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Outline of the Lecture

» Gear Train
> Type of Epicyclic Gearing
»Kinematic Relations
»Simple and Compound Gear Train
» Transmission Ratio
»Two Gear Epicyclic Drive

»Planocentri Gear and Cycloid Speed Reducer
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Gear Train: Gear Train

J
| 4

Fixed Axis Moving Axis
(Palnetary / Epicyclic)

ﬂ
| 4 I I

Simple Compound

Simple Compound

In case of moving axis gearing velocity is different from pitch line velocity, with respect to
reference frame, which are equal in fixed axis gearing.
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Epicyclic (or Planeta Gearing (Simple Train):

A y In general Input is Sun Gear, Planet
F | B Carrier is Output whereas Ring Gear
WP anet ™~ remains fixed.
F, AR | Input (Sun Gear) Torque:
>< Carrier _ put ( ) Torq
% N T.=T =F xr
Input | | L s s s
Output
Output (Planet Carrier/Arm)
o Torque:
I, =T =(F +F)xr,
= T
. But F,=F,
Simple Epicyclic Gearing - Schematic ~ View- AA utg,

and, r.=A=(r +r)/2
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Epicyclic (or Planeta

-— A
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[
‘ Planet

Input

Gearin

Wmanet \t
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Simple Train) (Contd...) :

Carrier _
~

Simple Epicyclic Gearing - Schematic
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~ Output

View- AA

Therefore, output Torque
1,=1.=F( +1)
Transmission ratio=Output Torque/Input Torque
o, 4=?=R?+m
- sTs
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Epicyclic (or Planetary) Gearing (Compound) (Contd...) :

2422 PI;‘let Gear In case of compound epicyclic gear,
Planet Gear — ‘r/h pr
ZPS IGE, ; Zr ZPS
1l +-3S lt=1+Z XZ
k]
- = § pr
Input/r - &
T
It is to be noted that in first case the
1l T Output gearing is simple internal gear train and
SunGear Z 77 number of teeth in planet pinion does not
i come into transmission ratio directly.
Ring Gear Z K

Compound Epicyclic Gearing (Side view)
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Epicyclic (or Planetary) Gearing (Compound) (Contd...) :

2222 Planet Gear In terms of compound gearing-
Planet Gear T . Zpr The transmission ratio in
7 [ E Simple Epicyclic gearing is:
ps <
ol S
] : =1+ . Z =1+ Z,
71 =5 L =

Input - o Z Z Zs

1l T Output
Sun Gear Z 7577
Ring Gear Z Zr = ZS + 2Zp

Compound Epicyclic Gearing (Side view)
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Epicyclic (or Planetary) Gearing (Compound) (Contd...) :

Derivation of transmission ratio by Tabular method :

Planet Planet Arm
Meshing Ring | Meshing Sun Planet Carrier

Arm fixed.

q .Ixed _ Zr Zr Zr pPs

Ring given -1 — X 0 -1

RotationD Z pr Zpr a7 V4 s
The whole

unit given +1 +1 +1 +1 +1

+1
RotatioD
Total Z, Z yA
Resultant 1- 1= [+—Lx—=5 +1 0
pr pr pr ZS
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Epicyclic (or Planetary) Gearing (Compound) (Contd...) :

Derivation of transmission ratio

Planet Planet Sun Arm Ring by TabUIar methOd E
HeshgRing | esho S et Therefore, Transmission ratio=Input Rotation
Arm fixed. Z, 7 7 Zps ’ -
Ring given -1 - ——L T X 0 1 .
g | 7, Z z 'z, (Speed)/Output Rotation (Speed)
The whole
unit given +1 +1 +1 +1 +1
+1 1 + ' %« _ps
Rotatioa Z Z
Total Z, Z, 7 7 or, i _ pr s
Resultant 1- 1- 1+ —Lx—=L +1 0 r
Zp Zp Zpr Zx 1
/PIanetGear Z Z
V4 q
Planet Gear N 1.e. r ps
Z 2 ’ —
” Ii§ L 1+ ~ X Z
Input/— / T .é pr S
Output Z
SunGear Zs In case simple train, i=1+— as, Zps — Zpr — Zp
Ring Gear Z Z
Compound Epicyclic Gearing (Side view) S
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(Two Gear Epicyclic Drive — Ring Gear Fixed, Cam input and Star Gear Output )
Working Principle & Gearing Ratio
(Z,1Z,)¢

0—(Z,1Z,)¢
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(Two Gear Epicyclic Drive — Ring Gear Fixed, Cam input and Star Gear Output )
Working Principle & Gearing Ratio

S/
~) G
I
N

11 Zg _Zp

Fall in this category

¢_(Zp/Zg)¢ ! _Zg_Zp
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Two Gear Epicyclic Drives (Summary & Application):
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(Zp/2g) @
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Two Gear Epicyclic Drive (Planocentri Gear)

Ring gear pins and
rollers

Slow speed shaft

Cycloid disc

A @High speed shaft
Excentric cam
___ Slow speed shaft
pins

Two Gear Epicyclic Drive (Cycloid Speed Reducer)
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Two Gear Epicyclic Drives (Summary & Application): Rotation of Pinion
&\ about its own axis

Ring gear 4 Constralned,
Planet pinion s Cam InpUt,

L) — :3]' Ring Output
Roller bush TR A Z
Input shaft P
\:"il: cccentric il meyma fyy il | pAES s i Z — Z
cam 8 p

YA | Ring Fixed,
Retainer = .‘B. Cam Input,
A 5

= Pinion Output

-4

Two Gear Epicyclic Drive (Planocentri Gear)
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Two Gear Epicyclic Drives (Summary & Application):

Slow speed shaft

9

Ring gear pins and

rollers

b

0K

Cycloid disc
—High speed shaft

Excentric cam

Slow speed shaft

pins

Two Gear Epicyclic Drive (Cycloid Speed Reducer)
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Rotation of Pinion
about its own axis
constrained,
Cam Input,
Ring Output

/Z

_ g
Iy
Zg _Zp

Ring Fixed,
Cam Input,
Pinion Output

l
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Module-08

Internal, Epicyclic and Other Special Gearing

Lecture-40
Harmonic Drive Gear
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Outline of the Lecture

> Harmonic Drive, Wankel Engine & Orbit Motor in motion
»Working Principle and Kinematic Relations
»>Components of Harmonic Drive
> Gearing Transmission Ratio
>Transformation of Two-Gear Epicyclic Drive to Harmonic Drive
>Problem with Conventional Harmonic Drives & Remedies
>Application Example of Harmonic Drives
>»Advantages- Harmonic Drives
> Introduction to Tooth Tip Interference
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Two Different units following same kinematic principle

Copyright 2000, Kevensy.com
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Two Different units following same kinematic principle

Harmonic Drive

Orbit Motor Working
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What is a Harmonic Drive ? a. Two gear epicyclic drive with a very
high speed reduction.

b. Components:

i. Flexspline
ii. Circular spline (Ring gear)

ili. Wave generator (Cam & Bearing
assembly)

C. The tooth difference between the
flex spline & the circular spline is
two.

d. Transmission ratio
=-2,/(2,Z,)

a. [Ring fixed, Cam input, Flexspline
Output]
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(Two Gear Epicyclic Drive — Ring Gear Fixed, Cam input and Star Gear Output )
Working Principle & Gearing Ratio (Recapitulation)
(Zg / Zp )@

1

0—(Z,1Z,)¢
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(Two Gear Epicyclic Drive — Ring Gear Fixed, Cam input and Star Gear Output )
Working Principle & Gearing Ratio (Recapitulation)

11 Zg _Zp

Fall in this category

¢ oL
¢_(Zp/Zg)¢ ! Zg_Zp
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Harmonic Drives / Strain Wave Gearing

