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ABSTRACT

A generalized special program called planetary transmission analysis(here in after PTA) is devel-
oped to improve planetary gear noise in automatic transmission. PTA is capable of analyzing any
typical one-degree-of-freedom automatic transmission gear train containing any number of simple,
compound or complex-compound planetary gear sets. The kinematics module in PTA can compute
the rotational speeds of gears and carriers and calculate the order frequencies to predict the planetary
noise components. The power flow analysis module performs a complete static force analysis provid-
ing forces, moments, or torques of gears, bearings, clutches and connections. Based on the given
type and number of planetary gear sets, the search algorithm determines all possible kinematic con-
figurations and gear tooth combinations in a required set of gear ratios, while eliminating whole kin-
ematic redundancies and unfavorable clutching sequences. By using PTA program, planetary internal
speeds of new developed automatic transmission are early obtained; therefore, possibility of the noise
problem could be predicted in early design stage. As implementing PTA in planetary gear NVH de-
velopment procedure, planetary gear noise was successfully reduced by 10 dBA.
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Fig. 2 Fundamental kinematic units in gear mesh (a)
an external mesh, (b) an internal mesh, and

(c) a planet-to-planet mesh
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Fig.3 An example two-stage planetary gear sets

Trans. Korean Soc. Noise Vib. Eng., 25(7) : 487~495, 2015 | 489



Hyun Ku Lee et al.; Development of a Design and Analysis Program for Automatic Transmission Applications to ...

Wy =@y =0 (69)
@, =0 (6g)
wxl = win (6h)

glojel FUd 7jofe] A& melA] AAgE &
o, 7] FAR1e] AEE Al Z47He 7)o
Aglele] Bl &= Apolof WS Fake] A
T Aok Bk oyl 7o) A9 e 7t 7
o] A] &xe} Jglo] A Hrele] AolE
A AFERE 8 4 9loen, X3 &9
FLgte] HlE Fsto] 7o) Ag AF ArE
4 9T} Fig 4= 2249 F4EL ol&siy
3 A7 EHY 93ty #4 BES Hd A
olul &1 Q& #olokxe FxE WA &
I 7]ojn]e} Sl IYSlE EE o Ao
of A A, BM, Aol WE HE 2
Al

5 Fle_Eat

:(l)L_',
i
e

o] AgEE QY
biek 018 slstel, 22804
5 Hofof g

do
ol
=
R

ox N o X 4l 0o o @ > oaft xo
2, N ol op oot M Ob it gt & o 3L

r2 T Sk ofr

o T

Setn | Res

Kinematics Module Al Ratos

sults | Scebard

=
den s e | |00,
:
e —
oiz cl
02989 3
i Subtte o Rt 1 [57
Engises Name : [Engneer| D Date - [September: 2010
oo |G| i | pinst | [ ] FevaeiBanmi
some1 | sopee] s sopire |
NS
Fig. 4 Kinematic analysis module
490 | Trans. Korean Soc. Noise Vib. Eng., 25(7) : 384~390,

2015

AAoz 9fel Add B3 #he Asta, o 3

SR f4d7101 AE AH of dels P& Folok @

o] AN e 7ojMESE 2 oARe] A7
A A e Ee daEauEe f

01 AES] 5 ofF RHES

7+ st 74] etk A7kl fAd71e) AlEd

EHE FPA2 A (I 2

o ox e L
rﬂmoi%'

Ny
717+71j+717+222%/mj=0 @)

i=l k m
i#j

N
R
=

, m=s, pl, p2, r, col¥ Ty, T,18]3
b A 710 AES] 710, F7]o, 7l
L gohe oJFEACIH & N2 Al2EY
HAES ol Ty i 7191 AIES] k &
aked j 710l MES m 240 #Ede =

T

N

d
N

~.
N—l

Om rlr
L o2 2
k)
=
o

WP oo 28 2
o B2
N o
_i

2

ko
[
1o

N,
IB
bl
rir
2
~
i,
12

o

de o] gat

== [¢}

4
pas
lo 4
A
N
)
)
rO
b
i3
¥ fd
o
=l

7}%4 &)

o=

o o & @
=

QL
ir s 3o
e to e
-1_}% i)
=
x :‘i fr
rE
L
ihe
o
N
o T
&
o
Q
NS
% o
X
o

o
__>il“
il
rlo
1>
~~
N>
Wl

Tk)/nzz+Tmt//<j:0 9)

rl

nreto 2 QJEES e T, =T Folth
Flg 33 22 271E& dF Y slo] 9, 27 &
2, 27} Wk ARl A|&EoA F JRe] A8 A
s1-s2, cl-r2% Y3 22 2 (10a)FH 2 (10)E

W,

Taq+Ta+Ta+Tgo s+ =0 (102)
Too+Tp+ Ty +Tg1/50 + Te1/p2 =0 (10b)

Tgog+T 0,

(10¢)
+Tq 0+ T 05 +T0/c1 0 =0

TS2 WOgp + Tr2 [27%)

(10d)
+ T 0er +Ts1/50 @52 + o110 0 =0



Hyun Ku Lee et al.; Development of a Design and Analysis Program for Automatic Transmission Applications to ...

