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ABSTRACT

The Geneva drive is used to provide intermittent motion, the drive wheel turns continuously, the pin on the drive
wheel then turns the cross shaped piece quarter of a turn for each revolution of the drive wheel. The crescent
shaped cut out in the drive wheel lets the points of the cross pass, the rest of the circle locks the slotted wheel
into place while it is stationary. Drive motion can be changed by changing the number of slots in the slotted
wheel. The Geneva drive mechanism is used commonly in film projectors to move the film on one frame at a
time then hold it stationary as the bright projector light is shone through it .Design of geneva disk & drive is done
by using catiaV5 software & the drive used is of four slots. Analysis of geneva disk & drive is done by ANSYS
16 static load condition .M.S.Plate is the material used for geneva wheel & m.s.word is used for shaft & the steel
plate is used for geneva crossing .The principle of mechanism is the input is given by motor to the driver gear of
the arrangement. In the most common arrangement, the driven wheel has four slots and thus advances for each
rotation of the drive wheel by one step of 90°. If the driven wheel has n “slot.
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1. Introduction

Geneva mechanism is commonly used indexing mechanismwhere an intermittent motion is required. The Inverse
Geneva mechanism, which is a variation of the Geneva mechanism, is used where the wheel has to rotate in the
same Direction as crank. It requires less radial space and the locking device can be a circular segment attached
to the crank that locks by wiping against a built up rim on the periphery of the wheel.

The design and fabricating of a conventional Geneva mechanism is generally simple and inexpensive
because there is no specially curved profile on any of the components except straight lines and circular arcs.
However, due to the discontinuity of the acceleration at the beginning and ending positions, the shortcoming of
using conventional Geneva mechanism is the large impact when the driving crank engages and disengages with
the wheel slot.

2. Geneva Mechanism

In this mechanism, for every turn of the driver wheel A, the driven wheel B makes a quarter turn. The pin,
attached to driver wheel A, moves in the slots causing the motion of wheel B. The contact between the lower
parts of driver A with the corresponding hollow part of wheel B retains it in position when the pin is out of the
slot. Wheel A is cut away near the pin as shown, in order to provide clearance for wheel B as it moves. If one of
the slots is closed, A can make less than one revolution in either direction before the pin strikes the closed slot
and, stopping the motion.
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2.1 Classification of Geneva Mechanism

External Geneva Mechanism: In this type of mechanism, the Geneva cross is connected with cam drive
externally which is the most popular and which is represented by the device below fig 2.

Fig.1. Geneva Mechanism Fig.2. External Geneva Mechanism

Internal Geneva Mechanism: In this type of mechanism, the Geneva cross and cam drive are connected
internally in the closed box, which is also common and is illustrated by below fig. 3.
Spherical Geneva Mechanism: In this type of mechanism the Geneva cross is in spherical shape and cam drives
are connected in externally, which is extremely rare and is illustrated in below fig.4.
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Fig.3. Internal Geneva Mechanism Fig.4. Spherical Geneva Mechanism

Geometry of Film Frame: In the most common arrangement, the driven wheel has four slots and thus advances
for each rotation of the driver wheel by one step of 90° If the driven wheel has n slots, it advances by 360°/n per
full rotation of the drive wheel.

Fig.6.Working Stages of Geneva Mechanism
Fig.5.Geometry of Film Frame
Working Principle of Film Frame: According to the principle of Geneva mechanism, the input is given by

motor to the driver gear of the arrangement. In the most common arrangement, the driven wheel has four slots
and thus advances for each rotation of the drive wheel by one step of 90°. If the driven wheel has n “slot.
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3. Elements

Film frame: A commonly-held misconception is that film projection is simply a series of individual frames
dragged very quickly past the projector's intense light source. If a roll of film were merely passed between the
light source and the lens of the projector, all that would be visible on screen would be a continuous blurred series
of images sliding from one edge to the other. It is the shutter that gives the illusion of one full frame being
replaced exactly on top of another full frame.

A rotating petal or gated cylindrical shutter interrupts the emitted light during the time the film is advanced
to the next frame. The viewer does not see the transition, thus tricking the brain into believing a moving image
is on screen. Modern shutters are designed with a flicker-rate of two times (48 Hz) or even sometimes three times
(72 Hz) the frame rate of the film, so as to reduce the perception of screen flickering. Higher rate shutters are
less light efficient, requiring more powerful light sources for the same light on screen.

