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AUTOMATIC TRANSMISSION SHIFT CONTROL 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention relates to a system and method for 
controlling ratio changes for a multiple-ratio transmission in 
a vehicle driveline having an engine With an electronic 
throttle control. 

[0003] 2. Background Art 

[0004] Automatic transmissions used in contemporary 
vehicle poWertrains include multiple-ratio gearing Wherein 
the torque ?oW paths through the gearing elements and the 
relative speeds of the gearing elements are controlled by 
?uid pressure-operated friction elements; i.e., friction 
clutches and brakes. The management of the torque transfer 
through the gearing from the throttle-controlled engine to 
the traction Wheels is achieved by a control system having 
an electronic controller that responds to poWertrain vari 
ables, including engine variables and driver commands. 

[0005] The control system develops clutch and brake 
control pressure, Which is determined by solenoid valves 
under the control of the controller. Typically, a ?uid pressure 
circuit Would include a solenoid valve dedicated to circuit 
pressure control, and a separate solenoid valve circuit to 
effect control of the pressure-operated clutches and brakes 
during upshifts and doWnshifts. 

[0006] In the transmission disclosed in copending appli 
cation Ser. No. 09/636,729, ?led Aug. 10, 2000, a separate 
solenoid valve is provided for controlling each ratio shift, 
the offgoing friction element being activated independently 
of the ongoing friction element during a ratio change. 

[0007] Copending patent application Ser. No. 09/366,416, 
?led Aug. 4, 1999, describes engagement control logic 
Wherein the ratio changes occur With an adaptive engage 
ment feel. The controller for this transmission control pro 
vides consistent, smooth engagement of a friction element 
during vehicle startup. It includes a controller With an 
adaptive strategy that maintains consistent shift quality and 
takes into account system variations, such as changes in 
coef?cient of friction, friction element Wear, etc. Actual slip 
rate during engagement of the friction element is maintained 
at a desired value. 

[0008] Each of these copending patent applications is 
assigned to the assignee of the present invention. 

[0009] In prior art systems corresponding to those 
described in the copending patent applications, the control 
strategy for the friction elements involves a direct relation 
ship betWeen the transmission output torque control and the 
ratio change time control. This may require a compromise in 
shift quality because optimum transmission output torque 
control is not necessarily consistent With optimum ratio shift 
timing control. The control strategy of knoWn transmission 
systems for controlling friction element capacity must be 
changed rapidly in a controlled fashion to match varying 
engine torque. The friction elements may not have a 
response to control commands that is fast enough to accom 
plish a smooth ratio change, Which results in loWer shift 
quality. Furthermore, variations in shift quality on a shift 
to-shift basis may occur. 
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[0010] Another related copending application, Which also 
is assigned to the assignee of the present invention, is Ser. 
No. 09/665,353, ?led Sep. 18, 2000. It discloses a multiple 
ratio gear system in Which independent pressure control of 
separate friction elements is achieved using separate vari 
able-force solenoids. A microprocessor receives input con 
tinuously from driveline sensors and stores and eXecutes a 
control logic for controlling the oncoming friction element 
during a ratio change. Information that is learned from the 
input signals is eXecuted on a real-time basis to calculate 
clutch pressures to achieve optimum shift quality. 

[0011] The disclosures of the copending patent applica 
tions are incorporated in the present disclosure by reference 
to supplement the present disclosure. 

[0012] In each of the systems disclosed in the copending 
patent applications, the slip time during a ratio change is 
controlled by controlling friction element pressure. That is, 
the controller controls the solenoid valves that determine 
friction clutch pressure. 

SUMMARY OF THE INVENTION 

[0013] The control system and method of the invention 
uses a closed-loop controller to achieve the desired ratio rate 
during a shift from one gear ratio to the neXt. The ratio rate 
is a function of accelerator pedal position. Concurrently, the 
transmission output torque is controlled using a friction 
element capacity control strategy. The friction element 
capacity control involves a determination of the desired 
Wheel torque using a torque feed-forWard term. This pro 
vides a quick response to changes in transmission input 
torque. 

