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Abstract— In the many applications in special purpose 

machinery a self-locking drive is desired, conventionally the 

worm gear drive when made self-locking with the view of 

safety becomes highly inefficient with drop in output power 

to 50 to 60% of the input power, self-locking devices using 

the worm and worm gear drives are still needed to be replaced 

by another self-locking arrangement which will be more 

efficient and compact as compared to the earlier conventional 

system. 
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I. PROBLEM STATEMENT 

The efficiency of worm gear box depends upon coefficient of 

friction and lead angle, but lead angle must be between 1o to 

3o to get self-locking, so efficiency of worm gear box is very 

low (below 50%) as shown in graph below. 

 
Fig. 1: 

 The second method of Ratchet and pawl mechanism 

is not reliable or safe and it also takes a lot of space, Hence a 

compact system with high efficiency is needed for lifting 

devices. 

II. OBJECTIVE 

1) Design of twin worm system for desired load to achieve 

self-locking condition. 

2) Application of 3d printing technology for fast and low 

cost manufacturing of input and output worm. 

3) Test and trial to determine Torque-Speed-Power-

efficiency of system. 

4) Design of dual worm system for design load of 2kg by 

use of 2-d cad for geometrical dimensions of worm, 

determination of gear pair dimensions to achieve self-

locking condition. 

5) Manufacturing, assembly and testing of set up to derive 

the self-locking characteristic and determine 

performance characteristic of drive. 

III. INTRODUCTION 

A. What is Self-Locking? 

The term self-locking as applied to gear systems denotes a 

drive which gives the input gear the freedom to rotate the 

output gear in both directions but the output gear locks with 

input when an outside torque attempts to rotate the output in 

either direction. This is desired in lifting machines meaning 

that if motor is lifting a load and it suddenly stops (due to 

power failure / breakage) load will stop moving and it will 

not come down due to gravity…. thus complete safety is 

ensured. 

IV. PROPOSED SYSTEM 

The twin worm gear drive is simple, two threaded rods, or 

worm screws (Input worm is Right hand & Output worm is 

Left handed have a different pitch angle) are meshed together 

for proper mesh the worm axes are not parallel but inclined 

to each other, the drive shows self-locking or combination of 

self-locking and deceleration locking as required. 

Thus the drive solves problem by 

1) High efficiency of transmission > 90 % 

2) Compact system ---requires less space 

3) Quick –Self-locking 

4) Added feature of Deceleration locking to prevent 

overloading. 

 
Fig. 2: 

V. 3D PRINTING 

Fused deposition modeling (FDM) is an additive 

manufacturing technology commonly used for modeling, 

prototyping, and production applications. It is one of the 

techniques used for 3D printing. FDM works on an "additive" 

principle by laying down material in layers; a plastic filament 

or metal wire is unwound from a coil and supplies material to 

produce a part. The technology was developed by S. Scott 

Crump in the late 1980s and was commercialized in 1990. 

The term fused deposition modeling and its abbreviation to 

FDM are trademarked by Strata Sys Inc. The exactly 

equivalent term, fused filament fabrication (FFF), was coined 

by the members of the project to give a phrase that would be 

legally unconstrained in its use. It is also sometimes called 

Plastic Jet Printing (PJP). 

 
Fig. 3: Method of Manufacturing (3-D Printing -FDM) 
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VI. WORKING & CONSTRUCTION 

 
Fig. 4: 

 Module of input and output worm = 10 mm 

 Lead angle of input worm = 2 degree 

 Lead angle of output worm = 5 degree 

 Inclination of shafts = 2.5 degree 

 Load carrying capacity of device * = 40 kg 

 Motor specification = 12V DC, 5 watts, 60 rpm 

 Load drum diameter = 100 mm 

The twin worm gear self-locking system input shaft is 

connected to the drive motor, which provides the input power. 

