CHAPTER — 55

SPUR - GEAR DRIVES

25.1. GEAR DRIVES - AN INTRODUCTION :

A gear drive is a mechanij : :
B ecls called 88 gears, Tn tl}ll?;llfiz:.}v:n:}t: v:lh}c}_l transmits power through toothed
Biriven wheel in. contrast with other m,e . : . rllvmg wheel is in direct contact with
drives where an intermediate link, like beli:1 1(;3:1 ST}VES: oy e drves and chain
wheel with the driving wheel. Gea;-s are transm(i:ttzilrl:; I;(Smrrl:: ?Ed s i
S _ rom

Egltmaejgsc }r:z iflhfi r};:g;u;i :oz:itgct of successively engaging teeth.og&?hzlgai:o;?pﬁzghi; |
_ ; r drives are more com i

and can be used where precise timing is desired. 1;:0:1’1: E;I;aip;rn?:: ::r:rllgher Sfeegs
smaller wheel is named as “pinion” and the bigger wheel is known asg?‘m:n ’lt "
gear’.’ {'egardless of the nature of working such as the smaller wheel may beui)piiatz:i‘
as dnv.mg member or driven member and so on. Usually gears require more attention
to lubrication, cleanliness, shaft alignment etc. and they may be operated in a closed

case with provision for proper lubrication.

25.2. APPLICATIONS OF GEAR DRIVES :

is most widely used because of its high load
layout. Gears are used in many fields
from smaller watches and instruments
s like lifting cranes. They can be
all values to thousands of kilowatts,

many metres. Some of the common
ng mill,

The gear transmission system
carrying capacity, high efficiency and compact
and under a wide range of conditions such as
to the heaviest and most powerful machinerie
Operated to transmit the power from negligibly sm
using gears of diameter from a few millimeters to
applications of gears are in all automobiles,
machine tools such as lathes, milling machine, shap
and 50 on. Shortly saying that the use of gears 15 €n

transmitting drives.

hoisting machineries, rolli
ing machine etc. and even in toys
ormous compared to other power

Scanned by CamScanner




~vigy

25.2 .
DIS ADVANTAGES OF GEAR DRIVES :

(a) Advantages * ) .
compact than belt drives and chain drives and heng

ives are more .
1. Gear dnV 11ation.

Jess space 18 sufficient for insta

9. Gear drives aré having high efficiency-

3. They have long gervice life and high reliability.

4. Gear drive can transmit more POWEr than other drives like belt or chaip

drives.

5. They have a greater range of speed ratios and power than other drives,

6. They have constant speed ratio owing to the absence of slipping which may
be happened in belt drives.

7 Metal gears do not deteriorate with age, heat, oil and grease.

(b) Disadvantages :

1. The design and manufacturing of gears are more complicated compared to
other drives.

9. It produces noise at high velocities due to inac_curate manufacturing or
because of excessive wear.

3. For “long centre distance - power transmission” such as in rice mill, flour
mill etc. gears can not be employed.

4. They require careful maintenance and proper lubrication than belt or chain
drives. ; : '

25.4. CLASSIFICATION OF GEARS :

- One factor inﬂut?ncing the choice of the right gear is the geometric al"l‘angements
of the apparatus which needs a gear drive. Based on various operating condition®:
gears can be classified in the following ways i

1. Based on the position of the axes of gear sktlzﬂs.'suck as
(a) ;

(b)
(c)

Parallel - Example : Spur, helical, herring-bone gears.

Int ing -
ntersecting - Example : Bevel gears - (straight and spiral)

Non int: i
gear ?y‘:;?t?gir a-r;d non-parallel - Example :- Crossed helical "
’ » spiroid, planoid, beveloid, helicon, face gear etc:
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_ GEAR DRIVES
Er 25.3
9. Based on the type of engagement .

. a) External gearing,

b) Internal gearing,

¢) Rack and pinion type
d) Sector gearing.

'3‘ Based on the position of teeth op the wh

. eel rim -
a) Teeth parallel to axis of gear-Eg. spur gears
b) Teeth inclined to axis of gears-Eg. Helical,

Herringhone gears,
- Eg. Spiral gears,

Based on the pheriperal Speed of gears :

a) Low speed gears :v<3m/s
b) Medium speed gears : 3 <v<15m/s
c) High speed gears : v>15m/5.

¢) Curved teeth on wheel rim

Based on profile : :

‘a) Involute profile gears.

b) Cycloidal profile gears ,

Based on pressure angle :

a) Gears with 20° pressure angle

b) Gears with 14 1%° pressure angle.

Based on tooth heigﬁt (or) working depth :
a) Full depth gears or standard gears.

b) Stub gears. ' '

- The common types of gears are -

- 1. Spur gears - |

2. Helical gears TR T - _ -
3. Bevel gears

- 4. Worm gears.

__e schematic diagrams of various geats are shown in figure 25.1.
PUTLINE OF VARIOUS TYPES OF GEARS :

neral types : S 2

- 8ear :

o C Most prevalent and best-known type of gear is the spur gear. I_t s used .to
BSi c g constant speed ang torque relation between parallel shafts. It is simple H;

“ casy in Manufacturing and maintenance. They can be npe?rated E.IShEXte:;l‘:
<o nal gears, Usually they are slow speed gears and produce noise at high speeds.

*"I08 teeth on the wheel rim which are parallel o the axis of gear.
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25.4

rring bone gear
uble helical gear

i | Skew h) Spiral
k and f) Straight g)
?Ir?igﬁ gigr bevel gear bevel gear bevellgear

Fig. 25.1: Principal types of toothed gears

2. Helical gear :

The structure of this gear
teeth in the wheel rim.That is, the teeth
to the axis of the shaft. Since they are
gradual in contrast with spur gear in which the entire width of

will engage with the tooth of mating gear at a time. Also be
engagement, the helical gears may operate without producing muc
gears. Helical gears can be operated for higher speed and higher po
s-ysten'}S compared to spur gears. The main types of helical gears are
(i.e., single helical) (ii) Double helical (or) Herringbone and (iiij Crossed helica

etc.

is similar to spur geﬁr except the arrangement of

are cut at an angle, known as heli¥ angle
having inclined teeth, engagement Will ¥
tooth -of oné gedr
cause of gradu

h noise like spW!
wer 1;1'.@111'Sff1i55i°Il

(i) Simple el
] gears

=]

3. Bevel gears :

Bevel gears are operated for transmitting Dowef at tant velocity ratl
betw-een two shafts whose axes intersect at a certain an l-ﬂTf;fnSblank require or
mal:nng k?evel gears are similar to frustum of cones. Th gte iy are CU g.
conical pitch surface in contrast with spur and lleli(;al giml:,f’;):v‘iﬁg;ai; e art

: c

e
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mating pinion
mounted with

3. Beveloid ge

involute gear with 1
are useful primarily
precision and limited

4. Crossed-axis Helic

Crossed-axis heli

-~ shafts with conjugate

The action of crossed-h

A resultant high degree

5 Hypoid gears e

3 They are similar to |

Fl' below the gear axis. The p

®Volution, In operation, hypoid

fa:Wever, as in all cases of n
e of the teeth, with a resu

Scanned by CamScanner




25.29
25.17. DESIGN PROCEDURg;

e ., 8€ar ratio, select a gyjt bl i
Usually the pinion is subjected to mop suttable material.

e loading cycles thap ear and h
the material selected for pinion gh gear and hence

ould be stronger than gear material (From
table 25.6 or 25.7) (PSG 84 o 8.5) (JDB 25.9)

3. Note the deéign surface compressive s

tress and bendiﬁg stress for the selected
material from the table 25.7 (or) fin

d them by using the formula.
| AR Cgp- HB kg (or) (o] =Cg - HRC kg
and [oy] = 'l—'inlfl—-k:!% for rotation in qpé direction only

_ K1 % for rotations in both directions
n kg :

| . . . ; 5.20
The values of Cg, Cg, HB, HRC, k¢, ky), G, 1, k; are noted Ifrom the tales 2
. 2528 (PSG 8.16 to 8.20) (JDB 25.17 to 25.20)

i inimum centre distance
4. Based on surface compressive stress, determine the mi
.. Based on :
required for the gear drive as

