ME 308
MACHINE ELEMENTS I

CHAPTER 6
HELICAL GEARS

This chapter is about special spur gears of which
teeth are inclined to axis of gear at certain (helix)
angles.

Such gears are therefore called helical gears.

Spur gears are actually special helical gears with
helix angle of zero degrees
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Helical gears, shown in Fig. 6.1, have teeth inclined to the axis of
rotation. Helical gears can be used for the same applications as spur
gears and, when so used, are not as noisy, because of the more gradual
engagement of the teeth during meshing.

The inclined tooth also develops thrust loads and bending couples,
which are not present with spur gearing. Sometimes helical gears are
used to transmit motion between nonparallel shafts too.
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6.1 HELICAL GEARS

In contrast to spur gears, these helical gears can
be used to transmit motion between non-
parallel shafts too.

» Helical gears transmit; /
- Power and motion between parallel shafts

- Mainly motion between_non-parallel and_non-
Intersecting shafts.

 Bevel gears transmit power and motion
between;

- Non-parallel intersecting shafts

- Non-parallel & non-intersecting shafts.  $

« Worm gears transmit power and motion
between:;

- Non-parallel & non-intersecting shafts T

22.04.2026 CHAPTER 6 HELICAL GEARS




Left hand

Parallel shaft helical gears

The teeth of the helical gears are not parallel to the
axis of the gear but inclined at an angle  called
helix angle.

W IS the same for both gears (pinion and gear) but
the hand of the helix is opposite, e.g. LH helix for
gear and RH helix for pinion or vice versa.

Right hand
(RH) helix

« The contact on spur gears was a line always from
start of engagement to the end of engagement with a
length equal to face width,

« The contact on the helical gear tooth starts as a point
at one corner and changes into an inclined line as
the more teeth come into contact. It leaves the
contact at other end of the tooth as a point again.

cylinder
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Due to the helix angle ¢y there is a
(more) gradual engagement of the teeth
and the smooth transfer of the load from Tengantplans
one tooth to another which give helical Helical line of contact
gears the ability to transmit _heavy loads
at _high speeds compared to the spur

gears.

Spur line of contact

Due to the helix angle, at one time more
teeth on the gears are in contact hence Lincsof conledt s~

. . {tefare surface b crownec) S o=l
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* Due to helix angle y the tooth load W will have an axial component W,
(thrust load) which creates axial bearing loads and also a bending
moment on the shaft due to gear radius.

« When W, becomes large it may create problems in design of the other
machine elements such as bearings, shafts etc.

* |In such cases two helical gears on the same shafts but with opposite
hands can be used to eliminate negative effects of W, 's .

Wa
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* In such cases two helical gears on the same shafts but with opposite
hands can be used to eliminate negative effects of W, 's .

« Or a herringbone (double helical ) gear can be used to cancel effects of
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In helical gear
geometry there are
basically two planes:

1-transverse (front)
plane

2- normal plane

Transverse(front) plane
IS perpendicular to the
axis of gear

Whereas normal plane
IS perpendicular to the
gear teeth itself

Geometry of helical gear tooth
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Fig 2: Helical Gear Definitions




Geometry of helical gear tooth P, : normal pitch (a-e)
Y : helix angle

i L
: i p,. axial pitch (a-d)
(1
—— f,,,-’\ i P, : (circular) transverse pitch (a-c)
NRVRRRN: oS
NS \f N For a safe and gradual, smooth
= fﬁ Y power transmission, similar to
L _;-_“__| 3p < F <5p inspurgears, in
Pp—— helical gears it is recommended
] that
1P,
lllll.-" e, F > 2 pX
4 { but this is not obligatory.
\
: =
Section A-A aXIaI —Cr -
N | Py

Transverse plane )
axial _cr>2
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Geometry of helical gear tooth

For triangle acd

d
Py
C
a Py
acC
tany = — = Pe
ad p,
Py
— Py =
B tany
Also a relation between _
pressure angles in normal F>2p, I1sa
a_nd transverse sections Is recommendation for
given as: tan ¢ _ _
cosy =—" helical gear action
tan ¢, 10
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For triangle ace

d
pX e
Q(\
C
2 Pt
ae
COSy = _ P
ac  p,

— Pn = P COSYW

7M_ = 7im, X COS i/
m_ = m, x COSy
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mn
m =——"—
Cosy
m=m, some times used
d=m, xN
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Force analysis in helical gears

v W : toothload

W, : transverse toothload (tangential)
%::'_".::;-;_-.{__ W _ W_: radial toothload

