AM=TPIO

Helical Gears

Infroduction.
Terms used in Helical Gears.
Face Width of Helical Gears.

Formative or Equivalent
Number of Teeth for Helical
Gears.
5. Proportions for Helical
Gears.

6. Strength of Helical Gears.

NN =

29.1 Introduction

A helical gear hasteeth in form of helix around the
gear. Two such gears may be used to connect two parallel
shafts in place of spur gears. The helixes may be right
handed on one gear and | eft handed on the other. The pitch
surfaces are cylindrical as in spur gearing, but the teeth
instead of being parallel to the axis, wind around the
cylinders helically like screw threads. The teeth of helical
gearswith parallel axishaveline contact, asin spur gearing.
Thisprovides gradual engagement and continuous contact
of theengaging teeth. Hence helical gearsgive smooth drive
with ahigh efficiency of transmission.

We haveaready discussedinArt. 28.4 that the helical
gears may be of single helical type or double helical type.
In case of single helical gears there is some axial thrust
between the teeth, which is a disadvantage. In order to
eliminate this axial thrust, double helical gears (i.e.
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herringbone gears) are used. It is equivalent to two single helical gears, in which equal and opposite
thrusts are provided on each gear and the resulting axial thrust is zero.

29.2 Terms used in Helical Gears
Thefollowing termsin connection with helical gears, asshownin
Fig. 29.1, areimportant from the subject point of view.
1. Helix angle. It isaconstant angle made by the heliceswith the
axis of rotation. - -

(il

2. Axial pitch. Itisthedistance, parallel totheaxis, between similar Pe

faces of adjacent teeth. It isthe same as circular pitch and is therefore

denoted by p_. The axial pitch may also be defined asthe circular pitch

in the plane of rotation or the diametral plane. Fig. 29.1. Helical gear
3. Normal pitch. Itisthedistance between similar faces of adjacent (nomenclature).

teeth adong ahelix on the pitch cylindersnormal to theteeth. It isdenoted

by py- Thenormal pitch may also be defined asthe circular pitch inthe normal planewhichisaplane
perpendicular to the teeth. Mathematically, normal pitch,

Py = P COSQ

Note: If the gears are cut by standard hobs, then the pitch (or module) and the pressure angle of the hob will
apply in the normal plane. On the other hand, if the gears are cut by the Fellows gear-shaper method, the pitch
and pressure angle of the cutter will apply to the plane of rotation. The relation between the normal pressure
angle (¢,) in the normal plane and the pressure angle (¢) inthe diametral plane (or plane of rotation) is given by

tan ¢, = tan ¢ x cos

29.3 Face Width of Helical Gears

In order to have more than one pair of teeth in contact, the tooth displacement (i.e. the ad-
vancement of one end of tooth over the other end) or overlap should be atleast equal to the axial
pitch, such that

Overlap = p,=btana (i)

The normal tooth load (W) has two components ; one is tangential component (W) and the

other axial component (W, ), asshown in Fig. 29.2. The axial or end thrust is given by

W, =Wgsina =W, tan o (D)
From equation (i), we see that asthe helix angle increases, then the
tooth overlap increases. But at the same time, the end thrust as given by |<_ b _>|
equation (ii), also increases, which is undesirable. It is usualy recom- %
mended that the overlap should be 15 percent of the circular pitch. —
. Overlap = btana = 1.15p, A g
or b= 1.15 p, _ 115 x tm (- p=mm) i | Overlap
tan o tanow ¢ pc%—f
where b = Minimum face width, and
m = Module. T é
Notes: 1. The maximum face width may be taken as 12.5 mto 20 m, where mis C”é’

the module. In terms of pinion diameter (D), the face width should be 1.5 D, to
2 Dy, although 2.5 D, may be used.

2. In case of double helical or herringbone gears, the minimum face width
isgiven by

Fig. 29.2. Face width of
helical gear.

_23p,_23xmm

T tana tan o
The maximum face width ranges from 20 mto 30 m.
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3. Insinglehelical gears, the helix angle ranges from 20° to 35°, while for double helical gears, it may be
made upto 45°.

29.4 Formative or Equivalent Number of Teeth for Helical Gears

Theformative or equivalent number of teeth for ahelical gear may be defined as the number of
teeth that can be generated on the surface of acylinder having aradius equal to theradiusof curvature
at apoint at thetip of the minor axisof an ellipse obtai ned by taking asection of the gear in the normal
plane. Mathematically, formative or equivalent number of teeth on ahelical gear,

T =T/cos’a
where T = Actua number of teeth on ahelical gear, and
o = Helix angle.

29.5 Proportions for Helical Gears

Though the proportionsfor helical gearsare not standardised, yet thefoll owing are recommended
by American Gear Manufacturer's Association (AGMA).

Pressure angle in the plane of rotation,

0 = 15°to 25°
Helix angle, o = 20° to 45°
Addendum = 0.8 m(Maximum)
Dedendum = 1 m(Minimum)
Minimum total depth =18m
Minimum clearance =02m
Thickness of tooth = 15708 m

In helical gears, the teeth are inclined to the axis of the gear.
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29.6 Strength of Helical Gears

In helical gears, the contact between mating teeth is gradual, starting at one end and moving
along the teeth so that at any instant the line of contact runs diagonally across the teeth. Thereforein
order to find the strength of helical gears, amodified Lewis equation is used. It is given by

W, = (6,%xC) brmy
where W, = Tangential tooth load,

o, = Allowable static stress,

C, = Velocity factor,

b = Facewidth,
m = Module, and
y' = Tooth form factor or Lewis factor corresponding to the formative
or virtual or equivalent number of teeth.

Notes: 1. Thevalue of velocity factor (C,) may be taken asfollows:

6
C, = =, forperiphera velocitiesfrom5m/sto 10m/s.
6+vVv

15
= ———, for peripheral velocitiesfrom 10 m/sto20m/s.
15+v

= 0.75 for peripheral velocities greater than20m/ s.

0.75+ V'
0.75

= —— + 0.25, for non-metallic gears.
1+v

2. The dynamic tooth load on the helical gearsis given by
21v (b.Ccos® o +W;) cos o
21v +/bC cos? o + W,
wherev, b and C have usual meanings as discussed in spur gears.
3. The static tooth load or endurance strength of the tooth is given by
Wy = o b my
4. The maximum or limiting wear tooth load for helical gearsis given by

Wy = W, +

_ Dpb.QK
w ™ cos’a
where D, b, Q and K have usual meanings as discussed in spur gears.
2 .
In this case, K= Ox) SNy 1 1
14 E- Eg
where ¢y = Normal pressure angle.

Example29.1. Apair of helical gearsaretotransmit 15 kW. Theteeth are 20° stubin diametral
plane and have a helix angle of 45°. The pinion runs at 10 000 r.p.m. and has 80 mm pitch diameter.
The gear has 320 mm pitch diameter. If the gears are made of cast steel having allowable static
strength of 100 MPa; deter mine a suitable modul e and face width from stati ¢ strength considerations
and check the gears for wear, given 6 = 618 MPa.

Solution. Given: P=15kW = 15x 10°W; ¢ = 20° ; ow = 45° ; N, = 10000 r.p.m. ; D, =80 mm
=0.08m; Dg=320mm=0.32m; 6, = G = 100 MPa= 100 N/mm?; o, =618 MPa=618 N/mm?
Module and face width

Let m = Modulein mm, and

b = Facewidthin mm.
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Since both the pinion and gear are made of the same material (i.e. cast steel), therefore the
pinion is weaker. Thus the design will be based upon the pinion.
We know that the torque transmitted by the pinion,
_ Px60 15x 10° x 60
=% Npo 27 x 10000
. *Tangential tooth load on the pinion,
W = ST _ 1432 _ 3
T~ Dp/2 0.08/2
We know that number of teeth on the pinion,
T, =Dp/m=80/m
and formative or equivalent number of teeth for the pinion,
T 80/m _ 80/m _ 2264
Te of a cof 45 (0707°  m
.. Tooth form factor for the pinion for 20° stub teeth,

Yo = 0175 0841 _ 175 0841
T 226.4/m

We know that peripheral velocity,

.N 0.08 x 10000
v=7EDP P _IX x =42 m/s

60 60

=14.32 N-m

58 N

=0.175-0.0037 m

.. Velocity factor,
0.75 0.75

Y 075+v  075++/42
Since the maximum face width (b) for helical gears may be taken as 12.5 mto 20 m, wheremis

the module, therefore let us take
b=125m
We know that the tangential tooth load (W),
358 = (0 - C) bnmy',
(100 % 0.104) 12.5 m x t m (0.175 — 0.0037 m)
=409 n? (0.175-0.0037 m) = 72 n? — 1.5 m?
Solving this expression by hit and trial method, we find that
m = 2.3say 25 mm Ans.
and face width, b =125m=125x25=31.25say 32 mm Ans.