3 0.74]2 EMJ .for 20° pressure angle.
ax(i+1) { —[G—c]—} W

[oc

e

3([ 08512 ERM o0 142 pressure angle.
(or)a>(i+1) {"‘TJ‘ iy _ ;
'-"f%'."-.--1_ e above expressions. .

e

a= Centre distance

i= Gear ratio =‘Z—1’

- i 1 gearing.
: _1) for interna
(i+1) for external gearing and (i—-1) 10 _

e BT L B
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25.30 -
Design torqué

My = i, where M, is the nominal tWiSﬁng momelnt (torqlle)
] gid l:s (:Irl:tamed from the power as,
P = E—E—é%—lﬂ in which,
P | — Power in watts.
ng = Speed in rpm of pinion
M, = Nominal twisting moment in N—-m

Initially k - kg may be assumed as 1.3,

and = 9 _03 (Table 25.12 & 25.13) (PSGS 14) (JDB 25.3)

E= Equwalent young’s modules

M (Table 25.11) (PSG 8.14) (JDB 25.12)
El + Dz
The design stress [0] to be substituted in the above expression should be the
minimum value, and usually formula based on 20° pressure angle is preferred.

5. Based on beam strength or bending stress, determme the rmmmum modu.le as

m >1.26 '\3/ ————-_[Mt] 7
y oyl wm Zy

where [gy] = D;mgn bendmg stress whmh should be the minimum
value. - . o
¥Ym = £=10 (Initi
= n1t1a11y assumed)

z _ s 3 -
1 Number of teeth on pinidn 1

(Usually selected from 14 to 20 initially)

y =  Form f
actor corresponding to Z, (Table 25.15) (P SG 8 18)

6. After calculating the
table 2516, (PSG e minimum module, select the next standard mOd‘-ﬂe ﬁ-onl ..

7. Then correct the number of teeth |
Th on

mmxmum centre dlstance as Z; = 2a
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3 _ GEAR DRIVES
. gPUR

3 Similarly finalise the centre g; 25.31
o Stance using stap d
number of pinion teeth ag as El-—gl—(_l.j_}_)_ ard modyle and corrected
2
Find out the pitch cir
cle (i
d;=m Z; and dy =m Z, wher Lipe meters for
4, +d, e Zz-—-er Also the Cenfrlenld(;:t and gear as
—_— : ance “a” jg equal

2

Find the face width “b” ag p = :
=Va (DI') b= W,
m M and adopt

Calculate the pitch line velocity (j the higher value,
€., '

el Periphera] velocity) using

v=-o——-om/s and alsp p
60 < 1000 ote the valyes of load concentration factor (k)

sre074 {121 \[EED
a ib

E [M{]- for =20° Pressure angle

CEN A

and oy, amby (Here y = Form factor for corrected Z,)

And check these induced 0. and o, with minimum design stress [, and

[6,]. For optimum design, o, < [6.] and o}, < [o}]. If 0. and o}, are greater than
[6] and [o,], then the face width can be increased.

T_hen ?heck the strength of teeth for plastic deformations using the formuia
glven in the table 25.29 (PSG 8.21).

E?Valuat.e the other parameters of gear such as addendum, dedendum, tip
circle dlameter, root circle diameter, circular pitch etc. as follows.

Addendum - fy- m S

Dedundum = (f,+c)m where fj = Height factor
= . 1 for full depth teeth
= 0.8 for stub teeth

c = (Clearance factor
= 0.25 for full depth
= 0.8 for stub teeth.
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MACHINE DESI@
N

25.32 Pitch circle diameter + (2 X addendum,

. iameter
Tip circle diam pisch el

e diameter — (2 X Dedendum,

o c:d'ehiiameter -~ Addendum + Dedendum
ei
?:::ing :epth _ 2xAddendum
= Dedendum — Addendum
Clearance !
Circular pitch = zt_z_c_l_
r gear drive.

h of spu
15. Draw a neat sketc
Table 25.2: Peripheral Speed of Gears

Speed of gears in metres per second

Preferred : —0

IS Quality P(Zuality Cylindrical Gears Sg:i}lt iI:::ll

High Precision 3 & 4 4 Above 15 upto 9 upto 18
Precision 5& 6 6 Above 8 & upto 15 upto 6 upto 12
Medium 7,8& 9 8 Above 1 & upto 8 upto 3 upto 7
Coarse 10 & 12 10, 12  upto 1 upto 2 upto 4

Table 25.3: Backlash for Gears, mm

Upto 8 m/s pitch line velocity Above 8 m/s pitch line velm_iiy__
Backlash
Module , Module Backlash
Min. Max. | |
20 0.75 1.25 8 0.40
16 0.50 0.85 F 0.38
12 0.35 0.60 6 0.36
10 0.30 0.51 - ' 028
. .
. 0.22 0.40 4 0.23
0. :
- X 20 0.33 3.5 0.22
.15 3
. o1 G5 3 0.21
i ' 0.20 2.75 0.20
0.10 0.15
2.5 2.5 019
. 0.08 0.13 9
el 0.08 0.13 0.15

0.10

et
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25.69

Description . Pinion  ———

‘Gear
T
No.of teeth | 2 | " 18s
Module . 5 mm 5 mm
Face width _ 125 mm v i 125 mm
P.C.D. <& '13_5 mm 675 mm
T.C.D. | ¥ 945 mm 685 mm
E RO 2138 sl BT S A 00 Bt -

6625 mm
Centre distance = 405 mm.betWéen two ?XES'

. Design a spur gear drive to transmit 22 kW at 900 rpm, speed reduction
8 2.5. Materials for pinion and wheel are C15 steel and Cast Iron grade.30
tespectively. Take pressure angle of 20° and :working_‘lifé of the gears as
0,000 hours. : e

Power to transmitted =22kW. il 1 st RO il Wl

Speed /900" rpim

Speed ration ()~ _gj
fPinjOIl material ='lc:;15 ét:éel
_. MEEI Mmateria] ~ Cast Irbnjg-fg;dé 3—0‘ ._ 5

05=_20§. Bl B AR
Life = 10,000 hours

UM centre distance based on surface compressive stress is given by

[c.] | .
min

2 . . _
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25.70
(Table 25, ]_7) (PSG

[Mt].-.:Mt-k'k

=97420><1‘3w—xk-ka

. =97420 X % « 1.3 (Assuming k. kq = 1.3 initially)

= 2387 X 1,3 = 3104 kgf — cm

y= ; =0.3 (lmtlally)

3 2 El E2
E= Eqmvalent young’s modulus = E—JEZ

E, for C15 steel — 2,08 x 10° kgf/cm? (From table 25.10) (PSG 1.1)

E, for Cast Iron grade 30 =1.00 x 10° kgf/cm”

_ 2x203x105x10x106
‘ -“"_. (2.08 x 106)+(10x1061

_4.16x10° "610 —1.35 x 10° kgf/cm?
3.08 x 10

Des1gn comprcssnve stress [0 =Cg Hgk, (or) =Cpg HRC kg

For pinion C15 steel; [o] = CR HRC ke

| Now Cg = 220; (Table 25.20) (PSG 8.16)
HRC =60

No. of cycles on pinion teeth for 10,000 hours =60 n; T.

=60 x 900 x 10,000 = 54 x 107 cycles
sG 8.17)

" kg = 0. 585 (for steel N > 25 x 107 cycles) (Table 25.22) (P
- [og] for pinion = 220 x 60 x 0.585 = 7722 kgf/cm>
Similarly for wheel [o.] =Cp HBk;

Cg=23 and HB=250

(Table 2527

N=60n.T. = 60x%’-x10000=21.6x107

g
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__ GEAR DRIVES

7 ' G
_ 6/&_ _ ,\6/?_
3 kcl = N 21.6 x 107 = 0.599 = 0.6

. [0 for wheel =23x250x 0.6 3500 kgf/cm?2

3 Minimum centre distance required jg
" 0.74
a2(25+ 1) L X

1.35 x 10% x 3104
3500

25%0.3

[M]
Yy [Gb] Ym Z1

m 2> 1.26 {

173
} cm.

