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Preface 

Thank you for purchasing this high-speed, high-accuracy assembly robot. 

Before operating your robot, read this manual carefully to safely get the maximum 
benefit from your robot in your assembling operations. 

 

Robot series and/or models covered by this manual 

Series Model 

VS-*** 
(Small-sized, vertical articulated) 

VS-050 

VS-060 

VS-068 

VS-087 

 

Important 

To ensure operator safety, be sure to read the precautions and instructions in "SAFETY 
PRECAUTIONS." 

 

 

NOTE:  

Robots and controllers that will be exported to South Korea after March 1st 
2013 need to have KCs mark for each equipment. 

 

 



 

How this book is organized 

This book consists of the following chapters. 

 

Chapter 1  Packing List of the Robot 

Lists the standard components contained in the product package and optional 
components. 

Chapter 2  Configuration of the Robot System 

Outlines the configuration of the robot system and describes the options. 

Chapter 3  Specifications of the Robot Unit 

Describes the specifications, signal wiring and air piping, and engineering-design notes 
for robot hands. 

Chapter 4  Installation of Robot 

Provides information about physical site planning, installation procedures, and brake 
release procedures. 

Chapter 5  Limiting the Motion Range 

Describes the instructions on how to change the motion range of the robot unit. 

Chapter 6  Maintenance and Inspection 

Describes the regular maintenance and inspections necessary for maintaining the 
performance and functions of your robot. 

Chapter 7  Warranty 

Provides the warranty information. 

Chapter 8  Appendixes 

Provides the drawings of the robot unit, robot positioning time for calculation of cycle 
times, and other related data. 
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Chapter 1 Packing List of the Robot 
1.1 Standard Components 

The components listed below are contained in the product package. 

1.1.1 List of Standard Components 
Item Q'ty 

Robot unit 1 

Robot controller 1 

Power cable (5 m) 1 

Motor & encoder cable (option) 1 

Manuals ("Manual Pack CD" and "Safety Precautions") 1 set 

WINCAPS III trial version installer CD 1 

Spare fuses for robot controller 3 

Pendantless connector (Dummy connector) 1 

Sheet of direction indicator labels 1 

Warning label 1 

Spare output IC for robot controller 1 

Dowel pins (internally threaded positioning pin and diamond-shaped pin) 1 set 

Short sockets for robot controller 2 

Stopper bolts for J2/J3 mechanical ends 4 

[1] Robot unit 
 

VS-068

VS-050 

VS-060

VS-087

 

Robot units 
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[2] Robot controller 

 

RC7M controller that controls the robot unit 

[3] Power cable 

 

Cable that supplies power to the robot controller 
it is 5 m long. 
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[4] Motor & encoder cable 

 

Cable that connects the robot unit to the robot controller, consisting of a motor cable 
and an encoder cable 

When placing an order for a robot system, select a motor & encoder cable from the list 
given below. 

Item Part No. 

Motor & encoder cable RC7-B, 2 m 410141-4560 

Motor & encoder cable RC7-B, 4 m 410141-4570 

Motor & encoder cable RC7-B, 6 m 410141-4580 

Motor & encoder cable RC7-B, 12 m 410141-4590 

Motor & encoder cable RC7-B, 20 m (*) 410141-4600 

* The 20-m motor & encoder cable RC7-B is not available for controllers equipped 
with extended-joint options. 

NOTE _________________________________________________________  

The bending radius (internal) of a motor & encoder cable should be at least 33.8 mm 
when the cable is stationary, and at least 225 mm when it is movable. Excessively 
bending will result in broken lead wires. 

______________________________________________________________  

Connector to join the cable to the robot unit 

 

This is IP67 rated when it is connected. 

NOTE _________________________________________________________  

Do not touch the O-ring on the connection face. 

______________________________________________________________  

Connector to join the cable to the robot controller 

 

This is not IP67 rated. 
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[5] Manuals ("Manual Pack CD" and "Safety Precautions") 

 

Manual pack CD containing the manuals (specifications and handling instructions) and 
printed material "Safety Precautions" 

[6] WINCAPS III trial version installer CD 

 

Installer CD containing the trial version (functionally limited) of the programming 
support tool WINCAPS III 

For details, refer to the WINCAPS III Guide. 

[7] Spare fuses for robot controller 

 

Spare fuses to be used for the I/O board in the robot controller 

[8] Pendantless connector (Dummy connector) 

 

Connector to be plugged in the controller when neither the teach pendant (TP) nor the 
mini-pendant (MP) is connected 

For details, refer to the Setting-up Manual. 

[9] Sheet of direction indicator labels 

 

Labels that indicate the motion directions of individual axes. 

CAUTION ____________________________________________________  

After installation, attach the direction indicator labels in a position on the robot unit 
that can be easily seen. 

______________________________________________________________  
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[10] Warning label 

 

Label that indicates the danger of the robot motion space for prohibiting people from 
entering it. 

CAUTION ____________________________________________________  

Attach the warning label on the robot safety fence or other location where people easily 
notice it. If necessary, prepare a plate for attaching the label. 

______________________________________________________________  

[11] Spare output IC for robot controller 

 

Spare output IC for mini I/O 

[12] Dowel pins (internally threaded positioning pin and diamond-shaped pin) 

 

Pins to determine the mounting position of the robot unit 

[13] Short sockets for robot controller 

 

Short sockets to change the configuration of the internal/external power supply of the 
mini I/O 



__________________________________________________________________ Chapter 1 Packing List of the Robot 

 - 6 - 

 

[14] Stopper bolts for J2/J3 mechanical ends 

 

Stopper bolts to change the mechanical ends on the 2nd and 3rd axes 

VS-050/060: Two M8 bolts (with bolt head of 6) for J2 and two M5 bolts (with bolt 
head of 4) for J3 come with the robot unit. 

VS-068/087: Four M10 bolts (with bolt head of 7.5) common to J2 and J3 come with 
the robot unit. 

Please contact your DENSO representative for more details.  

1.2 Optional Components 

1.2.1 List of Optional Components 
The table below lists the optional components available. Purchase them as needed. 

I/O cables 

Item Remarks Part No. 

Consisting of 8-m I/O cables for 
"Mini I/O" and "HAND I/O." 

410149-0940 Standard I/O cable set 

Consisting of 15-m I/O cables 
for "Mini I/O" and "HAND I/O." 

410149-0950 

8 m 410141-2700 I/O cable for "Mini I/O" (68 pins) 

15 m 410141-2710 

8 m 410141-1740 I/O cable for "HAND I/O" (20 pins) 

15 m 410141-1750 

8 m 410141-3050 I/O cable for "Parallel I/O board" (96 pins) 

15 m 410141-3060 

8 m 410141-3580 I/O cable for "SAFETY I/O" (36 pins) 
(For global type of controllers) 

15 m 410141-3590 

Operation devices 

Item Remarks Part No. 

With 4 m cable 410100-1572 

With 8 m cable 410100-1582 

Teach pendant 

With 12 m cable 410100-1592 

Japanese language 
version 

410109-0392 With 4 m cable 

English language 
version 

410109-0402 

Japanese language 
version 

410109-0412 With 8 m cable 

English language 
version 

410109-0422 

Japanese language 
version 

410109-0432 

Mini-pendant kit 
(Incl. cable and WINCAPS III Light 
version) 

With 12 m cable

English language 
version 

410109-0442 

4 m For TP / MP 410141-3711 Pendant extension cable 

8 m For TP / MP 410141-3721 
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Programming support tool 

Item Remarks Part No. 

WINCAPS III CD-ROM Several languages supported 
(common to the languages--Japanese, English, 
German, Korean, and Chinese) 

410090-0980 

Optional boards for the robot controller RC7M 

Item Remarks Part No. 

NPN 410010-3320 Shipped after integrated in 
the controller 

PNP 410010-3330 

NPN 410010-3340 

Parallel I/O board 

Shipped separately as a 
spare part 

PNP 410010-3350 

For slave station  410010-3370 

For master station  410010-3380 

Shipped after integrated in 
the controller 

For master and 
slave stations 

410010-3390 

For slave station 410010-3400 

For master station  410010-3410 

DeviceNet board 

Shipped separately as a 
spare part 

For master and 
slave stations 

410010-3480 

Shipped after integrated in the controller 410010-3430 CC-Link board 

Shipped separately as a spare part 410010-3440 

Shipped after integrated in the controller 410010-3460 Conveyor tracking board 

Shipped separately as a spare part 410010-3470 

Optional functions (for extension boards arranged by customers) 

Item Remarks Part No. 

Added at the time of shipment of 
the controller 

410006-0260 RS-232C extension interface 
Manufactured by: CONTEC Co., Ltd. 
Model: COM-2P (PCI) H 

Added when the board is separately 
purchased 

410006-0270 

Added at the time of shipment of 
the controller 

410006-0280 S-LINK V 
Manufactured by: SUNX Co., Ltd. 
Model: SL-VPCI 

Added when the board is separately 
purchased 

410006-0290 

Added at the time of shipment of 
the controller 

410006-0300 PROFIBUS-DP slave 
Manufactured by: Hilscher GmbH 
Model: CIF50-DPS/DENSO 

Added when the board is separately 
purchased 

410006-0310 

Added at the time of shipment of 
the controller 

410006-0800 Ethernet/IP 
Manufactured by: Hilscher GmbH 
Model: CIFX50-RE/DENSO 

Added when the board is separately 
purchased 

410006-0810 

Memory extension Added only at the time of shipment 
of the controller 
Expandable from 3.25 to 5.5 
megabytes (only allowed on the 
program area) 

410006-0320 

Optional box 

Item Remarks Part No. 

Controller protection box  410181-0090 

I/O conversion box For interchangeability with RC5 
controller 

410181-0100 
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Manuals 

Item Remarks Part No. 

Manual Pack CD Contained in the robot package. 410002-2661 

Options for robot unit 

Item Remarks Part No. 

With 4 m cable 410076-0360 

With 8 m cable 410076-0370 

External battery extension unit 

With 12 m cable 410076-0380 

Encoder backup battery 2 pieces 410679-0010 

With 4 m cable 410191-0060 

With 8 m cable 410191-0070 

Brake release unit 

With 12 m cable 410191-0080 

Air purge unit Only for protected type robots 
(IP67) 

410690-0050 

Second arm cover R (with tapped holes) 
for VS-050 / 060 

Only for standard type robots 
(IP40) 

411040-0950 

Second arm cover R (with tapped holes) 
for VS-068 / 087 

Only for standard type robots 
(IP40) 

411040-0500 

Stopper bolt M8 for J2 mechanical ends 

for VS-050/060 

For the 2nd axis 410813-0970 

Stopper bolt M5 for J3 mechanical ends 

for VS-050/060 

For the 3rd axis 410813-0950 

Stopper bolt M10 for J2/J3 mechanical ends 

for VS-068/087 

For the 2nd and 3rd axes 410813-0930 
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[1] External battery extension unit 
This unit allows an encoder backup battery to connect to the robot unit from the outside 
of the robot, making the battery replacement easy. 

The cable length is 4 m, 8 m or 12 m. 

This unit is IP54 rated. 

For details, refer to Section 8.5.1 "External Battery Extension Unit".  

NOTE _________________________________________________________  

This unit does not include the encoder backup battery with shipment. Please purchase it 
together with this robot.   

______________________________________________________________  

 

[2] Brake release unit 
This unit releases a brake on each axis only when the controller power is ON. (The 
wiring is directly connected to the brake release signal of each axis.) 

The cable length is 4 m, 8 m or 12 m. 

This unit is IP54 rated. 

For details, refer to Section 8.5.2 "Brake Release Unit". 
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[3] Air purge unit 
This unit is used for protected type robots (IP67) to apply air pressure to the inside of 
the robot unit for maintaining the IP67 rating.  

For details, refer to Section 8.5.3 "Air Purge Unit". 

 

[4] Second arm cover R (with tapped holes) 
The second arm cover R, which is made of coated aluminum material, has tapped holes 
for wiring. 

 

For VS-050 / 060 For VS-068 / 087  

For VS-050/060 

Wiring Tapped hole 

 Size:  M3 depth 5.5 (x 2) 

 Pitch:  70 mm 

 Tightening torque: 0.8 +/- 0.1 Nm 

Cover mounting bolt 

 Tightening torque: 1.6 +/- 0.2 Nm 

For VS-068/087 

Wiring Tapped hole 

 Size:  M4 depth 9 (x 2) 

 Pitch:  87.2 mm 

 Tightening torque: 0.8 +/- 0.1 Nm  

Cover mounting bolt  

 Tightening torque: 1.6 +/- 0.2 Nm 
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Chapter 2 Configuration of the Robot System 
2.1 Configurators 

The whole configuration of the robot system is shown below. 

