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ABSTRACT

Transmission to change the engine reached on the driving wheel torque and speed,
Automotive transmission parts in the automobile assembly of an important part of the main
drive system. Transmission of the power structure of the vehicle, economy, manipulation of
the reliability and portability, the smooth drive and have a direct impact on efficiency.

The design is based on Jetta transmission, combined with mechanical transmission
design. At first, I will give a summary of the current situation and the tendency of
development of the vehicle transmission, and introduce the latest development state in the
field of the transmission.The second, I will compare the transmitting scheme of different
transmission, and choose a better structure scheme.Next, I will do some mechanic analyses,
strength, stiffness check of the shafts and gears, which are the important parts of the
transmission, and choose appropriate materials and heat treatment. At last, I will introduce
the operation mechanism and the synchronizer, which plays an important role in changing
gear. [ will give an account of the type, operation, design procedure and major parameter of
the synchronizer.At the supplement, I will write some thing like formula, tableau graph and

so on. It may be helpful for the future design.

Keywords: Transmission; Gear ratio; Gear; Shaft; Design
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hyo = (b5 +c," = & Jn, =3.938mm
VT[] AR d=d+2h,=56245mm
d., =d, +2h =84.686mm
iR IR LA d,s =ds—2h,;=46.191mm

d,o =dg —2h,,=74.633mm

EERRSE Al 7, =7/cos’ B  =26.389




Z,, =27,/ cos’ B, =42.660

VU5 iA R R AT e, Ik g, =24°Ki 8 m,=2.5

=1.184

g =" (Z3 +Z4)
~ 2cos B,

Z,+7Z,=4824 Uy 49

Z,=20.614, HU¥EH 23 Z,=26

, _Z
)l_llj; Zg4=Z—z

:é
23
=1.1304=i,,=1.377

X DU AT e BEAT Ay BEAR A -

. \ Z,+7Z
HigHhOEE 4, = m(2,+2,) =67.064mm
2cos 5,
iy [ ) £ tan o, =tan &, /cos 3, ,=0.3922
a,=21.42°
iy A .04
S TFL A 5 44 cosa; = —>cosa,= 67.046 c0s21.42°=0.946
A 66
a =21.02°
A AR £ = (23 +z, )(invat’ - invat)
2tan o,
=-0.39

BAL RHL RS u="2=1184 £=-003 & =-036

Z3




PUHLk%e 3. 4 4

43 B R A% d, =" —62.942mm
cos B, ,
d, =—"_—71.151mm
cos By,
=N = * _
A7 T h, = (han +<&, - Ay, )mn =2.375mm
h,, = (h:n +&, — Ay, )mn =1.55mm
A y, =(A—A,) /m_ =041
AYn = gnz - Yn :_002
B hyy =, +e,” — & n,=3.2mm
hyy =0, +e,” — & Jm,=4.025mm
VTR EAR d,=d,+2h,=67.692mm
d,=d,+2h,=74251mm
AR 5] LA d,y =dy—2h,;=56.542mm
d, =d,—2h,=63.10lmm
MEINEL z..=2z,/cos’f, ,=30.168
v3 3 3-4

z,,=2,/cos’B, ,=34.103
TSR RIS, WL B, =228 m =2.25

i =4
g5 Z1
=0.85
A — mn(Zl +ZZ)
2cos f,,
Z+Z,=5439 )y 55
Z,=29.4, HUHEN 31 Z,=24




, Z
L] ER :7?
:ﬁ

31
=0.774~=0.85
X TR BEAT Ay BEAR A -
. \ Z+Z
BNy SN il A, = M=66.734mm
2cos B,
St T [ 3 411 tan o, =tan @, /cos /3, ,=0.388
a,=21.218°
L1 A .
S TFL A 5 44 cosa; = jcos a,= 6667634 c0s21.218°=0.9426
a; =19.511°
A5 R Al £ = (23 +z, )(invat’ - invat)
2tan o,
=-0.31
Zl

