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A. ABSTRACT 

Electric overhead travelling (EOT) crane is widely used in Industries to move extremely heavy or 

bulky loads through the overhead space. EOT crane lifts, lowers and also moves load horizontally. 

The hoist of the conventional EOT crane is consists of a motor- gearbox -coupling- drum and rope 

assembly. The hoist of EOT crane needs high torque to lift the load at the same time speed (RPM) 

must be very less. The purpose of a gearbox is to increase or reduce speed. As a result torque output 

will be the inverse function of the speed. If the enclosed drive is a speed reducer (speed output is less 

than speed input), the torque output will increase and if the drive increases speed, the torque output 

will decrease. 

The various components of hoist needs frequent maintenance. Especially gearbox of the hoist needs 

regular checks like; checking of oil level lubrication, cooling, inspection of gear teeth of mating gear 

is also required; need to keep eye on noise related to balancing and vibration [1-9,113]. Ignorance to 

above mentioned check list leads to failure. Due to failure of any of the components of hoist the EOT 

needs to shut its operation. This leads to monetary loss. In place of the conventionally used hoist 

having gearbox to achieve a high torque at low speed, various possible alternatives are explored like;  

 Fluid couplings[10] 

 Permanent magnetic gears[11-17] 

 Permanent magnet direct drive (PMDD)[18-62,99] 

PMDD in conjunction with a variable frequency drive (VFD) [63-64] is found to be best alternative. 

In Motor drive technology, there is no intermediate mechanical transmission. The application of the 

direct drive technology includes the linear motion component with linear motor as a core drive 

element and rotary motion element with the torque motor as the core drive element. Implementation 

of PMDD can completely eliminate use of Gearbox. Currently the direct drive technology is widely 

used in elevators, machine tools, belt machines, mines, wind power generation and other industries. 

With the continuous development in low speed and high torque motor, it is more common to 

eliminate intermediate transmission and realize direct motor drive. 

The PMDD offers many other significant advantages over conventional mechanism like [65-74,109]; 

offers simple, compact and light Structure, high driving efficiency and great reliability. Economic in 

power saving, almost zero maintenance, which leads to no idle time on the shop floor, gives 

interrupted mass production which is very much important for EOT crane in steel industries, railway 

yards etc.  As idle time for maintenance is directly related to cost factor. Lubrication is not required 

physical isolation and gives less vibration. 
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Figure 1 Conventional Hoisting Mechanism   Figure 2 Proposed Principle 

    

Prototype of the hoist operated by direct drive is attempted to design and developed to lift the load of 

100kg and checked for its analysis and performance. Drafting of PMDD motor is done is Solid 

works. Modeling and simulation is done in Simcentre MotorSolve for PMDD. Designed and 

analyzed PMDD is able to give the torque of 40-65 N.M. at 15-50 RPM to lift 100 kg load so can be 

used for hoisting mechanism of EOT crane. Experimentation on the PMDD hoist is performed for 

various combinations to check the feasibility and implementation by varying the different parameters 

affecting the performance of the EOT crane like lifting capacity (10-100kg), working speed (10-50 

RPM) and height (2-4m). The lifting and lowering time is compared for conventional hoist and 

PMDD hoist. That almost gives a nearby result. Hence it proves the feasibility and implementation 

of the proposed concept. Further vibration analysis is also done for conventional hoist and PMDD 

operated hoist. Where PMDD operated hoist gives better results. 

 

B. THE STATE OF THE ART 

The detailed study of the literature has been carried out in this section related to all the important 

parameters required to be carried out for development of PMDD hoist. Sanjay Kumar, Deepam 

Goyal et al. [1] has presented Condition based maintenance of bearings and gears for fault 

detection. He concluded vibrations result in deterioration of machine apparatuses in the long run 

bringing on failure of a few subsystems. i.e. Couplings and gears or the machine itself. R. Errichello 

and J. Muller [2] have presented Gearbox Reliability Collaborative Gearbox Failure Analysis. 

