

DESIGN AND EXECUTION OF HYDRUALIC OPERATED FIXTURE


CHAPTER 1
INTRODUCTION
1.1 COMPANY PROFILE
The HMT machines tools Ltd, which is one of the world’s foremost machine tool manufacturing houses set up in Bangalore in the year 1952, in collaboration with M/S Oerikon machine tools Ltd, Switzerland from that time to this day, the nut has been producing products conforming to the latest international standard of quality and safety.
Though it was started in a small way in 1952, it has now the capacity to produce almost any type of component. The HMT Ltd, produces at present the following products.
· General purpose machines
· Special purpose machines
· Wrist watches
· Lamps
· Tractors 
The HMT Ltd. has twelve factories all over India with eighteen divisions,
The Bangalore unit alone presents to the world market products such as:
· High production turret lathes
· Radial drilling machines
· Gear shapers
· Single and multi spindle automatic machines
· Grinding machines
· Numerically controlled machines
· Die casting machines
· Plastic injection moulding machines
· Grinding and milling machines
· Ball screw assemblies


The units of Bangalore division, manufacturing the above mentioned products according to nature , size and quality of the component. To do this various divisions have been made in HMT and they are:
· Small parts unit
· Heavy part unit
· Tool room
· Die casting unit
· Foundry unit
· Ball screw division
· Radial drilling machines
Well experienced technical personnel carry out the production of the various components in the above mentioned units. Apart from this, HMT is now in collaboration with at least thirty international companies so as to produce Indian technology in to the world market and thus save India a lot of foreign exchange. It would be very appropriate to mention, here that over 8000 HMT machines are in operation in over 70 countries  across the world, following the supremacy of HMT products in and around India



1.2 GEARS
1.2.1 TYPES OF GEARS: 
Gear is generic term for a mechanical contrivance, the function of which may be indicated by qualifying adjective. E.g-steering gears.
SPUR GEAR
It connects parallel shaft by teeth, parallel to axis and nominally constant from end to end. If accurately aligned, they produce no end thrust. If both wheel and pinion have external teeth they rotate in opposite directions. Sliding between the teeth occurs in transverse planes, i.e. in the planes perpendicular to the axis. The wheel may have internal teeth and is commonly called the annular pinion and rotate in same directions.
HELICAL GEARS
Helical gears not otherwise qualified, also connect parallel shaft. The tooth profile that is nominally constant from end to end. But teeth are of helical form and produce end thrust under load. For external gears the teeth of pinion and wheel are of opposite hand of helix and rotate in opposite direction.
Helical pinion may engage with the helical internal gear and both members then have teeth of same hand of helix and rotate in same direction. A helical rack has teeth, which are straight from end to end.
DOUBLE HELICAL GEARS
Each gear comprises two sets of helical teeth, of opposite hand so that their end thrust is in balance.
CROSSED HELICAL GEARS
The gears connect the skew shafts, both members may be helical gears or one may be a spur gear.



PARALLEL HELICAL GEARS
In these gears, the axes are parallel and the pitch is cylindrical. The tooth traces are helices and these helices may be left or right handed.
STRAIGHT BEVEL GEARS
In this type of gears, the axes are intersecting. The angle between the two axes, known as shaft angle is usually 90 degrees. The gear blank is a cone on which teeth are generated. These teeth are straight but the height of teeth gradually decreases and the sides of the teeth are tapered so that all lines when extended meet at a common point called the pitch cone apex.

1.2.2 APPLICATION OF GEARS

SPUR GEARS
· Turbine driving generator
· Motor driving generator
· Aircraft
· General purpose drives
· Rack & pinion
HELICAL GEARS
· Internal combustion engine driving compressor
· Large industrial gears
· Automotive transmission
· Gears of small commercial uses and gadgets
BEVEL GEARS
· Aircraft gear drives
· Automotive drive gears
· Marine gears

· Railway gears
· Tractors
WORM GEARS
· Agitators, electric motors
· Blowers, compressor
· Elevators

1.2.3 APPLICATION OF DIFFERENT TYPES OF GEARS:
	TYPES OF GEARS
	RANGE OF EFFICIENCY
	MAX. WIDTH 
	TYPE OF LOAD ON BEARING

	External spur gear
	97-97.5
	F=D
	Radial

	External helical gear
	97-97.5
	F=D
	Radial & thrust

	Straight bevel 
Gear
	97-99.5
	1/3 cone distance
	Radial & thrust

	Cylindrical worm
	50-90
	FW=5pncosβ
Fg=.67*d

	Radial & thrust



Table 1.1 Application of gears
1.2.4  MATERIALS  FOR GEAR MANUFACTURE:	
	MATERIALS
	SUITABILITY
	APPLICATION

	1.Cast iron
	Where stress on the gear is not high
	Large size gears and complicated shapes

	2.Cast  steel
	Where stress on the gear is high
	Gear where fabrication is  difficult

	3. Carbon steel(c .3% to .6%)
	 High toughness combined with high strength, fatigue limit is required
	Industrial gears

	4.Alloy steels with Mn, Ni, Ir
	Where tooth strength of gears is required to be high
	Industrial and automobile gears

	5.Case  hardened steel with carbon less than .3%
	Where gears are required to bear varying loads
	Industrial gears

	6. Surface hardened steels with c .4%-.8%
	When the tooth surface is required to be very hard & core soft
	Gears used for transmitting shock less loads

	7.Nitride steel
	When very high hardness of tooth is required
	Aircraft gears, marine propulsion gears, industrial gears

	8.Non metallic gears: leather, plastic, nylon etc
	Where low gear noise is required
	Instrument gears & applications etc



Table 1.2 Gear materials
1.2.5  GEAR NOMENCLATURE:
PITCH CIRCLE DIAMETER
It is the diameter of a disc, which by pure rolling action would produce the same motion as produced by the gear.
PITCH CIRCLE
This is the circumference of an imaginary cylinder which rolls without slipping when drive. The two rolling cylinders are called pitch cylinders. According to the law of gearing the velocity ratio must remain same or unchanged.
TIP CIRCLE 
This is also known as addendum circle or outside circle. This is a circle which bounds the outer edges of the tooth gear.
ROOT CIRCLE 
This is the circle from which the involute tooth profile is developed.
ADDENDUM
It is a radial distance between the pitch circle and root circle.


LAND
The top land and the bottom land are the surfaces of at the top and bottom of the tooth space.
WORKING DEPTH
It is distance of engagement of two mating teeth and is equal to the sum of addendums of the mating teeth of the two gears in case of standard system.
WHOLE DEPTH
This is a height of a tooth and is equal to the addendum plus dedendum.
CLEARANCE
This is the radial distance between the top land of a tooth and the bottom land of the tooth.
FLANK OF THE TOOTH
This is the surface of the tooth between the pitch cylinder and the root cylinder.
MODULE
It is defined as the ratio of the pitch diameter to the number of teeth of gear. The value of module is expressed in mm. The module is one of the major and determining parameter of gear.
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Fig. 1.1 (Gear Profile)


PINION
It is the smaller of two gears in mesh and is usually the driving component of gearing system. The other component which is larger is referred as a gear.
CHORAL ADDENDUM
This is the height bounded by the op of the tooth and the chord corresponding to the arc of pitch circle representing the circular tooth thickness.