Y2 RN
N /A NN

N %A FAVA IR
- A \\\i\\ ///\/// J

Maiti, R. (2004): A Novel Harmonic Drive with Pure Involute Tooth Gear Pair.
ASME Journal of Mechanical Design. 126(1):178-182.
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Harmonic Drives Problem with conventional design
Ring Gear ;ﬁr—:EIh@cal Cam
Aol The cam is elliptical — Conjugacy at teeth contacts
lg / are affected
| Involute - Standard and most popular profile can not
be used
5 To maintain conjugacy tooth profile is synthesized —
EEED2 Gear pair become match part- Performance is

sensitive to centre distance and accuracy

Flex Spline 30° Involute

HARMONIC DRIVE: TR=78

(FS Output, CS fixed) ]
=156 & Z =158 Conventional: CR=0.78

Nrodule— 0.529 mm (48 DP)
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Exploded view of HDs —

: : ; (o
Conventional Commercial Unit o *v;/_@\}
c 1 .
A - K AP "G

A Eliglicsl Gam

' __—(3) Coupling

(©) Flex Gear

Assembly
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Application Examples of Harmonic Drive

WAIST JOINT
Swiveling Foam-type grease cartridge ~ Flexspline

ELBOW JOINT
Circular spline (output)

Robotarm \ @

Servomotor

3IHoaS

Flexspline
Wave generator (fixed)
(input)

Wave generator Circular spine
(input) (fixed)

Grounded structure
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Application examples of Harmonic Drives (Contd.....)

Continuous Duty/No Downtime- Precision and Repeatability- When it has
When it has to stand up. to drive precisely.

High Reliability- When it has to work. Compactness- When it has to fit into
a small space.
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Application examples of Harmonic Drives (Contd.....)
Harmonic Drive used in Brain Surgery for Precision Work
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Application of Harmonic Drive in Power Steering

Motor is concentric (in-line)
BC (] d U »
np 0 np 5 //
-
- >
' .
C U U -~
B v >
A P R
2 Y ¢
: VH‘ - I] J D
[ L @ ag
= blo

-
’;‘!y- -

(

Active front steering
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Advantages of Harmonic Drives

+** Outstanding positional accuracy and repeatability.
¢ In line, high single stage reduction.

¢ Low or zero backlash configuration.

*» Exceptional torque to weight ratio.

¢ High efficiency.

¢ Configuration versatility.

¢ Long life and high reliability.

¢ High precision.

*¢* Smooth running.

¢ High torsional stiffness.

++ Back Driving (also can be used for increase in speed.)
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Major Problem in Internal Gearing with Involute Gears
-Tooth Tip Interference [Note: RG fixed and FG, output, progjg:ﬁegtiepng]atge;ﬁreenqce

rotates in CW directon. Where,
Input Cam rotates in CCW direction.]

Y.y

/"'"—"
Ring Gear ﬁ E|||F?Ca| Cam

: Pitch Circle of RG

| Ring Gear (RG)\

P|t<:h|Curve of FG — j TS

-
T ‘E\ f'D ~k

" C
FI)g Spline 30° Involute _ L

1 Rotation

FA—‘i Lk

Proposed Cam Profile (Outer periphery
of Flexible raced bearing on cam)
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References To know more about Harmonic Drives following published work and referred articles
in these references to be followed.

Journal

Maiti, R. & Roy, A. K. (1996): Minimum possible tooth difference in involute internal-external gear pair. Mechanism and Machine
Theory, 31 (1):475-485.

Maiti, R. (2004): A Novel Harmonic Drive with Pure Involute Tooth Gear Pair. ASME Journal of Mechanical Design. 126(1):178-
182.

Maiti, R.; Biswas, I.; Nema, V.; Basu, S.; Mahanto, B. S. and Routh, B. (2012): Design and development of strain wave
generating cam for a new concept 'Harmonic Drive'. IMechE Journal of Mechanical Engineering Science, UK, Part-C, DOI:
10.1177/0954406212466354.

Routh, B., Maiti, R. & Ray, A. K. (2016) : Analysis of Coning and Lubrication at Flexspline cup and Cam Interface in Conventional
Harmonic Drives, Industrial Lubrication and Tribology, (in press).

Sahoo, V. & Maiti, R. (2016) : Evidence of Secondary Tooth Contact in Harmonic Drive, with Involute Toothed Gear Pair, through
Experimental and Finite Element Analyses of Stresses in Flex-Gear Cup, Proceedings of the IMechE (UK), Journal of
Mechanical Engineering Science, Part C. (on/ine DOI: 10.1177/0954406216682541 ).

Sahoo, V. & Maiti, R. (2016) : Static load sharing by tooth pairs in contact in internal involute spur gearing with thin rimmed
pinion. Proceedings of IMechE (UK), Journal of Mechanical Engineering Science, Part C. 2.30(4): 485—499, [Also reprinted in
the Special Issue.: Power Transmission with Gears, 230 (7-8)] DOI: 10.1177/0954406215618424.

Routh, B., Maiti, R. Sobczyk, A. & Ray, A. K. (2016) : An investigation on secondary force contacts of tooth pairs in conventional
harmonic drives with involute toothed gear set. Proceedings of IMechE (UK), Journal of Mechanical Engineering Science,
Part C. 230(4) : 622—638, DOI: 10.1177/0954406215577983.
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References To know more about Harmonic Drives following published work and referred articles
in these references to be followed.

Conferences

Routh, B. & Maiti, R. (2011): On a Gearing Problem in Conventional Harmonic Drives with Involute Toothed Gear Set. Procd.
of the ASME IDETC/CIE 2011 conference, August 29-31, 2011, Washington, DC, USA.

Mahanto, B. S. & Maiti, R. (2011): Stresses in Flex Gear Cup due to Insertion of Wave Generating Cams in Harmonic Drives,
Procd. of 13th. World Congress on MMT (IFToMM). Guanajuato, Mexico, 19-25 June, 2011.

Routh, B., Maiti, R. & Ray, A. K. (2014): Aspects of lubrication at the wave generator -flexspline interface in strain wave
gearing units, Procd. of International Gear Conference 2014, 26-28 August : Lyon, France.

Sahoo, V. and Maiti, R. (2016): State of stress in strain wave gear Flexspline cup on insertion of drive Cam -experiment and
analysis, Proceedings of the World Congress on Engineering 2016 (London, UK) Vol Il , WCE 2016. pp. 966-971.
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Internal, Epicyclic and Other Special Gearing
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Reverted Gearing and Differential Gearing
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Outline of the Lecture

»Reverted Gearing
»Possible — Input-Output
» Transmission Ratio

»Workout Example

> Differential Gearing with Reverted Gearing

»Conventional Differential Gearing

»Comparison- Reverted Gearing & Differential Gearing
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Reverted Gearing : Reverted Gearing is an Epicyclic or Planetary Gear Drive with
External Toothed Gears.

In general the Planet Carrier is Input and
there may be three possible outputs:

PLANET
CARRIER . Ny .
(PULLY) (i) Gear 1 is fixed & Gear 4 is output,

(ii) Gear 4 is fixed & Gear 1 is output,

(iii) Both Gear & Gear 4 are output.

