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ABSTRACT

Underground mining is a difficult area for miners to work. Man riding chair lift (MRCL) system is a
transportation media for the people working in underground mines. Underground mines are opened in two ways:
shaft sinking vertically from the surface to the coal seam and through an incline drifted horizontally following
some gradient pattern normally 1:4.5 up to the coal seam. People have to travel a long distance to reach up to the
working faces in underground mines through the incline. This long travelling distance consumes more time and
energy to reach working places. Due to that, the miners get tired. Production losses are incurred due to less
working hours and inefficiency of workers. Miners must go to the working faces by walking, which is not only
time consuming but also physically demanding. MRCL is installed to facilitate the people working in underground
mines. In mines, a man-rider chair lift system (MRCL) has been developed to alleviate the strain stresses caused
by walking lengthy and uneven distances up to the working faces. All parameters, including horizontal and
vertical distances, variation and inclination of underground mines, slope forces considering the weight of persons
and chair, forces acting towards return and drive unit, curves angles, power to operate, and rope safety factor,
are calculated mathematically while modelling a man-rider chair lift system for both the installation and
extension phases. It reduces man effort to reach the face and also saves time. Non-destructive testing of MRCL is
mandatory to ensure the safety of the people. Testing and durable structure will increase the efficiency and safety
of MRCL.
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1 INTRODUCTION

Underground coal-mining technologies are used to excavate deep-down coal seam strata in the earth. Mines are
open 24 h a day, seven days a week, and progress is made using the board and pillar development approach
during every coal-mining operation. The advancement of working faces lengthens the distance that miners must
travel to reach their work places. This constant increase in travel distance causes fatigue among miners and
reduces productive working time. A man-rider chair lift system is the solution to overcome these situations of the
underground mines

A man -riding system is employed in deeper mines to aid miners in overcoming major transportation obstacles. It
helps to reduce travel time without tiring out miners working in subterranean mines while also increasing output.
It is a safe, quick, and pleasant method of transporting miners across long distances with uneven horizontal and
vertical bends and grades. As production losses are caused by ever-longer underground travel distances, these
systems have become increasingly important in modern mining. The man-rider chair lift system is an electro-
hydraulic mechanism with an endless rope. The driving pulley sheave is operated by a hydraulic motor that
receives flow from a hydraulic pump and is powered by an electric prime mover. The drive pulley sheave rotates
on its axis and revolves the rope due to tension-induced friction between the drive pulley sheave lining and the
steel wire rope. Its rope runs between the hang carrying and depression pulleys on the roof, which are maintained
in place by grouted tubes at underground gallery roof. The man-riding chairs are securely held on an endless wire
rope by positive friction. Roller stations set at regular intervals guide the wire rope itself. The wire rope is driven
at the appropriate speed by a drive station located at the system’s head.
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The embarking and disembarking stations are used to pick up and drop off riders as well as to ensure reliable
chair uncoupling and pick-up by the wire rope at the transition area from wire rope to rail. The return station and
tensioning tower weight are erected at the conclusion of the transit section. Curve stations hung in the transport
segment by anchoring chains can address horizontal course variations effectively. The individual rides on the
MRCL in the mine use a chair to get from one location to the desired destination and back. The man-riding chairs
on an infinite wire rope are held in place by positive friction. The wire is steered by rollers spaced at no more than
fifteen-meter intervals. The driving station and return pulleys are securely connected to withstand forces up to the
rope’s minimum breaking force. A roof hanging system with a return pulley and proper rope tensioning
configuration is used for the return end installation. The return end installation and tensioning column with
internal tensioning weight are installed at the downhill end. It is supported by rails and is used to adjust the
tensioning distance of the counterweight. This system is also equipped with many safety features such as over-
travel and over-speed switch, pull cord rope and switch, pre start alarm, emergency brake, hydraulic brake,
telephone and pager phones, etc.

