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ABSTRACT

An automotive automatic transmission is a popular power-transmitting device in passenger vehicles, as it
provides various speed ratios for diverse driving conditions with easy manipulation and smooth gear shifting.
The transmission is mainly composed of input and output shafts, planetary gear sets, brakes/clutches, and
housing, and it yields multiple forward gears and one reverse gear by actuating the shifting devices of the
brakes and clutches. In developing a new transmission, kinematic configurations of a transmission, which
presents a brief structure and actuation schemes for speed ratios, need to be checked to determine if the
structure can be assembled in a layout. It is impossible for a transmission concept having any interference in
connecting main components to be developed further in the design process, since connection interference leads
to failure of a layout design in the 2-D plane. In this research, an analysis of the assemblability of a
front-wheel drive automatic transmission is carried out on an example concept design by applying the vertex
addition algorithm based on graph theory.

Key Words : Automatic Transmission(AFSE1Z57(), Assembly Check(Z=RIA ZA}), Planarity Test(ZHA HAD,
Kinematic Configuration(?|7+&t& TtA), Transmission Design(H1%7| A H))
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Fig. 1 (a) An unamranged presentation of a
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kinematic  configuration example, (b)
assemblable presentation of (a), and (c)
Un-assemblable  kinematic  configuration

example
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Fig. 2 (a) A single-planet planetary gear set, (b) a
double-planet planetary gear set and (c) a
Ravigneaux planetary gear set
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Fig. 3 (a) An example graph G, (b) a dis-connected
graph, (¢) an example graph having a
cut-vertex and adjacency list of (a)
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Fig. 5 An example of a front wheel drive automatic
transmission concept design'®

Table 1 An actuation table of brakes and clutches
for the 8-speed front wheel drive automatic
transmission concept design of Fig. 5

C-1|Cc2|c3|c4|B1|Ba| Gear

ratio

Ist 0| O 331
2nd 0 0 2.13
3rd 0 0 1.59
4th oo 1.24
5th o o 1.00
6th | O 0 0.83
7th | O 0 0.72
8h | O | O 0.64
REV 0 0 | 290
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Fig. 7 (a) A graph representation of Fig. 5, (b) the
modified graph of (a) and (c) a digraph of
()
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Vi, V2, Vi, Vo= H3FSFON(Fig. 6(a2)).

Table 2 Adjacency lists of (a) a graph of Fig. 7(a),
(b) the modified graph of Fig. 7(b)
@

Vertex Adjacent vertices
Vi Vi Vo
V2 Vi V3 Vg
V3 Vy Vg V7
V4 V3 Vs Vg
Vs V4 V6 V7 Vo
Ve Vs Vg Vg
\'% V3 V5 Vg
Vg V2 Vg V7 Vo
Vo Vi V4 Vs Vg Vg

)

Vertex Adjacent vertices
Vi Vy V7 Vg
V2 Vi V3 Vg
V3 V2 V4 Vg
V4 V3 V5 Vg Vg
Vs V4 V7 Vg
Ve V2 V4 V7
\% Vi V5 Vg Vg
Vg Vi V3 V4 V5 V7
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Fig. 8 (a) A depth-first tree of Fig. 7(b) and Tab.
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3.2 Depth-First Search

Depth-first search (DFS) & g]l&2 I Go
dele] A viol A Azkste] AAE2=E Adj(vi)E HF

PO MY HE AL5HoR PEd HE &
Aol whg 3 Atole] #AE FA 253
ot Gell DFSE A&t Hel e HE Aol

Table 3 Depth-first numbers, fathers, lowest points
of vertices of G of Fig. 8(a)

Vertex DFN FATH LOW
Vi 1 - 1
A%} 2 Vi 1
V3 3 V2 1
V4 4 V3 1
Vs 5 V4 1
Ve 7 \% 2
V7 6 Vs 1
Vg 8 \Z! 1

ot o] AE-E F3le] depth-first tree FENL]
tolEeE dAsy H % BAS AHodn
Depth-first tree= 3 HEFAY T dAHFH0= A4
= A5 3L tree-edge T(AA)SE Aol Eﬂfi A
EE Aoy dA45AQ Mo HEAAAA HES

A 3k AE2] 7 back-edge BRI :r“c‘]%‘:]—.

oAl o Wi AZYAEES nigoR ]9
A e AFeZ DFSE H 83 tree-edge= Fig
8(a)7 Ztt.

