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Abstract. To solve the problems such as difficulty in inspection and inefficien-

cy of quality inspection in the composite riveting process, this paper studies a 

method of data monitoring during riveting. According to this method, a pressure 

sensor and a flowmeter are mounted on the riveting tool using integrated devel-

opment techniques. During riveting, sensor signals are collected during the riv-

eting to obtain the deformation length and riveting force of the rivets during the 

rivet forming indirectly, so as to draw the curves of riveting force and dis-

placement during the rivet forming. The riveting curves are analyzed by an em-

pirical threshold method to determine the riveting quality. The results show that 

this method is suitable for monitoring the composite riveting process and can 

provide effective quality assurance for its riveting. 
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China's urban rail and EMU trains are developing towards lower energy consumption,
faster speed, greater passenger capacity and better environmental protection, which
requires higher strength and lighter mass of the carbody [1]. To this end, more and
more high-quality metallic and non-metallic materials have been used in the carbody
and bogie. Components made of different materials, such as carbon fiber material,
aluminum alloy, titanium alloy and stainless steel, are combined in the best way for
weight reduction and environmental protection [2,3]. Among them, carbon fiber met-
ro trains involve the connection of a variety of materials including carbon fiber rein-
forced plastic (CFRP), glass-carbon composite, aluminum alloy, titanium alloy, stain-
less steel, carbon steel and structural steel [3-5]. In these trains, the compo-
site/composite homogeneous components or composite/metal heterogeneous compo-
nents should be assembled via point connection techniques, of which riveting is an
important one for composite/composite or composite/metal connection [6-7].

Nowadays, for trains made of carbon fiber composite, the components are mainly
assembled by riveting using pneumatic riveters such as G84-LS and HUCK256.
There are a large quantities of rivets in many types and specifications and many rivet-
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ing combinations of material types and thicknesses. Different rivets and different
riveting combinations are affected by factors such as assembly clearance, hole-
making condition and riveting parameters differently. In addition, due to the large
number of riveting steps and complex working conditions, the quality of riveted joints
easily fluctuates under the impact of factors such as working environment and con-
struction conditions. Thus, it is very important to control the quality through monitor-
ing the riveting process.

To check if the riveting results meet the requirements, traditional riveting quality
control mainly relies on manual measurement and inspection, which shows not only
disadvantages such as inspection inefficiency and poor result repeatability but also
deficiencies including delays in inspection result production and quality result feed-
back, resulting in adverse impact on the reliability of riveting quality and further seri-
ous  potential  safety  hazards  [8].  Shanghai  Jiao  Tong  University  once  installed  the
pressure and displacement sensors on the riveting machine in its laboratory to analyze
the forming process of self-piercing riveting, and analyzed and tested the riveting
quantities by monitoring the tolerance zone of the curve of pressure-displacement
during riveting [9].

To respond to the problems such as difficulty in monitoring the composite riveting
process, few data records of riveting process, difficulty in tracing the riveting quality
and lack of digital means to manage the riveting quality, this paper carries out inte-
grated development of hardware equipment and intelligent monitoring system for the
riveting process and conducts studies on technology of automatic monitoring of rivet-
ing force and displacement during riveting, which is of great significance to bring
about the traceability of riveting quality, improve the riveting process quality control
capability and the digital management of riveting operation, and realize the automatic
monitoring of the riveting process of composite riveted products, thus guaranteeing
the safe operation of urban rail and EMU trains.

2 Data Acquisition During Riveting

2.1 Riveting Force Sensor Integration Analysis

Due to the large size, it is difficult to install a force sensor on the piston. Therefore, in
this paper, the force was measured by an indirect method, which calculated the rivet-
ing force by measuring the liquid pressure on the piston, multiplying the measured
value by the area of the piston, and deducting the friction force therefrom. The forces
and hydraulic pressures during the riveting were measured by connecting the force
sensor in series in the riveting machine. Through comparative analysis, we concluded
that the riveting force could be measured with sufficient accuracy by the hydraulic
pressure sensor. Therefore, the riveting force can be measured by installing a pressure
sensor on the oil inlet side of the pneumatic riveter cylinder.