@ Clearly such units can be used as
differential gear unit.

e ©'* NPTEL ONLINE Prof. Rathindranath Maiti

SR Q) FLEACAN COUIOES Mechanical Engineering Department



Reverted Gearing (contd...) :

Basic Conditions:
Centre Distance-

A=A,

Y 2+ Zym )2
e =(Z,+Z,)m, /2

Usually (modules) 11, =m,

Therefore,

(Z,+7Z,)=(Z,+Z,)
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Reverted Gearing (contd...) :

Tabular method to find Planet Carrier is input
Transmission Ratio: (i) Gear 1 is fixed & Gear 4 is output,
% Arm/
PO 1Y 7L 7L PP A7 rm
) /:/:/{'//g{//f// B Z, Z, Z, Planet Carrier Z,
B} glr‘é&\\\\\é§ PLANET Arm fixed. 7 7 4 4
A W'//_>\\\\\\‘Q_ A PuLLy) Gear 1 given - —L =L —x3 0 1
N 1 r ;;é:% = Rotation. Z, Z, Z, Z,
ﬁ— — : The whole unit
gil’:“ ) +1 +1 +1 +1 +1
@ Rotation
Total / Resultant 7 7 7 7
1+ | 1+ [1-=x= +1 0
Z, Z, Z, Z,
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Reverted Gearing (contd...):
Tabular method to find Transmission Ratio:

Planet Planet Gear 4 Arm/ Gear 1
Z, Z, Z, Planet Carrier Z,
Arm fixed. Zl Z1 Z1 Z3
Gear 1given - —_— — ——X 0 1
Rotation. Z2 Z2 Z2 Z4
The whole unit
e +1 +1 +1 +1 +1
+1
Rotation
Total / Resultant 7 7 7 7
I+ 1+=2L [1-—x=2 +1 0
Z, Z, zZ, Z,

(i) Planet input, Gear 1 is
fixed & Gear 4 is output:

1 =
1-4,Z g0l T W7,

/- NPTEL ONLINE
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Transmission Ratio:

; _Inpu(Planet CarrierPulley)
: Outpu{Gear 4 Shaft)

q N\
‘g\\\\\\\\\\_: PLANET
CARRIER

(PULLY)
A,
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Reverted Gearing (contd...) :

Tabular method to find

Transmission Ratio:

<« //// ///

—7
»A/
7

;- IIT KHARAGPUR

PLANET
CARRIER
(PULLY)

Planet Carrier is input
(ii) Gear 4 is fixed & Gear 1 is output,

Planet

Arm/
Z, Z Z, Planet Carrier Z,
Arm fi.xed. Z, Z, zZ, Z,
Gear 4 given - - == ——=X— 0 -1
Rotation. Z, Z Z Z,
The whole unit
given +1 +1 +1 +1 +1
+1 n)
Rotatio
Total / Resultant 7 7 7 7
4 4 2 4
2 B s R
3 3 3

NPTEL ONLINE
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Reverted Gearing (contd...) :
Tabular method to find Transmission Ratio:

Gear 1 Arm/ Gear 4
Z, Z, Planet Carrier Zy
Arm fixed. Z4 7 7 7
Gear 4 given - == 4 2 =4 0 1
Rotation. Z3 Z3 Zl Z3
The whole unit
given +1 +1 +1 +1 +1
+1 n)
Rotatio
Total / Resultant Z 7
4 4 2 4
"z | Tz [ 2z |4 W’
3 3 1 3

(i) Planet input, Gear 4 is
fixed & Gear 1 is output:

. ! , AVA
I, = 22 Z4 Or, lz =
Z 77Z,-7.7,

1—-—=x
y4
/- NPTEL ONLINE
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Transmission Ratio:

; _Inpu¢Planet Carrier/Pulley;
’ Outpu{Gear 1Shaft)

g\\\\\\\\\\ 2

PLANET
CARRIER

(PULLY)
A,
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Reverted Gearing (contd...): Transmission Ratio (Summary):

(i) Planet input, Gear 1 is fixed & Gear 4 is output:

: 2,2,
L, =
'\ 72,7,-77,
e (ii) Planet input, Gear 4 is fixed & Gear 1 is output:
(PULLY)
- 2,2,
- * 7272,-7,7,
(iii) The unit can also be used as differential unit,
\@ with pulley / planet carrier as input and

both Gear 1 and Gear 4 as output.

Gears 1 and 4 can also be internal gear.
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Reverted Gearing (contd...) :
Workout example:
Let Z =101, Z,=98, Z,=99 and Z, =100, All with same module.

Find two possible transmission ratios.
Solution: The condition (Z +Z,)=(Z,+Z,) =199 is satisfied.

PLANET

(i) For Planet input, Gear 1 is fixed & Gear 4 is output,
A, oty Transmission Ratio is :

: l _ Z2Z4
'\ 7,72,-72Z,

= —49.246
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Reverted Gearing (contd...) :

Workout example (contd...) :

(ii) For Planet input, Gear 4 is fixed & Gear 1 is output,
Transmission Ratio is:

PLANET

CARRIER
A, (PULLY) i _ ZIZ3
2
z7Z.-7,7,

'+’ sign indicates same directions of rotations and
‘-’ sign indicates opposite directions of rotations of
input and output (Both looking from
respective output side) .

=+450.201

As magnitudes of ratios are more or less same (-49.25 and +50.2), the unit
can be used as “Differential Unit".
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Differential Gearing (Contd....) :

Tabular method to find differential output speed: Conventional differential unit:

Z,
Planet Planet Planet Arm Output i s
Gear 5 Planet Gear 6 = —— .
Z1 Zz Za Z4 Carrier (Input) -z :
Arm fixed. Z & z,
Gear 1 given -1 -1 o %X% :% 4 Z_ 0 0 Viewing
Rotation. Z, 2 | 4 0 Zs Motion
Input -
The whole unit
gven + P . I 1 1 | o+ 1 5 In General :
Rotation abou Z _ _ _
Output-Output ° Z1 B 22 B Z3 B Z4
AXxis (Except Z6) However .
Total Resultant * *
Z Z V4 Z5 _
0 _2_1 I R I 1 - Z,=Z, and 7, -7,
6 .
2 ° 4 *Looking from Input
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Differential Gearing:

Z,

Conventional differential

. IIT KHARAGPUR

ARM- A
[

]El Output

ey

Viewing
Motion

Input

unit:

NPTEL ONLINE

z, z, (3
P
PLANET
= J == CARRIER
A, N\ “_Z A2 (PULLY)
4o
4 S
Z, @
Z4

Differential unit with Reverted Gearing:
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Internal, Epicyclic and Other Special Gearing

Lecture-42
Machine Tools Speed Change Gear Unit- I
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Outline of the Lecture

>Need for Speed Change Gear Box in Machine Tools
> Layout of Speed in Machine Tools
> Different Progression Series for Speeds
>»Geometric Progression (GP)- General Rules, Stage Range
> Kinematic Advantage of GP Series

»Condition for Maximum Range in Transformation Stage
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Need for Speed Change Gear Box in Machine Tools :

Turning in Lathe

Speed Change Gear Box in Lathe
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Layout of Speed in Machine Tools :

Layout of speeds are done commonly in one of the following series:

(i) Geometric Progression,
(ii) Arithmetic Progression,
(iii) Logarithmic Progression.

However, Geometric progression has several advantages over the other.
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Layout of Speed in Machine Tools (contd....) :

Layout of speeds in Geometric Progression:

The general rules: Hence,
_ (f-D
ny =mg $=1n, /n, = (-[R.
Where, ne - f th. Speed (rpm), Where
/4
n, - Least Speed (rpm),

R - Stage range = 71, /l”ll

n

¢ - Common ratio,

f  -Number of steps.
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Layout of Speed in Machine Tools :

Layout of speeds in Geometric Progression: Contd.....
Numerical Example:
Main advantage of GP series is that

Llet, n, -10rpm, common ratio is constant.
n, - 450 rpm, Much more varied speeds are available
in comparison to AP Series.
and f -12.
More number of stocks can be
Therefore, machined keeping the cutting speed
. more or less constant.
¢ - Common ratio =
Low cost.

