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A New Control Device for Over-exca-
vation and Under-excavation of Tunnel
and lts Application

Over-excavation and under-excavation
of tunnel is the main factor affecting
the construction quality and efficiency,
which will affect the stability of the tun-
nel in severe cases. The reasons for over-
excavation and under-excavation of tun-
nel caused by the drilling accuracy are
analyzed, and a new type of control de-
vice for over-excavation and under-exca-
vation of tunnel is designed. The device
and the set program are used to control
the drilling direction of the drill pipe,
which improves the drilling accuracy of
the excavation equipment, thereby ef-
fectively controlling the over-excavation
and under-excavation. The construction
verification shows that the device can ef-
fectively reduce the over-excavation and
under-excavation of tunnel and save the
construction cost.

Keywords: Tunnel; Over-excavation
and under-excavation; Control device;

Drilling accuracy; Drilling direction

Coal Leveling Mechanism of Model
850H Wheel Loader

In order to meet the requirements of coal
transportation in the port, a leveling ma-

chine is developed based on the loader

platform for the leveling operation of
the train cars. Its lifting mechanism is a
universal six-link, the actuator includes
a transverse telescopic arm and a longi-
tudinal telescopic arm, and the rotating
mechanism is a universal four-link. The
electro-hydraulic control and solenoid
valve are used in parallel to realize the
mechanism action. The transverse hy-
draulic cylinder drives the transverse
telescopic arm, the longitudinal hy-
draulic cylinder drives the longitudinal
telescopic arm, and the extension and
retraction of the steering hydraulic cyl-
inder realizes the rotation of the scraper
frame. The main parameters of the whole
equipment can meet the requirements of
different specifications of train cars in
domestic ports. The operation process of
the mechanism is briefly introduced, and
novices can quickly get started according
to the requirements. The leveling mecha-
nism can effectively replace manpower
and greatly improve operation efficiency.
Keywords: Coal; Train; Leveling mech-

anism

Application Research of Hydraulic
Loading Device for Paver Engine Test

In the process of research and develop-
ment of paver prototype, the road ma-

chinery manufacturer needs to review the

engine installation quality of the paver
prototype, that is, to test the performance
of the air inlet filter, exhaust muffler,
water-cooled radiator and intercooled
radiator. These test items for the engine
require that the engine reaches a high
load condition. Due to the particularity
of the paver construction, it is impossible
to achieve the full load and stable work-
ing condition of the engine by paving
asphalt or cement stabilized materials.
Therefore, it is very necessary to develop
a simple and fast device to realize the
loading of the paver engine. At present,
the traveling system, screw distribution
system, scraper conveying system and vi-
bration system of the paver developed by
domestic road machinery manufacturers
are all hydraulically driven, so it is feasi-
ble to realize engine loading by means of
hydraulic system loading. The principle
of hydraulic loading device is analyzed,
and the overall layout and main monitor-
ing parameters of the loading device are
introduced.

Keywords: Paver; Engine test; Throttle

valve; Hydraulic loading

Estimation of Overall Dynamic Re-
sponse of Structure under Distributed
Loads

Most of the environmental loads on a
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large number of structures in engineer-
ing are distributed loads. Based on the
existing Kalman filter Joint input-state
estimation algorithm, a new idea of us-
ing modal equivalent force to estimate
the overall response of the structure
under distributed loads is proposed. This
method does not require knowledge of
the specific distribution form and size of
the load. On the basis of the finite ele-
ment model of the structure, the actual
external load is equivalent to multiple
modal forces in the modal space, the
classical Kalman filter iteration step is
used to realize the minimum variance
unbiased estimation of the system state
and load, thereby achieving the global
response estimation of the structure. In
order to meet the conditions of stability,
observability, controllability and revers-
ibility of the system, a 7-step normative
process using the algorithm is proposed
to realize the selection of relevant pa-
rameters. The cantilever beam under
two distributed loads is numerically
calculated by ANSYS, and the algorithm
is verified by the proposed process. The
numerical verification results reflect
the reliability of the algorithm. Since a
large number of structures in engineer-
ing can be equivalent to the combination

of beam element and beam element, the

method and numerical examples have
certain guiding significance for engi-
neering practice.