The riveting force is calculated with the following formula:
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where, p is  the  value  of  pressure  in  the  riveter  cylinder,  in  MPa; F is the riveting
force,  in  kN;  R is  the  inner  radius  of  the  riveter  cylinder  body,  in  mm; and r is  the
radius of the piston rod, in mm.

2.2 Riveting Displacement Integration Analysis

The piston displacement during riveting (i.e., riveting displacement) can be measured
by various displacement sensors, such as pull-wire, pull-rod and laser ones. The pis-
ton displacement is directly measured at one end of the sensor, and the riveting dis-
placement can be measured by installing a pull-wire displacement sensor. For hydrau-
lic riveters, the piston displacement can be measured indirectly by measuring the vol-
ume of the hydraulic oil to reduce the weight of riveters and facilitate the operation of
the riveting operators.

A flow sensor is installed on the oil inlet tube of the hydraulic unit to measure the
flow during riveting. The volume of liquid entering the piston oil chamber is obtained
by integration, and then the piston displacement can be converted on the basis of the
incompressibility of the hydraulic oil. The riveting displacement of a hydraulic riveter
can be calculated indirectly by the measurements of FRG200 gear flowmeter. In par-
ticular, it is calculated with the flow volume and the cross-section area of the inner
cavity of the riveter. To verify the accuracy of displacement calculated with the
flowmeter measurements, the measurements of a magnetostrictive displacement sen-
sor is used as the standard measurements, which is also used to evaluate the feasibility
of measuring riveting displacement with a gear flowmeter. To sum up, the displace-
ment of a pneumatic riveter can be obtained indirectly by measuring the volume of
hydraulic oil, and then the riveting displacement can be extracted thereby.

V Qdt< 〉 (2)

V A x< ≥ Χ (3)

where, V is the oil volume, in mL and A is the effective action area of piston, in mm2.

3 Riveter Modification

3.1 G84-LS Modification.

For G84-LS pneumatic riveter, there is a connecting wire between the pulling head
and the body, which makes the riveter more suitable for riveting within small spaces,
as shown in Fig. 1.

The modified G84LS is shown in Fig. 2. Without any change to the original func-
tions, the followings are added or modified: operating handle, solenoid operated di-
rectional control valve button, extended oil tube, quick connector, cylinder valve
block, air source connector, joint valve block, pressure sensor, pulse sensor, two-way
two-position solenoid operated directional control valve, control cylinder line, box,
etc. The modification is made according to the following principles:
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1) Use the cylinder valve block as the sealing for the upper end face of the cylinder
handle, and connect the oil passages in both the pulling head and the cylinder
base handle with those in the original pulling head and cylinder base handle.
Connect the oil passage of the cylinder valve block to the joint valve block
through a pulse sensor. Install the corresponding quick connector on the joint
valve block to match the end with a quick connector of the extended oil tube.
Directly  connect  the  other  end  of  the  extended  oil  tube  to  the  pulling  head.
Therefore, the oil passages of the original pulling head and cylinder handle are
connected through the extended oil tube.

2) Use the button on the handle to control the opening of the two-way two-position
solenoid operated directional control valve, so that the control cylinder line is
connected with the atmosphere. The directional control valve plunger opens due
to differential pressure, so that air enters the piston rodless chamber in the cyl-
inder base and pushes the booster piston downward for riveting.

3) Integrate all air circuits into the box, and connect the air intake pipe with the air
source connector on the joint valve block to serve as a power source.

4)  Install  a  pressure  sensor  on  the  joint  valve  block  and  a  pulse  sensor  which  is
connected with the operating oil to control the back-end program or detect the
operating status of the equipment, so that the operation of G84LS-LS can be
controlled by the equipment via a single button and the real-time system operat-
ing status detection can function.

Fig. 1. Original Structure of G84-LS Riveter
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Fig. 2. Modified G84LS-LS

1 Cylinder valve block  2 Control cylinder line  3 Pulse sensor  4 Joint valve block  5 Pressure
sensor  6  Quick connector  7 Solenoid operated directional control valve button  8 Original
pulling head  9 Original cylinder handle  10 Directional control valve plunger  11 Two-way
two-position solenoid operated directional control valve  12 Air source connector  13 Quick

connector  14 Extended oil tube  15 Operating handle

The modified equipment is shown in Fig. 3.