1.4 ky,
n kg e

[op] =

= 0.25 (4000 + 2400) + 500

=2100 kgf/cm2
Ky =0.7

Ks=1.2

_14x%0.7

2
0=857.5kef/cm
2x 15 X210 gf.

%e=0.45 Oy (Cast Iron)

=045y 3000 = 1350 kgf/cm?

o=12 N g 2 P
ky = 3107 _ *\9/. 107 = =071
N 21.6 x 10
o) = 1—215_{)_5_1_ x 1350 = 558 kgf/em”

25.71.

(Table 25,29,

173
} >22.04 cm

imum module based on beam strength is given by

~ (Table 25.24 & 25.8)
(PSG 8.19 & 1.9) (JDB 25.19)

(Table 25.27)

. - (Table 25.26)
(Table 25.25)

(Table 25.9) (PSG 1.5)
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05.72 -

Take Vm = 2 =10 (initiauy)
- m m
71 = 20
y = 0.389 (for Z,=20)

ired
Minimum module requl _  Ber 21781 7.0
| ________3_1_%__-——} - 205cm'

m 2 1.26 | 5389 x 558 x 10X 20

Take the nearest module m=5mm

ini i ted using “m” and “@”
No. of pinion teeth is correc .

_ 2a _ 2X22 _g51y
ie, 217 a+1) 05x35

Take Z; =28 (nearest to 95.14 from R20 series)
wZg=i. 21;2.5x28;70
_.Pitc'h circle diameter. of pinion d=mZ;=05x28=14cm
Pitch circle dia of wheel D=m Zg=0.5x70=35cm
' Correct'ed. centre .distance | ‘

e d+D]| _14+35
2 | -2

=24.5 cm

Since a > ap,;,, design is safe.

Face width b=y, - m=10%x0.5=5cm
(or) b=y.-a=03x%x245="735cm
Take b=7.5cm

Load correction factor

k for, y, =2 _75

——
= = —

14 = 0.53, is given by
k= 1.0 and kd =12

oMy =M, .
d =M, k-kd=2387x1.2=2865kgf c
—-cm
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: -ck for Compressive and Beng;
in

Surface compressive stregg E Stregg "

(i+1 1+1
g, =0.74 T J{LWZXE[MJ}M

,
—o74 [ 2521 { @25+1)
25%x175 X 1.35 x 108 o 2865 }1/2

= 2860 kgf/em? < [g]

25.73

| = 350_0. kg'f/crnz
Ii‘design is safe.
ending stress
=0t o 359865

~am.b. X7.5 % 0.434 7, |
Y. 25 X05xT5x0438 (Vforzy =98 i 0.434)

3 2
=255 kgf/em” < [Ob)inin = 558 kgf/em?2

r" iS Safe.

heck for Plastic Deformatmn (Refer Table 25.29) (PSG 8. 21)°

= 2860 x V2 = 4050 kgf/cm
[U"']max = 420 x HRC = 420 X 60 25200 kgf/cm

°.mx [ c]max, our de51gn is: safe

M 2. M, o
=0, *ﬁ‘:—ﬂ=255x‘ M£t=255>‘2=__51.0_5gf./_°m;;

o) _ Ou _ 4000 -1200kgf/cm
“b'mayx 036><k =0.36 x 12

a

Sinc Sy - TR iS safe.
. € oy, max < [O'b]max’ our design _

,._-ﬂ‘
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25.74
Specifications :

Type of drive

- Material for pinion
Material for gear
Centre dist;ance
No. of teeth of pinion

" No. of teeth of gear
Module
Face width
Pitch circle dia of pinion
Pitch circle dia of gear

© ® a e ;o W N

-
S

Tip circle dia of pinion

-
L

Tip circle dia of gear

Root circle dia of pinion

e
w-

14. Root circle dia of gear

" "Problem 25.4 :

The pitch circles of a train of
spur gear A receives 3 kW power
at 600 rpm through its shaft and

rotates clockwise. Gear B ig an
idler and gear C is the driven
gear. The teeth are 20° fu]] depth
Determine ' |

(i) the torque transmit
each shaft. eed by

| (ii) the tooth load for i
, w
- each gear must be designed hich

. (ili) the force applied to th |
e

idler shaft as a result of ¢
tooth loads. a3 .

(Anna University, Deg, | 2004)

MACHINE D
‘%

Spur gear drive

C15 steel

Cast Iron grade 30

245 mm

28 |

70

5 mm

75 mm

140 mm

350 mm

(dy +2 m) =150 mm

(de + 2 m) =360 mm

(dj—-2m-2¢)=127.5mm

(dzg=2m-2¢)=337.5mm

Spur gears are shown in figure 25.11. The

35 teeth
6 module

Fig. 25,11
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HELICAL - GEAR DRIVES

p
26.1. INTRODUCTION :

Helical gears are the moditie i i

cut at a constant angle, known as ief;;maziizu:o iizrsz;xlilsl owf }::11:2 a:zlarthehteeth afe
spur gf:aar, teeth are cut parallel to the axis. Helical gears are ilSO,;:ﬂ ell::)e ea; ;ﬂ
transmit power between parallel shafts. Because of the inclined si:ructm-epofyteeth0
more than one pair of teeth will be in engagement and hence the operation may bej

smooth due to their gradual contact and more power can be transmitted at higher

speeds than spur-gear drive.
In a helical gear drive, one of the gears has a right hand helix and the mating

gear has a left-hand helix.

26.2. TYPES OF HELICAL GEARS :

y be of single-helical type
f teeth (i.e., left hand an

ome axial thrust wi

or double-helical type. Double
d right hand helix) cut
11 te produced between
rectified in double-helical
to two single helical gears
d the resulting axial

_ The helical gears ma
helical gears are having both sets ©

on a single blank. In single helical gears, S
the teeth which is a disadvantage. This deficiency may be

gears, also known as herring-bone gears. It is equivalent

in which equal and opposite thrusts are applied on each gear an
thrust is zero.
: . the terms such as a pair
may aris i
onfusion o or a gear-set) comprises

of helical gears and a double helical gear- A pair of gears ( e

one pinon and one gear whereas in 2 double-helicsél g;)ear 'gz\:jl,ﬁlé%tze};;n:s ba;ldm 5—?-3:
1 .o : i s1

are having two-two gears of similar s12€ meshed side bY e e Jeft-hand heical

i 2 lical gear an
imaged. That is, pinion is b ht-hand helical &

Sometimes a little-bit of ¢ e between

aving oneé Tig
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26.2

gear of same size and meshed
together. Similarly the same set-up
will be formed in the large gear
also. A small clearance will be
provided between the two gears of
pinion or gears of herring-bone
gears for easy manufacturing.

There is one more type of
helical gear-drive called as crossed
helical gear-drive (or) skew
gear-drive which can be operated
to transmit power between
nonparallel and non intersecting
shafts. The schematic diagram for
helical gear and its types are given
in figure 26.1

26.3 DESIGN FORMULAS :

The designing work of all the commonly used gears such as spur gears, helical

gears, bevel gears and worm gears is carried out usually through
parameters which are (1) required minimum centre distance based on surface

compressive stress and (2) required

Since the structure of helical

lgeth' arrangem.ent, its designing method is also almost same with slight modification:
onsider a helical gear, whose teeth are cut at the helix angle (B). Since the teeth
are cut at an angle (i.e., B); three pitches have been taken into account. They aré

'1- - . . .
p.-,-‘, :he c:_rcular pitch which is the distance between the corresponding
points of successive teeth, measured along the plane perpendicular to the axis

of gear.

2. p,, then : : :
n ormal pitch which is the distance between two successive teeth,

measured al i
at the angalLeOI;tg" gle plane perpendicular (i.e., normal) to teeth. This plan® is
(90 + B) degrees to the axis of gear.

