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Design of Spur (Straight and Helical),
Bevel and Worm gears

Lecture-06
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Outline of the Lecture

»Design of Gear Tooth based on beam Strength
»Lewis form factor
»Formative number of teeth

»Consideration of tooth (generation) accuracy
»Velocity factor
»Wear and lubrication factor
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Strength of gear teeth-Lewis equation

With respect to straight tooth spur gear

Fig.- 1.
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Strength of gear teeth-Lewis equation (Contd....) : Straight tooth spur gear

Bending Stress at root is derived as:

_ My M(/2)
Line of Action - | - bt® /12
Pr-essure {.me 6M GFth
Pitch Point = —
- bt>  bt?
o , Where,

is the bending moment at
considered cross-section

| | | Area moment of inertia

Fig.- 3. : is the width of gear
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Strength of gear teeth-Lewis eguation (Contd....) : Straight tooth spur gear

2
NOW; é_hzy(n_mn)zymn

Line of Action
Pressure Line

Pitch Point Y is called the Lewis form factor

Y (= ry) is Modified Lewis form factor

It is expressed as: Y = 0.484 - 3.28 | Z'

i / Weakest Cross Section Z'=Z/cos’ (p) Formative number of teeth.

| / B Is the helix angle, which is zero in case of
straight tooth spur gear.

RN AR 7 !7 NPTELONLINE Prof. Rathindranath Maiti

: CRRTEA TN OURSES Mechanical Engineering Department



Strength of gear teeth-Lewis eguation (Contd....) : Straight tooth spur gear

_ 6F.h
Rearranging: O=—"">7
Line of Action bt
Pressure Line
Pitch Point Ft =obYm n
b cicle — i
o e O Introducing Allowable Strength S,

and velocity factor CV :
the maximum tangential load:

/ Weakest Cross Section —

CERTIFICATION COURSES

' A KEARAC R 7'~ NPTEL ONLINE Prof. Rathindranath Maiti

Mechanical Engineering Department



Strength of gear teeth-Lewis eguation (Contd....) : Straight tooth spur gear

Velocity Factor C\, IS expressed as:

L, = : Milled Gear,
Line of Action 3+V
Pressure Line
. . R = S Accurately cut Gear,
Pitch Point Y 45+V
ol = More Accurately cut Gear,
o ; 6+V
C, & Fine Finished Gear,
35+V
/ Weakest Cross Section And for Hardened Gear, c, = i
L 55+V
| :
/

Where, V is the pitch line
velocity of gear in m/sec.

R ¥4~ NPTEL ONLINE
| IIT KHARAGPUR '-

CERTIFICATION COURSES Prof. .Rafhl.ndr'qna'l'h Maiti
3 Mechanical Engineering Department




Strength of gear teeth-Lewis eguation (Contd....) : Straight tooth spur gear

Now F, can expressed in terms of transmitted
Torque [, as:

Line of Action E = 2T _ 2T
Pressure Line t -
- dp Zm,
Pitch Point

Also, widthD can be limited by a factor ¥
multiplied by normal module M, .

Therefore, equation F = S_c bYm_
can be modified to:

Pitch CircleoDia.dpi // Weakest Cross Section T = (Sa c,Z mej ) /2
| / Rearranging: m =3 2T
" NS )ZyY
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Strength of gear teeth-Lewis eguation (Contd....) : Straight tooth spur gear

Looking into lubrication condition and taking
iInto wear in consideration another factor CW
IS introduced.

Line of Action
Pressure Line

Pitch Point
e 2T

m, =
i S,C, ZuY

Therefore, to estimate module:

C

W
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Strength of gear teeth-Lewis eguation (Contd....) : Straight tooth spur gear

In the expression:
Line of Action

Pressure Line _ 2T
Pitch Point Mh = S
i
— C
‘ S| So*v ZyY
%// [ CW

Lubrication /wear load factor C, is taken
between 1 to 1.25 for force lubrication to
splash lubrication respectively.

Weakest Cross Section
/ Wwidth factor ¥/ may be as high as 15 & 20 for straight tooth
I spur to helical gear respectively.

Pitch Circle o Dia. dp ‘

Y/ = 10 to 12 for straight tooth spur and 14 to 16 to helical spur gear is in design
common practice.
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Thank You

CERTIFICATION COURSES

RN AR 7 !7 NPTELONLINE Prof. Rathindranath Maiti

Mechanical Engineering Department



Module-02

Design of Spur (Straight and Helical),
Bevel and Worm gears

Lecture-07

Helical Tooth Spur Gear &
Loads on Gear Shaft
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Outline of the Lecture

» Modification of formula for helical gear (from straight tooth spur gear)
»Equivalent Spur Gear & formative number of teeth

» Generalization of formula for designing both straight tooth
and helical tooth spur gear

»Pitch circle diameters of gears and pinion, and centre distance
»Loads on shaft through gears
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Strength of gear teeth-Lewis eqguation (Contd...): Straight tooth spur gear (Rpitulation)

To estimate module we use:

Line of Action
Pressure Line

Pitch Point

2T

S m, =
38(‘:’(:" LyY
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Design of Helical Gear : Face Pitch (P,=P.,/ cosp)
- ?\090//\ Equivalent Straight
S 2 ; > tooth spur gear:
<< B e o™ B
=1 7 /Left- hand Helix ‘ b |
7 elcammy € D
77 770N N NN W WS -~ 5 .
o /// /)57 / \\\\\ \\ \\ \f\ \\ \\ \y/ | 20032 IB
{ / TR BRI IR /
/ I\ NRRRRNRNRNE
N A7AN}
| | / R
Right- hand Dimetral Plane 7+
Helix /

IR — Zm_ /cosp

cos” 3
Z'm = Zm. /cosp
NorrréPitch (Pep=1m,) COSZ ﬂ
Plan View of a Helical Gear Pair in Contact

Z' Formative number of teeth is expressed as:
' IIT KHARAGPUR

Z' Z
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Design of Helical Gear (contd...) :
Pitch Diameter of Helical Gear and Centre Distance of

D = Zp pc — Zp pcn
Mating Helical Gear Pair Face Pitch (P,=P,/ cosp) P T cosp
% e _ 4,m,
$ 2 B S p ~ cosp
&
< L‘[;/Left hand Helix \/ ‘ \}9’ ; l
| ) Lpy | ] ’ o I
B DA Wi s 2y At L 5 = ZoPe _ ZyPa
// /\/ /\\\ N\ N \\\\y o ‘ g — =
T ) NIRRT \ ~ % ///////’ i }197 T ECOS,B
Iy AL LT Jimmninil?, 7
/ N \\\\\\‘\‘\ { 7 _ LM
| ‘ | , =
o AN cosp
Right- hand Dimetral Plane //\?o°
Helix —
/ A=(D,+D,)/2
T o
Normal Pitch (Pcn-Trmn) L A= m, (Z +Z)
Plan View of a Helical Gear Pair in Contact 2 COSB
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Design of Involute Helical Spur Gear
Module on the basis of bending strength:

The Lewis Formula for module calculation.