 

Robot unit 

Motor & 
encoder 
cable 

PCPLC 

Operation devices

Facilities management 
equipment CC-Link, Ethernet/IP, and 

other various networks 

Robot controller

Offline software 
WINCAPS III 

TP MP

PC 

Ethernet
RS-232C

 

Robot unit 

This is an industry robot that drives the arms with the motors to assemble and transport 
workpieces. Hands or other end effectors should be attached to the flange by the 
customer. 

Robot controller RC7M 

The controller controls the motion of the robot unit according to programs built with 
signals sent from the connected facilities management equipment. 

It also allows the customer to teach the robot unit by operating it with any of the 
operation devices. 

Operation devices 

The operation devices are used to manually operate the robot unit or make various 
settings. 

For details about hardware, refer to the Options Manual. For instructions on how to 
operate these devices, refer to the Setting-up Manual. 

Teach pendant (TP) 

The teach pendant is a multifunctional operation device that enables robot operation, 
teaching, mode switching, programmed start, programming, and all settings. 

The teach pendant can also be used as an operation panel created by the teach pendant 
panel editor. 

Mini-pendant (MP) 

The mini-pendant is a simplified operation device that enables robot operation, 
teaching, mode switching, programmed start, and a part of settings. 
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Offline software 

The software enables backing up of project data in the controller and editing, 
management, movement simulation of programs. WINCAPS III is an offline software 
designed for the Denso robot system. The trial version comes with the robot system at 
no extra charge. For details, refer to the WINCAPS III Guide. 

Facilities management equipment 

The management equipment is a system that the customer sets up for managing the 
facilities. Denso robots can be linked with it via the CC-Link, Ethernet/IP, and other 
various networks. 

Optional devices 

I/O conversion box 

The box enables the signals fed to the I/O connectors on the RC5 controller to be used 
as is in the RC7M controller. 

Controller protection box 

The box protects the controller from dust, dirt and oil mist existing in the factory. It is 
equipped with a heat exchanger for cooling the air warmed up by the controller inside 
the box down to the ambient temperature. It is IP54 rated. 

2.2 Factory Options 
The robot unit provides the following choices of factory options. 

Arm length 

 

VS-068

VS-050 

VS-060

VS-087

 

VS-050: 505 mm (The maximum payload is 4 kg.) 

VS-060: 605 mm (The maximum payload is 4 kg.) 

VS-068: 680 mm (The maximum payload is 7 kg.) 

VS-087: 875 mm (The maximum payload is 7 kg.) 
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Ingress Protection 

Protected type (IP67) 

Protected type robots (IP67) can be used in an environment where it may be exposed to 
water or cutting fluid. However, it cannot be used under water. (Note that it can be 
immersed in water provided that it does not run.) 

The surface treatment of the robot unit is "unpainted." If painting is required, contact 
your Denso representative. 

Usable cutting fluids are listed below. If any other cutting fluid is used, contact your 
Denso representative. 

- YUSHIROKEN EC50T-3 (Aqueous cutting fluid), Concentration 5% 

 (manufactured by YUSHIRO CHEMICAL INDUSTRY CO., LTD.) 

- YUSHIRON KM315A (Water-insoluble cutting oil) 

 (manufactured by YUSHIRO CHEMICAL INDUSTRY CO., LTD.) 

Dust- & splash-proof type (IP54) 

Dust- & splash-proof structure to meet IP54 standard. The Wrist part is equivalent to 
IP65.  

Usable cutting fluids are listed below. 

- YUSHIRON KM315A (Water-insoluble cutting oil) 

 (manufactured by YUSHIRO CHEMICAL INDUSTRY CO., LTD.) 

Standard type (IP40) 

IP40 rated robots can be used in a general environment where no water or cutting fluid 
is used. 

Connector Panel 

 

Rear connector panel Bottom connector panel  

The connector panel is used to connect the motor & encoder cable and other cables to 
the robot unit. 

Bottom connector panel 

The panel is arranged face down on the bottom of the robot base so that the work space 
is free of cables and is neat. A cabling space is required under the bottom of the robot 
base. 

Rear connector panel (standard) 

The panel is arranged at the rear of the robot base. A cabling space is required at the 
rear of the robot unit. 
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Signal Lines and Air Piping 

The three choices of solenoid valves are available for the VS-068/087. For the 
specifications of each solenoid valve, refer to the Solenoid Valves Specifications. (The 
standard is "No signal lines or air piping.") 

VS-050 / 060 

- 2 x solenoid valves (2 positions, Double Solenoids) 

VS-068 / 087 

- 3 x solenoid valves (2 positions, Double Solenoids) 

- 3 x solenoid valves (3 positions, Exhaust Center Solenoids) 

- 3 x solenoid valves (3 positions, Closed Center Solenoids) 

Flange 

 

Standard flangeCommunication interface 
flange-A 

 

Communication interface flange-A 

The flange has connectors for signal wiring and Ethernet (1000 BASE-T) interface. It 
eliminates the need for wiring from the second arm, allowing wiring without regard to 
wiring problems that could be caused by movement of 5th and 6th axes. 

This option is available only for standard type (IP40) robots. 

Standard flange 

This is provided as standard. 
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2.2.1 Coding Information of Robot Model 
The robot model is coded as shown below. 

 
VS068A2-AV6-NNN-NNNNN-NNNN 

Robot name

Arm length

Installation type

No. of axes

Ingress Protection

Safety standard compliance

Connector Panel

Flange

Signal Line & Air Piping

Paint/Surface Finish  

Robot name 

VS Vertical, articulated robot 

Arm length 

050A1 505 mm 

060A1 605 mm 

068A2 680 mm 

087A2 875 mm 

Installation type 

A  Omnidirectional 

No. of axes 

V6 6 axes 

Ingress protection   

NN Standard type (IP40) 

W4 Dust- & splash-proof type (IP54) 

W7 Protected type (IP67) 

Safety standard compliance 

N  - 

Connector panel 

N  Rear connector panel 

A  Bottom connector panel 

Flange 

N  Standard flange 

A  Communication interface flange-A (Ethernet) 
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Signal lines & air piping 

N  Standard  

A  2 x solenoid valves (2 positions, Double Solenoids) 

B  3 x solenoid valves (2 positions, Double Solenoids) 

C  3 x solenoid valves (3 positions, Exhaust Center Solenoids) 

D  3 x solenoid valves (3 positions, Closed Center Solenoids) 

Paint/surface finish 

N  Denso standard colors 

A  Unpainted 
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Chapter 3 Specifications of the Robot Unit 
3.1 Robot Specifications 

The tables below list the specifications of the VS-*** series of robot units. 

3.1.1 VS-050 
Item Specifications 

Model of robot unit VS-050 

Overall arm length 250 mm (first arm) + 255 mm (second arm) = 505 mm 

Maximum motion area R = 505 mm (Point P: J4, J5, J6 center) 

Motion range J1: +/- 170° (* 1) 
J2: +120°, -120° 
J3: +151°, -120° 
J4: +/- 270° 
J5: +/- 120° 

(+120°, -110° when the communication interface flange-A is selected) 
J6: +/- 360° 

Maximum payload 4 kg 

Maximum composite speed 9,000 mm/s (at the center of an end-effector mounting face) 

Position repeatability (* 2) In each of X, Y and Z directions: 0.02 mm  
(at the center of an end-effector mounting face) 

Maximum allowable moment 
of inertia 

Around J4 and J5: 0.200 kgm2 

Around J6: 0.050 kgm2 

Maximum allowable moment Around J4 and J5: 6.66 Nm 

Around J6: 3.13 Nm 

Position detection Absolute encoder 

Drive motor and brake AC servomotors for all joints, Brakes for all joints 

Brake releasing Operating the teach pendant or mini-pendant, or 

Using the brake release unit (* 3) 

Signal line & air piping  
(2nd arm) 

Factory option: Refer to "Signal Lines & Air Piping" and 
"Communication Interface Flange-A". 

Degree of protection Standard type : IP40 
Dust- & splash-proof type : IP54 
Protected type : IP67 

Airborne noise (A-weighted 
equivalent continuous sound 
pressure level) 

65 dB or less 

Weight Approx. 34 kg (approx. 75 lbs)  

* 1:  The motion range is smaller when the robot unit is wall-mounted. For 
details, contact the Denso service representative. 

* 2:  The position repeatability is the value at constant ambient temperature. 

* 3:  Available only when the controller power is ON. 
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3.1.2 VS-060 
Item Specifications 

Model of robot unit VS-060 

Overall arm length 305 mm (first arm) + 300 mm (second arm) = 605 mm 

Maximum motion area R = 605 mm (Point P: J4, J5, J6 center) 

Motion range J1: +/- 170° (* 1) 
J2: +/- 120° 
J3: +155°, -125° 
J4: +/- 270° 
J5: +/- 120°  
(+120°, -110° when the communication interface flange-A is selected) 
J6: +/- 360° 

Maximum payload 4 kg 

Maximum composite speed 9,000 mm/s (at the center of an end-effector mounting face) 

Position repeatability (* 2) In each of X, Y and Z directions: 0.02 mm (at the center of an 
end-effector mounting face) 

Maximum allowable moment 
of inertia 

Around J4 and J5: 0.200 kgm2 

Around J6: 0.050 kgm2 

Maximum allowable moment Around J4 and J5: 6.66 Nm 

Around J6: 3.13 Nm 

Position detection Absolute encoder 

Drive motor and brake AC servomotors for all joints, Brakes for all joints 

Brake releasing Operating the teach pendant or mini-pendant, or 

Using the brake release unit (* 3) 

Signal line & air piping  
(2nd arm) 

Factory option: Refer to "Signal Lines & Air Piping" and 
"Communication Interface Flange-A". 

Degree of protection Standard type : IP40  
Dust- & splash-proof type : IP54 
Protected type : IP67 

Airborne noise (A-weighted 
equivalent continuous sound 
pressure level) 

65 dB or less 

Weight Approx. 35 kg (approx. 77 lbs)  

* 1:  The motion range is smaller when the robot unit is wall-mounted. For 
details, contact the Denso service representative. 

* 2:  The position repeatability is the value at constant ambient temperature. 

* 3:  Available only when the controller power is ON. 
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3.1.3 VS-068 
Item Specifications 

Model of robot unit VS-068 

Overall arm length 340 mm (first arm) + 340 mm (second arm) = 680 mm 

Maximum motion area R = 710 mm (Point P: J4, J5, J6 center） 

Motion range J1: +/- 170° (* 1) 
J2: +135°, -100° 
J3: +153°, -120° 
J4: +/- 270° 
J5: +/- 120° 
J6: +/- 360° 

Maximum payload 7 kg 

Maximum composite speed 11,000 mm/s (at the center of an end-effector mounting face) 

Position repeatability (* 2) In each of X, Y and Z directions: 0.02 mm (at the center of an 
end-effector mounting face) 

Maximum allowable moment 
of inertia 

Around J4 and J5: 0.450 kgm2 

Around J6: 0.100 kgm2 

Maximum allowable moment Around J4 and J5: 16.2 Nm 

Around J6: 6.86 Nm 

Position detection Absolute encoder 

Drive motor and brake AC servomotors for all joints, Brakes for all joints 

Brake releasing Operating the teach pendant or mini-pendant, or 

Using the brake release unit (* 3) 

Signal line & air piping  
(2nd Arm) 

Factory option: Refer to "Signal Lines & Air Piping" and 
"Communication Interface Flange-A". 

Degree of protection Standard type : IP40  
Dust- & splash-proof type : IP54 
Protected type : IP67 

Airborne noise (A-weighted 
equivalent continuous sound 
pressure level) 

65 dB or less 

Weight Approx. 49 kg (approx. 108 lbs)  

* 1:  The motion range is smaller when the robot unit is wall-mounted. For 
details, contact the Denso service representative. 

* 2:  The position repeatability is the value at constant ambient temperature. 