S TS "' W, : axial toothload (thrust)

— W, = (W x cos ¢, )x cos

W, = (W xCOS¢n)><Sin W

W. =W xsing,

. 124 Since W, is generally known or given
N / pich other W; values are calculated from W,

B Power ~ P(watt)
' pitchline velocity VvV (m/s)
W, _ 80P _ 80xP W,

zdn  z(mMN)n' cosy xcosg
W, =W, xtang, W, =W, xtany
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Since there are 3 components of helical gear force the axial and radial
components create axial and radial reaction forces at bearing housings
(to be kept in mind)

Helical gear strength analysis

Similar to spur gears, for helical gears too:
- tooth bending fatigue and

- tooth surface durability

are the 2 failure criteria.

both egn’s (bending and
contact stresses) of spur
gears are valid for helical

- F 2 2p, is the third design (not analysis) gears 100.
criteria.
Bending fatigue failure surface fatigue
W
O = Wt GH — _Cp {
K, FJm C,Fd |
S
n, =—=nxK_ xK W,, = nC,C, W,
o ° or S, =C,|
C,Fd, I
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Some exceptions to the use of spur gear equations are those:

/8

1) Velocity factor K =C = IS used for helical gears.
) 4 \/78+\/200V J

2) The geometry factor is taken from fig. 14.8.a for ¢, = 20° but with a

multiplier (M)

Fig.14.8.a assumes that the helical gear(pinion) meshes with another

gear with N=75 (take J from this figure for N

v =20°
N, =30
N, = 60
J, =?

g

J, =7?

P

Jg = Jga5 XMy
Jp=J a5 x M,
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FIGURE 14-8 Geometry factors for helical and herringbone gears
having a normal pressure angle of 20°. (a) Geometry factors for
gears mating with a 753-tooth gear. (b) J-factor multipliers when
tooth numbers other than 75 are used in the mating gear. (AGMA
Information Sheet 225.01.)



w =20°

N, =30

N, =60

J, =7

Jg = g5 XM,
J, =0.61x0.96
Jp =Jdpas xM
J, =0.55x0.99

p
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3) Calculate geometry factor | by using;

— Sin ¢t X COS ¢t mG &m _ pN
T N

| =
2my, mg +1 0.95Z7

p, = hormal base pitch

Pn=P,*COS ¢,
Py=7M_ xCOS @,

Z =length-of-line of action-in-transversepiane
Z

— \/(rp raf - 2+ \/(rg raf - 2 —(rp +, )sin ¢

1st term 2"d  term 3 term
Regardless of the sign, if either of the 15t or -
2"d term is larger than the 3 term then o = Emt <N pgl 2
replace that large term by the 39 term. I, =\un, <N g /2

I, =, XCOS ¢,
by =T, XCOS &,
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Also if effective outside radius (r. ) of either of pinion or gear is less than
(r +a) use (ry ) instead of (r +a).

Contact ratio:

- / / 7
pcr = profile (transverse) cr = — _ :
Pt P XCOS@  7.M, xCOS¢,

pcr >14(is _usually required)
F  Face width
p, axial pitch

acr =axial cr =

Total cr= pcr + acr
eg. 1.6+2=3.6

acr for helical gears > 0 F>2p, (acr>2)isa

acr for spurqgears =0 :
purg recommendation for

helical gear action
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4) MOSt modlflcatlon and Table 14-1 LOAD-DISTRIBUTION FACTORS C. AND K, FOR HELICAL

) GEARS
correction factors of spur —
] ace width, mm
gear are used for helical  Cheracterioeie <
aracteristics of suppo u
geaI‘S except pPport 0750 150 225 400 up

Accurate mountings, small bearing clearances, minimum

Use K., =C. . from Table deficcdion, precision gears 2 13 s 17
m m Less rigid mountings, less accurate gears, contact across
1 full face
3‘4 1 for hellcal g)eard(_nOt Accuracy am.i mounting such that less than full-face b ke v 20
rom Spur qears an contact exists Over 2.0°

C, from Fig. 14.9 for helical -

gears

1.14

1.0<C, <1.12

[.10

If K<1.2; C,=1.0
otherwise use Fig. 14.9.

