  |-LEZLy) #103r0Nd

Buiyo07 ‘d| 100 Pm_‘N__tOn_ GIN ‘Bnid 8N

@31 6eQ 06 '8 998D WSZ'Q PAJIMPIEH ‘J0SUSS %907 dNd

‘0g WwQg ‘ssog G'L¢ “Jojesuadwio) souedwo) [esIBAlUN
310L

9L/62/€0 ZUM A8 APOIHO

9102/82/€ MOUPUSY "g A8 NMVIQ

“ILV 40 NOILYZINOHINY NILLFIM 3OIdd HUIM 3O 3300 NO LdIDX3 3INNYW
ANY NI @3DONA0¥43¥ 38 OL LON "ONI ‘NOLLYWOLNY TYRLSNANI 1LV 4O AL¥3dOdd

—

Auedwo) passisibay 1006 OSI NOILLYWOLNY
woyel-jlemmmn 66297/ 646+ Xed TvidLsnani - I-I<

wooe-je@ojul Jews  GLLOTLL 646 L+ 18l
VSN 66622 ON ‘Xadly ‘9AuQ YLOoMpooD L0}

| ——

NOLD3rO¥d JTONY PiE

B &

SIEBEBWITIW
NI 33V SNOISNIWIA 1TV
"ONIMYA 3TVOS LON Od

‘@3d103ds
JSIMIIHLO SSIINN SILON

M3IA d3a01dX3
T-1€12-IN-29S-050-MLN-LL16

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

B-38


http://www.ati-ia.com

Manual, Compliance Device, Universal Compliance Compensator

Document #9610-15-1003-10

10.3 9630-15-U1K-050-SB2-M-2131-L-C1

20 10-T-LELZ-N-2ES-050-MLN-G1-0£96 | G 7 b [0 Lmms zszpogy #1owous [vowsosszonvs
NOISIAZY .m - A3IWNN OJ_K/&D mdwm 3vOS ATV >
1009 |0 ‘BUB20T ‘dI [00L LELZ ‘Hod GIN ‘Bnid S = @v 4 . . -
031620 008 21080 Wit 0 ponRp s losaets Yooty SLOLILZI0 Zady 455D . STIV.L3d ¥O4 Z 133HS 33S "LIM 100d IAILOTLOYU TYNOILDO SAQV ub-u ¥
g wwQg 'ssog g'Lg \_O«mmcwnc\_oo ®o:m__QEOO _mw\_®>_r_mDE 9102/22/%0 YAG 48 nmvaa :SYNLYIH TVID3dS
AN G35NIG03434 38 OL ION ‘NI NOLYWOL1w MSLSION v 0 133408 ey S - NGAESITTYA SONYIIANGD XYW MO3 TynNYW LONAONd HO JLISSIM [LY OL ¥IJ3Y ¢
Aued. 16 h N .
wooeHE I aar s s Sy noriuolnt il NP | otinivic s ion a 8N Q31 930-06 ITV /M AILYNINNEL ‘T18vD Wz 0 GIJIMAHVH HLIM HOSN3S dNd 2
wooel-pe@ou Jewg  GLI0 77/ 616 L+ 1ol ' —— pe—— 'SOHS AV3IH-MOT 3AILdVYD SSTOIV OL HONIIM X3H J04 ad3sn OSTV IT0H 'L
VSN 66522 ON ‘xedy ‘aq YLompoos Le0}) 3SIMYIHLO SSIINN “SILON :STLON
SIXV Z NOILVL1O¥ SIXV A-X NOISSTUJNOD Z NOILV.LOY SIXV Z 13S440 IVH3LY1 AX

¢ L33HS 'S 310N
¥ 310N

€ 310N
IOVI9IINT LO0g0d SSO8E€—= ~—  MIAIAIS 3LV1d INVITdNOD  F5WIEIINTI 1001
JOV4H3ILNI 43IWO0LSNO 31Vv1d 100L
1GVIIVAY QVIUHL 66 ) e 059
g il - )
059 LN i i} JOVAALNI
H3IWOLSND

9 A IHSILED ]

JONVYEVI1O *
NIN G°LS

| —

30V4Y3ALNI | 7

wawoisno [ 1 : S€90

ssog g led [ E— : i 7
30V44ALNI ¢ , | ﬁ [ 30V4HALNI
¥3INOLSND ) :” /| ¥3INOLSND

(4S 13IMOQ ww9 @)
9 4 9809 ¢

(4S 13MOQ wwog)
8 2380920 M

SY3INILSV IAILAYO

. 0909
0909 SOHS AV3H-MO1
GE X 0'LX9N XV

—— ———— )
NOILdO HOSN3S . 285 GEINETINEIL] O Y e A PaoLsno
1353459 (3LV1d LNVITAWOD NYHL)
0202/6/6 HFM Z 133HS a3aav ‘91261 003 20 mhw.__m_e/w.w_n%m__n._uw.m_m _M_“_z._.nvvwm_%ww— Wwﬁﬂ@
3lva HOLVILINI NOILdIY¥OS3a RAELS]

