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GEAR MECHANISMS
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6.1 Types of Gear Mechanisms

Nanjing University of Science and Technology

{:CI» circular gears :constant transmission ratio
#: non-circular gears :the ratio varies

In this chapter, only circular
gears are considered.




Depending on the relative
shafts positions

30 parallel shafts—planar gear mechanism

(i)

<I§I> nonparallel shafts — spatial gear mechanism
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6.1.1 Planar Gear Mechanisms

External gear pair

Internal geay, pair. ... Rack and pinion (5 %M 5%
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External gear:

Spur gear (Ei5#%)

Helical gear(#5%) = Double Helical gear (\ k%)
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1. Spur internal gear
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6.1.2 Spatial Gear Mechanisms <& it e

1. Bevel gear mechanism(4i5%)
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3. Worm and worm wheel mechanism
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6.2 Fundamentals of Engagement of Tooth Profile

(1A BRI & 2 A R 1)

6.2.1 Fundamental Law of Gearing
(& FEAER) o

P, is the instant centre
of the gears 1 and 2. VPl Vog

Vp1=Vp,

0)1'01 — M) 'OzP

_O,P
w, OFP

www . kaoyancas.net
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the pitch point(Fi £).

O,P
—— =constant> P is fixed

O,P
1 Wy
If a constant transmission

ratio i;, IS required.

!

Wherever(Fi2{iil) the teeth n
contact, the common normal ’

n-n of the tooth profiles

through the contact point W o
must intersect the center line

at a fixed point.

www . kaoyancas.net O 2
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Pitch circle(F7 &
locus of the pitch
point P on the motion
plane of the pinion or
the gear.

Pitch circles are tangent
and roll without slipping

each other4i®z)). Thegear
pair is represented by two /
chain dotted( < Xl£k) circles |
tangent to each other. '

— X AR ARSI T E B A
iRz .

b=
D, " R

-~
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6.2.2 Conjugate Profiles(3Lt%E ik ER)
Meshing ("5 & i) profiles of teeth that can yield
a desired transmission ratio(/£3/tt) are termed
conjugate profiles.

7 AR MR 2 A T R ) — X LA B AR W SR 1A B

kA ERTHAE, A
EAEkERSITE. 200N Sl A ™
e— e AR — g

For any specific tooth profile, we cn find its
conjugate profile.

www . kaoyancas.net
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Involutes(#i H4k) are used most widely

since they can be manufactured and
assembled easily.
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6.3 The Involute(#H%8) and Its Properties

6.3.1 Generation of Involute

An involute is the curve generated by any

point on a string which is unwrapped(f&
from a fixed circle.

H—BEZ%mrnfg— &
HE B {Es#zet, B’
#% 1 — R KBV ENITE

I “ﬁ-
f “‘1_

-~

e “Hﬁr‘ﬁlg f\% aﬁa,%
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n-n——Generating line(x A

0k —unfolding angle
(jBf) of the
involute at
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6.3.2 Properties of the Involute (&) #7%2A%

1.The length of the
generating line((kx 4 4%)
segment unrolled from the
base circle is equal to the
arc length of the base
circle rolled.

dp=—__
I “ﬁ- i
i ““a\ 'F-_' -
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2. The length of segment NK is the radius of
curvature of the involute at the point K.

NKJ9 3T FF e FEK R RYR 2R,
j‘] g“‘f:l:; ﬁﬁj 2&_':1
REVEZSERE B

o :N_K:\/r,?—
P =0

' 2 e
A ,:-1:—.. — s
[t “‘m 'F-_' A g

-~

e “Hﬁr‘ﬁlg f\% aﬁa,%
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3. The normal distance between two

involutes of the same base circle remains
the same.
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the radius of its base circle.

As the radius r, of the
base circle approaches
infinity, the involute
becomes a straight line.
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6.3.3 Equation of the Involute ﬁ% BRIAEAT

nCe i

Pressure angle ak =/NOK

NK

tana, =
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The polar parametric equatio’Bf the
involute #2252 with o as a parameter is

7y

COS &

0, =inva, =tana, — o,
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6.3.4 Gearing("i&) of Involute Profiles

Involute gears have constant
transmission ratio.

AO N PFIAO,N,P

, w, OP r r
i, =—-=—2—=-2=-"2= constant
o, OP n n
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. Locus of contact point, the
line of action("5&4%)

=common normal to the
involute profiles

= the common tangent to
the base circles N2
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ygr_egistlered HyperCam
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2. Involute gears have

separability (7] 4> B 14
of the centre distance.