[0014] The accelerator pedal in the system of the invention 
is decoupled from the engine throttle. This is achieved by 
using an electronic throttle control, under the control of the 
vehicle operator, Which is not mechanically connected 
directly to the engine throttle. Control logic is used to 
interpret a driver demand for torque by sensing the move 
ment of the accelerator pedal. Controlling the input torque to 
a manageable level results in a smooth torque transition 
during a ratio change and reduces variation in shift quality 
from one shift to the neXt. 

[0015] Engine torque is controlled using the system and 
method of the invention by using a closed-loop controller to 
achieve a desired ratio change rate, as mentioned above. The 
controller establishes a commanded ratio rate during a ratio 
change interval and compares it to the actual ratio rate to 
detect an error. A commanded engine torque then is estab 
lished, Which reduces the error. 

[0016] Torque capacity control of the friction elements, 
unlike the closed-loop control of the engine torque, is an 
open-loop control in Which the desired Wheel torque is 
determined by the controller as speed inputs are received by 
the controller from an engine speed sensor, a turbine speed 
sensor and an output shaft speed sensor. The controller 
establishes a desired vehicle Wheel torque as a function of 
accelerator pedal position. It calculates friction element 
pressure to achieve optimum friction element capacity dur 
ing a ratio change interval. 

[0017] A transmission that Would embody the control 
logic of the invention may include a hydrokinetic torque 
converter in Which the impeller is driven by the engine. The 
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converter turbine Would be coupled directly to the output 
shaft through multiple-ratio gearing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a schematic representation of a transmis 
sion having a torque converter and multiple-ratio gearing, 
the gearing elements being controlled by friction clutches 
and brakes; 

[0019] FIG. 2 is a chart that shoWs the clutch and brake 
engagement-and-release pattern for the transmission, sche 
matically illustrated in FIG. 1, as the various multiple, 
forWard-driving ratios and the reverse ratio are established; 

[0020] FIG. 3 is a schematic block diagram of the control 
system together With the signal flow paths betWeen the 
controller and the transmission and betWeen the controller 
and the engine; 

[0021] FIG. 4 is a schematic illustration of table values for 
desired torque stored in a ROM memory portion of the 
controller, the table values being determined by vehicle 
speed and pedal position; 

[0022] FIG. 5 is a plot of Wheel torque versus time, Which 
shoWs the variations in Wheel torque at each of the multiple 
stages of a shift interval; 

[0023] FIG. 6 is a plot of the commanded clutch pressure 
versus time during each stage of the ratio change; 

[0024] FIG. 7 is a plot of the commanded engine torque 
versus time for each stage of the shift; 

[0025] FIG. 8 is a plot shoWing variations in turbine speed 
and ratio versus time for each stage of the ratio change; 

[0026] FIG. 9 is a plot of Wheel torque versus time during 
a part throttle shift; 

[0027] FIG. 10 is a plot of the engine torque for part 
throttle during each stage of the ratio shift; and 

[0028] FIG. 11 is a plot of Wheel torque, speed ratio and 
commanded clutch pressure during an advanced throttle 
shift for each of the stages of the ratio change. 

DETAILED DESCRIPTION OF AN 
EMBODIMENT OF THE INVENTION 

[0029] FIG. 1 shoWs in schematic form a multiple-ratio 
transmission for an automotive vehicle capable of embody 
ing the improved control method and strategy of the inven 
tion. The transmission of FIG. 1 is merely one eXample of 
a multiple-ratio transmission that can utiliZe the control 
logic of the present invention. The invention is not restricted 
to the speci?c transmission illustrated in FIG. 1. 

[0030] Numeral 10 in FIG. 1 designates a hydrokinetic 
torque converter that has an impeller 12 and a turbine 14 
arranged in knoWn fashion in a toroidal ?uid ?oW circuit. 
The impeller 14 is connected to the crankshaft of an internal 
combustion engine, as shoWn at 16. 

[0031] Turbine 14 is connected to turbine shaft 18, Which 
delivers torque to the carrier of an overdrive simple plan 
etary gear unit 20. Sun gear 22 of the gear unit 20 is 
connected to overdrive brake drum 24. An overdrive disc 
brake 26 distributes reaction torque to the transmission 
housing When it is applied, thereby effecting an overdrive 
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condition for the gear unit 20. A coast clutch 26 directly 
connects the carrier for the gear unit 20 to the sun gear 22, 
thereby accommodating a reverse torque transfer from the 
vehicle Wheels to the engine through the converter. 