12-0/450/10 =45 = 1.4

Calculated speeds are: 10, 14, 20, 28, 40, 56, 80, 112, 160, 224, 315 & 450.
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Kinematic Advantage of GP Series :
(i) Basic GP series- A, A¢, A¢2, ...... A¢(i_l), A¢i, ..... A¢(2H), A¢2i, veees A¢(f R
(ii) With every it Term- A Agd', Ag™, ..., Ag"™

It is another GP series with common ratio- ¢i
(iii) Multiplying by a constant C with basic GP series-

C(A, A9, A¢2, ...... A¢(H), A¢i, ..... A¢(2i_1), A¢2i’ s A¢(f_1))
We get another GP series-

B, B, B§*, ....Bs" ", Bf,....Bs* ", B, ..., Bp' "

Where, B=AC is the initial value but the common ratio is ¢,
same as in basic series.
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Kinematic Advantage of GP Series (contd...):

(iv) Multiplying by a constant ¢m with basic GP series, the new series is -

Ag”, A¢(m+l), A¢(m+2), ...... A¢(m+i), A¢(’"+"+l), ..... A¢(m+2i—1)’
Ag" L, AgtmTTY

where members of the series are shifted by 71 terms.
(v) Again in a GP series-

N, Ny, Mgy oo Ny oo n,, , N,
_ (i-1) _ __ plm=i) _
ni o nl¢ & nell Thenl nm /ni _ ¢ — (n€2 /nel)
-1 - -
and n, =ng"" = n,l To develop a preferred GP series this

rule is particularly useful.
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Condition for Maximum Range in Transformation Stage :
Let in any transformation stage of 7 subdivisions,

Zj
n, =n;, —-
Zj
Where, 7, - Output Speed (rpm) of the stage,
n. - Input Speed (rpm) of the stage,

mn

Z ; - Gear tooth number/gear size/pulley size on input shaft,

Z;. - Mating Gear tooth nhumber/gear size/pulley size
on output shaft.
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Condition for Maximum Range in Transformation Stage (contd....):

The transformation ratios are:

n; _ Z, e
n, Z, ' [j=12....p]
/. /Z, Z /
Let, L2 <3 < 00 <L
Z 7. Z zZ,
/ /
Hence, U. = v and, U, = L
max Zp Z1
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Condition for Maximum Range in Transformation Stage (contd....):

With respect to GP series transformation ratios are:

Ul:UQ:U3: .......... :Uj:1:¢:¢2: ....... :¢(p—1)=x

Jmax X
Hence, ,, — ¢ 4 Rs

Where, RS = Stage Range.
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Condition for Maximum Range in Transformation Stage (contd....):

However, (a) due to limitation of gear pitch line velocity and
(b) also for space limitation,
The transformation ratio in a speed change gear unit is limited by:

1 2
—<U.<—
4 7]
: . U,
Or in other words, for a given stage: @R —=| Jm =@ <8
S max U .
Jmin max
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Module-08

Internal, Epicyclic and Other Special Gearing

Lecture-43
Machine Tools Speed Change Gear Unit- II
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Outline of the Lecture

»General Rules for Kinematic Design of M/C Tools Speed Change Gear Box
»>Six Speed 2x3 Ray Type Design
»Possible Gear Arrangement and Initiation of Ray Diagram

»Development of Gear Arrangement and Ray Diagram

»Gear Selection through a Practical Example

> Real Available Speeds and Ideal Speeds.
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Gear Layout in M/C Tools Change Speed Gear Box :

General Rules cl :st%%ear — o gstc‘:\lri;h:frte:zizg
Rule 1 : One set of gears must be completely @ | || | fCnwitha increased
disengaged before the other set —— 1 1B Y soeed
begins to come into mesh. - AT
c K
Rule 2 : The sum of the teeth of mating gears Al B
in a given stage must be same for T - p -
same module in a clustered set. ] \ ears on
D’ xially Fixed Shaft
Rule 3 : The minimum difference between the - jo‘ . ) -
numbers of teeth of adjacent gears ~_  2Step
must be four (4). L C'“Lte";a

A Typical M/C Tools Change Speed Gear Box
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Gear Layout in M/C Tools Change Speed Gear Box (contd...) :
General Rules (contd...)

Rule 4 : The minimum number of teeth in
3Step Motor Shaft speed
Cluster Gear I a set of gears should be Greater
“ ; Or, with a increased than Equals to the critical
EE— - Speed number of teeth in order to
_ - avoid under cutting
c 2\ (interference). In case of 20°
Al— involute straight spur the
- [ ip] critical number is 17.
ears on
D’ | ially Fi -
— A y ' G Rule 5 : The Maximum range for
- - - — transformation is guided by:
~_ _ 2Step
o —<U,<—
A Typical M/C Tools Change Speed Gear Box 4 1
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Gear Layout in Six Speed Gear Box :
GB Input Shaft/ Motor Shaft

Arrangement A (2x3 Type) : / Input Speeds= 710’
3 Step. Motor Shaft speed
% — 71 __  Or, with areduced 3 Step Stage
“ T /0r, with a increased
] speed o pe A2
Y eed 1:¢:¢
- LA 2 Step Stage
C’ B\’ 1:¢3
A 0 1 2 3 4 5
oy rHT OutputSpeed= ¢ n¢g  ng~ ng ng: ng
D] In log scale
ears on
D’ xially Fixed Shaft
A
- ) I ) ~_ 2 S}eip
L ~Cluster Gear Ray Diagram for A Type 2 x 3 Ray Type
A “ Six Speed Change M/C Tools Gear Box
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Gear Layout in Six Speed Gear Box (contd.....):
GB Input Shaft/ Motor Shaft

n 5
Arrangement A (contd.....) : Y Input Speed= 1, = 7165
3 Step Motor Shaft speed
Cluster Gear _ -
— N ___ Or, v_wth a_ reduced C_/ea,./y 3 Step Stage
“ il /0r, with a increased -
- - ] ~ Speed Z4
C| B Z, !
. A For Both | 2Step Stage
C’ T Stages |
A B 5
. . B . Output Speed 72, = neg
D In log scale
] Total A
ears on - .
D' | \Axially Fixed Shafff 1r2nSmission A
= A Ratio A
- L - L o V. _ A
~_ o 2tS_te% =1, /I’lo =1 Gear Engagement
[ By =(I1x1) Ray Diagram for A Type 2 x 3 Ray Type
L “ Six Speed Change M/C Tools Gear Box
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Gear Layout in Six Speed Gear Box (contd.....):
GB Input Shaft/ Motor Shaft

" 5
Arrangement A (contd.....) : Y Input Speed= .= 11.¢p
Clus;ts—etre%ear Motor Shaft speed p—
="~ T __ Or, withareduced Llearly |
“ Il Or, with a increased Z, 3 Step Stage |
- 0 ~ speed — =9 & ¢
C. B Zy
_ LA Z, _, | 2Step Stage [
Cr 7‘ ZA I
B’ 1 :
Al — 4 5
- . 0| ) Output Speed 77, = ng: ng
-D In log scale
=T 1 Total B
ears on Transmissi ,
D’ __ \xially Fixed Shaft| - -20SMISSION. B
= A Ratio A
o L - L o g / _ A
~cl 2tS_te% by =1/ 1, = ¢ Gear Engagement
L e = (Ix ¢) Ray Diagram for A Type 2 x 3 Ray Type
“ Six Speed Change M/C Tools Gear Box
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Gear Layout in Six Speed Gear Box (contd.....):

Cluster Gear

GB Input Shaft/ Motor Shaft

Arrangement A (contd.....) : Input Speed= 72, = 1"
iz Motor Shaft speed p— 7
Or, with a reduced Lleariy |
- 7/
Or, with a increased Ze _ 5 3 Step Stage /7 [
L ~ speed Z, & ¢2
- Zi _1 |2Step Stage | |
Cl 7‘ ZA I I
B’ 1 :
Al — 3 4 5
- ] i Output Speed 72, = neg ng: ng
D In log scale
’ Total C
ears on T o ,
D’ | \Axially Fixed Shaft| - 20SMISSION C
— Ratio A
A
_ _ _ _ - . 2
~_ 2Step G = /no - ¢ Gear Engagement ~ 2.X 3 Ray Type
~Cluster Gear — (Ix ¢2) Ray Diagram for A Type
“ Six Speed Change M/C Tools Gear Box
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Gear Layout in Six Speed Gear Box (contd.....):