The input right hand worm gear drives the output worm gear 

in the direction such that load connected to the load drum(not 

shown) on the output shaft is raised, now if the motor power 

is shut off, the input seizes to rotate , and the load will have a 

tendency to move down due to gravity , thereby the output 

shaft tries to rotate in opposite direction, but arrangement of 

the worm threads is made to satisfy the self-locking condition 

, hence the output shaft locks with the input shaft and thus the 

motion of the load in the downward direction is stopped. Thus 

the self-locking is effectively attained. 

A. Right Hand Worm Gear 

The right hand worm gear is the input gear of the system it 

has worm threads of 10 modules which are machined with 

right hand of operation with helix angle of 2 degrees. The 

manufacturing process used is 3-D printing method. 

B. Left Hand Worm Gear 

The left hand worm gear is the output gear of the system; it 

has worm threads of 10 modules which are machined with 

left hand of operation with helix angle of 5 degrees. The 

manufacturing process used is 3-D printing method. 

C. Input Shaft 

Input shaft is made of high grade alloy steel EN24, it is held 

in ball bearings at both ends, at one end a spur gear is mounted 

to receive power from the motor through a pinion. 

D. Output Shaft 

Output shaft is made of high grade alloy steel EN24, it is held 

in ball bearings at both ends, at one end carries the load drum 

to lift or lower the load. 

E. Bearings 

Four ball bearings are used in the project. Single row deep 

groove ball bearing 6004zz is used at each end of shaft. 

Bearings are held in the bearing housings which are fitted on 

to the bearing housing holders. 

F. LH/RH Bearing Housings 

These are round members of the system that support the 

above two shafts in ball bearings, the bearings on the output 

shaft are appropriately locked, they are mounted on housing 

plates. 

G. Housing Mounting Plates 

Housing mounting plates are vertical members that hold the 

bearing housings, they are machined at angle of 2.5 degrees 

to provide proper angle of inclination between the input and 

output shaft so that the desired self-locking characteristic is 

achieved. 

H. Base Plate 

The base plate is the base member that houses the entire 

assembly of system. The housings are bolted to the base plate 

I. Load Drum 

The load drum is fastened to the output shaft of the system. 

The rope is wound on the drum with its one end fixed to the 

drum whereas the other free end carries the load. 

J. Motor 

The drive motor is 12V DC motor coupled to a planetary 

gearbox.  

1) Specifications of motor are as follows: 

 Power 5 watt, 

 Speed = 60 rpm, 

 Torque = 0.833 N-m. 

K. Base Frame 

Base frame comprises of the base plate and base frame 

structure both made from mild steel. Square pipe of (20x20) 

mm cross-section and 1.6 mm thickness is used for frame 

structure. 

L. Direction Control Switch: 

2-pole 2-way switch is used to control the direction of motor 

to rotate motor clockwise or anti-clockwise which will be 

used to lift or lower the load. 

M. Push Button 

It is used for point to point control i.e.; it is push-to n’ switch. 

VII. FUTURE SCOPE 

1) Worms can be made of high grade steel to increase load 

carrying capacity. 

2) Limit switches can be used for position control. 

3) Higher power motor with epicyclic gear box will 

multiply the lifting capacity. 

4) For heavy loads lubrication casing can be used. 

5) Power winches. 

6) Multi start screw will increase the speed of operation. 

7) The length of screw can be modified as per the 

application. 
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8) The present set up is manually operated, hence this limits 

the load carrying ability of the system, and with 

appropriate gearing we can increase the mechanical 

advantage thereby improving the load carrying ability. 

9) The present system has an open casing thereby the need 

of external lubrication may arise, with appropriate 

modifications we can make cast iron casing to retain the 

lubricating oil. 

VIII. SUMMARY 

A simple, compact, high efficient, low cost device will be 

developed, so also new technology used of 3-d printing will 

be learnt through the project. The project will provide the 

industry with a new device to solve backlash problem in 

many machines in many industrial application. 
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