[0032] An overrunning coupling 28 establishes a direct 
driving connection betWeen the turbine shaft and torque 
transfer shaft 30. 

[0033] Shaft 30 serves as a torque input shaft for com 
pound planetary gearing 32, Which comprises gear units 34 
and 36 With a common sun gear 38. Ring gear 40 of gear unit 
34 is connected to shaft 30 through a forWard-drive clutch 
42. Sun gear 38 is connected to shaft 38 through a high-ratio 
clutch 44. Sun gear 38 can be braked by an intermediate 
speed ratio brake 46 When the clutch 44 is disengaged. The 
carrier 48 for the gear unit 34 is connected to torque output 
shaft 50. 

[0034] Ring gear 52 for the gear unit 36 is connected to 
shaft 50. The carrier 54 for the gear unit 36 is connected to 
reverse brake drum 56. Reverse brake band 58 surrounds 
drum 56 and anchors the carrier 54 during reverse drive. 
During forWard drive in the loWest speed ratio, brake drum 
56 is anchored to the transmission housing through over 
running coupling 60. 

[0035] FIG. 2 is a chart that shoWs the clutch and brake 
engagement-and-release pattern for each of the forWard 
driving ratios and the reverse ratio. The symbol X represents 
an engaged friction element. The symbol C represents a 
coasting condition for the coast clutch and the reverse brake. 
Symbol O/R represents an overrunning condition of the 
overrunning coupling. 

[0036] The schematic diagram of FIG. 1 represents the 
condition of the friction elements When the transmission is 
conditioned for overdrive ?fth ratio operation. At that time, 
the clutch 42 and the clutch 44 are engaged, and the 
overdrive brake 26 is applied. 

[0037] The overall control system is illustrated in block 
diagram form in FIG. 3. A microcontroller for the poWer 
train includes a calculation block 62, a transmission control 
block 64, an engine control block 66, a transmission control 
model 68, and a clutch and solenoid model 70. The engine 
is represented by control block 72, and the multiple-ratio 
transmission is represented by control block 74. The trans 
mission includes a turbine speed sensor 76 and an output 
shaft speed sensor 78. An engine speed sensor is shoWn at 
80. 

[0038] Feedback control signal flow paths eXtend from the 
engine speed sensor 80, the turbine speed sensor 76, and the 
output speed sensor 78 through signal flow paths 82, 84 and 
86, respectively. The signal flow paths eXtend to the calcu 
lation block Where the signals are distributed to an input 
signal conditioning portion of the calculation block 62 
through sampling sWitch 88 for the engine speed signal, 
sWitch 90 for the turbine speed signal, and sWitch 92 for the 
output shaft speed signal. 

[0039] The control system includes a driver-controlled 
accelerator pedal, Which is decoupled from the engine 
throttle; that is, there is not a direct mechanical connection 
betWeen the accelerator pedal and the engine throttle. A 
pedal position signal from sensor 94 is distributed to the 
calculation block 62. A transmission control lever under the 
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control of the operator selects the transmission range, an 
appropriate transmission lever position signal being distrib 
uted to the calculation block as shoWn at 96. A transmission 
oil temperature signal is distributed to the calculation block 
62, as shoWn at 98. 

[0040] The calculation block receives the speed signals 
from the engine speed sensor, the turbine speed sensor and 
the output shaft speed sensor and calculates an actual ratio 
rate during a shift interval, as shoWn at 100. A calculated 
engine torque is distributed to the calculation block a shoWn 
at 102. 

[0041] The calculation block determines a commanded 
ratio rate, as shoWn at 104, as a function of the pedal position 
at 94 and the computed engine torque at 102. The com 
manded ratio rate at 104 is compared to the actual ratio rate 
100 at the summing point 106. This determines an error in 
the ratio rate, as shoWn at 108. The error is transmitted to the 
transmission control block 64, Which determines a com 
manded engine torque signal at 110. The engine control 
block 66 receives the commanded engine torque signal and 
develops control variables for the engine 72. These variables 
include a commanded throttle position signal, as shoWn at 
112. It also determines the calculated engine torque signal 
102, Which, as mentioned previously, is received by the 
calculation block 62. 