GB Input Shaft/ Motor Shaft
= 5
Arrangement A (contd.....) : "/ Input Speed= 7, =1
Clu?’sts%%ear Motor Shaft speed p— _ //"
== Or, with a reduced Llearly L,
] L /
“ ™~ Or, with a increased Z, 3 Step Stage -7 s
- - 77 - speeg - Z_ = 1 & 1 ~
C B A
- A Zy _y 2 Step Stage /I |
C’ \ Z, 3 [
Al __ B’ ¢ 2 3 4 -5
I ) Output Speed 77, = ne ng ng: ng
D In log scale
7 ears on Total A
' , . Transmission A
D xially Fixed Shaft — e
= A Ratio D
- - L - _ 3 D’
Nl 2tS_te% Ly =N, /no — ¢ Gear Engagement 2 x 3 Ray Type
L \uster ear _ ( ¢3 >< 1) Ray Diagram for A Type
“ Six Speed Change M/C Tools Gear Box
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Gear Layout in Six Speed Gear Box (contd.....):
GB Input Shaft/ Motor Shaft

Arrangement A (contd.....) : / Input Speed= 72, = 1"
Clu?’stsetre Gear Motor Shaft speed Clearly ” 7
= __ Or, with areduced P |
“ e Or, with a increased Z, 3 Step Stage P [
- T / ~ speed Z_:¢& ¢ ~
C | B B / -
_ LA Zy _ 4|2 Step Stage /I _ - I
C' 7\ Z, 3 - 1r | |
Al g 4 2 3 4 5
- . [ ) Output Speed 72, = n¢1 neg neg neg neg
D, In log scale
ears on To—t_al i B’
’ D’ || \xially Fixed Shaft Transmission B
A Ratio D
DI
- B B i o 2 — A4 2 x 3 Ray Type
~ o 2tS_te% Ly, = ni/ n,= ¢ Gear Engagement y b
I —( ¢3 ) Ray Diagram for A Type
“ o Six Speed Change M/C Tools Gear Box
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Gear Layout in Six Speed Gear Box (contd.....):
GB Input Shaft/ Motor Shaft

Arrangement A (contd.....) : / Input Speed= 72, = 1"
Clu3stsetre Gear Motor Shatt speed Clearly 4
= __ Or, with areduced |
“ ™ Or, with aiincreased 7. 3 Step Stage // |
S I | speed |7 TP E g2 -
C B ,B C - - -
J— A || Z, :¢3 2 Step Stage /" - 1 - 1 |
C' B" Z, ¢3 /’ - e T | !
Al — 0 2 3 4 5
o B [ B Output Speed 71, = n¢ n¢1 n¢ n¢ n¢ n¢
D] C In log scale
ears on C’
D’ L xially Fixed Shaft D
A D’ Gear Engagement 2 x 3 Ray Type
L astep Total - _ — 3 :
~_ ota L. =n./n = ¢ Ray Diagram for A Type
L ~Cluster Gear Transmission ' ./, Six Speed Change
&) | Ratio = (¢’ x§*) MIC Tools Gear Box
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Gear Layout in Six Speed Gear Box (contd.....) :

. GB Input Shaft/ Motor Shaft
Arrangement A (Final) : —
: ; : Input Speed= 7, =1
3 Step Ta— Gear Ratios would be: Y/ Put opeec %
% == Or, withareduced Z, 3 Step Stage
“ Il Or, with a increased Z_ =1
1 o he A2
IR ; 1:4: ¢
- LA Z, _ 2 Step Stage 1 ]
Cr N = = ¢ 3 -
B’ ZB 1 . ¢ =
A 0 1 2 3 4 5
- B B B Output Speed 71, = n¢ n¢ n¢ n¢ n¢ n¢
D In log scale
ears on Z_C ~ 4> C B . C B 5
D L ially Fixed Shaft 7 - cC B A o B A
S O IR A D’ D’ Db A A A
~ I 2tS_te% ﬁ ~ ¢3 Gear Engagement 2 x 3 Ray Type
L a2 D Ray Diagram for A Type
“ Six Speed Change M/C Tools Gear Box

/- NPTEL ONLINE

| IIT KHARAGPUR CERTIFICATION COURSES



Gear Layout in Six Speed Gear Box (contd.....):
Arrangement A (contd.....) : Selection of Teeth Numbers :

Problem

Propose a 2x3 type (Arrangement A) six speeds machine tools change
speed gear box with minimum output speed 100 rpm and maximum
output speed 1450 rpm, which is also the output speed of the drive motor.

Show the ray diagram.

Propose the teeth number (20° involute straight, uncorrected and of equal
module).
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Gear Layout in Six Speed Gear Box (contd.....):
Arrangement A (contd.....): Selection of Teeth Numbers (contd.....) :

Solution :
Given :
f  -Number of steps= 6. ¢ - Common ratio is calculated as:
n -f th. Speed (rpm) — (f-1) _ (f-D)

f ) /n «/

= Input Motor Speed, /!, = 1450 rpm, / =

n, -Least Speed (rpm) = 100 rpm, Speed Range : R = n __
To find Teeth numbers of Gears in 2x3 type N My
(Arrangement A) six speeds machine tools 1450
change speed gear box. .. R = 14 .50
Tooth would be 20° involute straight, 100

uncorrected and of equal module.
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Gear Layout in Six Speed Gear Box (contd.....):
Arrangement A :

Solution (contd.....) :
Selection of Teeth Numbers (contd.....) :

¢ = (f-D) R = “W4.5=1.70715=1.707

Therefore, ideal six speeds are : 100, 170.7, 291.4, 497.5, 849.4, 1450

The Gear Box will be as Follows:

Common ratio :

The Ray Diagram and Gear

3Step Engagement Sequences: We have to select Number of
Cluster Gear M‘ﬂi GB Input Shaft/ Motor Shaft h f h h .
Or, with a reduced oo =g Teeth of Gears such that:
Or, with a increased inputspeed= ™
I 3 Step Stage
1:¢: ¢ Z B ~
2 Step Stage _—1T T é=1, _=¢=1707
1:¢° — Z A Z B
outputspeed 72,=n¢" ng' ng> ng’  ng' ng’
Inlog scale
C B A C B A
(o4 B’ A (o4 B’ A
S I I IS D D D A A A Z . ) Z
> b > A A A ZC2yg2-20914 L2 =4 -4.975
Cluster Gear Gear Engagement 2x 3Ray Type Z Z
- “ Ray Diagram forA Type c D
Six Speed Change M/C Tools Gear Box

| ¥/ NPTEL ONLINE
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Gear Layout in Six Speed Gear Box (contd

Arrangement A :

Solution (contd.....) :
Selection of Teeth Numbers (contd.....) :

Obviously Gear D will be of smallest size.

For 20° involute straight and uncorrected Precision

(high speed) gear Recommended minimum teeth
number is 18.

let Z,=20 As 22 =4-4.975 then Z, ~20x4.975-99.5
ZD GB InEut Shaft/ Motor ShaﬂLnDu—ts&d: = n¢5
Let Z, =100 v
Zstepétag:e / / /
Now from Centre Distance (CD) Point of View (Following Rule) osusss .- s’ s n ng' g g
27, =Z,+Z, =20+100=120, Therefore, Z,=120/2=60 & = & & 1

2x 3 Ray Type
Ray Diagram forA Type

Six Speed Change M/C Tools Gear Box
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Gear Layout in Six Speed Gear Box (contd.....) : Solution (contd....) :

Arrangement A : Selection of Teeth Numbers (contd.....) :

Now in 3 step stage also CD should be same
(as gear A is there).