\z Geneva Mechanism
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Fig. 7. Dwell Period for Mechanism
Mechanical sequence when image is shown twice and then advanced. Outer sprockets rotate continuously
while the frame advance sprockets are controlled by the mechanism shown.

I. Feed & extraction of sprockets: Smooth wheels with triangular pins called sprockets engage perforations
punched into one or both edges of the film stock. These serve to set the pace of film movement through the
projector and any associated sound playback system
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Fig.8.Working Processes of Moving of Film Frame

11. Film loop: As with motion picture cameras, the intermittent motion of the gate requires that there be loops
above and below the gate in order to serve as a buffer between the constant speed enforced by the sprockets
above and below the gate and the intermittent motion enforced at the gate. Some projectors also have a sensitive
trip pin above the gate to guard against the upper loop becoming too big.
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I11. Film gate pressure plate: A spring loaded pressure plate functions to align the film in a consistent image
plane, both flat and perpendicular to the optical axis. It also provides sufficient drag to prevent film motion during
the frame display, while still allowing free motion under control of the intermittent mechanism. The plate also
has spring-loaded runners to help hold film while in place and advance it during motion.

IV. Intermittent mechanism: The intermittent mechanism can be constructed in different ways. For smaller
gauge projectors (8 mm and 16 mm), a pawl mechanism engages the film's sprocket hole one side, or holes on
each side. This pawl advances only when the film is to be moved to the next image. As the pawl retreats for the
next cycle it is drawn back and does not engage the film. This is similar to the claw mechanism in a motion
picture camera.

In 35 mm and 70 mm projectors, there usually is a special sprocket immediately underneath the pressure
plate, known as the intermittent sprocket. Unlike all the other sprockets in the projector, which run continuously,
the intermittent sprocket operates in tandem with the shutter, and only moves while the shutter is blocking the
lamp, so that the motion of the film cannot be seen. The intermittent movement in these projectors is usually

provided by a Geneva drive, also known as the Maltese cross mechanism.
Pin

Fig.9. Intermittent Mechanism

4. Design Calculation

4.1 Specifications

0 Number of Slots, Z=4

0 Radius of Geneva wheel, R =40 mm

o Distance between centres of Geneva Wheel &driven wheel, a=56.5 mm
0 Radius of driving Wheel, re= 60 mm

o Radius of cam, r=40mm

o Radius of pin, rp=2.5mm

4.2 Design Calculation for CAM Drive

o Angle of locking section, v=w/2 (Z+2) =270°
0 Semi-indexing angle(driven) o=m/Z =45°

0 Semi-indexing angle (driver) B=n(Z-2)/(2Z) =45°
o Gear ratio e=1 for Z=4

o0 Radius ratio, p=R/r =1.000

0 Indexing time ratio, v=p/m =0.2500

Design Calculation for Bearing & Geneva Cross

For Geneva Cross: For Bearings: Here we used ball bearings.

Slot width, t=5mm Bearing of basic design no. (SKF) =6000

Length of Slot, =25 mm Inner diameter of bearing, d =10 mm

Shaft diameter, ds= 15 mm Outer diameter of bearing, D =26 mm

Thickness, b=5m Static capacity, Co=19 KN
Dynamic capacity C=36KN
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Assume :

Time T=0.166 sec

Speed N=360 rpm (N=60/T)

Angular velocity of driving crank  ©1=27N/60 =37.7rad/sec
Angular velocity of driven disc ®2 =M (1-A) ©=91.012rad/sec

Design and Analysis of Geneva Drive
Designing Procedure of a Geneva Drive using CATIA V5
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Project

First Saved

Tuesday, March 15, 2016

Last Saved

Tuesday, March 15, 2016

Product Version

15.0.7 Release

Save Project Before
Solution

No

Save Project After
Solution

No

Contents
Units

Model (A4)

o Geometry

= Parts
Coordinate Systems
Connections
Contacts

o}
o}

100.00 ()
50.00

No Separation - Solid To Solid

Mesh
Static Structural (A5)