1.2.6 METHODS OF MANUFACTURING OF GEARS:
Gears can be manufactured by various processes like casting, machining, stamping, powder metallurgy & extruding. However the machining process is the best method for mass production of the high quality gears.
In the manufacturing process gears can be manufactured by 
· Form cutter method
· Generation method
· Production of gears using dies 

 FORM CUTTER METHOD
This method of gear cutting employs cutters or tools conforming to the gear tooth form, thus necessitating the use of special tools for each application. Hence the method is not popular for large batch production.
The form cutter has following methods:
· Gear cutting with formed disc cutter or milling cutter
· Gear cutting with end mill
· Gear cutting with single point formed tool on shaping
· Gear cutting with formed cutter in broaching machine
GEAR CUTTING METHOD:
Gear generation is the most popular method for large & medium batch production of accurate gears, which are used, in automobile machine tools.
In gear generation conjugate type of cutters or tools are made to run in mesh with the blanks to produce gears. Some of the gears generating method are:
· Gear shaping process
· Gear hobbing process

· Bevel generation process
 PRODUCTION OF GEAR USING DIES
Gears can be produced by stamping extrusion, die casting injection moulding, powder metal sintering & leaking process with the use of dies.
This process is suitable for mass production of gears where the quality of gears in terms of tooth profile finish is not of prime importance.
1.2.7 COMPARISON OF VARIOUS PROCESSES IN THE MANUFACTURING OF GEARS
	PROCESS
	ADVANTAGE
	DISADVANTAGGE
	APPLICATIONS

	Casting
	· Economical 
· can take up large diameters and modules
	· Inaccurate
· Poor finish
	· Machinery where operating speed is slow

	Milling
	· Economical
· Suitable for small quantity
	· Cutters are non universal
· Tooth is inaccurate
	· Machinery where operating speed is slow

	Shaping or tooling with single point tool
	· Suitable for small batch production
	· Low productivity
	· Where speed is medium

	Broaching
	· Suitable for high volume production
	· Cannot machine parts with
	· Internal gears & splines used in automobiles

	Gear shaping
	· Versatile suitable for spur, helical, rack & pinion
	· Separate helical guide is required
	· Gears used in automobiles, instruments,
clocks.

	Die casting
	· Suitable for mass production
	· Light duty application 
	· gears used in cameras, toys

	Extrusion
	· Versatile and produce ant shapes
	· Light application only
	· gears used in clocks, toys

	Rolling
	· Suitable for mass production
	· Design should be feasible to roll the gears
	· General light purpose

	Injection moulding
	· Suitable for large volume production
	· Gear tooth accuracy not high
	· Used in house hold appliances


Table 1.3 Comparison of Gears
Gear grinding operation
It is basically performed either to finish the hardened gears or to enhance the accuracy of the gears. The accuracy from the gear grinding includes desired lead & profile modifications, lower spacing, run out errors & high surface finish. Most of the time gear grinding is associated with case hardened gears where teeth have been cut before heat treatment, but through hardened gears are also ground. 
1.2.8  GEAR GRINDING PREPARATION:
Following are the same of the items, which should be considered carefully in detail for successful gear grinding.
 Preparation of the gear blank:
The common statement a good gear blank is a must for a good gear is very true for a successful gear grinding operation.
The following items must be considered for gear blank preparation:
· Grinding wheel run out clearance at tooth grinding
· Selection of proper blank tolerance
· Preparation of any sub assembly before tooth grinding
· Proper indicating proof surface or bands on gear blanks
· Blank inspection before tooth grinding


 Grinding allowances & heat treatment
Grinding allowances in the tooth grinding is extra material let on tooth flanks. It is required the tooth surface to proper profile, lead & other quality element within the specified tooth sizes. Excessive grinding allowances may cause many problems such as longer grind time etc. On the other hand insufficient grinding allowances will result in a under size tooth thickness. Improper grinding allowances will cause problems such as higher cost, longer delays & rejected parts in extreme cases or critical applications.
Below is the commonly used heat treatment process
· Case carbonizing & hardening
· Induction hardening
· Case nitrating
· Through hardening 
Selection of proper cutting tools
High production allows the use of customized tools with optimized grinding allowances & nurturance, while low quantity production imposes the use of universal tooling as much as possible. The following steps are suggested to maximize the use of pre grind tools:
· Standardized fillets for all new design and use them wherever possible
· Select & standardize grinding allowances on the basis of various factors
1.2.9  GRINDING WHEEL SELECTION
Selection of the grinding wheel is quite important in gear grinding. Following are some of the variables to consider when choosing a grinding wheel:
· Abrasive 
The four main abrasives in use are:
· Aluminium oxide (Al2o3)
· Cubic boron nitride (CBN)
· Silicon carbide (Sc)
· Diamond
 
· Grit size
· Grade or hardness & structure
A properly selected wheel should be maintained for a reasonable period & produce the required surface finish without burning the tooth surface. Grit that is too hard will maintain its edges & gives good surface finish, but material removal is slow & chance burning is too high.
1.2.10 GRINDING PROCESS
Tooth grinding of gears can be classified into two main processes:
· Generative grinding
· Form grinding

· Generating grinding
In this process the teeth are ground as the gear rolls in relation to the reciprocating, grinding    wheel. The process is similar to the gear meshing with a straight sided rack.
· Form grinding
This process uses a form grinding wheel to grind both flanks while the work piece is maintained in a fixed radial position. Form grinding is quite useful in many applications. Both external & internal gears can be ground by this method.
1.2.11 COOLANT FOR THE GRINDING PROCESS
The importance of proper selection of coolant in gear grinding must not be under estimated. The use of coolant reduces the grinding wheel loading lowers stress in area, lower operating temperature increases grinding wheel life & gives surface finish on the teeth flank.
The following should be considered while selecting coolant
· The quality of gear grinding coolant must not be sacrificed.
· It should be monitored regularly for contamination & dilution.
· Samples from machine should be checked & results should be recorded. 
	
1.2.12 GEAR GRINDING PROBLEMS AND SUGGESTED SOLUTIONS
 GEAR GRINDING STEPS
Grinding steps act as stress risers & also reduce the critical case tooth fillets.
Here are some of the steps to reduce tooth fillets
· Always use a hub of proper protuberance, thickness and blend angle
· Use correct amount of grinding allowance on tooth thickness
· Ground on tooth flank to proper depth
GEAR GRINDING CRACKS
Gear grinding cracks usually indicate that there is process control problem either heat treatment problem or in grinding. This can be reduced by using threaded wheels & continuous indexing.
GEAR GRINDING COST
The estimation is based on helix angle, number of teeth, force, material, grinding allowance, quality, method, machine etc.
Below are the some of methods to reduce this
· Set up preparation cannot be over employed in a low production  atmosphere.
· It is a good practice to have more than one item ready for the grinding machine

1.2.13 GEAR ERRORS
The classic type of error may be described with respect to pure geometry as follows:
PITCH OR DIVISION ERROR
Spacing of the teeth must be nearly perfect in all cases as far as possible. When the spacing between the tooth gets modified it lead to pitch error.


