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HLS (High-speed Linear Servo-press-line) of a new concept merging the productivity of transfer presses, 
and formability and versatility of servo-presses has been developed.  This introduction of product explains the 
background to its development and technology of the new product, and introduces the above described product. 
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1. Introduction 

Presses driven by a servomotor are diverse, ranging from 
small to large presses, and have been accepted in the market 
for high evaluation of their formation, energy saving and other 
performances.  As products, this paper introduces transport 
machines that operate tuned (synchronized) to compact 
servo-presses of multiple processes and significantly enhance 
productivity compared with conventional robot tandem lines.  
The tuning (synchronization) principle of the transport 
machines in operation with presses is introduced. 

2. Aims of Development 

Plotting high precision and flexibility on the axis of abscis-
sas and high productivity on the axis of ordinates, Fig. 1 shows 
where each machine stands.  Conventional tandem lines 
(manual lines) are flexible, but general-purpose robots are 
installed and conversion into transfer presses is needed to 
enhance productivity.  However, transfer presses have die 
constraints and their forming performance deteriorates due to 
eccentric die loads.  Flexibility also deteriorates.  The newly 
developed HLS (High-speed Linear Servo-press-line) merges 

 
 

 
 

Fig. 1  Concept of HLS 
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the productivity of the transfer press and formability and 
flexibility of the tandem press. 

 
3. Composition 

The full view of the HLS is shown in Fig. 2.  The HLS 
consists of servo-presses for multiple processes (capacity 110 
to 200 tons) and transport robots shown in Photo 1.  The 
number of processes can be increased in accordance with 
production process requirements.  Transport machines 
between presses are multiple carriers, each of which can be 
provided with a vacuum cup attachment (electromagnetic 
magnet can also be mounted in place of a vacuum cup 
attachment) to hold a work.  The carrier houses a linear motor 
to drive the carrier in the flow direction and a servomotor to 
vertically move the attachment.  The motors enable vertical 
two-dimensional operation of an attachment that transports a 
work. 

 
 

 
Fig. 2  Full view of HLS 

 

 
Photo 1  Full view of linear robot 

 

The linear motor improves the rigidity of the drive system 
and reduces vibration during the transport of works, ensuring 
stable transport of works.  A prominent difference compared 
with conventional robots is that this structure allows individual 
carriers to move independently so that operations between 
processes can be set independently in accordance with die 
operation.  Figure 3 shows the structure of conventional 
robots.  Structurally, two processes are driven by one drive 
equipment and the heights of the dies have to be adjusted to the 
same height.  The HLS changes attachment motion in accord-
ance with the die so that dies can be more flexible in it. 

 

 
 

Fig. 3  Structure of conventional transport robots 
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4. Characteristics of Product 
4.1 High productivity 
The largest characteristic of HLS is productivity.  The 

highest production speed is 35spm (if feed is 900mm), accom-
plishing a speed about twice that of a conventional robot 
tandem (18spm).  This is made possible by perfectly synchro-
nized operation of transport machines with presses, and by 
phase shift difference operation of presses. 

In existing robot lines, presses and transport machines oper-
ate alternately.  A transport machine transports a work after a 
press performs one cycle of operation and stops at its top dead 
center.  This process is repeated and wasteful time of stopping 
and starting is generated, causing the low productivity.  The 
only method available to address this issue is to make adjust-
ment, such as increasing the speeds of the presses and robots 
and to operate transport machines immediately before the 
presses stop their operation. 

In the HLS, the press slide is continuously operated and 
transport machines are operated synchronized to the press slide, 
to achieve continuous line operation.  This eliminates waste-
ful time of stopping and increases the productivity.  The 
principle of line tuning (synchronism) is described later. 

Another means to accomplish a high productivity is phase 
shift difference operation of presses.  Its principle is illus-
trated in Fig. 4, indicating that the line speed can be increased 
by providing a phase shift difference to presses even though 
the transport time is the same. 
 