Loads
Solution (A6

Analysis Settings

Solution Information

Material Data
o0 Structural Steel

Results
Stress Probe

Units
Table 1
Unit System | Metric (mm, kg, N, s, mV, mA) Degrees rad/s Celsius
Angle Degrees
Rotational Velocity rad/s
Temperature Celsius

Model (A4): Geometry

Table 2: Model (A4) > Geometry

Object Name Geometry
State Fully Defined
Definition
Source | C:\Users\sai\Desktop\geneva\ge_files\dpO\SYS\DM\SY'S.agdb

Type DesignModeler
Length Unit Meters
Element Control Program Controlled
Display Style Body Color
Bounding Box
Length X | 348.49 mm
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Length Y 260. mm
Length Z 45. mm
Properties
Volume 1.7471e+006 mm3
Mass 13.715 kg
Scale Factor Value 1
Statistics
Bodies 2
Active Bodies 2
Nodes 94869
Elements 35728
Mesh Metric None
Basic Geometry Options
Parameters Yes
Parameter Key DS
Attributes No
Named Selections No
Material Properties No

Advanced Geometry Options

Use Assaciativity Yes

Coordinate Systems No

Reader Mode Saves Updated File No

Use Instances Yes

Smart CAD Update No

Compare Parts On Update No

Attach File Via Temp File Yes
Temporary Directory C:\Users\sai\AppData\Local\Temp

Analysis Type 3-D

Decompose Disjoint Geometry Yes

Enclosure and Symmetry Processing Yes

Table 3: Model (A4) > Geometry > Parts

Object Name Solid | Solid
State Meshed
Graphics Properties
Visible Yes
Transparency 1
Definition
Suppressed No
Stiffness Behaviour Flexible

Coordinate System

Default Coordinate System

Reference Temperature

By Environment

Material
Assignment Structural Steel
Nonlinear Effects Yes
Thermal Strain Effects Yes

V. Mallikarjunal and B. James Prasad Rao

URAME




Vol.4 Issue 5,

May 2016

Pgs: 91-109

Bounding Box

Length X 156.98 mm 260. mm
Length Y 156.98 mm 260. mm
Length Z 20. mm 45. mm
Properties
Volume | 2.4721e+005 mm?3| 1.4999e+006 mm?3
Mass,  1.9406 kg 11.774 kg
Centroid X -140. mm 1.5856 mm
Centroid Y | -1.1663e-014 mm -1.5853 mm
Centroid Z 20. mm 5.8436 mm

Moment of Inertia Ip1| 2885.9 kg-mm? 41879 kg- mm?
Moment of Inertia Ip2| 2885.9 kg-mm? 43599 kg- mm?
Moment of Inertia Ip3| 5641.9 kg-mm2 | 82754 kg-mm?

Statistics
Nodes 49967 44902
Elements 10213 25515
Mesh Metric None

Coordinate Systems
Table 4: Model (A4) > Coordinate Systems > Coordinate System

Object Name | Global Coordinate System
State Fully Defined
Definition
Type Cartesian
Coordinate System ID 0.
Origin
Origin X 0. mm
Origin Y 0. mm
Origin Z 0. mm
Directional Vectors
X Axis Data [1.0.0.]
Y Axis Data [0.1.0.]
Z Axis Data [0.0.1.]

Connections
Table 5: Model (A4) > Connections
Object Name| Connections
State | Fully Defined

Auto Detection

Generate Automatic Connection On Refresh’ Yes
Transparency

Enabled|  Yes

Table 6: Model (A4) > Connections > Contacts

Object Name Contacts
State|  Fully Defined
Definition
Connection Type | Contact
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Scope
Scoping Method | Geometry Selection
Geometry All Bodies
Auto Detection
Tolerance Type Slider
Tolerance Slider 0.
Tolerance Value 1.0928 mm
Use Range No
Face/Face Yes
Face/Edge No
Edge/Edge No
Priority Include All
Group By Bodies
Search Across Bodies

Table 7: Model (A4) > Connections > Contacts > Contact Regions

Object Name

No Separation - Solid To Solid

State Fully Defined
Scope
Scoping Method Geometry Selection
Contact 4 Faces
Target 4 Faces
Contact Bodies Solid
Target Bodies Solid
Definition
Type No Separation
Scope Mode Automatic
Behaviour Program Controlled

