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(57) ABSTRACT 

A planetary gear train of an automatic transmission for a 
vehicle may include an input shaft receiving rotary power of 
an engine, an output shaft outputting the rotary power with 
rotary speed changed, a first planetary gear set, a second 
planetary gear set, a third planetary gear set, a fourth 
planetary gear set, a first rotating shaft operating continu 
ously as an input element by being directly connected with 
the input shaft, a second rotating shaft selectively connected 
with a transmission housing, a third rotating shaft, a fourth 
rotating shaft selectively connected with the transmission 
housing, a fifth rotating shaft selectively connected with the 
second rotating shaft, a sixth rotating shaft operating con 
tinuously as an output element by being directly connected 
with the output shaft, a seventh rotating shaft, an eighth 
rotating shaft selectively connected with the first, the fourth, 
and the seventh rotating shafts, and six friction elements. 
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PLANETARY GEAR TRAIN OF AUTOMATIC 
TRANSMISSION FOR A VEHICLE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. The present application claims priority to Korean 
Patent Application Number 10-2015-0066906 filed May 13, 
2015, the entire contents of which is incorporated herein for 
all purposes by this reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to an automatic trans 
mission for a vehicle, and more particularly, to a planetary 
gear train of an automatic transmission for a vehicle which 
implements forward 11-speeds by a minimum configuration 
to improve power transmission performance and fuel effi 
ciency. 
0004 2. Description of the Related Art 
0005 Recently, increasing oil prices have caused vehicle 
manufacturers all over the world to rush into infinite com 
petition. Particularly in the case of engines, manufacturers 
have been pursuing efforts to reduce the weight and improve 
fuel efficiency of vehicles by reducing engine size, etc. 
0006. As a result, research into reduction of weight and 
enhancement of fuel efficiency through downsizing has been 
conducted in the case of an engine and research for simul 
taneously securing operability and fuel efficiency competi 
tiveness through multiple speed stages has been conducted 
in the case of an automatic transmission. 

0007. However, in the automatic transmission, as the 
number of transmission speed Stages increases, the number 
of internal components also increases, and as a result, the 
automatic transmission may be difficult to mount, the manu 
facturing cost and weight may be increased, and power 
transmission efficiency may be deteriorated. 
0008 Accordingly, development of a planetary gear train 
which may bring about maximum efficiency with a small 
number of components may be important in order to 
increase a fuel efficiency enhancement effect through the 
multiple speed stages. 
0009. In this aspect, in recent years, 8 and 9-speed 
automated transmissions tend to be implemented and the 
research and development of a planetary gear train capable 
of implementing more transmission stages has also been 
actively conducted. 
0010. The information disclosed in this Background of 
the Invention section is only for enhancement of understand 
ing of the general background of the invention and should 
not be taken as an acknowledgement or any form of Sug 
gestion that this information forms the prior art already 
known to a person skilled in the art. 

