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LLP In a shift control method for an automatic transmission, it is 
P.O. BOX 747 first determined if a vehicle is running on a level road 
Falls Church, VA 22040-0747 (US) according to a signal from a drive State detector, then one of 

an economy or a power mode is Selected according to a 
current throttle opening ratio. After, an upshifting point of 

(21) Appl. No.: 09/730,861 the Selected mode is Set, a Speed ratio is Set according to the 
upShifting point of the Selected mode and outputting a 

(22) Filed: Dec. 7, 2000 corresponding control Signal to a drive unit. 
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SHIFT CONTROL METHOD FOR AUTOMATIC 
TRANSMISSION 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to an automatic trans 
mission for vehicles, and more particularly, to a shift control 
method for an automatic transmission. 

0003 2. Description of the Related Art 
0004. In automatic transmissions used for vehicles, a 
shift control System performs control to realize automatic 
shifting into different Speeds and shift ranges according to 
various factors including throttle opening, vehicle Speed and 
load, and Several engine and driving conditions detected 
through a plurality of Sensors. That is, based on Such factors, 
the shift control System controls a plurality of Solenoid 
valves of a hydraulic control system such that hydraulic flow 
in the hydraulic control System is controlled, resulting in the 
shifting of the transmission into various speeds and shift 
rangeS. 

0005. In more detail, when the driver manipulates a shift 
lever to a particular shift range, a manual valve of the 
hydraulic control System undergoes port conversion as a 
result of the manual valve being indexed with the shift lever. 
By this operation, hydraulic preSSure Supplied from a 
hydraulic pump Selectively engages a plurality of friction 
elements of a gearShift mechanism according to the duty 
control of the Solenoid valves, thereby realizing shifting into 
the desired shift range. 
0006 When designing such an automatic transmission, 
power performance is considered to be important in a load 
range higher than a medium engine load, while fuel con 
Sumption ratio is considered to be important in a load range 
lower than the medium engine load. The medium engine 
load is set on the basis of 50% of a throttle opening. 
0007 That is, the automatic transmission has an economy 
mode and a power mode. In the economy mode, a shift 
pattern is designed Such that an upshifting operation is 
quickly realized to improve the fuel consumption ratio. In a 
power mode, a shift pattern is designed Such that an upshift 
ing point is moved to a high Speed Side So that engine torque 
can be increased. 

0008. The economy and power modes are selected by a 
user manipulating a pattern Select Switch. 
0009. However, since such shift patterns are fixed in a 
memory, it is impossible to Set an optimum shifting point 
according to variations in engine torque, torque converter 
State, and running resistance. That is, the shift patterns 
cannot be flexibly varied according to these variations. 

SUMMARY OF THE INVENTION 

0.010 The present invention has been made in an effort to 
solve the above problems. 
0011. It is an objective of the present invention to provide 
a shift control method for an automatic transmission that 
detects a driver's desire and a vehicle's running condition 
and determines a shifting point which can realize optimum 
fuel consumption ratio and power performance. 
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0012 To achieve the above objective, the present inven 
tion provides a shift control method for an automatic trans 
mission comprising the Steps of determining if a vehicle is 
running on a level road according to a signal from a drive 
State detector, Selecting one of an economy or a power mode 
according to a current throttle opening ratio, Setting an 
upShifting point of the Selected mode, and determining a 
Speed ratio according to the upshifting point of the Selected 
mode and outputting a corresponding control signal to a 
drive unit. 

0013 The step of determining if a vehicle is running on 
a level road further comprises the Steps of determining a 
gradient value according to a Signal from the drive State 
detector, determining if the gradient value is in a preset 
Standard gradient range, and determining that the vehicle 
runs on the level road when the gradient value is in the preset 
Standard gradient range or runs on the slope when the 
gradient value is not in the preset Standard gradient range. 
0014 Preferably, the preset standard gradient range is 
-3.5-5%. 

0015 The step of selecting one of an economy or a power 
mode further comprises the Steps of detecting the current 
throttle opening ratio, determining if the detected throttle 
opening ratio is less than a predetermined Standard throttle 
opening ratio, and Selecting the economy mode when the 
detected throttle opening ratio is less than the predetermined 
Standard throttle opening ratio and the power mode when the 
detected throttle opening ratio is not less than the predeter 
mined Standard throttle opening ratio. 
0016 Preferably, the standard throttle opening ratio is 
about 50%. 

