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Abstract— The elevator system is essential for the 

transportation of equipment, personnel, cargo and thus for the 

Productivity of the cargo. It consists of various components 

in which there are winders, ropes and electric motors. The 

safety and reliability of the elevator depends on its design, 

therefore proper and accurate design of an elevator is 

essential. In this research, the design of the components 

making up the elevator was done through literature survey. 

Different types and configurations of elevator systems were 

considered and compared regarding their suitability to small 

scale cargos. This research aims to provide a solution for 

small scale cargo using ill-designed and unsafe systems for 

elevator and hauling purposes in their cargos. A cost effective 

elevator system is a great call for small scale cargo who 

cannot afford to import a proper elevator system. 
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I. INTRODUCTION 

An elevator is any type of conveyor device used to lift 

materials in a continuous stream into bins. is a type of cable-

assisted, hydraulic cylinder-assisted, or roller-track assisted 

machine that vertically transports people or freight between 

floors, levels, or decks of a building, vessel, or other structure. 

They are typically powered by electric motors that drive 

traction cables and counterweight systems such as a hoist, 

although some pump hydraulic fluid to raise a cylindrical 

piston like a jack.  

 With mining increasingly becoming a main 

contributor to economy, it has become necessary to improve 

mining so as to harvest greater benefits. In many small scale 

cargos, productivity hence economic growth is being 

hampered by the primitive means of hauling material into and 

out of the shaft, yet these small scale cargos contribute a large 

percentage of the country’s annual bullion output [1]. This 

lack of proper elevator equipment is placing a lot of 

limitations on small scale cargos and in large affecting 

economic growth of the country [2]. Most small scale cargo 

does not have sufficient capital to import cargo elevators for 

the elevator of ore, waste rock and personnel in the shaft [4]. 

These cargos therefore end up using unsafe and 

uneconomical methods of hauling the ore and waste rock. 

Most cargo employs the hand operated winch system shown 

in figure 1 for the elevator of ore and waste rock [3]. 

Personnel climb down the shaft using step holes which are 

dug along the sides of the shaft. These methods are not safe 

and result in injuries or even deaths. The design and 

development of a locally manufactured and cheap elevator 

system will help the cargo in increasing their productivity and 

safety [9]. Occupational health and safety is the key in design 

for such a system [10].   

 
Fig. 1: Hand operated winch system 

A. Problems of the Existing Elevator Method   

The elevator method of using a hand operated winch system 

is proving to be very slow and this is reducing the 

productivity of the cargo. The cargo has the capacity to 

increase production but currently the production rate is 

limited to 355 tonnes of ore per month (0.5 tonnes/hour) due 

to the hand winch system which cannot exceed that hauling 

rate. The way personnel descend into the shaft using step 

holes or ladders is very unsafe as it leads to injuries or deaths 

due to people falling. So far 2 deaths and 3 injuries have been 

recorded on the cargo because of this bad operation [10]. 

B. Objectives   

 To design an effective elevator  

 To increase productivity in small scale cargos  

 To improve on the safety of small scale cargos 

II. LITERATURE REVIEW 

For this study and observation are focused on existing system. 

The literature survey has been pioneered effort in this regard. 

Various machine design concepts and CAD/CAE concepts 

from literatures help to establish comparative study between 

existing and new experimentation. The terminologies 

referred from literatures for designing are discussed as 

follows: 

 WANG Jiu-feng, XU Gui-yun, ZHU Jia-zhou, 

YANG Yan-chu, in their paper named as, "Parametric 

Design and Finite Element Analysis of Main Shaft of Elevator 

Based on Pro/E", advanced parametric design method which 

realized in the process of modeling of main shaft of elevator 

was deal. Using the interface technology between Pro/E and 

ANSYS software. The simulation analysis of stress status of 

the main shaft of elevator designed in Pro/E under a certain 

load is made. The adoption of this method will dramatically 

shorten the development cycle and cut down the design costs. 