* 3:  Available only when the controller power is ON. 
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3.1.4 VS-087 
Item Specifications 

Model of robot unit VS-087 

Overall arm length 445 mm (first arm) + 430 mm (second arm) = 875 mm 

Maximum motion area R = 905 mm (Point P: J4, J5, J6 center) 

Motion range  J1: +/- 170° (* 1) 
J2: +135°, -100° 
J3: +153°, -136° 
J4: +/- 270° 
J5: +/- 120° 
J6: +/- 360° 

Maximum payload 7 kg 

Maximum composite speed 11.000 mm/s (at the center of an end-effector mounting face) 

Position repeatability (* 2) In each of X, Y and Z directions: 0.03 mm (at the center of an 
end-effector mounting face) 

Maximum allowable moment 
of inertia 

Around J4 and J5: 0.450 kgm2 
Around J6: 0.100 kgm2 

Maximum allowable moment Around J4 and J5: J16.2 Nm 
Around J6: 6.86 Nm 

Position detection Absolute encoder 

Drive motor and brake AC servomotors for all joints, Brakes for all joints 

Brake releasing Operating the teach pendant or mini-pendant, or 

Using the brake release unit (* 3) 

Signal Line & Air Piping  
(2nd Arm) 

Factory option: Refer to "Signal Lines & Air Piping" and 
"Communication Interface Flange-A". 

Degree of protection Standard type : IP40 
Dust- & splash-proof type : IP54 
Protected type : IP67 

Airborne noise (A-weighted 
equivalent continuous sound 
pressure level) 

65 dB or less 

Weight Approx. 51 kg (approx. 112 lbs)  

* 1: The motion range is smaller when the robot unit is wall-mounted. For 
details, contact the Denso service representative. 

* 2: The position repeatability is the value at constant ambient temperature. 

* 3: Available only when the controller power is ON. 
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3.2 Outer Dimensions and Work Space of the Robot Unit 
Refer to Section 8.1 "Reference Drawings" for the outer dimension, work space, flange 
dimensions and installation area. 

3.3 Names of Robot Unit Components 

3.3.1 Robot Unit Components and Rotation Direction 
The figures below show the names of the components of the robot unit and the rotation 
direction of each axis. 

 4th axis (J4)

Base

1st axis (J1)

2nd axis (J2) 

6th axis (J6)

Flange 

5th axis (J5)

Second arm

Base mounting face

3rd axis (J3) 

First arm 

 

 Tool wiring panel
 

Original thread holes 
for mechanical stops

 

Connector panel 

Second arm cover 

Original thread holes for wiring 

 

Encoder backup battery box 
(VS-068 / 087) 

Encoder backup 
battery box  
(VS-050 / 060) 
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3.3.2 Name Plate 
The name plate is affixed in the base part, which includes serial number of the robot, 
robot model, and day of manufacturer, etc. 

The serial number is the figure which identifies the robot of each customer and it is 
paired with the figure of the controller. 

 

Name Plate 

 

3.3.3 Warning and Caution Labels 
The robot unit has warning and caution labels pasted as shown below. They alert the 
user to the dangers of the areas on which they are pasted. Be sure to observe the 
instructions printed on those labels. 

Location of labels 

 
Label 1 

Label 1Label 3

Label 2 

 

Label 1 

 

Serious injury can result from contact with the robot if it is running. Never enter the 
motion space when the robot is running or the power is ON. 

When entering the motion space for troubleshooting, be sure to cut off power to the 
robot motors by activating the emergency stop device, etc. 
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Label 2 

 

When transporting the robot unit, hoist it with a crane in a posture shown above. 

Label 3 

 

When performing 4th-axis CALSET, be sure to follow the instructions given in the 
manuals. When you rotate the 4th-axis manually, rotate it slowly and do not add strong 
force, as this will break the wiring inside the robot unit. 

3.3.4 Caution 
 Hot

Do not put your 
hand in here. 

 

Do not touch around 5th axis.  It is hot due to heat generation of a motor. 

Do not put your hand in spaces under 2nd axis and 3rd axis. Your hand might be stuck. 
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3.3.5 Connectors 
This section shows the connectors on the robot unit. 

[1] Connector Panel 
Rear connector panel 

 

Grounding 
terminal 

PURGE 

AIR2

AIR1

BATTERY

BRAKE

CN22

ETHER

CN24

CN20
VS 050 / 060

Grounding 
terminal 

PURGE
AIR1 

AIR2
BATTERY

BRAKE

CN22

ETHER

CN24

CN20

VS 068 / 087 

 

Bottom connector panel 

 

PURGE 

AIR1

AIR2

BATTERY

BRAKE

CN22

ETHER

Grounding terminal

CN24
CN20

VS-068 / 087
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Details of connectors 

Connector 
name 

Description Remarks 

CN20 Connector for hand signals 

Connected to CN21 on the tool wiring 
panel. 

Use attached connectors for wiring. 

Not provided on robots having no 
signal lines or air piping. 

CN22 Connector for motor & encoder cable  

CN24 Connector for hand signals 

Connected to the signal wiring connector 
on the communication interface flange. 

 

Use attached connectors for wiring. 

Provided on robots having a 
communication interface flange-A 

 

AIR1 Joint for air to be supplied to solenoid 
valves. (PT 1/4) (* 1) 

Not provided on robots having no 
signal lines or air piping. 

AIR2 Directly connected to AIR2 on the tool 
wiring panel. (PT 1/4) 

Not provided on robots having no 
signal lines or air piping. 

BATTERY Connected to an external battery unit.  

BRAKE Connected to a brake release unit.  

ETHER Connected to the Ethernet cable. (*2) Provided on robots having a 
communication interface flange-A 

PURGE Connected to the air purge unit.(PT 1/4) Provided on protected type robots 
(IP67). 

The source air pressure is 0.01 to 
0.03 MPa. (* 3) 

GROUND Grounding terminal (Functional ground) M5 

NOTE _________________________________________________________  

* 1: To AIR1, supply dry air filtered through an air filter (recommended filtration 
rating: 5 μm or below). 
Before piping, blow the air tube out with dry air to clean out the inside (flushing); 
otherwise, any chips, cutting oil, dust or dist remaining in the air tube may result 
in a damaged valve. 

* 2: To the ethernet cable, use the shielded flex resistance LAN cable. 

* 3: To PURGE, apply the specified air pressure. Connecting air prepared for hands 
mistakenly may lose the ingress protection. 

______________________________________________________________  
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[2] Tool wiring panel 
This is provided only when any signal lines & air piping type is selected. 

 

VS-050 / 060 VS-068 / 087 

CN21

CN21

AIR2
Valve outputValve output

 

CN21 Connector for hand signals 

Use attached connectors for wiring. 

AIR2 Directly connected to AIR2 on the connector panel. (M5) 

Valve output Air piping joint for hands (M5) 

3.4 Signal Lines & Air Piping 
The robot unit can incorporate signal lines & air piping as a factory option. The 
following types of solenoid valves are available. As standard, the robot unit has no 
signal lines or air piping, as well as not having related connectors.  

Signal lines & air piping (VS-050 / 060) 

- 2 x solenoid valves (2 positions, Double Solenoids) 

Signal lines & air piping (VS-068 / 087) 

- 3 x solenoid valves (2 positions, Double Solenoids) 

- 3 x solenoid valves (3 positions, Exhaust Center Solenoids) 

- 3 x solenoid valves (3 positions, Closed Center Solenoids) 

NOTE _________________________________________________________  

To AIR1, supply dry air filtered through an air filter (recommended filtration rating: 5 
μm or below). 

Before piping, blow the air tube out with dry air to clean out the inside (flushing); 
otherwise, any chips, cutting oil, dust or dist remaining in the air tube may result in a 
damaged valve. 

______________________________________________________________  

No signal lines or air piping (standard) 

Neither CN20, AIR1 or AIR2 on the connector panel nor CN21, AIR2 or valve output 
connectors on the tool wiring panel are provided. 
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3.4.1 Pin Assignment on Signal Line Connectors (CN20, CN21) 
} 

CN20

CN21

 

Pin assignment on CN20 and CN21 

 CN20 on the connector panel CN21 on the tool wiring panel 

 

Wiring between CN20 and CN21, and wiring from solenoid valves 

Pins and solenoid valve input on CN21 (allowable current/allowable voltage) Pins on 
CN20 

Standard flange Communication interface flange-A 

A CN21 -1 (1.0 A / 50 VAC) CN21 -1 (1.0 A / 50 VAC) 

B CN21 -2 (1.0 A / 50 VAC) CN21 -2 (1.0 A / 50 VAC) 

C CN21 -3 (1.0 A / 50 VAC) CN21 -3 (0.5 A / 50 VAC) 

D CN21 -4 (1.0 A / 50 VAC) CN21 -4 (0.5 A / 50 VAC) 

E CN21 -5 (1.0 A / 50 VAC) (No connection) 

F CN21 -6 (1.0 A / 50 VAC) (No connection) 

G CN21 -7 (0.5 A / 50 VAC) (No connection) 

H CN21 -8 (0.5 A / 50 VAC) (No connection) 

J CN21 -9 (0.5 A / 50 VAC) (No connection) 

K CN21 -10 (0.5 A / 50 VAC) (No connection) 

L - - 

M Solenoid valve,  
+24V (NPN) / 0V (PNP) 

Solenoid valve, 
+24V (NPN) / 0V (PNP) 

N Solenoid valve 1A (Solenoid valve 1) Solenoid valve 1A (Solenoid valve 1) 

P Solenoid valve 1B (Solenoid valve 1) Solenoid valve 1B (Solenoid valve 1) 

R Solenoid valve 2A (Solenoid valve 2) Solenoid valve 2A (Solenoid valve 2) 

S Solenoid valve 2B (Solenoid valve 2) Solenoid valve 2B (Solenoid valve 2) 

T Solenoid valve 3A (Solenoid valve 3) * Solenoid valve 3A (Solenoid valve 3) * 

U Solenoid valve 3B (Solenoid valve 3) * Solenoid valve 3B (Solenoid valve 3) * 

V - - 

* Not used on the VS-050/060. 
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3.4.2 Solenoid Valve Specifications 
Valves 

Switching system 2-position, Double Solenoids 

3-position, Exhaust Center Solenoids 

3-position, Closed Center Solenoids 

Applicable fluid Air 

Operating system Pilot type 

Effective cross section 
(Cv value) 

P->A･B：1.116 mm2 (0.062)  

A･B->R：1.188 mm2 (0.066) 

Lubrication Oilless 

Operating pressure range 0.2 to 0.7 MPa * 

Response time 15 ms or below（when operating pressure is 0.5 MPa） 

Maximum operating 
frequency 

10 Hz 

Ambient temperature -5 to 50°C (No dew condensation allowed. When dry air is used.) 

* The air source to be connected to the robot unit should be used within the 
operating pressure range from 0.20 to 0.39 MPa. 

Solenoids 

Operating voltage 24 V +/- 10% 

Power consumption (current) 0.5 W (21 mA) 

Surge voltage protection circuit Zener diode 

[1] Switching system: 2-position, double solenoid 
When both solenoids A and B are deenergized, the valve holds its position. 

This system is available for the VS-050 / 060 / 068 / 087. 

 

A, B : Air outlet to tools 

P : Air inlet from AIR1 

EA、EB : To exhaust ports 

[2] Switching system: 3-position, exhaust center solenoid 
When both solenoids A and B are deenergized or when the power is OFF, the valve is 
in the center position to exhaust the residual pressure of solenoids A and B. 

This system is available for the VS-068 / 087. 
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[3] Switching system: 3-position, closed center solenoid 
When both solenoids A and B are deenergized or when the power is OFF, the valve is 
in the center position to hold the residual pressure of solenoids A and B. 

This system is available for the VS-068 / 087. 

 

3.4.3 Accessories 
The robot unit equipped with signal lines & air piping (factory option) comes with a 
connector set consisting of the following parts. 

Straight plug (for CN20) 

 

Manufacturer: Hirose Electric Co., Ltd. 

Model: H/MS3106A22-14S (73) 

Cord clamp (For CN20), two types 

 

Manufacturer: Hirose Electric Co., Ltd. 

Model:  H/MS3057-12A (73) Wire diameter ø11.4-15.9 

  H/MS3057-12A1 (73) Wire diameter ø8-11.6 

L type plug connector (For CN21) 

 

Manufacturer:  Japan Aviation Electronics Industry, Ltd. 

Model:   JN2FS10SL2-R 

Wire diameter:  ø6.5-8.0 

Connector pin (For CN21 L type plug connector), 10 pieces 

 

Manufacturer:  Japan Aviation Electronics Industry, Ltd. 

Model:   JN1-22-22F-PKG10 
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Fuse board for signal lines & air piping (CN20-CN21) 

 

Part number: 410220-0210 

For the replacement procedure of the fuse, refer to "Replacing Fuses in the Robot 
Unit". 

