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Abstract—In this paper the mechanical design process of a 
special linear-rotary joint for a SCARA robot, called FUM 
SCARA, is illustrated. FUM SCARA is constructed in the 
Robotics Lab of Ferdowsi University of Mashhad, in Iran. Main 
features of this robot are overall ±0.015 mm repeatability in XYZ 
plane, 8.5 m/s end-effector velocity and 0.5 seconds full pick and 
place cycle time. FUM SCARA robot is capable of doing 
applications such as pick and place and assembly in production 
lines using a custom designed linear-rotary joint. SCARA is a 
common industrial robot with inherent high joint repeatability 
and rigidity. As a result, repeatability of the proposed joint is 
essential. To pick up and place a work piece, a vacuum system 
tubing must be designed into the linear-rotary joint. Mechanical 
design process, includes linear-rotary joint design and selection 
of the required components. The effectiveness of the presented 
joint and the robot is investigated through experimental and 
simulation results. 

Keywords—linear-rotary joint; industrial robot; joint 
mechanical design 

I. INTRODUCTION 
Robotic arms have various and widespread applications in 

modern industry. SCARA robot has a special role in assembly 
lines with three revolute joints and one prismatic joint [1]. 
Different manufacturers have industrial robots with a wide 
range of variety in velocity and repeatability. Although there 
are different kinds of applications for industrial robots, most 
of them have an inaccessible control systems. However, there 
exist some collegiate robots which offer open architecture 
control systems [2-3]. 

Robotic power transmission systems have also attracted 
the attention of many researchers. A new non-linear direct 
drive train, called gimbal drive, has been illustrated in [4]. The 
gimbal drive makes it possible to eliminate inertia and mass of 
motors by locating them in robot base. In [5], authors have 
optimized a power transmission of a robotic arm in order to 
reduce the weight of robot links. The effect of using harmonic 
drives in SCARA robot has been studied in [6]. Additionally, 
different kinds of adaptive controllers have been studied and 
applied to a direct drive SCARA robot in [7]. Reference [8] 
categorized kinematic chains based on the location of linear-
rotary actuator in the chain. 

This paper presents the mechanical design of a new 
economical linear-rotary joint. This new joint is applied in the 
FUM SCARA robot as third and fourth joints (Fig. 1). All 
needed components for linear-rotary joint are illustrated. A 
standard cycle time trajectory is used for the SCARA robots 
[9]. This trajectory is a basic performance criterion for SCARA 
robots and is used by major robot manufacturers. Standard 
components are selected so that the robot can complete the 
trajectory satisfactorily. Repeatability of the proposed joint is 
calculated based on ISO 9283 [3], [10]. 

The presented paper is organized as follows: Section II 
illustrates the FUM SCARA construction goals related to the 
design of the linear-rotary joint. The mechanical design of the 
proposed joint is investigated in section III. Cycle time 
trajectory and FUM SCARA robot’s workspace are described 
in section IV and V, respectively. Experimental results using a 
PID controller through the cycle time trajectory are presented 
in section VI. Finally, section VII concludes the paper. 

II. GOALS OF FUM SCARA ROBOT DESIGN 
The main goal of the FUM SCARA robot construction is 

to design a robot which its performance can be compared with 
commercial robots. Open control architecture design of FUM 
SCARA robot allows users to easily apply new control 
algorithms. Its high performance and the ability to implement 

 
Fig. 1.  FUM SCARA robot 
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new control algorithms make it a unique robot. The 
installation technique of gearbox in this design is another 
considerable feature of FUM SCARA. Through this method, 
there is no bending on the gearbox shaft in all revolute joints. 

Design parameters are as follows: payload, workspace and 
reachability, maximum velocity, repeatability and cost [11]. 
The FUM SCARA robot is a medium size SCARA robot type 
which can be used in many applications such as pick and place 
and high speed assemblies requiring high precision. 
Specifications of FUM SCARA robot are compared with well-
known manufacturers’ data in [3]. 

III. MECHANICAL LINEAR-ROTARY JOINT DESIGN 
The main criterion of joint design is the cycle time 

trajectory with pre-defined velocity and acceleration in 
addition to repeatability. Power transmission selection of the 
linear-rotary joint is important due to the effects of the joint 
weight on other power transmission systems. The lower the 
weight of the second link leads to less motor torque for the first 
and the second robot joints. Design algorithm is based on 
predicting the power transmission system and the estimation of 
its inertia and mass. Required torque for robot joints can be 
computed by simulating the cycle time trajectory. Next, 
considering the computed torque from previous step, the new 
power transmission system is selected. If the results of the 
recent design do not correspond with the first one, the design 
algorithm is restarted from the first step. This procedure will be 
repeated till the previous and recent power transmission 
systems match together. The applied algorithm to select the 
power transmission system is depicted in Fig. 2. This algorithm 
is completely illustrated in [3]. 