0017. The method may further comprise the step of 
Setting an upshifting point of a slope running mode when the 
vehicle runs on the slope, Setting a Speed ratio according to 
the upshifting point of the slope running mode and output 
ting a control Signal to the drive unit after a Speed ratio is Set. 
0018 When setting the upshifting point of the slope 
running mode, a point where a driving force line of a current 
n-speed intersects a driving force line of an n+1 Speed 
becomes the upshifting point. 
0019. When the upshifting point of the economy mode is 
Set, a point where a fuel consumption line of a current “n” 
Speed intersects a fuel consumption line of an "n-1” Speed 
ratio becomes the upshifting point. 
0020 When upshifting point of the power mode is set, a 
point where a torque line of a current “n” Speed ratio 
intersects a torque line of an "n-1” Speed ratio becomes the 
upShifting point. 
0021. The speed ratio is determined according to the 
following equation: 

No=No Economy +(No Power-No Economy)x 
SUM(PFC) 

0022) 
0023 No Economy is a current speed ratio in an 
economy mode shifting pattern; 

where No is a speed ratio, 

0024 No Power is a current speed ratio in a power mode 
shifting pattern; and 

0.025 SUM(PFC) is the sum of power factor counters. 
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0026. The SUM(PFC) satisfies the following condition: 
0<SUM(PFT)<1 

0.027 Wen a shift control level is in one of neutral N, park 
P, and reverse R ranges, the SUM(PFC) is set at “0.” 

BRIEF DESCRIPTION OF THE DRAWINGS 

0028. The accompanying drawings, which are incorpo 
rated in and constitute a part of the Specification, illustrate an 
embodiment of the invention, and, together with the descrip 
tion, Serve to explain the principles of the invention: 
0029 FIG. 1 is a block diagram of a shift control system 
asSociated with a shift control method according to a pre 
ferred embodiment of the present invention; 
0030 FIG. 2 is a flow chart of a shift control method for 
an automatic transmission according to a preferred embodi 
ment of the present invention; 
0.031 FIG. 3a is a graph illustrating upshifting setting 
points in an economy mode according to a throttle opening 
with respect to a vehicle Speed; 
0.032 FIG. 3b is a graph illustrating up/downshifting 
patterns in an economy mode according to a fuel consump 
tion ratio with respect to a vehicle Speed; 
0.033 FIG. 4a is a graph illustrating upshifting setting 
points in a power mode according to a throttle opening with 
respect to a vehicle Speed; 
0034 FIG. 4b is a graph illustrating up/downshifting 
patterns in a power mode according to a fuel consumption 
ratio with respect to a vehicle Speed; 
0.035 FIG. 5 is a graph illustrating dual shifting patterns 
of an automatic transmission of the present invention; 
0.036 FIG. 6 is a graph illustrating downshifting setting 
points of an automatic transmission of the present invention; 
and 

0037 FIG. 7 is a graph illustrating a range in which a 
downshifting is allowable in an automatic transmission of 
the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0.038 Preferred embodiments of the present invention 
will now be described in detail with reference to the accom 
panying drawings. 

0039 FIG. 1 shows a block diagram of a shift control 
System and related elements to which the present invention 
is applied. 

0040. The shift control system includes a drive state 
detector 10, a transmission control unit 20, and a drive unit 
30. The drive state detector 10 detects overall driving 
conditions of the vehicle. The drive state detector 10 
includes a throttle opening Sensor 11, an output rpm Sensor 
12, an accelerator pedal Sensor 13, a transmission fluid 
temperature Sensor 14, a shift lever position Sensor 15, an 
engine rpm Sensor 16, and a gradient Sensor 17. The ele 
ments of the drive state detector 10 output signals to the 
transmission control unit 20 that controls the operation of 
the drive unit 30 according to the transmitted Signals. 
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0041) A shift control method according to the present 
invention will now be described with reference to FIGS. 2 
through 7. 

0042 FIG. 2 is a flow chart of a shift control method for 
an automatic transmission according to a preferred embodi 
ment of the present invention. 

0043 First, the transmission control unit 20, which con 
trols the transmission according to a pre-installed program, 
receives drive state signals from the drive state detector 10 
(S100). Then, the transmission control unit 20 determines if 
the vehicle is running on a level road (S100). That is, the 
transmission control unit 20 determines a current gradient 
value according to a signal from the gradient Sensor 17, and 
determines if the current gradient value is within a preset 
standard gradient value range of about -3.5-5%. When the 
current gradient value is within the preset Standard gradient 
value range, the transmission control unit 20 determines that 
the vehicle is running on a level road. 

0044) When it is determined that the vehicle is running on 
a slope, the transmission control unit Sets an upshifting point 
of a slope running mode (S151). Generally, a power mode is 
Set as the slope running mode. When Setting the upshifting 
point of the slope running mode, a point where a driving 
force line of a current “n” Speed ratio intersects a driving 
force line of an “n+1 Speed ratio becomes the upshifting 
point, provided that the throttle opening is not varied. 