Notes for connector set 

Only when signal line connectors CN20 and CN21 are connected to each other, the 
robot is IP67 rated. 

Make a sheathed cable having a suitable diameter ready for use. Using an unsheathed 
cable cannot assure the splash-proof rating. 

For the assembling procedure of the connector set, exactly follow the instructions given 
by the connector manufacturer. 

[1] Assembling procedure for CN20 connector (reference) 

 

STEP 1 

Treatment of wire ends: Strip the wire ends of the cable (prepared by the customer). 
The cable diameter and the lengths "A" and "B" should be in accordance with the 
instructions given by the connector manufacturer. 

  

STEP 2 

Pretinning: Tin both the core wires and the connector contacts. 

STEP 3 

Pass the cable through the heat-shrinkable tube for splash-proof purpose (with adhesive 
inside, prepared by the customer) and the rubber bushing. 

STEP 4 

Solder the core wires onto the connector contacts to connect them each other. 
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STEP 5 

Press the rubber bushing against the shell to fit the hood. Then cover the rubber 
bushing with the heat-shrinkable tube and apply heat to shrink the tube. 

  

 

[2] Assembling procedure for CN21 connector (reference) 
 

Pin  

Gland nut

Coupling nut 

Angle endbell

Assembly nut

 

STEP 1 

Pass the wires (ø6.5-8.0) through the gland nut, angle endbell, and assembly nut. 

STEP 2 

Solder the wires onto the pins. 

STEP 3 

Insert the pins into the coupling nut. 

STEP 4 

Select the orientation of the angle endbell and assemble the related parts. 

STEP 5 

Lock the assembled parts with the coupling nut. 
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3.5 Existing Internal Threads for Wiring and Piping 
The robot unit has internal threads to secure wiring and piping to itself.  

Location of internal threads on the VS-050 / 060 

 
2 x M3 depth 6 pitch 20

2 x M5 depth 10 pitch 20

2 x M4 depth 8 pitch 50

  

 

Location of internal threads on the VS-068 

2 x M3 depth 7 pitch 23

2 x M5 depth 12 pitch 70

2 x M5 depth 11 pitch 30
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Location of internal threads on the VS-087 

2 x M3 depth 7 pitch 23

2 x M5 depth 12 pitch 70

2 x M5 depth 11 pitch 30 

2 x M5 depth 11 pitch 50

 

3.6 Communication Interface Flange-A 
The flange has connectors for signal wiring and Ethernet (1000 BASE-T) interface. 
Connect them to the CN24 and Ethernet connectors on the connector panel at the robot 
base. 

 Signal wiring for servo hand 

Ethernet connector
 

CAUTION ___________________________________________________  

The signal lines should be used within the rated current (allowable voltage/current). 

The Ethernet cable length from a device (e.g., camera) connected to the flange to a 
device (e.g., image analyzer) connected to the control panel should be a maximum of 
20 m. 

TIP ___________________________________________________________  

The communication interface flange-A is IP40 rated. It cannot be used for Protected 
type robots (IP67). 

Selecting the communication interface flange-A uses four cores of CN20-CN21 signal 
wiring. Refer to "Pin Assignment on Signal Line Connectors (CN20, CN21)." 

______________________________________________________________  
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[1] Pin assignment on CN24 

 

Pin assignment on 
CN24 

Wiring on the flange (twisted) Allowable current  
(Allowable voltage) 

A Green/white Green 

B Yellow 

C 
Yellow/white 

White 

D Black 

E 
Black/white 

White 

F Purple 

G 
Purple/white 

White 

H Blue 

J 
Blue/white 

White 

K Red 

L 
Red/white 

White 

M Brown 

Each pin: 1.0 A or below 
(50 VAC or below) 

Total of A to M: 6.0 A or 
below 

N 
Brown/white 

White 

P Pink 

R 
Pink/white 

White 

S Gray 

T 
Gray/white 

White 

Each pin: 0.5 A or below 
(50 VAC or below) 

Total of N to T: 1.5 A or below

TIP ___________________________________________________________  

For wiring of electric grippers, refer to the Additional Information separately issued. 

Manual pack CD - "Supplement" - "Additional Information" 

______________________________________________________________  

[2] Accessory for communication interface flange-A 
The robot unit equipped with communication interface flange-A (factory option) comes 
with a connector set consisting of the following parts. 

Straight plug (for CN24) 

 

Manufacturer: Hirose Electric Co., Ltd. 

Model: H/MS3106A20-29S (73) 
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Cord clamp (For CN24), two types 

 

Manufacturer: Hirose Electric Co., Ltd. 

Model:  H/MS3057-12A (73) Wire diameter ø11.4-15.9 

  H/MS3057-12A1 (73) Wire diameter ø8-11.6 

For the assembling procedure, refer to "Assembling procedure for CN20 connector 
(reference)." 

Ethernet cable for flange 

Cable length: 50 cm 

Part number: 410870-4680 

 

Signal wiring for flange 

Cable length: 50 cm 

Part number: 410870-4670 

 

Fuse board for communication interface flange (CN24-flange CN) 

 

Part number: 410220-0200 

For the replacement procedure of the fuse, refer to "Replacing Fuses in the Robot 
Unit". 
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3.7 Encoder Backup Battery Box 
The encoder backup battery box contains the following. 

・Encoder backup batteries 
・4th-axis CALSET bolt 
・Fuses for signal wiring 

 

VS-050 / 060

Fuse for signal wiring in 
the robot unit 
(CN24-flange CN) 

4th-axis CALSET bolt

Encoder backup batteries

Fuse for signal wiring in 
the robot unit 
(CN20-CN21) 

Tightening Torque 

 Cover mounting bolts 
  Standard type robots (IP40)   0.6 +/- 0.1 Nm 
  Dust- & splash-proof type robots (IP54) 1.6 +/- 0.2 Nm 
  Protected type robots (IP67)   1.6 +/- 0.2 Nm 

 Fuse board mounting bolts 
  0.6 +/- 0.1 Nm 

 

VS-068 / 087

Fuse for signal wiring in the robot unit 
(CN24-flange CN) 

4-axis CALSET bolt 

Encoder backup batteries 

Fuse for signal wiring in the robot unit 
(CN20-CN21) 

 

Tightening Torque 

 Cover mounting bolts 

  Standard type robots (IP40)   0.6 +/- 0.1 Nm 
  Dust- & splash-proof type robots (IP54) 1.6 +/- 0.2 Nm 
  Protected type robots (IP67)   1.6 +/- 0.2 Nm 

NOTE _________________________________________________________  

Protected type robots (IP67) or dust- & splash-proof type robots (IP54) have an O-ring 
on the inside of the cover. Take care not to break the O-ring. 

______________________________________________________________  
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3.8 Precautions When Designing End-effectors 
The following specifications of an end-effector should not exceed those of the robot 
unit (refer to Section 3.1 "Robot Specifications"). 

- Maximum payload 

- Allowable moment of inertia (kgm2) 

- Allowable moment (Nm) 

An end-effector (including workpiece) should not vibrate. 

In calculation for an end-effector design, take into account not only an end-effector but 
also all loads to be applied to the flange such as workpieces, wiring and piping. 

CAUTION ___________________________________________________  

If the end-effector design requirements are not met, the clamped sections of the robot 
unit may become loose, rattle or get out of position. In the worst case, the mechanical 
parts of the robot and the controller may become damaged.  

A continuous fine, low speed motion may cause an overload error. 

______________________________________________________________  

The graph below shows the distribution of the center of gravity position of an 
end-effector (including workpiece) whose volume is relatively small. Referring to the 
graph, design an end-effector. 

VS-050 / 060 

 

Communication 
interface flange-A

Standard flange

Center of 6th axis

Center of 5th axis

Payload 
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VS-068 / 087 

 
Communication interface 
flange-A 

Standard flange

Center of 6th axis

Center of 5th axis

Payload 

 

When calculating moment of inertia around J4, J5 and J6 of a designed end-effector, 
refer to Section 8.2 "Sample Calculation in Designing End-effectors." 
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3.9 Robot Positioning Time 
Refer to Section 8.3 "Positioning Time of Each Axis" that includes positioning time 
data to be used in calculation of cycle times. 

Positioning time refers to the time required from the start of robot operation to the 
arrival to the target point. 

After the robot arm moves towards the target point and passes through it, vibration is 
dampened so that the robot arm is positioned at the target point as shown in the graph 
below. No vibration dampening time is considered in the graph. 

CAUTION ____________________________________________________  

The vibration dampening time is dependent on the weight of the end-effector and 
others. If the robot is to be used where overshooting or vibration dampening time 
particularly becomes a problem, carry out an adequate test for confirmation 
beforehand. 

If acceleration begins before residual vibration of the robot arm stops, an overcurrent 
error (ERROR6120s, the first digit represents the axis number) may be displayed. In 
this case, take one of the following measures: 

・Lower the deceleration of the preceding operation with a DECEL command to reduce 
residual vibration. 

・Keep the robot waiting with a DELAY command until residual vibration stops. 

・Lower acceleration with an ACCEL command. 

Check the weights of the end-effector and workpiece sufficiently and run the robot 
with the optimum load settings. Improper settings may result in a robot failure. 

______________________________________________________________  

 Target point (calculated value)

Position 

Overshoot

Target range

Vibration dampening time

Time

 

3.10 Stopping Time and Distance (Angle) at an Emergency Stop 
Pressing the emergency stop button when the robot is in motion stops the robot. The 
stopping time and the distance (angle) for major three joints vary with the robot speed 
as shown in the graphs below. The measuring conditions are: Robot arm extended and 
33%, 66% and 100% of the maximum payload. 

TIP ___________________________________________________________  

The acceleration differs depending upon the mass of payload setting. The graphs below 
show the cases where the stopping distance or stopping time comes to be the 
maximum. 

______________________________________________________________  
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Chapter 4 Installation of Robot 
4.1 Preparing a Proper Environment for Installation 

Before installing the robot unit and robot controller, confirm that the operating 
environment is in conformity with each item of SAFETY PRECAUTIONS, 
"Installation Precautions" and that the surrounding environment of the location where 
the robot is to be used meets the specifications as described below. Also, take proper 
measures to protect the robot unit and controller from vibration. 

In an inappropriate environment, the robot will not operate to its full capacity or 
performance, components may not last long, and unexpected failure may result. 

4.2 Installation Environment of the Robot Unit 
The installation requirements for the robot unit are listed below. Prepare a highly rigid 
mount. 

CAUTION ___________________________________________________  

Do not electric-weld the equipment including the robot. A large current may flow 
through the motor encoder or robot controller, resulting in a failure. If electric welding 
is required, remove the robot unit and the robot controller from the equipment once. 

With regards to the dust- & splash proof type robot (IP54), please be aware that it has 
possibility to come off the robot coating due to the splash, the environment, or location 
of the robot. 

______________________________________________________________  

 

Item Environments and Requirements 

Flatness of the mount 0.1/500 mm 

Rigidity of the mount Use steel materials. 

Installation type Floor-mount, overhead-mount, or wall-mount (*) 

Ambient temperature In operation: 0 to 40°C 

In storage or transportation: -10 to 60°C 

Humidity In operation: 40 to 90% RH (No dew condensation allowed.) 

In storage or transportation: 40 to 75% RH (No dew condensation 
allowed.)  

Vibration In operation: 4.9 m/s2 (0.5G) or below 

In storage or transportation: 29.4 m/s2 (3G) or below 

Altitude In operation: 1,000 m or below 

Safe installation 
environment 

Refer to the SAFETY PRECAUTIONS, 3.1 "Insuring the proper 
installation environment." 

Working space, etc. - Ensure a sufficient service space for inspection and disassembly. 

- Ensure a sufficient wiring space so that the bending radius (internal) of 
a motor & encoder cable is at least 191.3 mm when the cable is fixed, and 
at least 382.5 mm when it is movable. 

Grounding conditions Functional ground, wiring of 5.5 mm2 or more 

* The motion range of the 1st axis is smaller when the robot unit is 
wall-mounted. For details, contact the Denso service representative. 
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4.2.1 Vibration 
Do not mount the robot unit in an environment where it will be exposed to excessive 
vibration or impact. 

CAUTION ___________________________________________________  

When the robot unit with the power off has undergone an excessive vibration during 
transportation, the ERROR 2AF1 (Encoder reference position error) may occur. 

If the ERROR 2AF1 occurs when the robot power is first turned ON after purchase, 
refer to the "ERROR CODE TABLES" or contact the Denso service representative. 

