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—y Characteristics and applications

R =R N H
1. Advantages 1L A
@ Long service life and high reliability
TAERTEE, Tk
@Constant speed ratio fgfj] H_’,E[}U_f
(3 High efficiency LIERE S
@Small overall size é:mkjf@!%é%
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2. Shortcomings 53

(1) High cost RUAH

@2) Noise in operation at considerabi
speeds or low precision in
maffl) BEEF K B SR I ), IR
3) They are unsuitable for duty oy
madilmng distances
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33, Applications M,
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— lypes of toothed gearing-_'@‘-
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l. According to the difference between th
relative positions of the shafts:

&5 An B 7 U0
@) Toothed gearing between parallel shaftks
AT Fh U R A 3]
( Cylindrical gearin

FELR LD ) ‘
(Spur Cylindrical gearing E A BRI A A%

¢ Helical Cylindrical gearing FhArlBIAE A %Y
EHerringbone geaPBAERI 1 [RI AE A 4L 5] ©




(2) Toothed gearing between
1tersecting FHAZ Bk AL B
1altd® ( Bevel gearing

AR S .
{Stra@ht bevel gearing

kel [k fedaring
Sk theRdt 1L 5
wEg (s
3)Toothed gearing between crossed
shafts : AL HA R AR T

Crossed helical gearing |MEREANHAE
ZJ] MRS B TIZE 7

2+ According to the difference operating
conditions:

& TAEX 57
(D) Closed gearing I iA#AED)
2 Open gearing I iA%cA{E3)

(3) Partly open gearing 37T zCiA%Y
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§ 3—2 Materials, types of failures and @ -:
design criteria of gears

ISR 2 N 0 W R

{3 Materials of gears 155244 Kl
{Types of failures 2RI
¥ Design criteria 1 &/ N

IR 5 S TSR 9

—. Materials of gear A #1 £}
Requirements A E R .
(D Enough impact toughness
— % K I
(Ensure sufficient beam strength in bending
under variable load )

(PRUEZR AT &, 25 5 57 o BE L i)
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2) Enough hardness —EHJ#E
( Ensure sufficient endurance o
sheface layers
CRAUEDT A TH AU BE JT)
(3High manufacturability and 1o
cost T AT
A AR
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1< Forged steel 4N
( Wide
tpplidaetiondingjH dervice condition—H
Lower hardness of  tooth surface 1A
HB<<350) A#eHF
Processing procedure L Zi1#%E:
Medium—carbon steels(45) HHREN . Mé
carbon alloy steels(40Cr) Hhxk &40
Structural improvement and

normalization = 5% 1F
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For gears with lower hardness of
tooth surface, the hardness
difference between small gear
tooth surface and large gear one

1S required:

HOATH K /MAFE 2
fiE B 2=

AHB=HB;— HB,=30¢=50

AR B —EH
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2y Critical gears EERH: @

Higher hardness of tooth surface i&fE A

MHB>350) 5441k}

% Processing procedure L Z1IFE:
Cutting teeth YA

Hardening YK s
Gfi@ﬂiﬂ&kmﬁﬁﬁﬁbel%%%ﬂ

(For gears of large diameters
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3. Cast iron¥5i:
(1) Grey ironk 4%k (HT200 HT400) :
Easy to manufacture and low cost
TAMF. K, _
However, the strength and toughness
tonsiderably less than that of
Hepis P £, mE
ftor low-speed, large—-size gearing
wmphott
K&, oE. KRRTEHR
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(2) High-strength cast iron FRe=s#5EL
GUT500—5, QT600—25%) :

High strength and toughness———
Taking the place of cast steel: gea}

sRfE e Ml AU
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4. PlasticsIELE# ¥l ( Caprolon and
polyformaldehyde etc A RANHJE S

)

Self—lubrication and noiseless operat

ﬁ‘ g f[ﬂ}%@ri\ Iﬁf D%T—\‘E[z.{& ........................... 5
For gears of high speed, light load a
accuracy requirement

FTREE. A%, REER R
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T, Types of failure RATEZ
Tooth breakage® 14 3T
Failure of tooth surface la:
H+41fH: Fatigue pitting, seizing,
abrasive wear and plastic flow of
material A, KE. BEHANEHAS
i