After selecting module (rounded up to standard) tooth’s
dynamic load capacity and wear load capacity are verified.

If necessary module is increased.
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Strength of gear teeth-Lewis eguation (Contd...): Helical tooth spur gear

To estimate module we use:

Line of Action
Pressure Line

Pitch Point — 2TCO$8
‘ mq — 3 Sva

Lubrication /wear load factor C, is taken
. between 1 to 1.25 for force lubrication to
Weakest Cross Section splash lubrication respectively.

| ,/ Width factor ¥/ may be as high as 15 & 20 for straight tooth
/ spur to helical gear respectively.

Y/ = 10 to 12 for straight tooth spur and 14 to 16 to helical spur gear is in design
common practice.

Pitch Circle Dia. dp ‘
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Design of Involute Helical Spur Gear (load on shaft)

F_ 2T 2T cosp
Tooth Loads e°°° t d, Zm
F.= i
tn
F cosf3
F, = = F, secf.seca,
tn
COS«x ,

F. =F .Sna, =F secpf.sece, .Sna,

»-Torgue on Shaft Fr — Ft %Cﬂ. tar] OCn = Ft tan w

F,=F sng=Ftang

Forces on Helical Gear Tooth
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Thank You
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Module-02

Design of Spur (Straight and Helical),
Bevel and Worm gears

Lecture-08

Design of Bevel Gear
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Outline of the Lecture

» Concept and Feature of Bevel Gears

» Nomenclature and Geometry of Straight Bevel Gear

» Formative Number of Teeth of Straight Bevel Gear
»Typical Gear Unit with Bevel and Helical Gears
» Bending Strength basis Design of Straight Bevel Gear

»Wear load Capacity and Probable Dynamic Load in
Straight Bevel Gear

» Tooth Load in Straight Bevel Gear
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Concept of Bevel Gear

P%, Bevel gear
- i o~ \\_'_3

Hypoid gear

traight Bevel

Spiral Bevel

s

Herringbone Bevel

Worm & Worm Wheel Hypoid Bevel
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Straight Tooth Bevel Gear Nomenclature

SHAFT ANGLE

PITCH APEX
- TO BACK

-

BACK ANGLE

CROWN
PITCHAPEX "% |  ToBACK
TO CROWN e
re
FACE WIDTH
Q.O‘s‘:& PITCH
3‘6"" APEX
/
-

FACE ANGLE

| PITCH ~ PINION < r |
ANGLE N $ .
\\\ \K/ vq'y r _ do
| & 0 = 2
&
(o)
GEAR &
Qe '
_ PITCH DIAMETER _z
- I OUTER |DIAMETER L
I BACK &
FRONT ANGLE CONE /f
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Straight Tooth Bevel Gear Nomenclature
Formative Number of Teeth

Formative Number
of Teeth :

2 L
cosy
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Ii‘ii?’"l‘,
7.

Assembled plan view
(Not of the same one as below)

Design of a Bevel- Helical Two Stage Gear Box:
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Straight Bevel Gear Design (90° Shafts):

Normal Module ( My,4 , in meter),
For straight tooth bevel gear, can be estimated as :
CV = Velocity factor,

2T
Moo = S = 1 for precision gears & no shock,
3| G, _ 1.2 for general purpose gear.
. Yy (1-y,)
w C,= Wear load / Lubrication factor,
] = 1 for force lubrication &
Where: 1.5 for sump/splash lubrication
T = Torque (Nm), _
SO = Allowable design strength (Pas),
Z = Number of teeth, = “Yield Strength/2.5 to 3, for infinite
life of gear.
SOC:V g

Can also be replaced by Sd= ‘Ultimate strength/3 to 3.5
Straight Tooth Bevel Gear Cw ’in first estimation of module. It is applicable for all gears.
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Straight Bevel Gear Design (90° Shafts):
Normal Module ( My,4 , in meter),

W= Width factor [active width b

2T of gear/module],
My = ./ Sc =10to 12 or lower for bevel gear.
X ZYy (A-y,)
/ C 0 v, :b/l for bevel gear , usually

1/3 or less,

Modified Lewis form factor
Y = 7(0.154-0.912/Z)

and for straight bevel gear ,
Formative number of teeth-

Straight Tooth Bevel Gear Z =Z/cosy

R <1 NPTEL ONLINE . "
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Straight Bevel Gear Design (90° Shafts):

Normal Module ( Myo,q , in meter),

w

For straight tooth bevel gear:

Mean PCD (Straight Bevel) Formative number of teeth

for straight bevel gear ,
=2xmeanrt = Zxm,, Z -7 cosy

Other relations. 7 =pitch cone angle .

Vpt7e=90" tany, /tany, =2, /Z

Straight Tooth Bevel Gear

And, g
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Straight Bevel Gear Design (90° Shafts):

Wear Load Capacity of Straight Tooth Bevel Gear and Probable Dynamic Load:
Wear Load Capacity of Straight Tooth Bevel Gear:

Oy d
F,=——bKQ, =——
Where, COS}/IO
o -2 |
g = ’ ’ 2l
Zg + Zp

Is same as defined in case of spur gear against
gear and pinion teeth hardness.