3. p the axial pi i i i
mae;.ﬁllred alon t‘;uch which is distance between two successive teeth,
g the plane parallel to the axis of the gear

The relation between them is shown in figure 26.2
re 26.2.

MACHINE DEg/gy,

Crossed-axis
Helical gear

Helical gear

two main
minimum module based on bending stress.

gear is almost similar to spur-gear, except the
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ELICAL — GEAR DRIVES

_

From the figure, we know that, cos ﬂ:&
Pe

(or) pp =Ppc cos P
Since p, =7 m, we have
Pn=Tmcos B=mm,

wh n, = =—n
(where m, =m cos B (or) m pr B)

Pa _PecosB_p,
sinB~ sinp ~ tanp

For cutting the spur gears, the gear blank is held such that its axis is parallel

to the direction of cutter movement, whereas for cutting helical gears, the gear-blank

is held such that its axis is at the helix angle () to the cutter movement as shown

In figure 26.3 and hence the normal module (m,) may be considered for helical gear

Also p, =

design. .
ot Helical gear
Spur gear
Cutter |
\
el I — i- [ee— __y e -
__!__%
[
— Gear - blank
Gear - blank
Fig. 26.3
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7 my, 2,
i . ini =m =
Now, pitch circle diameter of pinion, dy 1= cos B

mpy Z-j

The pitch circle diameter of gear, dz=1 2o = cos P

dl + dg
Centre distance, a= _.--;5-—-—

M, (21+7Z2
“cos P 2
from 8° to 25° for single helical gears and
herring-bone gears). For the design of
transmitted by each portion is

The usual value of helix angle ranges

o5° to 40° for double-helical gears (i.e.,
herringbone gears, we can consider that the power

half of the total power.
Similar to spur gear drive, the basic formulas used for the design of helical
gear drive are as follows.

1. Minimum centre distance based on surface compressive stress.

2 E M. 1/8
arizn| {2l —— . (26
(o] iy
‘9. Minimum normal module based on beam strength,
/3 o (262)

(M
m,, > 1.15 cos p [ On] Vi Z1 v |

3. The induced surface compressive stress or contact stress is given by

. . 1/2
= itl i+l 3
e
4. The induced bending stress is given by

. 26.4)

o, <07 GED M =
abm, yy
an their desis®

For optimum design, these induced stresses should be less th
values.

i.e.; 6,< (o] and o< [op] for safe design.
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GEAR DRIVES !

HELICAL 5
26.6 DESIGN PROCEDURE .

. ) 26.7

he steps given below may b
Th . ¥ be observeq fqy the 4.
ear drHVE™ ¢ design of helica] anq 1
. erring-b
;. From the given problem note down th g-bone
1€ am

:nion speed, gear ratio, li oun
s;lect. proper materials lfi;fdiiar drive ang ochi 1\?;: 1‘2’ to be transmitteq
. s ermi . n e !

modulus similar to spur gear drivemme their desigy Stri::ndmzm' Then
) § and Youngs

2. Calculate the minimum centre distance required for th
€ gear drive ag

a2(it1l) ’{/{[%1]}2 E.[M
' c 1y

Here [M] = Mk kg
60P . '
where M; = nm in the case of single helical gear

= 60(F/2) .
—2{# in the case of herring-bone gears.

and assume y from 0.5 to 0.8 initially.

3. Based on bending stress, evaluate the minimum normal module using

g 3 [M¢]
m, >1.15 cos B -——-—'-'—""""'[cb] Vo Z1 Yy

. 10 initially and Z; from 140 20.

As usual assume Y @
per of teeth of

. irtual num
Yy is the form factor corresponding to Zy1 the V!
.. Zq
pinion which is equal to --—;‘:3'[;
« ple 25.16

andard normal 1

4. Then select the nearest st
ith the help

¢h of pinion ¥

Z1= ", (A 1)

5
- Correct the number of tee
Minimum centre distance 85
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26.8

6. Determi o g o MACHI
etermine the pitch circle diameters of pinion ang NE DESIGN
gear using th
Ong,

__Mn
dl_cosﬁzl and dp=— 2

cos 3

Zy

where Z; =17,

7. Decide the corrected centre distance ag

acd1tds ’
2
8. Th - wi
b_e face — width of gear teeth may be determi
=Y, -m (or) b=1.15 p,. ermined ag b=y.qa (or)
r
Pp Tmy

where p, = Axial pitch =——=
sin 3 sinf
In order to make atleast tw i
o pairs of teeth in mesh, th i
be equal to or greater than 1.15 p,. it

(1..e., b > 1.15 p,). Otherwise, similar to spur gear, one set (or pair) of teeth
will mesh resulting lower power transmission.

By calculating the face width using above three relations, the higher value

may be adopted.

9. The values of load concentration factor and dynamic factor may be corrected

as usual.
tress with their design

mpressive stress and bending s
the face-width may be

10. Check the induced co
le 25.7. (for herring-bone gear,

values as given in tab
doubled).

11. Find out the essential parameters pf gear-drive.

sketch of helical gear-
«AGMA” METHOD :

imilar to spur gear design
due to helix angle.

drive neatly.

12. Draw the schematic

26.7. DESIGN OF HELICAL GEAR BY o
- . with glig

gear is almost S

The design of helical )
Buckingham equations

modifications in Lewis and sooth gives
i r
According to Lewis equation, the beam Bt}'ength of hehcal. gea

by o
Fy = [op] - b %M W
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wher® o = Allowable contact stress in N/mm?
- Face width of gear blank =10m,g
b _  Normal module which must be standardized.
;ﬂn _  Lewis form factor which depends on the virtual number
v

Z .
of teeth Zv=( os? 5 ] -

afe working, the beam strength should be gi‘eater than the desigh tooth

5
For h is given by

luad FD whic

Px K, xC.

he values of K, Cy,V etc. are calculated similar to spur gears.
e

The dynamic load acting on helical gear tooth may be found out using
Buckingham equation as _

21 v (Cb cos® B+ Fy) cos B

Fa=F¢+ _
4777 91v+Cb cos® B+ Fy

and the wear tooth load is given .by
oAb Q- Ky
v cos® B

The values of @ and K, etc. are all common with spur gears. The‘ design

Procedure is also very similar to spur gears.
%.8. SOLVED PROBLEMS :
Prﬂblem 26.1 .

Design 2 pair of helical gears to transmit 10 k.W at 10_00 z:p_m of ;ll':;a flflllr(::
tduction ratio of 5 is required. Give details of the drive-in a ta la m.

Solllti()n :

Power = 10 kW

Pinion speed = 1000 rpm |
Speed ratio = 5 L o
-. Gear speed = 1000/5=200rpm il
Helical angle = 15° (Assume)

y
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2610 MACHINE Degq,

Minimum centre distance bused on surface compressive strength is given 1,
Y,

. sf( 0.7 )2 E [M{]
. T
az2(i+1) ‘\[[ o] ] v [Table 25.5, (PSG 8.13)]

Material selection

Let the material for pinion and gear as 40 Ni2 Crl Mo28 Steel.

Its [og = 11000 kgf/cm? ; [ap] = 4000 kef/cm” [Table 25.7) (PSg g

= 0.5 (Assumed)

® [T

E =215 x 108 kgf/em? ; i=5; y=

10 x 1.

My = M, - k - kg = 97420 X -—10—00—3 _1966kgf-cm  (Table 25.17) (PSG 815

I 6
Now a2 (5+1) ‘\3[( 1%0 T 2.15 "5100’; 1266 984 cm

Minimum module baéed on beam strength

3 i (Table 25.5) (PSG 8.13)
¥y [Ob]l ¥m 21

m,, > 1.15 cos p X

Let Z; =20 and ¥ =-—::1- - 10 (Assumed)

Zy __20 _999

cos® B " cos® 15

Hence y, = 0.402

1266
3
m, 2 1.15 cos 15 X %402 % 4000 % 10 x 20

>0.175cm =1.75 mm
Let m, =2 mm = 0.2 cm

v_is 2
No. of teeth of pinion, Zl=ﬁ%
' n
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JELICAL - GEAR DRIVES
26.11

9 x 9.84 X cOS 15 .

