ME 308
MACHINE ELEMENTS I

CHAPTER 7

BEVEL GEARS

This chapter is about those gears which
transmit power between non-parallel shafts of
both

* intersecting and
* non-intersecting

types
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DIFFERENT TYPES OF GEARS AND SHAFT CONFIGURATIONS

* Spur gears and
* helical gears

are used in
parallel shafts
configuration
to transmit
power (motion
and torque )
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« Straight bevel gears
and
 Spiral bevel gears

are used in non-
parallel intersecting
shafts configuration
with 90° shaft angle
usually
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*Crossed helical gears
e Worm gears and
* hypoid bevel gears

are used in non-
parallel and non-

Intersecting shafts

configuration



/. BEVEL GEARS

Bevel gears, shown in Fig. 7.1, have
teeth formed on conical surfaces and
are used mostly for transmitting
power and motion between

Intersecting shafts.
The figure actually illustrates straight-
tooth (spur) bevel gears. /
Fig.7.1 Bevel gears are used to
_ transmit rotary motion between
Spiral bevel gears are cut so that the intersecting shafts.
tooth is no longer straight, but forms

a circular arc.

Hypoid gears are quite similar to HaT
spiral bevel gears except that the
shafts are offset hence \ S

nonintersecting.
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STRAIGHT BEVEL GEAR KINEMATICS

Pitch angle .

P;O
(A3
ed\‘pﬁo l/WV
S / ™\
i ~ r ‘

X

¥ *“Bitch~"« 1 Uniform

angle ¢learance

rave — dave/Z
d,. =d — F *Sin(pitchangle )

y is pitchangle of pinion
I" is pitchangle of gear
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tany = Ne_de N
NG dG NG
tanl“:%
N

P

N :
me =—2 gear ratio
NP

Face width = % or 10m

whichever is smaller
(usually used in design work)
(not used in analysis work)



STRAIGHT BEVEL GEAR KINEMATICS

o
Pitch cone \ "\
Length,L

»
Gy \\/

/ . 24),,
odendum:,/ 7 m is the module at Iargest
|

— e

T+ end of the tooth
ddendum g , and d, arethe pitchdiameters
)\ of pinion and gear at large end.
| / Dedendurrr>\
L.___ . Gear pitch dia,d_ J /___,/ dave =d-F *Sin(pitchangle)
\. gea': / Developed/
ac /
\V cone 7/ /_/,?:e::itg,or': W. = Power
A/ ' pitchline velocity
X Fig. 2 W, = P(watt) 60xP
aVE(m/S) 7Zd n
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BEVEL GEAR FORCE ANALYSIS

@ Pressure angle of bevel pinion-gear W, =W cos ¢ W = W

{
COS ¢

y (Y or [') is the pitch angle of the
bevel on which force analysis done.

_ P(watt) _60xP
L Vave(m/s) 7Zdaven

W, =W sin gcos y

W, .
= sin ¢ cos y
COS ¢

=W, tan ¢ cos y

W, =W, tangcos y
W, =W, tangsin y
(1" If gear forces are analysed)
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W, is common to both pinion and gear

W, =W, W rorques;,
pin gear tpin — r
W, =W,
P gear Torque,. — Power Input
= pin
\NaIOin \Nrgear | npin(rad /SEC)

Pinion as Drive Gear T >
Goar as Drwven Goar -

/'\(\.\\“:
v- r \‘ ]
(X

\
o F,

‘Flg. 16-6  Directions of Forces Acling on a
Straight Bevel Gear Mesh







Bevel gear bending stress & strength

W,.P

O = spur gear formula is used for bevel gears too
K, xFxJ _ .
P diametral pitch
m module
W :
o= t (in SI) |
KV xFxJxm W; has to be -calculated by using
power/velocity equation
— ﬂdaven Or — ﬂdaven
12 60
(dave =d—Fsin V(F)) Geometry factor J is given in fig. 14.25.

a
K, as for spur gear etc.
Y a++V

F face width of bevel gear (or pinion)
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Bevel gear bending stress & strength

. S
Similarly ng=—
o
K Iven in table 14-9 for bevels.
N, =nK, K m 9
0" "m K, as for spur gears.
Se — ka * kb '...Se
Se = O'SSut (Sut) Up to 1400 MPa (200 kpsi )

S'e =700 MPa (Or 100 kpSi) Over 1400MPa (200kpsi)

for steels
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Bevel Gear Surface Durability

. =—C W, p Similar to spur gear equation
" T\ C,Fd,l
. v = Maen _ Mo
C, at average diametral speed ave 12 ave 60
(d,.=d—-Fsiny(I))
Elastic coefficient C, is given in Table. 14.10 (for bevels). All other parameters
as in spur gears of
Geometry factor | is given in fig. 14.26 (for bevels). Chaptcfr 13g_
C, C W
S, =—+—H"S, or S,=0,=C, |—"—
C.C, C,Fd |
S =2.76 xHB—-70 MPa
th : .
& NG = W n, =nC_C, Cm=Km is given Table. 14.9 for bevels.

t
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N, =15T

P =6teeth /inch (m=4.233mm)
cold -drawn UNSG10180 steel without heat treatment.
teeth are hobed.

n,, =900 rpm

pinion mounted outboard of its bearings.