Coal Mines Regulations, 2017, Regulation 93(6) stated that “In case the travelling distance from the incline or
adit mouth or pit bottom exceeds one kilometer or the travelling is arduous, the owner, agent and manager shall
provide suitable man-riding arrangement as approved by the Chief Inspector, within one year from the date of
coming into force of these regulations.” Therefore, a system was designed which increases the effectiveness of
utilization of workmen with reducing the drudgery of walking. MRCL is a device utilizing for transporting of the
workforce to mines and back. NDT is the best engineering tool for detecting a flaw or defect developing and
inherently present in the system. It is an economical and time-saving procedure. On that basis, the testing, safety
and reliability of machines can be ensured. The efficiency of MRCL is increase and maintained for over the time
period.

Drive Unit

Return Unit

Figure 5. Forces acting on wire rope.

2 OBJECTIVE

Here there are some objectives that we are going to give a brief explanation regarding increase the efficiency and
safety of the chairman-riding system for underground mining and the following objectives that we are going to
addresses are:

1. To review the methodology of design and safety factor of the Man rider chair lift system.

2. To review the Non-destructive test for the durability and safety of the Man rider chair lift system. and provide
the recommendation.
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3 METHODOLOGY

It is critical to address risk assessment and safety during the design, installation, and extension stages of MRCL in
accordance with the DGMS recommendations as per CMR Regulation 93(6). But it is importance for check the
efficiency of MRCL. To relieve the strain pressures produced by travelling long and unequal distances up to the
working faces in underground mines, an MRCL was devised to be installed in the mine,

3.1 Load Calculation for Man Rider

Assume, The MRCL is installed at the mines according to the IS 17242-2019. The drive head of MRCL is grouted
at the pit top of the incline, and its tail end is grouted in the below-ground mine at the desired place up to the
length of the installation. The distance between two tubes and two riders is 15 m.

Gradient = Ratio of one meter drop in RL to horizontal distance covered (1:X)
@ = tan—1(Gradient)

3.2 Calculation of Slope Forces
F1 and F2 are the forces resulting from the weight of persons (assumed average weight 80 kgf/pers);

F3 and F4 are the resulting forces from the weight of chairs (13 kgf/chair);
F1 and F3 are the forces acting in the direction from the drive unit to the return unit.

F2 and F4 are the forces acting in the direction from the return to the drive unit, as shown in fig.

Fpp = (80 x 9.81 x Horizontal Distance x sin@)/15 .......... 2)
Fp.u = (80 x 9.81 x Horizontal Distance x sin@)/15 ......... ?3)
Fcp = (13 x 9.81 x Horizontal Distance x sin@)/15 ......... 4)
Fcu = (13 x 9.81 x Horizontal Distance x sin@)/15 ......... ®)]

Slope forces acting on the wire rope of MRCL due to the weight of riders and chairs are calculated by the
Equations (2)—(5).

FI =% Fpp; F2=% Fpy; F3=3% Fcp; F4=3% Feu;
Resulting slope force:
Fu=F1+F2+F3+F4) . (6)

3.3 Calculation of Man-Riding Capacity (Mc)
Travelling speed: S (m/s);

Distance between two chairs: L¢c = 15 m;
Mc = (S % 3600)/Lc [Person/hour]...... ........ccoevvennnns @)

3.4 Calculation of Required Rope Pulling Force (FR)
Summation of the angles of all the horizontal curves of MRCL: ay;

Summation of the angles of all the vertical curves of MRCL: ay;

Rolling resistance of each pulley station in straight section of the installation: Rps;
Rolling resistance due to a rope deviation of 3'(curves, synclines, anticlines): Rq
Resulting rolling resistance of pulley on either side:

Fr = Rpg X L/Lp + Ry ((XH + (Iv)/3 ............................... (8)
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Required pulling force (FP):
Fp=Fy+ 2 x Fr [N] ........................................... (9)

3.5 Calculation for the Required Output of Drive Unit
The drive unit of MRCL is comprised of an electrical motor, hydraulic power pack, hydraulic motor, and drive
pulley combined to drive the steel wire rope, as shown in Figure

H \Iiruulic
oLor o
) Drive
Hydraulic [ : 1 Pulley
Drive Unit Steel Wire

, ope
Electric Rope
Motor L) [ I

RCC. pr A7 RCC
- Foundation Foundation

Figure 6. MRCL Drive Unit.
Required output of the drive unit (Po):

Po=FpxS/(9.8 x102) [KW] .coiiiiiiiiiiiiiiiiiiiannn, (10)

Efficiency of the drive unit n);

Required input of the drive unit (electric motor) (P;):

Pi=Pom KW e (11)

Required capacity of induction motor = P; x 1.1 (considered factor 1.1);
Select the nearest and effective capacity of the motor to the calculated value.