AR R 1 u=_r=1292  £=019  £=-050

2

TR 1. 2 B3

O3 BE R B4R d =—2" 75 208mm
cos .,
d, =—2"_ _80512mm
cos 3,
= =N * _
i T51 5 h,, = (h%, + & - Ay, Jm, =2.642mm

h,, = (h, +& — Ay, Jm, =1.089mm
e y, =(A-A) /m =-0326

Ay, =&, —y,=0.086

n




S
%‘_
~a
i

by, = (bl + e, = & Jm, =2.385mm

hyy = (bl + ¢, = & n,=3.938mm

W TR LA d, =d, +2h,=80.512mm

d,, =d,+2h,=60.419mm
AR R HAT d, =d,—2h,=70.458mm

d;,=d,—2h;,=50.365mm
BRI z,, =2z,/cos’f,_,=38.896

z,, =2,/cos’f_,=30.112
i i A R DT R DAL
IR I RS — RAH ), IR NE Z 1A e IRAE 21~23 2 10), Wik
Z, G, v s s N S B RE REE 4. YL Z, =21, Z,=13, N
A =%m(Z“ +7,)
=%x25xﬁ3+2n

=42.5mm
FARUEBIFSA RS MG S FIA =B s T390, ife 12 A1 13 15 TR 2 [a)  OR 5
0.5mm LA EMRIBRE, Ji%e 13 VTR HA% D, N A

Des 4054 P2 _ 4
2 2

Del3 =24 _Delz -1

=2x66—2.5%(13+2)—1
=93 5Smm




T AORUEAHE 12 A0 13 [k TR 22 [A] B AR R 0.5mm BLERTRIBR, HX Z,, =34
THEARES Bt AN H ) oL R 4"

m(zw +Zn)
2

_2.5x(21+34)
2
=68.75mm

A” =

T s

3.1.2 R MR AR IR

1o 32 ARG 2k

AR TAERAE, SRS A AR RER, HBoa RN AN E 2k H
FER T B AR A e, BRI R AT SO I R B, i ELA A, S
/¢

2+ B BLIEREM RGNS

WA A B2 <<350HBS Y HCIA THATHE , AT EE A5 ain i, /AT R PRI 52 S g v T
Kikie, HAFPFMERE ZE7E 30~50HBS Zifi. MfEmPtiRathae, Ko /NENVRHA
[EERSY g

3. ST T KM TE

ARG FEVB IR SR B HEAE R I T B -

my, <3.5BIZRIE 0.8~1.2

my, > 3.5 IBHRIZRE 0.9~1.3

my, > 5INBIRIZHRE 1.0~1.3
RHAEEE HRC58~63; /D fifif HRC33~48
X FEAEE, FALEEE AN N 0.2, R HRC48~53

N R () TR AR T 25 1A 58, R A 25CrMnMo, 20CrNiMo, 12Cr3A 4§
WFE, XA SN AR T BE Jo sk . Bk ALEE, DISRE R, iAok
Fi.




3.1.3 T E &AL
KA RKHIEE A 192N'm, LSRR 99%, BGatEaiE 98%, HikiLs)
BE 96%.

i N T,=T,,. =150N'm

i T, =T 411, =150%96%x99%=142.56N'-m

gt Pl T,, = T,i, =142.56x3.2=456.129N'm

bt Pt T,, = T,i,=142.56x2.297=334.35IN'm

et Pt =4 T,, = T,i,=142.56x1.649=240.028N'm

byt Pt DO T,, = T,i, =142.56x1.184=172.343N'm

bt Pt T T, = T,is=142.56x0.85=123.726N'm

EEE] Ty =T 0y iy =150%0.96 x0.99 x30.85=372.849N'm

3.2 BB
321 AT HEEITE
1. BIRSE WS SN o,

0.22

0.21 =

000 BRI

. ~ LON

AN SN
0.19 ~h
] ‘/‘0_7\\\\
0.18 +0.6 '\t
+0.5
0.17 Sy —
D 1

" oas e //{//C'//';"/’;

dia AP e

o013 V/, /,%'.{4?,4//44

S [ -
0.12 \(/,// A'{( ////2/
0.11 / / / DS W
/, // XY
0.10 A
0.09 \(<-///

0O 10 20 30 40 S50 60 70 80 950 100
Ziy 52

K 3.1 5 R




_ 2T K K,
mm’zK |y

(3.8)