Keywords: Kalman filter; Dynamic re-

sponse; Distributed load; Finite element

Technical Research on Lifting Speed
Regulation Characteristics and Ma-
neuverability of Electric Forklift

With the rapid growth of the forklift in-
dustry, the demand for electric forklifts
is increasing, the users have higher and
higher requirements for the maneuver-
ability of the lifting process, and many
valuable and precise instructions and
equipment need to be accurately stacked
through accurate control. The lifting fret-
ting characteristics of the electric forklift
need to be perfectly matched with the
opening flow compensation of the multi-
way spool, the fretting characteristics of
the pump motor and the speed setting
to achieve the optimal effect. The lift-
ing speed regulation characteristics and
maneuverability of electric forklift are
studied.

Keywords: Speed regulation potenti-
ometer; Speed of revolution; Multi-way

spool; Load sensing system

Test and Research on Influence of Flu-
id Velocity on Resistance Loss at Sud-

Publishing on Jun. 10, 2022

den Expansion in Pipeline Engineering
Due to the difference in the design and
processing of the cross section of the
engineering pipeline, it is found that
the fluid velocity has an impact on the
resistance loss coefficient at the sudden
expansion of the pipeline (round pipe),
resulting in a large deviation between the
calculation results of the resistance loss
at the sudden expansion of the pipeline
and the actual measured values, which
affects the service effect of the engineer-
ing pipeline. Based on the Bernoulli
equation, a formula with high calculation
accuracy is derived, the resistance loss at
the sudden expansion of the round pipe is
corrected through tests, and the influence
of the fluid velocity on the resistance loss
at the sudden expansion of the pipeline
is studied, that is, when the fluid velocity
increases the loss decreases. The revised
formula has good application value in
design and manufacture of industrial
pipeline and liquid transportation engi-
neering.

Keywords: Sudden expansion; Pipeline

manufacture; Resistance loss

Simulation Analysis of Key Parts of
Multi-dimensional Electromagnetic
Vibration Test Bench

The existing electromagnetic vibration
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aging test bench generally has problems
such as less degrees of freedom and non-
decoupling of motion. In order to solve the
problems, two new leaf spring structures
for the support frame of the electromag-
netic vibration test bench are proposed,
and the finite element static analysis is
carried out on the key parts of the two
leaf springs respectively. According to
the analysis results, the structural design
scheme with smaller maximum equivalent
stress and smaller maximum deformation
is selected, and the modal analysis is car-
ried out to obtain its natural frequency.
Compared with the frequency of the elec-
tromagnet, it is found that the leaf spring
and the test bench will not resonate, which
can ensure the stable operation of the test
bench in the working process.

Keywords: Vibration test bench; ANSYS;
Leaf spring; Modal analysis

Evaluation of Adaptability of Hydraulic
Excavator in Three Extreme Environ-
ments

Taking a type of hydraulic excavator as
the research object, based on the technical
means of Failure Mode and Effects Anal-
ysis (FMEA), the impact of three typical
environments (extremely hot, extremely
cold and plateau) on the whole machine is
analyzed to obtain the key impact of three

extreme environments and output the key

impact performance. According to the
FMEA results, a four-level three-extreme
environmental adaptability evaluation
index system for the hydraulic excavator
is established, with a total of 26 underly-
ing evaluation indexes. The technology of
Quality Function Deployment (QFD) is
used to establish the relationship between
the user demand and the key environmen-
tal performance, and the weight value of
each key environmental performance (lev-
el-three evaluation index) is determined
according to the importance of demands
and indexes. The value calculation models
of the positive index, negative index and
intermediate membership degree of level-
four evaluation index are established re-
spectively, and the value of the underlying
index is calculated based on the test data.
According to the weight of each level, the
three-extreme environmental adaptabil-
ity evaluation of the hydraulic excavator
is realized, which solves the problem of
single-sample environmental adaptability
evaluation.

Keywords: Evaluation index system;
QFD; Membership degree; Environmen-

tal adaptability evaluation

Research on Steering Control of Loader
Based on PWM Drive
Based on the steering system of the flow

amplifying valve of the wheel loader, a

new hydraulic steering control mode is
proposed based on the method of PWM
driving the steering gear to control the
flow amplifying valve. After the corre-
sponding analysis of the performance of
the flow amplifying valve, the theoretical
and simulation research is carried out
based on the steering system performance
of the proportional steering gear to con-
trol the flow amplifying valve, and a
dynamic simulation model is established
in AMESim to verify the feasibility of the
scheme. The research results show that
the hydraulic steering system of the loader
based on PWM signal drive has good per-
formance, can realize stable proportional
speed regulation, reverses the flow am-
plifying valve smoothly and avoids large
vibration and impact.