Trim Contact

Program Controlled

Trim Tolerance 1.0928 mm
Suppressed No
Advanced
Formulation Program Controlled

Detection Method

Program Controlled

Penetration Tolerance

Program Controlled

Normal Stiffness

Program Controlled

Update Stiffness

Program Controlled

Pinball Region

Program Controlled

Geometric Modification

Contact Geometry Correction | None
Mesh
Table 8: Model (A4) > Mesh

Object Name Mesh
State Solved

Defaults

Physics Preference | Mechanical
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Relevance | 0
Sizing
Use Advanced Size Function Off
Relevance Center Coarse
Element Size 3.0 mm
Initial Size Seed Active Assembly
Smoothing Medium
Transition Fast
Span Angle Center Coarse
Minimum Edge Length 7.00040 mm
Inflation
Use Automatic Inflation None
Inflation Option|  Smooth Transition
Transition Ratio 0.272
Maximum Layers 5
Growth Rate 1.2
Inflation Algorithm Pre
View Advanced Options No

Patch Conforming Options

Triangle Surface Mesher |

Program Controlled

Patch Independent Options

Topology Checking Yes
Advanced
Number of CPUs for Parallel Part Meshing| Program Controlled
Shape Checking| Standard Mechanical

Element Midside Nodes

Program Controlled

Straight Sided Elements No
Number of Retries Default (4)
Extra Retries For Assembly Yes
Rigid Body Behavior | Dimensionally Reduced
Mesh Morphing Disabled

Defeatiuring

Pinch Tolerance

Please Define

Generate Pinch on Refresh No
Automatic Mesh Based Defeaturing On
Defeaturing Tolerance Default
Statistics
Nodes 94869
Elements 35728
Mesh Metric None

Static Structural (A5)

Table 9: Model (A4) > Analysis

Object Name | Static Structural (A5)
State Solved
Definition
Physics Type | Structural
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Analysis Type| Static Structural
Solver Target| Mechanical APDL

Options
Environment Temperature 22.°C
Generate Input Only No
Table 10: Model (A4) > Static Structural (A5) > Analysis Settings
Object Name Analysis Settings
State Fully Defined
Step Controls
Number Of Steps 1.
Current Step Number 1.
Step End Time 1s
Auto Time Stepping Program Controlled
Solver Controls
Solver Type Program Controlled
Weak Springs Program Controlled
Large Deflection Off
Inertia Relief Off
Restart Controls
Generate Restart Points Program Controlled
Retain Files After Full Solve No
Nonlinear Controls
Newton-Raphson Option Program Controlled
Force Convergence Program Controlled
Moment Convergence Program Controlled
Displacement Convergence Program Controlled
Rotation Convergence Program Controlled
Line Search Program Controlled
Stabilization Off
Output Controls
Stress Yes
Strain Yes
Nodal Forces No
Contact Miscellaneous No
General Miscellaneous No
Store Results At All Time Points
Analysis Data Management
Solver Files Directory | C:\Users\sai\Desktop\geneva\ge_files\dpO\SYS\MECH\
Future Analysis None
Scratch Solver Files Directory
Save MAPDL db No
Delete Unneeded Files Yes
Nonlinear Solution No
Solver Units Active System
Solver Unit System Nmm
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Table 11: Model (A4) > Static Structural (A5) > Loads

Object Name Moment ' Fixed Support
State Fully Defined
Scope
Scoping Method Geometry Selection
Geometry 2 Faces
Definition
Type Moment Fixed Support
Define By Components

Coordinate System | Global Coordinate System
X Component| 20000 N-mm (ramped)
Y Component 0. N-mm (ramped)
Z Component 0. N-mm (ramped)

Suppressed No
Behaviour Deformable |
Advanced
Pinball Region | All |

Solution (A6)
Table 12: Model (A4) > Static Structural (A5) > Solution
Object Name | Solution (A6)
State|  Solved
Adaptive Mesh Refinement

Max Refinement Loops 1.
Refinement Depth 2.
Information

Status|  Done

Table 13: Model (A4) > Static Structural (A5) > Solution (A6) > Solution Information

Object Name | Solution Information
State Solved
Solution Information
Solution Output|  Solver Output
Newton-Raphson Residuals 0
Update Interval 25s
Display Points All
FE Connection Visibility
Activate Visibility Yes
Display| All FE Connectors
Draw Connections Attached To All Nodes
Line Color| Connection Type
Visible on Results No
Line Thickness Single
Display Type Lines
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Table 14: Model (A4) > Static Structural (A5) > Solution (A6) > Results