 
 
 
 
 
 
 

 
 
 

Fig. 4  Principle of phase shift difference operation 
 
When presses operate in the same phase shift as shown in 

the illustration in the top part of Fig. 4, the line speed is 
decided by transportable time + α (depends on capacity of 
transport machine).  However, when presses are operated by 
providing a phase shift difference between presses, a transport-
able time is gained and the cycle time of presses can be short-
ened for the phase shift difference time.  As a result, the line 
speed can be increased. 

4.2 High formability 
The second major characteristic of the HLS is a high 

formability and high precision.  Generally, a transfer press is 
chosen if a high productivity is desired.  However, the trans-
fer press forms works by mounting plural dies on one slide and 
one bolster, sometimes causing an eccentric load.  Therefore, 
the formability of some processes sometimes cannot be 
ensured.  In this case, high-level die correction or adjustment 
of a shim or a die will be necessary. 

On the other hand, the HLS is a servo-press with plural 
slides and can achieve high forming performance for each of 
its processes as shown in Fig. 5.  The height of a bottom dead 
center of the slide can be corrected automatically for each 
process, allowing adjustment of precision and maintenance of 
high precision.  The other characteristics of the HLS are 
summarized in Fig. 6. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5  Selection of forming motion 
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4.3 Principle for tuning (synchronizing) 
servo-press and transport machine 

The tuning system for transport machines is different for 
mechanical presses and servo-presses.  First, the system to 
tune to a mechanical press is explained using a transfer press 
system as an example. 

A transfer press of the mechanical drive equipment (press) 
houses a transport machine (mostly driven by a servomotor) for 
follow-up operation with a mechanically driven press.  In this 
case, a table defining phase correlation between the press angle 
and position of the transport machine is defined in the control 
of the transport machine.  The transport machine constantly 
detects the press angle at an interval of 1 to 3m/s and indexes 
the position command of the transport machine by looking up 
in the foregoing command table the position of the transport 
machine to the press angle.  This position command controls 
the position of the servomotor of each axis of the transport 
machine.  As a result, operations of the transport machine 
follow operations of the press. 

Next, the system for the HLS (servo-presses) is explained.  
The HLS consists of plural presses and plural transport 
machines.  Therefore, when the foregoing principle is applied, 
the transport machine of a process must alternately follow two 

presses in the upstream and downstream, making the system 
complex.  In an extreme case, the motion of a servo-press 
stops during its operation.  Therefore, the transport machine 
may stop in the principle in which the transport machine oper-
ates by looking up the press position. 

The HLS employs the reference clock system shown in Fig. 
7.  The reference clock system has a virtual clock as a refer-
ence for the operation of each equipment and each equipment 
is made to operate following this reference clock.  When all 
equipment accurately follows this clock, the entire line can 
operate in tune (in synchronism).  Each equipment can be 
operated free from concern about other equipment and the 
system can be simplified even if a system has equipment for 
many processes. 

The notion of a reference clock system is not new.  How-
ever, this system could be realized because the presses are 
driven by servomotors and can be operated accurately as 
planned.  Theoretically, this system can be applied to 
mechanical presses.  The follow-up performance of mechani-
cal presses with a clock, however, is poor due to their structure 
(flywheel driven), causing an interference risk between presses 
and transport machines.  Komatsu is not using the reference 
clock system with mechanical presses. 

 
 

 
 

Fig. 6  Characteristics of the HLS 
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Fig. 7  Concept of reference clock system 
 
 
5. Conclusion 

The main feature of the HLS series is a press line that 
ensures productivity and that makes high-precision production 
of forming panels possible.  Tuned operation between presses 
and transport machines made this press line feasible. 

A linear servo mechanism is used in driving the HLS in the 
feed direction for the first time for this class, paving the way 
for simplification of the structure of transport machines and a 
reduction in the weight of moving parts.  These results have 
contributed to energy saving and low noise.  A further 
increase in productivity will be targeted in the future by 
improving set-up performance. 
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[A few words from the writers] 

The HLS of a new concept employing the linear motor technol-
ogy accumulated since the days of H*TL has been introduced in 
the market as transport machines for the H1F and OBS lines.  In 
the hope that the HLS technology will be evaluated highly by its 
users in the future, efforts will be continued to develop transport 
machines of a new concept matching the global market. 
 
 
 
 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