[0042] The engine control variables determined by the 
engine control block 66 include a spark timing control signal 
114 and a fuel injection rate signal 116. In the alternative, the 
spark signal alone or the fuel signal alone could be used. In 
any case, the signals at 114 and 116, together With the 
commanded throttle position signal at 112, control engine 
torque. 
[0043] The calculation block 62 calculates also a desired 
torque at the Wheels, as shoWn at 118. This is distributed to 
the transmission control model 68, Which develops a value 
for clutch (friction element) torque based upon the desired 
torque at the Wheels, as shoWn at 120. The torque signal at 
120 is used by the clutch and solenoid model to the develop 
the variable-force solenoid pressure at 70. The output signal 
developed at block 70 is a variable-force solenoid signal 
representing the commanded pressure for the clutches (fric 
tion element), as indicated at 122. The pressure-operated 
friction elements of the transmission 74 are engaged by the 
variable-force solenoid pressure determined at block 70. 

[0044] The pressure applied to the friction elements of the 
transmission are determined by the torque desired value 
produced by the calculation block 62 in an open-loop 
fashion. This is in contrast to the closed-loop control of the 
engine torque. As in the case of the controllers described in 
the copending patent applications Ser. Nos. 09/665,353, 
09/366,416, and 09/636,729, each of the feedback signals 
from the transmission and from the engine are speed signals 
used by the calculation blocks of the respective control 
systems to develop an actual ratio rate that can be compared 
to a desired ratio rate. 

[0045] As in the case of the control systems of the copend 
ing patent applications previously discussed, the shift con 
trol logic of the present invention consists of four distinct 
modes. These are the shift start mode, the ratio change mode, 
the torque ramp mode and shift end mode. The same logic 
applies to both upshifts and doWnshifts, although there are 
some differences. The calibration involved in the shifts are 
unique for each shift. 
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[0046] During each control loop of the controller, the eXit 
conditions for the current mode are checked prior to entry 
into the neXt mode. If the eXit conditions for the current 
mode are satis?ed, then the control logic may proceed 
during the ratio change to the neXt mode. OtherWise, the 
control remains With the current mode. 

[0047] The control logic is eXecuted and the output control 
signals transmitted to the solenoids that control the friction 
elements of the transmission are sensed in real time. This is 
done in response to the engine, transmission and output shaft 
speed signals previously discussed, as Well as to the pedal 
position, range selector position and oil temperature signals. 

[0048] During the shift start mode, the desired static 
torque capacity of the friction element is computed based on 
input torque and inertia torque. A dynamic pressure term, 
Which is a function of pedal position and vehicle speed, is 
added to the desired static pressure to produce a commanded 
pressure (pr_cmd). The commanded clutch pressure is illus 
trated at 125 in FIG. 6. Commanded clutch (friction ele 
ment) pressure (pr_cmd) is computed as folloWs: 

base clutch press=gtq_trans+tqiiot)MLTQ/GAIN+ 
PRST—CF*(NT/1OOO) ]* (1) 
dyn press=FN(PP, VS) (2) 
pricmd=(base press+dyn. press)*FNMLT (temp) (3) 

[0049] In equation 2, the symbol PP is the pedal position 
value, and the symbol V5 is the vehicle speed value. In 
equation 1, the symbol tq_trans represents transmission 
torque, and the symbol tq_iot represents inertia torque. 
Symbol MLTQ is the ratio of clutch torque to input torque, 
and the symbol GAIN is gain of the oncoming clutch. The 
symbol PRST is the stroke pressure. 

[0050] In equation 3 above, the term FNMLTE is a tem 
perature compensation multiplier developed during calibra 
tion. 