Object Name

Equivalent Elastic Strain| Equivalent Stress

State Solved
Scope
Scoping Method Geometry Selection
Geometry All Bodies
Definition
Type | Equivalent Elastic Strain | Equivalent (von-Mises) Stress
By Time
Display Time Last
Calculate Time History Yes
Identifier
Suppressed No
Integration Point Results
Display Option Averaged
Average Across Bodies No
Results
Minimum| 2.0763e-010 mm/mm 4.1183e-005 MPa
Maximum| 1.5889e-005 mm/mm 3.1778 MPa
Minimum Occurs On Solid
Maximum Occurs On Solid

Minimum Value Over Time

Minimum| 2.0763e-010 mm/mm 4.1183e-005 MPa
Maximum| 2.0763e-010 mm/mm 4.1183e-005 MPa
Maximum Value Over Time
Minimum| 1.5889e-005 mm/mm 3.1778 MPa
Maximum| 1.5889e-005 mm/mm 3.1778 MPa
Information
Time ls
Load Step 1
Substep 1
Iteration Number 1
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Table 15: Model (A4) > Static Structural (A5) > Solution (A6) > Probes

Object Name Stress Probe
State Solved
Definition
Type Stress
Location Method| = Geometry Selection
Geometry 1 Vertex
Orientation | Global Coordinate System
Suppressed No
Options
Result Selection Normal - X Axis
Display Time End Time
Spatial Resolution Use Maximum
Results

Normal - X Axis|  -7.7714e-002 MPa
Maximum Value Over Time

Normal - X Axis|  -7.7714e-002 MPa
Minimum Value Over Time

Normal - X Axis|  -7.7714e-002 MPa

Information
Time ls
Load Step 1
Substep 1
Iteration Number 1

Table 16: Model (A4) > Static Structural (A5) > Solution (A6) > Stress Probe
Time [s] | Stress Probe (NormX) [MPa]
1. -7.7714e-002

Material Data: Structural Steel
Table 17: Structural Steel > Constants
Density| 7.85e-006 kg mm~-3
Coefficient of Thermal Expansion 1.2e-005 C™-1
Specific Heat | 4.34e+005 mJ kg”-1 CM-1
Thermal Conductivity | 6.05e-002 W mm~-1 C*-1
Resistivity 1.7e-004 ohm mm

Table 18: Structural Steel > Compressive Ultimate Strength
Compressive Ultimate Strength MPa
0

Table 19: Structural Steel > Compressive Yield Strength
Compressive Yield Strength MPa
250

Table 20: Structural Steel > Tensile Yield Strength
Tensile Yield Strength MPa
250
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Table 21: Structural Steel > Tensile Ultimate Strength
Tensile Ultimate Strength MPa
460

Table 22: Structural Steel > Isotropic Secant Coefficient of Thermal Expansion
Reference Temperature C
22

Table 23: Structural Steel > Alternating Stress Mean Stress

Alternating Stress MPa| Cycles| Mean Stress MPa
3999 10 0
2827 20 0
1896 50 0
1413 100 0
1069 200 0
441 2000 0
262 10000 0
214 20000 0
138 1.e+005 0
114 2.e+005 0
86.2 1.e+006 0
Table 24: Structural Steel > Strain-Life Parameters
Strength Strength Ductility Ductility Cyclic Strength Cyclic Strain
Coefficient MPa Exponent Coefficient Exponent Coefficient MPa| Hardening Exponent
920 -0.106 0.213 -0.47 1000 0.2

Table 25: Structural Steel > Isotropic Elasticity
Temperature C | Young's Modulus MPa | Poisson's Ratio | Bulk Modulus MPa| Shear Modulus MPa
2.e+005 0.3 1.6667e+005 76923

Table 26: Structural Steel > Isotropic Relative Permeability
Relative Permeability

10000
Figure 1: Model (A4) > Mesh > Figure Figure 2: Model (A4) > Static Structural (A5) >

Moment
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Figure 3: Model (A4) > Static Structural (A5) > Figure 4: Model (A4) > Static Structural (A5) >
Fixed Support > Figure

