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13-14. Force Analysis - Spur Gearing 4l (g il — 3 gill Jalas
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Wt = F2t3 ...... (a)
d
T=SWe . b)
b 2T
t — 7 ...... (C)
W, =W,tan¢ ... (a)

The power H transmitted through a rotating
gear can be obtained of the product of torque T
andw,H =Tw

_ (Wd\ (2rn\  mdn
H‘( 2 )(60>_(60 W‘)

_ 60000H

= 13 - 36
¢ = ( )
W, = transmitted load, kN
H = power, kW

d = gear diameter, mm
n = speed, rev/min
Example 13.7
Pinion 2 in Figure 13-30a runs at 1750
rev/min and transmits 2.5 kW to idler gear 3.
The teeth are cut on the 20°  full-depth system
and have a module of m = 2.5 mm. Draw a
free-body diagram of gear 3 and show all the
forces that act upon it.
Solution
The pitch diameters of gears 2 and 3 are
d, = N,m = 20(2.5) = 50 mm
d; = Nym = 50(2.5) = 125 mm
From Equation (13-36) we find the
transmitted load to be
_ 60000H _ 60000(2.5)
" md,n  w(50)(1750)
Thus, the tangential force of gear 2 on gear
3 is Ff3 = 0.546 kN, as shown in Figure 13—
30b. Therefore
FJ; = F& tan 20° = (0.546) tan 20°
= 0.199 kN

= 0.546 kN

and so
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Figure 13-32 Free-body diagrams of two
gears

F,3 = Fi3 cos 20° = 0.546 cos 20°
= 0.581 kN
Since gear 3 is an idler, it transmits no
power (torque) to its shaft, and so the
tangential reaction of gear 4
on gear 3 is also equal to W,. Therefore
Ff; = 0.546 KN FJ, = 0.199kN F,,
= 0.581 kN
and the directions are shown in Figure 13—
30b.
The shaft reactions in the x and y directions
are
FE = —(Ff + FL) = —(—0.546 + 0.199)
= 0.347 kN
F), = —(F}5; + Ff3) = —(0.199 — 0.546)
= 0.347 kN
The resultant shaft reaction is
F? =./(0.347)2 + (0.347)2 = 0.491kN
These are shown on the figure.
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Force Analysis—Parallel Helical Gearing

The helix angle is the same on each gear, but Imo"l-.m Edge of paper
one gear must have a right-hand helix and the other
a left-hand helix. The shape of the tooth is an
involute helicoid and is illustrated in Fig. 13-21
The initial contact of helical-gear teeth isapoint | | | | S
that extends into a line as the teeth come into.more " Buse helix
engagement angle
Helical gears subject the shaft bearings t0:both| Base eylinder
radial and thrust loads. Fig. 13-21: involute helicoid
e Figure 13-22 represents a portion of the top view
of a helical rack.
e Lines ab and cd are the centerlines of two @
adjacent helical teeth taken on the same pitch plane.
e The angle y is the helix angle.
e The distance ac is the p; in the plane of rotation B
(usually called the circular pitch). b\{“ A\ _
e The distance ae is the normal circular pitch p, _ ’/J/\
q RN R NN Y A B
Pn =pPrCOSY ... (13 -16) r g N\ \\ \ \ “\\\) Py ®)
m, = m;cosy f\\ i‘\g\ \\.\\i‘\\_ \\ \ \ \%Q\\%}Ke\i\\ I
e The distance ad is called the axial pitch p, A ‘-{_‘\C -
D: <P
Pe=gany o (1317 / |
The pressure angle ¢,, in the normal direction is ? "Hb,}-"\
different from the pressure angle ¢,, in the direction M./
of rotation, because of the angularity of the teeth. m ﬂw ©
These angles are related by the equation Section A-A
Figure 13-22
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tan ¢,
= e (13 —19
cosy tan ¢, ( )

For force analysis in helical gears, three
components of the total (normal) tooth force W,

are:
W, = Wsin ¢,
W,=Wcos¢p,cosp;..... (13 -39)
W, =W cos ¢, siny

W = total force

Wr = radial component

Wt = tangential component

Wa = axial component, (thrust load)

Usually, W, is given and the other forces are

desired. So:

W, =W,tan ¢,
W,=W,tany
“ W, l ...... (13 — 40)

w= cos ¢,, cos 1/))

Example 13-9

In Fig. 13-38 a 0.75 kW electric motor runs
at 1800 rev/min in the clockwise direction, as
viewed from the positive x axis. Keyed to the
motor shaft is an 18-tooth helical pinion
having a normal pressure angle of 20-, a helix
angle of 30°, and a normal module m=3.0. The
hand of the helix is shown in the figure. Make
a three-dimensional sketch of the motor shaft
and pinion, and show the forces acting on the
pinion and the bearing reactions at A and B.
The thrust should be taken out at A.