7 108
4 106

HBp o4
o H Bg 0 When

Hardness rat 1o factor, L"H
ra
2 L I n =2
. H
Calculated hardness rato, -H—BP
as
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Example (14.1)

A parallel helical gear set has information of:

a LH pinion with 18 teeth meshes with a 32 teeth gear. Gear set has a
helix angle of 25° normal pressure angle of (¢, =) 20° and a normal
module of (m, =) 3mm with a facewidth of (F=) 30 mm.

Calculate: D =?
Normal pitch "
Transverse pitch D,="7
Axial pitch N =7
Normal base pitch X _
Tansverse pressure angle p, =7 normal base pitch
Pinion pltch _dlameter b =?
Gear pitch diameter t
d="?
d.=7?
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P m m 3

COSy =—=—"; m = L = =3.31 mm

P m, ‘" cosy cos25
p,=7xm_ =3x7xz=9424 mm
p,=7rxm, =3.31x 7 =10.398 mm

tanwzﬁ' 0 = P :10.398
p, © tany tan25

= 22.298 mm

Py=P, COS@, =9.424xcos 20° =8.855 mm

CoOSy = tan ¢, ; tang, = tan g, _tan 20 =0.4015
tan ¢, CoOSy  C0S25
¢ =21.88°

d,=m xN, =3.31x18 =59.58 mm
de=m, x N, =3.31x32=105.92 mm

22.04.2026 CHAPTER 6 HELICAL GEARS
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Example:

Check if the helical gear set given below can transmit 1.25 kW power at
a pinion speed of 400 rpm safely or not with a safety factor of 4 and
reliabilty of 99 %. Also find the tooth load components too.

Pinion(steel) Gear (ClI)
HB =180 HB =196
S,~°50 MPa S =250 MPa
LH helix yw =20° N, =27
¢, =20° (full depth)
n, =400 rpm
F =100 mm Npending=? >4 Or <42
mn = 6 mm ncontact: " >4 or <47?
N, =18T
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Solution:

Check a) surface durabillity of pinion and geatr.

b) bending fatigue of pinion and geatr.

c) recommended F 2 2P, but not obligatory.
Start with (c):

b _ R _ M _m(m,/cosy) _ am, m, = 6.385 mm
tany tany tany siny
76
2P =2— =110.22 mm Since F =100mm < 2P, a
sin 20 suitable helix action does
a) HBP - HBG not occur but still can work.
180 <196  start checking with pinion.
W W
(1) S, =C P N. =—; n.=nxC_xC
" TP\ C,Fd, ° w0 ST
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C, =10
(2) Sy = SRS Sc _ _
C, xC, C, =10 K =
C; =1.0
C; =10 (99%)
(3) S, =2.76xHB, — 70 MPa
S. =427 MPa
S, =427 MPa

(4) C, =174 Steel on CI
F =100 mm

HB,
HB,

<1.2

6
5 d.=m xN_, = x18=114.931 mm
(5) =M xNe =25

d,=1.5xd, =1.5x114.931=172.396 mm
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V =

78 mdn  7x0.114931x400
(6) Cv:\/ —

78 ++/200 60 60
C,=0.883 V =2.407m/s

(7) 1= Sntt COSh Mg ¢ = tanl[tan 2 j =21.17

2m,  mg +1 COSy/
m; =1.5
m, = Py P, =P cos¢ =m_ cosg¢
N 0952 N n n n n

P, =17.712 mm

22.04.2026 CHAPTER 6 HELICAL GEARS
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= length of line of action In transverse plane

7 = \/(rp +a)2 -1 +\/(rg +a)2 -1 —(rIO +, )sin &

1 st 2nd 3rd
rIO _E MmN, _1 0 x18 =57.465 mm
2 2 cos 20
=1.5xr, =86.198 mm
I, =927.465%C0S ¢ =53.586 mm
tang,
a=1xm_ =6mm COSWZtan¢
b=1.25xm, =7.5mm t
4 =t {ta” 20) =21.17°
COS

I, =86.198xc0s21.17 =80.380 mm
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1 st 2nd 3rd
In Z=34.005 + 45.161 - 51.882=27.284mm

Since neither of 1st & 2nd term is larger than the 3rd term.