X o, —Z NS (MP:;
T,— i 5H8sT (Nmm);
K, —MN e 25, rTa i K, =1.65;
K, —PEEE I 28 S SRR AENG 15 i L IR BRI D) U5 T AN, %75

Y SR AN Bk K =11, Mzhiki%e K,=0.9;
b—iNTE (mm);
m —F54Y
y—wIERE, WK 3.1.
SR T, BUVE F B AR 5 B R T, N B B ARV
5 N I 7E 400~850MP., Be A mTHU IR, AR A2 X A2 AR 8 A V5 FH AR 8014 4 46 14
I 3 R BR
THREABRAR 11, 12, BWESHN o, » o O

2y =21, z,=13, z,=34, y,=0.141, y,=0.145, »,=0.162, T,=372.849N'm,

T,=142.56N.m

2TK, K,

o =
wll 3
iz, K.y,

=719.114MPa<400~850MPa
2T K, K,
c,=——"
" ﬂm3zlzKCY12

2x150%x1.65x%1.1 <10°

2.5 x13x8x0.145.
=735.948MPa<400~850MPa

2T, K_K ,
B f
OCwis =3 . .

- 3
m z, Ky,




_2x372.849 x1.65%x0.9 <103
72.5°x34%8.0x0.162

=512.219MPa<400~850MPa
2. FUARS N o,
2T, cos BK
o, :m (39)

A T, — 5807, N-mm;
m, —EI AL, mm;
— 2
B—RVAEE IR E S
K, —N ) &5, K, =1.50;
y— KRR, AHCY RS 2, = z/cos® B AERITF 1
K, —h i R
—H G AR, K,=2.0,
M UF ST T, BUVE F B AR 85 58—l L S KRR T, I, 6 SR 2 g 2 i
e 5, VRTINS 180~350MP, JilH, % %424 100~250MP,.,
(1) WHEFER 9, 10N o, » o,

2,=12, z,=37, ,=0.118, y,,=0.155, T, =456.129N'm, T,=150N'm,

_ 2T cos fy oK

7zz9m2y9Kch

2x150xco0s22°x1.50

= x10°
712%x2.5°%0.16x7.0x2.0

=316.37MP,<180~350MP,

2T, cos ff, K
”Zloij’chKg

Oyio =

_ 2x456.129 xc0s22° x1.50
7[37><2 5% 0.127x8.0x2.0

x10°




=344.001MP,<180~350MP,
() THE A% 7, 8 AN
z,=17, z,=37, y,=0.164, y,=0.122, T,,=334.35IN'm, 7,=150N'm,

_ 2T cos B, 4K,

w7

7ZZ7mr3zy7KcK€

_ 2x150xcos24°x1.50 y
717%2.25°%0.164x7.0%2.0

10°

=294 47MP,<180~350MP,
_ 2T cos B, K,

w8

mSmZySKch

_ 2%x334.351xcos24° x1.50 “
737%x2.25°%x0.122x8.0x2.0

10°

=345.728MP.<180~350MP,
) HHE =A% S, 6 N
z,=21, z,=34, y,=0.152, y,=0.121, T,,=240.028N'm, 7,=150N'm

_ 2T cos f; K,

w5

ﬂZSMSySKch

2x150xcos22°x1.50

= %103
721%x2.25°%0.152%x7.0%2.0

=261.042MP,<180~350MP,

_ 2T cos 5 (K,
mémsyéKcKa

woé

_ 2%x240.028 x cos 22° x1.50 «10°
734x2.25°%x0.121x8.0x2.0

=283.588MP,<180~350MP,
(4 HEDIRAE 3, 4 1K)
2,223, 2,226, y,=0.145, y,=0.125, T,,=172.343Nm, T =150Nm

_2Ticos B, 4K,

w3

3
7ZZ3mny3KcKs




2x150xcos24°x1.50

= x10°
723%x2.5°%0.145%7.0%2.0

=147.791MP.<180~350MP,

_ 2T, cos B, K,
7zz4m3y4Kch

w4

_ 2x172.343x cos 24" x1.50 <10°
726%x2.5°%x0.125%x8.0%2.0

=185.136MP,<180~350MP,
(5 PE AN 1, 2 N
z,=31, z,=24, y,=0.156, y,=0.148, T,=150N'm, T,;=123.726N'm

_ 2T, cos p, K,

wl T

7zz1miy1Kch

2x150xcos22°x1.50

= x10°
731x2.25°%x0.156x7.0x2.0

=172.301MP.<180~350MP.