7,== 026+ 15.84 = 16 (say)

IZQ*":iZJ‘:EX 16 = 80

Now
a= 2
mp 0.2x16 _
d1=Cos B X 21= 05 15 4.9 o
dg=1d1= 16.5 cm
a_g_g;i@é__@_&_ggcm .
2 2
Check calculations - _ |
. . [Table 25.5] (PSG 8.13)
cr,:=0.‘7’£“‘—+—1-l \Fl—.i—l)-xE M)
a ib
Now b=0.5xa=05x99=495 cm

(Or)b=10><m,;,=10><0.2=2cm

Let b=4.95cm =5cm (say)

. —— . 2
5 076 [ 8 _y215x% 106 x 1266 = 10843< (6] = 11000 kgt/cm
€T 99 5x5° _ L
Our design is safe. R
(Table 25.5)
op=0.7 _Jl_"‘_lL M < [ob]
mp Yy ;
| 0 kgf/cm2
9.9 x5 x 0.2 X (0.402
Our design is safe.
Addendum =m,=2mm
Dedundum = 1.25 x mg = 1:28% 7~ 2.5 mm |
e . _ X addendum)
Tip circle diameter of Pinio™ = 1+ (@
=._33_'_(2><2)=.-3'i'mnl

e
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MACHINE Dgq
n. . ) - N
Tip circle diameter of gear =dy + (2 x addendum)
=165 +4 =169 mm

Root circle diameter of pinion =d; -(2x dedundum)

=33-(2x2.5)=28 mm
Root circle diameter of gear =160 -5 = 160 mm

Specifications :

Description - | Pinion E}r

1. Material i3 40 Ni 2 Crl Mo28 40Ni 2Cr1 Mozg
| 2. No. of teeth | | 16 80
3. f’itch circle diameter 33 mm 165 mm

4. Tip circle. diarheter 37 mm 169 mm

5. _Root_; circle diameter 28 mm 160 mm

6.. Face width ' | 50 mm 50 mm

7. Module ‘ : - 2 mm 2 mm

8. _.Cenu;e -disfance - =9.9cm (or) 99 mm.

Problllem 26.2 :

D‘_és_ign. a helical gear drive to transmit the power of 20 h.p. Spe.ed rati:;
6, pinion speed 1200 rpm, helix angle is 25°. Select suitable materials an
design the gear.

Solution :

_Giveri: " Power .= 520 h.p.
DEETN =6
on = 1200 rpm .
B = o5
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71, INTRODUCTION :

gome times, power is to be transm.itted in an

an . .
ose, another type of gear-drive, called as bevel gear dn'g:'gacrandg:c::zni Fc:ir e
are used to transmit power between the shafts whose axes are inter ploye . They

) secting at an
angle. In bevel gears, teeth are cut on conical surface in contrast with spur and
helical gears fOF ‘thlCh the teet.h are cut on cylindrical surfaces. The structure of
bevel gear is similar to an uniformly serrated frustum of a cone. The teeth are
tapered in both parameters such as in tooth thickness and tooth height. At one end,
the tooth height is large while at other end its height is small. The tooth dimensions
are specified by the large end of teeth. However in calculating bearing loads, the
central section dimensions and forces can be adopted. The bevel gear provides positi\.re
drive and a constant velocity ratio between the shafts. Also bevel gears are made in

pairs only and not in interchangeable sets.

S OF BEVEL GEARS :
ays (1) Based on the 8
d teeth pevel gears, S

purp

hape of teeth such

peciﬁed as spiral

212, CLASSIFICATION

Bevel gears can be cl
& straight teeth bevel gears and
bevel gears.

2) Based on the angle between the shaft axes.ﬁT;lIfglz;n
angle, denoted as ¢. The b evel gear drive having Sila ,
S externql gear drive whereas if the shaft an
takcaned as internal gear-set. But most .Of a
8 ® equal to 90°. In this arrangemen® y an:md the ang®
Me time, if the shaft angle i equal 10 9% s
"eles of gears) are equal t0 45° thep thoe?. &

assified in two W
curve
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For clear understanding, let 8; and 8y be the pitch angles (i.e., half of
One

angles) subtended by the pinion and gear at the apex.

Now 5, + B2

90° for external gears

90° for internal gears

90° and &; = 89 for crown gears

90° and 8y = 8y = 45° for miter gears.

and thickness, the face of teeth converges
ating bevel gears and alsg

I

VvV A

¢
¢
b
¢

@ =

Since the teeth are tapered in height
at the point apex. This is a common point for the two m
this is the point of intersec
gear-drive and its types are sho

tion of axes of gears. The schematic diagram of a bevel
wn in figure 27.1, 27.2 and 27.3.

Back cq

N\

Bevel gear drive
Fig. 27.1

|-.|.,-| =
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072 Vi@ +1)°
e., 0= ®-05D) '\f 5 EM] <ol e (27.3)

R\iZ+1 M) 1

and op=

e (27.4)
27.4. DESIGN PROCEDURE :

The following steps may be observed for the design of straight bevel gears.

1. From the given problem, as usual note down the power to be transmitted,
gear ratio, pinion speed, life of drive etc. Then select proper materials and
find out their design stresses and Young’s modulus.

2.

Calculate the required minimum cone distance, R, based on surface
compressive stress as

(yy — 0.5) o] i (JDB 26.3)

_ E M, (PSG 8.13)
ey 5 [T

Determine [My], E, [0 ] as described in spur and helical geafs. Select the value
of y, based on gear ratio using the table 27.1 (PSG 8.15) (JDB 26.6)

o

3. Decide the minimum average module, m,,, based on bending stress as

PSG 8.13)
[M,] (

: 4 - 26.3)
mav 21'26 ; . [ob] Wm Z1 yv . . (JDB

Z, may be assumed from 18 to 22 and yp, = b

=10 (As assumed)

av

Yy is the form factor corresponding to the virtual number of teeth of pinion,

Zy1=oon 3, where 8, is half of the cone angle subtended by pinion, i.e., pitch

angle of pinion.

. Using the relations, tan 8, =iand ¢ =8, + 8, where ¢ is the shaft angle, 91
and 3 can be evaluated.
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GEAR DRIVES

Find out the transverse module

] mt’ ) 27.7

using the relation g

my=m,, x — ¥y
7 (wy-05)

b sin &

(or) my=Myy + (From table 25 5 (PSG 8.38)

Standardize the transverse module my, using the table 25 16. (PSG |
8.2)

Correct the number of teeth of pinon usmg the relation as

R .. ! .. 1
and th
05 m: m en finalise the cone distance usmg the corrected

module, my, and corrected number of teeth, 21 as

(OR) R =0.5 m, \Z} + 22

Findout the reference diameters (or) diameters at the outer p1tch circles for
pinion and gear as

Zl=

dl =mg Zl and d2 mt Z2

- R
and the face width is found out as b=1I!—y

" Evaluate the induced surface compressive stress, O and bending Stt.‘eSS,l Ob»

and compare them with their allowable values.

ie, g —_ 0.72 ,\Fz +1)*? E M, <Ilog
L c — .
(R-0.5b) ib

and Op = R "i2+1 (M) 1 < [op)
(R-0.5b)2bmgy, 5%

t lthln the 3110 able hmlts ’ _then mo
b are not w . w | d

Suitably_ :
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27.8 ' MACHINE DSy,

10. Calculate the other essential parameteré for the bevel gear drive g,
tip-diameter, addendum angle, dedendum angle, tip angle, root g
addendum, dedendum, tooth height, working depth etc. as follows. '

ngle,
i) Tip diameter for pinion, dg) =m;g (Z1 + 2 cos 3y)

ii) Tip diameter for gear, dag = my(Zg + 2 cos d9)

iii) Addendu;n a_ngle for pinion and gear,

%
i _1 My fo
B2 = 052 =tan =T~

iv) Dedendum angle for pinion and gear,

' [ myp+c
9ﬂ=9f2=.tan—1_[‘—t—(-§'—_l}

where fy =1 and ¢=0.2 (Standard)l

v) Tlp angle for pinion, 851 = 81+9a1‘2 '
vi) Tip angle for gear, 8,0=0g+0,2

. vii) Root aqg_l_e._fdp pinion, 81 =01 —0n1
viii) Root angle for geaf, 8o =89 — B2 |

ix) Addendum at outer edge, h=m¢
X) Dédendum at outer edge, hy=1.1236 my (Reinecker)
xi) Tooth height h=h,+hy | |
xii) Working depth hy = 2m .
11. Draw a ﬁéat sketch Of l;e'fél--ge:‘ér dl_‘ivé. .