Checking the gearsfor wear
We know that velocity ratio,
Dg _320 _

VR = 2 ="=
Dp 80

=0.104 ..(-- visgreater than 20 m/s)

.. Ratio factor,
Q- 2xV.R _ 2X4=1.6
VR+1 4+1

Weknow that tan ¢, = tan ¢ cos o = tan 20° x cos 45° = 0.2573
: Oy = 14.4°

*  Thetangential tooth load on the pinion may also be obtained by using the relation,
m Do N,

W, = E,wherev: (inm/s)
T v
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The picture shows double helical gears which are also called herringbone gears.
Since both the gears are made of the same material (i.e. cast steel), therefore let us take
E, = Eg =200 kN/mm2 = 200 x 10% N/mm?
.. Load stress factor,

_(og)?singy (1 1
g e
(618)? sin 14.4° 1,1
14 [200 x10°  200x10°

We know that the maximum or limiting load for wear,

Dp hQK 80x32x1.6x0.678
oot o cos? 45°

Since the maximum load for wear is much more than the tangential load on the tooth, therefore
the design is satisfactory from consideration of wear.

Example 29.2. A helical cast steel gear with 30° helix angle has to transmit 35 KW at 1500
r.p.m. If the gear has 24 teeth, deter mine the necessary module, pitch diameter and face width for 20°
full depth teeth. The static stress for cast steel may be taken as 56 MPa. The width of face may be
taken as 3 times the normal pitch. What would be the end thrust on the gear? The tooth factor for 20°

0.912

E

j = 0.678 N/mm?

=5554 N

full depth involute gear may betaken as 0.154 — , Where T_ represents the equival ent number

of teeth.

Solution. Given : oo =30°; P=35kW =35 x 103 W ; N = 1500 r.p.m. ; Tg=24;¢=20°;
0, =56 MPa=56 N/mm?; b =3 x Normal pitch =3 p,
Module

Let m = Modulein mm, and

D = Pitchcircle diameter of the gear in mm.
We know that torque transmitted by the gear,
Px60 35x10°x 60

- = = 223 N-m = 223 x 10° N-mm
21T N 2 1 x 1500
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Formative or equivalent number of teeth,

Tc = 24 24
Te="3 S 3..° 3"
cos’ o cos® 30° (0.866)
.. Tooth factor, y = 0.154 - g =0.154 - % =0.129

E
We know that the tangential tooth load,
T 2T 27

W= Derz " b, mxTs # (7 PemmT
_ 2x223x10° 18600
T mx24 m
and peripheral velocity,
_nDg.N 7m.mTs .N /s D.. and )
vV = 0 50 ...(Dg and marein mm)
24 x 1500
- nxmxm X~ 1885 mmm/s =1.885 mm/s
Let ustake velocity factor,
15 15

C = =
V' 15+v 15+1885m
We know that tangential tooth load,

W, = (o, xC)brmy =(c,xC)3pyxntmxy (o b=3p,)
=(o,xC,)3xp,cosoxmmxy (" py =P COS Q)
=(c,xC)3nmcosaxmtmxy (v p =1 m)

18600:56( 15 )3nm><cos30°xnmx0.129

m 15+ 1.885 m
27807
~ 15+1.885m
or 279 000 + 35 061 m = 2780 n?®

Solving this equation by hit and trial method, we find that
m = 5.5say 6 mm Ans.
Pitch diameter of the gear
We know that the pitch diameter of the gear,
Dg =mxTg=6x24=144mmAns.
Facewidth
It isgiven that the face width,
b =3p,=3p,Cos0=3xmTmMcoso
= 3 x 1 x 6 cos 30° = 48.98 say 50 mm Ans.
End thrust on the gear
We know that end thrust or axial load on the gear,

18 600 o tan 30° = 18 600

W, =W tan a= x 0.577 =1790N Ans.
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Example 29.3. Design a pair of helical gears for transmitting 22 kW. The speed of the driver
gear is 1800 r.p.m. and that of driven gear is 600 r.p.m. The helix angle is 30° and profile is
corresponding to 20° full depth system. Thedriver gear has 24 teeth. Both the gears are made of cast
steel with allowable static stress as 50 MPa. Assume the face width parallel to axis as 4 times the
circular pitch and the overhang for each gear as 150 mm. The allowable shear stress for the shaft
material may be taken as 50 MPa. The form factor may be taken as 0.154 —0.912/ T, where T is

350

the equivalent number of teeth. The velocity factor may be taken as 350 + v’ where v is pitch line
velocity inm/ min. The gears are required to be designed only against bending failure of the teeth
under dynamic condition.

Solution. Given : P =22 kW = 22 x 108 W ; Ny = 1800 r.p.m.; N5 = 600 rp.m. ; oo = 30°;
$=20°;T,=24 ;06,=50MPa=50N/mm? ; b=4p_; Overhang = 150 mm ; T = 50 MPa= 50 N/mm?

Gears inside a car

Design for the pinion and gear
We know that the torque transmitted by the pinion,

_ Px60 22x10°x 60
T 2nNp  2mx1800
Since both the pinion and gear are made of the same material (i.e. cast steel), therefore the
pinion isweaker. Thusthe design will be based upon the pinion. We know that formative or equivalent
number of teeth,

=116.7 N-m =116 700 N-mm

S R "SR S
E” cos’ o cos®30° (0.866)°
-, Form factor, y = 0.154 - 0912 _ 0.154 - % =0.129

E
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First of al let usfind the module of teeth.
Let m = Modulein mm, and
D, = Pitchcircle diameter of the pinionin mm.
We know that the tangential tooth load on the pinion,
T 2T 2T
WT = = —=
Dp/2 Dp mxTp
2x116 700 9725 N
T mx24  m

(v Dp=mT))

and peripheral velocity, v = t DN, =t m.T,.N,

Ttmx24x1800=135735mmm/ min=135.735mm/ min
350 350

350 +v 350 +135.735m
We also know that the tangential tooth load on the pinion,

- Velocity factor,C, =

W, =(c,C)brmy =(c,C)4p,xnmxy (o b=4p)
=(0,Claxmmxmtmxy v (e pe=Tm)
2
9725 _50 350 Ax 2 P x 0129 = 89126 m
m 350 +135.735m 350 + 135.735m

3.4 x 108+ 1.32 x 105 m= 89 126 m?
Solving this expression by hit and trial method, we find that
m = 4.75mm say 6 mm Ans.

Helical gears.