Example: 1

N, =60T

material grade 30 ClI
F=31.75mm (1.25")

¢ =20°

gear is outboard mounted,

shaft angle is 90° between pinion and gear.

Based on; bending strength, 50% reliability, n=4, general moderate use,
Determine the maximum safe hp capacity of this bevel gear set.
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Power =W, xV,

ave

W =?—>0= W, —>W, =oFmJK, (1)
FmJK,
7, N
V, =? V, =2 (2)
ave ave 60
In 1 a) G Se _ Ka-Ky .S,
N nK, K.

S, =? pinion or gear?
S;p — ()_5(8 ut) ? For pinion in appendix Sut=440 MPa <1400 MPa

Seg — 0-5(S ut) ? For gear in appendix Sut=214 MPa < 1400 MPa
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Se =0.5(S,,) =0.5x440 = 220 MPa
S., =0.45(S,) =0.45x 214 =96.3 MPa

since S; < S; >y Design is based on gear
J P tooth strength.

ka ...... ke are assumed to not effect Se too much
Thus:

k,=0.8, k,=0.925 k =1.0,

k,=1.0, k,=1.0 k, =1.33,
S, =0.45(S ) =0.45x 214 = 96.3 MPa
n=4, K =10, K_=13
96.3
O =
4x1.0x1.33

~18.5MPa
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7, N
) K, = 3 for CI vV, =—2

v 3+\/\7 ave 60 |
d,.=d —Fsiny

N, 15 ;
tany = =—, y=14", d ;=m-N =4.233x15=63.5mm

N, 60
d,.=635-31.75%xsin14 =55.82 mm
V. = 7%x55.82x900 _ 5 63 m/sec

60

K, =0.532

Power =W, xV_,,

W, =oxFxmxJxK,=18.5x31.75x4.233x0.185x0.532
W, =244 N

P =244x2.63=643.5 watt
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Example:
Tp=14, Tg=21, m=2.5mm & F=14mm,
gear material is through hardened steel with HB=550.

determine the factors of safety based on
a- bending strength
b- surface durability

If 6 hp is transmitted through pinion at a speed of 3500 rpm.

a- bending strength b- contact strength
r]:nG/KoKm n=ng /CmCO
nG — i N :th
o ° W,
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a- bending strength Assume uniform-to-medium shock ;

n=n. /KK, And both gears out board
K, =1.25
n. — i K, =15(T14-9)
c =
O

S, =k .k k_k, k.k .S, ' —
S,'=0.5S,?—>S,? 3.45HB=1897MPa

e —

S,'=700MPa since S, >1400MPa

e —

S, =617MPa(for both pinion and gear)

o= W —>W, =7
FmJK,
Power =W, xV  — W, = Power /V J=0.195, Fig. 14-25
- e based on
Power = 6> 746 = 4476Watt pinion(14T)
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ad. Xn _
= 2% d..=d_=Fsin
60 ave p ?/

dp =Tpxm =14x2.5=35mm

"V

_ -1 Tp _ -1 _ 0
y =1g (T—)_tg (14/21) =33.7

9

d.. =35-14xsin33.7 = 27.23
V =x27.23x3500/60 =4.99m/sec
W, =4476/4.99 =897N

50

K, = =0.612
' 50++/200V
T = 897 =214.75MPa
14x2.5x0.195x0.612
g 617 2 87 Safe based on
Ng=—= =2.87—>n= =1.53 bending strength
T 215 1.25x1.5
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b- surface (durability) strength

N, th'?
n= Ng =
C.C. W, — 897
C,=K, =125
W, ?
C,=K,=15W,?>T, =C, | —— =85, =%sC
Fd_IC, cCC

S, =2.76HB - 70 =1448MPa

S,, =1448MPa - Shelon Sl
2 : Cfaﬁfl 00 NG}
W, = Su xFd,IC, =736M cf'=d—0'ﬁ3*??"5"f’-
P .Cp= 232.5 JMbE,
736 . T

N, = 597 0.82 <1.0 — fails based on contact strength

N 0.82

n= = =0.
22.04.2026 CHAPTER 7 BEVEL GEARS
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Example(14-30):

For a pair of bevel gears with

Tp=14, Tg=21, P=10 t/inch, and F=0.55 inch

material is through hardened steel with HB=550.