Torrs1+Ts1/52 =0 (10e)
To2ie1 +Te1/r2 =0 (109)
Ty =0 (10g)
T, =0 (10h)
Tsp = (10i)
Tg =T (10j)
EIRAL o, &9, =18 84 aea 7 8
27t AABAE ¥3S dd 248 EAR F
e, ol ik FA1E 7]ofe} wlojEo] #gate=
goz FAHAL. Fig st FA7IEH D
A EEs B Z 0= Fig 49 o] ojw] &ar gl
= dolole FxE desAl wrlskar 7]oju| gt
N, a3 Alolel A ARS AP RE @
oMl fA71el, Wy Bel Aele 8, mulE,
E3 9 Q9 P 52 AN & gtk
2.5 47|10 A+ Y| BE
4710 ol 7] REe 8FEHE s
ZA717] 9lgk Zlojnle] U= SlgE AT o
AMEE Fig. 62 o] EEY TALEE YE Zo
2, o] BEE folops AL 72 & 7oy
W9lE s Pske 4710 Ssel WelE A
Aokl dsta AgsA 2AHES wEAF o
Avke BE g sloug wEshs H4skE Q5
g ABoR WYs Ft Aoz W YE dFE

 Planetary Transmission Analysis (PTA) - [Powerflow Analysis Module]
o5 FloEdt

[ |

KenatcSeach

Powetlow Module

AN w5 P,

2.6 247101 HOIOIR FZAIS 2N 25

F4710] doloks FRRIH BARES A
A7k sk el A3 Ng, 1 1%k s
4718 FHdIA B u) AgE A0E AU 4
AES] f4710] AEES ol§3te]l T4 7bsd BE

o MU m PN PN JE
oOE A AL N
3@ N jo o & AU

ol
-

Input and range
parameters

=180 Nopeoy

Ranges for sun and ring
teeth
JET 80 Noeer

f————Jjtl Store results
No [‘/es

* i 4 Bt
~ ~ - ~
Compute speeds 2 ~ Yes _~ i
——<Quin, <0< Omax, >——<__ Al & obtained? >
=180 Nypeey e rd ~— i
W B 2P
No
i—itl

Fig. 6 Gear tooth count search module computational
flow chart

Locate best solutionsin
of

| Define input settings

of number

Seb | Il | PowerFlow Results | SpeedReais

7 % || veving

Torque ifomation (4] DIRECTION
I
\ 9@?
-

Input 1 Sum) 100000
Ouput 18 (Carie)
Rescton 410 (ing)

®3 00 1%L B

Deck 12
Gear Nesh Forces) Targenic Al
Sin: 6 w2 w3
532 73
LMo i

B )
Plaet: 7 0w sEs 000 2w

Deck 13 v

oo s | i | un |
| e S [RE] S| s 500

m,r:

by

Create connection data
regarding number of

decks

Linematic _configurations.

T
. .
N o | Collect speed—ratio data I
% : :
O Searchdirect drive
2 kinematic configurations
| Optimize data l by utilizing current

l connections

Dae: [September 2010

Fig. 5 Power flow analysis module

Make sequences w/o Search kinematic
direct drive kinematic configurations for
configuration reverse speed—ratio

)

Fig. 7 Kinematic search module computational flow
chart

Trans. Korean Soc. Noise Vib. Eng., 25(7) : 487~495, 2015 | 491



Hyun Ku Lee et al.; Development of a Design and Analysis Program for Automatic Transmission Applications to ...

Fig. 8 frA7]o] #lojols 2379} #A RS

< At dlE B3l Zolth Fig 8(a)¢t 2ol #Hol

obS B A K471 A, &9, 7lofy]

ek g T2 YYsta, ols HEoR Thsd

BE A9 doloby AxnEs =Ed k. Ay
B

iy o o

AAR ek delobs g AT 5w 8l
Q'. Flg 8(b)3\—:‘ ﬁzé.‘ﬂ Eﬂ°]°]’7°(~°4 7_]', ‘a_tg :[Lé?qz_

219l dle5g B3l Alojth

2.7 PTA Z2I¥g 0|23t
B O|ofR ZA Atz

Fig. 9% mp2rhe] 27bo] HE] H(SKYACTIVE) 65

AsHET]e] AR iSRSl Ao HeE

dUEEF3719 3AE, 8% 270, Beola 37,

OWC(oneway clutch) 17}Z FAEo] Qtk. 44719

YN HE|

B3 B2 B1

out

R3 R2 R1
c (&) a a

S3 S2 S1 (o]

IN

Fig. 9 A MAZDA SKYACTIV 6th speed automatic
transmission

(b) Results

Fig. 8 Planetary transmission configuration search and
analysis module

492 | Trans. Korean Soc. Noise Vib. Eng., 25(7) : 384~390, 2015

Fig. 10 Searching the MAZDA SKYACTIV 6th speed
automatic transmission by using the PTA
module
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Table 1 An analysis result of the internal speed ratio
of the new automatic transmission's elements
by using the PTA program

Internal speed
Elements 8th 9th 10th 11st
Sun 0.00 -1.21 0.00 1.00
Planet 1.29 1.65 0.00 -1.36
Carrier 0.55 0.00 0.00 0.00
Ring 0.77 0.49 0.00 -0.41
Sun 1.00 1.00 1.00 1.00
Planet -0.61 -2.56 -2.56 -2.56
PG2 Carrier 0.55 0.00 0.00 0.00
Planet2 1.64 2.42 2.42 2.42
Ring 0.77 0.49 0.49 0.49
Sun 0.77 0.49 0.00 -0.41
Planet 2.51 4.34 7.53 10.18

PG1

PG3 Carrier 1.13 1.29 1.56 1.78
Ring 1.37 1.81 2.58 322
Sun 0.77 0.49 0.00 -0.41
PG4 Planet 1.59 2.29 3.53 4.55

Carrier 1.00 1.00 1.00 1.00
Ring 1.13 1.29 1.56 1.78
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