_ 2Tscos f,K,
7zz2m2y2Kch

w2

_ 2x123.726xc0s22" x1.50 <10’
724x2.25°%x0.115%8.0x2.0

=217.892MP,<180~350MP,
322 RAGHEMMN N o,

T E 1 1
o.=0418 £ —t— (3.10)
/ bd'cosacos S\ p. p,
Kb o, —RINHEMN. J), MP.;
Tg—i‘l‘ﬁﬁ’ﬂ;ﬁ’ N'mm;
d'— TR EAS, mm;
a—T LTI, ° B—UNRIERIEM, °;

E— iR B PER &, MPa;
b — R H A A S By 76 2, mm;




p.~ pp—E s NIRRT AR FE 4, mm, HN p, =rsina .
p, =nsina, FHAR p. =(r.sina)/cos® f+ p, =(r, sina)/cos® A
ro or,—EL SR AR (mm)..

AR IAEAR T G 58—l 8 T, /2 VN F S 2800 N, A2 T80 2 A e 1A/ P 42 Al

N 7o ; L2 3.2,
FPERL B E=20.6x10* N-mm?, %%b=K,m=K_m,
o./MPa
Wt ’/
B e W EILB
— PR3 1900~2000 950~1000
A A ES R =Y 1300~1400 650~700

+= 3.2 TR EHAIFBIEMN D
(D) THE—3445% 9, 10 IR )
T,,=456.192N'm, T, =150N'm, z,=12, z,=37, S, =22°

dy =2A4/Cu+D=31.429mm,

d/,=ud;=100.573 mm

!

dy .
Loy = ?sm o/ c0s’22°=6.434mm

!

d, .
Do = %sm a/co0s’22°=19.838mm

0, =0.418 - LE 1 + !
bd; cos acosfi°\ Py Peo

5
—0.418 150x2.06x10 1 N 1 < 10°
7x2.5%x31.429c0s20°c0s22°\ 6.434 19.838

=1445.184MP,<1900~2000MP,

0 = 0418 Tuk A
bd|, cos acos22°\ p,.0  P.o




5
—0.418 456.192%x2.06x10 1 N 1 < 10°
8%x2.5%100.573¢c0s20°cos22°\ 6.434 19.838

=1342.598MP,<1900~2000MP,
(2) WHEPNAR 7, 8 WM 1

T,=33435INm, T,=150Nm, z,=17, z,=37, f,_ =24°
dy=24/Cu+1)=40.036mm,

d; =ud;=91.964mm

!

DPps = ?sin o /cos’24°=18.672mm

!

Py = 77sin o/ cos®24°=8.579mm

o;, =0.418 ! LE o[ 1 + 1 ]
bd; cosacos24°\ p  p,,

5
—0.418 150x2.06x10 1 N 1 < 10°
7x%2.25%40.036cos20°cos24°\ 18.672  8.579

=1212.385MP,<1300~1400MP,
0,3 =0.418 - Int ! + 1
bdg cos acos24°\ p,.  p.;

5
—0.418 334.351x2.06%x10 1 N 1 < 10°
2.25x8x91.934c0s20°cos24°\ 18.672  8.579

=1132.459MP.<1300~ 1400MP,
(3) WWHE =PG5 5, 6 HEAA )
T,,=240.028N'm, 7,=150Nm, z, =21, z, =34, f,  =22°

d;=24/Cu+1D=49.830mm,

d; =ud=84.412mm

!

Prs = Tﬁsin a/cos’22°=17.003mm




!

O.s = %sin a/cos*22°=10.134mm

o5 =0.418 LE L,
' bd; cos acos22°\ p,o  p.s

150% 2.06x10° 1 1 \
=04 + % 10
2.25%x7x49.830c0s 20°c0s22°( 10.134  17.003

=1060.116MP,<1300~1400MP,
o, =0418 InE L1
! bd} cos acos22°\ p,,  p.s

5
—0.418 240.028x2.06x10 1 N 1 < 10°
2.25x8x84.412¢c0s20°c0s22°\10.134 17.003

=987.396MP,<1300~1400MP,
(4) THHEVIPNASRS 3, 4 WY 1)
7,,=172.343N'm, T,=150Nm, z, =23, z,=26, B, ,=24°

d; =2A4/(u+1=60.440mm,

d; =ud;=71.560mm

!