DFSE depth-first treeS B33t HAAHANA viel
AF Ao #AAE AHosta WAL depth-first
number DFN(v;), father FATH(v)),
LOW(v)= 24t ek DFS #AAA vi v v v
v W8 TAE HE AESITHE, DFINw)T & v
o] HE £A4E 2u|dt} Fig 8(a)4 3% DFN(vy)
= 1°]8 DFN(vs) = 7°]t}. FATH(v)= vjoﬂ s A
E Ao AEZ A vd Ui v (F2 we
father= v (£ v)&l JAE vt} Fig 8(a)oll
A v39] fathere= FATH(V3) = wolth olg gEo v
22 v)9 sont v (F2 w9 AR AHodn.
LOW(v)= vi¥ DFN, v;¢ sonell tgt LOW, B (v,
W viel digk Low 5 H4& AR AHoHTh
Table 2(b)°ll thd DFS 2§ Z¥<l DFN, FATH,
LOW+= Table 33 2T}

lowest point

3.3 st-Numbering®} Digraph T4

WA= GE TATHE o W HE st
voll 5 & @93t st-numbering A7 T3 v
ol M3 E 7|Eo = ol WS Y3t digraph
(T2 directed graph)E WHEst= Ao =2 FTAEH



AETE AFE AFWEY) S 71 FGE P fE =Y HsH B

Y
&
e
-

s = AV A A8, AllE

@ ® © @@ @

' V2 V2 V3 V3
Vi V3 Ve Va Vs
Va V3 Vs Va
Vs Va V7 Vs
V7 Vs Vi V7
Vi \'% Vi
o Vi
® @©® ™ O ()
Vs Va Vs vi| vi=8
Va Vs V7 vi|] v2=1
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Fig. 9 (a-i) st-numbering process of Eq.(1) and (j)

assigned st-numbers of vertices

o] Ath

st-numberinge GE TA3%= vi (€[1, n)oll o
& 2719 FAE W= j (€1, ) NELE |
35 g3t
) AR A 13 v A" ne eoll o3 AHSH
ot

(=
=
2, D= i<j<ko Ms BAS 2= s
PCIE L=

T TS RS Ao g HE HoJE st
o] depth-first tree® T3 A& ey 37HA

FEN o] Path® B/t

- Case 1: Path7} vi-vi2 T4 ™ back-edged 4%

- Case 2: Vivir..vgv, 2] A&HE Ho= FA3% Path
ol Al wlA9t e(=(vy, V)i back-edge®] AL
YL tree-edgeZ T3 ™ DFN(v)$}
LOW(v)®] kol &2 A%

- Case 3: 27 trec-edge® TAHE AEHE Path
ViVim. VeV, ol A vTE T2l AEH JdE o]
3 AHE= Ao BATE v = FATH(®Y), v
= FATH(w), .. , v = FATH(vy°lH
DFN(v)) > DFN(w)& ®&3te 45

Path &7 7|9l W2} Fig 8(a)2l depth-first tree

+ Case 1(ZFA)9] Eq(lg), Case 2(B84)°] Eq(la),
Case 3(54)9] Eq(1b-NE E-FHTHFig. 8(b)).

PATH(v2) = vavsvavsvyvi (1a)
PATH(v,) = vavev; (1b)
PATH(v3) = vsvgvy (1o
PATH(Vs) = Veva (1d)
PATH(vs) = vgvs (le)
PATH(vs) = vgvs (19
PATH(vg) = vgv, (1g

st-numbering= Eq(1)3 Zo] #FH 2] Paths}
top-stack *F219] A% FIHarray)S AHESF Path
E AAsta AAEH ZF Mo WIE gt
Top-stack= 1x}42] dlo]g] 2oz &0l &9
TR Zke Fxo|th AL HolErl EYTE £
o7l AR AFEHD A A" &9
Ao 2 FUTe JMAECFE whARtel] A AH)
Hlo]E| RE] A AR