PESBRSTEFR 18




Yesesign criteria ﬁ%ﬁ?ﬁﬂﬂ@i

#1. Close gearing:\i5%145): The princi
types of failure are pitting, tooth breake
aadzing of the teeth. And seizing of
eeetls under heavy load and calculation 1
checking for the possibility of tooth seiz
net effective. Hence, only calculations 4&f
thatacting fatigue strength  and bending
strength are carried out. BAgii., %CiA4
ERBOEAAE, HIPRERETER, WHL
TR A, hhkl ﬂz/\4¢fT WA 5
B MR ES Bl ﬂ?EF &

HES5H _LIE—T—FE 19

(1) Low hardness gearing

BRI A e R )

The principal tfpeesigning on the basic of

of failure is ?’E&F jjgting ol contact
ateggéh of the working

M ks A ;‘;\\\
ARIRR BN E surfaces of the teeth
e B R 35 3 P 1 i

Checking the bending
fateggeh of the teeth
\ RO 2 5 R R
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#(2High hardness gearing:

REE U T A1 5 1% )

~Designing on the basic of the
théchéading 6fitigue strength of the t
RS RERT
Checking the contact fatigue strength
wheking surfaces of the teeth

IR AE R AR 7 R B

# The principal type of failure is tooth

brealshe Ji 47 W7 R Afedi s i

A

23 “Open gearing A AEAED:

The principal types of failure are abrasi
wearhahdeakage. Up till now, calculation
fisseanment of the service life of gears
subdeatitfal wear is not effective. Hence, 1l
dastrgadisut on the basic of the calculation:
béndhiag fatigue strength , then module m i$
bpctBasedlb% to take into account the
waftuence of
DL TR AN A R dT T R RO, HA B G SEiTE
T, PrUlias M sy s wit, R )E 5 S
7=, AR mIE 110 Ypeseh s 22



§6=3-Loads in cylindrical gear(@p

A A S e AR s 1H A

©@Forces in spur cylindrical gearing
BB AR £ 852 2190

OForces in helical cylindrical

gearing e [j ki th #3052 1 AT
T H & fir
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1 FPorkces in spur cylindrical ge@
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1. Relationship between forces actlng
driving and driven gears

MRS BHSTEFR 25 2
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3. Direction of forces AR

@F, Directing from the pitch point to the rotjting

HIG 5 2 ) 45 B [0 5% o )
Cm{iﬂ%(ﬁﬁ):%@%ﬁmmﬁ
B (A - 5EET AR

Driving gear ( resistance force): Its
dppesitentdsthe direction of rotation of d%
Beaven gear (driving force): Its direction
w$th shmedirection of rotation of driven Z

gear. WIS S TR 262
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~retrces in helical cylindriecal

gearing 45 BB 122
o
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Relationship between forces acting
dheving and driven gears

1. 2R &

~ B Etl — _Ea

F, =-F, = ¢F, = -F,
Resolve Lifal = _F-az
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s2\ FIBIKA Magnitude of forces

2T 2T
F.=F. = 11 = 2
o —Fo - 5 - 21 )

o = Fop cos fcos a_
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_“*ﬂ~l$§_d1rect10n left hand for left-hand
‘hedtxand right hand for right—hand he

Direction of

TOLG
As be 01e

The opposite direction of
The samehdibeation of
: v ; ; A5 B LiE5R : : 30
Rotating d1re¢humm1n%ﬁg behidTng direction of fou
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—. Design load 1+&E & fas

o a=KEF

K——Load factor #ifif 22
( Take into account the influence
of multiform factors on the

load 2 825 ol A1 2 X0 288 A S
CIDK=K K K , K
TR St g L1
K, —b>ervice fagtor fii F R AN
WS BN TRRR #
Motor ™
B \ Unsteady . Additional
( performance external dynami
Operating) TEREME P09 B A
machine -
TAEML Load grow K
T instantly :
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K =—"Dynamic load factor zZNZEXFHREL

Erfrors in manufacture Errors in
andembly %ﬂﬁi@f;gg%;%{zz:ingagement m
Deflections of the Hitantaneous I
tadth load ¥ WNATTE angularation I
i i - Y
Additional internal dynamic load

W i s
Load grow i
:

BN ke >

mm%munmmwms&ﬂu—»~

Pt el (el F

Decrease in
vatoeas®y, in accuracy
of gear manufacture
VIR, M i
Modification of the
faothprofile A IN{E
iz

Decrease in dynamic load

EEIE R )
‘ - K, Drops
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ﬁéa————Factor of load distribution among the teet