Different types of pitch errors are as follows:
ADJACENT PITCH ERROR
           Departure from ideal spacing of the similar flanks of two adjacent teeth
ACCUMULATED PITCH ERROR
          The distance between the any two chosen teeth is more than one pitch apart.   
SIGNIFICANCE OF PITCH ERRORS
· Tend to disturb the equality of lead sharing.
· Cause vibration and noise.
· Specification of tolerances becomes difficult.

 PROFILE ERRORS
On any transverse section taken for measurement the departure from the designed profile is error.
· Uniform velocity of transmission will not be possible when meshed   with correct gears.
· It limits the gear profile movement
PERIODIC ERROR IN GENERATION
Due to constant generation of gears the worktable drive produces periodic errors. This may be due to constant creep in the table material.
ERRORS DUE TO FAULT SETTING OF CUTTERS
In case of hobbed gears inaccurate mounting of the hob on its arbour will cause profile errors. This is visible when the gears get mated, this result in profile errors and streaky tooth bearing.
COMPOSITE ERRORS
This type of error is revealed by measurement of dimension, which is influenced by two or more classic errors of pitch, profile and tooth alignment.

KINEMATIC AND TRANSMISSION ERRORS
If a pair of gears be very slowly rotated under light tooth load, departure from the theoretical velocity it results in kinematic error
1.3  CNC GRINDING MACHINES
1.3.1 CNC GEAR GRINDING MACHINE REISHAUER RZ 301AS
SUMMARY
The technology of shift grinding was applied in grinding tooth flanks on hardened gears with a cylindrical grinding worm. Discussed are the specific geometrical contact condition & process related improvements of the machine functions is controlled by radial in feed & continuous shifting. With the new machine functions, the operating principle & the capabilities for crowning and taper grinding could be improved. The working samples described indicates that the new method, based on prove manufacturing technology, sets new standard in the finish machining of gears.
INTRODUCTION 
Parallel axis gears, which are in continuous use, must meet increased requirement in terms of efficiency & comfort, necessitating the higher accuracies in the hard finishing of gears.
· High efficiency in the transmission of torque
· Space constraints
· Low weight
· Continuous and uniform power transmission
· Low noise level
· Durability
· Minimal wear
Selecting the best method of producing gears, accuracy & batch size must be taken into account.
Two methods are available to us:
· Finish machining of gears in green state

· Finish machining of gears after heat treatment
In the green state, the final geometry must be achieved before heat treatment either by saving or by rolling. Distortions from heat treatment must be compensated in the green state but damages to the parts after finishing are difficult & costly to remove after heat treatment.
Methods of hard finishing of gears include:
· Honing
· Skive hobbing
· Grinding
Gear grinding methods are divided into those where the profile is produced with form grinding wheels & cylindrical grinding worms. Both grinding methods can be carried out discontinuously or continuously. The Reishauer continuous generating gear grinding methods includes both, form grinding with a globoid grinding worm (RZP), the geometry of the grinding wheel is produced with a diamond coated dressing gear. This method is preferred for large production batch. Due to the universal grinding & dressing tools, continuous generating grinding with cylindrical grinding worm is used for small & medium sized series. The following describes the new RZ301AS gear grinding machine generation at Reishauer. The continuous generation grinding method was further developed in an attempt to make continuous generate grinding more economical.
The aims of this new concept were:
· Increased efficiency
· Achievement of controlled & consistently high accuracy
· Reduction in setup times
· Reduction of idle times for modification & re profiling of grinding wheels
· Retaining flexibility
· Achievement of high degree of automation of the grinding cycles & work piece changes


1.3.2 TECHNICAL DATA
	SUBJECT
	UNIT
	RZ301 AS
	RZ 300E
	RZ 801

	Outside diameter
	Mm
	330(360)
	300
	800

	Work slide travel
	Mm
	180
	180
	300

	Centre distance
	Mm
	445(720)
	420
	570(1170)

	Number of teeth
	-
	10 up to 600
	7 up to 256
	10 up to 600

	Pitch ,module
	Mm
	.5 to 7
	.5 up to 5
	.5 up to 7

	Helix angle
	o
	45 o
	45 o
	30 o

	Work piece weight
(including fixtures)
	Kg
	60
	50
	400

	
Grinding tool:
	
	
	
	

	Outside diameter
	Mm
	350 up to 270
	350 up to 270
	400 up to 280

	Bore diameter
	Mm
	160
	160
	60

	Width
	Mm
	104
	84
	84-104

	Grinding spindle
Speed:
	
	
	
	

	When grinding
	Min-1
	1100 up to 1900
	1100 up to 1900
	1100 up to 1650

	When profiling
	Min-1
	52 up to 90
	52 up to90
	



1.3.3 CONTACT CONDITIONS DURING CONTINOUS GENERATING GRINDING
The schematic illustration of the machine gives a general view of the moving elements:
· Grinding worm drive
· Work piece drive
· Grinding stroke
· Shift axis
· Infeed for grinding
· Infeed for profiling
Electronics synchronization of the axis are made it possible to develop new process sequences. The concept of process optimization was the realization of the newest grinding technologies in gear grinding.
The shift grinding principle can be compared with continuous dressing, to be found on high efficiency creep feed surface or cylindrical grinding machines. By shifting the gear across the grinding wheel during the grinding process, new parts of grinding wheel profile are continually presented to the work piece.
The shift grinding concept has made the continuous generating grinding process the most efficient method of producing hard finished precision gears.
To achieve this relatively complex kinematics sequence it was necessary to control the differential of the Z axis with the shift axis.
To achieve crowning & taper & dressing compensation of wheel size, it was necessary to control the following axis.
· Through feed & in feed axis
· Dressing in feed & wheel in feed




1.3.4  THE RZ362 CONCEPT
The concept couples highest productivity with precision grinding of gear teeth. The RZ 362 is not just a machine tool but a whole application of ideas a complete concept of a high production gear grinding unit. This unit guarantees the highest process stability with reduced process idle time and minimal tooling costs per part ground. 
Compared to the previous gear grinding machines the reishauer RZ 362 machine has an efficient grinding process through enhanced shift grinding principle, a vastly improved profiling system for shorter setup time. 
The shift grinding principle, which can be compared with the continuous dressing, continuously presents the new parts of grinding worm profile to the gear, as it is ground. Shift grinding has made the continuous generating grinding process more efficient method of producing hard finished precision gears.

[image: img-reishauer03-big]
Fig 1.2 (RZ-362)



Electronic gear box
The basic ratio between grinding worm &work piece axis is controlled by electronic gearbox with an extremely high dynamic response, modification to the lead (crowning or taper) are controlled extremely by the CNC controller. The advantages of the reishauer gear grinding 
system is a uniform load condition on a work piece drive, fluctuation are rapid or periodic in nature but slow to change.
A quality control module takes advantages of this phenomenal observing the transient load oscillations. The quality control module evaluates the very fast but uniform errors through a defined electronic circuit which counter acts the minute deviations by accessing a number of errors & reducing them by their mean values.
Machine tool
Access is always assured either for manual operation , an overhead crane or a loading unit. The hood carries an electro statics oil mist extractor, filtering out the oil mist & its vapour emitting clean air into the environment.
Wheel head
The wheel head is a casting incorporating a spindle housing dressing slide, dressing slide drive coolant nozzle. The wheel head is mounted on stick slip roller guide ways guaranteeing accurate modification to the lead of the gear.
Coolant  nozzle
The coolant nozzle is kept at a constant distance from the periphery of the worm by a motor drive. The coolant nozzle has been designed to make use of the most up to date knowledge of laminar fluid flow technology to optimizer cooling of the part & grinding worm.
 1.3.5 HOFLER MACHINE SPECIFICATIONS
Weight of the measuring machine						1550 kg
Diameter of the table centres							32mm