Table 27.1

&
I
r'l';d

Type of gear transmission’

(a) Housed in roller bearings
i=1to4
i=4to6 : 4.
(b) Housed in Journal &
Thrust bearings . =~ geakfeg - : :

o
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MACHINE Degiqy

The wear strength of gear tooth is given by
. _0.75d1-b-Qv><Kw
wo cos 91

~where dq = Pitch circle diameter of the big end of pinion

b = Face width

Q, = Ratio factor based on virtual number of teeth

2 x Zyy

“Zg+Zo

: orxsinaf 1 1 (Table 25.37)
Ky = Load stress factor = —F 2

'Fof safe operation Fy>Fq
The design procedure 'fﬁ"-iéimilér to spur gears.
27.6. SOLVED.PROBLEMS : |
Problems 27.1 Y

Design -a-‘_r:be\_r_e_l' gear dﬁ#e to transmit 7 kW at 1600 rpm for the following

: data.
.+ .Gear. ratio 3 =3
"Material for pinioh an_d gear =C45 steel
N = 10,000 hours

Life
(Madras University, April 2000)

Solution :- - S

Since pinion and gear are made of 'sa;he material, pinion is weaker than gear
and its teeth are subjected to more number of cycles.
m cone distanceé based

Let the tooth profile is having 20° pressure angle. Minimu

on surface compressive strength is given by

NEEEE 0.72 2 E [My
R2yy W41 \[{ (¥, - 05) [0 } i

o E ' 60XxP . 5) (PS '
Design torque M =M, - k.kg= 2:“1 xk - kg (Table 25 6) t JDB 26.3)
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27.11 ‘

BEY
99_5_2_5_193 % 1.5=62.7 N-m (Assuming
=g n x 1600 Ek-ky=15 initially)
_ 62.7 x 10° N-mm.
= . 5 .
Jquivalent Younes modulus =2.15x 10° N/mm? [Table 25.11)(PSG 8.14)

]2

R _ 3 (fori=3) (Table 27.1) (PSG 8.15)

¥w=p

2 92.15%10°%62.7%10°

3 0.72
Nosz3x\/§§’+_1' V{(3—0.5)500} % 3

> 108 mm
le based on beam strength is given by

Average modu

N7
m,y 2 1.26 X "\ 5 op) Y Z1

(Table 25.5) (PSG 8.13)

(Table 25.7)
2
(0] = 140 N/mm
__b__10initially
wm - mav |
" i ie, Zy)
] . - f teeth on the virtual cylinder (i.e
pased on equivalent no. 0
y,= Form factor ba
Zy= % (For pinion)
cos 81
Now tan &g =1=3 A
-lg= 2
52=tan‘1i=tan 3 o
71.66° = 18.43° (SipCe 1
5;=90~1 K ] )
e 2 95.15) ®
Zy _—g43° 09 i
" = 8.4

Now 2y =%0s 81 cos 1

¥y = 0.396 |
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27.12 DESl(}N

3
62.7 x 10
of  627x10
Now Mgy =126 ‘\[;396 x 140 x 10 x 20

=2.3 mm

W (PSG g
Transverse module mg =Mav X (¥y - 0-5)

3 _g93x-2-276mm
mz=2,3)( (3—0.5)—-2.3)( .5

Nearest higher standard module = 3 mm

Now R=0.5my Z; Vit +1

- Fo= R —— 108 =22.8
ST s m NP+l 0.5x3V3%+1

‘Let Z;=24andZy=1Z;=3x24=T2

| Now final cone distance
R=05mZ; Vi +1

—05x3x24 V32+1 =114mm

Since the final cone distance is greater than initial cone distance, our design is
safe.

Face width b=2-=11%_38 mm
vy 3
Take b =40 mm
Checkiligps,.
i (Table 259
o 0.72 (i2 + 1)3 E [Mt] (PSG 3.13
cT (R-0.5Db) \ ~ib
' 3
= 0.72 @2+ 1)32x2.15 &M
(114 - 0.5 x 40) 3 x 40
=457 N/mm?
ie., Oc= 457 < [0 = 500 N/mm?
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= o —
%= R-05b%bm,y, cosa =l

114 V3% + 1 % 62.7x 107 .
T (114 -0.5x 40> x40 x 3% 0.396 " cos 20

_ 57.2 N/mm? < [oy] = 140 N/mm?2

Qur design is safe.

pitch circle diameter

For piniOIl, dl =Ty Z1=3X 24 =72 mm

For gear, dg=m Zo=3x"72=216 mm

Tip Circle diameters :

day =my (Z1 + 2 cos d1)

=3 (24 + 2 cos 18.43) = 77.7 mm = 78 mm
dag =m; (Zg + 2 cos g)
=3 (72 + 2 cos 71.56) =218 mm

Addendum angle 6, :

fo -1 0.3X1 =1-5o
931=Ba2=tan'1[-—;€——]=tan (——"—"11_4

Dedundym angle

| 1+0.2
mt(f0+c)J=tan'1 [0,3,(_/—1

efl=ef2=tan_l ,:

Th'angk58=a:

| 1 = 19-930
For pinjon a;=8+62a1= 18.43+1.5

= 3.06°
For gear §a,=5,+0az= 7156 + 1.5 7

27.13
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Root angle &f :

-1.8°=16.63°
For pinion 8f;=8;-0f1= 18.43-18°=1

For gear d8fy=0;~- 0 fp ="71.56 - 1.8 =69.76

Addendum =h, =m=3 mm

Dedundum = hp=1.1236 xm;=1.1236x 3 = 3.4mm

Tooth height =h=h, +h;=3+3.4=6.4 mm

Specifications :

S1.No. Description Pinion _—a:ar\\
1. Material C45 steel C45 Steal
2.  Cone distance 114 mm 114 mm
3. Module 3 mm 3 mm
4. No. of teeth 24 72
5. Face width 40 mm 40 mm
6. Semi cone angle 18.43° 71.56°
7.  Addendum 3 mm 3 mm
8.  Dedundum 3.4 mm 3.4 mm
9. Pitch circle diameter 72 mm 216 mm
10.  Tip circle diameter 78 mm 218 mm
11. Tip angle 19.93° 73.06°
12.  Root angle 16.63° 69.76°
13. Addendum angle 1.50 1.5°
14, Dedundum angle o : _ 1.80
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CHAPTER - 28

m
WORM - GEAR DRIVE

98,1, INTRODUCTION :

When a speed reducer is requi i i
100 or even more, sometimes upt(‘;l 1151;8(,1 ttl?erll1 al‘;; ;\rze\?; I:gz .Velomt)'r o vl
fulﬁllfacl. One. is by using spur, helical and i)evel gears 3irn,divll'ljuracl\?;f] l;fn;ﬁn:o;nlif bg
fm:m in multi-stage arrangement. For example, if the required gear ratio is 100 thI:;
this ‘gear ratio may be obtained as i=5x5x4=100 ie., in three steps, becau,se thé
maximum speed reduction for the above gear-drive in a single-step is about 6.
Sometimes by using another type of gear-drive known as worm-gear drive, this much

amount of speed ratio may be obtained in a single-step itself.

drive, the driving member is similar to an Archimedian screw
1 curved teeth and also the

In the worm gear
and the driven member is similar to @ helical gear wit
pitch surface of this helical gear is slightly concaved. In this drive, the driving member
is known as worm in stead of calling as pinion and the driven member is known as
worm-gear or worm wheel and the power is transmitted from worm to worm-wheel
by sliding contact in contrast with spur, helical or bevel gears, where the power is
transmitted by rolling contact.

