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Abstract — In order to improve spiral drilling characteristics for soft rock roadway floor and to solve the problem of effective and 
quick pore-forming for the soft rock roadway floor, drilling mechanism analysis and drilling simulation studies were carried out. 
Drilling mechanism for the soft rock floor rig was analyzed, and test was conducted based on the test program, experimental data 
curves of spiral drilling parameters were obtained and analyzed. The relation curve among propulsion, speed and drilling speed 
was carried out together with the relation curve between torque and drilling depth. Then regression analysis was carried out with 
Microcal Origin software, and the corresponding regression functions was obtained. Comparison tested was conducted by Φ43 and 
Φ30 diameter spiral drill pipe, a preliminary study on the effect of the drill diameter on drilling speed. The results show that soft 
rock roadway floor drilling characteristics are different from other rock drilling, propulsion and drilling speed have almost no 
grinding zone, transition zone and repeated fracture zone. Drilling speed increases with the propulsion and speed increasing, but 
there exists an optimum. Torque increases with drilling depth increasing and gradually becomes stabilized. 
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I. INTRODUCTION 

For a long time, soft rock roadway support especially in 
the mining area is always a key in coal mine roadway 
support at home and abroad, and roadway instability caused 
by the roadway floor long-term deformation and floor heave 
is a difficulty in the support [1,2,3,4]. Such as the Longkou 
mining area in China. Its buried depth, high ground pressure 
and support difficult result in roadway surrounding rock 
pressure, deformation, damaging the roadway. There are 
various support methods in soft rock roadway at home and 
abroad, such as the use of anchor combined support network 
with spray, retractable metal stents, shotcrete support plus 
puzzle and fully enclosed metal stents noise, etc., although 
these support methods play a role in soft rock roadway, they 
need huge amount of support engineering, high-consuming, 
and they often support roadway passively [5,6,7,8]. 
Therefore, based on the New Orleans support theory, bolting 
is also used in the soft rock roadway floor, forming an 
organic whole with the help of roadway roof support, and 
that is the whole section of roadway bolting with wire mesh 
technology adoption. In this way, the use of active support 
can fully mobilize rock itself as a part of the supporting 
structure, and also by trying to improve the overall strength 
of the rock, control the scope to expand to solve the stability 
problems of this roadway. 

But roadway floor bolting involved floor roof bolter, the 
study on which at home and abroad is less, and the 
efficiency, reliability and practicality have been the problem 
[9,10,11]. Currently, soft rock floor spiral drilling parameters 
are often still referred to the design methods of roof bolter, 
and spiral slag lifting parameters are designed based on 
large-diameter vertical screw conveyor or auger of other 

sectors, while the minimum standard diameter of screw 
conveyor is generally above 150mm, large diameter spiral 
auger drill is also more than 100mm in diameter, so they 
can’t guide the design of soft rock roadway floor spiral 
drilling rig parameters. Currently there is no related 
technology research on small diameter spiral characteristics 
for soft rock roadway floor drilling at home and 
abroad[12,13,14]. 

In this paper, drilling mechanism analysis and drilling 
simulation studies were carried out for soft rock floor and 
spiral drilling characteristics for soft rock roadway floor 
were also carried out to achieve effective and quick pore-
forming for the soft rock roadway floor to guide the design 
of this kind of drilling rig. 

II. MECHANISM ANALYSIS FOR THE SOFT 

ROCK FLOOR SPIRAL DRILLING 

According to the characteristics of soft rock roadway 
floor rock, rotary double-edged drill should be used for rock 
breaking bit when drilling in soft rock roadway rock. Under 
certain axial pressure, rotary drilling process is continuous 
rotary cutting rock, to make blade drill move along the spiral 
line, and rock slag broken from bottom hole was drained out 
of the hole through the spiral drill pipe, forming roadway 
bolt hole. Process of cutting rocks of two rotary cutting bits 
is as follows. Fig. 1, rotary drilling work was carried out 
continuous, but the process of cutting rock by diamond blade 
is not continuous. After being cut in large pieces of rock 
formations, drill moves forward, rock crushing squeeze 
continued off and formed small pieces, until the formation of 
another large fragments. 
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Fig. (1): The rocks cutting process of rotary cutting bit 

Due to the discontinuity of drilling cutting, instantaneous 
propulsion and torque on the drill bit will produce certain 
fluctuation. Rock hardness directly determines the 
fluctuation range of size. The bigger Rock hardness, the 
more obvious the fluctuation, which has been verified in the 
experiment research of many scholars. But the soft rock 
roadway is soft rock, debris causing discontinuities is not 
obvious with other hard rock, instantaneously propulsive 
pressure and torsion on the drill bit also produced slight 
fluctuation, the rock breaking process forms in large debris 
reached the maximum due to the formation of small debris 
and propulsion through several fluctuations, Therefore, 
changes of the propulsion and torque in the process of 
drilling is not obvious, amplitude is not too large. This is 
confirmed by the following simulated drilling results. 

mF k h                                          (1) 
where k is intrusive coefficient, m=0.5~2, h is intrusive 

rock depth. 
The bit is a synthesis of two movement in the drilling 

process, that is, straight run down and rotating movement, so 
the trajectory point on drill blade is a spiral line, as shown in 
Fig. 2. 