Height of the centres above table						70mm
Diameter of counter support centres						32mm 
Stroke of counter support centres						20 mm
Distance between centres				Min			30mm
 							Max			750mm
Measuring height above table				Min			70mm
Max			850mm (z-axis)
Travel path (y-axis)								230mm
Table diameter								260 mm
WORK PIECE DATA
Work piece diameter					Min			5mm
Max   		            400mm
Weight										250kg
Module						Min			0.5mm
Max			20mm
Helix angle									45O
 APPLICATION
· Shaft inspection
· Hob inspection
· Shaving cutter inspection
· Shaping cutter inspection 
· Gear inspection


1.3.6  C.N.C GEAR GRINDING METHODS
Grinding in form or another has been used for more than 50 years to correct the distortions in gear caused by high temperature & quenching techniques associated with hardening. Grinding improves the lead, involutes & spacing characteristics. This makes the gear capable of carrying the high loads & running at the high pitch line velocities required by the today’s most demanding applications. Gears that must meet or exceed the accuracy requirements specified by AGMA Quality 10-11 or DIN Class 6-7 must be ground or hard finished after heat treatment.
Few manufactures have been successful at developing a machine that is without some compromise. As a result of enormous challenge of trying to design one machine that fits all 
needs, the various manufactures apparently have decided that specialising their products to targets specific markets niches is more efficient; therefore over the past three decades, machine tool manufactures have engineered their gear grinders specifically to be very efficient grinding certain types of parts. The reminder of this will survey the various types of grinding processes available today.
 SINGLE INDEX FORM GRINDERS
Although most of today’s modern machine tools are quite good at grinding external spur & helical gears, very few manufactures have been successful at incorporating the ability to handle internal gear without major compromises. Today, one of the only ways of efficiently grind internal gears is the single-index method with a dress able verified wheel or a bonded CBN-plated wheel. A plated wheel maintains its form well; however, it’s high purchase price & dedication to single part result in a perishable cost. A vitrified dress able wheel offers   greater flexibility & is much less expensive, but is more susceptible to process variables that can lead to gear geometry errors.
Single index form grinding is the easiest gear grinding process to understand. It is a “what you see is what you get” process. The form required on the work piece is identical to the form or shape put into the grinding wheel. Gear teeth, or more accurately, gear space is ground one tooth at a time. The gear is indexed to correspond to number of teeth on the work piece. In machines below 400mm capacity, the part to be grounded is normally mounted between the 

centres in a horizontal space. These machines have tables that reciprocate under a stationary wheel spindle. The wheel spindle is mounted to a vertical column supported by feed device, which raises & lowers the wheel spindle to realize the centre distance & facilitate wheel dressing.
Older machines use templates & a copy device to transfer the form on to a verified wheel. Newer machine uses either steel body plated wheels that include the desired form or dress able wheels that are profiled through the machine control.
This process derives its appeal primarily from its simplicity & flexibility. Wheels can easily be made from aluminium oxide for either internal forms or external shapes.
The operator has little to do with putting the form onto the wheel; therefore, the process demands fewer operator skills. For the past decade, machine builders have offered grinders that use super abrasives, such as cubic boron nitride, which are plated directly to a steel wheel body or made as vitrified bonded wheel that can be dressed to the desired form. The users can expect to achieve profile tolerance of 0.0002 or less. Nickel is bonding agent that holds the CBN crystal to the steel wheel.
The crystal is shifted to the desired shape prior to the plating process that a final lapping operation is not required. This allows the crystal to remain sharp & extends its useful life, permitting more parts to be ground between replanting operations. To further optimize the wheel life, roughing wheels & additional machine axes are used. A machine configured to mount more than one wheel can rough & finish the gear in same pass, resulting in a higher productivity & extended wheel life. A high volume/high pressure coolant delivery system permits the removal of large amounts of stocks while reducing or minimizing the risk of burning or cracking from excessive heat during grinding. 
Modifications to the lead such as crowning, taper & end relief are simple inputs to the control system. Cams and templates are a thing of past for the newer breed of machines. In many cases, internal gears or forms can be grown on the same machine with the addition of suitable grinding arm. Forms such as vane pumps, male & female compressor rotors, gyrators, worm ball screw tracks, root type rotary pistons, gear hobs & constant velocity joints – any precise form that is evenly index able – can be grown on a single form grinder.


These machines are well suited for small to machine gears & non gears parts. They are capable of achieving the accuracies required for the application such as aircraft & aerospace gears, machine tools, screw compressor rotors, ball screw tracks, gyrators, internal gears, vane pumps worms constant velocity joints in automobile transmission.
 SINGLE WHEEL GENERATING GRINDERS
Several different types of gear grinding machines use the generating method. As with other types of machines, the style sometimes takes on the name of the original manufacturer who developed the method. The Hofler or Niles method is sometimes referred to as “a single tooth 
rack process” method. It can best be described as one in which a rack or a single ribbed wheel strokes parallel to axis of the work piece while at a same time traversing  tangentially to the work piece.
In addition to these two motions, the work piece rotates to stimulate the rolling action required to generate the profile.
The angle on the double-tapered wheel corresponds to the pressure angle of the gear. The generating path or distance the wheel travel can be reduced by optimizing the wheel pressure angle, leading to the shorter grinding times. Wheels can be made from either vitrified CBN or Aluminium oxide. Automatic wheel balancing on the spindle has been incorporated to the newer machines, allowing them to achieve high quality & better surface finish.
The latest grinders are capable of grinding both flanks in same motion resulting in the productivity advantage.
During the grinding cycle in feed pass, the left & right flank of one tooth space is machined before gear is indexed to the next tooth. The number of work piece revolutions, typically 2-4, will be determined by grinding allowances on the flank of the gear.
Modifications of the lead & profile are easily realized by simple menu inputs to the control. Different modifications on the left & right flanks are also possible by using double flank technique.
These machines are ideally suited for medium to large gears. The single wheel generating grinders are capable of achieving high accuracies required for a variety of demanding 

applications such as high speed marine transmissions, submarine drives, and stationary turbine for power generation, machine tool, wind turbine generators, steel mills &large diesel engines.
DOUBLE WHEEL GENERATORS
This generating technique uses a pair of saucer-shaped wheels. Vertical & horizontal machines are built & dedicated to grinding gears & pinions respectively. The horizontal machines are equipped with devices to allow for lead modifications for pinion, while vertical machines are generally have no provisions for modifications, as they are primarily used for grinding large gears.
Aluminium oxide wheels dressed with single point diamonds are the wheels of choice of this dry grinding process. The wheels on these machines act as a straight-sided rack that rolls past the gear during grinding process. This machine generates the involute profile. The axis of these wheels can be set parallel to each other or a 10o angle.
The work piece is reciprocated in the axial direction to provide the in feed motion as two flanks with different teeth are ground in one pass. At the end of the pass, the entire gear is indexed using index plates, having exact number of notches. Prime numbered gears require dedicated indexed plates. The depth of cut is determined by the in feed of two grinding wheel towards each other.
While grinding spur gears the axis of grinding wheels are perpendicular to the axis of gears. A simple motion to stimulate the rolling of the gear & the wheel generates the involute. Steel bands attached to a stationary support on one end & the rolling block at the other end to produce generating motion. The rolling block is generally of the same diameter as of base circle of gear. However the newer style of machining incorporates the use of variable diameter rolling block. While grinding a helical gear, an additional motion must be imparted to work piece to compensate the helix angle. A helical guide mechanism is used to accomplish this motion. The contact point between the wheels & the tooth flanks is confined to a very small area at any given time. This explains why the productivity of the process is described in hours per gears rather than gears per hour.“Time consuming” & “slow” also describes this very accurate process. If productivity is the shortcoming of this process, its ability to grind point by point lead & profile modifications as strength.