etween non-parallel and
they are having sliding

put their cfficiency 18 lower because

o transmit pOWer b

The worm gear drive is employed t P
non-interesting shafts whose axes are usually at 90°. Sinc

contact, their operation is smooth and noiseless, bt heir el ompact fo very
of power loss due to friction caused by gliding. This drive -

high velocity ratio. Some of the (rawbacks of this driveoalr{'tzv s;l;l:} E::ltil ltll:etl?l]ql\d]:*?:?;
power that can be transmitted by the drive'is around 10 suall)

il in order to reduce the heat
Slements oy e8Pt inside the B, t usually with a single thread,
produced by the sliding friction. The wWor
times represen

(or) multiple threads, some ;
ber of teeth 01 red s
: o ads (or starts) on worm

Velocity ratio, i =3 —vor of thre

il
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MACHINE DESjgy

an.2

o e S UseED : v sliding con Ll
RS, AR in operated with worm-wheel by the sliding tact, the
Since the worm it .

woion in order to reduce loss due to friet

. Il have low coofficiont of friction In {'udu izzlui]i i by ’;;-I:n.
mum'.mlﬂ il h- wbiningg heterogencous materials with hig } ; he
This is unﬂl,l'ml h{] w::llv ‘,",-}mn. or alloy steels may be used to make ;tl:o:;m an qfﬂy
contaet surfaces, Usu -.l ; welected for making worm wheels. Among a _t 1e mate.rmzs,
it e :'””;J ;:Ih:, ;I' f‘n‘mm' combination” has the lowest coefficient of friction
“hardened steel and phospie ze com it ‘
u;:::l”:i;:cu (his material - combination may be preferred.

The holix angle, here known as lead nng}e. of worm-wheel _should l;e Tptf\vlthm
30° so ns to make the drive irreversible, If the lead angle is very. ng f_’ about
70° to 80°, then, the worm pgear drive may be operated as reversible drive, For
example: Hand blower. For transmitting very high powm“ of more than 500 Iz;W {.lt,
a very high velocity ratio, spur gear drive with multi-stage sp.eed-reductmn is
preferred Lo worm gear-drive in order to avoid more heat produced during operation
in worm gear drive and also ils inefficiency to transmit such a high power.
28.3. DESIGN PARAMETERS :

Since the worm gear drive transmits power through sliding contact, we should
consider the (riction effect when designing, Let

us consider a worm gear drive as
shown in figure 28.1. for which the cssential

\ parameters regarding the design point
of view are given below.
le.
?\"*..‘T.:. gl oo, WY o
da‘- -_—'1_
NAT TSN
“i T 7
N T A NN
//./4/ ~ \2o \ i BT
' b ’ \ daz
d
/// ‘ & i E; \\ 2 df;
’ { %, B a7 \\
= P ) v
] .L_\ — vy v Y
v |<"""b_—9‘| vV
Worm.geay drive
Fig. 28 4
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M(OHM = GEAi t DRIVE 28.5
is chan ed fro n I\'II{S to A.i 5 |

m is € 1ang 01 . SI ’ th(-.' aame
SHILC Ume,

are changed,

syste o ;
equations 28.3 and 28.4 when the unit systems

28.5. DESIGN PROCEDURE :

there is ng change in

the give 3 '
1 Frorr:l e (i, W:rpm-bh,m_, note down the amount of power tg Iy ¢ i
speed ratio, m speed, materialg required ofc, U'shqll the st Y Wi
and bronze for wheel are preferred. — Y e wteel for worm

2. [Estimate the minimum centre distance, °
. 2

strength as a, based on surface

tompressive

5 :%g 1 sf[ 540 72 for steel werm and
| q o [M]  cm bronze wheel
? [o,] combination.
where [6] = Design surface compressive stress in kgf/em® which depends on

sliding velocity, Vj (from Table 28.1) (PSG 8.45) (JDB 27.6)

(Initially Vg is assumed as 3 m/s)

d
q =  Diameter factor.-:m—1= 11 (Assume initially)
.
Zgy =  Number of teeth on worm wheel

i Z, where Z; = Number of starts on worm and i= Velocity ratio
[M = Design torque =M.k kq, in kgf-cm
Initially k.kd may be assumed as 1. -

When [M,] is in N-mm and [o.] is in N/mm?, then replace [M,! in the above

il and get the value of ‘a’ in mm.
10

formula into

3. Determine the minimum axial module, my, based on bending stress as

:J [M] B
my 2 1.24 [op] aZg ¥y

where [o},] = Design bending stress (From Table 28.2) (I'SG 8.45) (JDB 27.6)

y, = Form factor corresponding Zyo :; .

A7\
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-

MACHINg OEgyg,

4 v is the helix angle or lead angle of worm wheel which can p,
and Y

leg
from the relation as

121 or from table 28.4 (PSG 8.45)

y=tan a

Standardise this module using the table 25.16 (PSG 8.2)

Pind out the diameter factor, g, and then, the centre distance ugip, the

relation as

. a= 0,5 my (q+ Zz).

Estirﬁate the actual sliding velocity using

ndInI

= : /8
Vs 60 x 1000 x cos Ym

and note the corresponding design surface from the table 28.1

Calculate the induced surface compressive stress and bending stress as :
mentioned below and check them with their permissible (i.e., design) values

Z
. 540 ' _92 +1 9
ie., o, = [22 = [M;] <I[o.] kgf/cm
E . -

where ‘@’ is in cm; [M] is in kgf-cm. To get o, in N/mm?, replace [My] in s
above formula into 10 and also [M;] must be in N-mm and ‘a’ must be 1"
mm.

and o 190
mx qzz yv

Determine the length of worm ag

L>@a1 .
(11 +0.06 Zy) m,, for Z1=1t02 (Table 28.8) (PSG 8.48) (JDB 27.7)

and L > (12,5 + 0,09 Zy) my for Z; =3 to 4
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28.7

W'ORM—.
(G L1:L+25mm for m, < 10 mm

— L + 35 to 40 mm for my =10 to 16 mm
_ L+ 50 mm for my > 16 mm

9 pecide the aumber of teeth on worm A as
. i |
g and correct it to full nu
M= my - mber and then findout the actual length
(Lo) of worm for that corrected number of tceth as

Ly = A My
e the face width of worm-wheel by an empirical relation given in

10. Determin
the table 28.6 (PSG 8.48) (JDB 27.7)

11, Compute th? Paramcte_rs of worm and worm wheel such as their reference
(or pitch) diameters, tip diameters, root diameters etc. using the relations
given in table 28.3 (PSG 8.43) : )

12. Calculate the efficiency of the drive as

= tany _ where p= -1

‘]'"—dJ—tan v+ ) where p=tan "} (Refer figure 28 2)

where p= Frictio — cocfficient of friction.
eat sketch of worm-gear drive.

n angle in degrees and p

13. Draw a n

Efficieﬁcy of worm gear drive (when worm i driving)

y, lead angle, deg.