3.6 Calculation of Required output of the Rope Safety F
Rope safety factor (S.Fg) = Ultimate strength/Working stress (Fp/Fy) must be higher than 10.

Overall maximum inclination (Average) o,

on=((L1x @1 + L2x @2 + L3x @3+ ...+ Lnx @n))/L .........(12)
Effective length of installation for total vertical deflection of o,
LE=L/CoS Oy [M] +euviiniiiiiiieece e, (13)

Maximum number of riders for the installation:

NR=LE/Le X 2 i (14)
Horizontal component of force acting on the wire rope:
Frac=Fp X Sin0 ..o (15)

Vertical component of forces acting on suspension tubes at full capacity of the chair lift system:
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Fys = ((NR X (WP + Wc) X g) + Lg X 2 X (WR/IOO) X g) x  Cos Oy [N]

3.7 Calculation of Maximum Permissible Load-Bearing Capacity of Holding Bolt/Roof Bolt of
Suspension Tubes

Number of suspension tubes for the total length of chairlift system:

T = LE/lp oo (17)
Self-weight of suspension tube with carrying and depression pulley (Wgr):
Wsr =115 kgf (apProx.) «ovevevriiiiiiiiiieieiee e (18)

Force acting on each suspension tube due to its own weight:
Fss=Wsrxg [N] .o (19)

Force on each suspension tube at maximum capacity of chairlift system:
Fsr=Fvsmr+Fss  [N] oo (20)

Force on each suspension tube with two passing at the same time:

Fsp = (Fpp + Fpy + Fep + Fey) + Fss + (Wrisxgx2) ........ (21)

Since Fsp > Fst, we will be considering this force for calculating the load-bearing capacity of roof bolts.
Load test of each roof bolt done with minimum 5000 N;

Two roof bolts are used to fix each suspension tube, and the suspension tube arrangement is shown in Figure

Grouted
Roof Bolt

Under ground Roof

Depression —Suspension

Pulley Tube
Steel wire—
Steel wire~ :
blzopclu -_Carrying
e Pulley
Man Riding
Chair

Rider

Figure 7. Suspension tube grouted with two number of roof bolt.

3.8 Factor of Safety for Each Suspension Tube
See below

For=5000 X 2/FSp  +evveeeeeeeeee e (22)
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3.9 Calculation of Factor of Safety of Tensioning Rope

Figure shows the rope tensioning arrangement along with counter weight.

Under Ground Roof

Tensioning
 Rope

. Counter

” v fAT a_ > //'“,Clght

Steel Wire  / Tensioning

Rope  Return Pulley ~
Pulley =

_—Tensioning
Tower

Figure 8. Rope Tensioning Unit.
Weight of counter weight W = 1500 kgf;

Force on tensioning rope due to counter weight:
Fow=We X081 oo, .(23)

Minimum breaking force of the tensioning rope Bg:

Br= 167,000 N for 16 mm steel wire rope;

Br = 191,000 N for 18 mm steel wire rope.

Factor of safety of tensioning rope:

F.Str = Ultimate strength/Working stress = Bg/Fwg ...... (25)

4 Requirement of rope for Man-Riding Lift Chair System

The MRCL installation and extension into two phases at underground mines. The rope should be galvanized and
have a long life under typical conditions. The rope’s speed should be changeable between O and 3 m/s. The
breaking load of the rope should be at least ten times greater than the maximum static load. The time length was
set at one year, and it must be assured that this rope life is not exceeded. The rope must adhere to the Indian
Standard for aerial ropeways as well as the applicable clause of the Coal Mines Regulations, 2017. Table contains
the technical specifications for steel wire rope. If the rope diameter falls below 10% of its original value, and there
are more than 17 broken wires in a 1.5 m length or more than 8 broken wires in a 0.24 m length, the rope must be
replaced.
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Table 6. Steel Wire Rope Specifiu:ati-;ms.