Since AO;PN;~ AO,PN,,

w, _ O,P _ T
@, OPFP 1,

L, =

ERE BRI AR RN A/ . b2

I F‘ﬁ

-~

Sees *ﬂ*v’ﬁr‘ﬁi@ % 65{%'%“
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3. M ABMEHINS &

angle o' f~3F

a’ is defined as the angle
between the velocity of
pitch point P (on both gears)
and the line of actionN;N, .

N, N, 535 R A Y12 2 B A 1
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6.4. Standard Involute Spur Gears> ™=

6.4.1. External Gears

Parameters of gear:

The tooth number of a gear ---- Z




the facewidth(i5%) ---- B
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) hEigaky
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addendum circle (or tip circle) GETE) ----d,, r,

NN

www . kaoyancas . ret—
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dedendum circle (or root circle) '(}w JI‘EI) ----df, I

www . kaoyancas.
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an arbitrary circle (£

www . kaoyancas.net
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The tooth space (i5i&) ----the space between the
profiles of two adjacent(#H¢8(Y) teeth.

www . kaoyancas . re
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The spacewidth(i5##%) e----the arc length of the
tooth space along an arbitrary circle.

Ci
/
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the arc length of
the tooth along an arbitrary circle.

€; Sq

L

or
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The pitch(i5#E, E%) p, ---arc distance between
corresponding points of adJacent teeth along an
arbitrary circle. Pi=6€+Ss;

Pi

e Si_
/
_<|

S5
/—'

(>
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pressure angle oy
'y =7V COSU

Different point on the
involute has different

pressure angle oy .

The circle the point on

which has 20° pressure
angle is defined as
reference circle (5 EH).

e ¥
T
[, —

-~

- §¢ L
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Any parameter on the reference circle has no
subscript(T#5), r, e, s, p, a=20"°

p; =¢; T §;

{

p=ets

¥, =T, COSU

{

r, =rCosc
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T T
The module m (#£%{)---- a basic parameter on the
reference circle.
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m, Z, o are three basic parameters of a gear.

Different module needs different cutter.
The module m has been standardized.
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Tab 6-1 @
modules of Involute Cylindrical Gears
(GB/T1357-1987)

First 0.1,0.12,0.15, 0.2, 0.25, 0.3, 0.4, 0.5, 0.6,
series 0.8,1,1.25,1.5,2,2.5, 3,4,5,6, 8, 10, 12,
16, 20, 25, 32, 40,

Second 0.35,0.7,0.9,1.75, 2.25, 2.75, (3.25), 3.5,
series (3.75), 4.5, 5.5, (6.5), 7, 9, (11), 14, 18, 22,
28, (30), 36, 45

Modules of the first series are prefale B

' sk - . a
I “ﬁ- Wi
i “‘m 5 F-_' Eiar

Il 3t i g | S “ﬁﬁr“'ﬂ%‘! % '-“ﬁ’*'%
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The addendum
(&TR7) h,----

radial distance
between the ne
reference circle

and the

addendum circle.

T R
r e Wil . Kaoyancas . net
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The dedendum
(ERS) hy -

radial distance
between the

reference circle

and the hy
dedendum circle.

T R
r e Wil . Kaoyancas . net
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The tooth depth

(E=£5) h -

radial distance

between the

dedendum circle A
and addendum |\ .

circle.

.kaoyancas.net
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For standard gears: @) bigarg

e=5=0.5Tm
h. = h_ m hfz(h:+c*)m
h_* ---- the coefficient of addendum (TS &%)

c* ---- the coefficient of bottom clearance(Jiif& %

#)

h=2h +c)m

-l’-'-‘l.IJ:)

h.*=1 and c*= 0.25 for the normal tooth(lE= %
h,*= 0.8 and c*= 0.3 for the shorter tooth(iﬂﬁ)

1 I é\‘“

& "I'_'—-—--—-— *‘;
1) vy

*‘ [ hmum -y -

4

_'!.
8 =



B
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C=C*m

www . kaoyancas.net



d =d+2h, =(Z+2h )m

d, =d—2h, =(Z—2h, —2c
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Base pitch(#5)p,--- the pitch on the base circle.

www . kaoyancas.net
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Normal pitch(G£- The distance between
corresponding sides of adjacent tooth profiles
along the common normal.