[0051] The control strategy for the ratio change mode 
involves controlling the pressure of the oncoming friction 
element to obtain the desired Wheel torque. A torque feed 
forWard term is used to provide a quick response to changes 
in the transmission input torque. The oncoming friction 
element pressure is computed in equations (4) as folloWs: 

twidlides=?lter N1 WDL (pcsftcmpt), ppsirel}+ 
*FNFRRBCL (loop_counter)] 

twides=?lter [{tWistrH twidlides?widli 
1L) *MLTW*temperatureiMULT ] 

pricmdiel=tqicl/gain+str0ke_pressure—centrifugal 
_force_press 
pridliacm=PRDLAC/*incremental accumulator 
pressure from spring only */ 

pricmdis0l=pcicmdicl*MUPRVF+1NPRVF-pri 
dl acm 

[0052] Where, 

[0053] ppX_rel=pedal position 

[0054] tW_strt=Wheel torque at the start of ratio 
change mode 
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[0055] tW_dl_des=additional desired Wheel torque 
during ratio change 

[0056] tW_des=total desired Wheel torque 

[0057] tq_turb=net turbine torque 

[0058] tq_loss_trans=transmission torque losses 

[0059] tq_pump=pump loss 

[0060] tq_spin=transmission spin losses 

[0061] tq_prop=transmission torque proportional 
losses 

[0062] tq_cl=friction element torque desired 

[0063] pr_cmd_cl=commanded friction element 
pressure 

[0064] pr_dl_acm=incremental accumulator pressure 

[0065] 
[0066] 
[0067] FRLOSS=fraction of total losses betWeen the 

friction element and the trans. output 

[0068] MLTQCL=percent of turbine torque carried 
by the friction element (computed from diagram of 
FIG. 1) 

[0069] FNMLPP=desensitiZing function to minimize 
small pedal position movement affect 

[0070] FNTWDL=desired Wheel torque adder 

[0071] FRTW=desired Wheel torque fractional mul 
tiplier 

[0072] FNFRRBCL=multiplier for shaping at the 
start of ratio change 

[0073] MLTW=fractional multiplier 

[0074] MUPRVF=slope factor for conversion to sole 
noid pressure 

[0075] INPRVF=intercept factor for conversion to 
solenoid pressure 

[0076] 
[0077] In the preceding discussion, the term tW_des_tbl is 
a table value that is obtained from a table stored in ROM, as 
indicated in FIG. 4. The desired torque stored in ROM is 
determined by the pedal position signal pps_rel and the 
vehicle speed signal VS. The table of FIG. 4 is a “lookup” 
table. 

pr_cmd_sol=solenoid commanded pressure 

TR=torque converter torque ratio 

cc=conversion constant 

[0078] Unlike friction element capacity control, the ratio 
rate is controlled using engine throttle in a closed-loop 
fashion. This achieves a desired ratio rate When changing 
from a previous gear ratio to the neXt gear ratio. 

[0079] The ratio rate is a function of pedal position, as 
mentioned earlier. For an upshift, the starting value of 
desired engine torque is calculated as folloWs: 

teicmd_base @ 1S‘ loop=tq_net*function(ppsirel, 
Vs) (5) 

[0080] In the foregoing equation, the term tq_net is the 
calculated engine torque shoWn at 102 in FIG. 3. When this 
value is multiplied by the multiplier in equation 5, a com 
manded torque is obtained as shoWn at point 124 in FIG. 7. 
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[0081] For a doWnshift, the starting value of desired 
engine torque is calculated as folloWs: 

[0082] In the preceding equation (6), the term tq_spin 
represents spin losses, and the term tq_iot represents inertia 
torque losses. 

[0083] Control logic that is common to all shifts, both 
upshifts and doWnshifts, is as folloWs: 

rtricmd=FNFRRC (normalized ratio)/FNTMDSRC 
(PPSJQI) (7) 
errft0=rtrfcmd—rtr_act (actual ratio rate) 
tefdl_pid={Kp*(erritOierrit1)+Kd*(errit0 
—2*erritl+errit2)+Ki*erritO)}*FNFRRBTE (loop 
counter) 
teicmd_base=teicmd_base+teidl_pid 
teidli?=twidli?/[rt‘gr_(old/prev)*fdr] (“prev” 
means gear coming from, “old” is the gear previous) 

teicmd=(teicmd_base+teidli?)*temperatureimult 

[0084] Where: 

[0085] 
[0086] te_dl_ff=change in desired engine torque due 

to change-of-mind 

[0087] 
[0088] rtr_cmd=ratio rate commanded 

[0089] fdr=?nal drive ratio 

[0090] MLLSTE=fractional losses betWeen friction 
element and the transmission input 

