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混凝土双层耐磨直管
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PART FIVE

WARRANTY, SPECIALIZED EQUIPMENT FOR PIPELINE REPLACEMENT, AND RAPID SERVICE

Specialized equipment for pipeline 
replacement and quick service

1.For regular areas and regular concrete (C25, C30, C35), a quality warranty is 

provided for 60,000 or 80,000 cubic meters. If more than five straight pipelines fail within the 

committed volume, another set of straight pipelines will be provided  by warranty . If more 

than five elbows fail, another set of elbows (excluding the end section) will be provided by 

warranty;

2. If the quantity of straight pipelines or elbows that fail within the committed volume is 

less than or equal to 5, a replacement will be provided based on the actual failure situation 

according to wararnty policy;

3. All replacement pipes will be produced with the same quality. After receiving the 

warranty claim, the products will be shipped within two days.

In order to quickly solve the production of non-standard pipes, our company has 

designed and manufactured a batch of welding and cutting integrated specialized 

machines. The equipment is small in size, versatile in function, and easy to use, which can 

quickly solve the unexpected failure of concrete delivery pipelines.

preferential policy

1.The welding and cutting integrated specialized machine has a standard retail price of 

20,000 yuan per unit. If a customer purchases 30 sets of pump pipes, one unit of the 

equipment will be provided for free.

2.Our company arranges dedicated persons to be responsible for on-site installation, 

commissioning, and training work.
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OMPANY�
���PROFILEC

Changsha Talent  machinery Equipment Co., Ltd. is an R&D and manufacturing 

enterprise for core components of engineering machinery. It focuses on the research, 

manufacturing, sales, and services of the basic application disciplines of ferrous 

material. It has become a national high-tech enterprise, a "Small Giant" enterprise in 

Hunan Province, and a pilot demonstration enterprise of intelligent manufacturing in 

Changsha. The company has 63 independent intellectual property rights, including 

9 Class I national invention patents, 2 Japanese invention patents, 2 US invention 

patents, and 2 EU invention patents; its patented products serve Zoomlion Heavy 

Industry Science and Technology Co., Ltd., Sany Heavy Industry Co.,Ltd., and 

Xuzhou Construction Machinery Group, and are exported to international markets 

such as the United States, Germany, and Southeast Asia.
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01
PART ONE

AN OVERVIEW OF THE TECHNOLOGY

A. Increase the thickness of the wear-resistant layer - limited by the lightweight Q value of the pump 
truck (Q value = actual pumping volume / thickness of the pipeline).

B. Use more wear-resistant materials - this requires a balance between the cost of the materials and 
the process.

C. Improve the wear resistance of the easily worn parts - make up for the shortcomings.

D. The outer layer provides protection - the outer tube has high strength and toughness.

Material Selection Precision Enhancement Composite Strengthening

Four Ways

◆ Four ways to improve the service life (wear resistance) 
of concrete delivery pipelines:

◆ Design concept of Changsha Talent’s double-layer 
wear-resistant pipeline : material selection accordingly, 
precise reinforcement, and composite strengthening.

Due to the limitation of the pump truck’s boom load, there are certain requirements for the 
thickness of the wear-resistant layer. Although using more wear-resistant materials can improve the 
service life of the straight pipeline, it cannot balance the source of materials, feasibility of the process, 
and economic indicators. Therefore, local reinforcement and the use of materials with different wear 
resistance properties have ingeniously solved the above-mentioned contradictions.

▲ According to the product 

function, the outer layer 

is pressure-resistant and 

the inner layer is wear-

resistant;

▲ According to the wear 

law of the inner layer of 

the product, the wear of 

the end is greater than 

the wear of the pipeline 

body, and the wear of the 

outer arc is greater than 

the wear of the inner arc;

▲ The design is a 

combination of two 

different materials inside 

and outside, and different 

materials for the wear-

resistant layer.

▲ Determine the wear and 

tear of the damaged area 

of   the pipeline;

▲ Determine the wear ratio 

between the vulnerable 

area of   the pipeline and 

other areas;

▲ Determine the wear area 

and range of the 

damaged area of   the 

pipeline reinforcement.