~— 18T

AL/ / \f\\k\\\

DIM in mm

!1 250

Tooth element 7—;/

L

04y

,./. . |:

| :i 1/

NG ’/ Pitch
“\R__ . . e cylinder
Solution:
From Equation (13-19) we find
. tan gh, , tan 20°
= tan - = tan_ = 22.8°

¢ = tan cos i cos 30°

my =m,/cosyp = 3/cos30°=3.46 mm.
d, = 18(3.46) = 62.3 mm.
The pitch-line velocity is

ndn _ m(62.3)(1800)

V= 0 0 = 5871.6 mm/s
=5.87m/s
The transmitted load is
H 750
W, = V58 128 N

From Equation (13-40) we find
W, = W tan ¢, = 128tan 22.8° =54 N
W, = Witany = 128tan30° = 74 N
|74 128
~ cos¢,cosyp  cos 20°cos 30°
=157 N
These three forces,
W, = 54 N in the —y direction
W, = 74 N in the —x direction,
W, = 128 N in the +z direction, are shown
acting at point C in Figure 13-35.
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assume bearing reactions at A and B as
shown. Then F,, = W, =74 N.
Taking moments about the z axis,
—(54.0)(325) + (74.0)(31.15) + 250F,5

250F,; — 128(325) =
F,z = 166 N
Summing forces in the z direction and solving
gives

=0 F,p,=38N
Fyp = 61 . Also, the torque is
Summing forces in the y direction then gives; T = —P _ 128(31.15) = 3982 N - m.
Fya=7N
Taking moments about the y axis, next
y
W
w
F3 /
. /Fj; d, /2—
oY \ 250mm | 5mm 31.15mm

-

&

EXAMPLE 13-2 A stock helical gear has
a normal pressure angle of 20, a helix angle
of 25-, and a transverse module of 6 mm, and
has 18 teeth. Find:

(a) The pitch diameter

(b) The transverse, the normal, and the axial
pitches

(c) The normal module

(d) The transverse pressure angle

13-9 Bevel Gears 4sh g aall (g il
Ol (b g Aal) JA (ha B ghadl) Ay g) 5 iyl oy
Ca Lo 3l Al Sy (JSAN b LaS 5 i) b oLl
ALY CuBMally s ) (i) 23

Np

tany = N_
NG ...... (13 — 14)

G

tanl' = —

Np

Pinion _seall (e illlag )aall dy) ) caai: yp
Gear _xSV Guyill g il 4y j i T

df... -
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S £e
- |
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Solution:

@ d=Nm;=18(5) =90mm

(b) p; = mm; = w(5) = 15.71 mm

Pn = P cosyp = 15.71 cos 25° = 14.24 mm

P; 15.71
P = tany tand5° 15.71 mm

(¢) m, =m;cosy = 5cos45° = 3.54 mm
(d) ¢, =tan"'(tan ¢,/ cosy) =
tan~1(tan45°/ cos 25°) = 21.88°
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Force Analysis—Bevel Gearing

r.v IS the pitch radius
Wp.=Wg, =W, tan¢ cosy
Wpo=Wg.- =W, tan ¢ siny

N
y = tan~! (—P>
NG

} ..(13 —38)

Example The bevel pinion shown in Fig.
rotates at 600 rev/min in the direction shown and
transmits 3.75 kW to the gear. The mounting
distances the location of all bearings, and the
average radii of the pitch circles of the pinion and

gear are shown in the figure. For si
teeth have been replaced by the

Bearings A and C should take the
Find bearing forces on the gear shaft.

mplicity, the
pitch cones.
thrust loads.