Keywords: Pulse width modulation
(PWM); AMESim; Flow amplifying

valve; Proportional control

Vector Control of Permanent Magnet
Synchronous Motor Based on Sliding
Mode Speed Controller

Permanent magnet synchronous motor
(PMSM) has the characteristics of simple
structure, good performance, small vol-
ume, light weight, large starting torque
and high power density. It has been widely
used in basic industries and national

production fields. The in-depth study of
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PMSM drive control system has certain
market value. The application of vector
control technology enables the PMSM the
operation effect comparable to that of DC
motor. However, in the traditional vector
control, the speed controller generally
adopts proportional-integral (PI) control,
which is difficult to meet the requirements
of high precision and high stability in
the fields of rail transit, electric vehicles,
etc. Taking the advantage of strong anti-
interference ability of the sliding mode
variable structure control, the sliding
mode speed controller is combined with
the vector control technology to design
the sliding mode speed controller, the
Lyapunov theorem is used to verify its sta-
bility, and the Matlab/Simulink is used for
simulation. The research shows that the
sliding mode speed controller has good
steady-state performance and dynamic
performance and can effectively realize
the vector control of PMSM.

Keywords: Permanent magnet synchro-
nous motor; Vector control; Sliding

mode speed controller

Analysis of Multi-angle Flushing Flow
Field at Discharge Port of Shield Slurry
Box

The flushing and dilution capacity of the
slurry box is an important indicator to re-

flect the conversion capacity of the slurry

earth pressure double-mode shield. Using
the finite element analysis method, for
the four flushing angles of the slurry box
discharge port, the finite element numeri-
cal simulation analysis of the flushing
conditions for the slurry box discharge is
carried out to obtain the change law of the
flushing flow field distribution when the
slurry box discharge port is flushed at dif-
ferent angles, and then optimize the box
structure of the discharge flushing port.
The research results show that at 55 of the
four flushing angles of the flushing port,
the flushing flow beam of the flushing
port is more concentrated at the bottom,
the flow velocity is higher, and the flush-
ing effect is the best.

Keywords: Slurry earth pressure double-
mode shield; Slurry box; Discharge
flushing port; Flow field; Numerical

Structural Analysis and Improvement of
Tailgate of Rear Loaded Compression
Refuse Collector

The tailgate, as an important structural
component of the rear loaded compression
refuse collector, not only plays the role of
closing the body, but also is an important
guarantee for the smooth movement of the
scraper and skid to achieve the function
of refuse compression. As the refuse col-
lector is used in harsh working conditions,

good strength performance is a prerequi-

Publishing on Jun. 10, 2022

site for the normal use of the tailgate. For
the structure of the tailgate mounted on
the new rear loaded compressed refuse
collector, the loads in the opening and
closing states of the tailgate are applied,
and a finite element analysis is carried
out to obtain a cloud map of the stress and
displacement distribution of the tailgate
structure, then predict the dangerous loca-
tions, and make structural improvement
for the areas that do not meet the strength
performance to improve the structural
strength performance and reduce the risk
of tailgate failure.

Keywords: Rear loaded compression;
Tailgate; Strength; Structural improve-

ment

Variable Load Strength Analysis Method
for Star Gear Drive System Based on
Damage Accumulation Theory

In view of the characteristics of complex
start-up conditions and wide range of load
variations of the air turbine starters, the
dynamic load spectrum characteristics of
the star gear drive system are analyzed,
and a statistical analysis method for the
gear loads under variable conditions is
developed by combining the mathemati-
cal statistical method. On this basis, a
calculation method for gear strength un-
der variable loads based on the damage

accumulation theory is proposed. A cal-
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culation example analysis is carried out
for a group of air turbine starter starting
conditions to compare the strength safety
factors of gears at all levels. The practi-
cal application shows that the calculation
method for gear strength under variable
loads based on the damage accumulation
theory is of guiding significance for the
design and optimization of star gear sys-
tem.

