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Abstract. The control strategy of gear-position optimization of an AMT vehicle under Tip-in 
condition is presented in this article. The down-shift principle of an automatic transmission under an 
acceleration condition is also analyzed. The in-the-loop simulation platform of transmission system 
software of an AMT vehicle is established using the Matlab/Simulink. The simulation platform 
mainly includes the vehicle load module and the control strategy module. The vehicle load module 
mainly includes the driver intention module, the transmission model, the engine model, the 
synchronizer model, the clutch model and the resistance model. The hard-acceleration condition is 
simulated under no deceleration condition by utilizing the optimized control strategy and 
conventional control strategy respectively. The result indicates that the proposed control strategy can 
identify a driver’s intention, decrease shift times, reduce power interruption time, improve comfort 
and make the vehicle reach the maximum speed quickly. 

Preface 
The tradition AMT shift schedule mainly determines the target gear according to the throttle and the 

speed, which can make the vehicle work better power and economy conditions. It will increase the 
throttle opening suddenly when the vehicle accelerating. In this case, to make the engine work in 
reasonable conditions, the transmission gear will be reduced. If you do not impose restrictions, It will 
bring the state that it even just downshifts and then upshifts. Which does not meet the intent of the 
driver, and also reduces the power, the economy, the comfort and the transmission life. According to 
analyzing the transmission downshift principle in the Tip-in conditions, determined whether the 
downshift is reasonable, it presents automated mechanical transmission(AMT) vehicles gear optimal 
control strategy in the Tip-in condition. Built AMT vehicle drive system software in-the-loop 
simulation platform with Matlab / Simulink software. Simulate with the optimal control strategy 
in-the-loop simulation platform, The simulation results verify the correctness and the superiority of the 
proposed control strategy. 

Downshift principle in the accelerating conditions 
Now, the main application of the automatic transmission is a two-parameter shift schedule 

determined by the throttle opening and the vehicle speed. The principle of the shift schedule is shown 
in Figure 1. m+1→m curve is a downshift law curve; m→m+1 curve is a upshift law curve. In the A 
to B stage the transmission is in the m gear and the throttle keeps Plow unchanged. The transmission 
will upshift to m+1 gear when the speed increases to the point B, because it crosses the current upshift 
curve. The transmission is in the m+1 gear in the B to C stage, the throttle keeps Plow constant 
continually, the speed continues to increase, until the point C. The C to E stage is the process that the 
throttle increases from the Plow to the Phigh suddenly. At this time the speed does not change due to the 
vehicle inertia. But this process crosses the point D that is the intersection of the current state of the 
law of a downshift curve and CE line, which makes the transmission reduce from m+1 gear to m gear. 
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The transmission is in the m gear in the E to F stage. The throttle keeps Phigh constant with the speed 
increasing until it get to the point F. The transmission will upshift to m+1 gear because it crosses the 
current upshift curve. The transmission is in the m+1 gear in the F to G stage. The throttle continually 
keeps Phigh constant with the speed increasing. In the urgent reducing throttle process the transmission 
will keeps the vehicle working in the corresponding mode based on this shift schedule, so it will be 
frequently shifting action. 
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Fig.1 the downshift principle in the urgent reducing throttle conditions 

Optimal control strategy 
Engine operating conditions under different speed, the throttle and the gear can be gained according 

to the engine model. To measure the time shift in different shift strategy, establish the following speed 
balance equation. 

0 1 1 1

1
0 0 ;

( ) ;downshift

notdownshift not downshift
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                                                                                         (1) 

In this equation: V1 is downshift and then rise to the speed of the original gear; V0 is the speed 
begining to accelerate; a0 is acceleration under the original gear after accelerating; a1 is acceleration 
under the new gear after accelerating; tnotdownshift is time to accelerate to V1 under the original gear 
after accelerating; tdownshift is time to accelerate to V1 under the new gear after accelerating; n is actual 
downshift number; t-1 is average downshift time; t+1 is average upshift time. 

Build the process shown in Figure 2 of the optimize shift control strategy in the Tip-in condition. m 
is the intermediate variables in the program. In some conditions the engine is not working properly 
until the transmission shifts, so it make whether the engine still be able to work properly as the judging 
condition in the current gear. It make  downshift notdownshiftt t≥ as a judge for the comparison of the two shift 

strategies power. 
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Fig.2 Flow of the optimize shift control strategy 

Software-in-the-loop simulation platform 
Built an automatic transmission vehicle drive system software in-the-loop simulation platform with 

Matlab / Simulink software. It shown in Figure 3 [1-3]. 

  

Fig.3 Simulation platform interface 

The simulation platform mainly includes the driver intention module, the transmission model, the 
engine model, the synchronizer model, the clutch model, the resistance model and the control strategy 
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module[5-6]. kd is the actual throttle opening; we is engine speed; wc is input shaft speed; C_pwm is the 
control signal of the clutch actuator motor; M1_pwm is the control signals of the election and shift 
implementation motor 1; M2_pwmv is the control signals of the election and shift implementation 
motor 2; gear is the gear the transmission needs; Te is the engine output torque; Tc is the torque which 
the clutch can be passed; Ts is the torque which the synchronizer can be passed; Fv is the vehicle 
resistance; wr is the tire angular velocity; Kd_pad is the accelerator pedal position; Brake_pad is the 
brake pedal position; Key is the ignition switch. 

