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CHAPTER 8

WORM GEARS

This chapter is about those gears which
transmit power between

*non-parallel and

*non-intersecting shafts

with relatively high speed reduction ratio
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DIFFERENT TYPES OF GEARS Simmilar but not
AND SHAFT CONFIGURATIONS performing the

same work

Parallel shafts Straight and spiral bevel Non-intersecting

are used to gears are used in non- non-parallel shafts

transmit motion parallel and intersecting are usually

via spur and shafts configuration with employed with

helical gears 90° shaft angle usually crossed helical or
worm gears
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Regarding the figure below,
there seems to be a
transformation from
spiral bevel to worm
gearing if the pinion
position is changed from
center of the gear to top
of the gear step-by-step.

The two cases between
spiral bevel and worm
are the hypoid and
spiroid gearing.

The teeth of the gear shift
from side to top of the

Worm

Spiroid

ring too.
S .Spiral bevel
FIGURE 14-28 Comparison of intersecting- and offset-
19:3.2019 shaft bevel-type gearings. (By permission, from Gear Hand-

book, McGraw-Hill, New York, 1962, p. 2-24.)



Worms could be: /
* Single tooth (start)

e Triple start or
* Quadropole (four) sta

Similarly worm gearing c
be

* single enveloping and
* double envoloping




Geometry of worm gearing ——<d,, <
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Table 14-2 RECOMMENDED PRESSURE ANGLES AND TOOTH
DEPTHS FOR WORM GEARING
A Lead angle 4, Pressure angle = Addendum Dedendum
3k degrees : ¢., degrees a bg
FIGURE 14-13 Nomenclature of a single-enveloping worm 0-15 144 0.3683p, 0.3683p,
15-30 20 0.3683p, 0.3683p,
gearset. 30-35 25 0.2865p, 0.3314p,
35-40 ' © 25 0.2546p, .2947p,

13.3.2019 40-45 30 ' 0.2228p, .2578p,




A) Kinematics

1) Shafts do not intersect and non-parallel shaft angle
IS 90° (usually).

2) Worm may have 1,2,3,4,5,6 teeth (single tooth,
double teeth, triple, quadraple, etc.) (T,).

3) Worm gearsets are:

- Either single envoloping (gear envelopes the worm -
line contact occurs)

- Or double enveloping (both gear envelopes worm
and worm envelopes gear - area co t occurs
between the teeth)

*Right angle, non-crossing shafts
*High level of speed reduction ratio (1:20 -

1:50)

*High friction and wear due to sliding

between worm and gear teeth As in crossed
Self locking may (and does) happen helical gears both

Driver is always the worm and driven is the Worm and the gear
gear have the same
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4) As in crossed helical gears both worm and the gear have the same hand
but quite different helix angles v, Is very large but s Is small.

The lead angle A of the worm is generally specified which is the
complement of y,,, for 90° shaft angle

i K Pitch diameter, d,
A=90" — Ww Root diameter — |« - \PitCh cylinder
‘ /— Helix
[ f"ﬁ% ]
i\
Wy +wg =90 - \\ \*‘/ : /
¥ X/ww, helix angle
Axial pltf:h. P, Lead, LJ Lead angle, A
Worm*
Qo
"
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5) For 90° shaft angle Ay, = g and pyy = Pig

p,, = axial pitch of worm

p,, = transverse pitch of gear
Py,

T

dG = thTG dG = Ts

In British Units

dy, Is “independent” of T,
and may have any value

between

0.875 0.875
¢ <d, < S
3 1.7

for optimum horse power

capacity of the gear set

d. +d,
2

C =
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6) The lead L of the worm for T,, number of teeth on the worm is:
L — TW X px

Also from the triangle

7dy

tanﬂ,:L
7d



Fo/2

dy/2 +a Aw/2

T{if F. =2 f(dy.a)
2

a and b addendum and dedendum is given in Table 14.2 for different A and
¢, values of worm gearing.

Effective facewidth of gear (F.¢ g) Is taken
as the minimum of the two

Table 14-2 RECOMMENDED PRESSURE ANGLES AND TOOTH

q 9 q DEPTHS FOR WORM GEARING
—_ v .
FG an W Lead angle 4, Pressure angle Addendum  Dedendum
degrees : ¢, , degrees a bg
: - 0-15 144 0.3683p, 0.3683p,
(which ever is smaller) o ” 03683, 03683
30-35 | 25 0.2865p, 0.3314p,
3540 25 0.2546p, 0.2947p,

13.3.2019 40-45 30 ' 0.2228p, 0.2578p,




B) Tooth forces

. X
_ Ga_W
_ y
—We =W
. Z
_ Gt_W

W* =W cos¢, sin A
WY =W sing,
W* =W cos¢. cosA

FIGURE 14-15 Drawing of the pitch cylinder of a worm, showing the forces 1
exerted upon it by the worm gear.