?
Pb=Pn

e

www \xaoyancas.net
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) hEigaky

’rJ: Nanjing University of Science and Technology

Review: The normal distance bet”’en two

involutes of the same base circle remains the
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Gy 72X %
7, =rcosa R St
27, =z p,

2mr =z-p

p,=pPCcosa = p, /

p
Pn /-~
S
L,

\

Y ¢
B PR o, . W
R, ~ G

9¢ .
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The fundamental parameters:
Z,m o, h~c

A standard gear means:
m, o , ha*, c* take the standard valuesand e = s
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d=mz h=h,"m
d,=d+2h =(z+2 h," )m h=(h,*+ c¢)m
d=d-2h~(z-2h,"-2 )ym  h=h+h=2 h,*+ c")m
d,=dcoso P=rm

1
S=e=—mm

—X AR IEERE:

1

a :l(a’2 td,) =5m(22 tz)

®m, Z&E THERBBK), MR NMNEERR
SERE, BEitm z2REFERKNMNIEESH

Q#EMR~TS5m, h*, c* BX5zk*%
@ETi&%, S5m 2z, aFX HEFER

www . kaoyancas.net
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6.4.2 The Rack (5%)
B

AN
4 &

Py

C

Involutes ——> straightlines

=0 Pi=p=1m
On the reference line(9 E%k), e=s.
For standard, tack, .ha=ha*m, hf=(ha*+c*)m
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d =d—2h =(Z-2h )m

d, =d+2h, =(Z+2h, +2c )m
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=5
= q,d‘

6.5 Gearing of Involute Spur @f- b2k F

£
f_.- Nan

anjing University of Science and Technology

6.5.1 Proper Meshing Conditions( 1L
for Involute Gears

To ensure a
continuous transmission,
there must exist such
situation that two pairs
of teeth contact
simultaneously([G ] HL) .

] '-‘“‘“-_—.'-_____

! e
= f “‘m ‘ -

-~

REGLGE=P SEY
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RIEMEERER :

¥4 IH) 15 BB

.2 KIKZ =Pb1

35%2_:: KIKZ =Pb2
o Ppi=Pp,

im, CoOsSo, = 7m, COSCx
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7im, COSa, = M, COSK ,

J

— ]11:2 = m = ;tifi;/‘ :

=a,=a =20°
The proper meshing condition for involute gears:

The modules and pressure angles of two
meshing gears are the same respectively.
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6.5.2 Centre Distance and Working Pressure Angle of
a Gear Pair

BR: —. MEMNZANZF
—. TREE AP EE

The two reference circles
are tangent and roll without
slipping.

The centre distance a is
equal to (r;+r,), the
reference circles coincide
with their pitch circles. 75

m(z, +z,) :
2

—_— / ’_ —_—

www . kaoyancas.net
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To keep zero backlash, it holds: o/l Bk & 214

www . kaoyancas.net



ERR
the bottom clearance(Tiiff) c : the radial
distance from the dedendum circle of one gear to
the addendum circle of another

¥ T B

Therefore, when two standard gears are
assembled at a centre distance a=r;+r,, not only

the backlash =0, but also bottom clearance
CcC= C* m. www . kaoyancas.net




Working pressure
angle o’ ("4 £)

a'=«

Wa

U2

e e B TR




FEFRERSR

When the
actual centre
distance a’is
larger than
(r;+r5), the
reference circles

will separate. The
two pitch circles
will become larger
and remain
tangent.

www . kaoyancas.net
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Ty _ hcosa

cosa’ cosa’

Ty _T,c08Q

cosa’ cosa’

-

S

, o, cosa coso
d' =R = () =g
cosa cosa

a>a,c.a<a

. 4 / /
LK >, >T1,C >C

A s

www . kaoyancas.net
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Z,
= — = constant
Z

FX, feahtbfitrd
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6.5.3 Meshing of r rack and pinion ®&)) ‘v wirime

ARAFBRHRITIE, WERRETFT,
Al 1EIRAET Er:4
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6.6 Contact Ratio(ZE&E) of
an InvglugrgHSg"ur|Gear Set

nregis VPE

07

www.kaoyancas.net —
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6.6.1 definition of Contact
Ratio(ES )

Gear 1 is a driver




The meshing begins A O Pl
at point B2,




K moves along the wka@ylt
line of action




and ends at point B1 "
b1
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The segment B,B, is Kle

called the actual line of
action(ZEEFfRMS & 2%).
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- 1= I ] :
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MR H TS 5 E R A S S,
R AT T S & A
RB,o

KIFMEE R :

EZERVSTR S MBI HY IS
RAEFK SI%fl, ERESLEMN,

R EHR GRS
NNHIZZ BB, o




www . kaoypaneas . net
Iﬁ'

B,B, —SLfrME& £ithe actual lineof Actic

Bip 54 Ltheoretical
line of actjg

[T

B,

S BT {EER (the actual working
profile) N, .

S ERAE]




If Transmission is continuous

BB, 2 p,

Define the contact ratio as :
BB
& 0 =
Py
W R EhEELSE M R
Usually, e>[¢]=1.2.