14 (5] 34e7 70 e 22 AT

SUHAE 40 25 U0 4 R
Errors in manufacturg No uniform load
HFiRE Ee b) diongibheioreth

Load acting on some gear
mere than the average
load

2
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MES RS TEFR 36 2

SN Sy N SRy Ry ANy ARy ARy Sy h“"w_&m+




)

K Lb Factor of the nonuniform loading along the fa )
AT ) 28 4n7 73 ic 2 20

Bending and torsion %
deformation of the shaft

S, HiEETE
Elastic displacement of \ %
i Rak thks B ;

Errors in manufacture and wWEBIEEE . i I
bly , l

AEsemR J The gears are in

Mgl 24 gy . 2 "

il i 2 He X% misalignment with l
respect to each l
Oﬁber\\ z
pRSESTRER k\\M\HWMM%YI

+

o e i e & B B B S

-ﬁ+mm

The “lead is
dd)ﬂﬂlﬂiﬁﬂrlﬂfﬁy along the g >
wadeh

B FEAR L 7 A AN Y

Load acting on some

part of the l ::} K 4

tdoeng the face
wvindrhase

BT SR BRI R
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L
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Load concentration can be reduced by:

(1) Making the teeth with a tapered crown
il &
A

@2Proper face width

_IJ: T {:,\' }E MBS HSTEFR ag
L_.;

= ; ]
B Locating the gears favorably between
the bearings

W ME &M
@]Increasing the rigidity of the shaft
amkarings

SR8 J70 e 0 ey R JAE A R

(B)Raising the accuracy of manufacture
and assembly

femlig . R
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H BB A | >

Load concentration 1s reduced

s 285 B A1

v

Ky Decreased

IS S TIEER 41

— ™
THERIAY, §THHFTHERR
BHEEAB4AHERAMN R LR
EFRHE, ¥ ELEBEAART S
AABHARE, TR L&A, M
FRART>AHAZHEENLT B,

Influence of bending deformation of the sha

Influence of torsion deformation of the sha

K{-}

Influence of total deformation the sha
on Kg &

RS BSTIEFR
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@6 4 Strength calculatlons for Sé‘tﬂ”/

i B A e % 3h

Eit A )
{} Contact fatigue strength calculationz
A TR ik 55 5 T
{} Beam fatigue strength calculation S
VAR 25 il 57 9 I
PSR STRYR fal
J N
./ )
T Contact fatigue strength calculation \N
WA TH] B AR 57 58 1T &

1. «Formulas A~ IS
(DThe Hertz formula and strength condition :

g PN

|
|
l
l
Z
l
l
|
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2) Characteristic point THE4FEL,

Pitch point & ( Due to
pegimegat the line passing throu
pbiat where load is transmitted
byngle pair of teeth. Another
teasompl$fy calculation.

PEAL A BTG &, B oy KA R I
o EEFE R, )

HMBESHESTESMR 45

(3 Equivalent radius of curvature
e MFEET

The contact stress depend
dnad and the radii of
ofirvhturentact point of
theth. And the contact
garess along with the change

¢he contacy, point.

S
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kRN OKIEEE. R
AAGoUETBFENRX, B%d
SRR HBELEHLEEAERE
{t..
Equivalent radius of
Radius of curvature ofcurvature

+m~mmmmmm

Influences of radiu?ﬂg%ﬁlﬁiﬁChanges of contact’

Ay Ry, Sy Ay Sy, Ay b e b B B B

curvature STTress

et P R (Rt S P (Tl e (T S

PIRBRSTESR
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) 3
“gfﬁ?ﬂé‘th of the line of contact ‘m}

Face width of tooth 4

Contact ratio The face contact
factor ratio

@ Load —
HES 8BS TEFR

T S (N Rty S N ey SNy Yy Ny Ry “ﬁ

o N (g PR T g Nt N Pl PVt

)

_fffgﬁﬁstituting 2. ®. @ into

Pﬁ;?or Factor taking

takongccount infiocount the

mbhehanical "
; shape of the }

properties . |

of the gear Contil;}r}ng 50 i’

mat er j_ al S “wiﬁ}ﬁij%““w;q‘ 1
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factor snbetituted

Face width 'E£m£;mm"
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J .1 DBeam fatigue strength of too{EDr

LlJ TE ?‘Ol m)jifj gﬂ

1) Basic hypotheses FEA{R %
(D Gear tooth is tredt
cantilever and the whole force 1ig
applied to the top of the tooth