7' Zl’O Formative number of teeth of gear and pinion

Probable Dynamic Load is Estimated as In Spur Gear
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Straight Bevel Gear Design (90° Shafts) (contd....) :

Tooth Loads of Straight Tooth Bevel Gear:

Tangential Load |Zt -

Normal Load F,=F SeCa

Radial Load Fr = Ft tan o CoSy

Axial Load Fa — Ft tanasiny

It is to be noted that for 90° Shafts Straight Bevel Gears:
th — Ftp . Fag — I:rp and Frg = Fap
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Module-02

Design of Spur (Straight and Helical),
Bevel and Worm gears

Lecture-09

Crossed Helical Gear-I
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Outline of the Lecture

» Introduction to Crossed (Axes) helical Gear,
»Definition & Basic Theory,
»Direction of Helix Angles,
»PCDs and Centre Distance,
»Gear Ratio, Speed Ratio & PCD Ratio- Relations,

> Solution for 90° Crossed Helical Gear.
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Crossed Helical Gear

Let a helical pinion having teeth Z, and
helix angle f, (LH).

Is mating with a helical gear having teeth Z;, and
helix angle f; (LH) as shown in the illustration.

Then the axes of the pinion and the gear are non
parallel. It may be called as crossed helical gear also:

PINIO

3D View of Helical gears with non

parallel shafts (Crossed Helical Gear) Helical gears with non parallel shafts.
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Crossed Helical Gear (contd....) :

PCDs of pinion and gear are expressed as:

_ prfp _ prn PINIO
T T CoSp,

pr an /
dpg: e g g

T 7 COS P,

d

pp

Where, Py Py are face pitches of pinion and Helical gears with non parallel shafts.
gear respectively.
and P, is the normal circular pitch.
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Crossed Helical Gear (contd....) :

As pinion and gear are mating they have common normal pitch (and module).

PINIO

GEAR

By (Lh)

Helical gears with non parallel shafts.

' IIT KHARAGPUR

Therefore, the centre distance can be expressed as:

:dpp+dpg P.| £ N Z,

— p
" 2 27| cosB, cosp,

Let the pitch-line velocities of pinion and gear be
V, and V, respectively. The common velocity V,
normal to the matting teeth surfaces of pinion
and gear is expressed as:

V, =V, cosf, =V, Cospf,

Or, V. =

'~ NPTEL ONLINE Prof. Rathindranath Maiti
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Crossed Helical Gear (contd....) :

The angular velocities pinion and gear are:
2N 2C0S PINION
mzzvp and,a)g: 9 — ’Bp Vp
P d, d, d,cosg,
d ~— V
The velocity ratio @,/®, Dy _ d,, cosp, / e \\\g B, (LH)
IS expressed as: -
P w, d cosp, ] B, win
Substituting the expressions of d, and d SEAR
| | Helical ith llel shafts.
Zg pn €liCal gears with non paraliel shaits
w, |7COSPy | cosp, o 7
o. | Z.p | cosp or E=_~
= P o, Z
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Crossed Helical Gear (contd....) :

Thus, the velocity ratio of the gear and pinion,
w, 7L

P _ 9

0 Z

g p
depends on the number of teeth, and independent of
helix angles and diameters.

d { $ 3 g g .
/ pp?/ - \\\\g A, (L) Now, expressing the teeth (Reduction) ratio, as :
— 4 1

PINIO

; y; _ =
GEAR I (En) Z, A
Helical gears with non parallel shafts. ~ Substituting in the expression of the Centre Distance :
A1 |_2zA,
COsf, COosp, Z, P,
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Crossed Helical Gear (contd....) :

In designing such crossed helical gears or PINIO
non parallel shaft gears, very often angle
between shaft axes i.e., (pr +,Bg), d. =5 ;
pPp Z
o ot =N B
reduction ratio i.e., (1/1) and A, are // \\\g
specified. GEAR By (Lhy

Therefore, Zg and suitable standard Helical gears with non parallel shafts.

module i.e., B, (circular pitch) are
chosen. Values of f, and ,Bg are found A n 1 _ 27 AY:H

COsf, COosp, Z, P,

out by trial and error to solve:

1 NPTEL ONLINE Prof. Rathindranath Maiti
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Solution for 90° Crossed Helical Gear :

Vo

Solution for the helical gear and pinion with
PINION dog right angle shaft axes can be obtained using

v Newton-Raphson numerical method as follows:
m— e o o
4 X/ Vg As, (B,+5,)=90
GEAR/ PP f, (LH)
— o -
B, +B)=90° | Foam Therefore, COSf, =cos(90° - B,)=s€in g,

Helical gears with 90° shafts.

A 1 | 27A,

_|_
snpg, cosp, Z,p,

Substituting in the expression of CD:
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Solution for 90° Crossed Helical Gear (contd....) : v

Now, let: % =C PINION dpg

Zg pn QJ/ vV,

Therefore, substituting and multiplying T emm T\f T Vg

d 7
both sides by sin g, GEAR/ fp LW_‘)
(B, + B,) =90° By (LH)

A 1 . :
: + xsin g, =Csn g,
SN ,Bg COS ,Bg Helical gears with 90° shafts.

Simplifying and expressing as a function f(f,) :

f(B,)=A+tanp,—Csin g,

T KEARAC R 7 !7 NPTELONLINE Prof. Rathindranath Maiti
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Solution for 90° Crossed Helical Gear :

PINION d, The equation f(8,)=A+tanpg, —Csing,

Q v in now differentiated with respect to f:
_ |

L A

TV R AL B Sy

d T
GEAR / ¢pp FWH) dﬂg COS® IBg
(B+B)=90° T Faam f(5,)
Helical gears with 90° shafts. Nowleis == f '(,3g )
g

4
Therefore, a closer value of IBg can be chosen as: ,Bg — /89 +h
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Solution for 90° Crossed Helical Gear (contd....) :

' is now considered as the new trial root in

¥ the Newton-Raphson method, i.e. : PINION dg

f(B.)=A+tan g, —Csin g, Qv

LA

A 2 4 _ — — v i
\<\ ! g

Differentiating again with respect to ,Bé : dep B 7 b
A
d(f (B, b

f!(ﬂé): ( (ﬂg)) — 1 —CCOSﬂé (,Bp+ﬁg)_90 ﬁg (LH)

’ 2
d'B g COS 'B g Helical gears with 90° shafts.
f(5,)
F'(B,)

The process is repeated till the new root becomes very close to previous value.