Py = ésin a/cos’24°=14.579mm

!

P = ?3sin a/cos*24°=12.897mm

c,,=0418 - LE ! + !
bd; cosacos24°\ p,, p.;

5
:0_418\/ 150%2.06x10 ( 1 1 jx103

+
7x2.5%x60.440co0s20°cos24°\12.897 14.579

=873.056MP.<1300~1400MP,

o, =0418 a1 1
! bd cos acos24°\ p,, p.;




5
—0.418 172.343%x2.06x10 1 N 1 < 10°
2.5x8x71.560c0s20°cos24°\ 12.897 14.579

=740.923MP.<1300~ 1400MP,
(5) TPESAE 1, 2 Ry 1

T=150Nm, T,,=123.726Nm, z, =27, z,=22, B_, =22°
d/ =24/(u+D=71.351mm,

d, =ud;=60.649mm

!

d; .
0. = ?lsm a/cos’22°=14.476mm

!

DPyy = ?2 sina /cos®22°=11.796mm

o, =0418 ’ LE L+L
bd|cosacos22°\ p., p,,

5
—0.418 150%x2.06x10 1 N 1 < 10°
2.5x7x71.351cos20°cos22°\ 14.476 11.796

=833.087MP.<1300~1400MP,

o, =0418 ,Tst 1,1
bd) cosacos22°\ p.,  p;,
5
0418 123.726x2.06x10 ( P, }x103
2.5x8x60.649 cos20°cos22\ 14.476  11.796

= 783.954MP,<1300~ 1400MP,
(6) THEBIIAR 11, 12, 13 [

T,=372.849N'm, T,=150Nm, z, =21, z,=13, z,=34

dj, =32.5mm
dj; =85 mm

d), =52.5mm




!

dzlz sin 20°=5.558mm

pzl2 =

!

Loz = %sin 20°=14.536mm

!

dy, .
Ot = P = %sm 20°=8.978mm

TE 1 1
0, =0418 - +
bd cosa\ p.,, Py

5
—0.418 230.234x2.06x10 1 N 1 < 10°
2.5x8x52.5c0s20"\ 5.558 8.978

=564.157MP.<1900~2000MP,

0, =0.418 ,TIE ( I + ! ]
bdj,cosa\ p.,, Py
5
—0418 150%x2.06x10 1 N 1 < 10°
2.5x8x%x32.5¢c0s20°{ 5.558 8.978
=1604.646MP,<1900~2000MP,
amzamsﬂuﬁagE(l+ 1}
bdi;cosa \ p.;  Pus

5
—0.418 230.234x2.06x10 1 N 1 «10°
2.5x8x52.5c0s20°\ 8.978 14.536

=12303150MP,<1900~2000MP,

3.3 RE N

ARTE SRR TR R BRI I ARV R B AL sl L, AR ST AR T 2
P15 HLE L, BEE AR IS E, RIS M. BhEMh. R, h
FIABG TR ZABOERE RN, FFAR P8 55445 ) LE S 4 A 58 A 2L,
W BT B S SR L, RIS S Y R AT AT . SRS RN T ke bkl
MR, B TAESAEMSESR . S HEFM RN . eI T T2 K Aukb#,
SRJGT L S R DR IO . AR N T R A & R I TR B8, SR U i
S R EE N ) o e a v E A S PR R T I T, R Nl S A A T R A A
o




F 45 Wit St E RMEMARRE SR

4.1 BNt E
4.1.1 T ZEX

(P45 A TR SEARSL T I e AR AR oA A, RS
B I AR RAL R TTEE o 6T A T AR AR AR ] DR FH SR AL B

(D T H W 5 A e AR AR 55 Al R T S B i g AR B T o 55 L Pl 0 A

AT ITRIE, ERAT A R R AR DG HE E, lEENAE HRC58~63, R E
AMETF V5o
XA il i 7 SR B A e s K s T PR PR S i G EEAN AR TV 7, IFREE