165 i s H‘
= | |
T ******** 32~ ‘ ‘ ‘
D PR i i
’-f % A B
S S LB aE = e ST
o\ 1 =~ (\r Er}r?r?r:h pli'rqg’aule
{ 45-tooth gear
- c ‘ DIM in mm
CJ‘“ (a)

225

Solution The pitch angles are

75
y =tan™! (ﬁ) = 18.4°

— -1 E — o
I' = tan 7= ) = 71.6

_mdyn  w(2m)n  m(2 x 32)(600)

=50 60 60
mm m
=2011—=2—
S S
w, =2 =370 yg75 N
vo2

Wp, = Wg, = Wetan ¢ cosy
= 1875 tan 20° cos 18.4°
= 647.6 N
=W, = W, tan ¢ siny
= 1875 tan 20° sin 18.4°
= 2154N

WPa

DIM in mm

(@)

C,=W, =
=Mp, = 0
150C, — 92W,
150C, — 92(215.4) —
C,=546.6 N

SMp_ =0

150C, — 92W, = 0
150C, — 92(1875) = 0

—96W, = 0

96(647.6) = 0
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C,=1150N

SF, =0

—W, +Dy +C, =0
—215.4+ D, + 546.6 = 0
D,=-331.2N

13-11 Worm Gears

A = for 90° shafts
A+ Yy = 90°
(YA Y) Aalas cpll a2 4550 521
3l 43 31N 4y ) 5y,

Aball  olad (e ll 4kl 3 ghaall
Balaia Baac W) il 1Y) (g gall (u il 4y ) gaal)
s/
nd
TN
2o )l

...... (13 — 25)

Px = D¢

e gl gl Gl Sl sl s
30l (5 Juzabl (58a3 o) e NG5

CO.875

3.0

CO.875

<dy <

where C is the center distance.
K de +dy
2

The lead L is equal to:
L=p,Ny ... (13 —27)

The lead angle £ of the worm is:

L
tan A = m ...... (13 — 28)
Note that
Wg _ NW L
Wy NG nda

XF, =0
W,+D,+C,=0
1875 + D, + 1150 = 0
D,=725N

Pitch diameter d,, —
i1

Root diameter —

e

Worm

Pitch cylinder

/ Helix
4-_\7@

A
.y

\ iy helix angle

‘t Lead angle A

TLead L

‘" Axial pitch p,

Pitch diameter o,

.- _—
‘Worm gear ___ -

~
T NG
[
W eos NGH\
W, =fW

Pitch helix

Pitch cylinder

7 prepared by Dr. Hazim Khaleel



Mechanical Design Gears 4th year - Mechanical. Engineering.

Force Analysis (Without Friction)

Wyt =-—Wgea =W, =Wcos ¢, sini
Wy, =W =W, =Wsing, ..........(13-41)
Wwa=—We =W, =Wcos ¢, cosi

Force Analysis (With Friction)

358 430 gal) s il elal L Laga | )50 aaly GlSiaY) ()l 1A] clalla 48 33l AS ja Jiad G yill 5 330300 G dgaaill) 4Kyl
Wf '5.3_5..‘\“} w)ﬂ‘u;ué&‘l“

Wy = uW with two components Wey = uW cos 1 Wy, = pW'sin A

_ uWe,
~ (usinA — cos ¢,, cos A)
the worm tangential force, Wy ;:

cos ¢,, cos A + pusini

we = e (usinA — cos ¢, cos 1)

Wy=pW=——“""— (13 < 44)

w

Efficiency n can be defined by using the equation: 7

[
Gear

_ Wy (Without Friction)
" Wy(With Friction)

— Worm
above

cos¢p —putani
~ cos¢_ + pcotid

n f

|

J

|

|

| i

: Gear axis

|

Many experiments have shown that the coefficient [ |
of friction is dependent on the relative or sliding
velocity. In Fig.. 1341, Vg is the pitch-line velocity / ~—— Worm axis
of the gear and Vw the pitch-line velocity of the I
worm. Vectorially, Vy =Vg+Vg; the sliding Figure 13-37