Y ~¢ The relative motion

o between worm and worm-
gear teeth is pure sliding,
and so we must expect that
friction plays an important
role in the performance of
worm gearing.

« By introducing a coefficient
of friction 1 we can develop
another set of relations.

* InFig. 14-15 we see that
the force W acting normal

FIGURE 14-15 Drawing of the pitch cylinder of a worm, showing the forces to the WOI’m-tOOth DI‘OfI|e

exerted upon it by the worm gear. produces a fr|Ct|Onal force

W, = 1 *W

having a component

W* =W (cosg, sin A+ 1cosA) (U Wcos )

In the negative x direction

A

WY =W sin @, and
_ « another component
W* =W (cos@ cosA— usin 1) (W sin 1)

In the positive z direction.

« Equation therefore
becomes



W, =-W; =W"* > W* =W (cos¢, sin 1+ ucos i)

W, =-W, =W~ WY =Wsing
W, =-W, =W? "W* =W (cos¢, cosA— usin 1)
Wf :,UW — /UWG'[

- pMSINA—cos¢@. cosA

COS@. SIN A+ 1COSA

=We —
usin A —cosg¢, cos A

FIGURE 14-15 Drawing of the pitch cylinder of a worm, showing the forces
exerted upon it by the worm gear.
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Efficiency 1 can be defined by using the equation

COS¢@. SN A+ 1 CcoS A

~ W, (without friction); =0 W, =W,

n : — usin A —cos¢g cosA
W, (with friction) ”
A
COS
CotA = —
_ Cosg, —utanA sin 1
COS¢@. + ucotA For 90°shaft angle A, = W5 and py=pic
Table 14-3 EFFICIENCY OF WORM e Gear
.  GEARSETS FOR p = 0.05 S
' — VW r—r—- d"-'|
Helix angle Y, Efficiency 7, Vs = cos A B Il"—' Worm
of geardegrees percent : . 1| above
I
1.0 25.2
2.5 46.8
5.0 62.6
7.5 71.2
10.0 76.8
15.0 82.7
20.0 86.0 |
25.0 88.0 - T Worm axis
300 89.2
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FIGURE 14-17 Represen-
tative values of the coef-
ficient of friction for worm
gearing. These values are
based on good lubrication.
Use curve B for high-
quality materials, such as a
case-hardened worm mating
with a phosphor-bronze
gear. Use curve A4 when
more friction is expected, as
for example a cast-iron
worm and worm gear.

msNg (m/sec)
60

gear

worm
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Yy ' - .|

Worm pitch ~ !
cylinder } - W, Gr
h ~ WG@
g 1200 rev/min y ¢
A\ ; G
\ _~ Gear pitch 4' \

;\L L \(/ cylinder Gt
- :
IS _ |e2
NALAE
P
z// | F;‘y
62.5
Tt o a}‘/
High gear tangential forces /i\a’
occur due to low speed of E 0\
gear. | T -\x

WORMSHAFT

Due to action reaction
equality high axial forces
occur on worm too.

These high axial forces are
usually carried by the strong
tapered roller bearings of
the worm shaft
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Due to sliding between worm and gear teeth a friction force W; occurs on the
teeth as seen below in addition to the 3 components W, W, and W, of W.

Hence final force components on the worm teeth are:
W, : W, =W xcosg,sin A+ uxW xcos A
W, 0 W, =W xsing,
W, : W, =W xcosg, cos 4 — pxW xSin A
Opposite but equal magnitude forces occur on the gear teeth:
Ws, =-W, —
W = W sin A —W cosg, cos A =W (usin 1 —cosg, cos 1) (1)
WGr :—WWr —>
We =-W,,, W, =W(cosg,sini+ ucosAi) (2)

a



By using 1 & 2 W —yy. CO8#sinA+pcosA
" usin A—cosg, cos A

Also power input to worm
WWt — 7Zd N

V, (= "

60

Power output = 7 x Power input

Since there is sliding velocity in worm-gear sets hence a loss due to
friction between the teeth efficiency of worm gear sets is defined as:

~ W, (without friction); =0
W, (with friction)

J

~ cosA
sin A

Cos¢, —utan A cot A
1 =Wg, b= H
COS¢. + ucotA



For a typical uy value of 0.05 and standard @, values in Table 14.2 of gear.
?/G 1° 50 10° 150 20° 25° | 30°

?7 0p 29 62 77 83 86 88 89

Coefficient of friction U is dependent on sliding velocity V. and given in
figure 14.17.