Then,
Z=27.284 mm

P, 17.712

m — —
N 0.95Z 0.95x27.284
_sing, xcos¢g, Mg  sin21.17xcos21.17 1.5

2my, m; +1 2x%0.6833 1.5+1
| =0.14785

= 0.6833
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VA 21.284 21.284

profile (transverse) cr = — = _

P 7T, X COS B m
bt t ¢t T n CoS ¢t
CoS

pcr = 27284 =1.458

n( 0 jcos 21.17
cos 20

axial cr = F = 100 = 100 =1.814
p, @m 6

n

siny  sin20
Total Contact Ratio
(cr)= pcr +acr =1.458 +1.814 =3.272

22.04.2026 CHAPTER 6 HELICAL GEARS
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(8) S, =C W
" TP\ C,Fd,I

W _=7
427 = 174J P
0.883x100x114.93x0.14785
W, =9036 N C, =1.50 Assume light shock
th :Wt X Ng :Wt X N X CO X Cm moderate shock

C.=1.60 Lessrigid mountin
W, =W, xng =W, xnxC_ xC_ " | :

o W, 9036 W _B0xP _ 60x1.25x10°
W, xC,xC, 520x1.5x1.6 ' zdn  7x(0.114931)x400
n=724>40 SAFE W, =520 N

Hertzian safety factor for pinion is more than required, that means the
power could be safely transmitted.
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?
b) Check for bending fatigue failure Sepin > ? < Segear)

S, =?(steel) S, =0.55, =0.5x550 =225 MPa (S, <1400 MPa)
Se, =2Cl) S, =0.45S,, =0.45%250 =112.5 MPa (S,, < 600 MPa)

Most likely that even with k,, , ki ,....k factors

Sep > Seg Thus bending fatigue can be checked for gear
Seg — (nbg > 40)

nGlobal — I‘<o X I<m angear:

O,

S,, =k, xk, xk, xkj xk, xk, x112.5 MPa =96 MPa

0.8 0.894 0.897 1.0 1.0 1.33
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S

e
N — J W. =
b t

9 K, xK, xo,

60xP  60x1.25x10°
adn  7x(0.114931)x 400

W, =520 N
K, =1.50 (lignt shock - moderate sh.) -3
K., =1.60 (lessrigid mount.) K.=C.,h6 = —0.883
v \/78+\/200V
o= W, F =100 mm
FIK m,
520 m =d/N
O =
" 100x0.465x0.883x 6.385 m, = 6.385 mm

o,=1.983 MPa J =0.5%x0.93=0.465
w=20° v =20°

n — Seg 96 N, =27 N, =18

g =

7K xK_xo, T 1.5x1.6x1.983
Nyy = 20.16 > 4.0 SAFE! Safety factor of gear for bending fatigue
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Tooth load components:

60 x P)
N

W. =W, xtan ¢, =520xtan21.17 = 201.38 N
W, =W, x tany =520x tan 20 =189.26 N

W = W2 +W 2 +W?2 =588.87 N

W, =520 N (found from

W, 520

OR W = =
cos¢.cosy  cos20xcos 20

=588.88 N

22.04.2026 CHAPTER 6 HELICAL GEARS
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Example:
A helical gear set with speed reduction of 1.5:1, n=4 is to be designed.

Determine the required parameters such as N, , N; module, facewidth
etc. of the helical gear set

Pinion(steel) Gear (CI)
HB =180 B =19
S_—550 MPa Su= 250 MPa

LH helix y =20°
¢, =20° (full depth)
n, =400 rpm

Power =1.25 kW
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Solution:

1) Bending fatigue
2) Surface fatigue
— check first HB, =180 < HB, =196

S0 start designing pinion based
on surface contact stress.

Criteria: After finishing design based on
1) F22p, surface fatigue of pinion and
F =2 2P, check other fatigue
) S, =C, ® failure risks.
Fd,IC,
p,=? tany = P
P
D = p. _ am__ z(m,/cosy) _ 7_zmn £ 7_zmn
tany tany tany SIny Siny
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cC,) W,

F = i C =174 Steel —Cast Iron
S, ) d,IC,

/ o S. =2.76x HB, — 70 = 427 MPa

CCh g 180

H

S c K=""<1 Fig.14.9
S,, =427 I\/IPa C,=10 C,=1.0

C,=10 C,=1.0 (R=99%)