Report. K. Atallah and D. Howe [12] investigated, A Novel High-Performance Magnetic Gear; it 

has been shown that by employing rare earth magnets, a torque density exceeding 100 KNm/m3 can 

be achieved. A. A. Adly, A. Huzayyin [74] proved Feasibility of permanent magnet synchronous 

motors in industry applications Permanent magnet motors are rapidly replacing the dominant 

Load 
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induction motors in industrial applications including pumps, fans and Compressors. Melfi MJ, 

Roberts  Evan S, Martin B [67] discussed Permanent magnet motors for energy savings in industrial 

applications. The present and future market for motors places high value on operating efficiency, 

reliability, variable speed operation, low running temperature, quiet operation, and low cost. 

Permanent magnet (PM) motors are now able to meet these market expectations across an 

increasing range of ratings. Compared to the prolific induction motor, PM motors provides the 

better attributes of efficiency, reliability, etc, plus have the additional advantages of higher power 

density, superior power factor (low current), low rotor temperature, and synchronous operation. 

Petrov and J. Pyrhonen [77] presented the performance of low-cost Permanent Magnet Material in 

PM Synchronous Machines, like Nd-Fe-B and its magnet properties and Sm-Co and its magnet 

properties. Sebastian T [82] studied the Temperature effects on torque production and efficiency of 

PM motors using NdFeB magnets. R Amshumaan, presented the direct - drive permanent magnet 

synchronous generator design for hydrokinetic energy extraction This describes a permanent 

magnet synchronous generator (PMSG) that was designed, built, and tested to serve a low speed 

hydrokinetic turbine. H. POLINDER [18] discussed the principles of electrical design of permanent 

magnet generators for direct drive renewable energy systems.The electromagnetic design of a 3 

MW 15 rpm permanent magnet (PM) generator for a direct drive wind turbine is discussed. It gives 

scaling laws that make it possible to estimate the size of direct drive generators. X. Cui, A. Binder, 

E. Schlemmer [31]presented the traight-flow permanent magnet synchronous generator design for 

small hydro power plants, It is considered as an innovative application form in the area of small 

hydro power, which operates with PM synchronous generators directly coupled to the grid. 

Liangliang Wei,Taketsune Nakamura, Keita Imai [32] presented the development and optimization 

of low-speed and high-efficiency permanent magnet generator for micro hydro-electrical generation 

system. Designed, fabricated, and analyzed a low-speed and high efficiency permanent magnet 

generator. De Almeida AT, Ferreira FJ, Quintino A [70] discussed the technical and economical 

considerations on super high-efficiency three-phase motors. Industrial & commercial power 

systems technical conference (I&CPS). Permanent magnet (PM) motors are rapidly replacing the 

dominant induction motors in industrial applications including pumps, fans, and compressors.De 

Almeida AT, Ferreira FJ, Baoming G. Beyond [72] induction motors—technology trends to move 

up efficiency.Efficiency analysis on the best available emerging electric motor technologies, such 

as axial-flux PM synchronous motors, is presented.  Yang Z, Shang F, Brown IP, Krishnamurthy 

M.[68] Comparative study of interior permanent magnet, induction, and switched reluctance motor 

drives for EV and HEV applications. Each motor's highest efficiency region is located at different 

torque-speed regions for the criteria defined. J. F. Gieras and M. Wing, Permanent Magnet Motor 



6  

Technology [21-22-23] Investigation of how a direct-driven wind turbine generator should be 

designed. Demmel at. [66] Advantages of PM-machines compared to induction machines in terms 

of efficiency and sensor less control in traction applications. The quality characteristic of the two 

approaches (depending on speed and load), the implemented control structure and the influence of 

the INFORM test sequences on produced torque are discussed.Yang Z, Shang F, Brown IP, 

Krishnamurthy M. [68] Comparative study of interior permanent magnet, induction, and switched 

reluctance motor drives for EV and HEV applications. Permanent magnet (PM) motors are rapidly 

replacing the dominant induction motors. Cui JG, Xiao WS, Zhao JB, Lei JX, Wu XD, Wang 

ZG[97] Development and application of low-speed and high-torque permanent magnet synchronous 

motor. Permanent magnet (PM) motors are rapidly replacing the dominant induction motors in 

industrial applications including pumps, fans, and compressor. Michele De Gennaroa, Jonathan 