Therefore, Z,+Z2,=72.+7Z.=27Z,=120
Again 2% =4-1.707 and 2 =4 -2.914
G bt o s ) Zy Zc
sstm e T Solving for Teeth numbers,
L.% 1 7, =120/2.70744.33 And, 7 =120/3.91430.659
#Lf ¢ —¢9—j ¢ ¢ Let Z,=44, Z . Could be take as 31, however
o Ab _Lm Therefore, Zs = 120-44 it is taken as 30 and

Six Speed Change M/C Tools Gear Box

_ 76 ZC' - 9 0
3 <1 NPTEL ONLINE
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Gear Layout in Six Speed Gear Box (contd.....) : Solution (contd....) :
Arrangement A : Selection of Teeth Numbers (contd.....) :

The Teeth numbers are finalized as:

Z,=60, z,=44, 7,=76, Z.=30, Z.=90, Z,=20& Z,=100

Ideal Gear Ratios are:
Z . Z .
Ziq, Zr oy 1707 29=42=2.914 & 2 =4 =4.975 ,
YA A ZB ZC Z D GBInEutshaﬂl Molarshaﬂln stspese 1. =
Real Gear Ratios are: gigt
2 Step Stage / / /
1:4°
é:1 é=7—6=¢’:1 T27 umun¢n¢ ng' ng’ ng’ ng' ng’
ZA | ZB e 7 100 EI El § E' EI 3
Z 2 O _D, _— @ - 4 3 = > [ZearEn a':""em A 2xA3Ra TAe
—~ = 9_ = (¢I)2 =3 & Z B 20 B (¢ ) =2 O ey Dagam oA Type.
Z. 30 D

Six Speed Change M/C Tools Gear Box
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Gear Layout in Six Speed Gear Box (contd.....) : Solution (contd....) :

Arrangemgnt A: Selection of Teeth Numbers (contd.....) :
I A— Real Gear Ratios are:
2;%%59} L —T —1— é:@: , é:7—6:¢,:1.727
Output Speed "¢= ng’  ng' %;Larltf ng*  ng’ ZA 60 ZB 44
eroh g ¥ A Ze N _yp_3 &
> M * 2xA3RayTyApe ZC 30
Six Speﬁy(%:rglj_q_m ;eml\llflcr'll;zls(iearBox Z 100 B - B
Real Speeds are: Z_ S50 (@) =
190 _96.67, 1P 188, 190 _290, MV _4g34 190 _g3968 0 _4450
3x5 1.727 x5 1x5 3x1 1.727 x1 1x1
Ideal Speeds in GP Series are: gealtsp:ed_s :_re accteﬁ!:elc:. 4
ue to deviations at higher speeds
100, 170.7, 291.4, 497.5, 849.4, 1450 gher speeds,

change in machining speeds will not
There are deviations but all rules are satisfied. be much.
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Lecture-44
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Outline of the Lecture

»Six Speed 3x2 Ray Type Design
»>Possible Gear Arrangement and Initiation of Ray Diagram

»Development of Gear Arrangement and Ray Diagram

»Gear Selection through a Practical Example

> Real Available Speeds and Ideal Speeds.

»Comparison between 2x3 Ray type with 3x2 Ray type Gearing.

»Concluding (Course Completion) Remarks.
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Gear Layout in Six Speed Gear Box :

Arrangement B: 3 x 2 Ray Type
2 Step

GB Input Shaft/ Motor Shaft

Input Speed, 72, = n ¢’

Cluster Gear Motor Shaft speed
N ___ Or, with areduced 2 Step Stage
“ N Or, with a increased 1:¢
|/ speed
A B 3 Step Stage
L 1 . ¢2 . ¢4
p— BI
cH 15 Output = _ ;40 png' ng® ng’ gt ng’
: Al T Speed,
L _ In log scale
C’ = D’ | B A B A B A
A B’ A B’ A B’ A
_ B . N D D C C A A
ﬁ (?ears c_m D’ D’ C’ c’ A A
Axially Fixed
L Shaft Gear Engagement
= 3ste L Ray Diagram for B (3 x 2 Ray ) Type
Cluster Gear g“ Six Speed Change M/C Tools Gear Box
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Gear Layout in Six Speed Gear BOX (contd...) Tl

Arrangement B (contd...) :3 x 2 Ray Type J Input Speed, 72, = n ¢’
cl %% Motor Shaft speed
uster sear ___ Or, with areduced 2 Step Stage
“ N Or, with a increased )
1/ speed 1:9¢
A B Clearly | 3 Step Stage
- % ~1 1:¢% ¢
ol = B Fol Both | Output 3
. Al T Stages | Speed,
- .| _ In log scale
C D’ Tot?l _ A
A = Transmission A
Ratio A
i - - ~ | |Gears on
1 Axially Fixed i.=n/n A
L] X|aShaf;xe il ! / ° Gear Engagement
= 3ste = n¢5 /(1x1) Ray Diagram for B (3 x 2 Ray ) Type
Cluster Gear E“ Six Speed Change M/C Tools Gear Box
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Gear Layout in Six Speed Gear BOX (contd...)

Arrangement B (contd...) : 3 x 2 Ray Type

cl %% Motor Shaft speed
uster sea Or, with a reduced 2 Step Stage
N\ Or, with a increased .
o /. speed 1:¢
A B Clearly | 3 step Stage
= Ze_g a1 4% 4
o B! ZB
cH 15 Zs _y | Output I
- A 757 o T Z Speed, "
Cr _— D’ TOt_a| )
A Transmission
S S S Ratio
4 2 . n. n >
Axially Fixed i, =—"1= ¢4
L Shaft n, n¢
L 3 Ste * ¢ — (1 x ¢)

Cluster Gear

| IIT KHARAGPUR
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GB Input Shaft/ Motor Shaft

Input Speed, 72, = n ¢’

In log scale

ne

B

BI
A
A

Gear Engagement

Ray Diagram for B (3 x 2 Ray ) Type

Six Speed Change M/C Tools Gear Box




!ear !ayou! in !IIX !pee! !ear !ox (contd...) &

GB Input Shaft/ Motor Shaft
Arrangement B (contd...) :3 x 2 Ray Type B Input Speed, 71, = g’
A
/7

cl 2tS_te% Motor Shaft speed
uster sear __ ___ Or, with areduced 2 Step Stage P
N Or, with a increased | £/€31/V 1: ¢ //
B B B B _Speed é=1 &
A B Za 3 Step Stage I I
&= A Ze g | 15471 4" T
L Br © p
C- D Output n ¢3
- Al T Speed, "o =
. — = In log scale
A | Transmission A
Ratio C
N - /{ - Gears on . 5 C’
Axially Fixed = =
] X|aShaf:xe g ni/ 1, ¢ Gear Engagement
L _ 2 Ray Di for B (3 x 2 Ray ) Type
3 Ste | — (1x ay Diagram for v ) Typ
Cluster Gear m“ ( ¢ ) Six Speed Change M/C Tools Gear Box
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Gear Layout in Six Speed Gear Box : GB Input Shaft/ Motor Shaft

Arrangement B : 3 x 2 Ray Type J/ Input Speed, 72, = n ¢’
2 Step M
otor Shaft speed
Cluster Gear\i ___ Or, with a reduced 2 Step Stage '
“ AN Or, with a increased 1 ¢ |
=/ speed :
3 Step Stage |-
A &l Clearly s _1 :
= ZB' _ / - - | |
iy g z, ‘g Output P
_ Cj 76 _ S I BZ S n,= I’l¢
A Lo _ g Speed,
= — Z, In log scale
A u Transmission B’
Ratio C
_ - 'ﬁi ~ | |Gears on . 3 C’
Axially Fixed = =
] x_|as$ b ni/ 1, ¢ Gear Engagement
L — 2 Ray Diagram for B (3 x 2 Ray ) Type
3 Ste L = X
Cluster Gear u“ (¢ ¢ ) Six Speed Change M/C Tools Gear Box

/- NPTEL ONLINE
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€ear bOX (contd...) :

!ear !ayou! in !IX !pee! ! !

Arrangement B (contd...) : 3 x 2 Ray Type

Cl 2tS_te% Motor Shaft speed
uster vear ___ Or, with a reduced 2 Step Stage
N Or, with a increased 1l 2 ¢
B B B B Speed Clearly
B 7 3 Step Stage
A nd “A=1 & .,
] — Z, 129" ¢
L ' Z,
cl e 2 = 4 Output ~ _
- AL - — T P Speed, "°
C’ _ D’ Total
A Transmission
PR S I Ratio
'f Gears on A
Axially Fixed 2 = —
L Shaft ltl — ni /no — ¢
— 3ste L = (¢* x1
Cluster Gear m“ (¢ )

B8,

| IIT KHARAGPUR

~ NPTEL ONLINE
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GB Input Shaft/ Motor Shaft

Input Speed, 72, = n ¢’

—= |
ng
In log scale
A
A
D
DI

Gear Engagement

Ray Diagram for B (3 x 2 Ray ) Type
Six Speed Change M/C Tools Gear Box




Gear Layout in Six Speed Gear BOX (contd...)