 
Fig. (2): Trajectory diagram of drilling point edge 

For wings drill, the coordinates of point A (X, Y, Z) 
disposed on drill blade, when spiral drilling the drill, drilling 
direction of point A, namely the Z-axis velocity along the 
diagram, 
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where v is drilling speed, n is the rotational speed of the 
drill bit and drill. The relationship between drilling speed and 
speed and axial thrust, 
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Equation 3 shows, the drilling speed is related to rock 
properties and drill parameters. Once these parameters are 
established, the faster the speed, the faster the drilling speed. 
Axis thrust increases, the depth to bottom hole rock which 
bit cuts into increases, so the drilling speed increases. In 
order to obtain a high drilling speed, the drill bit should be 
increased in drilling speed and the axial thrust within the 
appropriate range. 

Torque includes drilling rock breaking torque and residue 
lifting torque when drill spiral drilling. Drilling rock 
breaking torque is related to rock properties, parameters of 
bit and propulsion and so on, and residue lifting torque is 
related to the spiral drill pipe parameters and drilling depth. 
Once the rock properties and parameters of bit are 
established, drilling torque increases with the increasing of 
propulsion. Once the spiral drill pipe parameters are 
established, residue lifting torque increases with the drilling 
depth increasing, and the increasing speed is slow. 

III. SIMULATION TEST SYSTEM FOR SOFT 

ROCK FLOOR SPIRAL DRILLING 

Simulation test system of soft rock floor spiral drilling 
consists of simulation drilling test device, parameter test 
system and simulation test block, and hydraulic power was 
adopted in the test system, as shown in Fig. 3. 

 
Fig. (3): Simulation test bench and test system diagram 

A. Simulation Test Device  

The device consists of a mounting base, drilling system, 
hydraulic control system and hydraulic power pump station 
and other components. Drilling system consists of push 
frame, drilling assembly, propulsion cylinder and sprocket 
multiplication mechanism. Drilling assembly, propulsion 
cylinder and sprocket multiplication mechanism and other 
main components are installed on the push frame; drilling 
assembly is hinged to the propulsion cylinder through the 
carriage, and move forward and backward along the slide, 
realizing drilling stroke feed. In order to make the structure 
of drilling rig compact, sprocket multiplier mechanism was 
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used to propulsion system. Rotary component of the rig 
consists of hydraulic motor, drive head assembly, providing 
speed and torque for drilling rig. The front of slide has a 
rotary drill device, contributing to righting the drill pipe and 
trepanning accuracy. Torque speed sensor on the motor drive 
and head assembly, and the motor together form the drilling 
assembly. A displacement sensor is arranged on the side, and 
the mobile part is connected with the thrust cylinder. The 
pressure transmitter is arranged on the thrust cylinder. 
Hydraulic pump station consists of motor, tow-pump and 
fuel tank. The hydraulic operating system consists of drill 
motor control valve, one-way control valve, propulsion 
control valve, relief valve, the pressure gage and other 
components. Test consists of Φ32 and Φ45 two bit and Φ30 
and Φ43 two kinds of spiral drill pipe. The following data 
mainly use Φ 32 and Φ 30 spiral drill bit to test, Φ 45 and Φ 
43 spiral drills are used for contrast test. 

B. Parameter Test Systems  

With virtual instrument technology, PC was used in 
parameter test system for data acquisition, instrument 
control, measurement analysis and data display, and the 
display was used to show the test results of real instrument, 
and the input / output interface equipment was used to realize 
the signal acquisition, measurement and debugging, so as to 
realize the test functions of traditional instruments. The 
LabVIEW software was used to capture the experimental 
data.  

C. Production of Simulation Test Block 

After sample test, the test block material methods was 
obtained satisfied with simulation soft rock roadway, and 
based on the production methods to concrete the test block. 
According to the experimental plan, taking into account the 
unpredictable factors simulation in the process of drilling, 5 
test blocks were made. Test piece size (length ×width× 
height) is 600mm × 600mm × 800mm, the density is 
2×103kg/m3, mass M is 576kg, the compressive strength is 5 
~ 6MPa, elastic modulus is 3.2MPa. 