[0091] FNFRRC=shaping function for ratio change 

[0092] FNTMDSRC=ratio change time desired 

[0093] FNFRRBTE=shaping function at the st art of 
ratio change 

tq_fead=front-end accessory drive torque loss 

te_cmd=engine torque desired 

[0094] Kc=PID controller overall gain 

[0095] Kp=PID controller proportional gain 

[0096] Ki=PID controller integral gain 

[0097] Kd=PID controller derivative gain 

[0098] err_t0=current loop error 

[0099] err_t1=control error of previous loop 

[0100] err_t2=control error of tWo loops previous 

[0101] In the foregoing equations (7), the term te_cmd is 
the commanded engine torque that is achieved by adjusting 
spark timing or fuel. Alternatively, throttle position and 
either spark timing or fuel control can be used. In this Way, 
the torque that is asked for is achieved. The term tempera 
ture_mult is a multiplier determined by calibration to take 
into account changes in transmission temperature. 

[0102] During the torque ramp mode shoWn in FIGS. 5-11, 
the desired engine torque is calculated by interpolating 
betWeen the current desired engine torque and the desired 
engine torque at the end of the shift. This is illustrated by the 
folloWing equations: 

twides end=twistrt+?lter {F N1 WDS(VS, ppsirel)— 
twistrt]: (8) 
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[0103] Where: 

[0104] te_cmd_mid=desired engine torque at the start 
of torque ramp mode 

[0105] tW_des_end desired Wheel torque at the shift 
end 

[0106] te_des_end=desired engine torque at the shift 
end 

[0107] te_cmd=desired engine torque for the current 
loop 

[0108] rt_trans=current loop transmission ratio 

[0109] 

[0110] 

[0111] 

rt_transi1st=previous loop transmission ratio 

FNTWDS=desired Wheel torque 

rt_?n=ratio at end of shift 

[0112] The routine Will eXit the torque ramp mode and 
enter the shift end mode if the maximum alloWed time in the 
torque ramp mode has expired, or if the transmission ratio is 
less than the target value for an upshift or greater than the 
target value for a doWnshift. 

[0113] The routine for the ratio change Will enter the shift 
end mode and the friction element pressure Will be ramped 
up until it reaches the line pressure, as shoWn in FIG. 6 at 
125. The effect of this is shoWn in FIG. 5 Where the Wheel 
torque desired is controlled to a value that is a function of 
pedal position and vehicle speed. 

[0114] By employing the foregoing strategy, the capacity 
of the controlling friction element is changed rapidly in a 
controlled fashion so that the clutch capacity matches the 
varying engine torque. Shift variations on a shift-to-shift 
basis are reduced. Changes in pedal position during a shift 
are ?ltered and the signals are shaped to provide a smooth 
and manageable change in input torque consistent With the 
response characteristics of the controlling friction element. 

[0115] The input torque during a speed change phase can 
be increased in accordance With the strategy of the inven 
tion, thereby partially compensating for the output torque 
dip caused by inertia effects. This is illustrated for part 
throttle operation in FIG. 9 Where the inertia effect on Wheel 
torque for a control system that does not include an engine 
throttle position commanded signal is shoWn at 126. In 
contrast, the dotted line plot of FIG. 9 shoWs the reduction 
in the output torque dip caused by inertia effects. This is 
illustrated at 128. This result is achieved by reason of the 
fact that the additional variable, i.e., commanded throttle 
position, spark timing and fuel control, unlike other systems 
Where spark timing and fuel only are available for control 
ling engine torque. Improved authority over the engine 
results in a less severe dip in Wheel torque compared to the 
plot 126 shoWn in FIGS. 5 and 9. 

[0116] FIG. 10 shoWs a plot of engine torque versus time 
during a shift interval, Which results in the reduction in the 
torque dip seen in FIG. 9. Torque for part throttle is shoWn 
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at 130 and the corresponding curve for a system that does 
not employ a commanded throttle pressure term is shoWn at 
132. 