2>

www . kaoyancas.net
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6.6.2 ESEHEN

£ A ER/RERTS NN & B9 X8 25 5 25 X ia g
S BT S RYBTIB EE K

EQXTWE'“:E fEENREE R, MAERE
BrE SR AE RE NAE ) IR LRV E R IEHF.
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6.6.3 calculation of Contact Ratio(Z&]
B,B, _PB, +PB,
Py Py

E =

(04

PB, = B,N, — PN,

=7, (tana , —tana')
1

— /
=3 mz, cosa(tana,, —tana’)

— 1
PB, =—mz,cosa(tana,, —tanax')
2

p, =M COSA

1 / 4
g, = . [z1 (tana,, —tana') + z, (tan , —tana )]

nnnnnnn lkaoviancac. naot
Ty

Wa=T\NAUVYyUulivQio .. 11v
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For rack and pinion gear:

a

SING - COS

1
g

=—| Z,(tana, —tana ) +
27

For internal gear pair:

1
g, = Y |Z (tana, —tana’ )+ Z, (tana —taner, )|
T
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1 2 X F
g, = Y. [Z1 (tana , —tana )+ Z,(tanea , —tana )]“" B
T

a

a cosa’ ,
1) —= = a
a  cosa

(2) rpy1=r,1 €COS0l, , INLo=ry COSO,,

3) Ifr, U, then o, U and e U . 55 156k 55

(4) g, is independent of module m.

5 If Z1, then saﬂ. Try to use smaller m.

6) If &> 11, then tana’ ! and € U.
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Example. A pair of standard spur involute gears
have the parameters as follow: Z2,=20, Z,=50,
m=10mm, actual centre distance a’=350mm, a=20°,
ha*=1, ¢c*=0.25. Calculate the contact ratio ¢,

Solution:

m(Z,+Z,) 1020+ 50)
2 2

o'=o=20°.

ry=n+hm=20+1%2=22

r,=1,+hm=50+1%2=52

r,, =1 cosa =20%cos20°=18.7938

1y =15 608 =50%c0s20° =46.9846

wwil. kaoyancas. net

Since a= =350 =d',
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1 2 18 79 38 2352,/ Nanjing University of Science and Technology
-1 —1 .
a, =cos | 2 |=cos =31.3215°

’ 22

Ty | 0081(46.9846

a,, =cos’ j =25.3713°

ra2 52

_ L

5 [Z1 (tane, —tana )+ Z, (tanr , —tano )]
T

gOl

= ZL 20 (tan31.3215° —tan20° )+ 50x (tan25.3713° —tan20°)
T

q il =
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6.7 Manufacturing Methods of Involute Profiles

There are various methods for manufacturing

tooth profiles, such as die casting(#2%%), precision
forging(i#1&), punch/# /%, powder(# > ) process,
cuttingtJJgl;% and so on.

Cutting is the most common method for
manufacture of gears.

6.7.1 Cutting of Tooth Profiles
(1) Form ({iJ£i%) Cutting

* (2) Generating (& ~EJZ?&E}2°2:) Cuttlng

' ..";;' e e fﬁ; =

i i =
e

A
o
N
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((1))Form Cutting

Disk milling cutter(#&#4t7])

www . kaoyancas.net



Disk milling cutter

wuww . kaoyancas.net
) DEE2XF
End milling cutters(¥w$#tJ]) are
used for large modules and
double helical gears.

%) TRR&KT]
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broach($i7])
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Characteristics of the form Cuttingge s s

As the shape of an involute depends on
its base radius, a different cutter is
required for each number of teeth even for
the same module and same pressure angle.

Form cutting is not a good method.

Its main advantage is that it can be
accomplished on commonly available milling

machines. (8t/K)

P
[, v >
[l i pile a5 =

o= éf. " » ..‘-.
s e e I

= ; LR
ol -
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(2) Generating Cutting (/& 1)

g
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In a generating cutting method the edges of
a cutter take the form of a gear (or rack) with
the same module and pressure angle as the gear
to be cut.

1. Cutting
motion

2. Retreat
motionig JJ

3. Generating
motion & %,

4. Feed
mOtion:[-Zl- gé\ www . kaoyancas.net
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External gears can be cut with a ‘rac i1aped
shaper cutter(i54:#7J)). The edges of the cutter
are now straight lines which can be made
accurately.

TR
L
i T
» | ]|k
AT

The cutting process in the shaping(: ’iﬁ) of a
gear is not continuous.
I—3IETIFAT LA I Y m o BRI S HAE
E’J%ﬂlu%(@?ﬁlﬂ S5 o
BN E G oL SR BK -
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In mass production(CK#E 4 =), hobbing (& 14)
Is used instead of shaping.
%]

e

Aot
| l nR

.‘-'—'——-*__

&) BYRE (c) WHIMI

hobbing((Ri&)
I —{RTIATAMIY »n o HHEME
&SR, VIHESE, £78ES.