The Maag is only machines ever built to incorporate the point by point system for lead & involute modifications. It has been said that primary purpose for design of this machine was to support the manufacture of  Maag’s own high speed gear box & transmission business & not necessarily as a commercial product. To summarize the trade off in productivity must be weighed against the advantage of flexibility.
These machines are best suited for small to medium lot size gears that require highly modified tooth forms. They are used in following applications:
Gear rolling dies having cutter sharpening, steel tooling, large marine transmission, machine tools & high speed gear boxes.
FORM GENERATING
Form generating is a unique process offered by a single manufacturer of high production grinding of helical automotive transmission gears. This process was first introduced to the market in mid 1980’s. It is ideal for large volume, highly automated manufacturing environments. Because of feed motion for stock removal is rotary & not axial, cycle times can generally be stated as one second per tooth, regardless of the gear space width. Simply put, the wheel & the work piece such that they do not traverse past one another in grinding cycle.
The aluminium oxide wheel has a globoid shape & viewed from the end this shape is dressed into the wheel with a diamond plated gear with a desired profile & lead characteristic required by the product gear. The wheel is positioned above the dressing gear so that its axis is perpendicular to the lead helix angle of the dressing gear. It is then plunged into the dressing gear & allowed to rotate in two directions, resulting in a thinning of the thread on the wheel. Thinning of the wheel is necessary so that the rotary feed can take place during actual grinding. This process at each side of gear is grounded separately. The grinding sequence can be described as follows:
a. The work piece is transferred into the machine with an auto loader & a probe determines the optimum orientation considering the run out & stock conditions
b. Rotary in feed begins & the left flank is roughed & finished and allowed to spark out.
c. The work piece is then advanced so that the right flank comes into contact with the wheel.

d. Rotary feed begins & the right flank is roughed & finished and allowed to spark out.
e. The work piece is removed from the machines & next cycle begins.
The profiling sequence can be described as follows:
a. In the case of shaft type work piece, the dressing gear is automatically loaded into the machine between centres.
b. The grinding wheel is plunged into the dressing gear.
c. The rotary feed is applied to the dressing gear & the left and right flank are sequentially dressed for a certain amount of dwell, for both flanks.
d. The dressing gear is removed & 15-30 gears are grounded before the next dressing operation is necessary.
 While grinding bore-type work pieces, the dressing gear is part of the work spindle & tooling is mounted on machines at all times. For shaft gears, dressing gear is resident in the machine, but must be presented to the wheel in separate sequence. This allows for slightly shorter dressing times.
This process well suited to the manufacture of large volume, automotive helical gears with annual quantities of approximately 200000 gears per year of the same type.
 CONTINUOUS GENERATING
This process is sometimes referred to as threaded wheel grinding & is widely used. This technique has kinematics similar to those in hobbing. A threaded wheel similar to a gear hob without lashes is used as a cutting tool. The relationship of the work piece & the wheel is described as follows
While grinding helical gears, the lead must be compensated for as it is in the hobbing, through a mechanical or electronic differential. This differential imparts an additional rotary motion to the work piece, allowing the wheel to traverse along the lead or helix angle of the part. The similarities do not stop where. The tools or grinding wheels is sensitive to the same constraint that affects the hob. As long as diametrical pitch or pressure angles are not changed, the same wheel can be used to grind variety of work pieces, regardless of the helix angle or number of teeth. This is the major difference from single index technique, which is affected by both helix angle & varying number of teeth.

The continuous generation technique named aptly. The threaded wheel has a rack or straight-sided shape with the side angle corresponding to the pressure angle of the gear. This rack is in continuous contact with the gear during the grinding operation while the involute generation is occurring.
In able to accomplish this process, the wheel, unlike the hob must run at a speed of 45m/s. The indexing system must have mechanical & electronic integrity many times to that of hobber. To think that one could simply modify a modern hobber & turn it into a grinders is however to misunderstand the kinematics required. In the past, complicated mechanical systems provided the movements required for index & differential motion of the machines. Today commercially available gear boxes are used for these machine motions. In addition to the relative simple motion described here, the newest machines incorporate “shift grinding”. The work piece is shifted tangentially as it is fed past the grinding wheel.
This tangential movement is constantly exposing the work piece to a fresh cutting edge of the wheel, which results in fewer passes (one roughing & one finishing) & significantly reduces the cycle time when compared to a conventional continuous generating grinder using the multi-pass process wheel technology & balancing maintenance have attempted to keep the pace with machine tool advances. For most of the applications, the vitrified aluminium oxide wheel has been used with a success. The newer breed of machine have dictated that the wheels be “free cutting”, to avoid burning. Wheels that have induced porosity & seeded gel to achieve this, wheels that change in size because of the constant need for redressing must be balanced in two planes. This is automatically done when the machines senses an out-of-balance condition. One machine tool manufacturer has developed a machine around a steel bodied, threaded wheel, plated with Borazon, making the dressing & balancing operation absolute. This modification to the wheel is impossible without stripping the wheel of its coating & regrinding and replating the body. This compromise must be weighed against the productivity benefits.
Vitrified bonded wheels, regardless of their composition, must be dressed periodically to remain sharp & cut efficiently. This can be done in a number of ways, depending on the quantity of gears to be produced & the degree of flexibility required by the gear manufacturer.


In the past it was difficult to automate these machines because the work spindle moves in different position after each cycle due to part shifting across the face of the wheel. Microprocessor & modern machine controllers make it possible today.
These machines are well suited for original equipment manufacturers as well as job shops. Productivity & flexibility standards are set today by the machines capable of using the continuous generating process. These machines can be found in the following industries:
Aircraft & aerospace, machine tools, printing press manufacturers, automotive truck & tractor, marine transmissions, wind turbine generators and high speed industrial gear boxes. 	
	Method
	Manufacturer
	Advantages
	Disadvantages

	Single index form grinders
	Kapp 
National  roach
Okamoto
Kingelberg
	· Accurate control of form
· Ability to grind finer pitches from the solid
· No wheel dressing required
· Wheel can be replaced & re-plated
· Ability to grind root & tips
· Ability to integrate on-machine inspection
· High stock removal rate stability to grind involute shapes
· Grind internal gears
	· Dedicated steel wheel needed for each pitch pressure angle & tooth number combination
· Steel wheels cannot be modified
· Expensive initial capital investment
· Potentially large inventory of wheels
· Horizontal work piece axis