The new incremental value h'=- and new rootis B; = £, +h’
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Solution for 90° Crossed Helical Gear : 4 T IENENEEEEEEEEEENEE
o A 1 21 Agy, T
Ve e " sinp - cos B Tz L
L an ) . g g gpn 7 !.-'Jl
PINION )\dm it UENE Al
, T hTE ' Qéﬁ AL
N4 3 frofe s
= = : 3 v - 8 [ -] A J'"JI
N c= 2 Acu 4l J?H mSeER SRR A R
GEAR Il £, (KH) Z.p, : SN NN a R
{-Bp-"ﬁg}:goo o (LH) 2 T : S ﬁ‘“ Hj___ﬁ—i ’,f — i
Helical gears with 90° shafts. = BNl S
™ il ik i S
The solution can best be revealed LN ER=E==sunENaE
through an practical example. L/ SEaaneran=s
Lo . 1
However, the initial trial value of B; can be 10° 20° 30° 40° 50° 60° 70°
assessed from the chart of C- 2T Acn vs B, Bg .
Z4Pn Design chart for Helical gears with 90° shafts.

for different values of A .

.1~ NPTEL ONLINE Prof. Rathindranath Maiti

| IT KHARAGPUR
e CERIEEATUN COUDE Mechanical Engineering Department



90° Crossed Helical Gear- A Practical Example :

Vo

Problem:

dpg

PINION
A Helical pinion and gear set with 90°
shafts have 15 and 58 involute (20°) 1/ Va
teeth respectively. N | ﬂ }V J_
- g

The centre distance is specified as 200 / dpp R i
mm with normal module as 5 mm. GEAR | U fp (LH)
Find the appropriate helix angles of the @ By (LH
pinion and the gear. ('BP +'Bg) =90 9 (LF)
What will be their pitch circle diameters? Helical gears with 90° shafts.
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I N NN NN SN e A
Solution: : MR A 1 2WwA T
v, Given: ‘Lj" : \\ sinB, * cosp, a Zp, . f :'f;
[ EINDN 7 %o Z =15, Z_ =238, e MKV UL 0
SHN 7 ¢ I SES A1t g
Gt T M, =0 i, 3 N R
TG 21 Agy ~ L %x“ Al
(B, + By = 90° « (L) A =200 mm, C-= ZI_pCH TR ans £ 7
Helical gears with 900 shafts. 3 + £, = 90 ° A—0.258—TLh M= == A e s
& 2 - :__ _d_# T 7
H u ‘x._x\b"-: _"_-_-—_: B ff:";;
ToFind: pB,,p8,,d, & d,. S SRRsiSEiazce
C=1.38 /O 43t e e T
A=Z |Z_ =15/58=0.258, Thegeardatais | 4
S not suitable for 10°
B 200 30° 40° 50° 60° 70°
2x 1 %200 —>
and C = M = =1.38 Bg
Z.p, 58 x (m x5) Design chartfor Helical gears with 90° shafts.

' IIT KHARAGPUR

90° Crossed Helical Gear- A Practical Example (pontd....) :
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ractical Example (contd....):

Solution (Contd...):

4 T T T T v
Tl A 1 2mA " -
AP ———— - - X Do [ BINION / e
DO ERLRIsinB,  cosBy  Zgpn LA To make the Sk ZN
VAN WAMANE 1| problem feasible — — —=—K—=7—>v.]-
: 7 ; [S[¥ B EA th dule i GEAR.” il B, (H)
3 PEECE AT 2 i e module is now — "~
2mA,, AT el e takenas 4 mm. T ”
C= > () YENES x: B b i Helical gears with 90° shafts.
Pn : : o O e 02 1 0 9 Therefore, now
A=0.258— {1k ﬂ%@% = FCLPLT
2 % —— 5 2
EmE s 2 C - ™A, :ZXFI'XZUU 174
C=1724 — SIS AN Zp, 58 x (% 4)
T~ B =
L RS SR but A=Z2,/Z,=0258, remains
1
D B e unchanged.
Bg —> From the graph the initial value of
Design chartfor Helical gears with 90° shafts. ﬁg may be taken as 24.5° or 41° .
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90° Crossed Helical Gear- A Practical Example (contd....):

-———;’-—El:l_réF Y = v,
GEAR " il S, [(EH)
(Bp+ By) =907 s (LH)

Helical gears with 90° shafts.

. IT KHARAGPUR

Solution (Contd...):
Finally:
Zp =13, Zg =58, 4., =200mm, m=4mm,instead of 5mm.
_ Q
Ppt Fg=20 ToFind: p,,B,,d,, & d,.

C - 2w A, 2x7mx200
a Z,p, 58 x (mr x4)

=1.724

and A1=Z,/Z,=15/58=0.258,

From the graph the initial value of

[ , may be taken as 24.5° or 41° .

"1 NPTEL ONLINE
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Module-02

Design of Spur (Straight and Helical),
Bevel and Worm gears

Lecture-09

Crossed Helical Gear-I

'~ NPTEL ONLINE Prof. Rathindranath Maiti
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Outline of the Lecture

> Introduction to Crossed (Axes) helical Gear,
»Definition & Basic Theory,
»Direction of Helix Angles,
»PCDs and Centre Distance,
»Gear Ratio, Speed Ratio & PCD Ratio- Relations,

> Solution for 90° Crossed Helical Gear.

'~ NPTEL ONLINE Prof. Rathindranath Maiti
Mechanical Engineering Department
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Crossed Helical Gear

Let a helical pinion having teeth Z, and
helix angle [, (LH).

Is mating with a helical gear having teeth Z;, and
helix angle f; (LH) as shown in the illustration.

Then the axes of the pinion and the gear are non
parallel. It may be called as crossed helical gear also:

PINIO

3D View of Helical gears with non

parallel shafts (Crossed Helical Gear) Helical gears with non parallel shafts.

'~ NPTEL ONLINE Prof. Rathindranath Maiti
Mechanical Engineering Department
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Crossed Helical Gear (contd....) :

PCDs of pinion and gear are expressed as:

_ prfp _ prn PINIO
T T CoSp,

pr an /
dpg: e g g

T 7 COS P,

d

pp

Where, Py, Py are face pitc_hes of pinion and Helical gears with non parallel shafts.
gear respectively.
and P, is the normal circular pitch.