7d N
Vo= oy P No 0 1sec) Vo = =22 (m/sec) gear
COSA 60 V\/\/ worm
V. =V.cosA i Vol 2 AT
w = Vs COS Vg :Vs Sin A Vg
In Am:;- SNVS} (inches) %:: |
VW = % ( fpm) é 0.06 E\\
(rpm) 2 N
7d NG‘/ For A 1
VG = 12 (fpm) '§ 0.02 5 \-ﬁ-__- _—-:

o
N

4 6 8 10
Sliding velocity V,, m/s



(c) 2002 RH Adler
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Tooth Stress and Power Rating of Worm Gearing

Generally the teeth of the worm is stronger than the teeth of the gear in terms
of bending strength. Thus the bending fatigue failure of worm gear set is
based on the bending strength (stress) value of the gear tooth.

Buckingham adopts the Lewis equation of tooth stress as follows for the gear

tooth stress.

where o = bending stress, psi

o = WGt (14.28) W, = transmitted load, Ib
o FG y p,, = normal circular pitch of the gear, in
P, = P, X COS A (14_29) p, = axial circular pitch of the worm, in
F. = (effective) face width of gear, in
since P, = P & ,1W A y = Lewis form factor referred to the circular pitch

A =lead angle of worm = of gear

for 90° worm - gear set

Since the equation is only a rough approximation, stress
concentration is not considered. Also, for this reason, the
form factors are not referred to the number of teeth, but only
to the normal pressure angle. The values of y are listed in
Table 14.4.

Normal pressare

#Table 144 /VHLUES QF y FUR
L'*-«-*—-——-*' _ WORM GEARS

T T ST —

- angle ¢,, dfﬂ"ﬂ;ﬂ" Fi;rm flm‘.l'_}'
. 0,400
) 0.125
b T k130

PR S a-ﬁ . .. Il!?j.




In (SI) module.

o = W, _ W,
Foxyxpe Foxyxmzm,
o = W,
Fo X yx7.mg.COSyg
th — PtG — wa

T T
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The AGMA equation for input-horse-power rating of worm gearing is:

Vg xW
H = Vo xdo >Ny Vo> We g4 30
126000xm; 33000

33000
——

Output horse power  power loss due to friction
from gear shaft between teeth of Worm and Gear.

W, = transmitted load, Ib

d; = pitch diameter of the gear, in

N,, =speed of worm, rpm

m, =gear ratio T, /T,

V; =sliding velocity at mean worm diameter, fpm
W, = frictional force, Ib



The permissible transmitted load W, (transmitted load by the gear) in power
equation is calculated by the equation

W, =d2®xF xK xK_xK, (14.31)
The notation of Eqgs. (14.30) and (14.31) is as follows:

W, = transmitted load, Ib

d. = pitch diameter of the gear, in

N,, =speed of worm, rpm

m. = gear ratio T, /T,

V. =sliding velocity at mean worm diameter, fpm
W, = frictional force, Ib

F, = effective face width of gear; the effective face width
IS the face width of the gear or two- thirds of the worm
pitch diameter, whichever is less

K, = materialsand size correction factor (Table14.5)

K, = ratio correction factor (Table 14.6)

K, = velocity factor (Table14.7)



Module, m_ in SI

W V
H = Hout T Hloss

H =W, xV; +W, xV,

Hout :WGt(dGNWjX =

M, 60
Hloss :Vst — VW IUW
COSA _
Vv Gear Ratio
H =W H X —W

loss —

' usinA—cosg sinA  cosA



Example 8.1 (14-19)

40T sand cast bronze gear
2T worm,case hardened

P =10teeth/inches

¢n —=14.5° Find maximum safe horse power output
1 —0.083° and efficiency of the set.
d, =1.25 How =7
w =4
=7
Ry =2 7

_ Force components on gear?
Worm teeth are ground and polished

5 W=7
FG - E
dg =4 e, =
G~ W. =2
N,, =1720 rpm Ga



1) W, xdg x N, 700 (Table 14.5)

= 7
" 126000 Mg W, =d:°xF, xK xK_xK,
o = Vs xWi 4”4w% 0.82{ (Mg=40/2=20)
o 33000 F, =0.625 ..smaller Table 14.6
n= Hou _ Hou _9 .
H  H_ +H__ We =(4)"x0.625x700x0.820x0.352
W, =3831b
ad, N, 7x1.25x1720
V _ VW _ 12 _ 12 Hout :383X4X172021045 hp
* cosA  cosA 0s(9.083) 126000x 20
V, =570 fpm —» K, =0.352 (Table 14.7)
zd,, N
Vv = 12 — " (fpm)
- eNe (fpm)

