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ABSTRACT

Automatic transmissions are standard equipment in most automotive vehicles because they provide smooth
speed shifting and a compact design with multiple speed ratios. Their structure consists mainly of planetary gear
sets as power-transmitting devices and brakes and clutches as shifting devices. Several forward and one reverse
speed ratios are achieved by actuating shifting devices to connect gears, input and output shafts, and the
transmission case. In the development of a new transmission, kinematic configurations reflecting the transmission
concept design are required, and the ability of the new concept design to be assembled without any interference
among the connections must be demonstrated. In this study, an assemblability analysis of the kinematic
configurations of a Ravigneaux-type automatic transmission was conducted with an assemblable example of an
8-speed Ravigneaux-type automatic transmission.

Key Words : Ravigneaux Type(2HH|'= E}!), Automatic Transmission(XFSHZ7(), Assembly Check(ZE A ZA
AD, Planarity Test(Z ™A ZA}), Kinematic Configuration(7| 78 TA)
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Fig. 1 (a) Assemblable kinematic configuration
example, (b) unamanged presentation of
(@), and (c¢) Un-assemblable kinematic
configuration example
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Fig. 4 An exmaple of the 8-speed ravigneaux type
automatic transmission concept design: (a)-(i)
kinematic configurations of 1st - 8th and
reverse speed ratios and (j) a superimposed
stick diagram
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Table 1 Kinematic configurations of the 8-speed
ravigneaux type automatic transmssion

concept design of Fig. 4

Ge_ar Input | Output | Fixed Connections
ratio
1 C R» Si Sy Ci-S3
2 C R» Si S, R;-S3
3 Ci R» Si S, Ci-C,
4 C] R, S] C]-Cz R]-S3
5 C R, S Ci-Cy Co-Ss
6 C R, S Ci-C2 Ri-S,
7 C R, Sy Ci-S; Ri-S;
8 C R, Sy R;-S; Ri-S;
REV. C R, Si G Ci-S;
(al) (a2)
© Case vy,
Ry R, Rs3 I V3 T Vg I Vg
CTTe TG |'V2 °|V5 I Vg
S‘l SZ SS . Vl *Vy . V?
—* Input Output —* * V1o Vige
(bl) (b2)
Y% Case vy
A
€ G v
2 Vst
S5 5 l vy l‘h\' vz
— Input Qutput —» *Vg Vg e
(b3)
*Viz
T V3 I Vg I Vg
e
sV eV, ey
Vg Vipe

Fig. 5 (al) Basic hardware of a planetary gear train
consisting of 3 decks, (a2) a corresponding
graph presentation of (al), (bl) basic
hardware of a ravigneaux type planetary gear
train, (b2) a corresponding graph presentation
of (b1), (b3) a graph containing cut-vertex

Fig. 6 (a) Graph of the design of Fig. 4(1), (b) the
modified graph of (a), (c) the directed graph
of (b)
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Table 2 Adjacency lists of (a) a graph G of Fig. (a) (b)
6(a), (b) a graph G of Fig. 6(b) Vg
-
) ’ ’V7T\‘:‘\~\
Vertex Adjacent vertices p /’$ ' ‘: kY
Vi V2 Vio / ,” Ve ¥ doN
V2 Vi Vs Vs V7 V3 :' ." lef/’ ‘\
V3 V2 V7 V4 ': Lo, ‘\:\ :'
Vs V3 Vip Vs ' ‘I‘ ’f’f ' '.J !
Vs V4 Vio Vg Vg V7 ‘\ V' Vs .‘ ) -
Ve Vs Vo ":.\: *T‘_, ,'
\%i Vs V2 V3 '\ fvt} /'
Vg Vig V2 Vo g4
Vo V8 V6 Vio Vs
Vio Vg Vi V4 V5 Vo Fig. 7 (a) A depth-first tree consisting of tree and
back edges of the modified graph of Fig.
(b) 6(b), (b) separate paths of the depth-first
Vertex Adjacent vertices tree of (a)
Vi V2 V5 V4 Vg Vg
A% Vi V3 Vs Table 3 Depth-first numbers, fathers, lowest points of
V3 V4 V2 Vg vertices of the example graph G of Fig. 6(b)
Vi Vs Vs Vi V7 V8 Vertex DFN FATH LOW
Vs Ve V2 Vi Vi 5 V2 1
Vo Vi V7 Vg v 4 Vs 1
V7 V4 Ve Vg vs 1 - 1
Vg Ve Vi V3 V4 Vg V4 2 V3 1
Vs 3 Vs 1
4 T48& Fig 6@ IHZE 2dT 5 9lo \ 6 Vi 1
™, 7+ He] A4 e 2~E(Adjacency list)= Table 2(a) V7 7 Ve 1
2 Z9¥ 5 Uk Fig 6@ viT ve= v29F vio Vs 8 Vi 1
AL vsit ool A7 T Y] HES dle Holx