IV. SIMULATION TEST RESULTS AND 

CHARACTERISTIC ANALYSIS 

A. Simulation Test Process and Data Acquisition 

According to the drilling mechanism of rock breaking 
[15], all spiral drilling main parameters have their optimum 
values when spiral drilling, but the spiral drilling parameters 
are closely linked with each other and mutual influence in 
the actual drilling process. Simulation test of spiral drilling 
characteristics for soft rock roadway floor is to increase drill 
speed and axial thrust gradually in accordance with an 
incremental, simulation test drilling in accordance with the 
each speed and thrust, and then automatic record the torque, 
drilling speed, drilling depth by test system and observe the 
effect of slag spiral drill pipe. 

B. Analysis of Propulsive Characteristics 

The former Soviet Union scholar Ali Karimov used the 
relation curves of thrust, drilling speed and specific work to 

explain their relationship based on the test, and the 
characteristic of change were divided into 4 districts, namely 
the grinding zone, transition zone, drilling and repeated 
crushing zone. Those districts proved to be in line with the 
actual drilling situation trend. But its regional coverage 
changed for soft rock bottom drilling. The test shows that the 
propulsion is less than 6kN, the drilling speed is very slow, 
and even unable to drilling, and it can be regarded as the 
grinding zone and transition zone. The test speed and drilling 
speed curve is shown in Fig. 4. 

 
Fig. (4): Relation curve of axial thrust and drilling speed 

(1) Drilling speed in grinding zone and transition zone is 
almost very small, drilling suddenly into the drilling zone, 
drilling speed increases quickly, presenting increasing trend 
with the propulsion, and there is almost no repeat fracture 
zone. Considering the strength of the spiral drill pipe, 
propulsion can be increased, but the safety of drilling pipe 
must be ensured. Thus through improving drill string 
stiffness and strength to improve the propulsion in the 
drilling process, and the purpose to improve the drilling 
speed will be achieved. 

(2) Under the same drilling speed, with the increase of 
rotational speed, propulsion gradually declines. This trend 
indicates that improving drilling speed in favor of spiral drill 
rigs slag lifting. Spiral slag lifting reaction and propulsion 
are in contrast, partially offset by propulsion, making the 
propulsion decline with the speed increasing. 

Microcal Origin software was used in the study for 
regression analysis of test data obtained in simulation drilling 
test, and variation formula fitting is below and the 
calculation results is shown in Table1 and Fig. 5. 

   2 1 2 0/ 1 exp /Y A A A x x dx             (4) 

TABLE 1. FITTING CURVE COEFFICIENT TABLE OF AXIAL THRUST AND 
DRILLING SPEED 

x0 A1 A2 dx

Base Value 11.43 27.35 112.18 0.98

Range ±0.83 ±1.43 ±0.35.5 ±0.27
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Fig. (5): Fitting relation graph of axis thrust and drilling speed 

C. Analysis of Speed Characteristics 

In the same kinds of rocks, speed is one of the factors 
that impacts on drilling rock breaking, with the speed 
increasing, the crushing process accelerates, and friction 
increases over a certain range, the temperature increases, 
drilling speed decreases. This feature is shown in soft rock 
roadway floor. Speed and drilling speed graph is shown in 
Fig. 6. 

As shown in Fig. 6, with the increasing of speed, the rock 
breaking efficiency and spiral slag lifting effect gradually 
improves, when the speed is lower than a certain speed that 
is not enough to drilling, sticking phenomenon occurs, and 
also unable to realize the spiral drill pipe slag lifting. When 
the speed exceeds a certain value, the drilling speed drilling 
down instead of increasing, friction increases and spiral slag 
lifting effect is not good. The test results shows, the speed of 
test block is in the range of 280r/min ~ 450r/min. When the 
speed is in the range of 400r/min ~ 450r/min, the propulsion 
is 13kN, the drilling speed is maximum, slag lifting effect is 
the best. 
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Fig. (6): Relation curve graph between speed and drilling speed 

Microcal Origin software was used for regression 
analysis of test data obtained, fitting variation formula is 
below and the calculation results is in Table 2 and Fig. 7. 
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TABLE 2. FITTING CURVE TABLE OF SPEED AND DRILLING SPEED 

 Y0 XC W A 

Base Value 22.67 415.89 103.10 8402.22 

Range ±1.84 ±1.57 ±5.44 ±55.94 
 

 
Fig. (7): Relation fitting curve graph of speed and drilling speed 

D. Analysis of Torque Characteristics 

Based on the analysis of rock crushing theory, in the 
same kind of rock, compressive strength and shear strength 
of rock are unchanged. For soft rock roadway floor spiral 
drilling, the actual situation is not entirely true from the test 
graph, and drilling torque consumption is not static. Test 
curve of torque and drilling depth is shown in Fig. 8. 
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Fig. (8): Diagram of torque and drilling depth 

As shown in Fig. 8, drilling rig only need to overcome 
the rock breaking torque, but along with the drilling depth 
increase, slag torque increases gradually, the curve with 
drilling depth has an increasing trend. For some kinds of soft 
rock and drill, rock breaking torque has been set, and just has 
relationship with once cutting depth. Normal drilling torque 
in this test is between 100N.m and 160N.m, that is the 
drilling torque, rotation speed and propulsion parameter 
changes in the beginning, which mainly is different from 
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cutting depth under different speed and propulsion 
parameters, resulting in the difference of torque depletion. 