▲ Composite positioning of 

inner and outer layers 

can reduce steps and 

increase the thickness of 

effective wear-resistant 

layer;

▲ The upper and lower 

halves of the curved 

surface are processed, 

with precise positioning 

and small gaps;

▲ The outer surface of the 

wear-resistant sleeve of 

the port is glued and 

compounded;

▲ Composite materials are 

used between the inner 

and outer layers, and the 

composite is tight.
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Dual-layer wear-resistant elbow

Brief description of the structure of  Changsha 
Talent elbow

outer protective layer
Inner Wear-resistant Layer

According to the wear 

situation at the end, both 

ends of the elbow are 

designed with a 35mm long 

thickened wear-resistant 

casing made of high 

chromium cast iron with a 

hardness of over HRC62.

 According to the situation of little 

wear on the inner side of the 

elbow, a 6mm wear-resistant 

layer is used for the lower half of 

the elbow.

Inner and outer layers, upper and lower halves

Two layers, heterogeneous 
segmentation of the inner 
layer and outer layer.

◆

Regarding the wear analysis of the 

elbow, this part of the elbow 

undergoes the most severe wear and 

the greatest impact force, which is 

the first area to fail. To address this, 

uneven thickness is used, gradually 

increasing from both ends towards 

the middle, and gradually increasing 

from both sides towards the middle.
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PART ONE

AN OVERVIEW OF THE TECHNOLOGY

◆

Dual-layer wear-resistant straight 
pipeline

Brief description of the structure of Changsha Talent 
straight pipeline.

High chromium cast iron wear-

resistant casing (3 or multiple 

casings at the mouth end, 

symmetrical at both ends), the 

outer surface of the wear-resistant 

casing is coated with a composite 

bowl joint；

Bearing steel GCr15 material is 

used as the inner tube, with a 

hardness of HRC63-65；

The outer tube is made of Q345B seamless 

pipe, with high strength and toughness after 

special treatment. The inner wall of the 

outer tube is reinforced with six reinforcing 

ribs and positioned for composite assembly.
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History of the elbows

History of the straight pipeline

Jan. 2008 
Changsha Talent 

developed the 

idea of a dual-

layer elbow 

(forging instead 

of casting).

Aug. 2012
Prototype of a 

complete dual-

layer elbow.

June 2009
Research on 

the forging 

process of the 

bearing steel. 

Sep. 2013 

Research on 

the heat 

treatment 

process of the 

bearing steel.

May 2014
Changsha 

Talent's dual-

layer split 

elbow structure 

is finalized.

Oct. 2015
 The successful 

trial production 

of the upper 

half of the 

high-chromium 

cast iron elbow 

was completed.

July 2022
over 1.2 million 

pieces have 

been verified in 

the market, with 

stable quality 

and high 

customer 

approval.

May 2015 
Determination of 

technical 

parameters for the 

die forging and the 

heat treatment 

process of the lower 

half of the bearing 

steel elbow.

Nov. 2015
Changsha Talent 

began its mass 

production of 

dual-layer wear-

resistant elbows.

Aug. 2016
Changsha 

Talent 

developed the 

idea of a dual-

layer straight 

pipeline 

(complete 

supply).

Dec. 2017
 The outer tube 

is seamless, 

the inner tube is 

65Mn, and the 

inlet and outlet 

end is made of 

high-chromium 

cast iron.

Jan. 2018
The bearing 

steel inner 

tube 

production 

line is put 

into 

operation.

Apr. 2019
The outer 

tube is 

reinforced 

with 

additional 

ribs.

May 2018
The assembly 

process of the 

straight pipeline 

is determined, 

including 

adhesive 

bonding and 

filling；

Aug. 2019 
Eddy current 

testing and 

complete 

hardness 

testing were 

added to the 

inner tube.

Jan. 2021 
Heat treatment 

process was 

added to the 

outer tube of 

the straight 

pipeline, 

enhancing 

toughness and 

strength；

May 2020
Laser group 

testing is 

added to the 

inner tube, 

and laser 

cutting is 

used for the 

inner tube 

piping.

Apr. 2021 
The outer 

tube of the 

straight 

pipeline was 

added with 

tensile 

performance 

testing.

Jan. 2022
 The adhesive 

process is 

added to the 

wear-resistant 

casing of the 

straight 

pipeline.

May 2022
Fluorescent 

magnetic 

particle testing 

is added to the 

inner tube of 

the straight 

pipeline, and 

raw material 

composition 

testing 

equipment is 

added.