W, =nxC xC xW,
W, =4x1.25x1.6xW,  assumes0 <F <150 mm

60xP  60xP  60xPxcosy Let N, =18

W, = -
“odn z(mNp)N zxNpxnxm N, =N, x(L.5) =27
7x18x400xm_  m_(meters) ® " m_(meters)

m, m,
d.=m xN, = x18 = x18=19.155xm_  mm
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" n

7T
/8 zdn CoS i/
= V = = =22.288 m, m/sec
v \/78+ 200V 60 60

_ SINng, xCos¢, Mg

| $ =21.17° m, =15

2my, mg +1
my = Py P, =P, cos¢@, =zm_cosdg,
0.95Z
P, =2.952m,

Z =length of line of action in transverse plane

7 = \/(rp +a)2 -1 +\/(rg + a)2 -1 —(rIO +, )sin &
1 st 2nd 3rd

22.04.2026 CHAPTER 6 HELICAL GEARS



a=1.0xm_ mm

1 d, 19.155
r=—mxN =—= m. mm
2 2 2
I —%mthG :%:merp
I, =1.5><19'155 m_mm

Check always 1st,2nd,3rd terms; 15t >

2nd

22.04.2026 CHAPTER 6 HELICAL GEARS
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V m/sec
0.08915

0.06686

0.133728

22.04.2026

Cv
0.9739

0.977

0.9684

Witp(N)
6231.5

8308.7

4154.33

57.465
86.1975

114.93
172.395

1st

2nd
3rd

/=

22.669
30.106
34.587
18.187

17.0018
22.5797
25.9408
13.638

34.0037
45.15958
51.88175
27.2814

|
0.14782

0.14781

0.147832

CHAPTER 6 HELICAL GEARS

Fmm
93.8

166.2

41.926

2p,
mm

73.5

55.1

110.2

F>2Px OK!

Cm=0K!

50<F<150mm

F>>2Px not

suitable
F is very
Large >
150mm
Cm=1.6

F<2Px
50<F
Not
satisfied
Cm=1.6
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Best solutionis M = AmMmM&F =94 mm
N, =18 N, =27

Then we can (and you have to ) check
safety factors for other fatigue conditions.

1) Gear surface durability
2) Gear bending fatigue
3) Pinion bending fatigue

to see that actual contact ratio is more than
what is required ; n>4.0?7

Please do these calculations yourself for
this example.

Right hand?
Left hand?

v

Which type of gears are these??
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Crossed helical gears are those in which the shaft
centerlines are neither parallel nor intersecting

 The teeth of crossed helical gears have point contact
with each other, whichchanges to line contact as the
gears wear in.

* For this reason they wvill carry only very small loads.

 Crossed helical gears are for instrumental applications,
and theyare definitely not recommended for use in the
transmission of power

Pitch cylinder

of B Right hand

), Axis of B

4 Crossed helical gears
-

Axisofd  [— Pitch cylinder
of A



1)
2)

3)
4)

3)

CROSSED HELICAL GEARS

Shaft centerlines are neither parallel nor intersecting

They are definitely not recommended for use in the transmission of power
but for the transmission of motion with small loads only.

A pair of meshing crossed helical gears usually have the same hand (LH-
LH) (RH-RH)

Tooth sizes are given in terms of normal pitch (normal module) as in
conventional helical gears.

Pitch diameter of gear is given as;

a=1.0xm, 6 mm

m b=1.25xm_ mm
d=mxN; m =—-"7"
COS i/

m. x N m. <N m. < Ng
d=-1""_5d ="  d=—1

COS i/ cosy/, COS Y/

M|ght be different CHAPTER 6 HELICAL éI(E)ARS




6) Velocity ratio of pinion & gear is obtained from tooth number’s of pinion
and gear (not from diameters).

N d, . :
Yo _Te L9 since v, and y can be different.

w, N, d;

7) High sliding occurs between teeth because of crossed configuration. For
minimum sliding velocity in crossed helical gears y, and g, must be
equal. If g, # y, the one with larger @ should be used as driver when
both gear have the same hand.

8) Since the teeth are in point contact an effort should be made to obtain a
total contact ratio of 2 or more (crt+cra=>2.0)
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For the case where both gears have the same hand of helix ;
rotations and axial forces are as shown below.
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For the case where both gears have the same hand of helix ;
rotations and axial forces are as shown below.
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FIGURE 14-11 Thrust, rotation, and hand relations for crossed-helical gears.
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