We know that face width,
b =4p,=4nm=4nx6=754 say 76 mm Ans.
and pitch circle diameter of the pinion,
Dp=mxT,=6x24 =144 mm Ans.
Since the velocity ratio is 1800 / 600 = 3, therefore number of teeth on the gear,
Tg =3Tp=3%x24=72
and pitch circle diameter of the gear,
Dg=mxTg,=6x72=432mmAns.
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Design for the pinion shaft

Let d, = Diameter of the pinion shaft.
We know that the tangential |oad on the pinion,
W = 9725 _ 9725 _ — 1621 N
T m 6

and the axial load of the pinion,
W, = W, tan o = 1621 tan 30°
= 1621 x 0.577=935N

Sincethe overhang for each gear is 150 mm, therefore bending moment on the pinion shaft due
to the tangential load,

M; = W, x Overhang = 1621 x 150 = 243 150 N-mm
and bending moment on the pinion shaft due to the axial 1oad,

M, = Wy x% 935><%—67320N mm

Since the bending moment due to the tangential load (i.e. M,) and bending moment due to the
axia load (i.e. M,) are at right angles, therefore resultant bending moment on the pinion shaft,

M = (M,)? + (M,)? = /(243150)% + (67 320) = 252293 N-mm

The pinion shaft is also subjected to atorque T = 116 700 N-mm, therefore equivalent twisting
moment,

T, = yM? + T2 = /(252293) + (116700)? = 277 975 N-mm
We know that equivalent twisting moment (T ),

277 975 = % x 1 (dp)? =16 % 50 (dp)? = 9.82 (do)?

. (d-)® = 277975/ 9.82 = 28 307 or d, = 30.5 say 35 mm Ans.
Let us now check for the principal shear stress.
We know that the shear stress induced,
T = 16T, _ 16 x 277975 — 33 N/mm? = 33 MPa

7 (dp)® n(35)°
and direct stress due to axial load, (de) 3

W,
6z —b—= 95 _ 0.97 Nimm? = 0.97 MPa

GOk

Helical gears
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_ % [Jo?+a2]= % [J0.97)2 + 433? | = 33 MPa

Sincethe principal shear stressislessthan the permissible shear stress of 50 M Pa, therefore the
design is satisfactory.
We know that the diameter of the pinion hub
=18d,=18x35=63mmAns.
and length of the hub =1.25d,=1.25x35=43.75 say 44 mm

Since thelength of the hub should not be less than the face width, therefore | et ustake length of
the hub as 76 mm. Ans.

.. Principal shear stress,

Note : Since the pitch circle diameter of the pinion is 144 mm, therefore the pinion should be provided with a
web. Let us take the thickness of the web as 1.8 m, where mis the module.

. Thicknessof theweb =1.8m=1.8x6=10.8say 12 mm Ans.
Design for the gear shaft

Let d = Diameter of the gear shaft.
We have already calculated that the tangential load,
W, = 1621 N
and the axial load, W, = 935N

.. Bending moment due to the tangential load,
M; = W, x Overhang = 1621 x 150 = 243 150 N-mm
and bending moment due to the axial load,

M. = W, x 26 = 935% 232 _ 201 960 N-mm
2= VAT 9 2

.. Resultant bending moment on the gear shaft,

M = \J(M;)?+ (M,)? = |/(243150)° + (201 960)° = 316 000 N-mm
Sincethevelocity ratio is 3, therefore the gear shaft is subjected to atorque equal to 3timesthe
torgue on the pinion shaft.
.. Torgque on the gear shaft,
T = Torgue on the pinion shaft x V.R.
= 116 700 x 3 = 350 100 N-mm

We know that equivalent twisting moment,

T, = M2 + T2 = /(316 000)° + (350 100)% = 472 000 N-mm
We al'so know that equivalent twisting moment (T,),

472 000

. (dg)® =472000/9.82=48065 or dg=36.3say 40 mmAns.
L et us now check for the principal shear stress.
We know that the shear stress induced,

16T, 16x 472000
n(dg)® 7 (40)°

T 3 L 3 3
—xtx(d =—x50(d =9.82(d
6 (dg) 6 (ds) (ds)

=37.6 N/mm? = 37.6 MPa
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and direct stress due to axial load,

W,
G = A 95 _ 0744 Nimm? = 0.744 MPa

n 2 - T 2
2 ()™ (40

% [Jo?+a2]= % | J0.7427 + 4 (37.6) | = 37.6 MPa
Sincethe principal shear stressislessthan the permissible shear stress of 50 M Pa, therefore the
design issatisfactory.
We know that the diameter of the gear hub
=18d;=18x40=72mmAns.
and length of the hub =1.25d;=1.25%40=50mm
We shall take the length of the hub equal to the face width, i.e. 76 mm. Ans.

Since the pitch circle diameter of the gear is 432 mm, therefore the gear should be provided
with four arms. The arms are designed in the similar way as discussed for spur gears.

Design for the gear arms

L et usassume that the cross-section of the armsiselliptical with major axis (a,) equal to twice
the minor axis (b,). These dimensions refer to hub end.

.. Section modulus of arms,

.. Principal shear stress

nb (a)® _ n(ay)’ 3 ( alj
= = =0.05 whi==
z 32 64 (@) 2

Since the arms are designed for the stalling load and it is taken as the design tangential |oad

divided by the velocity factor, therefore

. W, (350 + 135.735mj
Stalling load, W, = —=1621| ———
9 sT ¢, 350
_ 1621(350 +135.735 6) _ 5303 N
350
.. Maximum bending moment on each arm,
M=%, Do 5398 4382 591205 N-mm
n 2 4 2

We know that bending stress (c,),
M _ 201222 5824x10° _ ,
42 = 7 = 005 (31)3 = (a1)3 ... (Teking o, = 42 N/mm?)
o (a)® =5824x10%/42=1387x10° or a =517 say 54mmAns.
and b, =a,/2=54/2=27mmAns.
Since the arms are tapered towards the rim and the taper is 1/16 mm per mm length of the arm
(or radius of the gear), therefore
Major axis of the arm at the rim end,

&

1 D
—Taper=a, — —x —2
S T

2
= 54—ixﬂ=40mm Ans.
16 2

and minor axis of the arm at the rim end,
b, =a,/2=40/2=20mmAns.

Top



Contents

1078 = A Texthook of Machine Design

Design for therim
The thickness of the rim for the pinion may be taken as 1.6 mto 1.9 m, where misthe module.
L et ustake thickness of therim for pinion,
tp =1.6mM=16%x6=9.6say 10mmAnRs.
The thickness of the rim for the gear () is given by

teg =M /T—G=6‘/%=25.4§iy 26 mm Ans.
n

EXERCISES

1. Ahelical cast steel gear with 30° helix angle hasto transmit 35
kW at 2000 r.p.m. If the gear has 25 teeth, find the necessary
module, pitch diameters and face width for 20° full depth
involute teeth. The static stress for cast steel may be taken as
100 MPa. The face width may be taken as 3 times the normal
pitch. The tooth form factor is given by the expression

y =0.154—-0.912/T_, where T represents the equivalent num-

6
ber of teeth. Thevelocity factorisgivenby C, = 6av where

v isthe peripheral speed of the gear in m/s.
[Ans. 6 mm ; 150 mm ; 50 mm]

2. A pair of helical gearswith 30° helix angle is used to transmit
15kW at 10 000 r.p.m. of the pinion. Thevelocity ratiois4: 1.
Both the gears are to be made of hardened steel of static strength 100 N/mm?2. The gears are 20° stub
and the pinion is to have 24 teeth. The face width may be taken as 14 times the module. Find the
module and face width from the standpoint of strength and check the gears for
wear. [Ans.2mm ; 28 mm]

Gears inside a car engine.
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A pair of helical gears consist of a20 teeth pinion meshing with a 100 teeth gear. The pinion rotates at
720 r.p.m. The normal pressure angleis 20° whilethe helix angleis 25°. The face width is40 mm and
the normal module is4 mm. The pinion as well as gear are made of steel having ultimate strength of
600 MPaand heat treated to a surface hardness of 300 B.H.N. The service factor and factor of safety
are 1.5 and 2 respectively. Assumethat the vel ocity factor accountsfor the dynamic load and calculate
the power transmitting capacity of the gears. [Ans. 8.6 kW]
A singlestage helical gear reducer isto receive power froma1440r.p.m., 25 kW induction motor. The
gear tooth profile is involute full depth with 20° normal pressure angle. The helix angle is 23°,
number of teeth on pinion is 20 and the gear ratio is 3. Both the gears are made of steel with allowable
beam stress of 90 MPa and hardness 250 B.H.N.
(@) Design the gears for 20% overload carrying capacity from standpoint of bending strength and
wear.
(b) If theincremental dynamic load of 8 kN is estimated in tangential plane, what will be the safe
power transmitted by the pair at the same speed?