'~ NPTEL ONLINE Prof. Rathindranath Maiti
Mechanical Engineering Department
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Crossed Helical Gear (contd....) :

As pinion and gear are mating they have common normal pitch (and module).

PINIO

GEAR

By (Lh)

Helical gears with non parallel shafts.

' IIT KHARAGPUR

Therefore, the centre distance can be expressed as:

zdpp+dpg P| 4 o Z

— p
" 2 27| cosB, Cosp,

Let the pitch-line velocities of pinion and gear be
V, and V, respectively. The common velocity V,
normal to the matting teeth surfaces of pinion
and gear is expressed as:

V, =V, cosf, =V, Cospf,

Or, V. =

'~ NPTEL ONLINE Prof. Rathindranath Maiti
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Crossed Helical Gear (contd....) :

The angular velocities pinion and gear are:
2N 2C0S PINION
mzzvp and,a)g: 9 — ’Bp Vp
P d, d, d,cosg,
d ~— V
The velocity ratio @,/®, Dy _ d,, cosp, / e \\\g B, (LH)
IS expressed as: -
P w, d cosp, ] B, win
Substituting the expressions of d, and d SEAR
| | Helical ith llel shafts.
Zg pn €liCal gears with non paraliel snarts
w, |7COSPy | cosp, o 7
o. | Z.p | cosp or E=_2
= P o, Z

“+ NPTEL ONLINE Prof. Rathindranath Maiti
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Crossed Helical Gear (contd....) :

Thus, the velocity ratio of the gear and pinion,
o, <L

P _ 9

0 Z

g p
depends on the number of teeth, and independent of
helix angles and diameters.

d { $ e o o .
/ pp?/ - \\\\g A, (L) Now, expressing the teeth (Reduction) ratio, as :
— 41

Py (LH
g (LH) Zp y)
Helical gears with non parallel shafts.  Substituting in the expression of the Centre Distance :

A1 |_2zA,

COsf, COosp, Z, P,

'~ NPTEL ONLINE Prof. Rathindranath Maiti
Mechanical Engineering Department
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Crossed Helical Gear (contd....) :

In designing such crossed helical gears or PINIO
non parallel shaft gears, very often angle
between shaft axes i.e., (pr +,Bg), d. == q
pPp Z
o e =N B
reduction ratio i.e., (1/1) and A, are // \\\g
specified. GEAR By (Lhy

Therefore, Zg and suitable standard Helical gears with non parallel shafts.

module i.e., B, (circular pitch) are
chosen. Values of f, and fgare found A + 1 _ 270 Ay

COsf, COosp, Z, P,

out by trial and error to solve:

“+ NPTEL ONLINE Prof. Rathindranath Maiti
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Solution for 90° Crossed Helical Gear :

Solution for the helical gear and pinion with

PINION

dog right angle shaft axes can be obtained using
Z\ Newton-Raphson numerical method as follows:

~

\J,<- ———>v,{-  As, (B,+,)=90°

d
GEAR,/ PP

l

(Bp + Bg) =907
Helical gears with 90° shafts.

' IIT KHARAGPUR

Substituting in the expression of CD:

B (L) Therefore, ¢©0s /3, =co0s(90° — ;) =sin S,

A1 | 2744
sin 5, cos [, Z,p,

“+ NPTEL ONLINE Prof. Rathindranath Maiti
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Solution for 90° Crossed Helical Gear (contd....) : v

Now, let: % =C PINION dpg

Zg pn QJ/ vV,

Therefore, substituting and multiplying T e T\f T Vg

d 7
both sides by sin g, GEAR/ fp LW_‘)
(B, + B,) =90° By (LH)

A 1 . :
: + xsin g, =Csn g,
Sn ,Bg COS ,Bg Helical gears with 90° shafts.

Simplifying and expressing as a function f(43,) :

f(B,)=A+tanp,—Csin g,

. ' IIT KHARAGPUR - NPTEL ONLINE Prof. Rathindranath Maiti

= ARSI AN COURIES Mechanical Engineering Department



Solution for 90° Crossed Helical Gear :

PINION d, The equation f(8,)=A+tanpg, —Csing,

Q v in now differentiated with respect to [ :
_ |

L A

TV R AL B Sy

d T
GEAR / ¢pp FWH) dﬂg COS® IBg
(B +B)=90° T Faary £(6,)
Helical gears with 90° shafts. Nowslisie  li=— f '(,Bg )
g

4
Therefore, a closer value of IBg can be chosen as: ,Bg — /89 +h

. ' IIT KHARAGPUR - NPTEL ONLINE Prof. Rathindranath Maiti
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Solution for 90° Crossed Helical Gear (contd....) :

' is now considered as the new trial root in

¥ the Newton-Raphson method, i.e. : PINION dg

f(B.)=A+tan g, —Csin g, Qv

LA

A 2 4 _ — — v i
\<\ ! g

Differentiating again with respect to ,Bé : dep B 7 b
A
d(f (B, b

f’(ﬂé): ( (ﬂg)) — 1 _Ccosﬂé (,Bp+ﬁg)_90 ﬁg (LH)

’ 2
d'B g COS 'B g Helical gears with 90° shafts.
f(5,)
F'(B,)

The process is repeated till the new root becomes very close to previous value.