A REIN T PLSEE o
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6.7.2 Cutting a Standard Gear with Standard

Rack-shaped Cutter

addendum line

- - — reference line
_/X<:a220°

N\—_ dedendum line

cutter tip line

addendum line

7
7111

~ -— reference line
_/x<§:20°

P =0. 38m
www . kaoyancas.net

N\—_ dedendum line
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The tip line is ¢c*m higher than the addendum line
for cutting the profile at the root to provide h;

hy=h* m+c*m

/B

www . kaoyancas.net
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To cut a standard gear, the reference

line of the cutter should be tangent to the

reference circle of the gear o =v,

The m, o, of the gear on the reference circle
are the same as'‘thoseton the reference line.
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As the s, and e, of the cutter on the reference
line are equal to each other, the gear is cut with

s=e=p/2=rmm/2.So, tIO1e gear is standard.
1

W1

NZOO/:::::)w«fwfkaoyancas.net



www . kaoyancas . net

The dedendum circle of the gear is cut by the
tip line of the cutter. Fo =1 — (h +c)m

Ee B S E e TS Ee RS T R B =R T ST in
The addendum circle of the gear is cuton a
lathe(#K). Jt.is.nok cut by gear cutter!!
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6.7.3 Cutter Interference(#RJJIKR)
Some part of the involute profile near the
root portion is removed in the generating cutting.

This will reduce the
contact ratio as well as
the strength of the
tooth and should be
avoided or minimized.

www . kaoyancas.net
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The reason for cutter interference:
The addendum line of the cutter passes the
limit point N; of the line of action.

pitch circle= 04 |
reference circle base circle

addendum 1line

reference line

www . kaoyancas.net
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To prevent cutter interference :

h m< NM

. . mz .
NM = PN -sina =rsin’* a 27811120(

* mz . -
h,m<—sin" a

*

2h

zZ2—/—
sin” o

a

a=20° h, =1

Z . =17

min

HUiEl: h,=0.8, a=20°

www . kaoyancas.net
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6.8 Addendum Modification on Involute Gears
Wi T

6.8.1 Introduction of Addendum Modification
Disadvantages of standard gears:

1.2>2Z,.

—SMEE o' <a TPk
a' >aed

3.The strength of the pinion is much
lower than that of the gear.

www . kaoyancas.net
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Corrected gearsT{i 54

1. AZ&JTIA SRBRZERM
L B R Ul K 58 B T VR AR
EALIE VA7

B ATSE A
xm——F B B AR
x—F R R BE AL R

modification coefficient

ME: x>0 x=0 x <0
EZNE BN 513

www . kaoyancas.net
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Only the position of the
cutter may be changed----
the reference line of the
cutter may not be tangent
to the reference circle of
the gear.

The gear-cutting

machines, the cutters and
the transmission ratio g
between the cutter and the™,
blank remains unchanged.

www . kaoyancas.net
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Comparison between a corrected gear
and the standard gear: ¢

xmtgo \

K

1.Parameters Z, m, r(=mZ/2),
o, and r,=(r cosa) are the
same. o

www . kaoyancas.net
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2. Parameters d;, d_, s, e may change.

A7 (5 r>“ fﬂfﬂﬁ?u =0 AT <0

www . kaoyancas.net
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This means that different portions of the

same involute are employed for the profiles of the
standard gear and the corrected gear

i T £%
I>0/&

=0

1

www . kaoyancas.net




www . kaoyancas . net

6.8.2 Geometric Dimensions of Corrected Gears
To prevent cutter interference: &/NEHLRE

hzm—meN—M

MN =

A
x>h, —Esmza

mZ

PNsing =rsin’ « _TSin a

3

N AN
AN x> x,

www . kaoyancas.net

Y

K

\ |

N L

S
w

. T 7 | ‘S N 4+
) K‘%%P//% B?H I

.\ N

~
S
&3

/ >

ot %/ . \J/ 4k (S D)
T2 %

X > X

138

~N

yA X, <0

min

min
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Imianc . ‘lOl;

——

1. A ER LR E | LN

W JTIRFELREF AR
ﬁ@ﬁ‘. 2KJ> YGRS EE
ERS BN k)