The algorithm must be applied to rotary part of linear-
rotary joint to select suitable planetary gearbox. Linear part of 
this joint has no gearbox and motor shaft is connected to ball 
screw directly through a custom coupling. Linear and rotary 
motion of the end-effector are achieved by ball screw and ball 
spline, respectively. The selection procedure of the ball screw 
as the most important part of the joint is depicted in Fig. 3. 

Accuracy grade and efficiency of the ball screw are 
selected based on demands. The standard combination of lead 
and screw shaft diameter are listed in manufacturers’ catalogs 
[12]. According to application, screw shaft mounting method 
is chosen. As shown in Fig. 4, there are four common types of 

mounting [13]: 

• fixed-fixed 
• fixed- supported 
• supported-supported 
• fixed-free 

Among the introduced methods, fixed-supported method is 
utilized in the liner-rotary joint according to desired velocity 
and payload. Mounting type is important due to the 
determination of screw shaft permissible axial load and 
rotational speed. High axial load may cause screw shaft 
buckling. Considering the payload weight, applied axial load 
has to be less than permissible axial load [12]. 

Ball screw service life has to be considered similar to 
ordinary bearings. External load causes repeated stress on ball 
screw raceways and its balls. When stress reaches the limit, 
surface flake (scale-like pieces of metal surface) happens. 
Service life is the total number of revolutions that 90 % of 
identical ball screw units in a group achieve without 
developing flaking after they independently operate in the 
same conditions [14]. 

Desired end-effector linear and rotary velocities are notable 
parameters of the ball screw and the ball spline selection 
procedure. In fact the high rotational speed of screw shaft may 
resonate and finally become unable to operate well due to 
natural frequency of screw shaft [14]. The permissible 
rotational speed also must be checked by DN-value. This value 
expresses peripheral speed [12]. As shown in Fig. 5, end-
effector rotary and linear motions are due to the first motor and 
the second motor of the linear-rotary joint, respectively. The 
components of the joint are shown in Fig. 5. Important parts 
are colored and Fig. 5-b is a cross-section of Fig. 5-a. Figs. 5-c 
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Fig. 2. Motor and planetary gearbox selection flowchart 
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Fig. 3. Ball screw selection flowchart 
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and 5-d are closer views of screw and spline nuts which are 
green and blue, respectively. 

Spline shaft is connected by some custom designed parts 
and standard bearings to ball screw nut in order to convert the 
motor rotation into linear motion. As shown in Fig. 5, ball 
spline is a guide for the ball screw. On the other hand, ball 
spline is responsible for the end-effector rotation. The hollow 
ball spline is selected to pass a vacuum tube through it. The 
ball spline nut is connected to the second link of the FUM 
SCARA robot by bearings in order to be capable of tolerating 
radial and axial forces. 

IV. CYCLE TIME TRAJECTORY EXPLANATION 
The criterion for power transmission system design and 

motor selection is the cycle time trajectory. The cycle time of 
SCARA robot is depicted in Fig. 6. 

The cycle time is a reciprocating trajectory e.g. at the end 
of trajectory end-effector will return to its initial position. End-
effector goes 25 mm upward then 300 mm horizontally and 
finally 25 mm downward [14]. This is half of the trajectory and 
the robot must repeat it again to get to the start point. The cycle 
time trajectory for the FUM SCARA robot is assumed to be 0.5 
seconds. The cycle time of some famous SCARA robot 
manufacturers are listed in table I. 

V. WORKSPACE 
Location of sensors, mechanical stops, and design of 

components are considered to obtain the largest possible 
workspace. Joint ranges of the FUM SCARA robot are listed in 
table II. Using these values, workspace is determined. 

The Workspace of FUM SCARA robot is dexterous where 
the work piece could be oriented in any direction about z axis. 
Top view of the workspace is depicted in Fig. 7. 

(a) 

(b) 

(c) 

(d) 
Fig. 4. Mounting methods - (a) fixed-fixed (b) fixed-supported (c) 
supported-supported (d) fixed-free [13] 

  

 

(c) 

 
(a) (b) (d) 

Fig. 5. Linear-rotary joint components are colored - First motor: Pink - 
Second motor: Grey - Spline shaft: Red - Ball spline nut: Blue - Screw 
shaft: Yellow - Ball screw nut: Green  

 
Fig. 6. Cycle time trajectory 

TABLE I.  CYCLE TIME COMPARISON OF FUM SCARA VS. WELL 
KNOWN SCARA MANUFACTURERS 

Specification Payload FUM 
SCARA 

Epson 
LS6 

OMRON 
R6YXG700 

Adept 
Cobra 
s800 

Cycle time 
(seconds) 

0 kg 0.5   0.48 

1 kg  0.42   

2 kg   0.42  
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VI. RESULTS 
ISO 9283 illustrates repeatability computation method in 

detail [9]. Based on ISO 9283, repeatability should be iterated 
30 times in a cube which is located in the robot’s workspace. 
The cube has two main features: 

• It has to be the biggest cube located in the workspace 
• Edges of the cube must be parallel to the base 

coordinate system 

This cube is shown in Fig. 8 for FUM SCARA robot. 
Proposed new linear-rotary joint is applied as the third and the 
fourth joints of FUM SCARA. Repeatability test results of 
applied joint are shown in table III. 