BRIEF SUMMARY 

0011 Various aspects of the present invention are 
directed to providing a planetary gear train of an automatic 
transmission for a vehicle that implements forward 11-speed 
and reverse 1-speed transmission stages with a minimum 
configuration and improves power transmission efficiency 
and fuel efficiency through multiple speed stages and qui 
etness of driving by using operation point in a range of low 
rotation speed of an engine. 
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0012. According to various aspects of the present inven 
tion, a planetary gear train of an automatic transmission for 
a vehicle may include an input shaft receiving rotary power 
of an engine, an output shaft outputting the rotary power 
with rotary speed changed, a first planetary gear set includ 
ing a first Sun gear, a first planetary carrier, and a first ring 
gear, a second planetary gear set including a second Sun 
gear, a second planetary carrier, and a second ring gear, a 
third planetary gear set including a third Sun gear, a third 
planetary carrier, and a third ring gear, a fourth planetary 
gear set including a fourth Sun gear, a fourth planetary 
carrier, and a fourth ring gear, a first rotating shaft including 
the first Sun gear and the third Sun gear and operating 
continuously as an input element by being directly con 
nected with the input shaft, a second rotating shaft including 
the first planetary carrier and selectively connected with a 
transmission housing, a third rotating shaft including the 
first ring gear and the second planetary carrier, a fourth 
rotating shaft including the second Sun gear and selectively 
connected with the transmission housing, a fifth rotating 
shaft including the second ring gear and the fourth Sun gear 
and selectively connected with the second rotating shaft, a 
sixth rotating shaft including the third planetary carrier and 
the fourth ring gear and operating continuously as an output 
element by being directly connected with the output shaft, a 
seventh rotating shaft including the third ring gear, an eighth 
rotating shaft including the fourth planetary carrier and 
selectively connected with the first, the fourth, and the 
seventh rotating shafts, and six friction elements disposed at 
portions selectively connecting the rotating shafts or selec 
tively connecting the rotating shafts and the transmission 
housing respectively. 
0013 Each of the first, the second, the third, and the 
fourth planetary gear sets may include a single-pinion plan 
etary gear set. 
0014. The four planetary gear sets may be disposed in an 
order of the fourth, the second, the first, and the third 
planetary gear set starting from an engine side. 
0015 The six friction elements may include a first clutch 
interposed between the fourth rotating shaft and the eighth 
rotating shaft, a second clutch interposed between the sec 
ond rotating shaft and the fifth rotating shaft, a third clutch 
interposed between the first rotating shaft and the eighth 
rotating shaft, a fourth clutch interposed between the sev 
enth rotating shaft and the eighth rotating shaft, a first brake 
interposed between the second rotating shaft and the trans 
mission housing, and a second brake interposed between the 
fourth rotating shaft and the transmission housing. 
0016 Transmission stages implemented by selectively 
operating the six friction elements may include a first 
forward transmission stage implemented by simultaneously 
operating the first clutch and the first and the second brakes; 

0017 a second forward transmission stage imple 
mented by simultaneously operating the first and the 
fourth clutches and the second brake, a third forward 
transmission stage implemented by simultaneously 
operating the first and the fourth clutches and the first 
brake, a fourth forward transmission stage imple 
mented by simultaneously operating the fourth clutch 
and the first and the second brakes, a fifth forward 
transmission stage implemented by simultaneously 
operating the second and the fourth clutches and the 
first brake, a sixth forward transmission stage imple 
mented by simultaneously operating the second and the 
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fourth clutches and the second brake, a seventh forward 
transmission stage implemented by simultaneously 
operating the third and the fourth clutches and the 
second brake, an eighth forward transmission stage 
implemented by simultaneously operating the second 
and the third clutches and the second brake, a ninth 
forward transmission stage implemented by simultane 
ously operating the second and the third clutches and 
the first brake, a tenth forward transmission stage 
implemented by simultaneously operating the third 
clutch and the first and the second brakes, an eleventh 
forward transmission stage implemented by simultane 
ously operating the first and the third clutches and the 
first brake, and a reverse transmission stage imple 
mented by simultaneously operating the first and the 
second clutches and the second brake. 

0018. According to various aspects of the present inven 
tion, a planetary gear train of an automatic transmission for 
a vehicle may include an input shaft receiving rotary power 
of an engine, an output shaft outputting the rotary power 
with rotary speed changed, a first planetary gear set includ 
ing a first Sun gear, a first planetary carrier, and a first ring 
gear, a second planetary gear set including a second Sun 
gear, a second planetary carrier, and a second ring gear, a 
third planetary gear set including a third Sun gear, a third 
planetary carrier, and a third ring gear, a fourth planetary 
gear set including a fourth Sun gear, a fourth planetary 
carrier, and a fourth ring gear, a first clutch selectively 
connecting the second Sun gear with the fourth planetary 
carrier, a second clutch selectively connecting the first 
planetary carrier with the second ring gear, a third clutch 
selectively connecting the first Sun gear and the third Sun 
gear with the fourth planetary carrier, a fourth clutch selec 
tively connecting the third ring gear with the fourth plan 
etary carrier, a first brake selectively connecting the first 
planetary carrier with a transmission housing, and a second 
brake selectively connecting the second Sun gear with the 
transmission housing, in which the input shaft may be 
directly connected with the first sun gear, the output shaft 
may be directly connected with the third planetary carrier, 
the first Sun gear and the third Sun gear may be directly 
connected, the first ring gear and the second planetary carrier 
may be directly connected, the second ring gear and the 
fourth Sun gear may be directly connected, and the third 
planetary carrier and the fourth ring gear may be directly 
connected. 