______________________________________________________________  

4.2.2 Combination of Robot Unit and Robot Controller 
A robot unit and a robot controller are configured as a set before delivery. If you 
purchase two or more robot systems, therefore, configure the combination correctly, 
checking the serial numbers. 

4.2.3 Robot Mount 
The robot mount should be rigid enough. It is also advisable to mechanically join the 
robot mount with heavy equipment. 

Some mounts may produce a resonance sound (howling). If the sound is loud, increase 
the rigidity of the mount or slightly modify the robot speed. 

Maximum reaction force applied to the robot mount 

 

VS-050 / 060 

 Overturning moment Ml:  900 Nm 

 Torsional moment Mt:  301 Nm 

 Horizontal translational force Fh: 1150 N 

 Vertical translational force Fv: 1221 N 

VS-068 / 087 

 Overturning moment Ml:  2054 Nm 

 Torsional moment Mt:  986 Nm 

 Horizontal translational force Fh: 3156 N 

 Vertical translational force Fv: 2153 N: 
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CAUTION ___________________________________________________  

Design the top plate structure so that it is independent from other top plate structures in 
the equipment. 

______________________________________________________________  

4.2.4 Transporting the Robot Unit 

[1] Precautions for transporting the robot unit 
The VS-*** series weighs approximately 50 kg. Use a crane with suitable capacity. 

Transporting should be handled by at least two people, while wearing a helmet, safety 
shoes, and gloves. 

CAUTION ____________________________________________________  

Pass the hoisting wires through the specified eyebolts. Passing them through other 
sections may drop the robot unit, resulting in a broken robot or bodily injuries. 

______________________________________________________________  

[2] Transport posture 
Before transportation, set the robot unit in a well-balanced transport posture as shown 
below. 

  

Joint angles for keeping the robot unit in a well-balanced posture when hoisting it with 
eyebolts  

VS-050: J1 = 0°, J2 = -10°, J3 = 140°, J4 = 0°, J5 = 50°, J6 = 180° 

VS-060: J1 = 0°, J2 = -20°, J3 = 130°, J4 = 0°, J5 = 70°, J6 = 180° 

VS-068: J1 = 0°, J2 = -10°, J3 = 140°, J4 = 0°, J5 = 50°, J6 = 180° 

VS-087: J1 = 0°, J2 = -20°, J3 = 130°, J4 = 0°, J5 = 70°, J6 = 180° 

[3] Precautions for transporting the robot unit equipped with a bottom connector 
panel 

When transporting the robot unit equipped with a bottom connector panel, clear the 
pathway to the destination and make careful preparations beforehand to mount the 
robot unit at the destination. This is because connectors protrude from the bottom of 
the robot base so that the robot unit cannot be temporarily laid down on the floor. 
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[4] Precautions for overhead-mount and wall-mount 
When mounting the robot unit overhead or on a wall, observe the following for safety. 

WARNING ___________________________________________________  

Mounting should be handled by at least two people, while wearing safety shoes, gloves, 
safety goggles, a helmet, etc., for ensuring safety. 

Ensure a sufficient work space around the mounting place. 

When hoisting the robot unit, use a lift or crane with sufficient capacity. 

Make a jig exclusively designed to turn the robot unit safely. 

Check places where there is a potential danger of getting hands or body caught 
between the robot unit and the surroundings if you hoist the robot unit or turn it to the 
mounting position, then remove the danger beforehand. 

______________________________________________________________  

Ensure safety for the on-site environment, facilities, and the number of persons when 
mounting the robot unit. An installation example is given in Section "Overhead-mount 
Example" 

[5] Precautions for transporting a wall-mount type of robot units 
Consult the Denso service representative. 

[6] Precaution for the robot equipped with the External Battery Extension Unit 
The robot equipped with the external battery extension unit has been removed the 
encoder backup battery which originally installed inside the robot. In the event of 
transporting or removing the robot, make sure to reinstall the encoder backup battery to 
the robot before removing the external battery extension unit from the robot. Removing 
the external battery extension unit without reinstallation of the encoder backup battery 
causes the loss of encoder data. Please confirm the reinstallation of the encoder backup 
battery in the robot before removing the external battery extension unit. 

4.2.5 Securing the Robot Unit 
STEP 1 

Check that the robot mount has four fixing bolt holes, two dowel pin holes (ø4H7 for 
diamond-shaped pin and ø6H7 for internally threaded positioning pin) and cabling 
space in accordance with the external dimensions of the robot unit. Refer to Section 8.1 
"Reference Drawings." 

STEP 2 

Drive the diamond-shaped pin into the ø4H7 hole so that it orients as shown below. 

 

diamond-shaped pin
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STEP 3 

Drive the internally threaded positioning pin into the ø6H7 hole. 

NOTE _________________________________________________________  

Be sure to drive the dowel pins. It can minimize positional deviations that may be 
caused by the removal/installation of the robot unit for maintenance or the vibration 
during operation. 

______________________________________________________________  

STEP 4 

Set the robot unit into place on the robot mount. 

STEP 5 

Secure the robot unit to the mount with four bolts and plain washers. 

VS-050 / 060 

- Fixing bolt: M8 × 30 mm (strength class: 12.9) 

- Tightening torque:  35 +/- 7 Nm 

VS-068 / 087 

- Fixing bolt:  M10 × 30 mm (strength class: 12.9) 

- Tightening torque: 70 +/- 14 Nm 

4.2.6 Grounding the Robot Unit 
Ground the grounding terminal of the robot unit with a wire of 5.5 mm2 or more. 

CAUTION ____________________________________________________  

Use a dedicated grounding wire and grounding electrode. Do not share them with any 
other electric power or power equipment such as a welder. 

______________________________________________________________  

4.3 Installing the Robot Controller 
For the installing procedures of the robot controller, refer to the RC7M Controller 
Manual, Section 6.2 "Mounting the Controller" 

4.4 Releasing Brakes on Individual Axes 
The VS-*** series of robots has brakes on all axes. At the time of an emergency stop, 
to move axes with the motors OFF, release the brakes using either of the following two 
procedures. 

Release the brakes using the teach pendant 

Turn the controller power ON. 

Top screen - [F2 Arm] - [F12 Maint.] - [F3 Brake.] 

Select the brake to be released and press OK. 

Release the brakes using the brake release unit 

Select the axis to be released with the axis selector switch. 

Press the brake release button. 

NOTE _________________________________________________________  

Only when the controller power is ON, brakes can be released. 

______________________________________________________________  
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Chapter 5 Limiting the Motion Range 
5.1 Outline 

To prevent interference with other devices or entanglement of the end-effector wiring 
and piping, limit the motion range as needed by setting the mechanical ends for 
defining the "restricted space" and the software motion limits for defining the "motion 
space." 

After changing the mechanical ends, change also the software motion limits so that the 
motion space comes within the restricted space. 

Please contact your DENSO representative for more details. 

5.2 Changing the Mechanical Ends 
The VS-*** series of robots allows you to change the mechanical ends of the 1st, 2nd, 
and 3rd axes. 

Changing the following three mechanical ends requires modifying the RANG values in 
some cases as described below. 

- 1st axis, the positive direction 

- 2nd axis, the negative direction 

- 3rd axis, the positive direction 

If it is possible to remove the mechanical stop parts and move the robot arm to the 
previous mechanical end, no modification of the RANG values is required. If it is 
impossible (e.g., due to interference with the surrounding equipment), however, 
modification of the RANG values is required. 

After modification of the RANG values, perform CALSET and back up both the 
RANG and CALSET values. 

For details about CALSET and RANG values, refer to Section 5.4 "CALSET" and 
Section 5.5 "Changing RANG Values." 

 

CAUTIONS IN CHANGING THE MECHANICAL ENDS _______________  

1.  To change the mechanical ends, design and produce the mechanical stoppers 
suited for the usage conditions, referring to this manual. 

2.  After changing the mechanical ends using the mechanical stoppers, be sure to 
change also the software motion limits to prevent the robot arm from coming 
into contact with the mechanical stoppers when the robot runs. 

3.  If the robot arm collides against any mechanical stopper, it may be damaged. 
Before use, contact the Denso service representative for inspection and repair. 

 The mechanical stopper designed and produced by the customer may also be 
damaged. Do not use it again and replace it. 

4.  The reference drawings given in this manual do not fully cover the customer's 
usage conditions. Design, manufacture and mount the mechanical stoppers 
according to the motion range and other usage conditions. 

5.  A mass increase due to the mounted mechanical stoppers may influence the 
payload capacity of the robot unit. 

6.  The robot failures resulting from the mechanical stoppers shall not be covered 
by the warranty even if the robot is under warranty. 

Note __________________________________________________________  

This manual does not include reference diagram of mechanical stoppers. Please contact 
your DENSO representative for more details. 

______________________________________________________________  
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5.3 Changing the software motion limits 
To avoid damages that could be caused by collision or contact with mechanical 
stoppers, configure the motion space by setting the software motion limits on 
individual axes. 

By default, the software motion limits are configured slightly inside the mechanical 
ends. 

If the robot arm reaches a software motion limit during manual or automatic operation, 
the robot displays an error message (ERROR6070s, the first digit represents the axis 
number) and comes to a stop. If the robot is in automatic operation, it also cuts off the 
power to the motors. 

This function becomes valid after the robot arm enters the motion space configured by 
the software motion limits. 

CAUTION____________________________________________________  

Software motion limits are not functions in accordance with safety standards. 

______________________________________________________________  

5.3.1 Precautions When Changing the Software Motion Limits 
Confirm the robot motion range in actual working environment. Set the software 
motion limits using the correct unit of measurement. 

If the robot arm lies in the position overriding the software motion limits, e.g., 
immediately after change of the software motion limits, only a manual operation that 
moves the robot arm towards the motion space is possible. Move the robot arm in Joint 
mode. 

5.3.2 Software Motion Limits Changing Procedure 
STEP 1 

Turn the power switch of the robot controller to ON. 

STEP 2 

Set the mode selector switch of the teach pendant to MANUAL. 

STEP 3 

Use the teach pendant to display the Motion Space (Software motion limit) window. 

Top screen - [F2 Arm] - [F12 Maint.] - [F1 M Space.] 

 

STEP 4 

Select the item to be modified, press [F5 Change.], and enter the desired value. 

After entry, press OK to close the window. 
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STEP 5 

Restart the robot controller. 

NOTE _________________________________________________________  

Newly entered settings (software motion limits) go into effect after the restart of the 
controller. 

______________________________________________________________  

5.4 CALSET 

5.4.1 What Is CALSET? 
Calibrating the relationship between position information recognized by the robot 
controller and the actual position of the robot arm is called CALSET. 

CALSET uses a previously determined axis position where an axis can be secured. It 
creates calibration data (CALSET data) that matches the actual axis position (CALSET 
position) with the encoder value. The angle of the CALSET position is saved in the 
robot controller as a RANG value. 

The CALSET data is different on each robot. 

CALSET must be performed when any of the motors is replaced or the encoder backup 
battery goes dead so that the position-related data retained in the encoder is lost. 

CALSET data should be managed by the customer. Back up the CALSET data 
periodically, referring to Section 6.11 "Backing up Projects." 

Factory defaults of CALSET position 

Axis CALSET position 

1st axis Positive-direction mechanical end (at the time of shipment) 

2nd axis Negative-direction mechanical end (at the time of shipment) 

3rd axis Positive-direction mechanical end (at the time of shipment) 

4th axis Location of 4th-axis CALSET bolt (Refer to "4th-axis CALSET position") 

5th axis Negative -direction end 
VS-050/060: Use CALSET bolt. Refer to "5th-axis CALSET position (VS-050/060)" 

6th axis Location of CALSET jig  
Please refer to the following information as a function of the flange type. 
- 6th-Axis CALSET Position (Standard Type Robot, Standard Flange) 

- 6th-Axis CALSET Position (Communication Interface Flange-A) 

- 6th-Axis CALSET Position (Dust- & Splash-proof Type and Protected Type) 

5.4.2 CALSET Procedure 
STEP 1 

Release the brake of an axis to be CALSET and move the axis to the CALSET 
position. 

STEP 2 

Use the teach pendant to select CALSET. 

Top screen - [F2 Arm] - [F12 Maint.] - [F6 CALSET] 

Select the target axis and press OK. 
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[1] 4th-axis CALSET position 
The 4th axis physically rotates 360°or more but it is not a boundless rotation joint. It 
has no mechanical ends. 

Rotate the 4th axis slowly but surely and set the 4th axis in a correct CALSET position. 