Simulation analysis 
A equipped with automatic mechanical transmission, electronically controlled engines and the dry 

clutch vehicle as the study object. Simulate and analyse to the result that the vehicle is controlled using 
the optimal control strategy and the traditional control strategy respectively on the built drive system 
software in-the-loop simulation platform[4-5]. The Simulation conditions: The initial accelerator pedal 
position is 20%; The initial speed is 0.7km/h; The first gear transmission ratio is 6.194; The second 
gear transmission ratio is 3.894; The third gear transmission ratio is 2.260; The fourth gear 
transmission ratio is 1.428; The fifth gear transmission ratio 1.000; The transmission initial gear is 
empty; The rolling resistance coefficient is 0.02; The driving road ramp angle is 0rad; The wind speed 
to the face is 0km/h; The clutch has completely separated before the simulation starting. The tradition 
two-parameter shift schedule of the automatic transmission based on the throttle and the speed is 
shown in Figure 4. 

 

Fig.4 The curve of the two-parameter shift schedule 

The figure 5 is the simulation curve that the throttle opening, the speed and the gear of the 
traditional shift schedule changes along with the acceleration time. The figure 6 is the simulation curve 
that the throttle opening, the speed and the gear of the optimize shift schedule changes along with the 
acceleration time. From the figure 5 it can be seen that the speed increasing the throttle suddenly is 
30km/h and the transmission has been promoted to the fourth gear before the throttle increases. The 
increased throttle opening is 70%. The transmission drops to the third gear from the fourth gear and 
then rising to the fourth gear and the fifth gear. After shifting three times it reaches the maximum speed 
which uses 80s. From the figure 6 it can be seen that the speed increasing the throttle suddenly is also 
30km/h and the transmission has been promoted to the fourth gear before the throttle increases. The 
increased throttle opening is 70%. The transmission rises from the fifth gear to the fourth gear only one 
time. It reaches the maximum speed which uses 77s. 

0 1 2 3 4 5 6
0

1

2

3

4

5

6

7

8

9

10

Vehicle speed km/h

A
cc

el
er

at
or

 p
ed

al
 p

os
it

io
n 

%
 

  

 

112 2 3 2 2 3 4 3 3 4 5 4 54

Proceedings of the 2012 International Conference on Automobile and Traffic Science, Materials, Metallurgy Engineering (MMAT 2012)

Published by Atlantis Press, Paris, France. 
© the authors 

0011



 

 

Fig.5 The simulation curve of the traditional control strategy 

 

Fig.6 The simulation curve of the optimize control strategy  

The simulation results showed that: After increasing the throttle in the same condition, the 
proposed optimal control strategy could identify the driver intention, reduced shift times and the 
power break time, improved comfort ability, and reduced the time that the vehicle achieved 
maximum speed. 

References 

[1] Zhang Tai, Ge Anlin, Tang Chunxue, et al. A Study on Shift Schedule of Off-road Vehicle with 
TC and AMT, J. Automotive Engineering, 2007, 29(3): 226-229,249 (In Chinese). 

0 1 2 3 4 5 6 7 8 9 10
0

5

10

Time  t/s

V
eh

ic
le

 K
m

/h
 

0   3 4 5 6 7 8 9 10

0
1 
 
4 
6

Time  t/s

G
ea

0 1 2 3 4 5 6  8   
0

2

4

6

8

10

Time  t/sA
cc

el
er

at
or

 p
ed

al
 p

os
it

io
n 

%
 

0 1 2 3 4 5 6 7 8 9 10
0

2
4
6
8

10

Time  t/sA
cc

el
er

at
or

 p
ed

al
 p

os
it

io
n 

%
 

0 1 2 3 4 5 6 7 8 9 10
0

5

100

Time  t/s

V
eh

ic
le

 K
m

/h
 

0 1 2 3 4 5 6 7 8 9 10

0
1
2
3
4
5
6

Time  t/s

G
ea

Proceedings of the 2012 International Conference on Automobile and Traffic Science, Materials, Metallurgy Engineering (MMAT 2012)

Published by Atlantis Press, Paris, France. 
© the authors 

0012



 

[2] Guo Xiang en1, Li Yan. Study on Dynamic Shift Schedule of Construction Vehicle, J. Journal of 
Wuhan University of Technology(Transportation Science & Engineering), 2009, 33(5): 839-842(In 
Chinese). 

[3] DONG Yue-hang, YIN Cheng-liang, CHEN Li, et al. Optimal Torque Control Strategy of 
Electric Transmission Driver Based on AMT During Gear Shift, J. Journal of Shanghai Jiaotong 
University, 2009, 43(2): 217-221(In Chinese). 

[4] Yuhai Wang, Jian Song and Xingkun Li. Simulation of AMT Autoshift Process Based on 
Matlab/Simulink/Stateflow, C. //SAE Paper 2004-01-2055. 

[5] Xiaofeng Yin, Jingxing Tan, Yulong Lei, et al. Combined Control Strategy for Engine Rotate 
Speed in the Shift Process of Automated Mechanical Transmission, C. // SAE Paper 2004-01-0427. 

 

Proceedings of the 2012 International Conference on Automobile and Traffic Science, Materials, Metallurgy Engineering (MMAT 2012)

Published by Atlantis Press, Paris, France. 
© the authors 

0013



<<
  /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 1.7
  /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 true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /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 <<
    /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)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [1275.591 878.740]
>> setpagedevice