0019. It is understood that the term “vehicle' or “vehicu 
lar” or other similar terms as used herein is inclusive of 
motor vehicles in general Such as passenger automobiles 
including sports utility vehicles (SUV), buses, trucks, vari 
ous commercial vehicles, watercraft including a variety of 
boats and ships, aircraft, and the like, and includes hybrid 
vehicles, electric vehicles, plug-in hybrid electric vehicles, 
hydrogen-powered vehicles and other alternative fuel 
vehicles (e.g., fuel derived from resources other than petro 
leum). As referred to herein, a hybrid vehicle is a vehicle that 
has two or more sources of power, for example, both 
gasoline-powered and electric-powered vehicles. 
0020. The methods and apparatuses of the present inven 
tion have other features and advantages which will be 
apparent from or are set forth in more detail in the accom 
panying drawings, which are incorporated herein, and the 
following Detailed Description, which together serve to 
explain certain principles of the present invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0021 FIG. 1 is a schematic diagram of an exemplary 
planetary gear train according to the present invention. 
0022 FIG. 2 is an operation table for each of transmis 
sion steps of respective friction elements applied to an 
exemplary planetary gear train according to the present 
invention. 
0023. It should be understood that the appended drawings 
are not necessarily to scale, presenting a somewhat simpli 
fied representation of various features illustrative of the 
basic principles of the invention. The specific design fea 
tures of the present invention as disclosed herein, including, 
for example, specific dimensions, orientations, locations, 
and shapes will be determined in part by the particular 
intended application and use environment. 