Steel Wire  Nominal ol Cosindl Strand Tensile ~ Tipe lay Minimum
Rope  Diameter 18 T Costocion ~~ Grade ~~ ofCore~ Direction~ Breaking Force
[5 : Fe hil ; lomn’ =
et |6y mm Tk VCHE RHL T

185/ 2008 KO Thaell prelormed, Bl THN/mm ShAl KoL 167EN

Miked ; gilvarized ; I9 1608

bkm

5 NON-DESTRUCTIVE TESTING AND TEST TECHNIQUES

Non-destructive testing of MRCL is mandatory to ensure the safety of the people and machines itself. Wahed and
Farhan performed an investigation of non-destructive testing of the pressure vessel. They utilized ultrasonic flow
detection and magnetic particle testing techniques for checking long seam weld and circumferential seam weld,
undercuts, porosity and hairline cracks. No defect was found in the pressure vessel. Some limitations are there for
checking the varying cross-sectional parts and high-current magnetizing effects in magnetic particle testing.
Various cross-sectional jobs could not be tested by ultrasonic flow detection techniques. Pohl et al. investigated
NDT techniques for railroad wheel and gauge corner inspection. They performed in situ inspection of rail load
wheel and gauge corner especially of high-speed trains to ensure safety norms of wheels with mechanized or non-
destructive inspection system. Ultrasonic wheel inspection technique and eddy current techniques were used to
inspect the wheel and railway gauge corners, respectively. Gholizadeh reviewed non-destructive testing methods
of composite materials. In this review study, various techniques are analyzed based on their capabilities and
account their advantages and disadvantages. NDT techniques, such as visual testing, thermography, radio-graphic
testing, ultrasonic testing, acoustic emission, electromagnetic testing and thermography tests, were engaged for
performing these methods. These techniques are characterized based on their intrinsic characteristics and
applications. Singh et al. did a review of MRCL system effectiveness in underground coal mines with reference to
Ballarpur Colliery 3 and 4 pits using rank—weight method. They suggest the basic safety features to be included
with the system for riskless operation of the man riders.

NDT of MRCL system was done by two methods:
(i) ultrasonic flaw detection technique
(i) (ii) liquid dye penetration technique.

5.1 Ultrasonic Flaw Detection Technique (UFDT)

Ultrasonic flaw detection/Ultrasonic testing of a component consists of sending a beam of energy into the
component. High-frequency sound energy (between 0.5 and 10 MHz) is propagating from the transducer into the
testing specimen. The speed of propagation is proportional to the density and elastic behavior of the medium.
Ultrasonic waves are reflected from a dissimilar surface or interface. This is the working principle of ultrasonic
waves used in UFDT. The amount of reflection of ultrasonic waves from interfaces depends on the acoustic
properties of the material.

Laws of light are followed by the ultrasonic waves. These waves are generated from the transducer, which
transforms electrical signals to mechanical vibration and vice versa. These waves collect information and
displayed on a cathode ray tube. The cathode ray tube is calibrated to enable accurate thickness measurement of
locating the defect. Height, amplitude and percentage of the reflected waves are given the exact orientation and
size of the defects. Figure shows the line diagram of UFDT set-up. The drive sheave pin and return pulley shafts
were tested by UFDT.
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Ultrasonic testing process of NDT follows the reference standard ASME Sec. V, Article 4, ASTM A609 for test
procedure and ASME Sec. VIII, Div.l1 Apx-12 (welding checking with angle probe) for acceptance standard.
Equipment used was Digi scan DS-322 with the pulse-echo method with a light intensity of 1080 Ix.