QUESTIONS

What is a herringbone gear? Where they are used?

Explain the following terms used in helical gears:

(a) Helix angle; (b) normal pitch; and

(c) axia pitch.

Define formative or virtual number of teeth on ahelical gear. Derive the expression used to obtain its
value.

Write the expressions for static strength, limiting wear load and dynamic load for helical gears and
explain the various terms used therein.

OBJECTIVE TYPE QUESTIONS

If T isthe actual number of teeth on ahelical gear and ¢ isthe helix angle for the teeth, the formative
number of teeth iswritten as

(@) Tsec®o (o) Tsec? ¢

(c) Trsec3d (d) Tcoseco

In helical gears, the distance between similar faces of adjacent teeth along a helix on the pitch cylin-
ders normal to the teeth, is called

(@) normal pitch (b) axial pitch
(c) diametra pitch (d) module
In helical gears, the right hand helices on one gear will mesh ......... helices on the other gear.
(a) right hand (b) left hand
The helix angle for single helical gears ranges from
() 10°to15° (b) 15°to 20°
() 20°to35° (d) 35°to50°
The helix angle for double helical gears may be made up to
(a) 45° (b) 60°
() 75° (d) 90°
ANSWERS
1. (a) 2. (a) 3. (b 4. (c) 5. (a)
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Bevel Gears

I. Infroduction.

2. Classification of Bevel
Gears.

3. Terms used in Bevel Gears.

4. Determination of Pitch
Angle for Bevel Gears.

5. Proportions for Bevel Gears.

6. Formative or Equivalent
Number of Teeth for Bevel
Gears—Tredgold's
Approximation.

7. Strength of Bevel Gears.

8. Forces Acting on a Bevel
Gear.

9. Design of a Shaft for Bevel
Gears.

30.1 Introduction

The bevel gears are used for transmitting power at a
constant velocity ratio between two shafts whose axes
intersect at acertain angle. The pitch surfacesfor the bevel
gear arefrustums of cones. Thetwo pairsof conesin contact
isshowninFig. 30.1. The elements of the cones, as shown
inFig. 30.1 (a), intersect at the point of intersection of the
axis of rotation. Since the radii of both the gears are
proportional to their distancesfrom the apex, thereforethe
cones may roll together without dliding. In Fig. 30.1 (b),
the elements of both cones do not intersect at the point of
shaft intersection. Consequently, there may be purerolling
at only one point of contact and there must be tangential
diding at all other pointsof contact. Therefore, these cones,
cannot be used as pitch surfaces becauseit isimpossibleto
have positive driving and sliding in the same direction at
thesametime. We, thus, conclude that the el ements of bevel
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gear pitch cones and shaft axes must intersect at the same point.

(b)

Fig. 30.1. Pitch surface for bevel gears.

ud )
The bevel gear is used fo change the axis of rotational motion. By using gears of differing
numbers of teeth, the speed of rotation can also be changed.

30.2 Classification of Bevel Gears

Thebevel gearsmay be classified into the following types, depending upon the angles between
the shafts and the pitch surfaces.

1. Mitre gears. When equal bevel gears (having equal teeth and equal pitch angles) connect two
shaftswhose axesintersect at right angle, asshownin Fig. 30.2 (a), then they are known asmitre gears.

2. Angular bevel gears. When the bevel gears connect two shafts whose axes intersect at an
angle other than aright angle, then they are known as angular bevel gears.
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3. Crown bevel gears. When the bevel gears connect two shaftswhose axesintersect at an angle
greater than aright angle and one of the bevel gears has a pitch angle of 90°, then it is known as a
crown gear. The crown gear corresponds to arack in spur gearing, as shown in Fig. 30.2 (b).

I Op, -
e ePl
| J [|||]]]]IIIIIIIIIIIIIIIIIIIIIIIII/IIIIIIIIII
S N B i
j 3 ® L./es
95290 | @ eP2=900
(a) Mitre gears. (b) Crown bevel gear.

Fig. 30.2. Classification of bevel gears.

4. Internal bevel gears. When the teeth on the bevel gear are cut on theinside of the pitch cone,
then they are known asinternal bevel gears.

Note : The bevel gears may have straight or spiral teeth. It may be assumed, unless otherwise stated, that the
bevel gear has straight teeth and the axes of the shafts intersect at right angle.

30.3 Terms used in Bevel Gears

Pitch cone

Face cone

Cone distance

/ Cone centre

Root cone

. ! , A \7<¥C1earance
=
< - >
T — 7]
g

_\y\/
Back cone | 7

\

Fig. 30.3. Terms used in bevel gears.

A sectional view of two bevel gears in mesh is shown in Fig. 30.3. The following termsin
connection with bevel gears are important from the subject point of view :
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1. Pitch cone. It isacone containing the pitch elements of the teeth.
2. Conecentre. It isthe apex of the pitch cone. It may be defined asthat point where the axes of
two mating gearsintersect each other.
3. Pitch angle. Itistheangle made by the pitch linewith the axis of the shaft. Itisdenoted by ‘6.
4. Cone distance. It is the length of the pitch cone element. It is also called as a pitch cone
radius. It is denoted by ‘OP’. Mathematically, cone distance or pitch cone radius,
Pitch radius  Dp/2  Dg/2
T snB,  SnBy SN 6p,
5. Addendum angle. It isthe angle subtended by the addendum of the tooth at the cone centre.
Itisdenoted by ‘o’ Mathematically, addendum angle,

— tan—l i
o= oP
where a = Addendum, and OP = Cone distance.

6. Dedendum angle. It isthe angle subtended by the dedendum of the tooth at the cone centre.
Itisdenoted by ‘B’. Mathematically, dedendum angle,

d
— tanl | —
B =tan (OP)
where d = Dedendum, and OP = Cone distance.

7. Faceangle. It isthe angle subtended by the face of the tooth at the cone centre. It is denoted
by ‘¢’. The face angleis equal to the pitch angle plus addendum angle.

8. Root angle. It isthe angle subtended by the root of the tooth at the cone centre. It is denoted
by ‘05’ . Itisequal to the pitch angle minus dedendum angle.

9. Back (or normal) cone. It isan imaginary cone, perpendicular to the pitch cone at the end of
thetooth.

10. Back conedistance. It isthe length of the back cone. Itisdenoted by ‘Ry’. Itisalso called
back cone radius.

11. Backing. It is the distance of the pitch point (P) from the back of the boss, paralel to the
pitch point of the gear. It isdenoted by ‘B’.

12. Crown height. It isthe distance of the crown point (C) from the cone centre (O), parallel to
the axis of the gear. It is denoted by ‘H,.’".

13. Mounting height. It is the distance of the back of the boss from the cone centre. It is
denoted by ‘H,,’".
14. Pitch diameter. It isthe diameter of the largest pitch circle.

15. Outside or addendum cone diameter. It isthe maximum diameter of the teeth of the gear.
It is equal to the diameter of the blank from which the gear can be cut. Mathematically, outside
diameter,

Dy =Dp+2acos6,

where D, = Pitch circle diameter,
a = Addendum, and
0, = Pitchangle.

16. Inside or dedendum cone diameter. Theinside or the dedendum cone diameter is given by
D, = Dp—2d cos 6,
where D, = Inside diameter, and
d = Dedendum.
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30.4 Determination of Pitch Angle for
Bevel Gears

Consider a pair of bevel gearsin mesh, as
shownin Fig. 30.3.