DETAILED DESCRIPTION 

0024. Reference will now be made in detail to various 
embodiments of the present invention(s), examples of which 
are illustrated in the accompanying drawings and described 
below. While the invention(s) will be described in conjunc 
tion with exemplary embodiments, it will be understood that 
present description is not intended to limit the invention(s) 
to those exemplary embodiments. On the contrary, the 
invention(s) is/are intended to cover not only the exemplary 
embodiments, but also various alternatives, modifications, 
equivalents and other embodiments, which may be included 
within the spirit and scope of the invention as defined by the 
appended claims. 
0025 FIG. 1 is a schematic diagram of an exemplary 
planetary gear train according to the present invention. 
0026 Referring to FIG. 1, the planetary gear train accord 
ing to various embodiments of the present invention 
includes a first, a second, a third, and a fourth planetary gear 
set PG1, PG2, PG3, and PG4 disposed on a same axis line, 
an input shaft IS, an output shaft OS, eight rotating shafts 
TM1 to TM8 that connect respective rotating elements of the 
first, second, third, and fourth planetary gear sets PG1, PG2. 
PG3, and PG4 to each other, six friction elements C1 to C4 
and B1 and B2, and a transmission housing H. 
0027. As a result, rotary power input from the input shaft 
IS is transmitted by an inter-complementation operation of 
the first, second, third, and fourth planetary gear sets PG1, 
PG2, PG3, and PG4 to be output through the output shaft OS 
with rotary speed changed. 
0028. In addition, the respective simple planetary gear 
sets are disposed in an order of the fourth, the second, the 
first, and the third planetary gear sets PG4, PG2. PG1, and 
PG3 starting from an engine side. 
0029. The input shaft IS is an input member and rotary 
power from a crankshaft of an engine is torque-converted 
through a torque converter to be input into the input shaft IS. 
0030 The output shaft OS as an output member transmits 
transmitted driving power to a driving shaft through a 
differential. 
0031. The first planetary gear set PG1, which is a single 
pinion planetary gear set, includes a first Sun gear S1, a first 
planetary carrier PC1 that rotatably supports a first pinion P1 
which engages externally with the first Sun gear S1, and a 
first ring gear R1 which engages internally with the first 
pinion P1 as rotating elements. 
0032. The second planetary gear set PG2, which is a 
single-pinion planetary gear set, includes a second Sun gear 
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S2, a second planetary carrier PC2 that rotatably supports a 
second pinion P2 which engages externally with the second 
Sun gear S2, and a second ring gear R2 which engages 
internally with the second pinion P2. 
0033. The third planetary gear set PG3, which is a 
single-pinion planetary gear set, includes a third Sun gear S3. 
a third planetary carrier PC3 that rotatably supports a third 
pinion P3 which engages externally with the third Sun gear 
S3, and a third ring gear R3 which engages internally with 
the third pinion P3. 
0034. The fourth planetary gear set PG4, which is a 
single-pinion planetary gear set, includes a fourth Sun gear 
S4, a fourth planetary carrier PC4 that rotatably supports a 
fourth pinion P4 which engages externally with the fourth 
Sun gear S4, and a fourth ring gear R4 which engages 
internally with the fourth pinion P4. 
0035. In the first, second, third, and fourth planetary gear 
sets PG1, PG2, PG3, and PG4, one or more rotating ele 
ments are directly connected to each other to operate with a 
total of eight rotating shafts TM1 to TM8. 
0036 Configurations of the eight rotating shafts TM1 to 
TM8 will be described below. 
0037. The first rotating shaft TM1 is configured to 
include the first sun gear S1 and the third sun gear S3 and 
operates continuously as an input element by being directly 
connected with the input shaft IS. 
0038. The second rotating shaft TM2 is configured to 
include the first planetary carrier PC1 and is selectively 
connected with a transmission housing H. 
0039. The third rotating shaft TM3 is configured to 
include the first ring gear R1 and the second planetary carrier 
PC2. 
0040. The fourth rotating shaft TM4 is configured to 
include the second Sun gear S2 and is selectively connected 
with the transmission housing H. 
0041. The fifth rotating shaft TM5 is configured to 
include the second ring gear R2 and the fourth Sun gear S4 
and is selectively connected with the second rotating shaft 
TM2. 
0042. The sixth rotating shaft TM6 is configured to 
include the third planetary carrier PC3 and the fourth ring 
gear R4 and operates continuously as an output element by 
being directly connected with the output shaft OS. 
0043. The seventh rotating shaft TM7 is configured to 
include the third ring gear R3. 
0044) The eighth rotating shaft TM8 is configured to 
include the fourth planetary carrier PC4 and is selectively 
connected with the first, the fourth, the seventh rotating shaft 
TM1, TM4, and TM7. 
0045. In addition, four clutches C1, C2, C3, and C4 
which are friction elements are disposed at portions selec 
tively connecting the rotating shafts respectively, among the 
rotating shafts TM1 to TM8. 
0046. Further, two brakes B1 and B2 which are other 
friction elements are disposed at portions selectively con 
necting the transmission housing H and the rotating shafts 
respectively, among the rotating shafts TM1 to TM8. 
0047 Layout positions of the six friction elements C1 to 
C4 and B1 to B2 will be described below. 
0048. The first clutch C1 is interposed between the fourth 
rotating shaft TM4 and the eighth rotating shaft TM8 and 
operates such that the fourth rotating shaft TM4 and the 
eighth rotating shaft TM8 selectively operate as one body. 
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0049. The second clutch C2 is interposed between the 
second rotating shaft TM2 and the fifth rotating shaft TM5 
and operates such that the second rotating shaft TM2 and the 
fifth rotating shaft TM5 selectively operate as one body. 
0050. The third clutch C3 is interposed between the first 
rotating shaft TM1 and the eighth rotating shaft TM8 and 
operates such that the first rotating shaft TM1 and the eighth 
rotating shaft TM8 selectively operate as one body. 
0051. The fourth clutch C4 is interposed between the 
seventh rotating shaft TM7 and the eighth rotating shaft 
TM8 and operates such that the seventh rotating shaft TM7 
and the eighth rotating shaft TM8 selectively operate as one 
body. 
0052. The first brake B1 is interposed between the second 
rotating shaft TM2 and the transmission housing H and 
operates such that the second rotating shaft TM2 can selec 
tively operate as a fixing element. 
0053. The second brake B2 is interposed between the 
fourth rotating shaft TM4 and the transmission housing H 
and operates such that the fourth rotating shaft TM4 can 
selectively operate as a fixing element. 
0054 The respective friction elements constituted by the 

first, the second, the third, and the fourth clutch C1, C2, C3, 
and C4 and the first and the second brake B1 and B2 as 
described above may be configured by multiple-disk hydrau 
lic friction joining units which are friction-joined by hydrau 
lic pressure. 
0055 FIG. 2 is an operation table for each of transmis 
sion steps of respective friction elements applied to an 
exemplary planetary gear train according to the present 
invention. 