EAUKS: KJ = xmiga

5
Y

o B B Bk R -

%+ 2KJ = %+ 2xmig o




2‘ ﬁ]ﬁ%ﬂwﬁ% _I,,;{W-kagyafg@iqet

iR Fhe: TR T L2 TN
J1£%2Z 18] KR BE

h, = (hm+c m)y—xm=(h +c —x)m |
X IEARAI: 20, h EEAR#ER /D xm
SHAAEAL: x<0,  heHEARAER HNxm

TR K

AR R B AR [ A% TR ETE

rp=r—h,=r—(h,+c —x)m

KTE. AN E R S A M AR R e B 0 R —
SRR A TR R R E TR R TRR K/

NRIEE SR h=Qh, +c)m
BT n =t +c—xom FIBAh, =(h, +x)ym 1, =r+h, =r+(h, +x)m

www . kaoyancas.net
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Helical Gears for Parallel )
Shafts (#5515 5h) b’
[ ]

[
\.

Crossed helical gears
mechanism(12 i 15 FeH1

1)
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6.9 Helical Gears for Parallel Shafts
CHIT RS AL D))

6.9.1 Generation and Characteristics of Helical Teeth

Spur Gear:
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The tooth surface of the spur gear is therefore
an involute cylinder(# £ 4:10).

The tooth surfaces
of spur gears contact
on a straight line
parallel to the axes of
the gears.

sudden loading and
) sudden unloading on

teeth
— > Vibration and noise

www . kaoyancas.net



In generation of the tooth profi
helical gear, the straight line KiCon
generating plane is no longer parallel to the
axis of the gear.

A 2 4 B A
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Every point on the straight line KK will
produce an involute.

The curve connecting the starting points of the
involutes on the base cylinder is a helix(#2ji€) AA.

The surface

profile of a helical
gear is called an
involute helicoid (%1

T 25 W2 e [




T £ MR e THT KR 4 L

1. The tooth surfaces
of two engaging
helical gears contact
on a straight line
inclined .

Yed b
A " f____"

, Lo o UMK oyancas . net
'{’ I.‘_ ‘.

N e e e e = ey
i e s e z
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The length of the contact line changes
gradually from zero to maximum and then
from maximum to zero.

The loading and
unloading of the

teeth become
gradual and smooth.
That is why helical
gears can operate at
a higher speed.

L e o R
el ) | SR

-~

2. WAL
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H7iE24F

Nanjing University of Science and Technology

1. #AFEKITIEI T
Ofifeis; QWERIE: BN
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www . kaoyancas . net

Two sets of parameters :

1. On the transverse plane(iiH) (with

subscript “"t” ) LHIZHE

The transverse profile of a helical gear is an
involute.

2. On the normal plane ((%[F

1) (with subscript

“n") B T 77 B (B A TH R e 22 B V) 28 /T

Parameters on the normal
plane are the standard values.
They are determined by cutter.

TIE AT N TR R E
WIEHFE, — 2 b FEER
£ 1A R HEE

www . kaoyancas.net
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p, =D, Q()Sﬂ j> nm =m, COSﬂ m, IS

P standardized.
B
| //
/
/
/
/ |
B 1| | ™
B
Py
Pt
QAN
M A
ndp
(1 www.kaoyancas?ﬁ@k 31(1
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%’ Hii2tF

Nanjing University of Science and Technology

|k 7048 5

g, E
ac

CE

Iga, =

AC = ABcos f

" BD=CE

g, =tga, cos ff
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h, =h,

a

" * *
h anmn — h atmt,c nmn

h, =(h,, +c,)m, =125m, #1.25m,

www . kaoyancas.net
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WEHES B
WEHELEHI AL P,:
MR e 2% 58— A i B W Rl £ U7 [ B2 Y BE

7d
toff = —
gp =

Z

mwd,
f S
2p, P,

d, =dcosa,

1gp, = %tgﬂ =1gficosa,
ﬂ%%ﬁﬁ*%)l
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The reference diameter and centre digtanee ghaquid be

calculated on the transverse plane as=" ™" "

Z
d=27Zm, = e

cosf

mn (Zl +ZZ)
2cosf

1
a=2(d, +d,)-

Reference centre distance a can be adjusted by

changing the helix angle(1% i ffi) B. Standard helical
gear drive can suit any centre distance.