Let 6, = Pitchanglefor the pinion,
0, = Pitchanglefor the gear,
05 = Anglebetween thetwo shaft axes,
D, = Pitch diameter of the pinion,
Ds = Pitch diameter of the gear, and
V.R. = Velocity ratio= D— T—G = & Mitre
Dp T Ng gears

From Fig. 30.3, we find that
Oy =0p +6,, Or 6,,=0,—6

sin6,, —sm(e 0p,) =SiNBg. COSO,, —CoSOy. SN 6, ()
We know that cone d| stance,
Dp/2 Dgl/2 sin 6 D
op =2 2=_"6°2 o —F2__5_yR
Sin6p; SN Bp, snBy Dp
sinB,, =V.R xsindy, (i)

From equations (i) and (i), we have
V.R xsin®,, =sin6g.cosO, —cosby.sinby;
Dividing throughout by cos 6, we get
VR tan6,, = sin6g—cosfg tan O,

6. = sin Og
o aNnOp = V.R + cos 6g
R sin Og
0, =tan —V.R+coses .(110)
Similarly, we can find that
sin Og
o0 = i+oose
V.R S
sin B .
0, =tan™ -1 . (iv)
—V_R+cos,9S

Note : When the angle between the shaft axesis 90°i.e. 6 = 90°, then equations (iii) and (iv) may be written as

1 D T, N
= tan? —tanl | =P | = a0t | =P | =tanL | .G
U =0 (V-Rj o (DGJ o [TGJ o [NPJ
Dg Ts [ NP]
and 0, = tan?(VR)=tan? ( DPJ = tan™? (ij =tan? Ne

30.5 Proportions for Bevel Gear
The proportions for the bevel gears may be taken asfollows :
1. Addendum, a=1m
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2. Dedendum, d=12m
3. Clearance =02m
4. Working depth =2m

5. Thicknessof tooth = 15708 m
where misthe module.
Note: Since the bevel gears are not interchangeable, therefore these are designed in pairs.

30.6 Formative or Equivalent Number of Teeth for Bevel Gears - Tredgold’s
Approximation

We have already discussed that the involute teeth for a spur gear may be generated by the edge
of aplaneasit rollson abase cylinder. A similar analysisfor abevel gear will show that atrue section
of the resulting involute lies on the surface of a sphere. But it is not possible to represent on a plane
surface the exact profile of a bevel gear tooth lying on the surface of a sphere. Therefore, it is
important to approximate the bevel gear tooth profiles as accurately as possible. The approximation
(known as Tredgold’s approximation) is based upon the fact that a cone tangent to the sphere at the
pitch point will closely approximate the surface of the sphere for a short distance either side of the
pitch point, as shown in Fig. 30.4 (a). The cone (known as back cone) may be developed as a plane
surface and spur gear teeth corresponding to the pitch and pressure angle of the bevel gear and the
radius of the developed cone can be drawn. This procedure is shown in Fig. 30.4 (b).

Sphere Pitch point
Pitch point 4
e p

Back cone R p
X e LNy
N

N

(a) Back cone. (b) Development of back cone.
Fig. 30.4
Let 0, = Pitch angle or half of the cone angle,
R = Pitch circleradius of the bevel pinion or gear, and
R; = Back cone distance or equivalent pitch circleradius of spur pinion

or gear.
Now from Fig. 30.4 (b), we find that
Ry = Rsec 6,

We know that the equivalent (or formative) number of teeth,

T = 2R [ Number of teeth = tch dircle dlameter)
E m Module
_ 2Rsx 0 ;. 05
m
where T = Actua number of teeth on the gear.
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Notes: 1. The action of bevel gearswill be same as that of equivalent spur gears.

2. Since the equivalent number of teeth is always greater than the actual number of teeth, therefore a
given pair of bevel gearswill have alarger contact ratio. Thus, they will run more smoothly than apair of spur
gears with the same number of teeth.

30.7 Strength of Bevel Gears
The strength of a bevel gear tooth is obtained in a similar way as discussed in the previous
articles. The modified form of the Lewis equation for the tangential tooth load is given asfollows:

W, = (g, % C,) bt my’ ("%bj

where 6, = Allowable static stress,
C, = Velocity factor,

= 3 , for teeth cut by form cutters,

3+v
= GTGV , for teeth generated with precision machines,
v = Peripheral speedinm/s,
b = Facewidth,
m = Module,
y' = Tooth form factor (or Lewis factor) for the equivalent number of
teeth,

L = Slant height of pitch cone (or cone distance),

-5

Ring gear
Input

Pinion

Hypoid bevel gears in a car differential
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D¢ = Pitch diameter of the gear, and
D, = Pitch diameter of the pinion.

L-b
Notes: 1. Thefactor [ L ] may be called as bevel factor.

2. For satisfactory operation of the bevel gears, the face width should be from 6.3 mto 9.5 m, wheremis
themodule. Alsotheratio L / b should not exceed 3. For this, the number of teeth in the pinion must not lessthan
48

1+ (V.R)? , where V.R. isthe required velocity ratio.

3. The dynamic load for bevel gears may be obtained in the similar manner as discussed for spur gears.
4. The static tooth load or endurance strength of the tooth for bevel gearsis given by
L-b
Wy = o brmy (T)
The value of flexural endurance limit (o) may be taken from Table 28.8, in spur gears.
5. The maximum or limiting load for wear for bevel gearsis given by
Dp.b.Q.K
W= CoS 0
where Dy, b, Q and K have usual meanings as discussed in spur gears except that Q is based on formative or
equivalent number of teeth, such that
2T
Q= Tec + Tep

30.8 Forces Acting on a Bevel Gear

Consider abevel gear and pinion in mesh as shown in Fig. 30.5. The normal force (W) on the
tooth is perpendicular to the tooth profile and thus makes an angle equal to the pressure angle (¢) to
thepitch circle. Thusnormal force can beresolved into two components, oneisthetangential component
(W) and the other isthe radial component (W). The tangential component (i.e. the tangential tooth
load) produces the bearing reactions while the radial component produces end thrust in the shafts.
The magnitude of the tangential and radial componentsisasfollows:

W, = W, cos ¢, and W = W sind = W, tan ¢ (i)
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These forces are considered to act at the mean radius (R ). From the geometry of the Fig. 30.5,
we find that

_ by . . b) Dp (..gne :DPIZJ
Rm - [L Ejsnepl—( Ejz e |t P1 L
Now the radial force (W) acting at the mean radius may be further resolved into two

components, W, and W, , in the axial and radial directions as shown in Fig. 30.5. Therefore the
axial force acting on the pinion shaft,

Wq, = Wisinf,, =W, tand.sin 6, ...[From equation (i)]
and the radial force acting on the pinion shaft,
Wy, = W cos 6, = W, tan ¢. cos 6,

Gear Shaﬁ_liv

. Pinion shaft

~N
~
~N
~ Pinion v
~N

Fig. 30.5. Forces acting on a bevel gear.
A little consideration will show that the axial force on the pinion shaft isequal to theradial force
on the gear shaft but their directions are opposite. Similarly, the radial force on the pinion shaft is
equal to the axial force on the gear shaft, but act in opposite directions.

30.9 Design of a Shaft for Bevel Gears
In designing a pinion shaft, the following procedure may be adopted :
1. First of al, find the torque acting on the pinion. It is given by
P x 60
= 2N, M
where P = Power transmitted in watts, and
N, = Speed of the pinioninr.p.m.
2. Find the tangential force (W;) acting at the mean radius (R ) of the pinion. We know that
W, =T/R,
3. Now find the axial and radial forces (i.e. Wy, and W) acting on the pinion shaft as
discussed above.
4. Find resultant bending moment on the pinion shaft as follows:
The bending moment due to Wy, and W, is given by
M; = W, x Overhang — W, xR |
and bending moment dueto W.,
M, = W, x Overhang
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.. Resultant bending moment,

M =y (Mp)? + (Mp)?

5. Since the shaft is subjected to twisting moment (T ) and resultant bending moment (M),
therefore equivalent twisting moment,

T,= M24+T2
6. Now the diameter of the pinion shaft may be obtained by using the torsion equation. We
know that

T
T, = 6 x 1 (dp)?
where d, = Diameter of the pinion shaft, and

T = Shear stress for the material of the pinion shaft.
7. The same procedure may be adopted to find the diameter of the gear shaft.