0056. As illustrated in FIG. 2, in an exemplary planetary 
gear train according to the present invention, while three 
friction elements operate in the respective transmission 
steps, a transmission is performed. 
0057. A first forward transmission step 1ST is imple 
mented by simultaneously operating the first clutch C1 and 
the first and the second brake B1 and B2. 

0.058 A second forward transmission step 2ND is imple 
mented by simultaneously operating the first and the fourth 
clutch C1 and C4 and the second brake B2. 

0059 A third forward transmission step 3RD is imple 
mented by simultaneously operating the first and the fourth 
clutch C1 and C4 and the first brake B1. 

0060 A fourth forward transmission step 4TH is imple 
mented by simultaneously operating the fourth clutch C4 
and the first and the second brake B1 and B2. 

0061. A fifth forward transmission step 5TH is imple 
mented by simultaneously operating the second and the 
fourth clutch C2 and C4 and the first brake B1. 

0062. A sixth forward transmission step 6TH is imple 
mented by simultaneously operating the second and the 
fourth clutch C2 and C4 and the second brake B2. 

0063 A seventh forward transmission step 7TH is imple 
mented by simultaneously operating the third and the fourth 
clutch C3 and C4 and the second brake B2. 

0064. An eighth forward transmission step 8TH is imple 
mented by simultaneously operating the second and the third 
clutch C2 and C3 and the second brake B2. 

0065. A ninth forward transmission step 9TH is imple 
mented by simultaneously operating the second and the third 
clutch C2 and C3 and the first brake B1. 
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0066. A tenth forward transmission step 10TH is imple 
mented by simultaneously operating the third clutch C3 and 
the first and the second brake B1 and B2. 
0067. An eleventh forward transmission step 11TH is 
implemented by simultaneously operating the first and the 
third clutch C1 and C3 and the first brake B1. 
0068 A reverse transmission step REV is implemented 
by simultaneously operating the first and the second clutch 
C1 and C2 and the second brake B2. 
0069. The above transmission processes will be 
described more in detail below. 
0070. In the first forward transmission step 1ST, when the 