The FUM SCARA robot has traced the simulated cycle 
time trajectory accurately. This robot is controlled by a simple 
proportional-integral-derivative control method. The first, the 
second, and the fourth joints of the FUM SCARA are involved 
in cycle time trajectory. The results are shown in Fig. 9. 
Desired and actual trajectories are depicted by dashed and 
solid lines, respectively. 

Fig. 9 shows that the cycle time trajectory in the robot joint 

space is passed with acceptable errors in desired time and the 
results are satisfactory. 

 
 

Fig. 7. FUM SCARA robot’s workspace (top view) 

 
 
Fig. 8. Selected cube based on ISO 9283 
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Fig. 9. Desired and actual joint angular position of the FUM SCARA 
robot racing cycle time trajectory (a) 4th joint (b) 2nd joint (c) 1st joint 

TABLE II.  FUM SCARA WORKSPACE 

Joint Workspace 
1st ±110  
2nd ±130  
3rd Unlimited 
4th 190 mm 
  

TABLE III.  REPEATABILITY OF LINEA-ROTARY JOINT 

Joint Repeatability 
3rd ( ) ±0.02 

4th (mm) ±0.03 
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VII. CONCLUSION 
Details of a novel cost-effective linear-rotary joint design is 

first described. The joint is used on the FUM SCARA robot. 
Using this robot, various trajectories each having a fixed cycle 
time are introduced. A PID controller is used to follow the 
desired trajectories. Repeatability test is done based on ISO 
9283 method.  Results for the designed linear-rotary joint show 
that a satisfactory repeatability of ±0.03 mm and ±0.02  is 
obtained for its linear and rotary motion, respectively. The 
FUM SCARA robot offers an open architecture control system 
allowing the user to repeat the various tests performed in this 
paper using a wide variety of other control algorithms. 

REFERENCES 
[1] L. Westerlund, “The extended arm of man: a history of industrial robot,” 

Informationsförlaget, 2000. 
[2] N. Mahpeykar, J. Enferadi, and A. Akbarzadeh, “Mechanical design 

process for the zippy wrist,” In Robotics (ISR), 41st International 
Symposium and 6th German Conference on Robotics (ROBOTIK) (pp. 
1-8). VDE, 2010. 

[3] M. Shariatee, A. Akbarzadeh, A. Mousavi, S. Alimardani, “Design of an 
Economical SCARA Robot for Industrial Applications,” ICROM, The 
Second International Conference on Robotics and Mechatronics, 2014. 

[4] P. J. Turner, P. Nigrowsky, and G. Vines, “A new approach for the 
design of robot joint transmission,” Mechatronics, 11(8), 1053-1062, 
2001. 

[5] L. Zhou, S. Bai, and M. R. Hansen, “Design optimization on the drive 
train of a light-weight robotic arm,” Mechatronics, 21(3), 560-569, 
2011. 

[6] G. Legnani and R. Faglia, “Harmonic drive transmissions: the effects of 
their elasticity, clearance and irregularity on the dynamic behaviour of 
an actual SCARA robot,” Robotica, 10(4), 369-375, 1992. 

[7] M. K. C l z, and M. O. Tuncay, “Comparative experiments with a 
multiple model based adaptive controller for a SCARA type direct drive 
manipulator,” Robotica. vol. 23, pp. 721-729, 2005. 

[8] D. Kohli, G. N. Sandor, S. H. Lee, and K. Y. Tsai, “Manipulator 
configurations based on rotary-linear (RL) actuators and their direct and 
inverse kinematics,” Journal of Mechanisms, Transmissions and 
Automation in Design, 110(4), 397-404, 1988. 

[9] OMRON: “Industrial robots – SCARA robots for industrial 
applications,” 2015. [online] Available: 
http://industrial.omron.eu/en/products/catalogue/motion_and_drives/rob
ots/scara_robots/scara_robots/default.html 

[10] ISO 9283, “Manipulating industrial robots performance criteria and 
related test methods”, 1998. 

[11] P. Bhatia, J. Thirunarayanan and N. Dave, “An expert system-based 
design of SCARA robot,” Expert Systems with Applications, 15(1), 99-
109, 1998.. 

[12] TBI MOTION: “Ball screw catalog,” 2011. [online], Available: 
http://www.tbimotion.com.tw/dianzi/lists/en 

[13] Hiwin: “Ballscrews technical information,” 2010. [online] Available: 
http://hiwin.com/html/catalogs/ 

[14] THK: “Ball screw general catalog,” 2010. [online] Available: 
https://tech.thk.com/uk/cat_claim/catalog_list.php 
 

 

233



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


