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Abstract— Self-locking gears prevent back driving and 

inertial driving, and they may find applications in a wide 

variety of industries. In load lifting devices it is necessary to 

use a pair of two identical or different parts for the motion 

transmission.  Mostly the pairs used are worm-gear, belt-

pulley, chain-pulley etc. The selection of appropriate pair 

depends on parameters such as space requirement, type of 

load to be handled, desired efficiency of the system. In Most 

of the cases the worm-gear pair is used because of higher 

efficiency, compactness and simple construction. It also 

exhibits the self-locking ability. self-locking also useful for 

safety of machine operators and prevent probable accidents 

due to falling of lifted load when power is off. In this self-

locking system Left Hand(LH) Worm and Right Hand(RH) 

Worm are used for self-locking and model of LH and RH 

Worm are created in Unigraphix Nx-8.0 and imported in 

Ansys Workbench for analysis. Values of vonmises stress 

and theoretical stress are compared for safe design. 
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I. INTRODUCTION 

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

drive that gives the input gear freedom to rotate the output 

gear in either direction. But the output gear locks with the 

input when an outside torque attempts to rotate the output in 

either direction. This characteristic is often sought by 

designers who want to be sure that loads on the output side 

of the system cannot affect the position of the gears. Worm 

gears are one of the few gear systems that can be made self-

locking, but at the expense of efficiency. It seldom exceeds 

40% when the gears are self-locking. self-locking worm pair 

with parallel axes with two worm having involutes herring 

bone teeth and linear contact of both worm[2]. David Pessen 

[3] of Israel has developed the quick release mechanism for 

self-locking system the occasion can arise where it becomes 

desirable to quickly release the load. This could be 

accomplished by introducing a clutch between the pulley 

and worm but such clutches are generally expensive and 

space consuming.  Fenge Li & Jing Ning Ta [4] invented 

that a pair of a worm-gear pair exhibits a self-locking 

ability. The drive train comprises of a worm connected to a 

motor shaft and is in mesh with a worm wheel which is 

connected to the output shaft. An Israeli engineer, 

B.Popper[1], invented a simple dual-worm gear system that 

not only provided self-locking with over 90%efficiency. The 

Twin worm drive is simply constructed. Two threaded rods, 

or “worm” screws, are meshed together. Each worm is 

wound in a different direction and has a different pitch 

angle. For proper mesh, the worm axes are not parallel, but 

slightly skewed. (If both worms had the same pitch angle, a 

normal, reversible drive would result—similar to helical 

gears.) But by selecting proper, and different, pitch angles, 

the drive will exhibit either self-locking, or a combination of 

self-locking and deceleration locking characteristics, as 

desired. Deceleration-locking is a completely new property 

best described in this way. When the input gear decelerates 

(for example, when the power source is shut off, or when an 

outside force is applied to the output gear in a direction that 

tends to help the output gear), the entire transmission 

immediately locks up and comes to an abrupt stop, 

moderated only by any elastic “stretch” in the system. 

Almost any type of thread will work with the new drive— 

standard threads, 60º screw threads, Acme threads, or any 

arbitrary shallow-profile thread. Hence, the worms can be 

manufactured on standard machine-shop equipment. 

 
Fig. 1: Twinworm Gear 

II. DESIGN OF CRITICAL COMPONENTS 

A. Design of RH Input Worm  

 
Fig. 2: RH Input Worm 

Theoretical design of RH Input Worm 

Material selection; Ref:[5] - PSG (1.10 & 1.12) + (1.17) 

Designation 
Ultimate Tensile Strength       

N/mm2 

Yield Strength 

N/mm2 

20 MnCr1 1000 800 

fs allowable  = 0.18 X 1000=180  N/mm2 

T design = 2 Nm 
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1) Check for Torsional Shear Failure of Shaft 
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fs act  = 0.06 N/mm2 

Where fsact is Actual Shear Stress in N/mm 

T is Torque applied in N-mm 

As fs act   < fs all 

Input RH Worm is safe under torsional load 

B. Structural Analysis of Input RH Worm 

 
Fig. 3: Importing of RH Worm using into ANSYS 

WORKBENCH 

 
Fig. 4: Meshing of RH Worm 

         
 Fig. 5: using boundary condition and Application of Torque 

(Torque = 2 N-m) 

 
Fig. 6: Von-Mises Stress 

 
Fig. 7: Total Deformation of RH Worm 

C. Design of LH Output Worm 

 
Fig. 8: LH Output Worm 

Theoretical design of RH Input Worm 

Material selection; Ref:[5] - PSG (1.10 & 1.12) + (1.17) 

Designation 
Ultimate Tensile Strength       

N/mm2 

Yield Strength 

N/mm2 

20 MnCr1 1000 800 

fs allowable   = 0.18 X 1000=180  N/mm2 

T design    = 2 Nm 
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1) Check for Torsional Shear Failure Of Shaft 
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fs act  = 0.23 N/mm2 

Where fsact is Actual Shear Stress in N/mm 

 T is Torque applied in N-mm 

       As  fs act   < fs all 

Output LH Worm is safe under torsional load. 

D. Structural Analysis of Output LH Worm 

 
Fig. 9: Importing of Output LH Worm using into 

ANSYS WORKBENCH 

 
Fig. 10: Meshing of LH Worm 

 
Fig. 11: using boundary condition and Application of 

Torque (Torque = 2 N-m) 

 
Fig. 12: Von-Mises Stress 

 
Fig. 13: Total Deformation of LH Worm 

III. RESULT 

Part 

Name 

Maximum 

theoretical 

stress 

N/mm
2
 

Von-

mises 

stress 

N/mm
2
 

Maximum 

deformation 

mm 

Result 

 

RH 

WORM 
0.06 

 

0.237 
3.11E-5 Safe 

LH 

WORM 
0.23 2.45 0.0025 Safe 

Table 3: Result 

IV. CONCLUSION 

The proposed set up of RH Worm Gear and LH Worm Gear 

are used for the Self Locking. In the above work we have 

modeled a RH Worm and LH Worm from theoretical 

calculation and the 3D drafting is done through Unigraphix 

Nx 08. The both gears are analyzed through ANSYS. It is 

found that maximum stress by theoretical and analytical 

methods are well below the allowable limit. Also 

deformation is negligible. Hence the RH Worm gear and LH 

Worm gears are safe under the rated torque. 
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