first clutch C1 and the first and the second brake B1 and B2 
simultaneously operate, an input is made into the first 
rotating shaft TM1 in a state of the fourth rotating shaft TM4 
being connected with the eighth rotating shaft TM8 and the 
first forward transmission step 1ST is performed while the 
second, fourth, and eighth rotating shafts TM2. TM4, and 
TM8 operate as fixing elements. 
0071. In the second forward transmission step 2ND, 
when the first and the fourth clutch C1 and C4 and the 
second brake B2 simultaneously operate, an input is made 
into the first rotating shaft TM1 in a state of the fourth 
rotating shaft TM4 being connected with the eighth rotating 
shaft TM8 and the seventh rotating shaft TM7 being con 
nected with the eighth rotating shaft TM8 and the second 
forward transmission step 2ND is performed while the 
fourth, eighth, and seventh rotating shafts TM4, TM8, and 
TM7 operate as fixing elements. 
0072. In the third forward transmission step 3RD, when 
the first and the fourth clutch C1 and C4 and the first brake 
B1 simultaneously operate, an input is made into the first 
rotating shaft TM1 in a state of the fourth rotating shaft TM4 
being connected with the eighth rotating shaft TM8 and the 
seventh rotating shaft TM7 being connected with the eighth 
rotating shaft TM8 and the third forward transmission step 
3RD is performed while the second rotating shaft TM2 
operates as a fixing element. 
0073. In the fourth forward transmission step 4TH, when 
the fourth clutch C4 and the first and the second brake B1 
and B2 simultaneously operate, an input is made into the 
first rotating shaft TM1 in a state of the seventh rotating shaft 
TM7 being connected with the eighth rotating shaft TM8 
and the fourth forward transmission step 4TH is performed 
while the second and the fourth rotating shaft TM2 and TM4 
operate as fixing elements. 
0074. In the fifth forward transmission step 5TH, when 
the second and the fourth clutch C2 and C4 and the first 
brake B1 simultaneously operate, an input is made into the 
first rotating shaft TM1 in a state of the second rotating shaft 
TM2 being connected with the fifth rotating shaft TM5 and 
the seventh rotating shaft TM7 being connected with the 
eighth rotating shaft TM8 and the fifth forward transmission 
step 5TH is performed while the second and the fifth rotating 
shaft TM2 and TM5 operate as fixing elements. 
0075. In the sixth forward transmission step 6TH, when 
the second and the fourth clutch C2 and C4 and the second 
brake B2 simultaneously operate, an input is made into the 
first rotating shaft TM1 in a state of the second rotating shaft 
TM2 being connected with the fifth rotating shaft TM5 and 
the seventh rotating shaft TM7 being connected with the 
eighth rotating shaft TM8 and the sixth forward transmission 
step 6TH is performed while the fourth rotating shaft TM4 
operates as a fixing element. 
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0076. In the seventh forward transmission step 7TH, 
when the third and the fourth clutch C3 and C4 and the 
second brake B2 simultaneously operate, an input is made 
into the first rotating shaft TM1 in a state of the eighth 
rotating shaft TM8 being connected with the first and the 
seventh rotating shaft TM1 and TM7 and the seventh 
forward transmission step 7TH in which rotary power of the 
input shaft IS is intactly outputted, is performed while the 
fourth rotating shaft TM4 operates as a fixing element. 
0077. In the eighth forward transmission step 8TH, when 
the second and the third clutch C2 and C3 and the second 
brake B2 simultaneously operate, an input is made into the 
first rotating shaft TM1 in a state of the second rotating shaft 
TM2 being connected with the fifth rotating shaft TM5 and 
the first rotating shaft TM1 being connected with the eighth 
rotating shaft TM8, the eighth forward transmission step 
8TH is performed while the fourth rotating shaft TM4 
operates as a fixing element. 
0078. In the ninth forward transmission step 9TH, when 
the second and the third clutch C2 and C3 and the first brake 
B1 simultaneously operate, an input is made into the first 
rotating shaft TM1 in a state of the second rotating shaft 
TM2 being connected with the fifth rotating shaft TM5 and 
the first rotating shaft TM1 being connected with the eighth 
rotating shaft TM8 and the ninth forward transmission step 
9TH is performed while the second and the fifth rotating 
shaft TM2 and TM5 operate as fixing elements. 
(0079. In the tenth forward transmission step 10TH, when 
the third clutch C3 and the first and the second brake B1 and 
B2 simultaneously operate, an input is made into the first 
rotating shaft TM1 in a state of the first rotating shaft TM1 
being connected with the eighth rotating shaft TM8 and the 
tenth forward transmission step 10TH is performed while 
the second and the fourth rotating shaft TM2 and TM4 
operate as fixing elements. 
0080. In the eleventh forward transmission step 11TH, 
when the first and the third clutch C1 and C3 and the first 
brake B1 simultaneously operate, an input is made into the 
first rotating shaft TM1 in a state of the fourth rotating shaft 
TM4 being connected with the eighth rotating shaft TM8 
and the first rotating shaft TM1 being connected with the 
eighth rotating shaft TM8 and the eleventh forward trans 
mission step 11TH is performed while the second rotating 
shaft TM2 operates as a fixing element. 
I0081. In the reverse transmission step REV, when the first 
and the second clutch C1 and C2 and the second brake B2 
simultaneously operate, an input is made into the first 
rotating shaft TM1 in a state of the fourth rotating shaft TM4 
being connected with the eighth rotating shaft TM8 and the 
second rotating shaft TM2 being connected with the fifth 
rotating shaft TM5 and the reverse transmission step REV is 
performed while the fourth and the eighth rotating shaft 
TM4 and TM8 operate as fixing elements. 
I0082. As described above, in the planetary gear train 
according to various embodiments of the present invention, 
four planetary gear sets PG1, PG2, PG3, and PG4 may 
implement the forward 11-speed and reverse 1-speed trans 
mission steps through the operation-control of four clutches 
C1, C2, C3, and C4 and two brakes B1 and B2. 
I0083. As a result, the planetary gear train according to 
various embodiments of the present invention may improve 
the power transmission efficiency and the fuel efficiency 
through the multiple speed stages of the automatic trans 
mission. 
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0084. Further, quietness of driving can be also much 
improved because transmission steps Suitable for rotation 
speed of an engine can be implemented through the multiple 
speed stages of the automatic transmission. 
0085. In addition, three friction elements operate for each 
transmission step, and as a result, a friction drag loss is 
decreased by minimizing the number of friction elements 
which do not operate, thereby improving the power trans 
mission efficiency and the fuel efficiency. 
I0086. The foregoing descriptions of specific exemplary 
embodiments of the present invention have been presented 
for purposes of illustration and description. They are not 
intended to be exhaustive or to limit the invention to the 
precise forms disclosed, and obviously many modifications 
and variations are possible in light of the above teachings. 
The exemplary embodiments were chosen and described in 
order to explain certain principles of the invention and their 
practical application, to thereby enable others skilled in the 
art to make and utilize various exemplary embodiments of 
the present invention, as well as various alternatives and 
modifications thereof. It is intended that the scope of the 
invention be defined by the Claims appended hereto and 
their equivalents. 
What is claimed is: 
1. A planetary gear train of an automatic transmission for 