Moment > Figure
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Figure 5: Model (A4) > Static Structural (A5) > Figure 6: Model (A4) > Static Structural (A5) >
Solution (A6) > Equivalent Elastic Strain > Figure Solution (A6) > Equivalent Stress > Figure

Figure 7: Model (A4) > Static Structural (A5) > Solution (A6) > Stress Probe
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5. Fabricating Procedure
5.1 Geneva Wheel Design

The basic design criteria of a Geneva wheel is that the centrelines of the slot and crank are mutually perpendicular
at engagement and at Disengagement. The crank, which usually rotates at a uniform angular Velocity carries a
roller to engage with the slots. During one revolution of the crank the Geneva wheel rotates a fractional part of
the revolution, the amount of which is dependent upon the number of slots. The Circular segment attached to the
crank effectively locks the wheel against rotation when the roller is not in engagement and also positions the
wheel for correct engagement of the roller with the next slot.

The design of the Geneva mechanism is initiated by specifying the Crank radius, the roller diameter and the
number of slots. At least 3 slots are necessary but most problems can be solved with wheels having from4 to 12
slots. The angle (B) is half the angle subtended by adjacent slots i.e., where n is the number of slots in the wheel.
Then, defining r2 as the crank radius we have, where c is the centre distance. Note that the actual Geneva wheel
radius is more than that which would be obtained by a zero-diameter roller. This is due to the difference between
the sin and the tangent of the angle subtended by the roller, measured from the wheel centre. The final step in
the design process is to choose a convenient radius for the circular pert of the Geneva wheel, which meshes with
the input wheel locking the Geneva wheel.

A ball bearing used for fix the shaft on stand on base. The bearing selected according to the diameter of the
shaft. The shaft was threaded on its both ends. The driver gear And cam are inserted to the shaft on threaded end.
Then the Maltese cross also fitted with sprockets on its end. Sprockets are designed according to the film frame
width. Pressure rollers are provided for regular movement of film frame. A handle is fitted to the driver gear
manual input. Finally all these arrangements are fit on the base.

Maltese cross
I ]
— =%
oin = 1 I T——sprocket
—— g
shaft——— bearing
driver gear
cam
base——={ ]

Fig.11.Geneva Wheel Design

5.2 Fabricating process

The Geneva Wheel Mechanism, which was manufactured, had 9parts. They were the two Geneva wheel pieces,
two circular locking slots, a Crank Pin, a spacer plate, two Shaft Pins to carry the Geneva wheel and the input
shaft and a Base plate.

The Geneva wheel was manufactured by turning a 10 mm thick MS Plate to the external dimensions. Then
the profile was punch marked on the plate. The plate was put in a indexing milling machine and the Profile was
milled to the required dimensions including the cutting of slots.

The locking wheel was also punch marked and milled to the required dimensions. The crank pin was made
by gas cutting the required shape and the roller pin was fitted at the required distance 0f50 mm from the crank
centre. All the other components were turned to the required dimensions. The Base plate as cut out of a 4 mm
thick transparent acrylic plate. The holes for carrying the shafts were then drilled by using a 16mm drill taking
care of the distance between the centres.
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5.3 Geneva wheel analysis

The Analysis of Geneva wheel is done by drawing the position of the pin and the Geneva wheel at the required
position. The position of the Geneva wheel is given by, Differentiating this with respect to time we get,
differentiating again with respect time we get, these equations are valid only in the region — (90-b) to (90-b) of
the input crank angle. At all other angles the Geneva wheel is stationary and hence both angular velocity and
acceleration are zero. Both the angular and acceleration are plotted as a function of input angle in the
accompanying plot for an input angular velocity of 1 rad/sec.

6. Conclusion

Geneva drive indexing mechanism converts the continuous motion of the driver wheel into intermittent rotary
motion of the sprocket. According to the film length, the cam wheel diameter was chosen. Cam with pin
arrangement integrated with Geneva drive. Input shaft having driver wheel at one end and cam drive at the other
end. Geneva drive and sprocket are mounted on the output shaft. By cam with Geneva drive arrangement the
continuous motion of the driver wheel converts into intermittent motion of sprocket. Due to sprocket rotation the
film advances frame by frame in front of the lens. Thus the slide show of the film was obtained successfully.
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