Otherwise the research method will reference value to gear 

model library development and to the optimization design of 

the main shaft of elevator. [1] 

 LUO Jiman, XING Yan, LIU Dajiang and YUAN 

Ye, in their paper, "Modal Analysis of Mast of Builder′s 

Elevator Based on ANSYS", For the purpose of researching 
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the factors which affect the dynamic characteristic of mast of 

builder's elevator and analyzing the impact of different 

factors over system security, the authors of the paper applied 

the finite element method to build the model and made the 

modal analysis for mast which was installed with various 

installation distances or under different working conditions. 

[2] 

 Yang Yuanfan, in the paper named as, "The Study 

on Mechanical Reliability Design Method and Its 

Application", Through the study on mechanical reliability 

design and combination with the structure of cargo elevator, 

it is proposed that the crucial procedure of reliability design’s 

application into cargo elevator is as to ascertain the statistics 

of the relevant parameters, then to set up the failure 

mathematical model, and finally the reliability design can be 

operated. [3] 

 J.J. Taljaard and J.D. Stephenson, in the paper 

named as, "State-of-art shaft system as applied to Palaborwa 

underground mining project", the design of a 30,000 ton per 

day underground cargo at Phalaborwa presented many and 

various challenges to the owner and the design team. Using 

modern best and proven practice, innovative engineering, 

extensive test work and verification by worldwide experts 

these challenges were met head on and overcome. The state-

of-the-art system will be in operation by the end of the year 

2000. [4] 

 Shuang Chen and Shen Guo, in their paper named 

as, "Stress Analysis of the Cargo Elevator Spindle Based on 

ANSYS", In this paper, the three dimensional modeling of 2JK 

cargo elevator spindle was established by using Pro/ E 

according to given data. Then the model was inputted into the 

finite element analysis in ANSYS, the stress distribution of 

the spindle was obtained, strength check of the dangerous 

section was made at the same time, which provides a accurate 

and reliable theoretical basis for improving the spindle 

structural design. [5] 

 HuYong and HuJiQuan, in their paper named as, 

"Mechanical Analysis and Experimental Research of Parallel 

Grooved Drum Multi-layer Winding System", In the present 

design criterion of multi-layer winding drum, multi-layer 

winding coefficient is chosen according to the number of wire 

rope layers. However, the actual wire rope arrangement on 

the drum and the elastic property of wire rope also play 

decisive roles in determining the multi-layer winding 

coefficient value. Analyzing the actual stress of the drum 

accurately is the precondition of ensuring the drums safety 

and reliability for meeting the lightweight design 

requirements. [6] 

 Prof. Sham Tickoo and Prabhakar Singh, 

"Pro/Engineer (Creo Parametric 2.0) for Engineers and 

Designers", Dreamtech Press, Reprint Edition, 2014, this 

book enables to use the modeling power of Creo Parametric 

2.0. This book covers mechanical engineering industry 

examples and tutorials which are very useful for creating 

solid model. [7] 

 Ibrahim Zeid and R Sivasubramanian, 

"CAD/CAM Theory and Practice ", McGraw-Hill Book 

Company, First edition, 2007, this book gives a balanced mix 

of theory and practice of the CAD/CAM concepts. The 

CAD/CAM principles and tools with engineering and design 

applications and problems which are very helpful for this 

project. [8] 

 Zeinkiewiczs O.C, Taylor R.L. “The Finite 

Element Method”, McGraw-Hill Book Company, 1989, this 

book gives the basic idea about the finite element method 

which is very helpful for this thesis. From this book we can 

refer the concept of the static and structural analysis for this 

project. [9] 

 Chandrupatla T.R., "Introduction to Finite 

Elements in Engineering" Prentice –Hall, third edition 

(2001), this book gives the idea about the finite element 

method which is very helpful for this project. From this book 

we can refer the concept of axis symmetric elements, 3D 

elements, and analytical method to find the stresses and 

deformation within the element. [10] 

III. MATERIAL METHOD 

The slider-crank mechanism drives the engine. The cargo is a 

well-established small scale Zimbabwean gold cargo. The 

cargo was established in 2010 and has been operational since 

then. It employs over thirty workers. The cargo has a current 

production capacity of approximately 5 kilograms of gold per 

month. Its shaft is 86 meters deep. Like most small scale 

cargos, the cargo does not have the proper equipment for 

transporting personnel and ore in the shaft. 