Arrangement B (contd...) : 3 x 2 Ray Type

GB Input Shaft/ Motor Shaft

Input Speed, 72, = n ¢’

Cl 2tS_te% Motor Shaft speed
uster Hear Or, with a reduced 2 Step Stage
N Or, with a increased 1 ¢
~ ~ ~ ~ _Speed
3 Step Stage
A E Clearly . /0 . 44 ///.
= N _:¢& 1¢ ¢ —”/”
L Br - .f
C 76 D 4 M n =n¢0
. A L ——=¢ Speed, "
- L _ D In log scale
C’ — D’ Total B
A Transmission B’
u - /{ - Gears on . Ratio 5 g,
Axially Fixed | Z,; =11, /I’lo = ¢
L Shaft 4 Gear Engagement
R~ = (¢ x @) Ray Diagram for B (3 x 2 Ray ) Type

Cluster Gear

| IIT KHARAGPUR

=

/- NPTEL ONLINE

Six Speed Change M/C Tools Gear Box
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Cluster Gear

N

Gear Layout in Six Speed Gear Box

angement B: 3x2RayType

Motor Shaft speed
Or, with a reduced
Or, with a increased

2 Step Stage

>

L9

3 Ste
Cluster Gear

| IIT KHARAGPUR

=

</~ NPTEL ONLINE
" CERTIFICATION COURSES

speed

BI

Gears on

Axially Fixed
Shaft

3 Step Stage

[

ASS

[\

SN

~

'c;N ‘QN GN ‘QN c:,N ‘@N :>N ‘:>N
=-

GB Input Shaft/ Motor Shaft

Input Speed, 7. = n ¢

1:¢

1:¢": ¢

_—

Output 40
Speed, o = Z

B
BI
D

In log scale

Gear Engagement

Ray Diagram for B (3 x 2 Ray ) Type
Six Speed Change M/C Tools Gear Box




Gear Layout in Six Speed Gear Box (contd.....):
Arrangement B (3x2 Ray Type) (contd.....):  Selection of Teeth Numbers :

Problem:

Propose a 3x2 ray type six speeds machine tools change speed gear boxes with
minimum output speed 100 rpm and maximum output speed 1450 rpm, which is also
the rpm of drive motor. Show the ray diagram. Propose the teeth number (20°
involute straight, uncorrected and of equal module). Compare 3x2 ray type gearing
arrangement with 2x3 ray type arrangement.

"% NPTEL ONLINE Prof. Rathindranath Maiti
Mechanical Engineering Department
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Gear Layout in Six Speed Gear Box (contd.....): Solution :

Arrangement B (3x2 Ray Type) (contd.....):  Selection of Teeth Numbers :

Given data:

f  -Number of steps= 6. ¢ - Common ratio is calculated as:
n -f th. Speed (rpm) — (f-1) _ (f-1)

f X /n «/

= Input Motor Speed, /!, = 1450 rpm, / =

n, -Least Speed (rpm) = 100 rpm, Speed Range : R = n __
To find Teeth numbers of Gears in 3x2 type N Byin
(Arrangement B) six speeds machine tools 1450
change speed gear box. .. R = 14 .50
Tooth would be 20° involute straight, 100

uncorrected and of equal module.

i NPTEL ONLINE
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Gear Layout in Six Speed Gear Box (contd.....) : Solution (contd.....)
Arrangement B (3x2 Ray Type) (contd.....) :

M . — (f-D = (6-D = e—
Common ratlo . ¢ =] A /Rn \ 145 170715 1 - 70 7
Therefore, ideal six speeds are : 100, 170.7, 291.4, 497.5, 849.4, 1450
The Gear Box will be as Follows: Ehe Ray Diatg;am Sl We have to select Number of
. ngagement Sequences: Teeth of Gears such that:
Cluster Gear _ 7 %ﬁ GB Input Shaft/ Motor Shaft . . =n¢5
27777 ] 0rwitt;$reased 2Step Stage é=1 ZB' - ¢ =1 707
& = SStlp:Sqf g ZA ’ ZB - .
_ L ep Stage
_ . 1 . ¢2 : ¢4 // Z
A — gi'ﬁ"ﬁ”w n¢1 n¢2 n¢3 n¢4 n¢5 _C'E¢2:2914
p Inlog scale ZC
B A B A B A
B’ A B’ A B’ A
T Axally Fixed g' g g g : 2 Z D' 4
/ _Shaft Gear Engagement - ; ¢ — 8 . 4 9 4
3Step. Ray Diagram for B (3 x 2 Ray ) Type Z
Cluster Gear Six Speed Change M/C Tools Gear Box D

/- NPTEL ONLINE
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Gear Layout in Six Speed Gear Box (contd.....):

Arrangement- B (3x2 Ray Type) (contd.....) :
A
S0~ gt =8.494
ZD

Is too high from both limitation in single
reduction point of view as well as maximum Stage
Range Point of view.

Arrangement- B, i.e., 3x2 Ray Type is BT putspeed.n, = ng’
to be used for lower common ratio ¢, s s
may be for 1.5 maximum. . ——
1: ¢2 3 ¢4 /%/
However, for comparing Arrangements  geq - "¢ I”f’z I””f
- - - Inlog scale
A & B current solution is continued. B A B A B
S
D’ D (o (of A

Gear Engagement

i NPTEL ONLINE

Solution (contd.....) :

28tep Motor Shaft speed

Ll _ Or, with a reduced

“ N Or, with a increased
U i I _Speed
A =

Axially Fixed
L Shaft

= 3Step L
Cluster Gear *

Ray Diagram for B (3 x 2 Ray ) Type
Six Speed Change M/C Tools Gear Box

| IIT KHARAGPUR CERTIFICATION COURSES



Gear Layout in Six Speed Gear Box (contd.....) : Solution (contd.....) :

Arrangement- B (3x2 Ray Type) (contd.....) : Selection of Teeth Numbers :
N Motor Shat speed Obviously Gear D will be of smallest size.
4&5 __ Or, with a reduced
0\}&% For 20° involute straight and uncorrected Precision (high
A B speed) gear Recommended minimum teeth number is 18.

Let Z,=18 As %;ﬁ _8.494 then Z,=18x8.494=152.892
D
Let ZD' :1 52 GB Input Shaft/ Motor Shaft
I N B J%w Input Speed, 1, = n¢’
i Al Fied Now from Centre Distance (CD) s
Sl Ly Point of View (Following Rules), +Step tage ——
in this 3 step stage: 1:g7: gt — 1
it g g nt ng ng ng
Zy+Zy=2Z.+7Z,=27,=18+152=170, e Inlog scae
SN
Therefore, Z,=170/2=85 P b & & A A

Gear Engagement

i NPTEL ONLINE
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Gear Layout in Six Speed Gear Box (contd.....): Solution (contd.....) :

Arrangement- B (3x2 Ray Type) (contd.....) Selection of Teeth Numbers :
Cll%%ea Motor Shaft speed ZA = 1 7 0/2: 8 5
TN e z.
. ™ Again in this 3 step Stage Z—CE¢ =2.914 and  Zc+Z0o=27Z,=170
7 & c
il il
Ejl GBInptit/Shaft! Motor Shaft \iputSpesd. . g Solving- 3914ZC =1 70
gl L™ 2o e,  Zc=43.43
3 Step Stage _—
1: ¢2 ¢ —
0 0 1 /3/ 4 5 Let Zc =44,
Inlog scale
B A B A B A
B’ S B’ A f\ A
e P TC A A Therefore, Z. =170-44=126

Gear Engagement

'+ NPTEL ONLINE
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Gear Layout in Six Speed Gear Box (contd.....):

Solution (contd.....) :

Arrangement- B (3x2 Ray Type) (contd.....) : Selection of Teeth Numbers :

Now in 2 step stage also CD should be same (as gear A is there).

