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Power Flow Analysis for Manufacturing of Planetary Gears in a
8-Speed Automatic Transmission (I): 1-3 Speeds
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ABSTRACT

In this paper, we analyze the power flow of an eight-speed automatic transmission by using a lever analogy
for the manufacturing of planetary gears. The results indicate that the engine power is passed down to the
carrier and ring gear in the first double pinion planetary gear (DPPG1), and to the sun gear, carrier, and ring
gear in DPPG3 for the first speed. Although the power flow is similar in the second speed, the power
circulation occurs in the second single pinion planetary gear (SPPG2). For the third speed, the engine power is
passed from the carrier to the ring gear in DPPG, at which point the power is split between the sun gears of
SPPG2 and DPPG3.

Key Words : Automatic Transmission(A+S#Z7]), Powertrain(ZFe E2121), Planetary Gear(7437]01),
Power Flow(&2 S&), Lever Analogy(2llt{5l4])
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o} A SPPG(single pinion planetary gear)$} DPPG
(double pinion planetary gear)”} ATt

2.1 Single pinion planetary gear

Fig. 1= SPPGE =483+ Zle|th SPPGE Sun
71018} Ring 710] Akolol] Planet 7]017} $x]8}bH,
Planet 7191 &L Carriers %3l dZHAA dot
W SPPGE TEaE & §471009] FYel 9
Z3}7] W&l Sun 719}, Ring 7191 % Carrier2]
Al el FEFo] EAIgt SPPGe| M-S 913}
o, Fig. 29} %2©°] Sun, Carrier ¥ Ring 7]oje] E
3 ¢ £ WAE g RIS o8t XY
(}J\E]-[H]_

Fig. 2a& SPPGO| ETHHE =A% Aot &
g #AC we}, Sun 719 EA(T,), Carrier
EA(Teppier) 2 Ring 710 BTy, )0 BAE
o537

TRz'ng + T&m + TCarrier =0 (1)

Planet gear

_______._._._._._______.£ Ring gear
_________ Carrier

Sun gear

Carrier

S

(a) structure

(b) schematic diagram

Fig. 1 Single pinion planetary gear model

u TCarrier TRingI
Sun Zping——C3 arrl%l‘——ZSun-——R’lng

(a) Torque lever model

(b) Speed lever model
Fig. 2 Torque and speed lever model of SPPG

Planet gear

Sun gear

Planet gear’
—

(a) structure

L Ring gear

-%I—Carrier
L

Sun gear

(b) schematic diagram

Fig. 3 Double pinion planetary gear model

__ RiNg——"c—Earrier

Ring
(b) Speed lever model
Fig. 4 Torque and speed lever model of DPPG
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2.2 Double pinion planetary gear

Fig. 32 DPPGS] EA1351%th. DPPGE SPPG
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Fig. 5 Structure of 8-speed automatic transmission

Table 1 Operation table of 8-speed automatic transmission

Speed Clutch Brake OowC
el ci T2 [ 3 [ ca | Bl B2 | FI
1st o o o
2nd o o
3rd o o
4th o o
5th o o
6th o o
7th o o
8th o o

ITsl TrlI Te‘ t
SuT’fl-—-‘_.___Zrl i rrierl
(a) Torque lever model
we
W) __ e

Ws1 = [_] -------------------- i I

Sun 7, ___Ringd-—Z . —€drrierl

(b) Speed lever model

Fig. 6 Lever model of DPPG1 model
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Table 2 Engine operation point

Engine torque, T, 100 Nm

Engine speed, w, 100 rad/sec

Table 3 Planetary gear ratios

Gear ratio of DPPG1, Z.,/Z, 2.1587/1
Gear ratio of SPPG2, 7.,/ Z,, 2.1742 /1
Gear ratio of DPPG3, 7.,/ Z., 24670/ 1

Table 4 Torque, speed and power of DPPGI1

Sun gear torque of DPPGI, T, 86.3 Nm
Sun gear speed of DPPG1, w,; 0 ras/sec
Ring gear torque of DPPGI, T, -186.3 Nm
Ring gear speed of DPPG1, w,; 53.7 rad/sec
Engine power, T, X w, 10000.0 W
Sun gear power of DPPG1, T, X w; ow
Ring gear power of DPPG1, T, X w,,[ -10000.0 W

B1 B2
c3 ra Ry Output
ca R1A> C1 Ca2 a3
c2
o Flo o
S1 s3
Engine —» 4

Fig. 7 Power flow of DPPGI1

224 Clo] #sg 79, DPPG19 Ringl”]o]
L DPPG39] Sun3”|ole} AARAT} o]& SstHo
2 93 v Zo] 29 4 T

T,+T3=0 ©)
Wpp = W3 (10)
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(a) Torque lever model of DPPG3