[0117] At advanced throttle, the characteristics of Wheel 
torque, the speed ratio and commanded clutch pressure are 
shoWn at 134, 134‘ and 134“. The corresponding plots for a 
transmission control that does not include a commanded 
throttle position term are shoWn at 136, 136‘ and 136“. 

[0118] FIG. 8 is a plot of the transmission ratio during a 
ratio shift interval, as shoWn at 138. The turbine speed 
during the shift interval for each of the shift modes is shoWn 
at 140. 

[0119] Although an embodiment of the control system and 
method of the invention has been disclosed, it Will be 
apparent that modi?cations may be made by persons skilled 
in the art Without departing from the scope of the invention. 
All such modi?cations and equivalents thereof are intended 
to be covered by the folloWing claims. 

What is claimed: 
1. An electronic control system for controlling ratio 

changes in a multiple-ratio transmission for a poWertrain for 
a Wheeled vehicle, the poWertrain including a throttle 
controlled internal combustion engine; 

the transmission including a hydrokinetic torque con 
verter having an impeller connected to the engine and 
a turbine, multiple-ratio gearing and a torque output 
shaft connecting the turbine to vehicle traction Wheels; 

an engine speed sensor for measuring engine speed; 

a turbine speed sensor for measuring turbine speed; 

a torque output shaft speed sensor for measuring torque 
output shaft speed; 

a driver-controlled accelerator pedal for establishing a 
commanded engine throttle position; 

a pedal position sensor for establishing a pedal position 
signal; and 

an electronic controller having a ?rst portion in commu 
nication With the pedal position sensor, the engine 
speed sensor, the turbine speed sensor and the torque 
output shaft speed senor, and comprising memory 
storage registers and a processor unit for calculating a 
commanded ratio rate during a ratio change interval in 
accordance With instructions in memory based on speed 
data from the sensors, the calculations of the processor 
occurring during repetitive control loops of the con 
troller; 

the processor further calculating the actual ratio rate 
during a ratio change interval and determining an error 
betWeen the commanded ratio rate and the actual ratio 
rate; 

the controller comprising a second portion having a 
processor unit for calculating a commanded engine 
torque as a function of the ratio rate error; 

the controller comprising a third portion having a proces 
sor for calculating engine control parameters in a 
closed-loop fashion as a function of commanded engine 
torque, one of the control parameters being com 
manded engine throttle position. 
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2. An electronic control system for controlling ratio 
changes in a multiple-ratio transmission for a poWertrain for 
a Wheeled vehicle, the poWertrain including a throttle 
controlled internal combustion engine; 

the transmission including a hydrokinetic torque con 
verter having an impeller connected to the engine and 
a turbine, multiple-ratio gearing and a torque output 
shaft connecting the turbine to vehicle traction Wheels, 
the transmission having pressure-operated friction ele 
ments for controlling the gearing to effect ratio 
changes; 

an engine speed sensor for measuring engine speed; 

a turbine speed sensor for measuring turbine speed; 

a torque output shaft speed sensor for measuring torque 
output shaft speed; 

a driver-controlled accelerator pedal for establishing a 
commanded engine throttle position; 

a pedal position sensor for establishing a pedal position 
signal; and 

an electronic controller having a ?rst transmission control 
portion for establishing a desired vehicle Wheel torque 
as a function of accelerator pedal position and a second 
transmission control portion for establishing a friction 
element pressure Whereby optimum friction element 
capacity is established during a ratio change interval; 

the electronic controller having a ?rst engine control 
portion in communication With the pedal position sen 
sor, the engine speed sensor, the turbine speed sensor 
and the torque output shaft speed senor, and comprising 
memory storage registers and a processor unit for 
calculating a commanded ratio rate during a ratio 
change interval in accordance With instructions in 
memory based on speed data from the sensors, the 
calculations of the processor occurring during repeti 
tive control loops of the controller; 

the processor further calculating the actual ratio rate 
during a ratio change interval and determining an error 
betWeen the commanded ratio rate and the actual ratio 
rate; 

the controller comprising a second engine control portion 
having a processor unit for calculating a commanded 
engine torque as a function of the ratio rate error; 

the controller comprising a third engine control portion 
having a processor for calculating engine control 
parameters in a closed-loop fashion as a function of 
commanded engine torque, one of the control param 
eters being commanded engine throttle position. 