The variation of torque and drilling depth as following 
formula and calculation results is shown in Table 3 and Fig. 
9. 

1/
0 1

X tY Y A e                        (6) 
 

TABLE 3. FITTING CURVE COEFFICIENT TABLE OF DRILLING TORQUE AND 
DRILLING DEPTH 

 
 Y0 A1 t1 
Base Value 118.11 -129.42 56.96
Range ±0.49 ±1.81 ±1.26
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Fig. (9): Relation fitting curve of torque and drilling depth 

E. Comparison Test of Drill Diameter Impact on 
Drilling Speed  

Drilling test was conducted by the Φ43 spiral drill pipe 
with the Φ45 bit. Drilling test was made by the Φ43 spiral 
drill pipe and the Φ30 spiral drill pipe, and experimental data 
curve was obtained to compare. Fig. 10-11 show the contrast 
curve of propulsion and drilling speed, speed and drilling 
speed, torque and drilling speed, using Φ30 and Φ43 two 
diameter spiral pipe. 
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Fig. (10): Curve comparison diagrams of propulsion and drilling speed for 

two diameter spiral drill pipe 

As Fig. 10 shows, drilling speed of two diameter spiral 
drill pipe increases with the propulsion, and the increasing 

trend is almost the same. Under the same propulsion, drilling 
speed of diameter of 43 spiral drill pipe is greater than the 
diameter of the 30 spiral drill pipe. The reason is the 
diameter of the spiral drill pipe has a wider helical blade, and 
the slag lifting by spiral drill pipe, therefore, drilling speed of 
the bigger diameter spiral drill is larger under the same 
propulsion. 

 
Fig. (11): Curve comparison diagrams of speed and drilling speed for two 

diameter spiral drill pipe 

 

Fig. (12): Curve comparison charts of torque and drilling depth for two 
diameter spiral drill pipe 

As Fig. 11 shows, drilling speed of two spiral drill pipe 
increases with the speed increasing, which the increasing 
trend is similar. With the speed increasing, the drilling speed 
increases. When the speed reaches a certain time, bit wear 
increases, even if the speed increases, the propulsion is no 
longer increasing and even declines. Under the same 
conditions of speed, drilling speed of the bigger diameter 
spiral drill pipe is larger, due to the large diameter spiral drill 
has a wider spiral blade, and slag lifting by spiral drill pipe, 
slag lifting unobstructed. 

As Fig. 12 shows, torque of two spiral drill pipe 
continues to increase with drilling depth becoming deeper. 
Torque consumption of slag lifting of large diameter spiral 
drill pipe is slightly larger than the small diameter spiral drill 
pipe. But they have little difference, mainly power 
consumption of spiral drill pipe slag lifting is not big, and 
torque of rock breaking is small, so under the same drilling 
depth, torque changes little with drilling depth, and the larger 
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diameter spiral drill pipe have more slag lifting and 
consumption. 

V. CONCLUSIONS CONFLICT OF INTEREST 

ACKNOWLEDGMENT 

By simulation drilling test and analyzing data, for soft 
rock roadway spiral drilling, it can be concluded, 

(1) Relation curve of propulsion and drilling speed exists 
grinding zone, transition zone, the drilling area and repeat 
the crushing zone. Drilling speed of grinding zone and 
transition zone is almost very little, then suddenly the drilling 
get into the drilling area, drilling speed upgrade fast, has a 
growing trend with the propulsion, and there is almost no 
repetition broken area. 

(2) With improvement of speed, effects of drill rig rock-
breaking and the spiral slag lifting gradually improves, and 
gradually becomes an optimal speed value. But it can not 
drill when speed is below a certain speed. When the speed 
exceeds a certain value, drilling speed will not increase but 
decrease. 

(3) The torque increases with the increasing of drilling 
depth, and with different speed and propulsion parameters, 
the drilling consumption of torque is not the same. In the 
overall trend, for the same test specimens, and torque 
gradually tends to a stable value. 

(4) Under the same propulsion, drilling speed of larger 
spiral drill pipe diameter is larger. Under the same drilling 
speed, the speed of large diameter spiral drill is larger. Under 
the same drilling depth, drilling torque of two kinds of spiral 
drill pipe changes little with drilling depth, and consumption 
of torque for large diameter spiral drill pipe is slightly larger. 
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