	Single wheel generating
	Hofler
Niles
	· Low perishable cost-wheels
· Same wheel can be used for different pitches
· High achievable accuracy
· Fast setup
· Ability to integrate on machine inspection equipment
· Coarse & fine pitches are possible
· Vertical work piece axis
· High stock removal per pass
· Machines available for large gears up to 157”
	· Fast process, but not considered as high production
· High initial capital cost
· Large floor space required
· Special foundation required for some applications
· Cannot grind roots or outside diameters

	Double wheel generating
	Maag method
	· Very accurate
· Long machine tool life
· Can be inspected prior to complete grinding of gear
· Dry process makes washing unnecessary for inspection
· Point-by-point grinding reduces the tendency to burn
· Ideal for low volume production
· Low tooling costs
	

	Form generating
	Reishauer type RZF
	· Very short cycle times
· Low tooling costs
· Dedicated tooling- no development time needed
· Stable process with few variables
	

	Continuous generating
	Liebherr Okamoto Gleason Reishauer
	· High productivity
· Good process stability
· Very low perishable cost
· Lead & profile modifications are easy
· Easy automated process
	· Unable to grind close to shoulders
· No internal gear capability
· High initial cost


		Table 1.4 Different Methods


1.4 JIGS & FIXTURES
Jigs and fixtures may be defined as devices used in manufacture of duplicate parts of machines and intended to make possible inter changeable work at a reduced cost, as compared with the cost of reducing each machine detail individually. Jigs and fixtures serve the purpose of holding and properly locating a piece of work, while it is machined & are provided with necessary appliances for guiding supporting, setting, gauging the tool in such a manner that all the work produced in same jig or fixture will be alike in all respects even with the employment of unskilled labour.
1.4.1 OBJECTIVES OF JIGS AND FIXTURES 
The main objective of using jigs and fixtures is the reduction of the cost of the machines. This reduction of cost is obtained in sequence of the increased rapidity with which the machines may be built and the employment of cheaper labour, which is possible when using tools for interchangeable manufacturing.
Another object not less important is the accuracy with which the work can be produced making it possible to assemble the pieces produced in jigs without any great amount of fitting in assembly department, then also effecting a great saving in this respect.
1.4.2 DIFFERENCE BETWEEN JIGS AND FIXTURE
To exactly define the word “jig” as considered apart from the word fixture difficult as the difference between them is often times is not very easy to decide. The word is frequently, although incorrectly applied to any land of the work piece holding appliances used in building of the machinery, the same as in the some shop the word fixture is applied to all lands of special tools as a general rule ,however a jig is a special tool which while hold the work, or is held into the work, also contains guides for the perspective tools to be used, where as fixture is only holding the work while cutting the tools performing the operation on the piece without containing any special arrangements for guiding these tools. The fixture therefore must be securely held or fixed to the machine on which the operation is performed, hence the name.


1.4.3  WORK HOLDING DEVICES – THE FIXTURE
A fixture is a special device that holds the work piece during machining or assembly operations. The key characteristic is that it is constructed for a particular part or shape.
A fixture basically holds & locates works without necessarily providing definite guidance for the tools.
Different types of fixtures commonly used for gear generation:
· Collect type fixture
· Mandrel type fixture
· Internal expansion type
· Between center type
· Floating center type
· Self centering
1.4.4 SELECTION OF FIXTURE TYPE
The finishing accuracy of the work gear is dependent on their rigidity of the work holding fixture. Rate of production & accuracy of obtainable are the function of the design of the design of work holding fixture. Squareness of the mating face of the work holding fixture base with respect to work mandrel influences the tool alignment error. The run out of the work mandrel results in pitch circle diameter & run out of the work gear. The type of fixture used depends on the type of production involved like job production, batch production or mass production.
E.g. Type of clamping used for mass production should be power operated to ensure constant clamping force & fatigue free operation to the operator as compared to the screw &nut type of clamping arrangements used for small batch production. Provision must be made in the fixture to true the work holding mandrel quickly & easily to reduce the setting of time. A floating type fixture is preferred as compared to a spigot located one.


CHAPTER 2
PROBLEM DEFINITION
Grinding is a basically done either to enhance the accuracy of the work piece being considered. Hence basically grinding is a finishing process.
 The principle application of grinding finds in the field of gear grinding. As it is a finishing process desired lead, profile must be maintained at the end of operation.
Earlier manually operated external expansion collet was used (refer fig. 2.1) & every time only a single piece was introduced for grinding process. This process was time consuming & yielded less productivity.
   To solve the above problem we designed a hydraulically operated external expansion collet to have least lead time & to accommodate pieces of same bore diameter, lead and other parameters.
 The result of using this fixture is to have least lead time & increase the productivity of the machine.
To conclude, using this type of fixture increases the efficiency & the productivity of the machine gets increased.
[image: expandingcollet_singletaper.jpg]FIG 2.1(Fixture)

CHAPTER 3
LITERATURE SURVEY
3.1 NEED FOR FIXTURE
The demands made on the quality of the gear teeth required & the output of the gear – cutting machine is constantly increasing a big problem in the design of gear cutting machines.
The need today is how to increase the output of the gear production machine. The complex imposed on the machines by the cycle of moments required for this machine process demand a completely new concept if output is to be increased. We need special type of fixtures to hold the work pieces. Fixtures there by in a layman’s language may be defined as work holding devices.
Many different schemes have been proposed to provide work holders flexibility programmed clamps using air activated punches, AC controlled machines are some of the machines recently developed systems. Despite their flexibility these clamping systems have some significant drawbacks, they are expensive & the individual systems are not integrated into a single machine tool unit. Therefore for every machine tool an additional clamping system must be developed.
3.2  DESIGN OBJECTIVES
· Position location
· Repeatability
· Adequate clamping forces
· Reliability
· Design & construction ease
· Low profile
· Work piece accommodation
· Rapid & easy operation
· Freedom from part destruction


3.3  DESIGN CRITERIA FOR FIXTURES
To meet all design criteria for work holder is impossible, compromise is inevitable. The most important hint of optimal design objectives is positioning, holding& supporting functions that fixtures must fulfill.
· Position location                                                                                             
A fixture must above all else hold the work piece, precisely in place to prevent 12 degrees of freedom, linear movement in the either direction about each axis.
· Repeatability                                                                                                               
Identical work piece specimens should be located by work holder in precisely the same space on repeated loading & unloading cycles. It should be impossible to hold the work piece incorrectly.
· Adequate clamping forces
The work holder must hold the work piece immobile against the forces of gravity. Centrifugal force, inertia force, wetting force, milling & the design must calculate these machines forces against the fixture holding capacity. The device must be rigid: clamping forces must be maintained.
· Care during loading cycles
As the work holders usually receive more punishment during the loading & unloading cycle than during the machining operation. The device must endure impact & aberration for at least the life of the job.
3.4 HYDRAULICALLY OPERATED FIXTURES
The hydraulically operated fixture is preferred as compared to the mechanical type because the hydraulic fixture can register the locating diameter while grinding automatically. When the job is loaded & machine is started the operation of it can be sequenced with machine cycle.