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

B-39


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

20 LO-T-LELC-IN-CES-0S0-MLN-GL-0€96 | 9 | CT'b | pH0 zus  z-/zp08) #103r0¥d | NowdIroNzIoNy P
NOISIAZY JIFWNN ONIMVIA 375 EllioN
1009 1O ‘Bupoo ‘di 1001 LE1LZ ‘Hod S ‘Bnid 8N w @
_ 31620 06 B 8|9ED WSZ'( PAUIMPIEH ‘JOSUSS 3007 dNd 810Z/LZ/Y0 Z¥) 48 ADOIHO
08 wwQg ‘ssog G'L¢ “Joyesuadwio) soueldwod lessonun 1021270 SIng e ma
11V 40 NOILVZIFOHLNY NILLIIM JOI¥d HLIM 3O 33030 NO L1d3IDX3 dINNVYW

ANV NI @30NA0¥d3y 38 OL LON "ONI ‘NOILYWOLNY TVIILSNANI 1LY 4O AL33dO¥d ) “SYILEWIMTIW
Auedwo? paisjsibay 1006 0S| 65282/ 6161+ Xed NI 34V SNOISNIWIA TV
woo'e-ge MMM G110/ 6161+ 81 ﬁﬁ.ﬂﬂﬁ“&“ﬂ- - < "ONIMV¥Q 3T¥DS LON Od
VSN 66542 ON xady ‘anug yuompoos L£o) ( KeEL[e=EN
ISIM¥IHLO SSTINN “SILON

140d OILVINN3Nd
"9 28°0XSIN

NOILVOO0T L¥0d JILVINNINd

Manual, Compliance Device, Universal Compliance Compensator

Document #9610-15-1003-10

Pinnacle Park « 1031 Goodworth Drive « Apex, NC 27539 « Tel: 919.772.0115 « Fax: 919.772.8259 « www. ati-ia.com
B-40



http://www.ati-ia.com

Manual, Compliance Device, Universal Compliance Compensator

Document #9610-15-1003-10

NOLD3rO¥d JTONY PiE.

B @

“SYFLEIWMTIW

NI 33V SNOISNIWIQ 1TV
"ONIMYJA 3TVOS LON Od

20 1O-1-L€LC-IN-29S-0G0-MLN-G1-0€96 | 9 7 bl | pH0 g1 2-)zp08L #103r0%d
NOISIAZY JIGWNN ONIMVIT 37 3V
j009 1O ‘Bupo0q ‘dl |00 _‘mrm»»tcn_ GIN ‘Bnid 8N
a316eq 06 *® 81980 WSZ'0 u%.__BEmI Lom:wm %007 dNd 8102/LT/Y0 ZUY A8 a2i03HO
¢ wuwQg ‘ssog G'L¢ ‘Jojesuadwo) souel|dwo) |estaAlu
o8 0§ gG71€ 10 0 L Ol .59 8L02/LZ/Y0 MAG A8 NMvaa
11V 4O NOILVZINOHLINY N3LLIIM JOI¥d HLIM JO 33030 NO 1d3DX3 dINNYW
ANV NI d3DNA0¥d3d 38 OL LON "DNI ‘NOILYWOLNY TVIILSNANI ILV 4O ALY3dOdd )
Auedwog pasgjsibey 1006 OSI NOILYWOLNY - ‘ ‘
wooel-pemmm - 6628'C// 6164+ -xed TvidiLsnani -
woo'ere@ojul Jlews  GLLOTLL6L6k+ 181 (
VSN 66522 ON “Xedy ‘oAuq ypompoos LEo}

‘@31d103ds

3SIMIIHLO SSIINN ‘SILON

Bunjoo ‘di 100 LeLg ‘Hod SN ‘Bnid 8N @31 Bea

06 8 9|9BD WGZ'(Q PaJIMpJeH ‘JOSuSS %007 dNd ‘0d| T-LEL2-IN-29S-0S0-MLN-LL L6 3 4
wuwQg ‘ssog G'L¢ ‘Jojesuadwo) aoueldwo? |esianiun

050-O0N 10} 1Y 1009 9|qIxd| 2106-51-G006 3 3

NOILdI¥Os3d H39ANN LYVd| ALD | 'ON N3LI

M3IA d379INISSV

'SNOILONYLSNI
ATANTSSY HO4 TVNNVIN LONAOHd 33S "AT3LVd3d3S d399VvE SINO0D LIM 10049 'S

‘S31O0N

G 310N

M3IA d3d01dX3

10-T-L€LZ-IN-29S-0S0-MLN-LLL6 # L¥Vd

1M 10049 3AILD3I1L0¥d w1 I~ TVNOILJO HLIM NMOHS 1INN

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

B-41


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

Manual, Compliance Device, Universal Compliance Compensator

Document #9610-15-1003-10

c0 10-1-1€1¢-IN-29S-050-M1N-G1-0€96 mi 24

NOISIAZY ISWNN ONIMY¥D | 3715 EL\/eN

$40  133HS  Z-/ZH08) # 1OIrO¥d

j009 O ‘BuI¥007 ‘d 00 _‘mFN,.ton_ SIN ‘Bnid 8N
a3716eq 06 % 81geD WGZ'0 PalmpIeH ‘I0sSuss %207 dNd
‘0g wwQg ‘ssog G'L¢ ‘Jojesuadwiod aoueldwo? [esisAun
ELUY