Performing CALSET in a wrong position may break internal wiring. 

STEP 1 

Release the brake of the 4th axis. 

STEP 2 

Rotate the 4th axis in the positive direction slowly but surely until it gets blocked. 

CAUTION ___________________________________________________  

Slowly rotate the axis. If it gets blocked, do not push it hard further. 

______________________________________________________________  

 

STEP 3 

Rotate the 4th axis from the position blocked in STEP 2 approx. 270° (VS-050/060) or 
approx. 330° (VS-068/087) in the negative direction by hand to place it in the position 
shown below. 

Set the 4th-axis CALSET bolt in that position. (The 4th-axis CALSET bolt is stored in 
the encoder backup battery box. Refer to Section 3.7 "Encoder Backup Battery Box". 

 

4-axis CALSET bolt
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STEP 4 

Rotate the 4th axis in the negative direction by hand and gently press it against the 
4th-axis CALSET bolt for performing CALSET. 

 

[2] 5th-axis CALSET position (VS-050/060) 
Determine the CALSET position of the 5th axis of the VS-050/060 using the 4th-axis 
CALSET bolt. 

Set the 4th-axis CALSET bolt in the position shown below and then gently press the 
5th axis against the negative-direction end by hand. (The 4th-axis CALSET bolt is 
stored in the encoder backup battery box. Refer to Section 3.7 "Encoder Backup 
Battery Box".) 

 

4th-axis CALSET bolt

 



________________________________________________________________ Chapter 5 Limiting the Motion Range 

 - 58 - 

 

[3] 6th-Axis CALSET Position (Standard Type Robot, Standard Flange) 
For robots equipped with a standard flange, determine the 6th-axis CALSET position 
using a dedicated CALSET jig. Checking the number of rotations of the axis is not 
necessary because the 6th axis is a boundless rotation joint. 

 

STEP 1 CALSET jig assembly 

Remove the standard-type CALSET pin.  

 
CALSET pin for standard type

M3 Hex wrench 

Mount the CALSET pin (for standard type) to the place drawing below indicates. 

   Tightening Torque: 2.0 +/- 0.4 Nm 
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STEP 2  CALSET jig installation 

Set the 6 axis to the place drawing below indicates. (near the 0 degree) 

Dowel hole 

Tool wiring paneｌ 

Dowel hole

 Mount the CALSET jig. 

  Tightening Torque: 8.8 +/- 1.7 Nm 

 

Tighten 4 spots with a 
hex wrench  Make sure to place the 

CALSET pin in this position
 

STEP 3 Positioning 

Rotate the CALSET jig clockwise, and then touch the pin to the bolt slightly. 

 
Touch this pin to 
this bolt. 
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[4] 6th-Axis CALSET Position (Communication Interface Flange-A) 

For robots equipped with a communication interface flange-A, determine the 6th-axis 
CALSET position using a dedicated CALSET pin. The 6th axis is not a boundless 
rotation joint, so checking secure rotations of the axis is necessary. 

STEP 1 CALSET jig assembly  

Remove the CALSET pin for the communication interface flange-A. 

 

CALSET pin for  
the Communication  
Interface Flange-A 
 

M3 Hex wrench 

 Mount the CALSET pin to the place drawing below indicates. 

 Tightening Torque: 2.0 +/- 0.4 Nm 

 

Remove the CALSET bolt for the communication interface flange-A 

 

 

CALSET bolt for the 
Communication 
Interface Flange-A
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STEP 2 CALSET jig installation 

Turn the 6th axis until being able to see the orange film from a half of the window next 
to the flange. In case of not being able to see the orange film from the window next to 
the flange at all, turn the 6th axis to the negative direction (clockwise from the front of 
the flange). In case of being able to see the orange film from the entire window, turn 
the 6th axis to the positive direction (anti-clockwise). 

 

State of being able to see the orange 
film only half of the window 

 

Set the 6 axis to the place drawing below indicates. (Near the 0 degree) 

 

Dowel 
hall 

Tool wiring panel 

Dowel hall

 Mount the CALSET bolt for the communication interface flange-A. 

   Tightening Torque; 0.8+/-0.1Nm 

 

CALSET bolt for the 
Communication 
Interface Flange-A

 

Mount the CALSET jig. 

  Tightening Torque：8.8 +/- 1.7 Nm 
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Tighten 4 spots with a 
hex wrench  

Make sure to 
place the 
CALSET pin in 
this position 

 

STEP 3 Positioning 

Rotate the CALSET jig clockwise, touch the CALSET pin to the CALSET bolt for 
communication cable flange specification for A slightly. 

 

Touch the CALSET 
pin to the CALSET 
bolt for the 
Communication 
Interface Flange-A 

 
 



________________________________________________________________ Chapter 5 Limiting the Motion Range 

 - 63 - 

 

[5] 6th-Axis CALSET Position (Dust- & Splash-proof Type and Protected Type) 
The position of the 6th-axis of VS-*** series of robots (dust- &splash-proof type and 
protected type) is determined by special Jig. The 6th axis is a boundless rotation joint, 
so checking the number of rotations of the axis is not necessary. 

STEP 1 CALSET jig assembly 

Remove the CALSET pin as shown below. 

 
CALSET pin for 
Protected type and  
dust- & splash-proof type 

M3 hex wrench 

 Mount the CALSET pin to the place drawing below indicates. 

 Tightening Torque：2.0 +/- 0.4 Nm 

 

STEP 2 CALSET jig installation 

Set the 6 axis to the place drawing below indicates. (Near the 0 degree) 

Dowel hall

Tool wiring panel

Dowel hall

 

Mount the CALSET jig. 

  Tightening Torque; 8.8 +/- 1.7 Nm 
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Tighten 4 spots with a 
hex wrench  

Make sure to place the 
CALSET pin in this 
position 

 

STEP 3 Positioning 

Rotate the CALSET jig clockwise, touch the pin to the bolt slightly. 

 

Touch the pin to 
this bolt 
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5.5 Changing RANG Values 
A RANG value refers to an angle that determines the relationship between the 
reference position of the robot arm and the CALSET position, and is also called a 
reference angle or ready angle. 

The factory defaults of RANG values for the 1st, 2nd, and 3rd axes are obtained when 
each axis is in contact with the corresponding mechanical end configured at the time of 
shipment. 

When CALSET is required but mechanical stop parts mounted by the customer cannot 
be removed so that the robot arm cannot take a posture in the CALSET position 
determined at the time of shipment, then it is necessary to change the RANG values 
stored in the controller to the ones obtained by the CALSET position determined by the 
mechanical stopper parts mounted by the customer. 

NOTE _________________________________________________________  

If the RANG values are changed, the mechanical stop parts mounted by the customer 
influence the precision of CALSET. 

______________________________________________________________  

STEP 1 

Move an axis whose RANG value is to be changed towards the mechanical end by 
manual operation in Joint mode and slowly press the axis against the mechanical end. 

STEP 2 

Make a note of the RANG value of the corresponding axis in Joint mode which is 
shown in the current position. 

STEP 3 

On the RANG window, change the current RANG value of the corresponding axis to 
the value of the note made in STEP 2 

Top screen - [F2 Arm] - [F12 Maint.] - [F2 RANG.] 
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5.6 Setting the Control Set of Motion Optimization 
The optimum speed or acceleration will vary depending upon the payload and center of 
gravity of an end-effector or workpiece that is to be set at the end of the robot flange. 
Set the payload and center of gravity position of the end-effector or workpiece and the 
control set of motion optimization according to the payload and robot posture. 

For details, refer to the Programmer's Manual, Section 4.7 "Setting the Master Control 
Parameters in User Preferences." For the operating procedure, refer to the Setting-up 
Manual, Section 2.8 "Setting the Master Control Parameters of the Payload, Center of 
Gravity, and Control Set of Motion Optimization (TP/WC)." 

The mass of payload is a total mass of an end-effector and workpiece, expressed in 
grams. 

Define the payload center of gravity in the TOOL0 coordinates in units of mm (see the 
figure below). 

The origin of the TOOL0 coordinates is located in the center of the flange surface on 
the 6th axis. 

The Y component is defined on the orientation vector directed from the center of the 
flange to the center of the orientation pin hole (dia. 5H7). The Z component is defined 
on the approach vector directed from the center of the flange to the normal line of the 
flange center. The X component is defined on the normal vector directed along the X 
axis (+) in the right-hand coordinates whose Y axis is an orientation vector and whose 
Z axis is an approach vector. 

 ＋Zb

＋Xb ＋Yb

Approach vector

Orientation vector 

Flange surface 
of the 6th axis 

Orientation vector (Y axis)

Normal vector (X axis)
Approach vector (Z axis)

TOOL0 

Orientation pin hole 
(dia. 5H7) 

Center of the flange

Z

X

Y

Payload center of gravity 
（X 6 ,Y ,Z ）6 6 

X 6 

Z 6 
Y6

 +Y axis (Orientation vector) 

+Z axis (Approach vector)

+X axis 
(Normal vector) 
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Chapter 6 Maintenance and Inspection 
6.1 Maintenance & Inspection Intervals and Purposes 

Carry out the maintenance and inspection jobs listed in the table below. 

CAUTION ___________________________________________________  

Maintenance and inspection must be carried out by a trained person who possesses the 
ability to perform these tasks safely. 

Before performing maintenance and inspection jobs, read the SAFETY 
PRECAUTIONS, "4. Precautions while Robot is Running" and "5. Daily and 
Periodical Inspections." 

______________________________________________________________  

 

Maintenance & Inspection Intervals and Purposes 

Intervals Purposes 

Daily Perform inspection jobs specified in 
Section 6.2 every day before starting 
operations. 

To use your robot safely. 

Quarterly Perform inspection jobs specified in 
Section 6.3 every three months. 

To maintain the precision of the robot and 
prevent failures caused by overheat of the 
robot controller. 

Biennial Replace backup batteries as specified in 
Section 6.4 every two years. 

To retain the robot-specific data 
(programs, parameters, etc.) stored in the 
internal memory of the robot controller 
and the position data stored in the 
electronic absolute encoder built in the 
robot unit. 
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6.2 Daily Inspections 
Before starting operations, check the items listed below every day. 

Inspections to be made with the power OFF 

Check: How to 
check: 

Criterion What to do: 
(See note below.) 

Connectors Visually No looseness, disengagement or 
dirt. 

Engage the parts properly 
and clean them. 

Cables Visually Free of damage or gouges. Repair or replace. 

Brake release unit Check for 
looseness.

No looseness. Tighten up. 

Robot unit Visually No grease leak Wipe off grease 

Inspections to be made with the power ON 

Check: How to check: Criterion What to do: 

(See note below.) 

LCD on the teach 
pendant 

Visually Properly displayed Repair or replace. 

Pilot lamps on the 
robot controller 

Visually Should light. Repair or replace. 

Cooling fan in the 
robot controller 

Visually Should work properly. Repair or replace. 

EMERGENCY STOP 
button on the teach 
pendant or the mini 
pendant 

Press the 
EMERGENCY 
STOP button. 

The robot should come to an 
emergency stop. 

Repair or replace. 

Safety door Operate the 
safety door 
switch and 
open the 
switch-wiring 
door. 

The robot should come to an 
emergency stop. 

Check or repair. 

NOTE _________________________________________________________  

Some repair and replacement jobs, shown in "What to do:" column, may involve 
special work. Contact the Denso service representative. 

______________________________________________________________  
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6.3 Quarterly Inspections 
Check the items listed below every three months. 

Quarterly inspections 

Check: How to check: Criterion What to do: 

Robot base mounting 
bolts 

Measure the 
tightening torque 
with a torque 
wrench. 

No looseness. 
Specified torque:  
70+/- 14 Nm 

Tighten the bolts to 
the specified torque. 

Cooling fan filters in 
the robot controller 

Visually No dust or dirt. Clean the cooling fan 
filters. (Refer to the 
RC7M Controller 
Manual.) 

6.4 Biennial Inspections 
Replace the two types of backup batteries and inspect the timing belts. 

6.4.1 Inspection and Adjustment of Timing Belts 
Contact your Denso robot service/sales representative for information about inspection 
and adjustment. 

6.4.2 Replacement of Backup Batteries 

 CAUTION __________________________________________________  

There is a danger of fire or explosion if batteries used in the robot unit and controller 
are incorrectly replaced. 

Never recharge or disassemble the batteries. Never heat them above 100°C or dispose 
of them in fire. 

Dispose of used batteries promptly. Remove them from a child's reach. Never 
disassemble them or dispose of them in fire. 