Jürgensd, Alessandro Zanona, Johannes Graggera [94] Designing, prototyping and testing of a 

ferrite permanent magnet assisted synchronous reluctance machine for hybrid and electric vehicles 

applications. Jacek KRUPIŃSK [73] Application of the permanent magnet synchronous motors for 

tower cranes The modern permanent magnet synchronous motors (PMSM) are characterized by 

better operating parameters in relation to squirrel cage induction machines. Nebojsa 

MITROVIC[24] Multi-Motor Drives for Crane Application Multi-motor drives are standard 

solutions in crane application and requirements of load sharing are present. Judah Schad, et al [63] 

Permanent Magnet Synchronous Motor Variable Frequency Drive Disadvantages of the PMSM are 

primarily due to the choice of sensor used to fulfill data feedback requirement. When wired directly 

to any constant frequency power source, the PMSM will not spin. Sensor feedback and digital 

control are required to operate the motor. A PMSM is a synchronously commutated motor, meaning 

that its rotor spins at the same speed as the motor’s internal rotating magnetic field.  

C. DEFINITION OF THE PROBLEM [1-9] 

 The existing hoisting mechanism is totally mechanically operated and uses a gear box; 

which needs frequent maintenance. 

 Preventive and periodic maintenance of a gearbox is required like; checking of oil level 

lubrication, cooling, inspection of gear teeth of mating gear, noise related to balancing and 

vibration. 

 Due to direct contact of gear teeth frequent issues are arises like; friction wear, noise, 

vibration, heat generation and reliability. 

 If any one tooth of the gear wears out the complete gear needs to be replaced. So the EOT 

needs to stop for replacement and maintenance of the gearbox. EOTs used in railway yards 

and steel industries can not bear the idle time EOT. 
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 Hoisting mechanism which is fixed on girder of EOT Crane is subjected to continuous 

vibrations, which ultimately deteriorate parts of Crane. If preventive maintenance is not 

done it leads to failure of the parts and subjected to idle time for EOT crane. So by 

implementing PMDD for hoisting mechanism the above mention problems can be 

eliminated and ultimately will give long life to hoist. 

 

The existing problems can be eliminated by [65-74], 

 Pretending the possibility and use of PMDD for hoisting operation of EOT crane by 

referring the various research papers. 

 It may lead to an innovative method for operating a hoist.  

 Alternate way to conventional gear box. 

 Almost zero maintenance and operating cost. 

 No consumption of rare earth fuels. 

 Reduced acoustic noise and vibration, free from maintenance, improved reliability, inherent 

overload protection and physical isolation. 

 No mechanical fatigue, no lubrication 

 

D. OBJECTIVE AND SCOPE OF WORK 

Objectives of the research carried out are as under: 

 To study existing and alternative approach of hoisting mechanism of EOT crane. 

 Design and Analysis of hoist operated by Permanent magnet direct drive (PMDD). 

 Fabrication of hoist operated by Permanent magnet direct drive (PMDD). 

 Testing and Performance analysis of hoist operated by Permanent magnet direct drive. 

 

Scope of work 

 Study of existing and conventionally used hoist for EOT and proposed alternative of use of 

PMDD for the hoist of EOT crane. 

 Study of Magnetic Materials for PMDD. 

 Design of PMDD and drafting of PMMD in Solidworks. 

 Modeling and Analysis of PMDD in Simcentre Motorsolve. 

 Selection of Components for the hoist operated by PMDD. 

 Fabrication of hoist operated by PMDD in conjunction with VFD. 

 Study of the parameters affecting the performance of hoist of EOT crane. 
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 Result analysis by varying the different parameters affecting the performance of the hoist 

of EOT crane 

 Vibration analysis and comparison is done for conventional hoist and hoist operated by 

PMDD. 