Example 30.1. A 35 kW motor running at 1200 r.p.m. drives a compressor at 780 r.p.m.
through a 90° bevel gearing arrangement. The pinion has 30 teeth. The pressure angle of teeth is
14%Y,° . The wheels are capable of withstanding a dynamic stress,

280 . o . )
o, = 140 (m) MPa, where v isthe pitch line speed in m/ min.

The form factor for teeth may be taken as
0.124 — 0086

E
equivalent of a spur gear.

, Where T, is the number of teeth

The face width may be taken as % of the

slant height of pitch cone. Determine for the |,
pinion, the module pitch, face width, addendum, |
dedendum, outside diameter and slant height.

Solution : Given : P = 35 kW = 35 x 10°
W Np=1200r.p.m. ; N;=780r.p.m. ; 65=90°;
T,=30;0=14%;b=L/4
Module and face width for the pinion P B i

Let m = Modulein mm, High performance 2- and 3 -way bevel gear

b = Facewidthinmm boxes
=L/4,and ..(Given)
D, = Pitchcircle diameter of the pinion.
We know that velocity ratio,
VR = :\\:—Z = % =1.538

.. Number of teeth on the gear,
Ts = VR xT,=1538x30=46
Since the shafts are at right angles, therefore pitch angle for the pinion,

1 a1 4
_ —1 = — | = =
05, =tan (V ' Rj tan ( 1.538) tan™" (0.65) = 33°
and pitch angle for the gear,

0y, =90°—33°=57°
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We know that formative number of teeth for pinion,
Tep = Tpsec 6, =30xsec33°=35.8
and formative number of teeth for the gear,
Teg = Tg-SecB,, =46 x sec 57°=84.4
Tooth form factor for the pinion

0.686 0.686
=0.124 - %8 - 0.105

Yp =0.124-

and tooth form factor for the gear, =

0.686 0.686
ys =0124- T 0.124 — YV 0.116
Since the allowable static stress (c,) for both the pinion and gear is same (i.e. 140 MPaor
N/mm?) and Ypislessthany';, therefore the pinion isweaker. Thusthe design should be based upon
the pinion.
We know that the torque on the pinion,
T - Px60_ 35x10° x 60
~ 2nNp 21 x 1200
.. Tangential load on the pinion,
W= 2T 2T  2x 278500 _ 18567N
T "Dp mT, mx30  m
We know that pitch line vel ocity,
nDp.Np  mm.T,.Np  mmx 30 x 1200

= 278.5 N-m = 278 500 N-mm

71000 1000 1000 m /min
=113.1 mm/ min
-~ Allowable working stress,
280 280
oy =140 | 2554+ | = 10| 280+ 113.0m ) MPaor N/ mm?
We know that length of the pitch cone element or slant height of the pitch cone,
Dp mx Tp mx 30
L = = =27.54 mmm

= 2sin6y, 2sn6, 2sn33
Since the face width (b) is 1/4th of the slant height of the pitch cone, therefore

L 27.54m

b = 2 2 =6.885 mmm

We know that tangential load on the pinion,

L-b
W, = (0gpxC)brmy, [Tj

=o,brmy, [LT_bj v (nr 6,=055%C)
18567 _ 280 27.54m - 6.885m
66 780N
~ 280 +113.1m
m
or 280+ 113.1m = 66 780 ¥ x 18567 = 3.6 m3

Solving this expression by hit and trial method, we find that
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m = 6.6 say 8 mm Ans.

and face width, b = 6.885m=6.885x 8 =55 mm Ans.
Addendum and dedendum for the pinion
We know that addendum,
a=1m=1x8=8mmAns.
and dedendum, d=12m=12x8=9.6 mmAns.

Outside diameter for the pinion
We know that outside diameter for the pinion,
Dy =Dp+2acos6, =mT,+2acos0, e ( Dp=m. Ty
=8x 30+ 2x8c0s33°=253.4 mm Ans.
Slant height
We know that slant height of the pitch cone,
L = 2754 m=27.54 x 8=220.3 mm Ans.

Example 30.2. A pair of cast iron bevel gears connect two shafts at right angles. The pitch
diameter s of the pinion and gear are 80 mm and 100 mm respectively. The tooth profiles of the gears
are of 14 1/.° composite form. The allowable static stress for both the gearsis 55 MPa. If the pinion
transmits 2.75 kW at 1100 r.p.m., find the module and number of teeth on each gear from the stand-
point of strength and check the design from the standpoint of wear. Take surface endurance limit as
630 MPa and modulus of elasticity for cast iron as 84 kN/mn.

Solution. Given : 65=90°; D, =80 mm=0.08 m; Dy =100mm=0.1m; ¢ = 4%° ;
Ogp = O = 55 MPa =55 N/mm?; P =2.75 kW = 2750 W ; N, = 1100 r.p.m. ; 6, = 630 MPa= 630
N/mm?; E, = Eg = 84 kN/mm? = 84 x 10° N/mm?

Module
Let m = Modulein mm.

Since the shafts are at right angles, therefore pitch angle for the pinion,

1 Dp 80
05, = tar? (ﬁj =tant (D—Gj =tant (mj = 38.66°
and pitch angle for the gear,
0p, = 90°—38.66° = 51.34°
We know that formative number of teeth for pinion,

80 102.4
TEF,:TP.secePl:E xse038.66°=T v (0 To=Dp/m)
and formative number of teeth on the gear,
100 160
TEG:TG.SBCGPZZFXSGCSJ..?AO:F v (o Tg=Dg/m)

Since both the gears are made of the same material, therefore pinion is the weaker. Thus the
design should be based upon the pinion.

We know that tooth form factor for the pinion having 14 1/20 composite teeth,

0.684 0.684 x m
Tep 0124104

= 0.124 - 0.006 68 m

Yp = 0.124 -

and pitch line vel ocity,
_ w®Dp.Np  7x0.08x1100

= 50 50 = 4.6m/s
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Taking velocity factor,
6 6
C = 6+Vv 6+46
We know that length of the pitch cone element or slant height of the pitch cone,

o= () (3 = (5 () <o
2 2 2 2
Assuming the face width (b) as 1/3rd of the slant height of the pitch cone (L), therefore
b =L/3=64/3=21.3say22mm
We know that torque on the pinion,
Px60 2750 x 60
T = 2ax N, ~ 2nx1100
.. Tangentia load on the pinion,
T 23870
~D./2  80/2
We also know that tangential 1oad on the pinion,

= 0.566

=23.87 N-m = 23 870 N-mm
=597 N

Wr

L-b
W, = (05p X C)bxmmxy, (T)

64 — 22
or 597 = (55 x 0.566) 22 x © m (0.124 — 0.00 668 m) ( 64 )

= 1412 m (0.124 — 0.006 68 m)
= 175 m—9.43 n?

Solving this expression by hit and trial method, we
find that

m = 4.5say 5mmAnRs.
Number of teeth on each gear
We know that number of teeth on the pinion,
T, =D/ m=80/5=16 Ans.
and number of teeth on the gear,
Tg =Dg /m=100/5=20Ans.
Checking the gearsfor wear
We know that the |oad-stress factor,

_(cs)zdn¢[i+ 1}

K = — The bevel gear turbine
14 E, Eg
(630)% sin14%/,° 1 1
= + =1.687
14 84x10° 84 x10°
d ratio factor.O = 2Tes _ 2x160/m PP
andratiofactor,Q = = =~ = 165/m + 1024/m ~ -

*  Thelength of the pitch cone element (L) may also obtained by using the relation
L=Dy/2sin 9,
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.. Maximum or limiting load for wear,
W= Dp.b.Q.K 80x22x122x1687
wT o ocosOp cos 38.66°

Since the maximum load for wear is much more than the tangential load (W), therefore the
design is satisfactory from the consideration of wear. Ans.