Keywords: Star gear drive system; Vari-

able load; Damage accumulation theory

Simulation Analysis of Stress and Fa-
tigue Life of Working Device of Mining
Loader

The working device of the mining loader
is subject to complex forces during opera-
tion, and it is difficult to determine the
fatigue-hazardous location. Taking the
working device of a mining loader with
a rated load of 9 t as the research object,
the finite element model of the working
device is constructed using HyperMesh,
and the static analysis is carried out in
ANSYS Workbench. The rigid-flexible
coupling transient dynamic analysis of
the working device is carried out based
on the measured displacement of the hy-
draulic cylinder and the load of the hinge
point. The fatigue life is solved using
Ncode. The research results show that

the rocker arm is subjected to the highest

stress in the static calculation results, the
stresses calculated by transient dynam-
ics are greater than those calculated by
statics, and it is necessary to use transient
dynamics to calibrate the strength of the
working device. The calculation results of
fatigue life based on statics and transient
dynamics both show that the rocker arm
has the lowest number of fatigue cycles
under large-rock working conditions, and
the rocker arm structure shall be strength-
ened and improved. In addition, the
fatigue-hazardous locations of the base
material and the welded structure of the
working device are also identified, which
provides a reference basis for the optimi-
zation and improvement of the base mate-
rial structure and the welded structure of
the loader working device.

Keywords: Rigid-flexible coupling;
Transient dynamics; Mining Loader;

Fatigue life

Optimized Design of Grinding Depth for
a Derusting Manipulator

A derusting manipulator is designed to
grind the welding stains and metal rust
on the inner wall of the pipeline, Adams
dynamic simulation is carried out for it,
and the mathematical model of the grind-
ing depth drive system is established. Due
to the different thickness of metal rust

and welds on the conduit, and the errors

between the grinding trajectory of the der-
usting manipulator and the dimensions of
the conduit, a PI controller is designed for
control. The simulation results show that
the grinding depth error is close to 0.01
mm, the grinding accuracy is improved
by nearly 200%, and it is portable and
durable, achieving an ideal derusting and
grinding effect in the conduit.

Keywords: Metal weld; Metal rust; Der-

usting manipulator; PI controller

Structural Strength Analysis and Head
Structure Improvement of Crawler
Crane Mast

The mast is an important connecting com-
ponent between the lifting and lowering
parts of the crawler crane. The mast is
modelled and simulated by using 3D mod-
elling software and finite element analysis
software to study the stress distribution of
the mast under the most hazardous work-
ing conditions. The stress distribution
results show that there is stress concentra-
tion at the mast head. In order to eliminate
the adverse effects caused by the stress
concentration, the structure of the mast
head is improved. The improved structure
has no stress concentration and has good
workmanship, which meets the structural
strength requirements and achieves light-
weight structure.

Keywords: Crawler crane mast; Strength
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Lightweight design

Analysis of Fit Clearance between Pin
and Bushing of Loader Working Device

The possible problems arising from the fit
between the pin and bushing at the hinge
point of the loader working device in the
process of use are analyzed, the influenc-
ing factors are put forward, the relation-
ship between the outer diameter interfer-
ence and the inner diameter shrinkage of
the pressed-in bushing is explored, and
the inner hole shrinkage of the pressed-
in bushing is calculated theoretically. At
the same time, a simple method to solve
the shrinkage in practice is proposed, and
the shrinkage is reflected on the bushing
inner hole deviation during the design of
mechanical parts, which enables the ac-
tual sizes to meet the fit accuracy between
the pin and the bushing after the bushing
is processed and pressed in. The range of
values for the fit clearance between the
pin and the bushing is deduced, and the
calculation formula for the deflection de-
formation of the pin after being stressed
and the shrinkage of the inner hole of the
bushing in the interference fit is deduced.

Keywords: Loader; Working device; Fit

clearance

Improvement of Body Structure and
Comfort Performance for a Heavy Truck
Taking the main attachment point be-
tween the body of a heavy truck and the
chassis as the excitation source and the
driver’s right ear as the response point,
a finite element model of the truck body
and a finite element model of the acoustic
cavity of the passenger compartment are
used to establish a finite element model
of the structural-acoustic coupling of the
body. The finite element model of the
structural-acoustic coupling of the body
is analyzed for noise sensitivity, and
combined with the body modal analysis,
the body components that contribute
greatly to the noise transfer are analyzed.
The structures of these body components
are improved. After improvement, the
sound pressure in the truck body is sig-
nificantly reduced, thus achieving the
purpose of improving the comfort of the
heavy truck.