 

E. ORIGINAL CONTRIBUTION BY THE THESIS 

The prototype of PMDD hoist is developed at Stalwart Cranes, Bakrol, Ahmedabad. PMDD hoist 

giving the torque of 40-65 N.M. at 15-50 RPM to lift 100 kg load is designed and developed. NABL 

testing report for the design PMDD is also done which confirms the desired torque and required 

parameters as per the requirement. On the developed prototype of hoist the various parameters 

affecting the performance of crane are studied. The experimentation is performed on the developed 

set up of hoist. By varying the various parameters like speed (10-20-30-40-50 RPM), height (2-3-4 

m) and load (10-20-30-40-50-60-70-80-90-100 kg) almost 300 experimental readings are taken. The 

readings given by the PMDD hoist are compared with the conventional hoist for the implementation. 

Readings are taken on developed set up gives almost same readings as of the conventional hoist. This 

validates the use of PMDD hoist. Vibration analysis is also done on the developed set up of PMDD 

hoist and compared with conventional hoist. In which PMDD hoist gives more efficient performance 

in comparison with conventional hoist as per Vibration severity ISO 10816. That justifies the use of 

PMDD hoist in EOT crane. 

 

F. METHODOLOGY OF RESEARCH, RESULTS / COMPARISONS  

 

1. Analytical Design [18-62] 

For analytical design of PMDD various magnetic materials are studied and by considering the 

magnetic effect as follows: 

TABLE 1 Magnetic Materials used in PMDD 

Permanent Magnet Material  Characteristics [75-83] 

Neodium-iron-boron (Nd-Fe-B) Very Good Properties for PM, except the curie temperature is 

only 1500c; relatively abundant. 

Samarium-cobalt (Sm-Co) Excellent high temperature performance (5500c) but expensive. 

Aluminum-nickel-Cobalt Low cost and good properties, however coercive force is too 



9  

(alnico) low. 

Ferrites (barium and strontium) Low cost, moderate service temperature (4000c) but size of 

machine would be large. 

 

 Design  Equations [18-26] 

 

• To determine number of poles 

 

 

 

 

• The  diameter and pole pitch, determine the pole pairs, 

 

 

 

 

• The total number of slots on stator is 

 

 

 

 

 

• The Slot Pitch is 

 

 

 Design Parameters of PMDD motor 

TABLE 2 Design of 100 kg PMDD Hoist 

Design parameters Calculated value 

Torque 50 N.M. 

Speed 120 RPM 

Voltage 415 V 
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Current 4-10 A 

No. of Phase 3 

Stator Outer Diameter 220 MM 

Stator Inner Diameter 145 MM 

Rotor outer Diameter 133 MM 

Rotor Inner Diameter 40 MM 

No. of Poles 16 

No. of Slots 36 

Magnet Material Neodium Boron Iron 38/23 

Magnet Height 6.5 MM 

Magnet Width 23 MM 

Ambient Temperature 25-400 

 

 Drafting of PMDD motor in Solid works 

 

FIGURE: 1 Drafting of PMDD motor in Solidworks 
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2. Modeling and Analysis of PMDD in Simcenter MotorSolve [84-93] 

 

As per the dimensions from the analytical design Modeling of PMDD is done in Simcenter 

MotorSolve software.  

 

Input Parameters: Supply Voltage: 415 V, Number of phases: 3 phase, No. of Poles: 16, No. 

of Slots: 36 Air gap thickness: 1mm. 

 

 

 

Input Parameters: Stator outer diameter: 220 mm; Inner diameter: 145 mm 

 

 

 

FIGURE: 2 Modeling of PMDD in Simcenter MotorSolve 
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FIGURE 3 PMDD Motor in Simcenter MotorSolve 

 Analysis of PMDD in Simcentre MotorSolve [90] 

The Model of PMDD motor is analysed in Simcentre MotorSolve for the required 

characteristics like maximum torque that can be delivered by the motor. From figure 4 we can 

say that maximum torque delivered by the designed motor is 60 N.M. Figure 5 shows torque 

Vs phase angle with also gives the result of 40-65 N.M. 

Maximum Torque 

 

FIGURE: 4 Maximum Torque 
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PWM (Pulse Width Modulation) Analysis 

Display method: Waveform Result Quantity: Torque 

 

 

FIGURE: 5 Torque Vs Phase angle 

 

3. Parts Selection for development of  prototype of  PMDD Hoist [94-97] 

Following are the parts selected for the development of PMDD hoist. 

