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4. Worm Gears

(i) |Higher speed reduction upto 300:1 is possible in ciwr::;'
Wworm BEars.

===

(i) |Worm gears are silenl in operation,

—

(i) | Worm and worm gears have self-locking characteristics
Merits which restricts their reverse motion. This characteristic

makes them suitable for applications like elevators, hoisting
machines, elc.

(iv) |Worm gears occupy lesser space.

(v) |These gears can be used for reducing speed and increasing
lorque.

(1) |Worm gear materials are expensive,

(i) |Worm gears have high power losses
Demerits

(iii) | Worm gears generate a lot of heat during their operation.

(iv) |Efficiency of worm gears are very low when compared o
other gears.
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316 MERITS AND DEMERITS OF EACH TYPE OF GEARS

iiw]

Fer same loogh size (moduleh amil egpsivalent widih, helical
pears ¢an pandle more lo6d thom spor gein becmne e

helical pear b is pasizioned diaganally.

il

Dhessgeang amd wamalocring cosls of kelical gesrs .nr:-
more when compaed g the spur gear,

il

Thesign of hedical peans is doe complicaied whes: compared
o Bhe spur e

iiiil

White meshing, belical gear sabes o sladsg-1ype cunlact
beiween two gears This leads t the generation of mere
hemt, which will cvgntually msulls in the power Sos and
decresse in elfciency. Therefore, far rediing the «ikling
friction, addiizcs are added 10 the lubricasix

i)

Alza, dorimp meshing. helical gear develge mo el
sz in the asial directiom This leads 10 o deorease in
pesr efficiescy. Therelore, special thrust bewings need B
be wead for seducing the aalal thust in kelical pears

1. Bewel (Genrs

fiy |The cperimg angles of bevel gears cin be chanpnd This
cheracienslic of Bevel pears makes them Mewihle m Bhaeir
opertion

(i) |Effcigncy of bevel gears s quile bigh shen compareil i
by worm pEARs.

(iii] |DPue s the rolling action of bewel peas, te aliding finclxan
i Bevel pearing mechanism it lower,

(il |To gel the maxisnom efficiency, the hevel gears should he
precisely positioned and asembled with the fespective
shafi,

divh |Ir has & limsted pesr mtio, so omeee gear are nedquired in 3
@ei Arain do achisve & high Ioll gear ratio,

Jimih | TRese pears ase nol saisble for high-speed reduclion

fiv) | Bevel gears produce signalicon noiis @ high speeds

1, Spur pears

(i} |Spwr pears om siengle in design. hence @ s easy
imanufzcire aml magall (hem,

G [Bis Bighly suiisbde for compact strecheres,

Merits (i} | Spur gears are maore elficiest when compared i o (he by
BEdFE of same siae,

v} |Spur pear teeth are paralled o 18 axis. Hence, spur pear
irnin dnes noe prodece oxial thrust. Therefore, the pear
shafis ¢m ke mounied easity using ball heamngs,

) | Spur gears e kess exnpensivg when compared o other grars

(] |Bpur gears peoduce sigmificsss nolse a0 high speeds, ]

lii} | Tiush engogemeses in spur gears are nol gradual wien
connpaned fn ceber peas

THi | The beoehs in spur gears wre samnsined over feuer toeth osly,

Demerits This pruakes dhelr design wenier when compumd o clher ges
gk |10 s non westable for applicatioss requinsg hesvy lesl. This

is besause, spur gears ke significest strcsscs during

cperalivn, which melkes e vulnesahle s woar and pear,

(v) | Spur gesrc are mol suilsble for ieasmilimg poeer between
no-parallel shalis.

1 Helical Goars

{ih | Helical gears com be used Jor imasherring power Bolwes
Bdifl farllel shalis

fiay | AL any given time iheir lomd is disiributed over severl

e teelh ig, minlsesn lwo or thiee ey of spch gesr ore
_ always in contsel with other pears. This nesules In lesser
wesr anil mukes them silable [or higher lnad applicaions,

(iink |Doring enpagemsenl, the ieeth enpage o liglle @ a kime,

|inmead of the eniire fwce of exch ok @ engg, This alkows
Il'nr n smoothar and guister opemiion. |
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Methods of reducing or eliminating interference

. Undercutting

Cutting rack having similar teeth is used to cut the
teeth in the pinion

It will remove that portion of pinion tooth which
would interfere with the gear

Gear having its material removed in the manner is
said to be undercut and process of undercutting

Undarcut
In pinion with small number of teeth, this can

seriously weaken tooth. Actual gear meshes with
undercut pinion. No interference occur

{)

. Increasing slightly the center distance between the meshing gears would also

eliminate interference.