2 o] T HE 2Asta dAste FES A o
ZstS Fig. 6(b)e] TWZe Table 2(b)e] 42
a/\E;qa x—lJ,]_ /\—],] 7H/“E =43 _/,: 9)\1;].

3.2 Depth-First Search

=A%) Depth-First Search (DFS) THAl= L8]
o HES dEH R HESY tree-edge® T8 H
A A T9 back-edgeZ TAE A 3§ BE F+&
skl ERF3t= TAlolth Table 2(b)9 z47¢ A4
2EA ZF Ao HoE AAmE HES AHRE
Hlgoz Hx Qloje] Xl & Mo Aoz A4
= AES d44o= HES L, HEH BE Ho

=4

‘iﬂm[o

AHH O Z o]ofA = A& tree-edgedtt FE2H I
0 AT TE B Ae PASE dEe AR
HAou Ho] HEHA 942 AELS back-edgesh
3 oRer O A AEe Baa @k oA P
B T(AA)2t B(X“*)t Flg 7(@)°ll EFH A
DFS ©A9] M3 dEe HAES= AANA 24
Aol Fd e dAVE F45H, A viol st
o] depth-first number DFN(v;), father FATH(vi),
lowest point LOW(v))2] kol AHslZt}. DFS &4
N vi vj Vi vy Vg ViRl 2 HEE ST,
DFNE 7 ol td HE &AE Wgdnh =,
DFN(v;) 1, DFN(v) 202 Zho]l Azt
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Father= 2je A vie AE 3 HE tE9)
o2 H ve ZES A9, vie vy father A
ATk =, FATH(v) = vi o1t 28], vi= vi¥ son
#AAZ AHoldoh LOW(v)E= DFN(vi), LOWW:<
son), LOW(back-edge (vi, v))& v)ZlAl 7+ 22
£22 Ao)dr) Table 2(b)oll thd DFS A3l
Z} ol i3k DFN, FATH, LOWE Table 30l ¥A|
sttt

M Lo
e

3.3 st-Numbering %! Directed 12 Z T7A

st-numberingS A {3 V (n = |V A T E
2 748 a8z 6o & Hel 17H nd AMEL
35 Fo3ts dAlelth WEE J|FoE 1

of Zt Hde WFH4eE A HY aH=Zs
Directed 1| ZE HZFT o] @A o|F=E 747}
o A v Foue A W3 j2EA Zd9EHY O
74 2L 29 & e

) AHA A 13 v A ne AR stk

iy A j (€2, n-1DE F M A 9 k3 AHS}
o I HsSIAE i <j < kE AU

E35] A WA A 13 v H nd s (source)f
t sink)Z AJHETh A 13 no 2 FAFEE A& n
|4 14 sk Aolw, DFN(t) = 1, DFN(s) = 2
< zZh=t} st-numbering TAGNA AZ WA
E FA3strle A ol FEAA FHg 4 F
< 59 7R Aoz BFs)of gt

[z

2

o o

- Case 1: Al e7} back-edge I3 Boll &3l= A%

- Case 2: A eoll A& E AZ4H A F vpx|gt
A& ALg YA AE0] tree-edge 7
& Tl &St vpAE AL XF B
&35iH, d&Ho=E AZE Ao A A
o] Low$t mHAHgte g Ad"  FH
DFN7} 2e A9

- Case 3: A e (=< vi, vjp)oll A&FoE AAH
A Vi vie i vy v Ol 25 HE T
Eaht A= A ovo] ojn] HEE A
Holx, A IAVF  w=FATH(v),
vi=FATH(vy), S Vr:FATH(Vq)O]E]
DFN(v;) > DFN(v)¢l 3%

A7) A wEl Fig 7)ol A A FEREH
ZF Mol tig A2+ g 2ol R

PATH(vs) = vavsvavs (1a)
PATH(vs) = vaviva (1b)
PATH(vs) = V4v7vevy (lc)
PATH(vs) = vavgvy (1d)
PATH(vs) = vgvs (le)
PATH(ve) = vsvg (1f)
PATH(v)) = vivg (1g)
PATH(vs) = Vs (1h)