velocity is:
Vw

Ve = e (13— 47
5" cosa ( )
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0.10 Representative values of the
coefficient of friction for worm
= 0.08 gearing. These values are based
3 on good lubrication. Use curve B
2 0.06 for high-quality materials, such
© A as a case-hardened steel worm
3 0.04 mating with a phosphorbronze
& > gear. Use curve A when more
S 0.02 friction is expected, as with a
cast-iron worm mating with a
0 cast-iron worm gear
0 2.0 4.0 6.0 8.0 10.0
Sliding velocity V. m/s Figure 13-42
. ” . |
Example: A 2-tooth right-hand worm | gﬁ;ﬁel;'tch SN
transmits 0.75 kW at 1200 rev/min to a 30- | BN
tooth worm gear. The worm has an axial . Ty
pitch of 13 mm, a pitch diameter of 50 mm, , Gear pitch
1 1 \ cylinder
and a face V\{Idth of 63 mm. The face width /// \«/ ¥
of the gear is 25 mm and normal pressure
angle is 14.5°. The materials coefficient of
friction is 0.03. - - [ |
(a) Find the center distance, the lead, and | .~ 37.5mm "\ |
the lead angle. S
. . . 62.5 mm
(b) Figure 13-39 is a drawing of the ‘o
gearset oriented with respect to the Fio (13-39 *
coordinate system described earlier in this ig (13-39)
o ) . L 26
section; the gear is supported by bearings at A l=tan !l— =tan " !1—— = 9.4(°
and B. Find the forces exerted by the bearings mdy n(S“O) i
; 33 gall uladl) de )
against the worm-gear shaft, and the output
ndyny  m(0.05)(1200) m
torque. Vi = = = —
60 60
Al A gall de )
Solution: Ny = 2,H = 750 W,nyy, = N "";ﬂ st Ao
1200 rpm, N; = 30, p, = 13 mm,d, = n—G = N—P ng = (%) (1200)
50 mm ¢, = 14.5°, u = 0.03 PG — 80 rpm
(a) The pitch diameter of the gear is i n(O 124) (80)
Dt =Dy = 13mm Ve = 519—
Nep: 30(13) 60 60
d; = 6Pt _ = 124 mm 35l 5 Al G A8Y V) ‘*&M\
[ VA
_dgt+dy _50+124 S W 200 -
2 2 Vs = /1= 940°= 3.18—
L = pyNy = 13(2) = 26 mm cosAcos= >
From Eq. (13-28)
9 prepared by Dr. Hazim Khaleel
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H 750
WWt=W=m=239N
This force acts in the negative x direction,
the same as in Figure 13-36. Using Figure 13—
38, we find u = 0.03.
Then, the first equation of Equation (13-43)
gives
W,
W= (cos ¢ sinA+ picos i)
_ 239
~ (cos 14.5°sin 9.40° + 0.03 cos 9.40°)
= 1273 N
W, = W sin¢, = 1270sin 14.5° = 314 N
W, = W(cos ¢,, cosA — usind) =
1273(cos 14.5° cos 9.40° —
0.03sin9.40°) = 1234 N
We now identify the components acting on
the gear as:
Weq = Wyye = =W, = 239 N
Wer = Wy = =W, =319 N
Wee = Wypg = =W, = —1234 N

plainly Ledledl 05055 ol Claladl yaad (a jal

S Al LY S sasall s iad) Al sacld
A A galiall g &l A8 ja Jad dll mua il 5 7 ) sl
ol iy LIS 13) 2 5l A8 a5 5al) A ja Al o
Ugalall Suna ol oy 20l pievy 8 il
O ¢stadl) @y olaily Al sabiall ¢l aii (o g <5 pua) oy
Cagu ugill (5slal) mhandl () peitions 4Ll 13 JDA
Gl 1L 130 AN o3 b el 7 olaily ol jay

PROBLEMS

4th year - Mechanical. Engineering.
Jos Aol e olatly s 48 Jaadl cllud) x olaily

X J};A“
B,=Wg,=239N
Mg, =0
319(62.5) — 239(215.4) — F, = 0
F,=50N
ZMp, =0
1004, — 1234(62.5) =0
A,=771N
2E, =0
B, —319+50=0
B, =269 N
IF, =0
A, +B,—1234=0
7714 B, — 1234 =0
B, =463 N
319N
239N s
\ //
P N
\‘H-.
1234 N ~
. A, |62
K\‘“xA ,/Fci
N3
_
z A} |
62.5 .
Bz e
B~
Q“"‘BX
/// \ ~
DIM in mm By "
| T X

13-2 A 15-tooth spur pinion has a module of 3 mm and runs at a speed of 1600 rev/min. The

driven

gear has 60 teeth. Find the speed of the driven gear, the circular pitch, and the theoretical center

to center distance.

13-3 A spur gearset has a module of 6 mm and a velocity ratio of 4. The pinion has 16 teeth.
Find the number of teeth on the driven gear, the pitch diameters, and the theoretical center-to-center

distance.