Keywords: Noise sensitivity; Finite ele-
ment model; Structural optimization;
Structural-acoustic coupling; Comfort

of heavy truck

Selection of Reasonahle Torque Con-
verter Based on Actual Operating Con-
ditions of Loader

In order to improve the working condition

Publishing on Jun. 10, 2022

adaptability, fuel economy and operation
efficiency of the loader, from the perspec-
tive of actual operating conditions of the
loader, the V-shaped operating condition
is taken as a typical operating condition
and divided into five operating steps, and
the characteristics of the working condi-
tions and the requirements for the torque
converter of each step are analyzed re-
spectively to derive the general selection
principles of the torque converter, while
it is pointed out that the torque converter
with guide free wheel or lock is suitable
for long-distance transport conditions.

Keywords: Torque converter; Working

condition; Matching; Operating cycle

Research on Microstructure and Prop-
erties of Multi-arc Icon Plated CrN Film
on Shaft Surface Based on Duty Cycle
Optimization

Carbon steel is the usual material for
shaft parts. In view of the limitations of
plain carbon steel in terms of wear and
corrosion resistance and the advantages
of multi-arc icon plating in improving the
service life of the parts, CrN films are pre-
pared on the surface of carbon steel shafts
by multi-arc icon plating to enhance the
wear and corrosion resistance. The effect
of different duty cycles on the microstruc-

ture and properties of CrN films are stud-
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ied, scanning electron microscopy and X-
ray diffractometer are used to analyze the
change law of the surface microstructure
and preferential growth orientation of the
CrN films, and the hardness and elec-
trochemical properties of the CrN films
are tested. The results show that the CrN
films are mainly composed of CrN and
Cr phases, the duty cycle has a significant
effect on the microstructure of the CrN
films, the hardness and corrosion resist-
ance of the CrN films are markedly higher
than those of the carbon steel matrix, and
the CrN films prepared at a duty cycle of
40% show the best overall properties.

Keywords: Shaft parts; Duty cycle; Mul-

ti-arc icon plating; CrN

Research on Influence of Plateau Envi-
ronment on Concrete Mixing Plant and
Countermeasures

Most of the main lines of the Sichuan-Ti-
bet high-speed railway project are located
in the plateau area with harsh natural
environment such as high altitude, low
temperature and large day-night tempera-
ture difference, and the construction of
concrete mixing plants along the line can-
not avoid the influence of these environ-
mental factors. The negative effects of the
plateau environment on the concrete mix-

ing plant equipment are expounded, and

from the perspective of the characteristics
of the plateau environment, corresponding
countermeasures for the use technology
and configuration of the mixing plant in
the plateau environment are proposed,
taking into account of the applicability,
reasonableness and economy.

Keywords: Concrete mixing plant; Pla-

teau environment; Countermeasure

Fracture Failure Analysis of Motor Spin-
dle of an Electric Wheel Dumper

For the motor spindle fracture failure of
an electric wheel dumper in a mine, the
causes of the motor spindle fracture are
analyzed. It is considered that the bend-
ing load and the structure containing
more ferrite in the fracture part are the
main causes of the fatigue and fracture
of the motor spindle. The reason for the
eccentric load is that after the planetary
gear bearing is damaged, the clearance
between the planetary gear and the sun
gear changes, resulting in the eccentric
load on the sun gear. More coarse acicular
ferrite reduces the local fatigue strength
and hardness of the material. According
to the fault causes, improvement measures
are put forward.

Keywords: Electric wheel dumper; Mo-

tor spindle; Fracture; Failure analysis

Research on Optimization of Marketing
Channel Management for Forklift Sales
Enterprises

Marketing channels are an important
way for enterprises to increase their
market share and economic benefits, and
marketing channel management plays a
key role in the operation of enterprises.
Taking a forklift sales enterprise as
the research object, its current market-
ing channel management status quo
is analyzed, and the shortcomings are
pointed out. Combining the theory with
the actual situation of the enterprise,
corresponding improvement measures
are put forward from many management
aspects, such as strengthening channel
terminal image management, optimiz-
ing channel advertising and promotion
management, channel price differentia-
tion management, diversified incentive
for channel members, and formulating
diversified channel marketing strategies,
to improve marketing channel manage-
ment efficiency. The innovative online
marketing strategy and the adoption of
online and offline integrated mode have
achieved good results.

Keywords: Forklift sales; Marketing
channel; Channel management; Chan-

nel member incentive