0045. However, when it is determined that the vehicle is 
running on a level road, the transmission control unit 20 
detects a throttle opening ratio Th according to a signal from 
the throttle opening sensor 11 (S120). 
0046) Then, the transmission control unit 20 determines 
if the detected throttle opening ratio Th is less than a 
predetermined standard ratio STh (for example, 50%) 
(S130). 
0047. When the detected throttle opening ratio is less 
than the predetermined Standard ratio, the transmission 
control unit 20 Selects an economy mode having a shift 
pattern as shown in FIG.3a (S135), after which an economy 
mode upshifting point is Set according to an up/downshifting 
pattern Set according to a fuel consumption ratio with 
respect to a vehicle speed as shown in FIG.3b (S140). Then, 
the transmission control unit 20 determines a Speed ratio 
according to the economy mode upshifting point and outputs 
a corresponding signal to the drive unit 30 (S160). 
0048. In Step 130, when the detected throttle opening 
ratio is higher than the predetermined Standard ratio, the 
transmission control unit 20 Selects a power mode having a 
shift pattern as shown in FIG. 4a (S145), after which a 
power mode upshifting point is Set according to an up/down 
shifting pattern Set according to a fuel consumption ratio 
with respect to a vehicle speed as shown in FIG. 4b (S150). 
Then, the transmission control unit (20) determines a speed 
ratio according to the power mode upshifting point and 
outputs a corresponding signal to the drive unit 30 (S.160). 
0049. When the economy mode upshifting point is set, a 
point where a fuel consumption line of a current “n” Speed 
ratio intersects a fuel consumption line of an "n-1” Speed 
ratio becomes the upshifting point, provided that the throttle 
opening is not varied. 
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0050. When the power mode upshifting point is set, a 
point where a torque line of a current “n” Speed ratio 
intersects a torque line of an "n-1” Speed ratio becomes the 
power mode upshifting point. 
0051. In addition, when determining the speed ratio, the 
throttle opening Th detected by the throttle opening Sensor 
10 is differentiated. When the differentiated value dTh of the 
throttle opening is higher than a predetermined value (i.e., 
1.25V) and is maintained for a predetermined duration (i.e., 
16 ms), the transmission control unit 20 increases the power 
factor counter by 0.1. However, when the differentiated 
value dTh of the throttle opening is lower than a predeter 
mined value (i.e., 1.25V) and is maintained for a predeter 
mined duration (i.e., 16 ms), the transmission control unit 20 
decreases the power factor counter by 0.1. 
0.052 After the above, the transmission control unit 20 
calculates a Sum of the increased and decreased power factor 
counters, and a speed ratio can be obtained using the Sum 
according to the following equation 1: 
0053 Equation 1 

No=No Economy--(No Power-No Economy)x 
SUM(PFC) 

0054 where No is a speed ratio; 
0055 No Economy is a current speed ratio in an 
economy mode shifting pattern; 

0056. No Power is a current speed ratio in a power mode 
shifting pattern; and 

0057 SUM(PFC) is the sum of the power factor counters. 
0058. In the above, the SUM(PFC) should satisfy the 
following condition: 

0059. When a shift control level is in one of neutral N, 
park P, and reverse R ranges, the SUM(PFC) is set at “0.” 
0060. In addition, when establishing the upshifting point 
in the power mode, a point where a fuel consumption line of 
a current “n” Speed ratio interSects a fuel consumption line 
of an "n-1” Speed ratio becomes the upshifting point, 
provided that the throttle opening is not varied. 
0061. In addition, when determining the speed ratio, the 
throttle opening Th detected by the throttle opening Sensor 
10 is differentiated. When the differentiated value dTh of the 
throttle opening is higher than a predetermined value (i.e., 
1.25V) and is maintained for a predetermined duration (i.e., 
16 ms), the transmission control unit 20 increases the power 
factor counter by 0.1. However, when the differentiated 
value dTh of the throttle opening is lower than a predeter 
mined value (i.e., 1.25V) and is maintained for a predeter 
mined duration (i.e., 16 ms), the transmission control unit 20 
decreases the power factor counter by 0.1. 
0.062. After the above, the transmission control unit 20 
calculates a Sum of the increased and decreased power factor 
counters, and a speed ratio can be obtained using the Sum 
according to the above equation 1. 

0.063 AS described above, the transmission control unit 
20 provides a dual-shifting pattern as shown in FIG. 5. 
0064. When power-on downshifting occurs during a 
drive on a level road, the transmission control unit 20 
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establishes a downshifting line considering hysteresis So that 
the shifting operation does not frequently occur on the basis 
of the established upshifting point. 
0065. In the above, the driving resistance can be obtained 
according to the following equation 2; 
0.066 Equation 2 

0067 
0068) 
0069 
0070) 
0071. In addition, driving force F is calculated accord 
ing to the following equation 3. 
0072 Equation 3 

Fw=(TXixitxn)/r 
0073) 
0074) 
0075) 
0076) 
0.077 
0078 Margin driving force F can be obtained according 
to the following equation 4. 
0079 Equation 4 

where LuxW is a rolling resistance; 
0.5xCxpxAXV) is an air resistance; 
(W+AW)xA/g) is an acceleration resistance; and 
WXSin0) is a slope-driving resistance. 

where T is an engine torque(kgfm); 
is is a step gear ratio; 
if is a final gear ratio; 
m is a power train transmission efficiency; and 
r is a motion radius of a tire. 