Pulser/ Receiver
Transducer
[nitial Eeho Mode
Backwall
Gate  Defect Echo Echo ™ . Defec
) ¢ )
| b

Nl

1 2345 67 8910 Object
Fig. 3.2 Line diagram of UFDT set-up

5.2 Liquid Dye Penetration Testing Technique (LDPTT)

It is the most widely used non-destructive testing technique for the detection of surface flaws by a capillary
phenomenon. In this NDT technique, the liquid form of penetrant is spread over the cleaned surface of the test
specimen which was cleaned by cleaner or remover and waits for the next ten minutes. This liquid can be
penetrated effectively in the surface discontinuities vicinity. The capillary phenomenon helps in finding the
surface discontinuities, cracks and blowholes or pinhole. After ten minutes, clean the surface with cleaner and
then spray the contrast colour developer on the surface. If any discontinuity is there, penetrant comes out from the
vicinity of defects. Shape and size of contrast colour penetrant show the intensity of defects or cracks.

Liquid dye penetrant test process of NDT follows the reference standard ASME Sec.V, Article-24, SE-165
(IS3658-1999) for test procedure and ASME Sec. VIII, Div.1Apx.8 for acceptance standard. The light intensity is
of 1080 Ix.

6 CONCLUSION

The MRCL system is a man-riding arrangement designed to move workers in and out of underground mines. It is
an endless machine that uses two pulleys, drive and return, to rotate steel wire rope. Curve, carrying, and
depression pulleys are used to guide and support the rope of the MRCL installation all the way along its length.
As a result of the rope rotating over them, these pulleys are constantly in motion when the MRCL is operating.
The steel wire rope must be operated at or above FOS 10 to comply with safety regulations. The minimum
breaking strength of a 16 sq mm steel wire rope is 167 KN, and the rope can only be operated with slope forces as
high as 16.7 KN. The steel wire rope must be replaced after one year of continuous usage consisting of a
minimum of 12 h a day, i.e., 12 x 365 = 4380 h, or every 10% reduction in the original cross-sectional area,
whichever comes first. The strength of the steel wire rope decreases as its cross-sectional area decreases, and the
impact of the practically resulting slope forces increases as the rope length and angles increase. Both occurrences
reduce the factor of safety below ten, which violates the safety norms established by DGMS for the use of steel
wire rope in the MRCL. Risk assessment while using the MRCL is negligible, and it is safe for operation for
miners while going in and out and to and from the mines.

The novel aspect of this research is that the load was computed mathematically for each and every load-bearing
portion of the MRCL. For both stages, a simulation model of steel wire was examined under the established
stresses under loading conditions. This study can aid in the resolution of real-world issues involving the
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consideration of safety factors for design requirements that include stress and strength characteristics.

Non-destructive testing conducted on MRCL to ensure whether load bearing components are in intact condition
and safe for the operation of transportation of people in the underground, both level and gradient of mines. UFDT
and LDPT are conducted as an NDT of MRCL. Result of these tests ensures for continuing the use of MRCL for
transporting miners in underground mines for the further next six months. Few limitations are there in ultrasonic
testing procedure of NDT. We cannot test the material which unable to transmit ultrasound waves. Thickness,
permeability, grained structure and shape of the material to be tested can create difficulty in ultrasonic testing.
Thin size, course- grained structure and irregular shapes’ components are difficult to check by ultrasonic method
of NDT testing. The orientation of the defects concerning the sound beam, size, nature and distribution of the
defects within the test material can affect the ability to detect the flaws. Large surface area test piece can consume
more time for testing, and therefore, this technique is expensive. Highly skilled and experienced manpower is
required to conduct the UFDT as compared with other methods of NDT.

7 RECOMMENDATIONS

To increase the efficiency, safety and life of MRCL, we should follow the Indian Standard for aerial ropeways as
well as the applicable clause of the Coal Mines Regulations, 2017. For design, used above mentioned
methodology as per the requirements. Over design of MRCL will also reduce the efficiency and safety. We should
follow the all the related codes, standard and safety rules for the design and operation. Before the use of MRCL,
we should conduct NDT testing as per relevant standards and codes for safety purpose.

NDT test will most important for check the durability and strength. Safe design and strength will increase the
efficiency of MRCL. For safety, we should conduct the testing every 6 month of uses of MRCL. And changes
and modification will done every one years of uses of MRCL.
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