The new incremental value h'=- and new rootis B7 = £, +h’

. ' IIT KHARAGPUR - NPTEL ONLINE Prof. Rathindranath Maiti
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Solution for 90° Crossed Helical Gear : 4 O
WM A 1 2w AL, 17
Ve B . sinB N cosB B Z o
I me Y g g gPn j;,:}
d 0 . e
PINION )\m NI YW Ay
'll:ll' K l"-. ‘Q” . ”.:n'
Q T Vo 3 llll —r Y : o I 3 . i N:“;r
4 —— A C = 2WAcu AT ES‘K e I 5 P VAL
GEAR/ i I B (KH) Zp, 53 Epn RN NP dE r
1 e I O O
Bye =90° T Potum) A
Helical gears with 90° shafts. = :‘“ P
The solution can best be revealed ] g}“’“‘"a SR
through an practical example. A TSI S e
1
However, the initial trial value of B; can be 10° 20° 300 40° 50° 60° 70°
assessed from the chart of ¢ - 2 Acx yg B, Bg >
Zp, Design chartforHelical gears with 90° shafts.

for different values A,

; 1~ NPTEL ONLINE . "
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90° Crossed Helical Gear- A Practical Example :

Vo
Problem:
dpg
PINION
A Helical pinion and gear set with 90°
shafts have 15 and 58 involute (20°) 1/ Va
teeth respectively. N | ﬂ }V J_
. . - g
The centre distance is specified as 200 / dpp R i
mm with normal module as 5 mm. GEAR | U fp (LH)
Find the appropriate helix angles of the @ By (LH
pinion and the gear. ('Bp+'69)_90 9 (LF)

'~ NPTEL ONLINE Prof. Rathindranath Maiti
Mechanical Engineering Department
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90° Crossed Helical Gear- A Practical Example g‘cnntd....) :

[T T T T T TIT T}
Solution: : SR A 1 2w A,
v — R sinB,  cosB,  Z,p,
!
PINION A5 Z :15, Z :585, \\ DR 4 ;”?'
J Z\ p & YL TR 4 BYAf
= —=v,- m_=5mm, 3 N . = £ieat
GEAR/" [:1” i By (EH) " 21T A \ X @%m BEEREE i :&f
_ _ CH N = A7
(B, + Bg) =90° s (LH) Ay =200 mm, C= Zp ThHH= “1]@ TTH T {:”"
arn 1 -~ i = = >
c - o o ot r g -
Helical gears with 900 shafts. ﬁp + ﬁg = 90 A=0 258 \ rﬂﬁm : 58
2 I
ToFind: g, ,.5,.d,, &d,, . i R
-] w’ NE
C=1.38 >{OBErFLLCE T T
A=Z,/Z, =15/58=0.1258, Thegeardatais | 4
not suitable for 100 200 = 0o 500 - =
5 A , 200 000 shafts 30 40 5 60 70
m X T X R
and C=—_ 1 - =1.38 g
Zp, 58 x (7 x35) Design chart for Helical gears with 90° shafts.

"1 NPTELONLINE

' IIT KHARAGPUR

CERTIFICATION COURSES

Prof. Rathindranath Maiti

Mechanical Engineering Department




Solution (Contd...):

4 M T I T T v,
; 1‘\1" FHH A 1 _2mAq T d,,
ORrIsing,  cosB,  Zp, il To make the S Z,\
A RANEARN 2tiH problem feasible — —- — V.-
LT [ BT - GEAR/ O fu] 5, (H)
3 PRI g rirtint) the module is now TG y
A o B e T e ] tkevas o, RIS "
C= CH TR e R Helical ith 90° shafts
Zp [ L SBEE K elical gears wit shafts.
aFn I < AT / Therefore, now
A=0.258 ~ B e T L LT
2 Tt 2mwA 2 x 77 % 200
N OO 2 5 5 C=_—___¢4 _ =1.724,
C=1.724 —> ?hn___-_:::d: = 1 ngn 58 > (.ﬂ' > 4)
ERE | :e,_, i
S ampEEE but 1=2,/Z,=0.258, remains
1 unchanged.
10° 20°/ 30° 40° 500 60° 70°
—> From the graph the initial value of
g
Design chart for Helical gears with 909 shafts. ﬁg may be taken as 24.5° or 419,

> 1~ NPTEL ONLINE : "
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90° Crossed Helical Gear- A Practical Example (contd....): Solution (Contd...):

VP
PINION Do
N Z’\
—_-——— - " f vn
GEAR,” dr“ TWH)
(B, + Bg) =907 a (LH})

Helical gears with 900 shafts.

. IT KHARAGPUR

Finally:
Zp =15, Zg =58, A, =200mm, m =4 mm,insteadof 5Smm.

ﬁp+ﬁg:900 TOFind: ﬁp:ﬁg?dpp&dpg-

_2mA,,  2xmx200

C =
Z.p, 58 x (T x4)

=1.724

and A-=Z7,/Z,=15/58=0.258,

From the graph the initial value of
[, may be taken as 24.5° or 419,

1 NPTEL ONLINE Prof. Rathindranath Maiti
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Module-02

Design of Spur (Straight and Helical),
Bevel and Worm gears

Lecture-10

Crossed Helical Gear-II
and Worm Gear
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Outline of the Lecture

>»A Workout Example of 90° Crossed Axes Helical Gear (Continued from earlier Lecture),
> Choice of Initial Helix Angle of Gear- Limitations,

> Transformation of 90° Crossed Axes Helical Gear to Worm Gear,
»Similarities and differences in 90° Crossed Axes Helical Gear and Worm Geatr,

> Strength Basis Design of Crossed Axes Helical Gear and Worm Gear.

'~ NPTEL ONLINE Prof. Rathindranath Maiti
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90° Crossed Helical Gear- A Practical Example (contd....) : Solution (contd...):
e ) Final Given Data: ,\\ T ‘27})\:‘;‘ | //’/f/
Pg \ = -+ L i
M& JZ\ Zp :15, Zg :58, A “sin ﬁg COSﬁ Zg pn /////
I B L nf v - ACH =200 mm, \ \\ < 41 F - 7 - {//
GEAR PP \TU By (EH) mn: 4 mm, T
+3.) =90° By un 3 o0 g
Vot P =90 o By + By =90° _ 27Ac T e o;@Q S o
. : 0 - i 71
Helical gears with 90° shafts. 7 2 Ps : Qe \j\fi’/ Bz,
To Find: ,Bp, ﬂg ,d np & d - 1=0.258 — \ 0;5”\ AT
2 N iy 1 - 7
A=Z,1Z,=15/58=0.258, C=1724 —> ””*Eg‘*ff”f;’f;i””””””
C 27 2 x 77 x 200 DR
and — — el —~1.724 08—
Zg P, 58x (7 x4) 1
o 10° 20°! 300 40° 50° 60° 70°
From the graph the initial value of . —
,Bg may be taken as 24.5° or 41° . Design chart for Helical gears with 90° shafts.