Jun. 2022
 all 

components 

of the straight 

pipeline were 

qualified after 

passing the 

inspection. 
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02
PART TWO

TECHNOLOGY AND PROCESS CHARACTERISTICS

Changsha Talent elbow 

1.The wear law of elbows

2.Technological innovation of elbows.

Structural innovation: dual-layer, split structure, gradual thickening from both ends and 

sides towards the middle to address wear on the outer arc surface.

Material matching: high-carbon and high-toughness high chromium cast iron is used for 

the easily worn outer arc, while cost-effective bearing steel is used for the inner arc.

Process innovation: multiple processes are used, such as casting for the outer arc and 

die forging for the inner ball, and combination welding.

3.Technical characteristics of elbows

Precise reinforcement 
of vulnerable areas

Wear-resistant 
material matching

Multiple process 
combinations

▲ Improved wear resistance of materials in vulnerable areas.
 Different thickness design of wear-resistant layer in vulnerable areas.▲

4、Process of elbows.

The function of elbows is to change the flow direction 

of the concrete, so the impact and wear force on the outer 

arc surface of the elbow is the greatest, especially at the 

end of the elbow, which is subjected to the greatest 

impact force and fails the fastest.

▲ Developed a high-carbon, high-chromium, high-toughness cast iron through 
collaboration with peers and universities, with excellent wear resistance, impact 
resistance, high toughness, and strength.

▲ Cost-effective bearing steel material is used for the wear-resistant layer of the inner 
arc, which is formed by die forging.

▲ Multiple process combinations achieve mass production of parts with reduced costs.
▲ Casting is used for the inner liner of the outer arc , and molding is used for the outer 

layer; Double-layer integral die forging and integral quenching are used for the inner 
arc. The precision of the inner and outer arcs is guaranteed by special machine 
tools, and automatic welding machines are used for welding.

Production 
process 
flow for 
elbows.

Upper half bend 
outer layer

The inner layer of 
the upper half bend

the lower 
half bend

material 
feeding

Automated casting 
production line

pressing composite

Mold pressing 
production line

Heat 
treatment

Semi-arc 
processing

Heat 
treatment

Semi-arc 
processing

the assembly and 
pressure testing 

production line of elbows
Painting

Pressure (Pa)

Pressure contour map of the 
cross-section of the pipeline
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Changsha Talent straight pipeline

1.Wear law of straight pipelines.

2.Technological innovation of straight pipelines

02
PART TWO

TECHNOLOGY AND PROCESS CHARACTERISTICS

According to research and analysis, the wear of the straight pipeline of concrete pump 

trucks is mainly manifested in the large wear at the end, especially at the flange welding 

position, which results in large wear and quick failure.

 Structural innovation

▲ Special structural design 

with two layers, with the 

inner layer 

heterogeneously 

segmented to precisely 

reinforce vulnerable 

areas.

▲ Strengthening at the end 

and segmented assembly 

of the pipe body.

Material matching  Process optimization

▲ The inner layer material 

is divided into end 

material and pipe body 

material. Depending on 

the different wear, a 

combination of high-

chromium cast iron and 

bearing steel is used.

▲ The outer layer is made 

of Q345B seamless pipe, 

which has high strength 

and strong pressure-

bearing capacity after 

heat treatment.

▲ Integral quenching is 

used, with good 

penetrability and stable 

quality.

▲ Pipe-making technology 

for the inner tube solves 

the welding technology 

for bearing steel, which is 

unique in the industry.

▲ Adhesive bonding and 

filling are used to resist 

impact and solve the 

problem of knocking.

▲  All components are fully 

inspected and qualified 

before assembly.

Pressure (Pa)

Pressure contour map of the 
cross-section of the pipeline
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4.Process technology for straight pipelines

3.Technical characteristics of straight pipelines.

Precise reinforcement 

of vulnerable areas

Self-developed 

core processes

Real-time detection 

of key parameters

▲ By adjusting the structure, the wear-resistant material at the 
end is changed to improve its wear resistance performance. At 
the same time, it can withstand high-temperature welding without 
affecting its wear resistance;

▲ The length of the strengthening area is determined according to 
the degree of wear in the wear area.