1), ——

- éf‘ . - - iw >
il S R

9¢ .

g
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6.9.3 Proper Meshing Conditions for Helical

Gears
According to the proper meshing conditions of
spur gear drive,

e e — VR

— - O
1 % = Uy &,n = 20

L18191 — iﬂbz

6.9.4 Contact Ratio for a Helical Gear Pair

www . kaoyancas.net
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transverse overlap ratio

NS contact ratio
_Btanf Bsmp

7im

; 7im

B R E
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H7i€2tF

Nanjing University of Science and Technology

bl % . 45 IRk Fe 2 BRI




6.9.5 Virtual Number of Teeth (ﬁw_?_%e%f()
for Helical Gears

To calculate the strength of the tooth, the virtual
gear(4=14%) of the helical gear is mtroduced

The virtual gear(H{ =14 q
i) of the helical gear is a
spur gear, the tooth
profile of which is
equivalent to that of a
helical gear on the normal
plane.

www . kaoyancas.net
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SEwR: Yo AnERFRE, H#
W HIm M o 7 B RO I 7 f 4
—EMHERR, HAESFNRK
BTG TREE. X MRS (

HHERR, ABZRIABEE.

4
a = b=r

cos 3
2

r

~ cos? s

)

" m cos’ B m, cos’f3

/
cos’ 3

= Zmin COS" e ALAC T Bt
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- &) 87 l{)fgf i
Advantage of helical gears: ‘@ &3522%

((1)) Helical gears operate more smoothly.
((2)) Have higher strength.

((3)) The working centre distance of a helical gear pair
can be adjusted by the helix angle .

() EEE &%/, PR
((5)) 3 ple A 5 Bk 52 A [F]

Helical gears are therefore widely used for high speed or
heavy load transmission.

i
: '--"'-_-—-—..__

i ““ i g
I m‘.‘i ‘..-_3-' -

mq{ﬁw@,&'é *‘ﬁ?ﬂ’ s
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The main disadvantage of helical gears is:

They produce an axial thrust(% 14 /7).

Vo

2

T

' 1/////{}? N
i,

N T RIER B % 1) B G BB/ /7,

— R R e A A BR Bgon150
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6.10 Worm Gearing(#sr{£s9)

net

6.10.1Worm Gearing and its Characteristics

R A% Bl B A R AL G Fe DL AR B AR T R, 3

A (A B EhAIEN 77 o
—

= AR

[ Non-intersecting and non-parallel shafts

Main Characteristics:
1. Smooth silent operation.

2+ Greater speed reduction

3+ Self-locking (usually)
4. Lower efficiency

www . kaoyancas.net
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Worms are a kind of
screw, usually righthanded
(41 Ji¢) for convenience of
cutting, or lefthanded (/- Ji€) if
necessary. Worms are usually
drivers to reduce the speed.

.\\;

AL
AT
JiE A
FR

www . kaoyancas.net

lefthanded

www . kaoyancas . net

righthanded
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6.10.2 Types of Worms

(1) Straight sided axial worms

LIS

Z.A-wormPrj Z&E K 75 bm #F

The transverse section(f5 V] ) is Archimedes spiral (42
iE£%). The axial section is involute rack.

///l

0
‘ /L‘

i =, - . a
{4 pﬂ:—- v i
. s “‘m F_' Eiar

-~

Sees *ﬂ*v’ﬁr‘ﬁi@ % 65{%'%“
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(2) Involute helicoid worms  ((3))Arc-contact worms

____ZI_WormﬁT) N ZC-WOI'II] E- g)ﬁﬁﬂ%ﬂ

involute .
NN
: "\ b i
2 ase cylinder |
TR
N

mr—ur  np—nI
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(4) Enveloping worm (284 FF)

more teeth engaged.
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6.10.3Proper Meshing Conditions for Worm Drives

The mid-plane---- The transverse plane of a worm wheel
passing through the axis of the worm .

The engagement(i 5°) between a Archimedes worm
and a worm wheel on the mid-plane corresponds to that of
an involute rack and pinion.

. Proper Meshing
. Conditions for \
7

M

i\

: - o ‘\ ‘ ‘\‘
Worm Drives: ’W)”:’{/jgf

(04

mtz mxl \

t2 — Czaxl

www . kaoyancas.net



6.10.4 Main Parameters andBi
for Worm Drives

Nanjing University of Science and Technology

1) The axial pressure angle of worm a.,, is 20°. This
can be increased to 25° in power transmission or
decreased to 15° or 12° in indexing devices(7 E 25 & ).

2) The module m----
standard values

The series of modules
for worms is somehow
different from those for
gears. Table6-2
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) DFE2XF
Table 6 . 2 " ﬁil‘.ﬂg University of Sd.'il:!'hl’.‘l.’ and Technology

Modules and Reference Diameters of Worrns(n;ﬁl) (GB10085-88)

m

1

1.25

1.6

2

2.5

3.15

Mid-
diameter
d1

18

20
22.4

20
28

(18)
22.4
(28)
35.5

(22.4)
28
(35.5)
45

(28)

35.5

(49)
56

m

8

10

12.5

Mid-
diameter
d1

(63)
80
(100>

(71)
90
(112)
160

(90)
112
(140)

wﬂﬁwgf;g R
' B Y0 B B Ve
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3)The number of threads(zk%k) of the worm Z,
EATE Bk
Z,=1,2, 4, 6 are preferable.