. Increasing the number of teeth on the gear can also eliminate the chances of

interference. Increasing number of teeth, keeping the diameter same makes
teeth smaller and reduces the tendency to interfere

. Elimination of interference is possible by tooth stubbing. In this process a portion

of the tip of the teeth is removed, thus preventing that portion of the tip of tooth
in contacting the non-involute portion of the other meshing tooth. n this case
also, the teeth are weakened.

. Use of a larger pressure angle can eliminate interference. Having a larger

pressure angle results in a smaller base circle. As a result, more of the tooth
profiles become involute. In this case, the tip of the tooth of one gear will not
have a chance to contact the flank of the other gear on its non-involute portion.

[
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6. Tooth thinning. Depending on the class of gear there are recommended and

b

there AGMA has charts to follow. In very high application such as Gas turbines
operating at high speed. load and temperature further thinning may be required
as the bending of teeth can cause interference. These information's available
with very few manufacturers. Further tooth bending and whiplash at the elevated
load, temperature, speed and pattern of contact makes it highly complicated.

Non-standard gears

The term non-standard gears apply to such gears as are modified by changing
some standard parameters like pressure angle, addendum, tooth depth or centre
distance

these changes are made to improve the performance of the gear operation or
from the economical point of view.

The recent trend these days is to make the design of machines as compact as
possible to reduce their size and weight which also results in reduction in the
costs.

Consider a gear set to have a velocity ratio of 4:1. If a pinion of 80 mm pitch
diameter is selected for purpose, the pitch diameter of the gear is 320mm, Thus
space requirement of the gear is 400 mm

pitch diameter of the pinion is reduced by 10 mm, the pitch diameter of the gear
is reduced by 40 mm, and the overall reduction in Space is 50 mm,

Also, the sizes of other components associated with the gear set such as shafts,
casings and bearings are also reduced.

The only way to have a smaller size of gears is to reduce the number of teeth.

However, for a typical type of teeth, it is observed that if the number of teeth is
reduced from a certain number, the problems of interference, undercutting and
contact ratio hamper the smooth running of the gears.

Therefore, the main reason to employ non-standard gears is to prevent
interference and undercutting and to maintain a reasonable contact ratio.

It should be remembered that as an involute is generated, its radius of curvature
goes on becoming larger and larger, being zero at the base circle.

As far as possible, the curve near the base should be avoided because high
stresses are developed in the region of sharp curvature,
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Centre-distance Modifications

The number teeth on a pinion can be reduced from the minimum allowable
number by increasing the centre distance marginally and by changing the tooth
praportions and the pressure angle of the gears.

A reduction in the interference and improvement of contact ratio brought this
way.

The teeth can be generated with rack cutters of standard pressure angles by
displacing the pitch line of the rack from the pitch circle of the gear. T

his action produces teeth which are thicker than before. As the teeth are cut with
a displaced or offset cutter, they will engage at a new pressure angle and at a
new centre distance.

Clearance Modifications

If the clearance between mating teeth is increased to 0.3 m or 0.4 m instead of
the usual value of 0.25 m to have a larger fillet at the root of the tooth, the fatigue
strength of the tooth is increased.

This way some extra depth is available to smoothen the tooth profile.
Interchangeability is not lost this way.

Addendum Modifications

In cases where it is not possible to change the centre distances, modifications
can be made to the addendum. In such cases.

there has to be no change in the pitch circles and the pressure angles.

However, the contact region is shifted away from the pinion centre towards the
gear centre, decreasing the Womb action and increasing the recess action.

Scanned by CamScanner



Internal gears

Internal gears are the ones with the teeth formed
on the inner surface of a cylinder or cone,
Internal gears mesh with spur gears.

There are two types of tooth shape, one being
parallel and the other one with a helix in respect
S

to the axis. However gears with teeth parallel to
the axis have higher demand

Planetary gear mechanism: The most popular

application for internal gears is usage for ———
planetary gear trains or gear reducers composed 3 -
of a carrier, several spur gears, called planet -
gears and a sun gear in the center, rotating inside an internal gear,

Backlash

It is the difference between space width and the tooth thickness along pitch
circle

Methods to Minimize Gear Backlash

For these applications, there are three basic ways to reduce or eliminate

backlash: precision gears, modified gears, and special designs that use
components other than gears.
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TERMINOLOGY OF HELICAL GEAR

- 1019 TERMINOLOGY OF HELICAL GEARS

‘m;'—,,_' -
Refer Fig. 10.32,
.

Helix Angle (y) It is the angle at which the teeth are inclined to the axis of a gear. e
It is also known as spiral angle. ' : ‘_.