'~ NPTEL ONLINE Prof. Rathindranath Maiti
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90° Crossed Helical Gear- A Practical Example (contd....) : Solution (contd...):
Let ,Bg — 24_50, then function f(ﬁg) , PINION y\dpg
. . NEY42
following Newton-Raphson method is: | —— , v, -
EAR Re \TU By (KH)
f(B,)=A+tan B, —Csin B, = 0.258 +tan(24.5°) —1.724 xsin(24.5°) (B, + ) —90° Ba Ly
Or, f(B3,)=0.258+0.456—-0.715=-0.001 Helical gears with 90° shafts.
’ g 27y  _2xzx200 . __,
’ 1 g C= Z 0 58 x (7 < 4) '
and f ('Bg):—coszﬂ —Ccos B, = o5 (24.5°) —Ccos(24.5%) g Pn 122,17, <16/88=025%
1 ’ From the graph the initial value of
or, f'(B,) =~ —1.724x0.90996 =1.2077 -1.56877 = -0.3611 f, may be taken as 24.5° or 41° .
(0.90996)
f _
Therefore, h=—— ) - =001 _ 4 44577 rad=—0.1587 ° |
f'(g,) —0.3611 B =, +h
Now a closer value of f; can be chosen as: —24.5°-0.1587 °=24.3413 °

'~ NPTEL ONLINE Prof. Rathindranath Maiti
Mechanical Engineering Department

| IIT KHARAGPUR CERTIFICATION COURSES



90° Crossed Helical Gear- A Practical Example (contd....) : Solution (contd...):
EIRTG J}\d Following Newton-Raphson method: f'(5,)
 — i . f(B))=A+tan g, ~Csin g, =0.258+tan(24.3413°) —1.724xsin(24.3413°)
EAR Re \TU By (KH)
et N or, f(8,)=0.258+0.4524—0.7106 = -0.0002
Helical gears with 90° shafts. 1
C - ZZ7ZA;H :%:1_724 and f'(B)= o5t ~Ccos g, = c0s? (24.3413) —Cc0s(24.3413°)
g Mn
4=2,1Z,=15/%8=025%, Or, f/(B)=—  _1724x0.9111=1.2046-1571=—0.36614
From the graph the initial value of 9 (0.9111)2
B, may be taken as 24.5° or 41° .
f (B! - - .
Therefore, h=—— ) __ Z00002 _ 4400547 rag——0,0313°.  The increment is small.

f(8)  —0.36614
B, = B, +h'=24.3413°~0.0313°= 24.313 °

However, Is further refined to :
szl g b5 ! or, B, = 24°18'47"

'~ NPTEL ONLINE Prof. Rathindranath Maiti
Mechanical Engineering Department
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90° Crossed Helical Gear- A Practical Example (contd....) : Solution (contd...):
= ° PINION e
Now ﬁg+ﬂp_90 &‘%\
. B, =90°-24°18'47" =65°41'13" e S 1~ e B
GEAR ® U B, ()
This solution is acceptable. The direction of (B, + ) = 90° By Ly
helix in both cases will either be RH or LH. Helical gears with 90° shafts.
.. . L £ C = 27, :%:1.724
Similarly, with an initial value of 5, =41 Z,p

A=Z,1Z,=15/58=0.258,
From the graph the initial value of
B, may be taken as 24.5° or 41° .

another set of solution is possible.

It is to be noted that the first set of solution is close to
worm gearing where as, the second set will remain as
helical gearing.

CERTIFICATION COURSES
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90° Crossed Helical Gear- A Practical Example (contd....) : Solution (contd..):
¥ o The dimensions of the pinion-gear set with
M& Z,\ the first (final) set of solution are as follows:
o i d, =2 o 154 €0 44573 mm
(B +4)=00° = P cos B, €o0s(65.687°) 0.4117
Helical gears with 90° shafts. B ngn 58 4 239

=254.58 mm

C: 27[ACH _ 2=z x200 —1.724
7 58 < (7z < 4)
g Pn

" " cosfl, c0s(24.313°) 09113
.=2,12,=15/58=0.258,
From the graph the initial value of A, =(d of d ) )/2H 145.73 +254.58) /2 =200.155 mm

f, may be taken as 24.5° or 41° .

The centre distance is in higher side. Therefore, Newton-Raphson method may be
continued further to refine g, . However, a little over cut of the gear only or both
pinion and gear will allow to make the CD = 200 mm.

For the strength basis design of such gear same procedure as in helical gear can be
followed. However, pitch line velocity and thereby C, factors will be different.

~ ' NPTEL ONLINE Prof. Rathindranath Maiti
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Worm Gear Design (Worm and Worm Wheel) :
Transformation from 90° from Crossed Helical Gear

The Worm Gearing may be consider as a special case of 90 degree
crossed helical gearing.

Worm Gearing consists of Worm and Worm Wheel.

Unlike 90° crossed helical gearing the worm (pinion) usually has
not more than three teeth, which are in continuous thread form.

3D View of Helical gears with non
parallel shafts (Crossed Helical Gear)

https://en.wikipedia.org/wiki/Gear#History

Worm and Worm Wheel in Action

: T KHARAGPUR - NPTEL ONLINE Prof. Rathindranath Maiti
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Worm Gear Design (Worm and Worm Wheel) (contd....) :

In case Worm the number of teeth is called as number of ‘start’
(of thread). The cross section of a thread along the normal
direction is an involute tooth. The worm wheel is a helical gear.
The no. of start may even be one. In that case the drive is
irreversible (possesses self locking property).

https://en.wikipedia.org/wiki/Gear#History

3D View of Helical gears with non

parallel shafts (Crossed Helical Gear) Who.rm 1) Wi Wikl fin At

<) NPTEL ONLINE : o s
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Worm Gear Design (Worm and Worm Wheel) (contd....) :
Comparing the helix angles in Worm

v, Gearing with those in 90 degree crossed
%— helical gearing, the helix angle of worm
— d wheel (gear) f, is low. Letitbe [ .

ph
L\ :
d
I Tj, \_ — PINION V\W
@J: - vh 7¥ | — & 1| Vn —
doi worw/ TK e Wm g
¢ (=) (LH) (B, + ;) =90° By @why

Helical gears with 90° shafts.

In case of worm the helix angle 5 (of pinion
as in 90° crossed helical gearing) is
replaced by ¢ (=90°-5,)=8 as the lead
angle of worm thread. It is shown in the
illustrations.

