heory of Machines and
Mechanisms
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7.1 Gear Trains (¥ %) and Their Classification

Gear Train

A transmission system by more
than one pair of gears.

Gear train with fixed axes
((E3h% &) (Ordinary gear train)

gear train(

=

Elementary Epicyclic
H AR R)

Combined gear trains

(B &R R)

www . kaoyancas.net

<

_ Planetary gear train

(T2 R)

. Differential gear train

(Z5R)
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" 7.2 Train Ratio of a Gear Train with Fixed Axes

The train ratio of a gear train(i & 1% 3/

Two factors:

1.The magnitude;

2.The relative rotating direction
of the two members.

www . kaoyancas.net
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3 7.2.1 Absolute Value of Train Ratio

1——Driving Wheel. Input member

6——Driven Wheel. output member
a)l — ZZ m

"12‘ =

| Z
w,| Z,
w,| Z

"34‘ =

3

- _|os|_ Zs
a2
Ws 5

77,7,

:‘116‘ =

‘i12i34156‘ 4584
&, &), a)| | 2,2, Z;

Cin MBS,
LR BIK AN 5

_ product of tooth numbers of all the drzven gears
pmduct of tooth numbersof all the driving gears

W 2 kddyaricas net
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7 2.2 Relative rotating directions of gears

(1) Gear trains with fixed parallel axes:

+ — N\ A g L A B 5 R AE R
- — A N\l R gy L Ak O O DA IR

Planar ordinary gear train (_ 1)”” ,m——the number

(SZ

{

‘ of external gear
e i 7) of e

Spatial ordinary gear train Determined by drawing

s arrows, “+” or “—
(Z[E 2 e &) must be added before the

(19 29

ratio.

(2) Gear trains with fixed non-parallel axes.
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Example1: Calculate the Ratio 7,

32,232, _ _Z4
Lty 2

i14:('1)

gear ,not the absolute value of the train ratio. | z

Ly
7777

Attention:Rotating directions of gears in this gear trains with fixed
non-parallel axes can not be determined by (-1)™ .

www . kaoyancas.net

Example2: Calculate the Ratio i,

A
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¥ 7.3 Train Ratio of Elementary Gear Train

JA e R E il FE R E’JffEZIS XAET: FERERARTHE
£ MR 2RIz sh AT B %2 , AR AFMESIHARE
EZEH %%%%%’J/ AW

@f/

Add an angular velocity “-wy” to the whole gear train

->converted gear train (#H# R)
17 B SIS




Original elementary
epicyclic gear train

R

N

H;

!
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converted gear train

L RLES

Imaginary ordinary

gear train

{28 i e &




JhERh RAERE | BRI RS R I A

co@=m1-(oH

co@maz-(oH

m@mf(oH
0)1@=coH-coH—0

converted

. . 3 =
Original elementary L gear train

epicyclic gear train - AL R
RABRE = l

Ordinary
gear train

BUBEANE O MR
hicHEsse % OO p2n &
AitH: 3 W 2y 2, Z
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F‘§U~}§2‘I§ :/E!:
#HE Z KPP OA. BRITEZEHEI L R:

Lyp =

1. ZAREHTERA. BRITEEI=EHBE SRV

2. NTESRR, HFOMKWMEHFEREMER, RN,
ME— N

(ML

ZFLYIE

HONIE, A7 FBARMUAE, KEKE=1H4

i H AT 5 R E R

. AR ARNESHIESRBTERSE, AHFAW.

4. f(z) HEHR RHTIEKRR, f(2) KIEf S RELR SR

FA, BRAI R &R
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#|1: Given: Z,=100, Z,=101, Z,=100, Z, =99,
Find the train ratio Iy

Solutions
e H

L3 =

1 "z
— :1
_4tsy 99101 0090 L
Z,-Zy  100x100

:ijfil A:géziijii/g%}l’ -;1::%¥%;§£QJIH§?‘O
'TMLA)&QOVancaS.net
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Bl 2: Given: 7, =27, , w,=12rad/s , ®, =8rad/s
Their directions are shown 1n the Fig.
Find: o,

H
Q
SO].: lg :—1

—E—REN oMo,

® —8
—12-8

-1 . o, =28rad/s
wﬁ%&kggbéﬁiasgaﬁﬂ jﬁglﬁﬂ
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7.4 Train Ratio of a Combined Gear Train |
" Find Sequence(/i)y):
 Planet gear — planet

Steps:

1.