OO 2E o AR L RO AR B T R R R B
TR B EGS BN IR, RS o AR VAR, DA G AR R
XETB R, Bt NS RORUE L2 R, PR AT e 1
4.12 ¥hEMBER
LB S VT R e IR A S AT VB, S Nl

d> ci/z=103>< 3 /% =24.27mm HUEE )5 d=25mm (4.1
n

1.
—

(/a

L'4
v

K 4.1 HsER




413 HBYEEIHE
P D) 6

AHIETE PR PYBEIE ) £, o ZEAKPIRBEEL D £, MEES S, 1002t 57

_Fa’h®  64Fa’h’

= = (4.2)
S 3EIL  37ELd*
F 212 4F 212
g = Bah”_Gakath (43)
3EIL  37ELd
5o Fab(b—a) _ 64Fa b(b-a) (4.4)

3EIL 37ELd*
A F—oifevi s P EpgAR g (ND;
F—vifevi s i rim ErgB ) (ND;
E—3fPERIE (MP,), E=2.1x10MP,;
T —BPEAE (mm®), SF9o0i, I=md'/64; d—HIKNEA (mm), 1€
SR HARE
a~ b—0NR ERVER JEESCRE A BRIEEES (mm);
L—=Z )RR (mm).,
BN f = f2 + f7 <0.2mm. (4.5)
B T L TN AT 1T A B SE ) SR VR M [ £, ]=0.05~0.10mm, £, ]=0.10~0.15mm.
Vi BT AE T 0 () f AN N ik 0.002rad
IR — T2 K, MR R — R b s NI S e
i Nt I
F,=9271.85N, F,=3635.38N

t r

d,=35mm, a,=64mm, b,=155mm L=219mm

_ 64Fr9a92b92

e 37ELd,* (4.6)

=0.035mm <0.05~0.10mm




64F a,’h,’
fro =0 4.7
* 3mdlEL

=0.090<0.10~0.15mm

fo = 1/fj, + Sé =0.096mm < 0.2mm

S5 = 64F, a, b9(b9_a9)

9 : =-0.000323rad <0.002rad (4.8)
37ELd,
— PN 2
M
Fr
b ; a
L

4.2 W NFhZ S35 4T E

e A NI R
Fr
) |

4.3 farthihsz o

F,, =9144.16 N, F,, =3586.30N

”

d,; =99.764mm, a,=64mm, b,=155mm L=219mm

f :64Fr10a102b102
“ 3xELd,

=0.020mm <0.05~0.10mm




f :64E10a102b102
0 3mdiEL

=0.052<0.10~0.15mm

Jio = 1/fjo + jo =0.056mm < 0.2mm

S = 64F a,, blO(bIO _alo)
* 37ELd,,*

=0.00019rad <0.002rad

i Nl ) 530 A A%

Rya Rve

L/RHA F n L/RHB
D)
Ftﬁi—"

rg

RHua Rue
1 1
b TFt.g a
L i
LR'H. i LR';B
i '
}/
164671, 4 Frs

_-....::MIIIIIKM///////////M’III:.._.

1004987, 02

IIM//////////////////////////////#I

150000

1029376, 258

4.4 S NG5 A P
— MR R, wfEk, PRI,




2T,

do=32.356mm Fio= =9271.85N
Fotana
Fro=——=363538N Fao=Fotan f=3721.63N
cos
1) % B~
Ry L =F,L,

% R, =1062.39N
B J1 5 M .=164971.09N'‘mm
2) KN R, ~ R, MM,

—Fa;l+Ft9X155

219
H LA E# A 15 R, =6483.79N, M =1004987.02N'-mm

F,, =

P = i PR

M = \[M2+ M2 +T7 =+/164671.09% +1004987.02 > +150000° =1029376.25 8 N-‘mm

o= 321\34 =309.69MPa < [c']= 400MPa
1

B e e P R %

dio=99.764mm Fao=2T2 _o144.16N

Fnotana
Fro=—""""-3586.30N Faio=Faotan # =3670.37N
cos

1) % B~

Ry L= FrloLz
%5 R,,,=1048.05N
B 15 M . =162447.93N'-mm

2) KN R, ~ R, MM,
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