G 12



Thus w1 =0.032 — from Fig.14.17 curve B for V, =2.8956 m/s

LW,

W, =W =—
(1sin A —cos¢, cos A

0.032x383

V, =570 fpmx

W — =
' 0.032x5in(9.083) — cos(14) x cos(9.083)

VoxW, | _570x12.9

Hioss = 33000 33000
Efficiency of the set.
CHye o H,. B 1.045

" H TH_ +H_ 1045+0.222

n=0.825=82.5%

Coefficient of friction y is dependent
on sliding velocity V., and given in
Figure 14.17.

o
(o]
()

o

-12.91b

min y 0.3048 m
60 sec ft

V, =2.8956 m/s

Maximum safe

=0.222 hp horse power
output
0.10
:1:0.08 3\
§ 0.06
3 | N\ N
é 008\ NG

(=]

2 4 6
Sliding velocity V,, m/s

8

10



Force components on gear

W,, =W cosg, cosA

W, 383
COS¢@ COSA cos(14 5) x c0s(9.083)

W = =400.62 Ib

W, =W xcosg, xsin 4 = 400.62x cos(14.5) xsin(9.083)
Ws, =61.231b

W, =W xsing, =400.62xsin(14.5)

Ws, =100.31b




Table 144 /VALUES OF y FOR -
{7 GEARS

148 POWER RATING OF WORM GEARING

When worm gearsets are used intermittently or at slow gear speeds, the bending % /. Normal pressure . -

strengzh of the gear tooth may becomne 2 principal design factor. Since the worm l - nngle ¢,, degrees  Form factor ¥

teeth are inherently stronger than the gear teeth, they are usually not considered, f ' o g5 " . : ,
though the methods of Chap. 8 can be used te comnpute worm-tooth stresses. The | AN - ;;'i - g:g )

teeth of warm gears are thick and short at the two edges of the face and thin in the  ; . C g8 ) olm -

central plane, and this makes it difficult to determine the hending stress, Buck- : I C B

ingham* adapts the Lewis equation as follows:

The permissible transmitted load Wm_zs computed {rom-the eguation

P4 _ ' _ (1498 : s
bFgy : - . . .
_ : : o o _ We, = Kgd3*F, K, K, (!
po=pecos k. G (1429 SESP e
R4 B e 7 o _ The notation of Eqs. (14-30) and (14-81} is as follows: N
where 7 = bending stress, psi : : . o '
g B aE _ : We, = transmitted load, Ib

Wy = tracsmitted foad, b
£ =normal circular pitch, in 2
- p, = axial ireulac pitch, in of”
Fy = face width of gear, in
= Lewis form factor referred 1o the circular pitch .
W = frictional force; 1b

A =lead angle . -- E 1
o o ) . ! ' K, = materials and size:correction factor
_ { " F, = effective face width of gear; the effective face width is the face -

F' P“" 6% r N . oy . a‘G == pitch diameter of gear, n
AL 16 Fone '. .- : . . RLZ ;-E{“M,_Ip
) - . mg = gear ratio, No/Ny
Vs = sliding velocity at mean worm d1ameter, fom

Since the equation is only a rough approxnma.uon, stress cuncentranon is not
considered.. Also, for this reason, the form factors are not referred to the number. - o
of teeth, but only to the notmal prusurc angle. Thr. valuts of y are ].:slcd in Table
14-4. mme Y

The AGMA equation for mpzu-&ampawa' raang of worm gearmg is

width of the gear or two-thirds of the worm pstch diameter,
whu:hcvcr 18 less :

K., = Tatio-correciion factor
K, = velocity factor

H= Wmdaﬂw_’_VsW(
- N 126m6 e 53000 5

Gl e

. N ' ‘
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] -~ ban o Tabl u.s\mrgoibm_
30 <. 0681 T :
' w P Ratio . . .~ | Ratio’
60 0.515 Fig Kn mne
.jg ) _-_gﬁ:ég . 1.0 0.500 40
i osm : 35 83554 9.0
150 . ; ] W 0593 | 100
R DAL 45 06 § 120
250 02.500 e a0 0.645 140
Handback, McGraw-Huu New Yotk, 1962 4.0 0.67% | 160 !
Smate; Dade W, Duley (), Gor 20 o | wo  oam | oan s ;

[