UM ASER, £El#
FEA

HESESTESR 33

o

(@ The strength is determined for the

side of the teeth subject to tensile stress

LI T RS

YRS RS TEFER %4




%R0

%*C) The dangerous cross section 1s tak

" by30° tangent to the axis of the
tooth GG A A (30° $4ki%)
@0nly considering peripheral
component of the force ( compression
stress caused by vertical component
less than 10% of bending stress)
{3t 7KFJIF cosa, (o N0 B
el

YIRS BN TiEF
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On the dangerous cross section:

_%_anduction SR
J s 48 T Ak

w
=l

|
l
l
l
2
l
l
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Tooth form

La

e (1
Q|

)
~@rtIc
{ Load factor X 17 222K

ilFess concentration factor

R 7118 IE R E Y, (R /75 H)

L

Contact ratio factor 2
BEEEARY, l
(Load is transmitted by more than (%1

\ piiteeth  #faf AN R —XT ik 4&FH)

YIRS RS TESR
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For checking

Substituting b and

- -
linto above formula:

~dmmn @

é\ Notes

(1) Module increases  F&EZ{mi K z
:> Bending strength mainly depend orl
‘ 5 i 3Rl ean eR e %

(For power drives:&/j{£&Im=1. 5~2mm

(2 Contact ratio fa

I
l
l
I
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C) Tooth form factor Yp, is independent of
depémd on tooth form
W /%Y. : P59 KE3-21 5FEmicxk, 17\El
glﬂ:l_lﬂ:/ (Z, X )
ZV =Yg, 11— o0 0p {
Usually [0] 5 > [0] R
* Bending strength of the pinion and geard
shbeldalculated respectively or carried on
forovhhed gear with the highe )

of
Spereh bt

gy,
PIESHS TR
R A Y Ry Ay DN N A Sy Sl

B

)

““%@j“fbﬁ]F———— Allowable bending stress

VFJo & %7 Bending endurance limit of
geared with 1% of fatigue
vk EE Yy 186, RIS A HE 25 I o7 9 5
P67 E3—28.
S;—Safety margin Z4& RE (—/KS; —*1
Key——Service life fadtor 7§
R Kyp=f (D P65 E3a226

"5.-




]E’f

® Z, ( Number of the teeth of the pinio
/NAFE A D
Low hardness close gearing: ( Overall size
of the drive mainly depends on contact
strength, while bending strength of the
drive 1s sufficient.)
AN R de . (R RS EERA T8
filonE, SR ERCE AR

PESHESTIEF R 63

When d;=const and bending streng
1S ensured, 1t 1s suggested
thager aumber of the teeth of
phaion should be taken.
fEd,=consthf, FfiF e BERIE T
, RENZMEZE

(Z, 1, mAERL b, 0 d=mZy)
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SRS TRER G
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§{6-5 Strength for helical Cylindefﬂg%
RhA RIS AR B 98
it

{+ Contacting fatigue strength of the
tooth surface

WA T B 57 s T
{+ Bending strength
TR T A

MRS S TiE R 68
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j* Contacting fatigue strength ot the “T8o
surface U [H Ml 57 B THEAE

1.4 Formula

1% FAL TR T = B E A A

HIES RS TIESR 69

b B B e D R e B L B B B
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R tiol: B 2
)

B “The length of the line of

hfimaet<ZL ( Varies)

Axial contacting
ratio

P Pyl P g P nng P Vg Pl P

=
M

RS BSTIESFR
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C§ Substituting @, @ . @ Alinto
(1, and favorable influence of the
line of contact inclined to the root of
the teeth on the contacting strength of
the gears 1s considered by helix anger
factor

BEAh, T ANBRBE A R E LA FE e
ZRATURI T 32 firk 5 Z 1A A 52

ATy gy gy SRy Ay N Ay Ry N Sy RNy gy
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Factor taking into
account the
meohanicas of the
gaserials

Factor taking into

account the shape of
meghatmet ing surfaces 7

AT AT SR QTR SRy N SRy Ny SRy Ay SN App Yy
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2~ Notes

(D Helical gears are stronger than
spur gears for the following reason

RHARCARX T HIARe AR BES) 1

{DHT
Lt

PIRSRS TR

iy

@B

(B | Advantages is not obvious
4 =V iR
Bt F,t— Service life of the
‘bearing |

v g =g° ~25°

(Herringbone gears: B —=20° ~3

)

