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1. Introduction 

In recent years, the method of driving a injection 
molding machine has been rapidly shifting from oil pres-
sure drive to electric drive using a servo motor. Driving a 
large injection molding machine or a high-speed injection 
mechanism for thin molding demands high torque, high 
speed, and high response. To meet this demand, the mo-
tor must achieve large capacity, low inertia, high-speed 
and high torque in its performance. For a high-speed in-
jection mechanism, in particular, high torque in the 
high-speed region is needed to accelerate to high-speed 
rotation at a stretch. The required specifications can be 
achieved by designing the torque generation of the motor 
to have low inertia and high-speed rotation.  

When the number of motor poles is increased, although 
it is an advantage for miniaturization, the reactance drop 
becomes substantial, because the frequency at high-speed 
rotation rises and insufficient high-speed torque is 
generated. Low inertia simply requires reducing the rotor 
diameter, but the length of the motor expands to obtain 
high torque because the permanent magnet volume de-
creases, and so it is not practical given restrictions with 
the manufacturing equipment and the need to secure axis 
rigidity. A design that balances rotor diameter, product 
thickness, and the number of poles is necessary to 
achieve low inertia and high-speed, high torque. 

SANYO DENKI has developed three new models, 
which form the Q4 series of SANMOTION Q. Two of the 
models have rated output 11kW and 15kW for the flange 
sq. size 180mm, and the other has a rated output of 20kW 
for 220mm. 

This paper explains the main characteristics of the 
products, and reports on the technical results.  
 
2. Features 

2.1 Torque Characteristic 
 

Table 1 shows a comparison of the main dimensions of 
the conventional 20kW product and the new Q4 motor. 
The amplifier to be used is the PQ M series 600A ampli-
fiers. The maximum sq. acceleration has been increased 
by a factor of 2.5 by changing the rotor low inertia. 

Fig. 1 shows the comparison of the torque rotating 
speed characteristics. We were able to improve the in-
stantaneous maximum torque by approximately 9% while 
securing a torque area almost equal to that of the con-
ventional model and achieving low inertia with the rotor. 
Moreover, the lineup can be expanded to a maximum ro-
tating speed of 3000min-1, depending on the combination 
of the servo amplifiers. It is also possible to meet respond 
to demand for greater speed. 

 
 
 
 

Table 1  Main Dimensional Comparison 
 Conventional Motor New Motor 

Model P60B2220KBX* Q4AA2220KBX*
Max. Rotating Speed 2000min-1 2000min-1 

Continuous 
Torque 

127N･m 127N･m 

Max. Continuous  
Current 

98Arms 100Arms 

Instantaneous  
Max. Torque 

280N･m 305N･m 

Instantaneous  
Max. Current 

181Arms 262Arms 

Rotor Inertia 248×10-4kgm2 105×10-4kgm2 
Max. Acceleration 11300rad/s2 29000rad/s2 
Flange Sq. Size 220mm 220mm 

Length 490mm 625mm 
Cooling External Fan External Fan 
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Fig. 1  Characteristics of Torque Rotation Speed  
 

2.2 Acceleration Performance 
 

Fig. 2 shows a comparison of rotor inertia in each series 
※(1), and Fig. 3 shows a comparison of the maximum sq. 
acceleration. The performance in the large capacity and 
the low inertia area, which was not covered by the con-
ventional series, was improved. It is believed to be 
possible to help injection molding machines, spring 
molding machines and press machines, the capacity of 
which is increasing in recent years, achieve higher speeds 
and pressure by improving the torque as well as the 
maximum acceleration further. 
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As an example of acceleration performance, Fig. 4 
shows a comparison of the acceleration characteristics 
when the load inertia is assumed to be 0.03kg/m2 (about 
three times the Q4AA2220K motor inertia). The accelera-
tion time can be shortened by approx. 40%. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2  Rotor Inertia Comparison 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3  Comparison of the Max. Acceleration  
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Fig. 4  Comparison of Acceleration Characteristics (Motor Temp.: Cool) 
 

3. Line-Up (Q4 Series) 

Table 2 shows the main parameters of the Q4 series 
lineup, Fig. 5 shows the product and Fig. 6-8 shows the 
characteristics of the torque rotating speed.  

The power supply voltage is of the AC200V type and 
there is a choice of three models (with rated output of 
11kW, 15kW, and 20kW). In addition, the maximum ro-
tation speed can reach up to 3000min-1, depending on the 
combination of servo amplifiers.  

This was achieved by changing the winding of the mo-
tor to have the best combination of the continuous line 
and clashed line of Fig. 6-8 and servo amplifiers with dif-
ferent capacities. 

The Q4 series products are able to the provide large 
capacity, low inertia, and high-speed high torque motor 
required for large injection molding machines. They can 
also deliver the high-speed injection mechanism for thin 
molding. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5  SANMOTION Q(Q4AA2220K) 
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Table 2  Product Specification  
11kW Model 15kW Model 20kW Model Item Unit Q4AA1811KB Q4AA1811KH Q4AA1815KB Q4AA1815KH Q4AA2220KB Q4AA2220KH 

Rated Output kW 11 15 20 
Rated Rotating 

Speed min-1 1500 

Maximum Rotat-
ing Speed min-1 2000 3000 2000 3000 2000 3000 

Rated Torque N･m 70 95.5 127 
Instantaneous 
Max. Torque N･m 190 190 220 255 305 350 

Instantaneous 
Max. Current Arms 155 190 155 198 262 330 

Rotor Inertia ×10-4 kg･m2 63 85 105 
Max.  

Acceleration rad/s2 30200 30200 25900 30000 29100 33300 

Motor Size mm □180×533 □180×623 □220×625 
Weight kg 60 75 104 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 6  Characteristics of Torque Rotating Speed of 11kW Machine 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7  Characteristic of Torque Rotating Speed of 15kW Machine 
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Fig. 8  Characteristics of Torque Rotating Speed of 20kW Machine 
 

4. Conclusion  

0 

100 

200 

300 

400 

0 500 1000 1500 2000 2500 3000 3500 

To
rq

ue
  
T 

 [
N

We have developed the Q4 series of low inertia large 
capacity AC servo motors. We will continue to contribute 
to recent market trends towards enlargement, higher 
speeds and higher responses, as seen with injection 
molding machines. 

 
Reference 

*(1) SANYO DENKI Technical Report No.14:”AC Servo Motor ”Q” 
Series”,pp.32-34 (2002-11) 

 
 
 
 
 
 
 
 
 
 
 
 

・
m

] 

Rotating Speed  N  [min-1] 

Q4AA1815KH 

Instantaneous 
Region 

Q4AA1815KB 

Continuous 
Region 

29|SANYO DENKI Technical Report No18 Nov. 2004 



 

 

 

Shintaro Koichi 
Joined company in 1985 
Servo Systems Div., 1st Design Dept. 
Worked on design and development of  
servo motor  

 
 

 

Kazuyoshi Murata 
Joined company in 1991  
Servo Systems Div., 1st Design Dept. 
Worked on design and development of  
servo motor 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Masanori Sakai 
Joined company in 1992 
Servo Systems Div., 1st Design Dept. 
Worked on design and development of  
servo motor 

 
 

 

Toshihito Miyashita 
Joined company in 1997  
Servo Systems Div., 1st Design Dept. 
Worked on design and development of  
servo motor 

 

SANYO DENKI Technical Report No18 Nov. 2004|30 



<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /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 <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