==l

Worm Gear

https://en.wikipedia.org/wiki/Gear#History

<) NPTEL ONLINE : o s
| IT KHARAGPUR Prof. Rathindranath Maiti
_ Mechanical Engineering Department

. CERTIFICATION COURSES



Worm Gear Design (Worm and Worm Wheel) (contd....) :

The constitutive relations in worm gearing are as follows:

WORM The circular ‘face’ pitches of the worm (Pw)
WHEEL

in terms of normal circular pitch (pn) , as :

> d., and the worm wheel (pfh) can be expressed
| pe AR e
P Q - :\“\ T\ N\ e

I A \d

V,— P, = Pg COSP= P, SING
dt  worwm T_JX h i " Z.p.

¢ (=) (LH) The pitch circle diameter of worm, de =

Worm & Worm Wheel (Gearing) 7T Sin ¢
- - . d. = Zh pn
The pitch circle diameter of worm Wheel, 0, =———
7T COS @

Where Z, is the number of start in worm and Z, is the number of teeth in worm wheel.

~ ' NPTEL ONLINE Prof. Rathindranath Maiti
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Worm Gear Design (Worm and Worm Wheel) (contd....) :

The Centre Distance (CD):
vW
| Z Z WORM
=d_+d_J2="" T+
A (pW p“)/ Zn{siw COS(J L > d
his boils d A 1 27A, \ PN WV"A
Thi ' to: ———+ = 1 ERaa - "
is boils down to sing  cosg  p.Z, pﬁvwgﬁ;‘\\ T —
dpw WORM/ g
Inwhich 1=2,/Z, é (=) (LH)

; ; . . Worm & Worm Wheel (Gearing)
The expression is same as in crossed helical gear.

"1 NPTEL ONLINE
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Worm Gear Design (Worm and Worm Wheel) (contd....) :

4 ‘ 7
S A 1 27, i )
\ Sin o + Cos ¢ =5 D il The same design chart, used for crossed
SRR ' N A helical gears, can also be used for worm
i : gears to chose the initial value of ¢ , the
3 RN dEEmEE R e helix angle of the worm wheel teeth and
c =22 PR P T the lead angle of worm tooth.
nPn S TS AP
TN e
2 - Scmn - v
SRNE S RN WORM
T — WHEEL
NN 4 Bl B dph
ag” L\
1 7,@*3[ A
10° 200 30° 40° 50° 60° 700 4 e =
pw  WORM
¢Or'89_) ¢(=p5) wH)

| IIT KHARAGPUR CERTIFICATION COURSES

Design Chart for Worm Gear
(and Helical gears with 90° shafts).
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Worm Gear Design (Worm and Worm Wheel) (contd....) :
Some useful relations:
S 2 72'2d 2W ﬂ'zd 2h Vw
sin“ g+cos” ¢ =1, Therefore, w o _ WORM
) Z2p>  Zlp: WHEEL
. dpw dsh pg win i L\ 3 dph
Rearranging, L \ " )\ A
Y
VA A Pr 1&\ &v I
Now let the lead of the wormis |, . Pt v v =
o Th="Vn
Therefore, |W =pPuxZ, . dpw WORM/
N, and N, being the speeds in rpm of worm and worm ¢(=h) am)

wheel respectively the pitch line velocities of the worm V., Worm & Worm Wheel (Gearing)

and the worm wheel V, , which are expressed as:

VW=7deWNW:NWZWhW, and, Vh:ﬂdthh:Nhthfh'
Again, N, Z p. =N_Z pas=N,l,, Therefore, V, =N_| .
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Worm Gear Design (Worm and Worm Wheel) (contd....) :

Some useful relations (contd...)) :
Iw pfh Vh
Now, tang = = =
Vi ﬂdw pfvv VW
WORM _ _ _
WHEEL It is to be noted that if taN @ is less than 4 , the
| P, don ~ coefficient of friction between the worm and
\ P, i \ j V“A worm wheel materials then drive is irreversible.
pﬁﬂgj‘\\\ ﬁ\v\ _ ~— | Itiscommon in single start worm reduction units.
) NV, — o _ _
d.i WORM/ | n Naturally efficiency of worm gearing is poor.
6 (=B) (LH) The worm wheel is generally made of Phosphorus

Bronze (Rim fitted on steel or Cl) and the teeth is
generated by standard hob cutter.

However, generating of worm wheel teeth is done in a little different way towards
the final cut, which can be revealed form the view of worm wheel teeth.

Worm & Worm Wheel (Gearing)
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Worm Gear Design (Worm and Worm Wheel) (contd....) :

This is done, to have more length of contact of a
worm tooth with its mating worm wheel teeth.

It is convenient to determine the
worm size after selecting the worm
wheel size which can be cut with a
standard hob cutter.

Worm teeth can be cut in a lathe with
a special turning tool and a fixture.

Material of Wheel Teeth | K (MPa)

Beam / Bending strength wise Worm Wheel tooth is

Cl or Steel 0.35
weaker than the worm tooth. However, worm wheel " " py
is designed in the same way as in helical gear. anganese Pronze ;

Phosphorous Bronze 0.70

Worm Wheel tooth number is usually 1 G

. — . B P ]
not below 29. The pressure angle is b, = 3 (Ay) akelite U
20° to 25°. The face width is taken as: Factor K in Wear Load Capacity (Steel Worm)
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Workout Example :

Problem : The centre distance 4 RES A1 2, Tl
iIs 200 mm. The normal pitch pn Ay sin ¢ + COS ¢ N yAN I i //////
is 20.42 mm. The worm is g A
quadruple start with the wheel 3 i -0 /
having 48 teeth. Find pcds and c_ 2y : 9’%@\& SUNNEED ENEaE Z ///
helix angle of worm wheel teeth. Zipy A e
) T
Solution : 2 R -
A=2,1Z,=4/48=0.083, i-0.083 N e
Tz
o C- ;7275\,\, _ 2422060 1139 C:1'33, S
n P % 10° 20° 30° 40° 50° 60° 70°

porp —

Therefore, initial value of ¢ = 15° or 36° Design Chart for Worm Gear
(and Helical gears with 90° shafts).
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