MRS RSTESR
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.. Bending strength &5 i5EE 1T
1. Formula :

Helical teeth can be assumed to conformed
wvhehtooth of a equivalent spur gear in @
seosson normal to the tooth. The

shtengahion is done against the equivalenit

R HMESEENREENRITRE

IR S TIEE R 79

(1) Basic parameters of the equivalent

SaaINFE I A S
Module m,,~
Equivalent number of teeth  H{EAZEL

Z“=Z%oszﬂ Z"”=Z%os’ﬂ

MBESHSTESR 80
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(@Favorable influence of the line of
contact inclined to the root of the
teeth on the bending strength of the
gears 1s taken into account by helix

anger factor Y g

z

%
%A%%%%ﬁm%ﬁ%ﬁ%@%
25 A (G S |
z

?
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AT Ay Ny Sy QY QN S ANy Ny Ny SNy Oy Yy ™

) ﬂ
- A Ry ey /—\\
+ ©
By analogy

with spur gearing:

S Lt )
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l

?

I

, |

into above ;

1

l

e !
ik . B . i)

)
-.ZTHI‘\.I’(-)' tes

@

Helix anger factor

@Y~ Y, Taken by equivalent number of
teeth ¥ 4 B A B i

YIS B TR 84 12
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- +mm I{-@*.
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s 3

(3) Helical gears are stronger than spur
gears in bending strength A% H EH 4
FerHLL, ZTHiRE K.

(Yp<l, Z 1 =Y v —NlS

IS S TiEE R 85

mmmmmmmmmmmm+

’ . | Gl
%Sﬂmr bevel gearing drive \g/
i R FE R F 1 5] (Usually
S ﬁgﬂfecﬁ“f féaﬁir@sggf the bevel gearing as compared with

cylindrical gearing MG G AHEL, HEAFE HIRF A2

{+ Geometrical relationship and basic parameters of the equivalen
gear for bevel gearing

JUAIR RS BN R AR 24
£} Forces in bevel gearing 7 /153 BT
£+ Contact strength 2 fif 58 &
{+ Bending strength 25 il 8 /&
£+ Notes 15t I

il = 0 L, Rl = & £
{+ Problems &% MRS RSTRES R A

1 :

Pt gt gt T g Pt P v it P

2
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« Vil & gl
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as compared with cylindrical gearing

FIEAE e AE L, HERFe R A

(D Lower machining accuracy ,Higher level of
noise Suitable for low peripheral velocities,
Outside diameter of bevel gears should not be
large.

/-

%L*ﬁﬁﬁﬁ@éx,lﬂﬁffa %%
KN EEA AT K. s
PIES RS TEFR 87 §

Bt T Y U Y, DT, B ST, TN L T i Y M Y, By T ARy D ‘nh«:;-,‘-

Mg P

T R s Y

\ "~ Special features of the bevel gearing™”

)

() The tooth dimensions of bevel gears
are specified at the large end on the

back cone because 1t 1s more
convenient to make measurements here
N TR ERRE R~ HE, M
TE Nim 2 BN R EE
HIR5 RS TIE5R 88
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@ For strength calculations, the
E@ﬁ?é are replaced by spur geard

J

afpitch diameter and module F
€8U8hose at the middle cross )

é?C%E@nbevel gears ﬁﬁfbyfﬁﬁﬁﬁ
WENA % P A M B E R AE

4

)
% lﬁ /fT o _ 5 J
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{ — . Geometrical relationship@
pbasaeneters of the equivalent gear for bevel

gearing JLfT R RAM B E KN EASE

1. Geometrical relationships JU{A[>< %

TR i Tl S il (i S il (St

[de]
-

Face width factor % &

W.=b/R<

Ugdally 0.25~0.3
d.=d (1—0.5 W)

YIRS B S TiES R
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| 2~ Dbasic
parameters

»

l
l
Z

HIES BS TSR 93

Y St SNy ™ N N S SR R N RN ey |

.

MJ Ay Sy
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%, Forces in bevel gearing =N

L Relationship between forces

AR AR

Acting on driving and driven gears:

w
P

o P il (g P gl St P St T g TS
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2~ Magnitude of forces
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@Y iR 2 =7/cos 8 B Y.-. Y,
Are taken from Z =
@K%@KVKB (Factor K, related to
isneglected A5 e HERAIK, )
K,=f (v, Z;/100)
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