DFS ©@AlA A2 Hd73gg v A WAl A
ls nE :I‘L/lc']g~ /\]3]' PATH(VZ) = VzV]% Vll?‘Ei
stackoll Aty WHEEY FAAHS AFITH(Fig
9(a)). StackollAl v, & 2HAISt] PATH(vy)ol T
nullityS <18t} v,ol tisk PATHE Eq(la-b)7}
EAISIERE Eq(la)®] viFHE stackell A3k o]w|
stackoll EAstE viE AT v, FE v7HA A
Z AASTHFig. 9(b)). Al wE 2HAISkaL Eq(lb)
9 A& EAHE AAsHhY v o]H] stackel]l EA

(al) (a2)

123 213
(b1) (b2)
1 2 3 302 1

Fig. 10 (a) A permutation of a P-node and (b) a
reversion of Q-node
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StEE vt vt AAZSTHFig 9(c). Fig. 9(c)<
stackoll Al v,E ZAUWAES @ PATH(v;)= nullo]|E=
vol ME 18 93l Stackoll A veE 2HAISIL
PATH(ve)= nullo]22 veol HE 28 ddsid
stack®] A JEl= Fig od)e 2ok v;& 2HAsH
I Bq(le)S AR Fig 9e)l A7t Ha oA
vig AAISt WM& 3& FASIH stacke] AEIE
Fig. 9(H)7} Bt} Fig. 9H2 ve& 7AWl Eqlg)Z
oAl AAslu vie olH] stackQtoll EAITFER vy
T AR ves AHAISHH HE 45 Ssal(Fig
2g), vaot vsE v 22 Aajol|l oJste] Eq(ld-f)
£ stackoll A& AAE wrEs z}z 59 65
SFEohFig. 9(h, 1). Fig 9(1)9 stackol] Holde=
v;3 violl gk PATHE nulle] 22 A TIE stack
oA AtAStH WE 73 8& It BE HI
3 S = Fig 9G)¢t 2ol E3=Aa, H 1T
nH-E& s (source)?} t (sink)E F=EH H 13 H n
o] thg DFN2 7 23} 19] #h& Zeth

GE TAstE A AF V={vi, v, ., v} A
A& stnumbering S AXH i t-s-2 A
2 HEE FAHE F JAF v={1, 2, ., 2

2 HEEdn " A v 4 "o HMIEE 7V
FO 2 Ao JAFT F A T T I HollA F
Moo do=r WS Aot G digraph(H
directed G)E A HT} Fig. 9G)Y MEE 7]
Z Fig. 7(b)e] I Z= Fig 7(c)2] digraph=
she] o] Tz it AAY~ER Mo W
k] Table 4348 A4 3o}

T o

tlo rﬂ lo

Table 4 Adjacency lists modified by st-numbering

process
Vertex Adjacent vertices
1 -
2 1
3 1
4 3
5 234
6 45
7 246
8 147

3.4 22 Z 9| PQ-tree HEf

PQ-tree= VAAE {3t F38H& Azte] 7153 1
Y Z FZZA] P-node, Q-node, leave2] Al 7}X]2]
Tess TXEE Ut Leaver M e V*
9 ZF HE& vty VAAOA HE FIUIE o
P-node €& Q-node2| olfol] o] Hef A4}
o PQ-treeol] F71ETE Fig. 10914 ¥&2] P-node
oF A o] Qunode 3klell AMoRE AARHES &
AT 4 Atk ¥F FEe 1z P-nodew
cut-vertex2] H&S 3 AZAH HFY leaves A
3 YA ®WA o] 7Hs3Ith(Fig 10(a)). AFE FE 9
I Z Q-nodex= 2-connected FENS] sub-TLE] O]
o 3 A 93 leavesd] 9 91X WA o] 7}E3t
H 3H T leavestt FE YX|& WA FETh
(Fig. 10(b)).

m[o

3.5 Template matching®} vertex addition
algorithm
o|A7A Bt E W= L A e|, DFS
¢} st-numberingS 0]%§ = AES} ATA, 1
L SAHILE Wl Bkl s, sho

28 AT F& 8l A EnlE agzo
Odézé & HECE VAAS % =Y 7 &
Aol #ste] A gt

E AFoA HE3= VAAE PQ-treed] 7]E &
A2 FAEE sub-IHZ PQT, GE[1, n)oll H=
Au)StE leaved F7) AAsY =Y JMeAdS &
@it PQTOlA  j+1 WEE  ZEE  leavest
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