3. The electronic control system set forth in claim 2 
Wherein the friction element capacity is controlled in an 
open-loop fashion; 

the transmission including solenoid valve actuators for 
controlling friction element pressure as determined by 
calculated desired vehicle Wheel torque. 

4. The electronic control system set forth in claim 1 
Wherein the engine control parameters include engine fuel 
rate control, the engine throttle position parameter, together 
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With engine fuel rate control, providing increased authority 
over the engine in response to a change in accelerator pedal 
position. 

5. The electronic control system set forth in claim 2 
Wherein the engine control parameters include engine fuel 
rate control, the engine throttle position parameter, together 
With engine fuel rate control, providing increased authority 
over the engine in response to a change in accelerator pedal 
position. 

6. The electronic control system set forth in claim 1 
Wherein the engine control parameters include engine spark 
timing, the engine throttle position parameter, together With 
engine spark timing control, providing increased authority 
over the engine response to a change in accelerator pedal 
position. 

7. The electronic control system set forth in claim 2 
Wherein the engine control parameters include engine spark 
timing, the engine throttle position parameter, together With 
engine spark timing control, providing increased authority 
over the engine response to a change in accelerator pedal 
position. 

8. The electronic control system set forth in claim 2 
Wherein the desired vehicle Wheel torque calculated by the 
?rst transmission control portion is a function of a feed 
forWard term and accelerator pedal position, the feed-for 
Ward term being a table value in controller memory corre 
sponding to a vehicle speed term as determined by torque 
output shaft speed. 

9. The electronic control system set forth in claim 3 
Wherein the desired vehicle Wheel torque calculated by the 
?rst transmission control portion is a function of a feed 
forWard term and accelerator pedal position, the feed-for 
Ward term being a table value in controller memory corre 
sponding to a vehicle speed term as determined by torque 
output shaft speed. 

10. A method for controlling ratio changes in a multiple 
ratio transmission for a poWertrain for a Wheeled vehicle, the 
poWertrain including a throttle-controlled interval combus 
tion engine, the transmission including a hydrokinetic torque 
converter With an impeller connected to the engine and a 
turbine connected to vehicle traction Wheels through mul 
tiple-ratio gearing and a torque output shaft, the method 
comprising the steps of: 

measuring engine speed, turbine speed and torque output 
shift speed; 

detecting driver demand for engine torque; 

calculating a commanded ratio rate during a ratio change 
interval based on measured speed data; 

calculating the actual ratio rate during a ratio change 
interval; 

determining an error betWeen commanded ratio rate and 
the actual ratio rate; 

calculating a commanded engine torque as a function of 
ratio rate error; and 

calculating engine control parameters in a closed-loop 
fashion as a function of the driver demand for engine 
torque. 

11. A method for controlling ratio changes in a multiple 
ratio transmission for a poWertrain for a Wheeled vehicle, the 
poWertrain including a throttle-controlled interval combus 
tion engine, the transmission including a hydrokinetic torque 
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converter With an impeller connected to the engine and a 
turbine connected to vehicle traction Wheels through mul 
tiple-ratio gearing and a torque output shaft, the method 
comprising the steps of: 

measuring engine speed, turbine speed and torque output 
shift speed; 

detecting driver demand for engine torque; 

calculating a commanded ratio rate during a ratio change 
interval based on measured speed data; 

calculating the actual ratio rate during a ratio change 
interval; 

calculating a desired traction Wheel torque as a function of 
driver demand for engine torque; 

calculating a friction element pressure in an open-loop 
fashion based upon desired traction Wheel torque; 
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determining an error betWeen commanded ratio rate and 
the actual ratio rate; 

calculating a commanded engine torque as a function of 
ratio rate error; and 

calculating engine control parameters in a closed-loop 
fashion as a function of the driver demand for engine 
torque. 

12. The method set forth in claim 10 Wherein the poW 
ertrain includes a drive-controlled accelerator pedal and the 
engine has a throttle that is decoupled mechanically from the 
accelerator pedal. 

13. The method set forth in claim 11 Wherein the poW 
ertrain includes a drive-controlled accelerator pedal and the 
engine has a throttle that is decoupled mechanically from the 
accelerator pedal. 