   
The mechanical type of fixture is to be operated manually every time. A hardened locating mandrel & toughened fixture base are to be used instead of soft one to retain the accuracy in high batch or mass production.
HYDRAULIC CLAMPING SYSTEMS
The advent of hydraulic clamping system opens new ways in mastering the most difficult situations with uncompromising thoroughness sophisticated technology perfect construction & special materials make the clamping devices a generation ahead of the conventional work holding fixtures in clamping force, clamping accuracy and load torque.
Hydraulic expanding arbors could be applied successfully in inspection of components accurately. Many inspection requirements not possible by mechanical means would be solved by using hydraulic devices. No requirement of additional skills & low maintenance cost are the major advantages of these devices.
3.5  TECHNICAL SPECIFICATIONS
· Accuracies:  		            0.010mm T.I.R at 100mm projection for
           Chucks.
· Limits of expansion:   		0.15% up to 10mm diameter
                                        	  	0.20% up to 20mm diameter
                                          		0.30% for diameters above 20
  
· Diameters:			6mm diameter minimum, no practical
           					Limit on maximum diameter.




3.6   CONCEPT OF HYDRAULIC TOOLING
Hydraulic expansion mandrel is based on applying hydrostatic pressure to a thin walled sleeve. The hydrostatic pressure could be developed by a standard power actuated by an external source. Clamping pressure within the sleeve can be as high as 800 kg/cm2, the concentric expanding mandrel & chucks provide minimum T.I.R (below 0.005 mm). the flexibility of the thing sleeve accommodates the use of more than one component within the tolerance range. These mandrels could be very conveniently used to clamp components bores or shafts which fall within the range of 0.2% of the sleeve diameter of the mandrel.
ADVANTAGES
· Achieve the very high machining rates.
· Cut production cost.
· Reduce rejection.
· Provide unmatched holding power.
· Attain very high accuracies with conventional fixtures.
· Have no loose components.
· Simple in operation.
· Negligible maintenance cost.
· No axial movement while clamping.
3.7  APPLICATIONS OF HYDRAULIC TOOLING
· Gear grinding.
· Gear honning.
· Gear shaving.
· Gear cutting.
· Fixture locating.
· Cylindrical grinding.
· Surface grinding.
· Dynamic balancing.
· Finish turning.
· Inspection


HYDRAULICS
Hydraulic machines are machinery and tools that use fluid power to do simple work. Heavy equipment is a common example.
In this type of machine, liquid, called hydraulic fluid is transmitted throughout the machine to various hydraulic motors and hydraulic cylinders and which becomes pressurized according to the resistance present. The fluid is controlled directly or automatically by control valves and distributed through hoses and tubes.
The popularity of hydraulic machinery is due to the very large amount of power that can be transferred. Hydraulic machinery is operated by the use of hydraulics, where a liquid is the powering medium.

COMPONENTS OF HYDRAULIC SYSTEM
· A Hydraulic pump to force the oil through the system.
· A Reservoir to store hydraulic oil.
· An electric motor to drive the pump.
· Control valves to control oil direction, pressure, and flow rate.
· Actuator to convert the pressure of oil into mechanical force or torque to do useful work.
· Piping system to carry oil from one location to another.






[image: ]
FIG. 3.1(Block Diagram of Hydraulic System)
(HYDRAULIC SYSTEM)





Hydraulic cylinder
Hydraulic cylinder is a mechanical actuator that is used to give a unidirectional force through a unidirectional stroke.
The pushing or pulling force of a hydraulic cylinder is as follows:
F = Ab * Pb - Ah * Ph
  F = Pushing Force in N

Ab = (π/4) * (Bottom-diameter)2 [in m2]
Ah = (π/4) * ((Bottom-diameter)2-(Piston-rod-diameter)2)) [in m2]
Pb = pressure at bottom side in [N/m2]
Ph = pressure at cylinder head side in [N/m2]
	
Double Acting Hydraulic Cylinders
Double acting hydraulic cylinders are bidirectional linear actuation devices that convert the hydraulic energy of pressurized fluids into useful mechanical energy. Like all hydraulic cylinders, these mechanisms are designed to generate linear force and motion. The cylinders work by admitting and removing pressurized oil, ether, mineral or water composites from an enclosed space. The pressure acts upon a piston with an attached rod that extends and retracts according to the amount of fluid in the chamber. Even a small motor with pressurized fluid can create tremendous work force. The popularity of hydraulic cylinders in agricultural, automotive, power generation, oil and gas, construction, demolition, material handling, aerospace and transport industries among others can be attributed to the significant energy gains they allow. Double acting hydraulic cylinders can lift, turn, tilt, press, steer, pull and push heavy machine components and attached loads along any linear plane making them useful in cranes, lifts and braking mechanisms alike. While the length and plane of these hydraulic cylinders are fixed, double action offers powered motion for both extension and retraction whereas single action cylinders provide motion in only one direction. Although this requires a larger reservoir of compressed fluids, double acting hydraulic cylinders are often 


preferred over their unidirectional counterparts as they offer greater mechanical versatility, higher speed operation and tighter control.
Hydraulic Pistons

Hydraulic pistons are short, cylinder shaped discs housed within cylinder barrels in order to compartmentalize the enclosed space. Hydraulic cylinders are divided into two separate chambers where hydraulic fluid of varying pressurization can be contained. The division
provided by the piston is essential to the conversion of hydraulic energy into useful mechanical energy. When compressed hydraulic fluid engages the piston face and attached rod, it generates linear force and motion greatly surpassing the initial input force. Pumps and cylinders of this nature create tens of tons of work force from even small hydraulic cylinders. For this reason, these hydraulic devices and the pistons essential to their operation are vital to productivity in a number of industries. Hydraulic pistons are common in agriculture, construction, military, machining, automotive, oil and gas, aerospace and robotics industries among others. In these applications the hydraulic pistons are designed to lift, turn, tilt, press, steer, pull and push heavy machine components and any attached loads. While the pistons and attached rods offer only linear motion, fittings attached to the exposed end of the rod allow for angular motion as well. With this heightened applicability, these mechanisms are found in such varied equipment as elevators, excavators, robotic arms, power steering, brakes, jacks and more.
Hydraulic pistons are composed of three main parts:- 
· The body, or face of the piston, is the cylindrical disc that fits precisely in the cross section of the cylinder barrel. 
· Piston rod is the element that is housed partially within the barrel, but extends beyond the cylinder where the opposite end is attached to the machine components and workloads to be set into motion. 
· The third and final component is the seal. There are actually several seals around both the piston face and rod. 


CHAPTER 4 
METHODOLOGY USED
The systematic study and analysis of the proposed design has been done before selecting the final design. We proposed three designs and various studies and analysis was done and best  is selected.
4.1 DESIGN 
4.1.1 DESIGN -1
[image: ]
			Fig 4.1
WORKING
This is a type of fixture which we have suggested, this is a hollow mandrel made up of spring steel. It will expand radially when pressurised fluid is applied in the mandrel. As it will expand it will hold the gear firmly.



LIMITATIONS
The fabrication & maintenance of this type of fixture is costly. It requires very high pressure to expand which in turn requires costly hydraulic system. So it was rejected.
4.1.2 DESIGN 2
[image: ]
	Fig 4.2 (Hydraulically Operated Expansion Collet)
WORKING
This is a type of fixture which we have suggested, this is hydraulically operated in which tapered mandrel will move in axial direction. The gear is placed on collet and then collet is  placed on tapered section. Due to axial movement of the tapered section, the gear gets clamped on the collet.