Derive(#5) their ratio equations independently

Find the relationship between several gear trains

Solve the equations simultaneously
CERAZ T A2 R ARED
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Example: I (H, 5A—EA) :

Given: Z,=24, Z,=33, Z,=21, ’
71.=178,7,=18, Z,=30,
Z..=78, n,=1500r/min.

W1, 22, 3, —AEBE 77
3, 4, 5— EHHER ’

a)3 _a)H ZIZZ' o 24)(21 T -28
oy, ZZ, 18 13

@5 Z4Z3’ Ns _l:jnlg%ﬁ*ﬁ iR
(4) ilH = i15 =2824 n = ’.11 = 1503 ~53.12r /min

www . kaoyancas.net lis

lys =
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'7.5 Applications of Gear Trains

1) Branching transmission % > # % H
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'7.5 Applications of Gear Trains

1) Branching transmission % > # % H

2) To get a large train ratio

40 P v 2 ke AR HI4%3h EEJA8000 AT B RRIESEE 910000
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'7.5 Applications of Gear Trains

1) Branching transmission % 32 [} % -
2) To get a large train ratio

3) To change the speed of rotation

7)@2’%% .kaoyancas.net
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'7.5 Applications of Gear Trains

1) Branching transmission % 3¢ i
2) To get a large train ratio
3) To change the speed of rotation

4) To combine or resolve the motion

FHAZEDRRAKMNE HERA, i
HNEBEHAN—NES . BRlZE =
B R B R#IT 2B A

SEANES R, HZ=2Z,, N

H _ T —
iy = = n, =0.5(n, +n,)
Ny —ny

seFe R ATEHUTHEALF RN EBFE LA

Rear wheel differentiattwear train of an automobile
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'7.5 Applications of Gear Trains

1) Branching transmission % 3¢ i
2) To get a large train ratio
3) To change the speed of rotation

4) To combine or resolve the motion

www . kaoyancas.net



www . kaoyancas . net

Chapter 7
Attentions

1.Calculate the ratio of Elementary Epicyclic
gear train.

2. Calculate the ratio of Combined gear trains.

www . kaoyancas.net
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Homework: 7-9,7-11,7-13
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ear train with fixed axes(E
(ordinary gear train)
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== Epicyclic gear train(J& J)-=r'dtteast
:one gear axis rotates around the other axis. ;

TN
L 02 NS
H T ’/Q)H/ I_i\ \
vy | Ll 0 ( | O\} )
4 ZZa \ A%
1 \\ 1 - /
3 D -

. Planet gear (TE)

The gear the axis of which
: . rotates around the fixed axis. 2
Planet carrier(17 2 28, %Fr) — The link carrying planet

: gears, denoted by H.

Sun gears(APH%Fe, 11002 )—~—Engage with planet gears and
....................................................... :rotate around the fixed axis. 1,3

fundaméﬁal méfepgesnet Jv
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Planetary gear train(fT 22 %)

One of sun gears 1s fixed with the frame.
DOF: F=3n-2P -P, =3x3-2x3-2=1

777
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 Differential gear train(Z s %) :

Neither of the two sun gears 1s fixed.

DOF : F=3n-2P,-P,=3x4-2x4-2=2
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 Combined gear trains( & FER) |

combination of at least one elementary epicyclic gear train
with at least one ordinary gear train or another elementary
epicyclic gear train.
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Planar ordinary gear train

FEHFe R)
I 5 %2 TR A [

| e RIS LN -

1y P SR i B3
IR IE XU AT G

AR €

www . kaoyancas.net



www . kaoyancas . net

=S Spatial ordinary gear train
(=2 [H] 52 i P 2R

n

RATEEHELR. K
FeURFT 23N

3 '
///

7% )

\ /4
:.ﬁ AT RHILER, A LB, B

@
S
/ www . kaoyancas. netﬁl
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vl Gcor trains with fixed non-parallel axes.

ni

&3 EL 5 R R 7 -
M\ Bl 2] S HH il
2 %0 32— ) iy Sk
RN o
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J

REFER R

HHRR

4
EHILR

www . kaoyan




23, W2AAGE CHIBLED), 1. 2. 3M4a0F
WMEEEATIER, nl7 n3: H2ANPEHAEA T,
WMEREY, RITER L BANRERT,

MmA 13N = A+
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Rear wheel differential gear train

IR 0228

Z e R A EER P
MBSLRIIEE & RN —
A, THER g — 5

A B E B B %

i EL i o3 e R 3 A 2

" AR REED.
B R B e ke
# (%5HN%4) MESF

21, 2,

3. f4) A

BRE— N RER R
BEHLTHN, n= n: HR2MER] (B3) ZEEA MY

—4&,

mHiE%H 5

:'JL‘\%
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