______________________________________________________________  

[1] Replacing the memory backup battery 
Programs, parameters, CALSET data and others are stored in the internal memory of 
the robot controller.  

The memory backup battery retains the above data while the power to the robot 
controller is OFF. However, using the battery without replacement may lose the data 
since it has a limited lifetime. 

To prevent CALSET data specific to individual robots from being lost, perform the 
following two. 

Periodical replacement of the memory backup battery 

The memory backup battery is loaded in the robot controller. For details about the 
replacement procedure, refer to the RC7M Controller Manual. 

Backup of arm data including CALSET data 

Refer to Section 6.11 "Backing up Projects." 
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[2] Replacing the encoder backup batteries 
The encoder built in the servomotor stores position data. To prevent the position data 
from being lost, the encoder backup batteries supply power to the encoder memory. 

Periodically replace the encoder backup batteries that are loaded in the robot unit. In 
the event of using the external battery extension unit, replace the battery of the external 
battery extension unit. For detail, please refer to the external battery extension unit.  

STEP 1 

Make two new backup batteries ready for use. 

 

STEP 2 

Turn the controller power OFF. 

 

Power switch 

 

 

STEP 3 

Remove the cover from the robot unit. 

Refer to Section 3.7 "Encoder Backup Battery Box". 

NOTE _________________________________________________________  

Protected type robots (IP67) or Dust- & splash-proof type robots (IP54) have an O-ring 
on the inside of the cover. Take care not to break the O-ring. 

______________________________________________________________  

STEP 4 

Replace the backup batteries using the procedure below. 

First join the connector of a new battery to an empty connector on the robot unit, 
disconnect and remove the old battery, then load the new one. 

NOTE _________________________________________________________  

During replacement, at least one battery should be connected. Disconnecting all 
batteries loses position data. 
Be sure to replace all batteries with new ones at one time. Using old and new batteries 
together shortens the service life. 

______________________________________________________________  

STEP 5 

Put the cover back to the robot unit. 
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6.4.3 Setting the Next Battery Replacement Date 
After replacing the memory backup battery, set the next battery replacement date from 
the teach pendant, according to the following procedure. 

NOTE _________________________________________________________  

Check that the system clock of the robot controller shows the correct date beforehand. 
If it is incorrect, the next replacement date also become incorrect. 

______________________________________________________________  

 

STEP 1 

Use the teach pendant to display the Next Battery Replacement Data window. 

Top screen - [F6 Set] - [F6 Maint.] - [F4 Battery] 

The date entry areas show the default replacement date that is two years later the 
current data at which you open this window, assuming that the battery service life is 
two years. 

STEP 2 

Check the current setting and press OK. 

6.5 Supplies and Tools for Maintenance 
The table below lists the supplies and tools for maintenance. 

CAUTION ___________________________________________________  

There is a danger of fire or explosion if batteries used in the robot unit and controller 
are incorrectly replaced. 

Never recharge or disassemble the batteries. Never heat them above 100°C or dispose 
of them in fire. 

Dispose of used batteries promptly. Remove them from a child's reach. Never 
disassemble them or dispose of them in fire. 

______________________________________________________________  

 

Names Part No. Remarks 

410053-0100 For standard type of controllers (FS-1705W) Air filter set 

410053-0110 For global type of controllers (FS-1705) 

Memory backup battery 410076-0260 For RC7M controller 

Fuse (1.3A) 410054-0230 For LM13 for controller I/O 

Fuse (3.2A) 410054-0270 For LM32 for controller I/O 

IC for output (NPN) 410077-0010 IC (M54522P) for controller output 

IC for output (PNP) 410077-0020 IC (M54564P) for controller output 

Encoder backup battery 410679-0010 2 pieces 

CALSET jig 410192-0050 For 6th-axis CALSET 

Fuse board for signal lines and air 
piping (CN20-CN21) 

410220-0210 For CN20-CN21 signal lines 

Fuse board for communication 
interface flange (CN24-flange CN)

410220-0200 For signal lines between CN24 and 
communication interface flange-A 
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6.6 The 6th Axis CALSET Jig 
Positioning Jig for 6th axis CALSET of VS-*** series robot. 

Since the usage varies according to the robot type, please refer to each procedure. 

- 6th-Axis CALSET Position (Standard Type Robot, Standard Flange) 

- 6th-Axis CALSET Position (Communication Interface Flange-A) 

- 6th-Axis CALSET Position (Dust- & Splash-proof Type and Protected Type) 

 

CALSET pin for 
standard type robot  
standard flange 

CALSET pin for 
 communication flange 

CALSET pin for
Protected type and  
Dust-& Splash-proof type 

 

6.7 Replacement of Fuses and Output ICs 

6.7.1 Replacing Fuses in the Robot Unit 
If an overcurrent flows through signal wirings in the robot unit, the related fuses will 
be blown. Replace them. Refer to Section 3.7 "Encoder Backup Battery Box". 

6.7.2 Replacing Fuses and Output ICs in the Robot Controller 
For the replacing procedures of the fuses and output ICs, refer to the RC7M Controller 
Manual, Section 6.6 "Replacing Fuses and Output ICs." 
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6.8 Checking the Odometer and Trip Meter 
You can check the odometer and trip meter which count traversed distance of each axis 
in the Odometer window of the teach pendant. 

The Odometer window shows the following items: 

6.8.1 Displaying the Odometer, Trip Meter, and Oil Change Intervals 
STEP 1 

Turn the controller power ON and turn the mode switch to the MANUAL position. 

STEP 2 

Use the teach pendant to display the Odometer window. 

Top screen - [F6 Set] -[F6 Maint.] - [F5 Odometer] 

 

Odometer 

Shows the total distance of each axis traversed after the robot leaves the factory. The 
odometer cannot be reset. 

Trip meter 

Shows the distance of each axis traversed after the trip meter is reset to zero. 

Pressing [F5 Reset] in this window and following the guidance shown on the screen 
can reset the trip meter to zero. 
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6.9 Checking the Controller ON-Time and the Robot Running Time 
You can check the robot controller ON-time and the robot running time in the Total 
hours window of the teach pendant. 

The Total hours window shows the items shown below. 

 

6.9.1 Displaying the Controller ON-time and the Robot Running Time 
STEP 1 

Display the Total hours window. 

Top screen - [F6 Set] - [F6 Maint.] - [F1 Total h] 

 

 

[Total operation] Shows the grand total of the robot controller ON-time counted after 
the controller leaves the factory. 

[Total running] Shows the grand total of the robot running time counted after the 
robot leaves the factory. 

[Cumu. operation] Shows the total of the robot controller ON-time counted after you 
reset the user counter to zero. 

[Cumu. running] Shows the total of the robot running time counted after you reset 
the user counter to zero. 

[Operation] Shows the ON-time of the robot controller counted after it is turned ON 
this time. 

[Running] Shows the running time of the robot counted after the robot controller is 
turned ON this time. 

 

The Cumu. operation and Cumu. running counters can be reset. 
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6.10 Resetting Encoders 
You need to reset encoders and perform CALSET if: Error 641* occurs due to 
run-down encoder backup batteries, or Error 677* occurs due to a great impact applied 
to the robot when the power is off. (* is any of 1 to 6 denoting the object axis.) This 
section describes how to reset encoders. For the encoder resetting procedure, refer to 
the Setting-up Manual, Section 5.3, [F2 Arm]-[F12 Maint.]-[M11 ENC rst]”. 

6.11 Backing up Projects 
Back up project data periodically in WINCAPS III in order to recover the robot 
controller smoothly after loss of project data due to unexpected accidents such as 
expired service life of memory backup batteries. 

Be sure to back up project data and preserve it, in particular: 

- at the time of purchase 

- after performing CALSET 

- after changing RANG values 

- after replacement of a motor 

DENSO preserves arm data configured at the time of shipment for 10 years. If your 
arm data is lost, contact your DENSO sales representative. 

TIP ___________________________________________________________  

Arm data refers to CALSET and RANG values in project data, which is unique to 
individual robots and determines the position of each joint. 

______________________________________________________________  

6.11.1 Back Up Project Data 
Use WINCAPS III to back up project data. 

When a project has been created in WINCAPS III: 

Receive all data from the controller and preserve it. 

 

When creating a new project to preserve backup data: 

Follow the procedure given below. 
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STEP 1 

Create a new project in WINCAPS III. 

 

STEP 2 

Choose "Get information from the controller for creating a new project." 

 

STEP 3 

Following the project wizard, enter the IP address and the desired backup file name. 

STEP 4 

Select "Receive data from the controller after creating the project." 

 

STEP 5 

Close the project. 
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6.11.2 Transfer Arm Data 
When WINCAPS III exchanges project data with the robot controller, arm data unique 
to individual robots can be transferred only from the robot controller to WINCAPS III, 
but it cannot from WINCAPS III to the robot controller. This is to protect arm data in 
the robot controller from being overwritten accidentally. 

To transfer arm data from WINCAPS III to the robot controller, use the following 
procedure. 

STEP 1 

Loading the arm data (***.wam) into the WINCAPS III project 

This step is necessary when only arm data is supplied by DENSO. When project data 
has been backed up, open the project data in WINCAPS III and proceed to STEP 2. 

Start WINCAPS III, log on as a Programmer, and create a project suitable for your 
robot model. 

Choose Tool | Arm parameters to display the Arm Parameter window. 

Press Load and select the arm data (***.wam) to load. 

 

STEP 2 

Configuring communication options for transfer of arm data from WINCAPS III to the 
robot controller 

Choose Tool | Option | Communication tab. Select "Data send setting: CALSET data" 
and press OK. 

 

NOTE _________________________________________________________  

During ordinary operations, the "Data send setting: CALSET data" should be 
deselected. If it is selected, creating a new project and transferring arm parameters 
overwrites the CALSET-related data in the robot controller with the transferred data, 
causing errors in teaching positions. 

______________________________________________________________  
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STEP 3 

Transferring arm data to the robot controller 

Choose Connect | Transfer data to display the Transfer data window. 

Select Parameters | Arm parameters and Configuration | CALSET, then press Send. 

 

Upon completion of transfer of the CALSET-related arm data, restart the robot 
controller. 
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Chapter 7 Warranty 
DENSO robots are manufactured under strict quality control. In case of failure, we 
warranty the robot under the following conditions: 

Warranty Period 

The warranty shall be effective for one year from the date of purchase. 

 

Warranty Coverage 

DENSO WAVE shall repair the robot free of charge when a failure occurs and is 
attributable to the design, manufacture or material of the robot within the warranty 
period in spite of proper use. 

 

Items Not Covered 

Failures, which arise from one of the following, shall not be covered by the warranty 
even if the robot is under warranty. 

- Failures caused by improper repair, modification, transfer or handling by you or a 
third party; 

- Failures caused by the use of a part or oil/grease other than those specified in the 
related manuals; 

- Failures caused by a fire, salt damage, earthquake, storm/flood or other acts of God; 

- Failures caused by the use of the robot in an environment other than the 
environment specified in the related manuals, such as dust and water ingress; 

- Failures caused by a worn-out consumable, such as a fan filter; 

- Failures caused by improper performance or non-performance of lubrication, 
maintenance or inspections stated in this manual; and 

- Damages other than the robot repair costs. 

 

 



______________________________________________________________________________Chapter 8 Appendixes 

 - 80 - 

Chapter 8 Appendixes 
8.1 Reference Drawings 

VS-050 

Connector panel Flange Ingress Protection Drawings 

Rear Standard Standard type (IP40) refer to 

Rear Standard Dust- & splash-proof type (IP54) refer to (※) 

Rear Standard Protected type (IP67) refer to 

Rear Communication 
Interface Flange-A 

Standard type (IP40) refer to 

 

VS-060 

Connector panel Flange Ingress Protection Drawings 

Rear Standard Standard type (IP40) refer to 

Rear Standard Dust- & splash-proof type (IP54) refer to (*) 

Rear Standard Protected type (IP67) refer to 

Rear Communication 
Interface Flange-A 

Standard type (IP40) refer to 

 

VS-068 

Connector panel Flange Ingress Protection Drawings 

Rear Standard Standard type (IP40) refer to 

Rear Standard Dust- & splash-proof type (IP54) refer to (*) 

Rear Standard Protected type (IP67) refer to 

Rear Communication 
Interface Flange-A 

Standard type (IP40) refer to 

Bottom Standard Standard type (IP40) refer to 

Bottom Standard Dust- & splash-proof type (IP54) refer to (*) 

Bottom Standard Protected type (IP67) refer to 

Bottom Communication 
Interface Flange-A 

Standard type (IP40) refer to 

 

VS-087 

Connector panel Flange Ingress Protection Drawings 

Rear Standard Standard type (IP40) refer to 

Rear Standard Dust- & splash-proof type (IP54) refer to (*) 

Rear Standard Protected type (IP67) refer to 

Rear Communication 
Interface Flange-A 

Standard type (IP40) refer to 

Bottom Standard Standard type (IP40) refer to 

Bottom Standard Dust- & splash-proof type (IP54) refer to (*) 

Bottom Standard Protected type (IP67) refer to 

Bottom Communication 
Interface Flange-A 

Standard type (IP40) refer to 

* Please refer to the drawing of same size. Regarding the dust-&splash-proof type, 
please refer to the drawing of the protected type. 
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8.2 Sample Calculation in Designing End-effectors 

8.2.1 Moment-of-Inertia Formulas 

1. Cylinder (1) 

(Axis of rotation = Center axis)

 

4. Sphere 

(Axis of rotation = Center axis)

 

2. Cylinder (2) 

(The axis of rotation passes through the center of 

gravity.)