TABLE 3 Parts Selection 

SN Name of Parts Specification 

1 PMDD Motor 

[100] 

“Pro-Syn” PMS Machine , Volt 415, rated torque : 50 N.M., RPM : 120, 

current : 2.5 amp 

2 Brake [101] EMCO DC Brake Size 16, Torque : 100 N.M 

3 VFD [102] VFD 2A7 MS 43 A N S A A (MS-300, 3 PH) 

4 Drum Diameter 100 mm (17 to 23 times wire rope Diameter IS3377) 

5 Drum Length  260 mm 

6 Rope [111] Diameter:  6 mm , 6 X36 fiber core IS2266 

7 Coupling Flexible coupling, Size 4 inch, 30mm thickness. 

8 Bearing P 25 TR SKF 
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 NABL Testing Report PMDD Motor 

The designed and selected motor used for the development of hoist has been also tested for full load 

test to determine efficiency.  

TABLE 4 NABL TEST REPORT 
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4. Pictures of development of prototype of PMDD hoist 

The prototype of PMDD hoist is developed at Stalwart Cranes, Bakrol, Ahmedabad. 

Following are the pictures of development stage of PMDD hoist. 

 

  

 

PMDD        PMDD with flange for brake mounting       

 

    

 

 

 

 

 

 

 

Load 
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                                     Brake      VFD 

  

 

FIGURE 6 PMDD Hoist 

 

5. Parameters affecting the performance of EOT crane and Experimentation 

Following are the parameters affecting the performance [98,103-110] of EOT crane. 

 

TABLE 5 Parameters affecting the performance of hoist of EOT crane 

SN Parameters Details 

1 Overhead Crane Capacity It refers to the maximum load carrying capacity; which 

crane can lift. 

2 Working-class M5 indoor 
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3 Lifting Torque The lifting moment is the product of the crane’s lifting 

weight and the corresponding amplitude.  It is a crane’s 

comprehensive lifting capacity parameter, which can 

comprehensively and accurately reflect crane’s lifting 

capacity.  

4 Overhead Crane Lifting 

Height 

The lifting height refers to the distance from the ground to 

the center of the hook, and the calibration value of its 

parameters is usually expressed as the rated lifting height. 

5 Overhead Crane Working 

Speed 

The working speed of the crane includes the speed of 

lifting. The lifting speed of the crane is related to the 

lifting speed of the hoisting mechanism. 

6 Time The time required to lift and lower the load. 

 

 Experimental Reading Matrix 

Experimentation on the PMDD hoist is performed for various combinations to check the feasibility 

and implementation by varying the different parameters affecting the performance of the EOT crane 

like lifting capacity (10-100kg), working speed (10-50 RPM) and height (2-4m). The lifting and 

lowering time is compared for conventional hoist and PMDD hoist. 

 

TABLE 6 Experiment Reading Matrix 

Paramete

rs 

Lifting  Time  T
LF

(sec) & 

Lowering Time T
LW

(sec) 

Lifting 

capacity 

(KG) 

Working 

speed 

(RPM) 

Lifting 

height 

(M) 

Total No. of 

Readings 

Readings Lifting Time for conventional 

Hoist : T
LFC   

 

Lowering Time for 

conventional Hoist : T
LwC

   

10-100 

at an 

interval 

of 10 kg 

10,20,30, 

40,50 

2,3,4 150 for 

conventional 

hoist 
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Lifting time for PMDD hoist : 

T
LFP

 

Lowering Time for PMDD 

hoist : T
LWP

 

10-100 

at an 

interval 

of 10 kg 

10,20,30, 

40,50 

2,3,4 150 

 For PMDD 

hoist 

 

 

Number of readings for different Lifting capacity (KG), Workings speed 

(RPM) and Lifting height (M) for (i) Conventional and (ii) PMDD hoist. 