(a)                                                            (b)

Fig. 3. (a) Computer monitoring system; (b) Modified G84LS-LS
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3.2 HUCK256 Modification

HUCK256 pneumatic riveter, in a one-piece design, provides riveting power through
air/oil pressure conversion, as shown in Fig. 4.

Fig. 4. Original Structure of HUCK256 Pneumatic Riveter

1 High-pressure valve body  2 Button  3 Crank arm  4 Return valve body  5 Air source con-
nector  6 Directional control valve plunger

The  modified  HUCK256  is  shown  in  Fig.  5.  Without  any  change  to  the  original
functions, the followings are added: pulling head valve block, operating handle, sole-
noid operated directional control valve button, extended oil tube, quick connector,
joint valve block, pressure sensor, pulse sensor, plunger control cylinder mounting
base, plunger control cylinder, solenoid operated directional control valve, air circuit
assembly, box, etc. The principle is outlined as follows:

1) Use the pulling head valve block and cylinder valve block as the sealing for the
lower end face of the pulling head and the upper end face of the cylinder handle,
and connect the oil passages in both the pulling head and the cylinder handle
with those in the original pulling head and cylinder handle. Connect the oil pas-
sage of the cylinder valve block to the joint valve block through a pulse sensor.
Install the corresponding quick connector on the joint valve block to match the
end with a quick connector of the extended oil tube. Directly connect the other
end of the extended oil tube to the pulling head valve block. Therefore, the oil
passages of the original pulling head and cylinder handle are connected through
the extended oil tube.
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2) Install a single-action cylinder plunger above the directional control valve
plunger on the cylinder base. Use the button on the handle is used to control the
opening of the two-way two-position solenoid operated directional control
valve, so as to control the extension of the single-action cylinder and push down
the directional control valve plunger, so that air enters the piston rodless cham-
ber in the cylinder base and pushes the booster piston upward for riveting.

Fig. 5. Structure of Modified HUCK256

1 Original cylinder handle  2 Cylinder valve block  3 Pulse sensor  4 Pulling head valve block
5 Pressure sensor  6 Quick connector  7 Operating handle  8 Pulling head valve block  9 Origi-
nal pulling head  10 Plunger control cylinder  11 Directional control valve plunger  12 Plunger
control cylinder mounting base  13 Air intake pipe of solenoid valve  14 Two-way two-position

solenoid operated directional control valve  15 Air source connector  16 Quick connector  17
Extended oil tube  18 Solenoid operated directional control valve button

3) Integrate all air circuits into the box, and connect the air intake pipe to the air
source connector on the joint valve block, and then with the two-way two-
position solenoid operated directional control valve when the air intake pipe
passes through the cylinder base valve block. Use the button on the operating
handle to control the air intake of the plunger control cylinder through the direc-
tional control valve.

4) ©Install a pressure sensor on the joint valve block and a pulse sensor which is
connected with the operating oil to control the back-end program or detect the
operating status of the equipment, so that the operation of HUCK256 can be
controlled by the equipment via a single button and the real-time system operat-
ing status detection can function.

The modified equipment is shown in Fig. 6.
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(a)                                                 (b)

Fig. 6. (a) Computer monitoring system; (b) Modified HUCK256

4 Intelligent Monitoring System

The main  interface  of  the  upper  computer  software  programmed by VS is  shown in
Fig. 7. This system is mainly used for sensor information acquisition, data recording
and generation of real-time riveting process curve.

Fig. 7. Main Interface of Monitoring System

As shown in Fig. 8, the data management mainly includes quality judgment and
data reports. During the riveting, data are continuously collected and added into the
database. The accuracy of quality judgment algorithm can be effectively improved
through off-line training.
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Fig. 8. Data Management Interface

5 Conclusion

In this paper, the composite riveting machine is modified so that it can collect the
curve of rivet forming during riveting. The riveting curves are analyzed by an empiri-
cal threshold method to determine the riveting quality. which is of great significance
to bring about the traceability of riveting quality, improve the riveting process quality
control capability and the digital management of riveting operation, and realize the
automatic monitoring of the riveting process of composite riveted products, thus
guaranteeing the safe operation of urban rail and EMU trains.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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