 In single drum elevator the selection of the best 

concept is much oriented on the cargo size and the objectives 

of the project. The single drum concept is the simplest design. 

These systems are generally suitable for lower-powered 

duties in shallow shafts. They are preferred for shallow shafts 

with depths of less than 250 meters. A double drum elevator 

is more expensive than the single drum elevator. Double 

drum elevators are suitable for ultra-deep shafts up to 3000 

meters. Due to their independent rotation double drum 

elevators are well suited for multiple level cargos. 

 
Fig. 2: design of elevating system for small scale elevator 

 The cargo is not a multi-level cargo and its depth is 

only 86 meters. Friction elevators are suitable for high-

efficiency and high-capacity production winding and has a 

limited rope fatigue life due to friction; this will make the 

http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Shen%20Guo.QT.&newsearch=true
http://www.dissertationtopic.net/author/HuYong
http://www.dissertationtopic.net/teacher/HuJiQuan
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system expensive due to maintenance. The decision matrix 

was employed in the selection of the most suitable concept 

after coming up with three possible solutions. 

A. Elevator Ropes: 

The most frequently used strand construction for elevator 

ropes is the 19-wire Seale strand (1-9-9). Because of the thick 

outer wires, the Seale strand offers a higher degree of 

resistance against external wear in use when running over the 

traction sheave and the deflection points. 

 An elevator is a device used for lifting or lowering a 

load by means of a drum or lift-wheel around which rope or 

chain wraps. It may be manually operated, electrically or 

pneumatically driven and may use chain, fiber or wire rope as 

its lifting medium. Most elevators couple to their loads using 

a lifting hook. A combination approach in which a 

penetrating lubricant is used to saturate the core, followed 

with a coating to seal and protect the outer surface, is 

recommended. Wire rope lubricants can be petrolatum, 

asphaltic, grease, petroleum oils or vegetable oil-based. 

Elevator ropes are highly engineered and made of steel with 

other composites. Also they are not single wires but several 

strands of various sizes wrapped together. A typical cable or 

rope can have over 150 strands of wire precisely designed to 

be strong, flexible, and give long service. 

 
Figure 3: Elevator Ropes 

B. Elevator Winder 

Winding drum elevators are type of elevator. Elevator cars 

are pulled up by means of rolling steel ropes attached to a 

drum that wind around the drum. The weight of the car is 

usually balanced by a counterweight. In some cases, there are 

2 counterweights. One attached to the car, and one attached 

directly to the winding drum. Winding drum elevators started 

to lose popularity in the 1920s, and are no longer allowed to 

be installed since 1955, except for freight elevators traveling 

40 ft. or less, and traveling 50 FPM or less, though it is 

unknown if any manufactures still make winding drum 

machines for commercial elevators. This is most likely 

because if the final limit switch fails, the elevator will keep 

going, even when it hits the top of the shaft, and the motor 

will not stop, which can damage the elevator, the building, or 

even possibly cause the elevator to free fall. Winding drum 

machines are still allowed for home elevators and short 

distance dumbwaiters. Winding drum elevators appear to be 

designed for slow speeds. Winding drum elevators are very 

rare to see, because of how long they have not been allowed 

to be installed, and that they are often replaced with traction 

machines during modernization. 

 Winding drum machines are usually single-speed, 

and are powered usually by DC, or maybe in some cases AC 

electric motors. The electric motor in this design drives a 

worm-and-gear-type reduction unit, which turns the elevator 

sheave. The gear reduction offers the advantage of requiring 

a less powerful motor to turn the sheave. An electrically 

controlled brake between the motor and the reduction unit 

stops the elevator, holding the car at the desired floor level. 

 
Figure 4: Elevator Winder 

C. Electric motor 

Conventionally, there are, in general, three types of motors 

used in elevator systems: AC, DC and a hybrid between the 

two. The AC-2 motor is a primitive motor drive popular at 

least half a century ago for low-speed elevators. It is usually 

coupled with a worm gear to reduce speed and increase 

driving torque. 