) é’ﬂl— p, friction angle deg.
tan (y +9) i, tanp, from graph below

|
\

: |
\ STEEL WORM . | <

]
_—

=
o
w
/

_._-———._———F_-_-—_-’-—
N ~ CAST |RON WORM WHEEL
’ ’ _——'_—...—l--—.—-—--

WHEEL
BR@E@M—""’

0.06 |- L ——
"]

_’-"'"‘-

——
—|
-____,_.-—_..-—"""

1.5

1
05 : . cITY, m/s

FRICTIONAL COEFFICIENT, L =tan D
Z
A2

|
\

o
(=]
H
-
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MACHINE Degyy
:

28.12

28.6. DESIGN OF WORM
lar to previous gears,

GEARS BY “AGMA” METHOD :

ing Lewis and Buckingham equations, the "
us

Simi .
: ed. , : :
gear drive can be design heel tooth, according to Lewis equation, g ..
b beam strength of worm whe Elvey
The bea
by

.m, - Y,
Fb=[6h]'b'n'm".y"=[0‘b].b my -ty

here ' . |
- Allowable static stress (i.e., design bending stress) (Table 2

[op] =
b = Face width of worm wheel (Table 28.6)
m, = Axial module
y, = Lewis form factor for worm wheel
Y, = Modified form factor =7 yy (Table 28.9)
The design tooth load is given by
P
FD = FtXKSxCV = ;xI{stv
where,
K; = Service factor (Table 25.35)
G = 6+v

Velocity factor = and v is the pitch line velocity of worm

wheel in m/s
For satisfactory operation, Fy,>Fp

The dynamic load as per Buckingham equation is
F.-F. [ 8+V
d l’.[ 6 J

Which depengs

whee]. (Table 28.10)
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GEAR DRIVE

Table 28.9: Form factoy Y

pressure angle (@)

-Min‘

n face stress is
iven 1 heel based on sur
ven by centre distance between worm and worm W

v(:nyv) for z,

o

Table 28.10: Weayr facto
actor
w) for worm gears
erial
4 No. “\“W
Worm Wheel | pr—— 1~ /) ]
— | 20°
1. |Hardened steel Chilled bronze _‘—‘W‘““‘“‘*‘ °
s - 0.
9. |Hardened steel -—_—W 0.42 >
: 0.56
—-—_‘__‘_‘___—\—\_.
3. |Steel, 250 HB Bronze 0.252 0.35
' .8 = ;
4. |(High test CI Bronze 0.56 0.805
5. |Grey iron Aluminium 0.07 0.084

28.13

28.7. SOLVED PROBLEMS :
Problem 28.1 : (In MKS Units)

The input to worm gear shaft is

The worm is to

Phospher bronze.

Whee],

SOlution :

be

18 kW and 600 rpm. Speed ratio is 20.
of hardened steel and the wheel is made of chilled

Comnsidering wear and strength, design worm and worm

Power to be transmitted P=

Speed of worm

Speed ratio

- Material for worm

Material for wheel

n

i=

18 kW
600 rpm

20
Hardened steel

Phospher Bronze (Chilled)
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28.14
MACHINE DEgyq,

Now, torque transmitted by the worm wheel,

L kW . (where nq =
M, = 97420 X = in 1= speed of worm =gqq Tpm)

Z
i=_Z%= 20, Take q = 11 initially

Z,= No. of starts on the worm =3
- 1 = 0.86 (Assume) (Table28.5)
n Zy=3%x20=60

18

M, = 97420 x 800 x 20 x 0.86 = 50270 kgf — cm

Mg = M, - k. kq k=1". load is almost constant
= 50270x1x1 kg4 = 1 for assumed sliding velocity Vg =3 m/sec.
- 50270 kgf—cm

Material Selection :

For worm (steel) and wheel (phospher Bronze)
(o] = 1590 kgt'/cm2 Assuming Vg =3 m/sec

(o) = 550 kgf/cm® (Table 28.2) (PSG 8.45)

Now az[%+1] 3 60 540 % 50270 237.4cm
Ei) (15!20) , |

Axial Module based on beam strehgth '

3 (M] |
24
my = 1.2 JZz‘l*Yv'[Gb] c@

y,, = Form factor for virtual no. of teeth Zya -
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M
WOH 28 b
Zs where 7= lead angle or hel; 15
Zy2 = :;;_; I helix angle
Zl - 3
-1 =1 |2 tan 1 (95 = 18° 1 1.0
Y= tan ( qQ J (11 ] 15° 15 18 =15, 2550

G0

2~ —=66.8=67
Zy2 = COSJ 15.255

. y,=0.493 (Table 25, 15) (PSG 8.18)

3 50270 _
2k \/60 X 11 % 0.493 x 550 = 0-82cm>82 mm
Take my =10 mm |
Now the centre distance
é=0-5mx(q+zg+2x)

=0.5x10 (11 + 60) (Assum‘ing x=0)
=355 mm

Since this is less than the minimum centre distance (=374 mm)
Let my =12 mm
Now a=0.5% 12 (11 + 60) = 426 mm = 42.6 cm (0.K)

ndyng
60 % 1000 X cos v

Sliding velocity V, =

d1=qu=11x12=132mm

Y=15.2550

Vs oo X 132x600 . _ - 4.29 m/sec

60 x 1000 x Cos 15.255°

U
= Ahother formula : (PSG 8.44)

V my-n . 5
19100 VZi+q®

X
191330 V3% + 112 = 4.29 m/sec
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rface strength for sliding Velge:

16 1able for 5
28 ate data are not avm] 290 kgf/cmz' (Table 28.1) (PSG 8.45)
ince aded" ¢ o) =
S;n:*‘;l gec it I8 assumed that 10c
beyon
Checking B
3
[?2 - ] kgf/ m”
a C
540 S [M¢]
Gc'_-' _z_z-
q —
%’- +1 J 3
_540_ ~__~| 50270
= 42.6
60
& |
_ 1300 kgf/cm? < [o.] = 1490 kegf/cm
1.9 (M)
On = .
" mdqZzyy
1.9)(50270 =170 kg‘f/cm2< [o_b]=550 kgf/cmz

123 x 11x 60 x 0.493

Our design is safe.
Length of worm L 2 (12.5 + 0.09 Zy) m, .

L>(12.5+0.09x60) 12 >214.8 mm = 215 mm

Number of teeth on worm =A= L = 215 =5.7
Tm, wx12

Let A=6

Now the length of worm =6xnxm,‘=6xnx 12 =226 mm

Breadth of worm whee] (Face width) =0 75d
=\J. 1

=0.75 x 132 = 99 mm = 100 mm (saY)

(Refer table 28.3) (PSG 8.43)
Reference diameter dy=q my =132 mm

Parameters of worm :

Tip diameter

=132+(2x1><12)=156mm

4
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g 28.17
; diameter dfy =dy —2fom, - 2c

BO
=132-2x1x12-2x0.2x 19

=132 -2 %12 (1 +0.2) = 103 mm

ch diameter dy’=my (qQ+2Xx)

Pi
=12 (11 + 2 % 0) (Assuming x = 0)
=132 mm

wheel ¢

Reference diameter dg =Zs m,

=60 x 12 =720 mm

Tip diameter dag=(Zy+2f5+2x) m,

= (60 +2) 12 =744 mm ,
- C. f=1;x=0)

Root diameter d f2 = (Zz -2 fo) my — 2c

=(60-2)12-(2x0.2x 12) =691 mm
Pitch diameter = dy = dz =720 mm |
Bt o:
fﬁclency of worm gear drive :

= tfany
tan (v1p)

tall pP=
k= Friction coefficient
! ! : 28.2
03 for sliding velocity V, = 4.29 m/sec (Refer figure )

Pxt, -
710,03~ 1 790

tan (159
55
ta‘1(15255+17‘,2)_0393 89.3%

)
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26.18 e DES'N

Specifications :
I

S1. No. Description Worm Wheel
1. Materi;l_—_f—_— Stosl m
2.  No. of teeth 6 60
3. Module 12 mm 12 mm
4. Reference Diameter 132 mm 720 mm
5.  Tip diameter 156 mm 744 mm
6. Root diameter 103 mm 691 mm
7. Length of worm 226 mm i}
8.  Face w.i.dth of worm wheel - 100 mm
9.  Centre distance 426 mm
10.  Efficiency of drive 89.3 %

Problem 28.2 ; (In SI Units)

The input to worm gear shaft is 18 kW and 600 rpm. Speed of worl

wheel is 30 rpm. The worm i i
of chilled phospher bro 18 to be of hardened steel and the wheel is made

and worm whorl nze. Considering wear and strength, design wor®

Solution :

Power to be transmitted P= 18 kW

Speed of worm n 600 rpm
_ 1= P
Speed ratio - 20
1=
M .
aterial for wopm = Hardened steel '
Material fOl' Wh(-}el ze (Chllled}

N = Phospher Bron
Minimum cen ’

- tm i
stress is given by, Cistarics between worm and w v

u
orm wheel based 0 ’
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