02
PART TWO

TECHNOLOGY AND PROCESS CHARACTERISTICS

▲ Solve major technical problems in welding and forming 
processes for bearing steel；

▲ Optimize the heat treatment process for the inner and outer 
tubes, achieving high hardness for the inner tube and high 
strength and toughness for the outer tube；

▲ Composite assembly, with special adhesive bonding used for 
the joint and wear-resistant sleeve of the pipeline.

▲ The entire heat treatment process is automated with intelligent 
control, ensuring stable and reliable quality；

▲ The multi-stage structure enables full inspection of the inner 
tube hardness, cracks, roundness, etc；

▲ The finished product is hydrotested at a pressure of 17MPa 
according to industry standards, with no leakage.

Production 
process 

of the straight 
pipelines

Outer 
tube

Inner 
tube

Heat 
treatment

Material cutting Straightening Grinding

Inner pipe 
manufacturing 
production line

Inner pipe 
heat treatment

Inspection and 
classification

Piping

Straight pipeline 
assembly and pressure 
testing production line

Painting
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03
PART THREE

CORE ADVANTAGES

Excellent material performance

the wear volume（g)

0

0.2

0.4

0.6

0.8

1

1.2

GCr15 65MN NM600 70MN

GCr15 65MN NM600 70MN

1.The wear-resistant material of the inner tube is superior 
   to that of industry competitors.

Total 
thickness

(mm)

4.5 1.8 2.7 9 6.5 1.44

5.3 1.8 3.5 12 8.5 1.6

 GCr15 inner tube material

 65Mn inner tube material

The inner tube is made of GCr15 bearing steel, which contains 0.95-1.05 carbon and 

1.5-1.65 chromium. Its wear resistance is more than 50% higher than that of the two-layer 

straight pipelines made of 65Mn commonly used in the industry. After heat treatment, the 

inner tube has evenly distributed carbides with a hardness of HRC63-65, which results in 

high strength and hardness.

The Q value of the inner tube made of 

GCr15 material is significantly higher than 

that of the inner tube made of 65Mn 

material. Using a Q value of 5.3 for a total 

thickness as a reference, the coefficient of 

the inner tube made of 65Mn material is 

1.0, while the coefficient of the inner tube 

made of GCr15 material can reach about 

1.6,  and the lightweight coefficient of the 

straight pipeline is 60%. GCr15 material is 

more suitable for lightweight design of 

pump trucks than ordinary 65Mn material. 

Therefore, the inner wear-resistant layer 

of Changsha Talent pipelines is made of 

GCr15 material.

Outer layer 
pipeline 

thickness 
(mm)

Inner layer 
pipeline 

thickness 
(mm)

Calculated 
pumped 
volume 
(10,000 

cubic meters)

Actual 
pumped 
volume 
(10,000 

cubic meters)

Q value

Total 
thickness

(mm)

Outer layer 
pipeline 

thickness 
(mm)

Inner layer 
pipeline 

thickness 
(mm)

Calculated 
pumped 
volume 
(10,000 

cubic meters)

Actual 
pumped 
volume 
(10,000 

cubic meters)

Q value

4.5 1.8 2.7 6 4 0.9

5.3 1.8 3.5 8 5.5 1.0
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2. The outer tube has high strength and toughness.

20210301

Q345B

12.18 22.19

15521.31 16689.4

6922.5 15428.54
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Reinforcing rib
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PART THREE

CORE ADVANTAGES

The outer layer pipeline is made of high-quality Q355B structural steel that has been 

strengthened through cold drawing, which meets the requirements for the pipeline to 

withstand pumping pressure and structural support strength for concrete transportation.

Lot numbe

Material

Condition

Maximum 
force / 

Elongation 
/ Agt(%)

Maximum 
force (kN）

Yield 
strength

 (kN)

Before heat 
treatment  

After heat 
treatment

Condition
Before heat 
treatment 

After heat 
treatment

Test date

Dimensions
 (mm)

Maximum 
deformation

 (Mm)

Tensile 
strength 

(Mpa)

Yield 
strength

(kN)

The strength of the metal material was tested by a 
material tensile test, and the tensile strength was found to 
be between 670-780 MPa; The minimum value was taken 
as the calculation the tensile strength value for the cold-
drawn and strengthened Q345B material: σb= 670 MPa. 
Taking a safety factor of 1.5, the working pressure P工 of 
the outer tube was calculated using the following formula 
for pipeline pressure calculation:

P工 =( 2 * wall thickness * tensile strength σb)/ inner 
diameter / safety factor

= 2 * 1.8 * 670 / 130 / 1.5
= 12.37 MPa

After undergoing a special process, the elongation of the outer tube reaches 22.19%, 

the tensile strength is 773MPa, and the yield strength is 714MPa; The residual stress of the 

outer tube is effectively eliminated, ensuring its high strength and toughness.