 An electric motor is an electrical machine that 

converts electrical energy into mechanical energy. Most 

electric motors operate through the interaction between the 

motor's magnetic field and electric current in a wire winding 

to generate force in the form of torque applied on the motor's 

shaft. Electric motors can be powered by direct current (DC) 

sources, such as from batteries, or rectifiers, or by alternating 

current (AC) sources, such as a power grid, inverters or 

electrical generators. An electric generator is mechanically 

identical to an electric motor, but operates with a reversed 

flow of power, converting mechanical energy into electrical 

energy. 

 Electric motors may be classified by considerations 

such as power source type, internal construction, application 

and type of motion output. In addition to AC versus DC types, 

motors may be brushed or brushless, may be of various phase 

(see single-phase, two-phase, or three-phase), and may be 

either air-cooled or liquid-cooled. General-purpose motors 

with standard dimensions and characteristics provide 

convenient mechanical power for industrial use. The largest 

electric motors are used for ship propulsion, pipeline 

compression and pumped-storage applications with ratings 

reaching 100 megawatts. Electric motors are found in 

industrial fans, blowers and pumps, machine tools, household 

appliances, power tools and disk drives. Small motors may be 

found in electric watches. In certain applications, such as in 

regenerative braking with traction motors, electric motors can 

be used in reverse as generators to recover energy that might 

otherwise be lost as heat and friction. 
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 Electric motors produce linear or rotary force 

(torque) intended to propel some external mechanism, such 

as a fan or an elevator. An electric motor is generally designed 

for continuous rotation or for linear movement over a 

significant distance compared to its size. Magnetic solenoids 

are also transducers that convert electrical power to 

mechanical motion, but can produce motion over only a 

limited distance. 

 
Figure 5: Electric Motor 

The electric motor should have sufficient power to accelerate 

and carry the load. Two parts are considered separately 

1) The torque required during accelerating the system 

2) The torque required during uniform velocity 

For the deceleration, the braking system is responsible. 

Rated Power 15 kW 

Speed 360 rpm 

Rated voltage 380 V 

Table 1: Electric motor properties 

IV. RESULT  

According to ASME code the maximum permissible shear 

Stress (τ) will be, 

τ = 0.3 σel or 0.18 σut 

τ = 0.3 σel = 61.5 MPa OR τ = 0.18 σut = 93.6 MPa 

Where, 

σel = 205 Mpa 

σut = 520 Mpa 

Hence maximum permissible shear stress is  

σel = 61.5MPa 

The shaft will be subjected to twisting moment or torsion 

which will be obtained by using torsion equation, 
𝑇

𝑗
=

𝜏

𝑅
…… (i) 

Where, 

T = torque acting on the shaft 

j = polar moment of inertia 

τ = tensional shear stress 

R = Distance from neutral axis to outermost fiber = D/2....  

Where D is diameter of the shaft 

We know that, polar moment inertia (j) is given by, 

𝑗 =
𝜋

32
𝐷4…….(For solid shaft) 

Where, 

Combined shock factor (Kt) and fatigue factor (Km) are taken 

as 1, for the gradually applied or steady load. 

Torque to be transmitted is T = 700 Nm 

Hence, from eq. (i) 

700 ∗ 103

𝜋
32𝐷

4
=
61.5

𝐷 2⁄
 

D = 38.7 mm ~ 40 mm 

Also from torsion rigidity equation we have, 

𝜃 =
584𝑇𝐿

𝐺𝐷4
........ (ii) 

Where, 

θ = angle of twist in degree 

T = Torque, N-mm 

L = length of shaft, mm 

G = Modulus of rigidity, N/mm2 = 70.3 kN/mm2 

D = Diameter of shaft, mm 

 

*Let the angle of twist for the shaft 1degree i.e. θ =1℃. 