Z, ﬁ ,then efficiency m ﬁ

The number of teeth of a worm wheel Z,.
L, =12,
Z,=27~80




4) The mid-diameter d, of worm (B HZE ™"

dli ——The mid-diameter of worm
IR, RS ERER

d, 1s standardized to reduce the

number of cutters and should be
1.25 1.6 2 2.5 3.15
Mid- 20 20 (18) (22.4) (28)
diameter 22 4 28 22 4 28 35.5
d1 (28) (35.5) (45)
35.5 45 56
m 5 6.3 8 10 12.5
Mid- | (31.5) | (40) (50) (63) (71) (90)
diameter | 40 50 63 80 90 112
d1 (50) (63) (80) | (100) | (112) | (140)
71 90 112 140 160 200

R TR, fad, SmAERe, W62

—
aw)
o
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d, The reference diameterof worm wheel.

e o L 1] EL AR

NN
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5) The lead angle(-=##£ff) 1, of the worm.

L L4 L L
r ! f Fi I
i’ 7/ Fi i [
Y ¥ T I [ T
Y / / /
1 r
‘f J}\. J, .p’ a

| <
O ] .t
hJ b
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6) The centre distance a’ of the worm gear patir.

1
a’ =1 +r,+x,m :E(dl +mZ,+2x,)

A
iy

\!
>

Jgé*@ e
A
DN

il

\
fS
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7) The transmission ratio and the rotation direction of
wormwheel

(EZIEA: PG

Mz ,n, = TMz N,

[ /7

HITRRRE I 1
W (B) W WA GB) F, DRI
ﬁﬁ,ﬁﬁm&ﬁ%%%%%éﬁ.:fMﬁﬁ

'
™
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6.11 Bevel Gears(ifi5%)
6.11.1 Types and Applications of Bevel Gears

Bevel gears are used to
transmit motion and power
between intersecting shafts.

The teeth of a bevel gear are
distributed on the frustum(HE
&) of a cone(|F HE4A).

Parameters and dimensions
at the large end are taken to be
standard values.

The shaft angle of a bevel gear pair can be any required
value. In most cases, the two shafts intersect at a right angle.

www . kaoyancas. ne
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6.11.2 Back Cone(15

#) of a Bevel Gear

The bottom of the reference

cone(47 &

A

AHE) is called the

reference circle.

Its theoretic tooth profile should
be spherical(EK[f 1Y) involute.

www . kaoyancas.net
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“HE) and Virtual

O9

N =

ear(=
Iy
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BR T 7 45 Fl — 40 748 I S hiat

Nanjing University of Science and Technology
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The back cone can be unfolded(Ji& JF) imaginarily ({5 A5 Hh)
into a sector gear( 5 214 #2) with Z teeth and further filled up
to a full gear with Zy, teeth.

This imaginary gear the virtual
gear(CA = 5 52) of the bevel gear.

The tooth number of the virtual gear
—— the virtual number of teeth Z, of

the bevel gear. 2 5 14 %1
7, Z,m

r,=0,P =

Cos O,  2cos 0,

Z2
COS 0,

. Z., should not be
PO TesghaRakds et
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6.11.3 Parameters and Dimefigidng df"Bevel
Gears

1. the reference diameter
d=m/=2Rsino
N

The outer The reference
cone distance cone angle

ﬁﬁﬂﬁ‘*%ﬁ

Modules of bevel gears must |
Jy Do chosen from Table 6-3

e LH_‘ *“rﬂﬁt“ﬁlp e‘{- %%




3. The transmission ratio

v
=-2=tanJ, =cotJ,

@l

2 =90

.kaoyancas.net

) biiRaks

Nanjing University of Science and Technology

4. The addendum ha and dedendum hrf are measured
along the generatrix(££2%) of the back cone.

d =d+2h,coso

d,=d—2h,coso
h,=h,"m=1m
h~=(h,"+c*)m=1.2m
Here c* 0. 2 not 0. 25

ha

@

|
///////‘i?iiQQ;Z >
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Ch a pter 6 Q;..fujiif{ﬁinmmhﬂ
Attentions
1.Parameters of standard Spur involute gear
2. Calculate the working pressure angle and
the radius of pitch circles with actual centre
distance
3. Calculate the contact ratio
4. Parameters of standard helical involute gear
5. Virtual gear of helical involute gear
6. Parameters of worm and worm wheel
7. Parameters of bevel gear
8. Virtual gear of bevel gear
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