Example 30.3. A pair of bevel gears connect two shafts at right angles and transmits 9 kW.
Determine the required module and gear diameters for the following specifications :

=4640 N

Particulars Pinion Gear

Number of teeth 21 60

Material Semi-steel Grey cast iron
Brinell hardness number 200 160

Allowable static stress 85 MPa 55 MPa

Foeed 1200 r.p.m. 420 r.p.m.

Tooth profile 141° composite 142° composite

Check the gears for dynamic and wear |oads.

Solution. Given: 8,=90°; P=9kW =9000W ; T,=21; T, = 60; 6, = 85MPa= 85 N/mm?;
Opg = 55 MPa =55 N/mm?; N, = 1200 r.p.m. ; Ny =420 rp.m.; ¢ = 14 1/,°
Required module

Let m = Required module in mm.

Since the shafts are at right angles, therefore pitch angle for the pinion,

0,, =tan? (LJ =tan™ (T—P] =tan™ (2_1} =19.3°
PL ™ V.R) = Ts )~ 60)
and pitch angle for the gear,
0p, = 05—0,, =90°-19.3°=70.7°
We know that formative number of teeth for the pinion,
Tep = Tp . seC 6, = 21 56 19.3° = 22.26
and formative number of teeth for the gear,
Teg = T - Se€ 0, =60sec 70.7°= 181.5
We know that tooth form factor for the pinion,

Yp =0.124 - O_'rile =0.124 - % =0.093
.. (For 14 /,° composite system)
and tooth form factor for the gear,
Y =0124- OTE? =0.124 - % =0.12
o Oop X Yp = 85%0.093 = 7.905
and Oos XY g =55%0.12=6.6

Sincethe product 65 x Y s islessthan 6, X ¥, therefore the gear isweaker. Thus, the design
should be based upon the gear.

We know that torque on the gear,

_ Px60 9000 x 60
T 2rNg  2mx 420

= 204.6 N-m = 204 600 N-mm
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.. Tangential load on the gear,
T 2T 2x 204600 6820
Wr=De/2 mTg  mx60 m N - (Dg=mTy
We know that pitch line vel ocity,

_mDgNg _mmTs.Ng _mmx60x420

60 B 60 60
1320mmm/s=132mm/s

m/s

Taking velocity factor,
6 6
= 6+v 6r132m
We know that length of pitch cone element,
Dg m.Tg mx 60
*L = = = =32mmm

2s8n0p, 2sin70.7° 2x0.9438
Assuming the face width (b) as 1/3rd of the length of the pitch cone element (L), therefore

L 32m
b = g—T—].OG? mmm

We know that tangential 1oad on the gear,

(L-b
W, = (655 X C,) btmy' L

6820 6 32 m-10.67 m
m =55 [mj 10.67 mxmtmx0.12 [Tj
885m?
T 6+132m
or 40 920 + 9002 m = 885 n¥®

Solving this expression by hit and trial method, we find that
m = 4.52 say 5mm Ans.
and b = 10.67 m=10.67 x 5=53.35 say 54 mm Ans.
Gear diameters
We know that pitch diameter for the pinion,
Dp = mT,=5x%21=105mmAns.
and pitch circle diameter for the gear,
Dg = mT5=5x60=300mm Ans.
Check for dynamic load
We know that pitch line velocity,
v=132m=132x5=6.6m/s

and tangential tooth load on the gear,
6820 _ 6820
W, = — =—/— = 1364N
m 5
From Table 28.7, wefind that tooth error action for first class commercial gears having module
5mmis

e = 0.055 mm

*  Thelength of pitch cone element (L) may be obtained by using the following relation, i.e.

- & - [ g -3y
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Taking K = 0.107 for 14 Y/.° composite teeth, E, = 210 x 10° N/mm?; and E; = 84 x 103 N/mm?,
we have

Deformation or dynamic factor,

c._Ke _ 0107x0085 ___.
-1 171 1 - mm

-+ +
Er Ec 210x10° 84x10°
We know that dynamic load on the gear,

W = W+ 21v (bC +W,)

P T 21v+ . /b.CH+W

L3, 2Lx 66 (54 x 353+ 1364
21x 6.6 + /54 x 353 + 1364

1364 + 10054 =11418 N

From Table 28.8, we find that flexural endurance limit (c,) for the gear material which is grey
cast iron having B.H.N. = 160, is
o, = 84 MPa= 84 N/mm?
We know that the static tooth |oad or endurance strength of the tooth,
W = o, brmy;=84x54xmx5x0.12=28552N
Since Wy islessthat W, therefore the design is not satisfactory from the standpoint of dynamic
load. We have already discussed in spur gears (Art. 28.20) that Wy > 1.25 W, for steady loads. For

asatisfactory design against dynamic load, let ustake the precision gears having tooth error in action
(e=0.015 mm) for amodule of 5 mm.

.. Deformation or dynamic factor,

0.107 x 0.015
1 1

+
210x10° 84x10°

=96 N/mm

and dynamic load on the gear,
W, = 1364 + 21x66(54x96+1364) _ 00
21x 6.6 + /54 x 96 + 1364

From above we seethat by taking precision gears, Wgis greater than W,,, thereforethe designis
satisfactory, from the standpoint of dynamic load.

Check for wear load

From Table 28.9, we find that for a gear of grey cast iron having B.H.N. = 160, the surface
endurancelimit s,

0, = 630 MPa= 630 N/mm?
.. Load-stress factor,

(- ©aFsnor1 1
14 Er  Eg
(630)2 Sin14%° 1 1 2
= + _
14 210 x 10° | 84 x 10° | = L18N/mm
i 2Tee 2x1815
and ratio factor, Q= _ 17

Teo + Tep 1815+ 22.26

Contents

Top



Contents

1096 = A Texthook of Machine Design

We know that maximum or limiting load for wear,
W, = Dpb.QK=105%54x 178 x1.18=11 910N

Since W, is greater then W, therefore the design is satisfactory from the standpoint of wear.

Example30.4. Apair of 20°full depth
involute teeth bevel gears connect two shafts
at right angles having velocity ratio 3 : 1.
The gear is made of cast steel having
allowable static stress as 70 MPa and the
pinionisof steel with allowable static stress
as 100 MPa. The pinion transmits 37.5 kW
at 750r.p.m. Determine: 1. Module and face
width; 2. Pitch diameters; and 3. Pinion
shaft diameter.

Assume tooth form factor,

y = 0.154 — g , Where T is the
formative numberEof teeth, width = Y/, rd
the length of pitch cone, and pinion shaft
overhangs by 150 mm.

Solution. Given : 0= 20°; 93 =90°; Involute teeth bevel gear
VR. =3 ; 655 = 70 MPa = 70 N/mm?;
Ogp =100 MPa= 100 N/mm?; P=37.5kW =37500W ; N,=750r.p.m. ; b=L/3; Overhang = 150 mm
Module and face width

Let m = Modulein mm,

b = Facewidthinmm=L/3, ...(Given)
D = Pitchcircle diameter of the gear in mm.
Since the shafts are at right angles, therefore pitch angle for the pinion,

e =t —1 i — —1 E - 0
@ YR =tan 3 =18.43
and pitch angle for the gear,
Op, = 05— 0, = 90°—18.43°=71.57°
Assuming number of teeth on the pinion (T,) as 20, therefore number of teeth on the gear,
Ts =VR xT,=3x20=60 w (CV.R=T5/Tp)
We know that formative number of teeth for the pinion,
Tep = Tp . seC O, = 20 x sec 18.43° = 21.08
and formative number of teeth for the gear,
Teg = Tg - SeC 6, = 60 sec 71.57° = 189.8
We know that tooth form factor for the pinion,

0.912 0.912
Yp = 0.154 - T, 0.154 - 2108 = 0111
and tooth form factor for the gear,
0.912 0.912
Yg = 0.154 - T 0.154 - 1898 - 0.149
CopXYp =100x0.111 =111
and Oog XY = 70x0.149=10.43
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Sincethe product 6,5 X Y5 islessthan o, X Y, therefore the gear isweaker. Thus, the design
should be based upon the gear and not the pinion.
We know that the torque on the gear,
_ Px60  Px60
T 2nNg  2nx Np/3
37 500 x 60
= 2nx 750/3
.. Tangentia load on the gear,
2T 2T
T Dg mTg