Hence, 

1℃ =
584 × 700 × 𝐿 × 103

70.3 × 103 × 404
 

L = 440 mm ~ 500mm 

 

Rope specification 

Length of rope: 50000 mm 

Nominal breaking load: 133 kN 

Weight: 0.86 kg/m 

Rope construction: 6 x 26 RRL (right regular lay) rope 

Safety factor of rope 

= (Minimum breaking load) / Load applied 

 = 133 / 15 = 8.87 

 

Drum calculations 

Parameter required, 

Maximum load =15 kN 

 Diameter of rope = 14 mm 

 Length of rope = 50000mm 

 

 

Calculation 

a) Diameter of drum 

Ddrum = (ratio between 20 to 25) x drope 

=20 x 14 = 280 mm 

 

b) Groove radius, 

r = 0.53 x d = 0.53 x 14mm = 7.4mm 

 

c) Groove diameter, 

d = groove radius x 2 = 7.4mm x 2 = 14.8mm 

 

d) Pitch diameter, 

p = 2.065 x groove radius = 2.065 x 7.4mm 

 = 15.281mm 

 

e) Groove depth 

 h = 0.374 x d = 0.374 x 14.8 = 5.5352mm 

 

f) Thickness 

 tx = P/kp = 15000/(210000000 x 0.0148) 

 = 4.826mm 

 

g) Y= 520 mm 

 

h) L5 = L6 = 20 mm 
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i) Number of layer = 3 

 

j) Number of groove = 20 

 

k) Drum grooved length, L3 

 L3 = (n - 1) P = (20 – 1) 15.281 = 290.24 mm 

 

l) Drum un-grooved length, L1=L2 

 L1 = L2 = 1/2 diameter of hook + radius of rope 

     = 47.13 mm 

 m) Safe Factor = 6 

V. DISCUSSION  

We were able to successfully design a Cargo elevator. The 

different concepts were individually analyzed for selection of 

an optimum concept. The selection was made through critical 

consideration of each important factor and its relevance 

compared to other considered factors. This section deals with 

the in-depth design process of the components that make up 

the elevator system. All the necessary calculations for the 

dimensions and specifications of the components were 

carried out. The cargo produces ore of mass 355 tonnes per 

month on average. This corresponds to a production rate of 
355

30×24
= 0.493 tonnes/hour. The conveyance is to be designed 

to carry personnel, materials and the cargo ore to and from 

the Thus the conveyance is designed to carry a payload (cargo 

ore) of 0.493≈0.5 tonnes which is the hourly production rate 

of the cargo [5]. The conveyance is also designed to carry 

three people. For carrying both ore and personnel at the same 

time, the conveyance is designed with two compartments. 

 According to cargo design guidelines [6] 

accelerations and decelerations in the range 0.5 to 0.75 m/s2 

are acceptable for shafts up to 500 meters. An acceleration 

and deceleration rate of 0.5 m/s2 is selected for the elevator. 

The speed-time graph of the elevator for the velocity (1.25 

m/s) and acceleration (0.5 m/s2) is plotted. The fig below 

shows the speed-time graph of the elevator system. 

 

A. Outline of Future Work  

 Gravity elevator—A freight elevator used for lowering 

materials in a car, Cage, or platform through a shaftway, 

the operation of which is accomplished by the excess 

weight of the car, cage or platform and the load over the 

car counterweights. 

 Hand elevator—A freight elevator, the machinery of 

which is actuated by a rope or cable operated exclusively 

by hand. 

 Independently-operated door or gate—A door or gate 

operated by power from an auxiliary source in no way 

derived from the motion of the car. 

 Landing—the floor, balcony, or platform used to receive 

or discharge passengers or freight from an elevator car. 

 Dual control elevator—An elevator capable of operation 

either by an authorized operator in the car or 

automatically by electric buttons or switches. 

 Dumbwaiter—a miniature freight elevator. 

 Elevator—A car, cage, or platform raised or lowered 

vertically in permanent guides or rails, including the 

necessary operating mechanism, used to transport 

persons or materials. 

 Elevator car—the load carrying unit, including the 

platform supporting and guiding frame, and enclosure. 

 Escalator—A moving continuous inclined stairway or 

runway used for raising or lowering persons. Wheeled 

vehicles of any type are not permitted on escalators. 

 Stage elevator—A platform consisting of a section of the 

stage arranged to be raised and lowered above and below 

the stage level in a vertical direction at a speed not 

exceeding 15 feet per minute. 

B. Advantages 

 Drum elevators require less routine maintenance than a 

friction elevator, because the haulage cable is fixed to the 

drum, and therefore have less downtime, and the 

maintenance regime is less sophisticated. 