(b) Speed lever model of DPPG3

Fig. 8 Lever model of 1st speed

Table 5 Torque, speed and power of 1st speed

Sun gear torque of DPPG3, T4 186.3 Nm
Sun gear speed of DPPG3, w,, 53.7 rad/sec
Carrier torque of DPPG3, T, , 273.3 Nm
Carrier speed of DPPG3, w3 0 rad/sec

Output torque, T, =T, -459.6 Nm
Output speed, w, = w,; 21.8 rad/sec
Sun gear power of DPPG3, T3 X w5 | 10000.0 W
Carrier power of DPPG3, T, , X w,, ow
Output power, T, X w, -10000.0 W
Zs= DPPG39 Ringd 94, w,E DPPG39
Ring3 &=0|th 1del4 £%L& DPPG32| Ring3
olm®, AFWEKr|e] SHEAT) B EHER
(w,)E Tt Zo] AL 4 Utk
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Fig. 9 Power flow of 1st speed
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(a) Torque lever model of SPPG2
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(b) Torque lever model of DPPG3
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(d) Speed lever model of DPPG3

Fig. 10 Lever model of 2nd speed
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Table 6 Torque, speed and power of 2nd speed

Sun gear torque of SPPG2, T, 86.1 Nm
Sun gear speed of SPPG2, w,, 0 rad/sec
Carrier torque of SPPG2, T, -273.3 Nm
Carrier speed of SPPG2, w,,, 25.1 rad/sec

Ring gear torque of SPPG2, T, 187.2 Nm

Sun gear torque of DPPG3, T4 186.3 Nm

Sun gear speed of DPPG3, w,, 53.7 rad/sec

Carrier torque of DPPG3, T, 273.3 Nm
Carrier speed of DPPG3, w,,; 25.1 rad/sec
Ring gear torque of DPPG3, T, -459.6 Nm
Output torque, T, -272.4 Nm
Output speed, w, = w,, = w,4 36.7 rad/sec
Sun gear power of SPPG2, T\, X w,, ow
Sun gear power of DPPG3, T3 X w|  10000.0 W

Carrier power of SPPG2, T, X w0 | -6872.3 W

Carrier power of DPPG3, T, 5 X w3 68723 W
Ring gear power of SPPG2, T\, X w,o| 68723 W
Ring gear power of DPPG3, T 5 X w, gl -16872.3 W

Output power, T, X w, -10000.0 W
B1 B2
c3 Output
R2 _R3
> -
ca A C1 Ca2 vV A Ca3
™ c2
Cal - F1
' s2 A
s1 - s3
A A
Engine B

Fig. 11 Power flow of 2nd speed
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Fig. 12 Lever model of 3rd speed
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Table 7 Torque, speed and power of 3rd speed

Sun gear torque of SPPG2, T, 58.9 Nm
Sun gear speed of SPPG2, wy,, =wg || 53.7 rad/sec
Carrier torque of SPPG2, T, -186.9 Nm
Carrier speed of SPPG2, w,,» = w3 || 53.7 rad/sec
Ring gear torque of SPPG2, T, 128.0 Nm
Ring gear speed of SPPG2, w,, =w,4| 53.7 rad/sec
Sun gear torque of DPPG3, T, 127.4 Nm
Sun gear speed of DPPG3, w,, = w3 || 53.7 rad/sec
Carrier torque of DPPG3, T, , 186.9 Nm
Carrier speed of DPPG3, w,,, = w3 || 53.7 rad/sec
Ring gear torque of DPPG3, T, -314.3 Nm
Ring gear speed of DPPG3, w,, = w,5| 53.7 rad/sec
Output torque, T}, -184.3 Nm
Output speed, w, = w,, = w,3 53.7 rad/sec
Sun gear power of SPPG2, T, X w,, 3160.8 W
Carrier power of SPPG2, T, X w,, || -10033.0 W
Ring gear power of SPPG2, T, X w,of 68723 W
Sun gear power of DPPG3, Ty X w| 68392 W
Carrier power of DPPG3, T, X w,s| 10033.0 W
Ring gear power of DPPG3, 1,5 X w4 -16872.0 W
Output power, T, X w, " -10000.0 W
Bl B2
AC3 R2_f3 (&Jtput
ca AT 'Cl ca2 '.»A ca3
Cal < ! F1 o A A e
s1 - ‘53
Engine B A

Fig. 13 Power flow of 3nd speed
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