Circular Pitch (p) 1tis the distance between the corresponding puinl,; on adjacent

teeth measured on the pitch circle. It is also known as transverse circular pitch. /)’ :

Normal Circular Pitch (p,) Normmal circular pitch or simply normal pitch is the
shortest distance measured along the normal to the helix between corresponding
points on the adjacent teeth. The normal circular pitch of two mating gears must be £

‘Fig. 1032
saAme, B D'%
P,=peosy
Also, we have, p = mim as for spur gears
'F-H = mﬂ
ceand = meos Y

1 Wil

= CamScannei

According to type of gears: Gears can be classified as external gears, internal
gears, and rack and pinion.

1. External gears mesh externally - the bigger one is called "gear” and the smaller one is
called "pinion”

2. Internal gears mesh internally - the larger one is called “annular” gear and the smaller
ane is called "pinion”.

3. Rack and pinion type — converts rotary to linear motion or vice versa. There is a
straight line gear called “rack” on which a small rotary gear called “pinion” moves.
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Gears can be classified according to the relative positions of their shaft axes as follows:
4. Parallel Shafts

Regardiess of the manner of contacl, uniform
rotary molion between (wo parallel shafls is
cquivalent 1o the rolling of (wo cylinders,
assuming no slipping, Depending upon the
tecth of the cquivalent cylinders, j ¢, straight
ot helical, the following are the main types of
gears 1o join parallel shafis:

SpurGears  They have straight tecth paralicl 2. o

to the axes and thus are not subjected 1o axial E"lg. Wfﬂ
thrust due to 1ooth load [Fig. 10.2(a)].

At the time of engagemen of the wo gears, the contact extends across the entire width on a line paralicl
lo the axcs of rotation. This results in sudden application of the load, high impact
stresses and excessive noise at high speeds. r"‘

Furiher, if the gears have exiernal teeth on the outer surface of the cylinders, e
the shafis rotate in the opposite direction [Fig. 10.2(a)]. In on internal spur gear, P
the teeth are formed on the inner surface of an annulus ring. An intemnal gear can Lﬂ Iﬂ.i}
mesh with an external pinion (smaller pear) only and the twa shafls rotate in the & E
same direction as shown in [Fig. 10.2(h)].

Lina

Spur Rack and Pinion  Spur rack is a special case of a spur

gear where itis made ol infinitc diam:l:rsut]-lfullbu pitch x:ur!'llnl:
is a plane (Fig. 10.3). The spur rack and pinion combination
. H it e Gmes Pemmelmiare MAMIG0 OF VICE=%CTER ﬁ g e

-,10.23 TERMINOLOGY OF WORM CEARS
Refer Fig, 10,35,

(i} Axinl Pitch () It is the distance bet i i j
el ek ey ween corresponding points on adjacent tecth measured along 3.

(8} Lead (LY The di i Py
et St disiance by which a helix advances along the axis of the pear for ane wm around ;,

Inasingle helix, the axial pitch is equal to lead. 1 doubla helix. this i halFthe leod. § i _
onc third of leed, and so on. na double helix, this is one-hall the lead, in a triple heliy,

I'Hﬂ_LEn-l" Angle (A) It is the angle nt which the teeth are inclinsd ta the normal to the axis ol retation
Obviously, the lead angle is the complement of the helix mngle,

Lo, y+ A=0p"

In case of worms, the lead angle is very small and 1

A the shall oxes of worm and waorm genr are ot 907

- gy =007
(90" — A+ e = 90"
or Ay = g
i, lead angle of worm = helix angle of the gear wl
Adso, .ol worm = g of wheel
P C05 A = pycos g
bvuat Ay = wy
I~ Cr =511 P ™ 2

| Sile. axial pitch of worm = circular pitch of wheel
— == Lo = B o e S ANPC- BR8]
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1026 BEVEL GEARS

To have a gear drive between two  Root engle
intersecting shafis, bevel gears are  pich angle
used. Kinematically, bevel gears ¢ . e
are cquivalent o rolling cones. .
Some of the common terms used
in bevel gears are illustrated in P soie
Fig. 10.36(a).

Lety, 3,= pilcl:l angles of pear
and pinion respectively P

r, I, = pitch radii of gear and

pinion respectively.
The pitch cones for two mating
external bevel gears are shown in

Fig. 10.36(b).
We have, ,

TN TR LTS
SnTe = 0P r,isiny, .

r + -

or siny, = £ (sin@cosy, —cosfsiny,)
r
[

Dividing both sides by cos ¥,

L i -.I._-‘_- i I‘ ='|

.'.lr I||-"':.l

e = T
Lamacanne
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