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ABSTRACT 

 

Gearbox are usually used for obtaining variable speeds and torque to the headstock spindle in lathe according 

to the work done. Usually the gearbox is mounted on the headstock. When the machine starts working the  

spindle of the headstock gets vibrations and hence it causes various problems such as structural vibrations  

which affects the accuracy of the work done, inconveniences during the maintenance and also increases 

difficulties. To recover these problems, we decided to design and analyze a 2-speed gearbox for CNC lathe 

which can be mounted outside the headstock. Hence it can reduce the vibrations and hence we get an 

accurate product. 
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I. INTRODUCTION 

 

Gearboxes provide for a wide range of 

cuttingspeedsandtorque from a constant speed power 

input enabling proper cutting speeds or torque to be 

obtained at the spindles asrequired in thecase of 

cuttingdrivesand desired feedratesin the caseof 

feeddrives. The design of gearbox isintimately linked 

with the whole structure of the spindledrives. The 

gearbox can be built integral into the spindlehead 

housing. This type of arrangement promotes 

morecompactspindledrives,higherlocalizationofcontro

ls,fewerhousing and less assembly work involving in 

the fitting ofjoiningsurfaces. 

 

Main drawback is the possibility of transmitting 

vibrationfromthegearboxtothespindle,heatingofthespi

ndleheadbytheheatgeneratedin thegearbox. 

The gear box can also be arranged in separate housing 

andlinked to the spindle head through belt 

transmission. Thistype of arrangement has advantage 

that neither the 

heatgeneratedbyneitherfrictionallossesnorvibrationsd

eveloped in the gearbox are transmitted to the 

spindlehead. 
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1.1 IndirectDrive 

 

 
Design of gearbox mainly depends upon the tool 

workpiece combinations used.Here we are using 

aluminumwhose cutting speed varies from 188 rpm to 

3000 

rpm.Motorisselectedwhichisworkingunderaspeedrang

eequalto1500rpmto6000rpm.Whileselectingmotorpo

wer 

ratingshouldbekepttominimumvalueinordertomaintai

nlow economy of lathe.From SIEMENS motor 

catalogue,motorselectedis“SIEMENS”squirrelcageindu

ctionstandardthree phase motor” – 1PH8087. Its 

specifications are givenbelow. 

 

• Ratedpower–3.7KW 

• Ratedspeed-1500rpm 

• Ratedcurrent-10A 

• Ratedvoltage–400V 

Sincewearedesigning two speedgearboxit ispossiblefor 

obtaining two different rpms from an input motor 

rpm. 

stages we could get a lower rpm of 188 to a higher 

rpm of3000withthemaximum torque/ power. 

Designing a ray diagram is necessary for finding out 

speedratiosbetweenrotorshaftofmotoranddrivershaftof

gearbox, driver shaft and driven shaft, driven shaft 

and 

outputshaft.Procedurefordrawingraydiagramisgivenin

thenextsection. 

 

1.2 DisadvantagesofExistingSystem 

 

The indirect drive involved power transmission 

throughgears throughout the entire speed range of 

the motor. Thisresults in power loss in the form of 

frictional losses in 

thegears.Whenthespeedrequirementforcuttingcomesi

ntheconstantpowerrangeofthemotorpowertransmissio

ncanbedirectlytothespindletherebytransmissionlossth

roughgears can be avoided in these speed ranges. 

Hence a 

newgearboxdesignwasdevelopedincorporatingaclutch

whichbypassestransmissionthroughgearsfortheconsta

ntpowerspeedrangeof themotor. 

 

II. DESIGNOFINDIRECTDRIVE(UsingGears) 

 

2.1. RayDiagram 

 

Thespeedchartorraydiagramisagraphicalrepresentatio

nofthedrivearrangementinthegeneralform.Inotherwor

ds,theraydiagramisagraphicalrepresentationofthestruc

turalformula. 

Fig.2.1.1RayDiagram 

Araydiagramcanbeusedtoeasilyexplainthespeedreducti

on stages. Motor – gear box stage is the first V-

beltstage.Vbelt-

pulleyassemblyisusedtoprovideaspeedratioof 1:2. 

Second stage is gear box stage. Here two gear 

ratiosareprovidedtogivetherequiredspeedrange.Thelas

tstageisanotherVbeltstagewithaspeedratio1:2. 

All these 

stageshelptogetaspeedrangebetween188RPMto3000R

PM with a constant power from the induction motor. 

Thediametrical changes of the pulley initiate the first 

speedreduction. The next speed reduction in the gears 

dependsupon the gear ratio. The gear ratios are fixed 

to attain therequired rpm in the lathe. Thus, by these 

three reductionstages we could get a lower rpm of 188 
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to a higher rpm of3000withthemaximum torque/ 

power. 

 

2.2. Designofindirectdrivesystem(Usinggears) 

 

The whole assembly design of the gearbox consists of 

thegear pairs, input and output shaft, shaft bearings. 