Total 

Readings 

:300 

 

 Vibration Analysis 

Rokade vibration analyzer and balancer (VAB100) is used for vibration analysis. Results are 

compared for conventional hoist and PMDD hoist. [112] 

 

Experiment Reading Matrix 

Parameters Displacement (mm), Velocity 

(mm/sec)and 

Acceleration(mm/sec
2

) 

Lifting 

capacit

y 

(KG) 

Workin

g speed 

(RPM) 

Lifti

ng 

heigh

t 

(M) 

Total No. 

of 

Readings 

Displacement 

(mm), 

Velocity 

(mm/sec)and 

Acceleration 

(mm/sec2)
 

Displacement for Conventional 

hoist :d
c
  

Displacement for PMDD hoist:  d
p
 

Velocity for Conventional hoist : v
c
  

Velocity for PMDD hoist: v
p
 

Acceleration for Conventional hoist 

:a
c
  

Acceleration for PMDD hoist: a
p
 

10-100 

at an 

interval 

of 10 kg 

10,20,30

,40,50 

2,3,4 150 for 

conventio

nal hoist 

10-100 

at an 

interval 

of 10 kg 

10,20,30

,40,50 

2,3,4 150 for 

PMDD 

hoist 

Number of readings for different Lifting capacity (KG), Workings speed (RPM) and 

Lifting height (M) for (i) Conventional and (ii) PMDD hoist. 

Total 

Readings 

:300 
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6. Result Analysis 

As per the experimental results graphs are plotted by considering the following cases: 

Case: (I) 

Effect of varying Height (2- 4 m) on conventional hoist lifting time (TLFC) in comparison with 

PMDD hoist lifting time (TLFP) and conventional hoist lowering time(TLWC) in comparison with 

PMDD hoist lowering time(TLWP) keeping load and speed constant. As per the plotted results we can 

say that as the height increases the time required for lifting the load increases 

 

 

FIGURE 7 Height Vs Time 

Case: (II) 

Effect of varying Speed (10-50 RPM) on conventional hoist lifting time (TLFC) in comparison with 

PMDD hoist lifting time (TLFP)  and conventional hoist lowering time(TLWC) in comparison with 

PMDD hoist lowering time(TLWP) while keeping Load and height constant. As per the plotted results 

we can say that as the speed increases the time required for lifting the load decreases 
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FIGURE 8 Speed Vs Time 

Case: (III) 

Effect of varying Load (10-100kg) on conventional hoist lifting time (TLFC) in comparison with 

PMDD hoist lifting time (TLFP)  and conventional lowering time (TLWC) in comparison with PMDD 

hoist lowering time(TLWP) while keeping speed and height constant. 

 Vibration Analysis  

Graphs for Displacement, Velocity and Acceleration for conventional hoist (dc, vc & ac) and 

PMDD Hoist (dp, vp & ap) 

 

 

 

 

 

 

 

 

 

 

FIGURE 9Vibration Analysis 
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Vibration velocity for PMDD hoist lies between 0.1 to 0.5 mm/sec which gives excellent 

performance of the hoist as per the Vibration severity ISO 10816 compared to conventional hoist 

which lies between 3.1 to 3.8 mm/sec.[112] 

 

FIGURE 10 Vibration severity 

G. ACHIEVEMENTS WITH RESPECT TO OBJECTIVE 

 Studied the conventional and proposed concept of hoist. 

 Drafting of PMDD is done in solidworks and modeling and analysis is done in Simcentre 

Motorsolve. 

 

 

 

 

 

 

 

 Successfully developed the prototype of PMDD hoist at the height of 2m and 4m. 

Parameter Values 

Torque Vs Phase angle Torque: 40- 65 N.m  

 Phase angle: 0-360o 

Torque Vs Speed Torque: 60 N.m 

 Speed Interval: 150 

Efficiency 60 N.m 

 Speed: 0-400 RPM 

PWM Torque: 60 N.m 
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FIGURE 11 PMDD Hoist at height of 2 m and 4 m 

 Testing and performance analysis of PMDD hoist is done which justify the 

implementation of PMDD operated hoist for EOT crane and gives lesser vibration in 

comparison with conventional hoist. 