The working pressure P工 of the 
straight pipeline at a safety factor of 1.5 is 
greater than the working pressure of a 63-
meter pump truck. The ultimate breaking 
pressure Pj can be calculated as follows:

Pj=(2*wall thickness * tensile strength) 
/ inner diameter

= 2 * 1.8 * 670 / 130
= 18.56 MPa
This value is greater than the current 

pipeline technology’s requirement of 17 
Mpa.

The inner wall of the outer tube is equipped with 6 

reinforcing ribs for positioning, ensuring that the 

ellipticity of the inner tube after grouping is controlled 

within 0.3mm to ensure the coherence of the inner tube 

and the effective thickness of the wear-resistant layer.

Before heat 
treatment  

After heat 
treatment



Changsha Talent Machinery Equipment Co.,Ltd. 09

Self-developed core processes 
and specialized production

◆ CNC automatic quenching and tempering equipment

03
PART THREE

CORE ADVANTAGES

Through multiple practical experiences, Changsha Talent has determined the optimal 

heat treatment process for GCr15NM-TF material: 

the material is heated to 860±10°C in the furnace, held for 180 seconds, and then oil 

quenched (fully immersed in oil for 30 seconds at a temperature of 50-60°C), followed by 

a 180°C low-temperature tempering. The material hardness reaches HRc62-65 as 

qualified, and the martensite structure is ranked at level 1-2 in the quenching and 

tempering martensite structure evaluation method. The martensite structure accounts for 

98%, and the austenite structure accounts for 2%.

High chromium cast iron adopts the cold core casting process and robot polishing. The 

outer tube is formed by multiple cold drawing of seamless pipes to achieve high 

strengthness.
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03
PART THREE

CORE ADVANTAGES

Through the study of the properties of GCrl5 bearing steel material, a set of forming 

and welding process technical parameters has been developed, which solves the problem 

of welding and forming bearing steel materials that has been a challenge worldwide.

A set of assembly processes for straight 

pipelines has been developed based on the 

special structure of the straight pipeline. This 

ensures high production efficiency, excellent 

assembly quality, good composite bonding 

between the inner and outer layers, and high 

straightness.
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Solve pain points for the industry

03
PART THREE

CORE ADVANTAGES

Automated welding for straight pipelines and elbows ensures good welding quality. 

Besides, there is 100% pressure test at 17MPa for 3 minutes, ensuring that there is no 

leakage.

pain 
point 1

▲ Changsha Talent’s pipelines are not prone to bursting or delamination, reducing 

the risk of blockage, and are stable and safe in quality.

pain 
point 2

pain 
point 3

pain 
point 4

pain 
point 5

pain 
point 6

pain 
point 7

▲ Changsha Talent’s pipelines enjoy a wider range of material choices, allowing for 
flexible selection of materials with superior wear resistance (such as GCr15) 
without increasing costs, greatly improving their service life.

▲ Changsha Talent’s pipelines have replaced the previously low-efficiency 
induction quenching with mass production of overall quenching, resulting in more 
controllable quality and higher efficiency.

▲ Changsha Talent’s pipelines are filled and composite wrapped inside and outside, 

ensuring a tight fit and able to withstand certain impact forces.

▲ Full crack inspection for the inner tube solves the problem in the industry of inability 

to batch test cracks after quenching.

▲ Full hardness inspection for the inner tube solves the problem in the industry of 

destructive testing and sampling hardness inspection only.

▲ Changsha Talent’s pipelines can be installed at once without turning or turning 

back, making it convenient and fast.
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04
PART FOUR

QUALITY ASSURANCE

1. Key control points of product quality

Key control points for quality of elbows

No.

1

2

3

Passed T V Rheinland ISO9001 quality 
certification  in July 2021.

The company has passed certification for standardized production safety and obtained 

certification from T V Rheinland ISO9001 quality management system, OHSMS 

(Occupational Health and Safety Management Systems) , and EMS (environmental 

management system).

1.1.The process technology for elbows

Production 
process 
flow for 
elbows.