 Drum elevators can continue to operate if the shaft 

bottom gets flooded and less shaft depth is required 

below the loading pocket, unlike friction elevators where 

such flooding could cover the tail ropes and so on. 

Because drum elevators do not have tail ropes, the 

elevator system is more suited to slinging beneath a 

conveyance. 

 New friction elevators are less expensive than new drum 

elevators, and the lead time for delivery may be shorter 

as there is more competition for manufacturing. Multi-

rope friction elevators have a larger lift capacity than a 

drum elevator. A friction elevator is smaller in diameter 

than a drum elevator for the same service, making it 

easier to ship and install than a drum elevator. 

 Cargo elevators are cheaper to install than other elevator 

types. 

 They occupy less space in a building, requiring almost 

10% less area for the lift shaft. 

 They are highly effective with heavy loads, as the 

hydraulic power provides great lifting strength. 

 There is no need for an overhead machine room. 

Similarly, overhead structural requirements aren’t 

needed either. The load of the elevator is distributed to 

load-bearing walls.  

 You have the option of using a remote machine room. 

 Shaft cargos can extend the deepest.  

 Low civil engineering requirements and high shaft 

utilization. 

 The hydraulic elevator has low requirements on the civil 

structure. It does not require a machine room, only a 

load-bearing wall, and has low requirements on the top 

level. The foundation pit can also be very shallow. 

Because the hydraulic home elevator has low 

requirements for civil construction, it has just been 

introduced to China Time quickly occupied most of the 

home elevator market. 
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 High security: The hydraulic elevator will not over speed 

and lose control, and it is easy to realize self-rescue for 

trapped people. There will be no rushing or squatting. As 

long as the mechanical structure design is reasonable, the 

installation is reliable, the safety factor of the hydraulic 

elevator is relatively high, and the hydraulic elevator can 

use backup batteries. To realize the self-rescue function 

of the trapped people, when the elevator fails or the 

power outage traps people, press the emergency button 

inside the car, and after the hydraulic oil is connected to 

the drain valve circuit, the hydraulic oil will slowly 

return to the tank, and the elevator will slowly rely on its 

own weight decline. 

C. Disadvantages 

 The relatively slow speed. A hydraulic lift cannot move 

faster than 150 feet per minute. 

 Oil in the piston system can overheat fairly quickly, 

which is why an efficient machine-room control is 

important. 

 Hydraulic oil can leak out of the pumping system and 

into the ground at the base of the elevator. This can lead 

to soil contamination groundwater pollution. 

 Hydraulic lifts tend to be a little noisier than other 

elevator systems. 

 The hydraulic oil can emit an unpleasant odor when it 

becomes too warm from overuse. 

 The lift movement is generally not as smooth as with 

other lift systems. 

 There is certain motor noise. 

 If the pump station is not isolated or close to the elevator 

way, there will be some noise when the oil pump motor 

works when the elevator starts up. 

 Hydraulic oil may leak 

 After the service life of the domestic oil cylinder piston 

seal ring, there will be the possibility of wear and tear, if 

it is not regularly replaced, the hydraulic oil will leak. 

 High installation and debugging requirements. 

 The comfort of the hydraulic elevator should be 

determine according to the installation and 

commissioning situation, which requires higher skills 

and experience of the installation workers than other 

elevator platforms. 

VI. CONCLUSION 

This paper presents the study of the design and Analysis of 

Cargo Elevator. As we see the central drum in cargo elevator 

is large and heavy for manufacturing and installation and to 

rotate full body with loads. The study gives the new design 

which can reduce the weight of central drum. The design of 

side disc type structure is replaced with Arm type structure, 

which makes the central drum little light in weight without 

affecting its strength. By reducing the weight of central drum, 

we made the central drum easy to manufacture and 

installation. 

 The review finds that, the central drum in cargo 

elevator is large and too heavy for commissioning and 

manufacturing in single body and for making drive hold to 

rotate full body with loads. The design and optimization with 

structural behavior analysis can give the new design which 

can reduce the weight of central drum. Design is planned with 

casting stiffening links patterned circularly in round drum to 

form complete hollow drum its replacing side disc of drum, 

which can make the system little light in weight without 

affecting its strength.  
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