13-7 A parallel helical gearset consists of a 19-tooth pinion driving a 57-tooth gear. The pinion
has a left-hand helix angle of 30°, a normal pressure angle of 20-, and a normal module of 2.5 mm.

Find:

(a) The normal, transverse, and axial circular pitches
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(b) The transverse pitch and the transverse pressure angle

(c) The addendum, dedendum, and pitch
diameter of each gear

13-15 A parallel-shaft gearset consists
of an 18-tooth helical pinion driving a 32-
tooth gear. The pinion has a left-hand helix
angle of 25°, a normal pressure angle of
20-, and a normal module of 3 mm. Find:

(@) The normal, transverse, and axial
circular pitches

(b) The transverse module and the

v

y +‘ 30 ‘4— 60 —>| 30 <

O

VT

transverse pressure angle i‘zo 3

(c) The pitch diameters of the two gears

13-16 The double-reduction helical ] _% }%
gearset shown in the figure is driven DIM in MM fszajzof»zo\«
through shaft a at a speed of 700 rev/min. - ?3_ .

Gears 2 and 3 have a normal module of 2.0 mm, a 30 helix
angle, and a normal pressure angle of 20-. The second pair of
gears in the train, gears 4 and 5, have a normal module of 3.0 I I
mm, a 25 helix angle, and a normal pressure angle of 20-.
The tooth numbers are: N2 = 12, N3 = 48, N4 = 16, N5 = 36.
Find:

(a) The directions of the thrust force exerted by each gear LLJ
upon its shaft

(b) The speed and direction of shaft ¢ i

(c) The center distance between shafts AT-RH. ;

13-18 The mechanism train shown consists of an
assortment of gears and pulleys to drive gear 9. Pulley 2 '
rotates at 1200 rev/min in the direction shown. Determine the speed and direction of rotation of gear
9.

13-34 The figure shows a pair of shaft-mounted spur gears ‘ y Problem
having a module of 5 mm with an 18-tooth 20° pinion ‘ 3 \ 13-34
driving a 45-tooth gear. The D Ie

power input is 40 kW at 1800 ' “\:E’I‘Dblem 13-35
rev/min. Find the direction and ( _
magnitude of the maximum e “33:15“0’3
forces acting on bearings A, B, (_/ ! b I'. 48
C, and D. : B |
. L @ _. O s :
: '
13-35 The figure shows the | -
electric-motor frame 2%° | le—142 —»|
dimensions for a 22 kW, 900 .
rev/min motor. The frame is A YT ! JH - 5
i
- 285 >
DIM in MM
~ 380 -

- - 200 - -
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bolted to its support using four 19 mm bolts spaced 285 mm apart in the view shown and 355 mm
apart when viewed from the end of the motor. A 6 mm module, 20- spur pinion having 20 teeth and
a face width of 52 mm is keyed to the motor shaft. This pinion drives another gear whose axis is in
the same xz plane. Determine the maximum shear and tensile forces on the mounting bolts based on
200 percent overload torque. Does the direction of rotation matter?

13-36 Continue Prob. 13-24 by finding the following information, assuming a module of 4 mm.

(a) Determine pitch diameters for each of the gears.

(b) Determine the pitch line velocities (m/sec) for each set of gears.

(c) Determine the magnitudes of the
tangential, radial, and total forces transmitted
between each

set of gears.

(d) Determine the input torque.

(e) Determine the output torque, neglecting
frictional losses.

13-49 Gear 2, in the figure, has 16 teeth, a 20°
transverse angle, a 15< helix angle, and a module
of 4 mm. Gear 2 drives the idler on shaft b, which
has 36 teeth. The driven gear on shaft ¢ has 28
teeth. If the driver rotates at 1600 rev/min and
transmits 6 kKW, find the radial and thrust load on
each shaft.

13-43 The figure shows a 16T 20° straight
bevel pinion driving a 32T gear, and the location
of the bearing centerlines. Pinion shaft a receives
1.9 kW at 240 rev/min. Determine.the bearing
reactions at A and B if A is to take both radial and
thrust loads.

Problem 13-43

LH
3,7 1N _
’ N ~ 4
00° \/; / \
{ +b +- /

Problem 13-49

RH

)

| B5 — <50 > a0 —>

12

% 38
v
D c
1 I ey e B
3 ’,”‘,v"’ la ‘vv“"-\ 190
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