0080 Acurrent speed ratio Fn and upper and lower speed 
ratioS Fn+1 and Fn-1 can be calculated according to equa 
tion 4. 

0081. Accordingly, when assuming that the current speed 
ratio Fn is calculated according to equation 4 and the upper 
and lower Speed ratioS Fn=1 and Fn-1 are the same as the 
current Speed ratio as a running resistance before and after 
the shifting is performed, an engine torque Te is assumed by 
calculating the engine RPM. 
0082 That is, the engine torque Te is calculating accord 
ing to the following equation 5. 
0083) Equation 5 

Te=TOIxTO STND 

0084 where TQI is an engine torque information (%); 
and 

0085 TO STND is a standard value of the engine torque 
information (Nxm) 
0086. In the above, the shift ratio is increased by one 
Stage when the established slope running upshifting point is 
in a low running resistance region So that the shifting is 
realized in regions “A” and “B.” In addition, when the 
established slope running upshifting point is in a high 
running resistance region, the shifting is realized in the 
region “A” to maintain the current shift ratio. 
0087 Although preferred embodiments of the present 
invention have been described in detail hereinabove, it 
should be clearly understood that many variations and/or 
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modifications of the basic inventive concepts herein taught 
which may appear to those skilled in the present art will Still 
fall within the Spirit and Scope of the present invention, as 
defined in the appended claims. 
What is claimed is: 

1. A shift control method for an automatic transmission 
comprising the Steps of: 

determining if a vehicle is running on a level road 
according to a signal from a drive State detector; 

Selecting one of an economy or a power mode according 
to a current throttle opening ratio; 

Setting an upshifting point of the Selected mode; and 
determining a speed ratio according to the upshifting 

point of the Selected mode and outputting a correspond 
ing control Signal to a drive unit. 

2. A method of claim 1 wherein the step of determining if 
a vehicle is running on a level road further comprises the 
Steps of determining a gradient value according to a signal 
from the drive State detector, determining if the gradient 
value is in a preset Standard gradient range, and determining 
that the vehicle runs on the level road when the gradient 
value is in the preset Standard gradient range or runs on the 
Slope when the gradient value is not in the preset Standard 
gradient range. 

3. A method of claim 2 wherein the preset standard 
gradient range is -3.5-5%. 

4. A method of claim 1 wherein the Step of Selecting one 
of an economy or a power mode further comprises the Steps 
of detecting the current throttle opening ratio, determining if 
the detected throttle opening ratio is less than a predeter 
mined Standard throttle opening ratio, and Selecting the 
economy mode when the detected throttle opening ratio is 
less than the predetermined Standard throttle opening ratio 
and the power mode when the detected throttle opening ratio 
is not less than the predetermined Standard throttle opening 
ratio. 
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5. A method of claim 4 wherein the standard throttle 
opening ratio is about 50%. 

6. A method of claim 2 further comprising the Step of 
Setting an upshifting point of a slope running mode when the 
vehicle runs on the slope, Setting a Speed ratio according to 
the upshifting point of the slope running mode and output 
ting a control Signal to the drive unit after a Speed ratio is Set. 

7. A method of claim 6 wherein when setting the upshift 
ing point of the slope running mode, a point where a driving 
force line of a current n-speed intersects a driving force line 
of an n+1 Speed becomes the upshifting point. 

8. A method of claim 4 wherein when the upshifting point 
of the economy mode is Set, a point where a fuel consump 
tion line of a current “n” Speed intersects a fuel consumption 
line of an “n+1” Speed ratio becomes the upshifting point. 

9. A method of claim 4 wherein when the upshifting point 
of the power mode is Set, a point where a torque line of a 
current “n” Speed ratio intersects a torque line of an "n-1” 
Speed ratio becomes the upshifting point. 

10. A method of claim 4 wherein the speed ratio is 
determined according to the following equation: No-No 

Economy +(No Power-No Economy)xSUM (PFC) 

where No is a speed ratio, 
No Economy is a current speed ratio in an economy 
mode shifting pattern; 

No Power is a current speed ratio in a power mode 
shifting pattern; and 

SUM(PFC) is the sum of power factor counters. 
11. A method of claim 10 wherein the SUM(PFC) satisfies 

the following condition: 0<SUM(PFT)<1 
12. A method of claim 11 wherein when a shift control 

level is in one of neutral N, park P, and reverse R ranges, the 
SUM(PFC) is set at “0.” 