H.  CONCLUSION AND FUTURE SCOPE 

 Effect of load, speed and height is analyzed on Conventional hoist lifting time (TLFC) in 

comparison with PMDD hoist lifting time (TLFP) and Conventional hoist lowering time 

(TLWC) in comparison with PMDD hoist lowering time (TLWP).  

 For the load range of 10-100 kg at the interval of 10kg. 

 For the speed range of 10,20,30,40 and 50 RPM. 

 Height of 2, 3 and 4 meter. 

 For the first case; the experimental readings as well as graphs shows that as the speed 

increase the time required to lift the load decreases. For the second case; as the height 

increases the time required to lift the load increases. All the readings are graphs shows that 

lifting time is more than lowering time. This all findings are technically and logically 

justified for the use of PMDD hoist. 

 The lifting time and lowering time given by the PMDD hoist gives almost similar results as 

of the conventional hoist and variations are very small as we can see in readings as well as 

in graphs. Hence we may use PMDD hoist in place of conventional hoist without 

compromising with its function. 
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 As per the literature review the PMDD hoist offers many other significant advantages over 

conventional hoist like [65-74,109]; 

SN Parameters Conventional hoist PMDD hoist 

1.  Transmission Form Complicated four 

link structure  

High driving efficiency and great 

reliability 

2.  Volume High 20-40% smaller 

3.  Self-Weight High 20-60% lighter  

4.  Power saving Low 25.7% 

 

 Comparison of failure rate of Conventional Gear Box and PMDD for the hoisting mechanism 

as per the literature review [65-74,109]; 

SN Part Traditional lifting Mechanism 

with Conventional Gear Box 

Permanent Magnet Direct 

Drive 

Failure 

Rate 

Main Failure Failure 

Rate 

Main Failure 

1.  
Gear Box 22% The box body crack 

deformation, the oil 

quality, the oil quality is 

not enough, oil leakage, 

broken teeth, gear 

heating and vibration. 

0% 0 

2.  
Motor  13% Motor Heating, Short 

circuit, installation base 

crack, fan failure etc. 

5% Motor Heating, Short 

circuit, installation 

base crack, fan 

failure etc. 

3.  
Shaft 6% Deformation, fracture, 

loose deformation of the 

joints. 

0% 0 

4.  
Coupling 20% The lubrication nut is 

loose, abnormal sound, 

deformation and wear 

0% 0 

5.  
Brake 18% The lubrication nut i 

loose, abnormal sound, 

deformation and wear, 

break wheel installed 

loose, crack, friction loss 

damaged, spring aging, 

tie pin, leverage and 

crack in bolt the bending 

the deformation and the 

wear, abnormal breaking 

torque, adjusting 

mechanism and the 

decreasing of the 

7% Spring aging, oil pipe 

leakage, blot 

loosening etc. 
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breaking torque. 

6.  
Wire Rope 5% Wire rope break, 

fracture, leak core, skip 

rope groove 

5% Wire rope break, 

fracture, leak core, 

skip rope groove 

7.  
Lifting 

Control 

Systems 

16% The inverter is burnt the 

terminal is loose the 

resistance chip is burnt, 

the electrical component 

are aged. 

16% The inverter is burnt 

the terminal is loose 

the resistance chip is 

burnt, the electrical 

component are aged. 

Total  100%  33%  

 

It may concluded from the above table that the failure rate hoisting mechanism with conventional 

gear box accounts for 45% of the failure rate of the whole machine, whereas the failure rate with 

PMDD is 67% lower than that of the traditional hoist, which greatly  reduces the failure rate of the 

whole machine and the maintenance cost is correspondingly  reduced. 

 Vibration velocity for PMDD hoist lies between 0.1 to 0.5 mm/sec which gives excellent 

performance of the hoist as per the Vibration severity ISO 10816 compared to 

conventional hoist which lies between 3.1 to 3.8 mm/sec [112]. 

 Successfully developed the PMDD hoist and met all the desired research objectives. 

 Future Scope: 

On the same set up with PMDD hoist we can further increase the wire falls to get more capacity to 

lift the load. By increasing the wire fall on the same set we may increase the capacity to lift the 

load up to 1T on the same set up for future projects. 
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