8102/L2/¥0 ZdX A8 ABIOIHO

8102/L2/70 MAQ A8 Nmvaa

1LV 4O NOILVZRIOHLNY NILL¥M 3OI¥d HLIM 3O 3300 NO 1d3DX3 dINNVW
ANV NI @3DONQO0¥43¥ 38 OL LON “ONI ‘NOILYWOLNY TVIXLSNANI 1LY 40 AL¥IdOdd

Auedwo) passjsibayf 1006 OS! NOLLYWO.LNY . - <

woo'el-he'mmn - 66¢8'7// 646 L+ Xe4 TvidLsnani

wooe-je@ojul Jlews  GLL0TLL 646 L+ 01
VSN ‘66622 DN Xedly ‘aAq ypompood L£0L

G

NOLLDIrO¥d JIONY P

B &

SIELEBWIMTIW
NI 33V SNOISNIWIA 11V
"ONIMYJA 3TVOS LION Od

NeEETOERN
3SIMIFHLO SSIINN SILON

M3IA d3d01dX3

LO-TL€1LC-IN-2ES-0S0-MIN-LL 16

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

B-42


http://www.ati-ia.com

Manual, Compliance Device, Universal Compliance Compensator
Document #9610-15-1003-10

11. Terms and Conditions of Sale

The following Terms and Conditions are a supplement to and include a portion of ATI’s Standard Terms and
Conditions, which are on file at ATI and available upon request.

ATT warrants to Purchaser that robotic Compensator products purchased hereunder will be free from defects in
material and workmanship under normal use for a period of one (1) year from the date of shipment. The warranty
period for repairs made under a RMA shall be for the duration of the original warranty, or ninety (90) days

from the date of repaired product shipment, whichever is longer. ATI will have no liability under this warranty
unless: (a) ATI is given written notice of the claimed defect and a description thereof within thirty (30) days
after Purchaser discovers the defect and in any event not later than the last day of the warranty period; and (b)
the defective item is received by ATI not later ten (10) days after the last day of the warranty period. ATI’s entire
liability and Purchaser’s sole remedy under this warranty is limited to repair or replacement, at ATI’s election, of
the defective part or item or, at ATI’s election, refund of the price paid for the item. The foregoing warranty does
not apply to any defect or failure resulting from improper installation, operation, maintenance or repair by anyone
other than ATI.

ATI will in no event be liable for incidental, consequential or special damages of any kind, even if ATI has been
advised of the possibility of such damages. ATI’s aggregate liability will in no event exceed the amount paid by
purchaser for the item which is the subject of claim or dispute. ATI will have no liability of any kind for failure of
any equipment or other items not supplied by ATI.

No action against ATI, regardless of form, arising out of or in any way connected with products or services supplied
hereunder may be brought more than one (1) year after the cause of action accrued.

No representation or agreement varying or extending the warranty and limitation of remedy provisions contained
herein is authorized by ATI, and may not be relied upon as having been authorized by ATI, unless in writing and
signed by an executive officer of ATI.

Unless otherwise agreed in writing by ATIL, all designs, drawings, data, inventions, software and other technology
made or developed by ATI in the course of providing products and services hereunder, and all rights therein under
any patent, copyright or other law protecting intellectual property, shall be and remain ATI’s property. The sale of
products or services hereunder does not convey any express or implied license under any patent, copyright or other
intellectual property right owned or controlled by ATI, whether relating to the products sold or any other matter,
except for the license expressly granted below.

In the course of supplying products and services hereunder, ATI may provide or disclose to Purchaser confidential
and proprietary information of ATI relating to the design, operation or other aspects of ATI’s products. As between
ATTI and Purchaser, ownership of such information, including without limitation any computer software provided
to Purchaser by ATI, shall remain in ATI and such information is licensed to Purchaser only for Purchaser’s use in
operating the products supplied by ATI hereunder in Purchaser’s internal business operations.

Without ATI’s prior written permission, Purchaser will not use such information for any other purpose or provide or
otherwise make such information available to any third party. Purchaser agrees to take all reasonable precautions to
prevent any unauthorized use or disclosure of such information.

Purchaser will not be liable hereunder with respect to disclosure or use of information which: (a) is in the public
domain when received from ATT; (b) is thereafter published or otherwise enters the public domain through no fault
of Purchaser; (c) is in Purchaser’s possession prior to receipt from ATI; (d) is lawfully obtained by Purchaser from a
third party entitled to disclose it; or (f) is required to be disclosed by judicial order or other governmental authority,
provided that, with respect to such required disclosures, Purchaser gives ATI prior notice thereof and uses all legally
available means to maintain the confidentiality of such information.
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