LIMITATIONS
The fabrication & maintenance of this type of fixture is costly. It requires very high pressure to expand which in turn requires costly hydraulic system. So it was not accepted.

4.1.3 DESIGN 3
[image: ]
Fig 4.3 (Final design)
WORKING
The working of this fixture is very simple. In this collet is fixed to the housing,providing high holding power. the wedge is pulled down by the hydraulic system thus expanding the collet, which holds the gear firmly. The maintenance and fabrication of this fixture is very easy & it is very cost effective.


4.2 MATERIAL SELECTION
SPECIFICATIONS
The material considered for the collet and wedge is C2R which is a H.M.T, specification carbon steel with a composition of carbon & silicon in maximum & copper, sulphur molybdenum etc in traces
Tensile strength					1050-1400 N/mm2
Yield strength						730  N/mm2
Elongation						10% of yield strength
Hardness in heat treated condition			33-44(HRC)
Authentic grain size					5-8
Izod impact value					35(joules mm)
Supply condition & hardness				170-220






CHAPTER 5
DEVELOPMENT

	Assembled view

	ITEM NO
	DESCRIPTION
	MATERIAL
	QUANTITY

	1
	Collet 
	C2R
	1

	2
	wedge
	C2R
	1

	3
	Bush
	C45
	1

	4
	housing
	Mild steel
	1

	5
	Bed
	C45
	1

	6
	Bolt
	C45
	8

	7
	Nut
	C45
	8	



5.1 VIEW OF PARTS 
[image: ]FIG 5.1(2-D View of collet)
			
[image: ]FIG 5.2(3-D view of collet)
[image: ]

FIG 5.3(2-D View of wedge)

[image: ]
FIG 5.4(3-D view of wedge)


[image: ]Fig 5.5(3-D view of housing)
[image: ]Fig 5.6(2-D view of housing)
[image: ][image: ]
Fig 5.7(2-D view of bed)
[image: ]Fig 5.8(3-D view of bed)


[image: ]Fig 5.9(3-D assembled view)
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Fig 5.10(2-D assembled view)

			

5.2 CUTTING PARAMETERS
Grinding wheel used					93A -120H18 VPL-F29/60h
Size							φ 350*104*160
Module						            3.5/20o
When grinding						1100-2300rpm
When profiling					             52-95rpm
Feed per revolution					3.4mm
Necessary inspection devices
Verniers
Micrometer
HOFLER
Cleaning devices
Pitch gauge
Machine specifications
Capacity of the machine				150 KN
Number of teeth					6-600
Work piece diameter  Max				360mm
                                   Min				10mm
5.3 CALCULATIONS
Collets are designed for 1% expansion of the diameter.
Yield strength (σy) = 730 N/mm2
Factor of safety(assumed) = 2
Expansion  stress  = 10%(yield strength)
Design stress (σd ) = yield strength/fos 
                                  =       730/2 =   365  N/ mm2   

Elongation stress(σe)  = (10/100)*730
     σe=bending moment/section modulus
         =force*perpendicular distance/ (π/32)(D3-d3)
73    =f*190/ (π/32)(303-20.383)
F     =699.14 N
Collet design is done assuming the principle of thin pressure  vessel.
Circumferential stress , σt            = σy/fos 
                                                        =730/2
                 			        =365N/ mm2
σt = internal pressure *internal diameter/(2*thickness of  collet )
     365= pi * 20.38/(2*4.81 )
pi= 172.29 Mpa
The actual value of pressure obtained from ansys is 185 Mpa
Calculation for the actual force applied:
σt    = pi * d/(2*t)
       =185 * 20.38/ (2*4.81)
       =391.9 N/ mm2
       = σy/fos 
391.9= σy/2
 σy=783.84N/ mm2
 Again σe is 10% of σy
That is 78.38 N/ mm2
Actual force is given by
σe= F* perpendicular distance/ (π/32)(D3-d3)
78.38=F*190/ (π/32)(303-20.383)
F=750.67N

Actual force applied is 750.67N
The diameter of hydraulic cylinder is .03175m
Now, P=F/cylinder area
P=750.67/(π/4*.031752 )
  =878650.63 N/ m2
P=9.48 bar
Cutting forces
Dynamic forces are due to cutting forces on the component
Cutting speed, v = πdn/1000  m/min
Where d is grinder wheel diameter = 350mm
Wheel speed,N= 1700rpm
V=(π*1700*350)/1000
V = 1869.25 m/min
V= 31.154 m/sec
F=3.5* KW/V
F=3.5*1000/31.154 N
F=112.345 N
Fworking = factor of safety * F
             =2 *112.345 N
             =224.69 N
Therefore the cutting force is 224.69 N



CHAPTER 6
RESULTS
The project is being aimed at the design of fixtures to increase the productivity of the CNC gear grinding machine.

The following observations were made
	Machine
	Set up time(min)
	Machining time(min)
	Lead time(min)

	CNC(1 piece)
Manually operated fixture
	9
	3
	12

	CNC(1 piece)
Hydraulically operated fixture
	5
	3
	8


Table 6-1
COST ANALYSIS
MACHINE HOUR RATE = (Investment on machine cost + interest rate + cost of average       standard tools + cost of  average maintenance + incentive cost + energy(electricity charges) + remaining overhead charges
Machine hour rate of CNC grinding machine = 200 Rs/hr
Cost of grinding operation of component (existing method)
· On CNC grinding machine:
Machining time = 3min. = .05 Hr
Total machining cost = .05 * 200 = 10/ component
· Standard setting time for shift quantity (10 per shift)
Standard set up time for batch = 10* 9 = 90 min. = 1.5 Hr
Set up cost = (1.5 * 200)/10 = Rs 30/ component
· Total cost per component = machining cost + set up cost
 = Rs 40/ component



Cost of grinding operation of component ( new method)
· Machine hour rate = 200 Rs/hr
Machining time = 3 min
Total cost of machining = (3/60)*200
 	 		        = 10 Rs/ component
· Standard setting time for shift quantity (10 per shift)
Standard set up time for batch = 10* 5 = 50 min.
Set up cost = (.83 * 200)/10 = Rs 16.66/ component
· Total cost per component = machining cost + set up cost
 = Rs 26.66/ component

Net saving = Cost of existing method – Cost of new method
      	     =40- 26.66 =Rs 13.34/ component



CHAPTER 7
CONCLUSION
The proposed project was successfully completed as a partial fulfilment of awarding the B.E degree. We are pleased to note that our recommendations for “Design of Fixtures” has been readily accepted by the authorities & implemented.
The following table explains the improvement in the productivity of the system’

	Machine
	Set up time(min)
	Machining time(min)
	Lead time(min)
	% reduction in time

	CNC(1 piece)
Manually operated fixture
	9
	3
	12
	-

	CNC(1 piece)
Hydraulically operated fixture
	5
	3
	8
	33.05


                                                TABLE 7.1 Comparison

The above said recommendation is very helpful in reducing the total time by 33.05%
The cost of per component has reduced by 13.34 Rs



CHAPTER 8
SCOPE FOR FURTHER WORK
By increasing the length of the collet and the wedge for suitable bore diameters more no of work pieces can be machined, thus further increasing the productivity of the machine.
By increasing the number of slits in the collet the expansion limit can be increased.
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