AR dig EF FAS Bt TdW=E Go A
A EE Eq(HE EFFHAST. o714, Eq.(le)t
Eq.(la)y= 22 Case 1(ZHA H)T Case 2(HA 4
NHE FREI, YA AEL Case 3(5H A)o
2 FEHAKFig 7(b)).

st-numberingS 93 LduEHe 3 wWFgFo=wnt

Mol i ARE A F& AT 4 At stack
2o 149 ojdlols A83H, o WAL ww
o]

S = Eq(l)°l &3t ZF Aol gk A2 Ws
£ Fojub=t} st-numberingS $3}e] Fig. 8(a)*H
vi(= )3 va(= s)E stackdl <ATEZ A3t A=t
It Stackel A v,E 7ol PATH(v))E 2133l
€ v nulle] oFYEZE, Fig. 8(b)X ¥ Eq.(1a)2 vy,
vs, va AR stackol] AAdTE AZ|A FT A

& 3 H(Eql@e S v AsA etk o

(a) (b) (<) (d)

vy v, Vg vy
|L, Vs Y1 vz
v vs ve
v vz v
V3 Vs
L1
<]
(=) ) a
Ve L=FY Vs
v vs V2
Vs = <]

v V3

T3

Fig. 8 (a-i) A st-numbering process of the example
graph and (j) st-numbers assigned to every
vertices
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Table 4 Adjacency lists modified by st-numbering (al) (a2)
process
Vertex Adjacent vertices
1 -
2 1 1 2 3 21 3
3 12 (b1) (b2)
4 23
5 124
6 15
7 56 1 2 3 32 1
8 127 Fig. 9 (a) A permutation of a P-node and (b) a

Al stacke] A WA A veE AUl PATH(vs)l o
3t Eq.(1b)E v v42] A2 AT cHFig. 8(c)).
o]x 8 PATH(vy)oll T3l stackell Eq.(lc,d)E ¥ H
3} Fig. 8(e)9] stacke] Tk THA viE AWES o
PATH(vs)= nullo] HH, o] &3t vuoll A W35 19]
RojeEo)y 7283 stackol Al veS AW o] PATH(vs)
of tHgk Eq(le)d A& AA3ThFig. 8.(f). Stack
ANA vE AUWALS Wl PATH(vs)E nullo] 22 F
HA HE 27 FAET, oo AW v, HA
PATH(v7)& null°| 22 Ty &A% WM& 30] Ho
=} o)) gk WHH O Z stackd] IR HQ v;E A
d w7tA] 2 Ao Xt RoEE HF A
Fig. 8)AH NMEE £A7t FoAdn. 2 g9
Zt A3 Holl Foj®) A MEE Fig. 8o YER
At

AEA Forke HEsw 7 JE Fdsta
A AdAYZ=E HA o] IEE o] &3t A=
e 4= UtiTable 4). 1AL, ©] H3 %— Hpgko
F A HoRRYH Ze A HoE M9

>‘1>
= = SR

= AT ¢ 1, 7 Ho] WS
Y Z= Fig. 6(c)2] directed 1 == HEHT

3.4 2= 9| pQ-tree HEN
st-numbering GAE B3t H HF V={vi, v,
Vi, e, Vo3 e 4 HE AN EE HEE HouA FH
of M2 A A" v={1, 2,3, .., n o2& HZE
Ak 283, 2+ el thg HEe] F7]el wep A
‘ﬂﬁk"“% ZHA =l = 9A directed “LE)
SEAT. 2 GO sub-LHEZ G'= VY

lkl rlo

reversion of Q-node

sub-H&A Vi (= {1, 2, ..., j}, ViEV)2} E9 sub-
A E(ERE TAEENE W, 69 GG’ 4
AFE AHo] glom o] HES sMF H(virtual
edge)olgtal Aejgitt o] 7P s FAE F
A F 3 " vl 2385 o& 3 JL v
Aol x3hEnh 53], M Ao A F viel o
Aol &= dE& 7Hd H(virtual vertex) 0] 2HaL
T'\:E}