a vehicle comprising: 
an input shaft receiving rotary power of an engine; 
an output shaft outputting the rotary power with rotary 

speed changed; 
a first planetary gear set including a first Sun gear, a first 

planetary carrier, and a first ring gear; 
a second planetary gear set including a second Sun gear, 

a second planetary carrier, and a second ring gear; 
a third planetary gear set including a third Sun gear, a third 

planetary carrier, and a third ring gear; 
a fourth planetary gear set including a fourth Sun gear, a 

fourth planetary carrier, and a fourth ring gear; 
a first rotating shaft including the first Sun gear and the 

third Sun gear and operating continuously as an input 
element by being directly connected with the input 
shaft; 

a second rotating shaft including the first planetary carrier 
and selectively connected with a transmission housing: 

a third rotating shaft including the first ring gear and the 
second planetary carrier; 

a fourth rotating shaft including the second Sun gear and 
Selectively connected with the transmission housing: 

a fifth rotating shaft including the second ring gear and the 
fourth Sun gear and selectively connected with the 
second rotating shaft; 

a sixth rotating shaft including the third planetary carrier 
and the fourth ring gear and operating continuously as 
an output element by being directly connected with the 
output shaft; 

a seventh rotating shaft including the third ring gear; 
an eighth rotating shaft including the fourth planetary 

carrier and selectively connected with the first, the 
fourth, and the seventh rotating shafts; and 

six friction elements disposed at portions selectively 
connecting the rotating shafts or selectively connecting 
the rotating shafts and the transmission housing respec 
tively. 
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2. The planetary gear train of claim 1, wherein each of the 
first, the second, the third, and the fourth planetary gear sets 
comprises a single-pinion planetary gear set. 

3. The planetary gear train of claim 2, wherein the four 
planetary gear sets are disposed in an order of the fourth, the 
second, the first, and the third planetary gear set starting 
from an engine side. 

4. The planetary gear train of claim 1, wherein the four 
planetary gear sets are disposed in an order of the fourth, the 
second, the first, and the third planetary gear set starting 
from an engine side. 

5. The planetary gear train of claim 1, wherein the six 
friction elements comprise: 

a first clutch interposed between the fourth rotating shaft 
and the eighth rotating shaft; 

a second clutch interposed between the second rotating 
shaft and the fifth rotating shaft; 

a third clutch interposed between the first rotating shaft 
and the eighth rotating shaft; 

a fourth clutch interposed between the seventh rotating 
shaft and the eighth rotating shaft; 

a first brake interposed between the second rotating shaft 
and the transmission housing; and 

a second brake interposed between the fourth rotating 
shaft and the transmission housing. 