(o VR =Np/ Ng = 3)

= 1432 N-m = 1432 x 10°* N-mm

o (o Dg=mTy)

2x1432x10°  47.7x10°
= = N
mx 60 m
We know that pitch line vel ocity,
_ mDg.Ng mm.T5.Np/3
- 60 B 60
nmx 60 x 750/3

= 60 =785.5mmm/s=0.7855mm/s

Taking velocity factor,
3 3

v7™ 3+v 3+0.7855m

We know that length of the pitch cone element,
Dg m.Tg mx 60

L= 25n6,,  2sn7L57  2x09487 ~oLr62mmm
Since the face width (b) is 1/3rd of the length of the pitch cone element, therefore
b= L _31.62m

3 3

We know that tangential 1oad on the gear,

. (L-b
W, = (655 X C) btmy'g (T)

=10.54 mmm

i |
1 _-”-plrl-'lfr"."."!.{Ur'._r"""ll'*kl'*-'

Racks
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47.7x10° 70[ 3 31.62m— 10.54mj

j 10.54m><nm><0.149(

m 3+ 0.7855m 31.62m
_ 691n?
~ 3+0.7855m
143100 + 37 468 m = 691 m?3

Solving this expression by hit and trial method, we find that
m = 8.8say 10 mm Ans.
and b =10.54 m=10.54 x 10 = 105.4 mm Ans.
Pitch diameters
We know that pitch circle diameter of the larger wheel (i.e. gear),
Dg = mT, =10 % 60 = 600 mm Ans.
and pitch circle diameter of the smaller wheel (i.e. pinion),
Dp = m.T, =10 x 20 = 200 mm Ans.
Pinion shaft diameter
Let d, = Pinion shaft diameter.
We know that the torque on the pinion,
Px60 _ 37500x 60

T 2nxNp  2mx 750
and length of the pitch cone element,

L = 31.62m=31.62 x 10 =316.2 mm
.. Mean radius of the pinion,

_ b) Dp _ 1054 200 _
R, = (L - Ej v = (316.2 - j—Zx 3165 = 83.3mm

We know that tangential force acting at the mean radius,

l 477 400

Axial force acting on the pinion shaft,
Wy, = W, tan ¢. sin 8, = 5731 x tan 20° x sin 18.43°
= 5731 x 0.364 x 0.3161 = 659.4 N
and radial force acting on the pinion shaft,
W, = W, tan ¢ . cos 0, = 5731 x tan 20° x cos 18.43°
= 5731 x 0.364 x 0.9487 = 1979 N
. Bending moment due to W, and W,
M, = W, x Overhang—Wg,, X R
= 1979 x 150 — 659.4 x 83.3 = 241 920 N-mm
and bending moment dueto W.,
M, = W, x Overhang = 5731 x 150 = 859 650 N-mm
.. Resultant bending moment,

M = J(M)2+ (M,)? = /(241 920)% + (859 650)% =893 000 N-mm

Since the shaft is subjected to twisting moment (T ) and bending moment (M ), therefore
equivalent twisting moment,

= 477.4 N-m = 477 400 N-mm
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We also know that equivalent twisting moment (T ),

or

Bevel Gears = 1099

e

=/(893 000)? + (477 400)2
=1013 x 10° N-mm

1013 x 10°

s

16 X T(E)’
T
— X
16

45 (dF,)3 =8.84 (dF,)3
... (Taking T = 45 N/mm?)
(d-)®=1013 x 10%/ 8.84 = 114.6 x 10°
d, =48.6 say 50 mm Ans. Bevel gears

EXERCISES

1. A pair of straight bevel gearsis required to transmit 10 kW at 500 r.p.m. from the motor shaft to

another shaft at 250 r.p.m. The pinion has 24 teeth. The pressure angle is 20°. If the shaft axes are at
right angles to each other, find the module, face width, addendum, outside diameter and slant height.
The gearsare capabl e of withstanding a static stress of 60 M Pa. The tooth form factor may betaken as

4.5
0.154 — 0.912/T, where T is the equivalent number of teeth. Assume velocity factor as 25,

1
where v the pitch line speed in m/s. The face width may be taken as 7 of the slant height of the pitch

cone. [Ans. m=8mm; b=54mm;a=8mm; Dy=206.3mm; L =214.4 mm]
A 90° bevel gearing arrangement is to be employed to transmit 4 kW at 600 r.p.m. from the driving
shaft to another shaft at 200 r.p.m. The pinion has 30 teeth. The pinion is made of cast steel having a
static stress of 80 MPa and the gear is made of cast iron with a static stress of 55 MPa. The tooth
profiles of the gears are of 141/20 composite form. The tooth form factor may be taken as

y =0.124 -0.684 / T, where T is the formative number of teeth and velocity factor, C, = 31y

where v isthe pitch line speed in m/s.
The face width may betaken as 1/3 rd of the dlant height of the pitch cone. Determine the module, face
width and pitch diameters for the pinion and gears, from the standpoint of strength and check the
design from the standpoint of wear. Take surface endurance limit as 630 MPa and modulus of
elasticity for the material of gearsis E, = 200 kN/mm? and E = 80 kN/mm?.

[Ans. m=4mm ; b=64mm ; D, =120 mm ; D = 360 mm]
A pair of bevel gearsisrequired to transmit 11 kW at 500 r.p.m. from the motor shaft to another shaft,
the speed reduction being 3 : 1. The shafts are inclined at 60°. The pinion isto have 24 teeth with a
pressure angle of 20° and isto be made of cast steel having a static stress of 80 MPa. The gear isto be
made of cast iron with a static stress of 55 MPa. The tooth form factor may be taken as
y = 0.154 — 0.912/T, where T is formative number of teeth. The velocity factor may be taken as

3V where v is the pitch line velocity in m/s. The face width may be taken as Y/, th of the slant

height of the pitch cone. The mid-plane of the gear is 100 mm from the | eft hand bearing and 125 mm
from the right hand bearing. The gear shaft isto be made of colled-rolled steel for which the allowable
tensile stress may be taken as 80 MPa. Design the gears and the gear shaft.
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QUESTIONS

How the bevel gears are classified ? Explain with neat sketches.
Sketch neatly the working drawing of bevel gearsin mesh.
For bevel gears, define the following :
(i) Cone distance; (ii) Pitch angle; (iii) Face angle; (iv) Root angle; (v) Back cone distance; and
(vi) Crown height.
What is Tredgold's approximation about the formative number of teeth on bevel gear?
What are the various forces acting on a bevel gear ?
6. Writethe procedure for the design of a shaft for bevel gears.

OBJECTIVE TYPE QUESTIONS

1. When bevel gears having equal teeth and equal pitch angles connect two shafts whose axes intersect
at right angle, then they are known as

(@) angular bevel gears (b) crown bevel gears
(c) internal bevel gears (d) mitregears
2. Thefaceangleof abevel gearisequal to
(a) pitch angle —addendum angle (b) pitch angle + addendum angle
(c) pitch angle — dedendum angle (d) pitch angle + dedendum angle
3. Theroot angle of abevel gear isequa to
(a) pitch angle —addendum angle (b) pitch angle + addendum angle
(c) pitch angle — dedendum angle (d) pitch angle + dedendum angle
4. |f b denotes the face width and L denotes the cone distance, then the bevel factor iswritten as
(@ b/L (b) b/2L
(c0 1-2blL (d 1-b/L
5. For abevel gear having the pitch angle 6, the ratio of formative number of teeth (T,.) to actual number
of teeth (T) is
1
@ gne (b ose
1
(c) o (d) sin6cos6
ANSWERS
1. (d) 2. (b) 3. (0 4. (d) 5. (b)
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