Also, thedesignoftheV-

beltdriveshouldbedonetocompletethefulldriving 

mechanism frommotor tolathespindle. 

 

A 3D model of gear pairs, belt-pulley system and 

gearboxcreatedusingmodelingsoftwareSolidworksispr

esentedinfiguresgivenbelow. 

 
Fig.2.2.1 Top view of the gearbox 

 
Fig.2.2.2 3D Model of the gearbox 

 

 

2.3. Designofindirectdrivesystem(Usingclutch) 

 

Whenthespeedrequirementforcuttingcomesinthecons

tantpowerrangeofthemotorpowertransmissioncanbe 

directly to the spindle. Also, transmission loss 

throughgears can be avoided in these speed ranges. 

Hence a newgearbox design was developed 

incorporating a clutch. Theclutch used is single plate 

dry friction clutch. This is a 

newdesignwhichisnotcurrentlyinuse. 

 
Fig. 2.3.1 Top View 

 
Fig. 2.3.2 Isometric View 

 



International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 9 | Issue 1 

Volume 9  -  Issue 1  - Published :   April   10, 2021     Page No : 783-788 

 

 

 
786 

III. STATIC ANALYSIS 

 

3.1 Staticanalysis ofdrivecomponents 

 

Thesafetyofthedesignisagreatfactor.Themodernpowerf

ulanalysissoftwarehelpustomakedetailedanalysisonour

design.Theobjectiveistoanalysisthestressconcentrated 

points in the gear mesh, shaft and keys. Theresultsof 

thestressanalysisisprovidedin figures. 

 
 

Fig. 3.1 Mesh Image 

 

 
 

Fig 3.2 Equivalent Strain 

 

 
 

Fig. 3.3 Equivalent Stress 

 

 
 

Fig 3.4 Total Deformation 

 

IV. RESULTS 

 

Here, we conclude that our design was successfully 

generated with the help of the software SolidWorks 

and the design is okay to proceed for the desired CNC 

lathe with the effect of the reduced vibration and in 

accordance with no increase in the base or space 

requirements of the initial machine (CNC Lathe). 

Thus, we conclude that our design study was a 

success.The static structural analysis done using the 

Ansys software shows that the stress generated is 

within the limits. The value of maximum stress 

obtained is 1.585×106Pa, the value of minimum stress 

is obtained as 1.784 Pa for the designed gear and the 

value of maximum strain value obtained is 1.4409×10-

5, the value of minimum strain is obtained as 

2.859×10-10 for the designed gear. Thus, we concluded 

that there is no need of further modifications. 

Maximum stress and strain values are generated at the 

teeth contact and are minimum at the non-contact 

surfaces. 
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Table 3.1 : Design calculation results 

 

V. APPLICATIONS 

 

 Extremely compact design. 

 High accuracy and high-power density in a 

minimal space. 

 Coaxial design. Gearbox integrated in-line 

between a water-cooled motor and a spindle 

inside a RAM. 

 Large output bearings provide high tilt capacity. 

 A large hollow shaft, that goes through the 

system, to facilitate the installation of hydraulic 

draw bar and spindle coolant system. 

 Smoother motion due to optimized Servotak 

gears. 

 Better performance compared to conventional 

two speed gearboxes. 

 The low noise shift mechanism meets strict 

machine tool requirements.  

 The actuator used for the speed change is 

integrated into the gearbox design. 

 High speed for soft materials and high torque for 

hogging out steel or hard materials. 

 Increased production rates thanks to high speed 

gears. 

 Greatly reduced the cycling times. 

 

VI. CONCLUSION 

 

The design of two speed variable speed gearbox for 

theheadstock of CNC lathe as per the requirement has 

donesuccessfully.Thedifferentspeedratiosarenowmade

availablewiththisgearbox.Theworkswhichrequirelowe

rrpm can done easily without anytrouble. The design 

ismainly basedonconsideration like compactness, 

longerservicelifewithminimumbreakdownperiods.Gea

rboxusesexistingcastingofthemothermachine.Sincethe

gearboxisfixedonthemachinecastingitselftheseisnonee

dofseparate base. Thus, no extra floor space is needed. 

Lesspowermotorisemployedforsupplyinghightorque.A

lso,thedesignedgearboxissmallyetefficient,durable,reli

ableandprovidessufficienttorque.Ifthesizeofthegearbo

xisnotadesignconsideration,anintermediateshaftcanbe
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employedforeffectivepowertransmission.Thiseliminat

esoverhanging gear on motor shaft. Speed increasing 

drivesarenotcommonlyusedingearboxofmachinetools.

So,it can be replaced with a reduction gear of suitable 

gear ratio. The economic viability of design can be 

increased 

whilechoosingfactorofsafetyforeachcomponent.Howe

ver,choosinganoptimumfactorofsafetydevelopmentin

materialscienceandmanufacturingtechnology,newmat

erials with greater design stresses and reduced 

stressconcentrationandprecisionmachinedwillbe 

available.Theseresultsinamorecompact,safeandecono

micaldesignsuitableforindustries 
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