Determine the factors of safety based on

a)bending strength

b)Surface durability,

If 6 hp Is transmitted through pinion at a speed of 3500 rpm.

a) b) W
Se = n = tp
n:nG/KoKm nG:; n nG/CmCo G Wt
Sut =500* HB( psi) SC =0.4HB-10 (kpSI)
= 500*550 = 275000psi = 275Kpsi =0.4*550-10 = 210kpsi
22.04.2026 23
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A)

S, '=100kpsi

since S, > 200kpsi

S, =k.ki.....5, '=0.6x0.972x1.0x1.0x1.0x1.5x100

€ a

S, =87.5Kpsi

—N
L

W.P
K, FJ

y=tg~" [%j =33.7°

G

O =

N .
d,. = (T"j —0.55sin ¥

14

ave

d,, =1.095

22.04.2026

d _=——-0.55xsin33.7
10
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hpx33000
W, ===

ave

zd.n

ave’ "pin

12
7X1.095x3500

12
=1003rpm

= > =0.612

' 50441003

w, = 933999 _ 197 g1
1003

V. =

ave

Vave
Vave
K

24



b)
197540 00005 s o | W
0.612x0.55x0.195 "\ C,Fd, |

O

H

- 87500

n.=——=2.90 . . . .

© ~ 30090 s, Sulug L0050 o10kpsi

C..C; 1.0x1.0
e e _ 2.90 _ 155
K K 1.25xL.5 ' C, =2300 steel-steel
C, =K, =0.612
There is a satisfactory N 14
tooth bending strength. d =—P-""-14
P P 10

| =0.063( fig.14 — 26)
thus W,, = (S,, / C,)*xC, xFxd xI

< 
. = Ve _ 2475 ) ons W,, =247.5Ib
W, 197.5
ng 1253 0668 Unsatisfactory tooth surface

strength (or less power should

n= =
CoCm 1.25x1.5 be transmitted).

22.04.2026
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Example:

The gear train shown s
composed of a pair of helical
gears & a pair of straight bevel
gears.

Bevel gears have 3 mm module,
20° press. angle and 25 mm
face width as shown.

Helical gears have a normal
module of 2mm and normal
press. Angle of 20°.

Shaft C (of the bevel gear) is the
output of the train and it
delivers 4.5 kw to the load at a
speed of 370 rpm.

Input to the train is at shaft ‘a’ of
the helical pinion and Iin a
direction of CW.

e 45 —»| 18 |

N |

ME

E / F

40T —/.

201/ ﬁ[’
22
35T / | //ﬁbt‘; \\2

15T, 30° ¢
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a) If bearing E is to take up
both thrust & radial load
while bearing F is to take
only radial load ,

determine the magnitude &
direction of the forces which
these bearings exert against
the shaft C.

b) Find the forces exerted by
bearings C&D on shatft b.

c) Which of these bearings
should take the thrust?

e 45 —»| 18 |

15T, 30° ¢




P . =45kw=W,xV,
=T xw= (W, xr,,)xw (rad/sec)
P
Wt — out
V — 7Zdaven
60
W — 4500x60
' 0.04882x2x7x370
W, = 2379N

W, =W, tggcosr =387.3N
W, =Wtggsinr =774.4N

These are the tooth forces on bevel gear

(Wrp=Waq=774.4N and Wap=Wrg=387.3N)

22.04.2026
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tgr =—2

r=63.43°

ave

d,. =d,—F.sin(r)
=N, xm—Fsin63.43
=40x3-25s1n63.43
d,.=97.64nn
r,. =48.82mm

28



> F,=0 E,=W,=774.4N
> Mg =0(in x-y plane) | 45xW. = (45+18)F, + Fove, XW,

45X\Nr o r'ave XWa O — 40. .
Fy _ . _ 45x387.:3—48.82x774.4 _ _393 45N
45+18 63

ZF =0 E,+F =W,
E, —323.45=387.3N ?7?
Ey:710.75N

In X-z plane

D> M =0 45xW, =(45+18)F, > F, =1699.3N
YF,=0 W =E+F >E,=679.7N
E..=W,=774.4N(in +x direction)

E i =/ E,” + E,” =983.44N

These are the
2 > loads exerted by
\/F +F" =1729.8N the bearings E&F

On shaft C.
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b)

W, =387.3N 1 1. 2
rh=—(mN,)==X X35 =40.414 mm
W =774.4N 2 2 ¢0s30
W, = 2379N m, = —n
These are the tooth forces cosSy
on bevel pinion
Vvtxravepin = I:)'[th
p —w, e _ 2379 48.817/2 _ 1ao
r 40.414
tg¢ Since
P =P.tgg =P.tg|tg 1[ 4 j Wa &Pa are opposite &
CoOSy Pa>Wa bearing can take the

P =1437xtg tgl( 1920
cos 30

P = P.tgy =1437xtg30 = 830N

thrust load with fillet at D.
ﬂ = 604N

If Wa were larger than Pa than
bearing C had to be used to
take thrust load .

30
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