Upper half bend 
outer layer

The inner layer of 
the upper half bend

the lower 
half bend

material 
feeding

Automated casting 
production line

pressing composite

Mold pressing 
production line

Heat 
treatment

Semi-arc 
processing

Heat 
treatment

Semi-arc 
processing

the assembly and 
pressure testing 

production line of elbows
Painting

Key control point

Half-bend casting of 
high-chromium cast iron

Heat treatment of high-
chromium cast iron

Die forging of GCr15 
lower bend

Key control parameters

Casting quality and 
deformation

Hardness and 
microstructure

Size and deformation.

No.

4

5

Key control point

Heat treatment of 
GCr15 lower bend

Elbow assembly and 
riveting/welding

Key control 
parameters
Hardness and 
microstructure

Dimension and 
welding quality
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1.2. The process technology for the straight pipeline

Key control point of straight pipelines

No. Key control point
Key control 
parameters

1
Heat treatment 

of outer tube
Strength, toughness, 

elongation 4
Detection 

classification
Hardness, cracks, 

roundness

2 Inner tube manufacturing Welding, forming 5
Assembly pressure 

test
pressure, welding, 

steps

3 Inner tube heat treatment Hardness, microstructure

2. Quality control of raw materials - inspection items

04
PART FOUR

QUALITY ASSURANCE

Production 
process 

of the straight 
pipelines

Outer 
tube

Inner 
tube

Heat 
treatment

Material cutting Straightening Grinding

Inner pipe 
manufacturing 
production line

Inner pipe 
heat treatment

Inspection and 
classification

Piping

Straight pipeline 
assembly and pressure 
testing production line

Painting

No.
Key control 
parameters

Key control point

There are professional personnel responsible for 6 categories of raw materials, 38 

testing indicators, clear testing tools, testing methods, testing frequency, and criticality. 

Every point of raw materials entering the factory is implemented to ensure the quality 

control of incoming materials.
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3. Quality control of raw materials

◆ High-chromium cast iron composition testing

▲ Material specification
▲ Cast iron composition 

testing

◆ Bearing steel strip composition testing

▲ Cast iron casting quality inspection ▲ Steel strip composition testing

04
PART FOUR

QUALITY ASSURANCE
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◆ Hardness testing and microstructure testing

▲ Cast iron size inspection ▲ Cast iron weight inspection ▲ Cast iron casting 
quality inspection

▲ Structure checking of cast 
iron after quenching

◆ Dimensional inspection, weight inspection, and casting quality inspection

▲ Hardness testing of cast 
iron after quenching

04
PART FOUR

QUALITY ASSURANCE
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◆ Quality inspection of the outer tube

▲ Spectral composition 
testing of the outer tube

▲ Quality and technical agreement of 
the outer tube and material certificate.

▲ Tensile machinery performance 
testing of the outer tube

▲ outer tube dimension ▲ Record form for incoming 
inspection of the outer tube

Quality and technical agreements

04
PART FOUR

QUALITY ASSURANCE

There are quality and 

technical agreements 

signed with suppliers on 

the quality and standards 

of key components.
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4. Production process control - key process records

◆ Record of heat treatment quenching process parameters

▲ Heat treatment process operation process instructions ▲ Heat treatment 
process curve

▲  Inspection of verticality 
of the inner tube

▲ Quenching of the inner tube -  temperature in the 
quenching furnace is 860±10°C, oil temperature 

is 45-70°C, and the time is 210 seconds.

Key process inspection

04
PART FOUR

QUALITY ASSURANCE

Hardness inspection of the 

inner tube - the hardness of the 

inner tube after heat treatment is 

HRC61-64, and it is 100% fully 

inspected and qualified. Changsha 

Talent is the only one in the industry 

that can fully inspect the hardness 

without destructive testing, ensuring 

that the key indicator of product 

wear resistance is qualified.
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04
PART FOUR

QUALITY ASSURANCE

The inner tube is detected using precision fluorescent magnetic particle testing 

technology, which has high accuracy. It can ensure scientific and accurate detection of the 

inner tube, effectively eliminating defects such as cracks, thus ensuring the quality of the 

inner tube in an all-round way.

The inner tube is inspected based on the outer diameter size, and then grouped for 

assembly to reduce the steps caused by the roundness of the inner tube in the pipeline.

18
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