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FIGURE 9-2
Various Methods to Attach Elements to Shafts
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Figure 7-3

Tapered roller bearings used
in o mowing machine spindle.
This design represents good
practice for the situation in
which one or more forque-
transfer elements must be
mounted outboard. {Source:
Redrawn from material

furnished by The Timken

Company:)
&
>
Dep. of Mech. Eng.
Figure 7-4

A bevelgear drive in which
bath pinion and gear are
straddle-mounted. (Source:
Redrawn from material
furnished by Gleason
Machine Division.)
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Gears

Figure 13-1

Spur gears are vsed to
transmit rotary mofion
between parallel shafts.

Figure 13-2

Helical gears are used fo
transmit mofion between
parallel or nonparallel shafts.
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Figure 13-3

Bevel gears are used fo
transmit rotary motion
beftween intersecting shafts
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Figure 13-4

Worm gearsels are used
fo transmit rofary mofion

between nonparallel and
noninfersecting shafis
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Figure 13-5
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Gear base circle -

i
Pinion base circle
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Figure 13-28

A two slage campouﬂd gear

train. f\
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Figure 13-27

A gear frain.
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Power transmitted : hp =

T:lb-in

nirpm
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Txn

63000

W,
= pressure angle

126000/p

_ 63000hp/n (Ib)
~ mD

W, =
: D/2

W, =W, tan¢
W, =W, [cos¢
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(@) Single-helix gear

(b)  Double-helix gear

(c)  Types of double-helix:
Left: conventional

Centre: staggered
Right: continuous or herringbone
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» To avoid axial thrust, two
helical gears of opposite
hand can be mounted side
by side, to cancel resulting
thrust forces

» Herringbone gears are
mostly used on heavy
machinery.
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N— MULTIPLE
CONTACT LINES

r

RN
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N—SINGLE LINE OF CONTACT

FIGURE 353 Comparison of spur and helical contact lines. (a) Transverse sec-
tion; (k) helical contact lines; (c) spur contact line.
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W, = Wsing,
W, = Wcos g, cosr
W, = W cos ¢, sin ¢

otal force

-adial component
w,; = tangential component, also called transmitted load

W, = axial component, also called thrust load

W
W =W tan® W =W tan¥ W=——-"——
cos®, cos¥
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Figure 17 Foree on the driving pinion
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WORM AND WORM GEAR

» Worm gears are used when large gear reductions are
needed. It is common for worm gears to have
reductions of 20:1, and even up to 300:1 or greater

* Many worm gears have an interesting property that
no other gear set has: the worm can easily turn the
gear, but the gear cannot turn the worm

* Worm gears are used widely in material handling
and transportation machinery, machine tools,
automobiles etc

Dep. of Mech. Eng.
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SO F > 9 Qs s U

W* = Wcosgy,sini
WY = Wsing,
W = W cos g, cos i

X Wn=—Wo =W
"= Wy, =—Wg, =W’
Wi, = —Wg = W°

Pitch helix

Pitch cylinder

W* = W(cosg, sind 4 f cosl)
WY = Wsing,

(n--5 W = W(cosg¢, cosi — fsini)
'—_;)”
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SOASF > 9 Qs e U
fWe,

[sinik — cos g, cos &

W, = fW = (13-44)

A useful relation between the two tangential forces, Wiy, and W, can be obtained

by equating the first and third parts of Egs. (13—42) and (13—43) and eliminating W. The
result is

cos ¢, sind + fcosh

Ww = Wg 13-45
i f'rfs;in.fk—rccssq{r,., cos A [ }
Efficiency n can be defined by using the equation
Wi, (without friction)
= la)

Wiy, (with friction)

Substitute Eq. (13—45) with f = 0 in the numerator of Eq. (a) and the same equation
in the denominator. After some rearranging, you will find the efficiency to be

cos ¢, — ftani
==
( . cos ¢y, + fcoti

e
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cosdy, — ftan i
Ry TR
: cos¢h, + feoti

Table 13-6 Helix Angle », Efficiency =,
Efficiency of Worm ] *
Gearsets for f = 0.05 1.0 25.2
2.5 457
50 620
7.5 1.3
10.0 FH.6
15.0 82.7
200 B59

(n-.} 30.0 89.1
&
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Many experiments have shown that the coefficient of friction is dependent on the
relative or sliding velocity. In Fig. 13—41, Vj; is the pitch-line velocity of the gear and
Vi the pitch-line velocity of the worm. Vectorially, Vw = Vg + Vy: consequently, the
sliding velocity is

_ W
5 cos A

(13-47)

Figure 13-41 T—

Velocity components in worm

gearing

w
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Bevel gears

» Bevel gears are useful when the direction of a shaft's
rotation needs to be changed

» They are usually mounted on shafts that are 90
degrees apart, but can be designed to work at other
angles as well

» The teeth on bevel gears can be straight, spiral or
hypoid
» locomotives, marine applications, automobiles,

printing presses, cooling towers, power plants, steel
plants, railway track inspection machines, etc.
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Straight and Spiral Bevel Gears
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Bevel Gears Types

FIGURE 34.15 Hypoid offset. To determine the direction o
offset, always look at the gear with the pinion at the right, Thu
the gear sets of {a) and (b) are both offset below center; simila
reasoning shows that (c) and (d) are offset above center. (Glea
son Machine Division.)
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Ring gear

Bevel gears may be classified as follows: il

% | Spiral bevel
+ Straight bevel gears [

+ Spiral bevel gears iy

+ Zerol bevel gears
+ Hypoid gears

+ Spiroid gears
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Back-cone
radius, ry,
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W, = W tangcosy
W, = W, tan ¢ sin y
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