=17

GB Input Shaft/ Motor Shaft

Therefore, 7, +7, =27, =170,

Input Speed, n, = n¢’ Again Z— ~¢p=1.707
Zy
170
ing,Z, =—-—-=62.8,
?/ Solving, Z; > 707
ng’  ng' ng’
In log scale Let ZB=63,
A B A
A B’ A
& A A Therefore, Z; =170-63=107

Gear Engagement

/- NPTEL ONLINE
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Gear Layout in Six Speed Gear Box (contd.....):
Arrangement- B (3x2 Ray Type) (contd.....) :

Selected Teeth Numbers are :

7,-85, 2,-63, 2,-107, Z.=44,7.=1262,=18 & Z,=152

28tep Motor Shaft speed
Cluster Gear ___ i
ﬁ\ Or, with a reduced

7 Or, with a increased
~ speed
B

Axially Fixed
L / Shaft

3 Step L
Cluster Gear g“

| IIT KHARAGPUR

Gear Ratios are : In comparison to:

(Real) (Ideal)

Z,1Z,=107/63
-1.698, ¢=1.707

Ze 17, =126144
~2.864, ¢ =2.914

Z, 17, =152/18
—8.44, ¢ =8.494

/- NPTEL ONLINE

CERTIFICATION COURSES

Solution (contd.....) :

Selection of Teeth Numbers :

GB Input Shaft/ Motor Shaft

Input Speed,n, = n¢’
2 Step Stage
1: ¢
3 Step Stag _—
1:¢%: ¢ /%/
Out p _n¢0 n¢l l’l¢2 n¢3 n¢4 l’l¢5
SE a
Inlog scale
B A B A B A
B’ A B’ A B’ A
D D C C A A
D’ D (o C A A

Gear Engagement




Gear Layout in Six Speed Gear Box (contd.....) : Solution (contd.....) :
Arrangement- B (3x2 Ray Type) (contd.....) Selection of Teeth Numbers :

Selected Teeth Numbers are: Z,=85,2,=63, Z, =107, Z. =44, 7. =126, Z,=18 & Z, =152
GB Input Shaft/ Motor Shaft

2Step Motor Shaft speed =ng’
Mg i Oro,t(\:vrith:recsjuzzd Ideal / Input Speed ; n¢ Real
“ N Or, with a increased -
“speed 2 Step Stage
e , =1:1.707
3 Step Stage 7
1:¢%: ¢ /?/ =1:2.864:8.44
=1:2.914:8.494 5 3 . 5
Output =~ _ ng’ ng' ng ng> ng ng
Speed,
| Inlog scale
/ Axially Fixed B, A B’ A B’ A
U mj/ Stet B 5 T A % 4 Realavailable
Cluster Gear g“ D’ D’ C’ C’ A A Speeds are
Gear Engagement Accepta ble

Real Speeds are: 101.2 171.8 298 506.3 853.75 1450
In comparison to Ideal Speeds in GP Series: 100 170.7 291.4 497.4 849.44 1450

/- NPTEL ONLINE
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Gear Layout in Six Speed Gear Box (contd.....):
Arrangement A (recapitulation) :

Comparison of Arrangement A with Arrangement B
GBInEut Shaft/ Motor Shaﬂln utSpeed= 71, = n¢5

Real Gear Ratios are:
R Zig w70 44727
Output Speed n¢ =ng’ ng' ﬁszarItf ng'  ng’ ZA ZB 44
cop oA g ¥ oA Ze N _gy-3 &
P [ZearEnga:r;ent * 2xA3RayTyApe Z C 30
SixSpeﬁy(%:ﬂ_u_m ;eml\llflcr'll;zls(iearBox Z . 100 -
Real Speeds are: Z—';=2—0=(¢) =5
1950 . 96.67, 12V _~qg8, 140 _ogq, 140 _4g34 140 _g39 68 1430 _1450
3x5 1.727 %5 1x5 3x1 1.727 x1 I1x1
Ideal Speeds in GP Series are: Real speeds are accepted.
100, 170.7, 291.4, 497.5, 849.4, 1450 Due to deviations at higher speeds,
change in machining speeds will not
There are deviations but all rules are satisfied.

be much.
i NPTEL ONLINE
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Gear Layout in Six Speed Gear Box (contd.....):

Comparison between Arrangement- A (2x3 Ray Type) & Arrangement- B (3x2 Ray Type) :
Arrangement- A (2x3 Ray Type)

Motor Shaft speed
Or, with a reduced
Or, with a increased

/___speed —
Z,=60
Z, =44
Z,=76
\ ears on ZC = 3 0
xially Fixed Shaft ZC’ — 9 0
Z,=20
Z,=100
CD, =2Z, xModule¢ P
=120xModule
Ideal GB Input Shaft/ Motor Shaft 5 Real
Input Speed= 72, = n¢
=1:1.707:2.194
3 Step Stage =1:1.727:3
1:¢:¢°
2 Step Stage
SR — L =1:5
: 0 1 2 3 4 5
OutputSpeed 7,= ¢’ ng' n¢~ ng”  ng' ng
Inlog scale
C B A C B A
(o4 B’ A Cc’ B’ A
D D D A A A
D D’ D’ A A A
Gear Engagement 2x 3 Ray Type

IIT KHARAGPUR

Speed (rpm)
A (2x3RayType) | ldeal | B (3x2Ray Type)
E::;) Real séﬁ,';) Real :::l;
-3.33 | 96.67 | 100 101.2 | +1.2
-1.58 | 168 170.7 | 171.8 | +0.64
0.05 | 290 291.4 | 298 +2.26
2.8 4834 | 4974 | 506.3 | +1.8
-1.15 | 839.6 | 849.4 | 853.7 | +0.05
0.0 1450 | 1450 | 1450 | 0.0
Note: Cp,>CD,

Even module is taken
2.5 mm for arrangement A
and 2 mm for arrangement B.

NPTEL ONLINE
CERTIFICATION COURSES

Arrangement- B (3x2 Ray Type)

2Step
Notor Shait speed
Cluster Gear _ Motor Shaft speed

__ Or, witha reduced
Or, with a increased

"’ o
A .

CD,
_ A,,f || =2Z, xModule
: -~ ] =170xModule
R J
7777){7 Gears on
Axially Fixed
L / “Shaf
= 3Step
Cluster Gear
GB Input Shaft/ Motor Shaft 5
- / Input Speed, 1, = n¢g e
2 Step Stage
1:¢ =1:1.6984
=1:1707
3 Step Stage | —
i3 ¢2 : ¢4 | —1 =1:2.864:8.44
=1:2.914:8.494 //

g—“;‘;%tnn:nw ng' ng’  ng’ ng' ng’

In log scale
B A B A B A
B A B’ A B’ A
D D C (o} A A
D D’ Cc’ (o4 A A

Gear Engagement




End of the lecture series and course

Thank You

NFTEL ONLINE Prof. Rathindranath Maiti
Mechanical Engineering Department

! IIT KHARAGPUR | CERTIFICATION COURSES



	DfDR_GDTP_WK08_L01_(39)(Spl Gr) 08 Dec 2017 - Debanshu Roy
	DfDR_GDTP_WK08_L02_(40)(HD_Spl) 08 Dec 2017 - Debanshu Roy
	DfDR_GDTP_WK08_L03_(41)M-M (Rev Dif) 11 _ 13_21 Dec 2017 - Debanshu Roy
	DfDR_GDTP_WK08_L04_(42)(MCTL GB-I) 21 Dec 2017 - Debanshu Roy
	DfDR_GDTP_WK08_L05_(43)(MCTL GB-II)  23 Dec 2017 - Debanshu Roy
	DfDR_GDTP_WK08_L06_(44)(MCTL GB-III)  12 Jan 2018 - Debanshu Roy