 

5. Center of gravity not on the axis of rotation 

 

   
 

3. Rectangular parallelepiped 

(The axis of rotation passes through the center of 

gravity.)

 
 

 

 I: Moment of inertia (kgm2) 

 m: Mass (kg) 

 r: Radius 〔m〕 

 a, b, c, L: Length 〔m〕 

 

Moment of inertia around center of gravity 
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8.2.2 Calculation Example of Moment of Inertia for End-effector 
 
Calculation example:  
When calculating the moment of inertia of a complicated shape, divide it into simple parts as much as possible for 
easier calculations. 
As shown in the figure below, divide the end-effector into three parts (1), (2) and (3). 
 
(1) Moment of inertia around J6 

 
 
Around J6 
 

For the end-effector shown below, the moment of inertia around J4 and J5 can be calculated 
according to the same formula. 
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8.3 Positioning Time of Each Axis  
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J4 axis
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J3 axis
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VS-087 
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CP operation
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8.4 Overhead-mount Example 
This section gives a rotation example of overhead-mount robot. Mount the robot unit 
safely, matching the installation environment. 
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Jig examples for overhead-mount and wall-mount 

 

Suspension jig A

Suspension jig B

Slide plate

Cap

Bolts A

Bolts C

Bolts B

 

Reference Drawing of Suspension jig A 

Reference Drawing of Suspension jig B 

 (Note: Produce these jigs in size suitable for facilities to be supported.) 

Reference Drawing of Slide plate 

Reference Drawing of Cap 

Bolts A 

 Hex. socket-head bolts M8 x 55 (Strength class : 12.9) 

 Tightening torque: 20 +/- 4 Nm 

Bolts B 

 Hex. socket-head bolts M10 x 20 (Strength class : 12.9) 

 Tightening torque: 70 +/- 14 Nm  

Bolts C  

 Hex. socket-head bolts M10 x 20 (Strength class : 12.9) 

 Tightening torque: 36 +/- 14 Nm 
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[5] Location of hoisting bolt holes 

25

W

4-M8 
depth 15

 

VS-050 / 060 : W=182 mm 

VS-068 / 087 : W=226 mm 
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8.5 Options 

8.5.1 External Battery Extension Unit 

 

This unit is able to connect the encoder backup battery embedded the robot from 
outside the robot, and enables easy replacement of encoder backup batteries. 

Ingress Protection code rating; IP54. The battery is sold separately. Three of mounting 
bolts (M4*12) are included. Use these bolts to fix the robot to facilities.  

 Encoder Backup Battery 
(Sold separately) 
(410679-0010) 

Caution Tag
Remove after battery installation 

Tightening Torque : 1.6 +/- 0.3 Nm

Battery Holder
Place △ mark  
on the upper side 

Connector
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[1] External Dimensions and Location of Mounting Holes 

 

[2] Setup Procedure 
To setup the external battery extension unit, follow the process below.  

NOTE _________________________________________________________  

The External battery extension unit does not include batteries in shipment. Do not 
connect this unit to the robot without battery installation. 

Be sure to install the external battery extension unit after robot setting has completed. 

Removing the external battery extension unit causes the loss of battery supply to the 
encoder, and then will result in a loss of data. 

When installation, Set the unit to the wall (vertical surface) and be sure to place the 
cable on the underside. 

______________________________________________________________  

STEP 1 

Open the lid.  

STEP 2 

Connect the battery (sold separately) to connector. 

STEP 3 

Replace the battery holder and the lid.  

NOTE _________________________________________________________  

Confirm the direction of the battery holder so as not to mistake the upside and the 
downside. Install the battery holder so as to the triangle mark is upside. 

Attach the lid carefully not to damage the O-ring. 

______________________________________________________________  

STEP 4 

Connect the cable of the external battery extension unit to the connector panel of the 
robot. 
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STEP 5 

Remove the encoder backup battery of the robot body.  

 Refer to” Replacing the encoder backup batteries” 

NOTE _________________________________________________________  

Using both the encoder backup battery of the robot and the external battery extension 
unit together may cause the battery leakage.  

______________________________________________________________  

STEP 6 

Be sure to input the next battery replacement date of the encoder backup battery. 

[3] Precaution for the External Battery Extension Unit.  
Do not mix new batteries and old batteries when replacing the batteries of the external 
battery extension unit. 

In case of replacing batteries, avoid conditions that all the batteries are unconnected. 
Install new batteries first by using auxiliary connector, then remove the old batteries. 

In the event of removing the external battery extension unit from the robot, such as 
transportation, relocation and removing, make sure to reinstall the encoder backup 
battery of the robot body. Removing the external battery extension unit without the 
reinstallation of the encoder backup battery causes the loss of encoder data. Make sure 
to confirm the installation of the encoder backup battery before removing the external 
battery extension unit. 

To avoid the loss of encoder data, do not break or damage the cable. 
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8.5.2 Brake Release Unit 

Break Release Switch

Axis Selector

 

While the brake release switch is held down, the brake of the axis selected by the axis 
selector is released. 

NOTE _________________________________________________________  

Brakes are able to be released only when the controller power is ON. 

Do not turn the axis selector with the brake release switch being held down. 

______________________________________________________________  

Ingress Protection code rating; IP54. The battery is sold separately. Three of mounting 
bolts (M4*12) are included. Use these bolts to fix the robot to facilities.  

External dimensions and location of mounting holes 
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8.5.3 Air Purge Unit 
 

In φ10 Out φ6

 

Specifications 

Range of operating conditions 

Applicable fluid Compressed air 

Maximum operating pressure 0.85 MPa 

Minimum operating pressure 0.3 MPa 

Ambient and fluid temperature -5 to 55°C (Freezing not allowed) 

Reference performance 

Atmospheric dew point of outlet air 20°C 

Reference performance conditions 

Inlet air flowrate 128 L/min (ANR) 

Outlet air flowrate 100 L/min (ANR) 

Purging air flowrate 25 L/min (ANR) 

Inlet air pressure 0.7 MPa 

Inlet air temperature 25°C 

Saturation temperature of inlet air 25°C 

Ambient temperature 25°C 

Purge air flowrate of dew point checker 1 L/min (ANR)  
(when the inlet air pressure is 0.7 MPa) 

Filtration degree of micromist separator 0.01 μm (Efficiency 99.9％) 

Air consumption of precision pressure 
reducing valve 

3 L/min (ANR)  
(when the inlet air pressure is 0.7 MPa) 

Air consumption of precision pressure 
reduction valve 

0.005 to 0.2 MPa 

Mass 1.9 kg 

ANR (Atmosphere Normale de Reference) refers to quantity of air at 20°C 
under atmospheric pressure. 

CAUTION ___________________________________________________  

The air purge unit is not splashproof. Place it in a place where it will not be subjected 
to water. 

______________________________________________________________  

 
 



 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Vertical Articulated Robot 
VS-*** Series 

_________________________________________________________________________________  
 

INTRODUCTION GUIDE TO ROBOT 
 First Edition January 2011  
 Third Edition October 2011 
 Fourth Edition February 2013 
 

 2Q**C 
DENSO WAVE INCORPORATED 

_________________________________________________________________________________  
 

The purpose of this manual is to provide accurate information in the handling and operating of the 
robot. Please feel free to send your comments regarding any errors or omissions you may have 
found, or any suggestions you may have for generally improving the manual. 
 
In no event will DENSO WAVE INCORPORATED be liable for any direct or indirect damages 
resulting from the application of the information in this manual. 

 



 

 

 

 

 


	Chapter 1 Packing List of the Robot
	1.1 Standard Components
	1.1.1 List of Standard Components

	1.2 Optional Components
	1.2.1 List of Optional Components


	Chapter 2 Configuration of the Robot System
	2.1 Configurators
	2.2 Factory Options
	2.2.1 Coding Information of Robot Model


	Chapter 3 Specifications of the Robot Unit
	3.1 Robot Specifications
	3.1.1 VS-050
	3.1.2 VS-060
	3.1.3 VS-068
	3.1.4 VS-087

	3.2 Outer Dimensions and Work Space of the Robot Unit
	3.3 Names of Robot Unit Components
	3.3.1 Robot Unit Components and Rotation Direction
	3.3.2 Name Plate
	3.3.3 Warning and Caution Labels
	3.3.4 Caution
	3.3.5 Connectors

	3.4 Signal Lines & Air Piping
	3.4.1 Pin Assignment on Signal Line Connectors (CN20, CN21)
	3.4.2 Solenoid Valve Specifications
	3.4.3 Accessories

	3.5 Existing Internal Threads for Wiring and Piping
	3.6 Communication Interface Flange-A
	3.7 Encoder Backup Battery Box
	3.8 Precautions When Designing End-effectors
	3.9 Robot Positioning Time
	3.10 Stopping Time and Distance (Angle) at an Emergency Stop

	Chapter 4 Installation of Robot
	4.1 Preparing a Proper Environment for Installation
	4.2 Installation Environment of the Robot Unit
	4.2.1 Vibration
	4.2.2 Combination of Robot Unit and Robot Controller
	4.2.3 Robot Mount
	4.2.4 Transporting the Robot Unit
	4.2.5 Securing the Robot Unit
	4.2.6 Grounding the Robot Unit

	4.3 Installing the Robot Controller
	4.4 Releasing Brakes on Individual Axes

	Chapter 5 Limiting the Motion Range
	5.1 Outline
	5.2 Changing the Mechanical Ends
	5.3 Changing the software motion limits
	5.3.1 Precautions When Changing the Software Motion Limits
	5.3.2 Software Motion Limits Changing Procedure

	5.4 CALSET
	5.4.1 What Is CALSET?
	5.4.2 CALSET Procedure

	5.5 Changing RANG Values
	5.6 Setting the Control Set of Motion Optimization

	Chapter 6 Maintenance and Inspection
	6.1 Maintenance & Inspection Intervals and Purposes
	6.2 Daily Inspections
	6.3 Quarterly Inspections
	6.4 Biennial Inspections
	6.4.1 Inspection and Adjustment of Timing Belts
	6.4.2 Replacement of Backup Batteries
	6.4.3 Setting the Next Battery Replacement Date

	6.5 Supplies and Tools for Maintenance
	6.6 The 6th Axis CALSET Jig
	6.7 Replacement of Fuses and Output ICs
	6.7.1 Replacing Fuses in the Robot Unit
	6.7.2 Replacing Fuses and Output ICs in the Robot Controller

	6.8 Checking the Odometer and Trip Meter
	6.8.1 Displaying the Odometer, Trip Meter, and Oil Change Intervals

	6.9 Checking the Controller ON-Time and the Robot Running Time
	6.9.1 Displaying the Controller ON-time and the Robot Running Time

	6.10 Resetting Encoders
	6.11 Backing up Projects
	6.11.1 Back Up Project Data
	6.11.2 Transfer Arm Data


	Chapter 7 Warranty
	Chapter 8 Appendixes
	8.1 Reference Drawings
	8.2 Sample Calculation in Designing End-effectors
	8.2.1 Moment-of-Inertia Formulas
	8.2.2 Calculation Example of Moment of Inertia for End-effector

	8.3 Positioning Time of Each Axis 
	8.4 Overhead-mount Example
	8.5 Options
	8.5.1 External Battery Extension Unit
	8.5.2 Brake Release Unit
	8.5.3 Air Purge Unit




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