6. The planetary gear train of claim 5, wherein transmis 
sion stages implemented by selectively operating the six 
friction elements include: 

a first forward transmission stage implemented by simul 
taneously operating the first clutch and the first and the 
second brakes; 

a second forward transmission stage implemented by 
simultaneously operating the first and the fourth 
clutches and the second brake; 

a third forward transmission stage implemented by simul 
taneously operating the first and the fourth clutches and 
the first brake; 

a fourth forward transmission stage implemented by 
simultaneously operating the fourth clutch and the first 
and the second brakes; 

a fifth forward transmission stage implemented by simul 
taneously operating the second and the fourth clutches 
and the first brake; 

a sixth forward transmission stage implemented by simul 
taneously operating the second and the fourth clutches 
and the second brake; 

a seventh forward transmission stage implemented by 
simultaneously operating the third and the fourth 
clutches and the second brake; 

an eighth forward transmission stage implemented by 
simultaneously operating the second and the third 
clutches and the second brake; 

a ninth forward transmission stage implemented by simul 
taneously operating the second and the third clutches 
and the first brake; 

a tenth forward transmission stage implemented by simul 
taneously operating the third clutch and the first and the 
second brakes; 

an eleventh forward transmission stage implemented by 
simultaneously operating the first and the third clutches 
and the first brake; and 

a reverse transmission stage implemented by simultane 
ously operating the first and the second clutches and the 
second brake. 
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7. A planetary gear train of an automatic transmission for 
a vehicle comprising: 

an input shaft receiving rotary power of an engine; 
an output shaft outputting the rotary power with rotary 

speed changed; 
a first planetary gear set including a first Sun gear, a first 

planetary carrier, and a first ring gear; 
a second planetary gear set including a second Sun gear, 

a second planetary carrier, and a second ring gear; 
a third planetary gear set including a third Sun gear, a third 

planetary carrier, and a third ring gear; 
a fourth planetary gear set including a fourth Sun gear, a 

fourth planetary carrier, and a fourth ring gear; 
a first clutch selectively connecting the second Sun gear 

with the fourth planetary carrier; 
a second clutch selectively connecting the first planetary 

carrier with the second ring gear; 
a third clutch selectively connecting the first Sun gear and 

the third sun gear with the fourth planetary carrier; 
a fourth clutch selectively connecting the third ring gear 

with the fourth planetary carrier; 
a first brake selectively connecting the first planetary 

carrier with a transmission housing; and 
a second brake selectively connecting the second Sun gear 

with the transmission housing, 
wherein the input shaft is directly connected with the first 

Sun gear, 
the output shaft is directly connected with the third 

planetary carrier, 
the first Sun gear and the third Sun gear are directly 

connected, 
the first ring gear and the second planetary carrier are 

directly connected, 
the second ring gear and the fourth Sun gear are directly 

connected, and 
the third planetary carrier and the fourth ring gear are 

directly connected. 
8. The planetary gear train of claim 7, wherein each of the 

first, the second, the third, the fourth planetary gear sets 
comprises a single-pinion planetary gear set. 

9. The planetary gear train of claim 8, wherein the 
planetary gear sets are disposed in an order of the fourth, the 
second, the first, and the third planetary gear set starting 
from an engine side. 
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10. The planetary gear train of claim 7, wherein the 
planetary gear sets are disposed in an order of the fourth, the 
second, the first, and the third planetary gear set starting 
from an engine side. 

11. The planetary gear train of claim 7, wherein: 
transmission stages implemented by selectively operating 

the first, the second, the third, and the fourth clutch and 
the first and the second brake include: 

a first forward transmission stage implemented by simul 
taneously operating the first clutch and the first and the 
second brakes; 

a second forward transmission stage implemented by 
simultaneously operating the first and the fourth 
clutches and the second brake; 

a third forward transmission stage implemented by simul 
taneously operating the first and the fourth clutches and 
the first brake; 

a fourth forward transmission stage implemented by 
simultaneously operating the fourth clutch and the first 
and the second brakes; 

a fifth forward transmission stage implemented by simul 
taneously operating the second and the fourth clutches 
and the first brake; 

a sixth forward transmission stage implemented by simul 
taneously operating the second and the fourth clutches 
and the second brake; 

a seventh forward transmission stage implemented by 
simultaneously operating the third and the fourth 
clutches and the second brake; 

an eighth forward transmission stage implemented by 
simultaneously operating the second and the third 
clutches and the second brake; 

a ninth forward transmission stage implemented by simul 
taneously operating the second and the third clutches 
and the first brake; 

a tenth forward transmission stage implemented by simul 
taneously operating the third clutch and the first and the 
second brakes; 

an eleventh forward transmission stage implemented by 
simultaneously operating the first and the third clutches 
and the first brake; and 

a reverse transmission stage implemented by simultane 
ously operating the first and the second clutches and the 
second brake. 