VAAE ¢ T2#fze] lo]E FREA PQ-tree
FHE o] &3ttt PQ-tree= IA Al 7HA FAHLA
2 Fx3Eo] St A WA FHLAE leavesE
A g Axoz I s He Jepdth
T WAL P-nodeZA FAlo]l W1 98 FElo k=
¥ J#zZolH cut-vertexE YEPHATE P-node= Fig.
9(a)*1 ¥ P-nodeoll AZ2H 7MY HES w&sto]
A o Ak A LOE Q-node= %“0] HA
*}7—"33319] JgzrA 25924 1
845 YERITE Fig 9b)ollA &1 & 2}%01
oA ¢ Z2 oA H=E AL F Aok 1
U, 33t = Q-nodedll FAE M HEY A
A v A etk VAAE ‘F]U]' PQ tree FEIE=
dnE|Ee APEAE Tz = BE
7t A2 #AAE FAEA °L°P: 5]“ Aol 3l

—Ll

£

3.5 Template Matching®} Vertex Addition
Algorithm
PQ-tree®] sub-TZEZ= PQTEt HHSIH o]
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sub-TLe Lol A2H M A F j+1o] MEE e
7V A& pertinent AJElgta Aol Fth PQ-trecoll A
leavesE X35l H4 FEE sub-treeztal FET
Tk sub-tree®] EE 73 Aol pertinent AFEjo]H
1 sub-treer= full AEigty Aesit 18], full
o] P-node &2 Q-node= TAlo] AXMOE %
AE H FZe AAAgeR Yt RFEHO=R
pertinent “JE 2] sub-tree”’} AZAF ] ATHA P-node

= ¥ ¥9¥0F FH3 Qnode= HE AHOE

(al) (a2)

YNNIV V!

Fig. 10 (a) Reduction of pertinent sub-trees and
vertex additions and (b) a failure situation

of reduction

(a) (b)

£ o= H H 2 O
m(;ﬁfh (K’mﬁﬁ
(e)

i :;
)
Aﬁ&ﬁ>gizfiﬁ
(2)
SRR DI © CETTTIE

(h)
(i)

Mﬁs Aﬁm > K AALRAL AR AAAA

Fig. 11 Template matching operations"'

e},

B Ao AL VAAZF JPELE PQ-tree
£ PQT9lA PQT.Z WHHH™, pertinent “JE]<
leaves, sub-tree @ =+ 12X wlgre] A4k

S B3e] 24 iy, S Nas A5
o2 s fAEHA HFoh HA WAES 53k

A& o2 wEH pertinent sub-tree= Fig. 10(a)*]
E P-nodeZ UIAHT o] o] AAHE HES F
7Vehe Ao ® ZYUbsAddd e &40 A
YAt TJzo] g AASZA template
matchingS ©]&3lH PQT, HE PQT.°l ©|=7]7}
A HESE FUk ZPA E24E FRdth
Template matching= Fig. 119] ZdE 97}x]2 A
A o 2 A Eo] 9101 P-node2} Q-noded] &=
&3t 3 753 FA pQTE ol BHA 2838t
o pertinent FEiS] 7MY HES s AAAIZ
- Aok

PQ-treeS HIH S Z template matching®} =9
718 7158 o83 VAAE PQT, 3B AlZste] 71
& AEe FrishH PQT/HA MEFET. viAd &
ARl PQT, oA & 7H9] P-node® #Alo] Edtid
o] J¥=zE FHdd A Tt HAdglel BEE
U= HH 1 EZ(planar graph)Z HTHT F,
A agzg gdd W& 1A 729 778
TALE 7IAACE ZHo] 7hsd Fxo|th 1
}, Fig. 100)Y Zizx8 dagsy Iy F
pertinent ZFE}S] 7 HEo] AdH5H O X
e dEHE ddEgy O gz P9 a8
Z B 4 ¢lTH(non-planar graph).

Fig. 122 2= BY HE7E vgstes T3z
(Fig. 6(c))S] Mz A7 2| =E(Table 4)ol tist =
HA B4l HA  template matchingZ}  vertex
addition 9IS EHSIATE Fig 129 @A A4
H4L o3 2k

¢

&

(@) PQT A 1'1& P-nodeE YA 7)1 427
2EZREH 1913 AHT A {23,568 = leaves
2 F718 9714 pertinent A ENS] leavese 2
ojt}.

(b) A 25 P-nodeZ W3t AT H {3,458}
< F7FHE PQT7F Aok 7 709 39 leaves7t
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(a) Pqn (b1) quz ®2) PQTz (b3) PQT

6 8 345 83 56 B 458 3 356 8 458 33 56 8
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