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Abstract—Tensioner for deep water pipe-laying vessel is a 
type of engineering equipment that is applied in sub-sea 
pipeline laying. Based on the designed tensioner body for S-
lay vessel, with the capacity of 200t and can meet the re-
quirements of 3000m water-depth pipe-laying, the corre-
sponding monitoring and controlling system need to be 
designed. Firstly, the programs of on-line monitoring and 
controlling system are proposed, and then the software and 
hardware of the system are designed. In addition, the man-
machine interaction interface of the system is developed. 
This research could provide the guidance for the design of 
the on-line monitoring and controlling system of 200t 
tensioner. The test is carried out to verify the functions of 
the designed on-line monitoring& controlling system. The 
test results show that the designed system is reliable and 
also have good maneuverability. 

Index Terms—Tensioner, on-line monitoring & controlling 
system, man-machine interaction interface, testing. 

I. INTRODUCTION 

Offshore oil & gas resources accounted for the 34% of 
global oil & gas resources [1]. With the growth of energy 
consumption and the shortage of land oil & gas reserves, 
to improve the pace of offshore oil & gas development 
becomes the main task [2, 3, 4]. Pipeline is the hub to 
connect subsea wells and Floating Production System and 
it is the indispensable part of deep sea oil & gas develop-
ment [5, 6]. Tensioner is one of the most important com-
ponents of J-lay or S-lay system [7, 8, 9]. In the pipe-
laying process, pipeline enter into the water though the 
stringer at the stern of the pipe-laying vessel, there is the 
long distance pipeline from the stern to the seabed which 
called suspended segment and motions in heave direction 
of the vessel could cause the changes of pipeline length 
and then result in the variation of the stress of pipeline. As 
the vessel moves up along with the wave, the suffered 
tension of the tensioner which induced by self-weight of 
pipeline will increase and the pipeline may be damaged if 
the stress exceeds the allowable one. As the vessel moves 
down, the tension will decrease but the bending stress will 
increase, the plastic deformation may occur if the bending 
stress beyond the yield one [10, 11, 12 ]. In order to keep 
the tension of the pipeline unchanged during the pipe-
laying process, tensioner is needed to ensure the safety of 
the process. 

The mechanical body of the tensioner for S-lay vessel is 
designed to meet the requirements of development of the 
South China Sea [13, 14]. The designed tensioner could 
provide the 200t tension and can be used in 3000m water-

depth pipe-laying process. The Maximum lowering speed 
is 40m/min, and the maximum recovering speed is 20 
m/min, and has ability of 4-60 in diameter pipe-laying. 
Based on the designed tensioner body, investigate on the 
corresponding on-line monitoring and controlling system 
of the tensioner is presented in this paper. Firstly, the 
programs of on-line monitoring and controlling system are 
proposed, and then the software and hardware of the 
system are designed. In addition, the man-machine inter-
action interface of the system is developed.    

II. DESIGN OF TENSIONER MORNITORING AND 

CONTROLLING SYSTEM 

The monitoring system of tensioner involving control, 
testing and communication technology, it is a complex 
system. Five subsystems are included: Center Control 
System (CCS), Track Drive subsystem, Track Clamping 
Subsystem, Track Adjusting Subsystem and Hydraulic 
Power Unit (HPU) Subsystem. Advanced control techni-
cal program is adopted to form the coordination of the 
various systems based on fieldbus, which is combining 
intelligent instrumentation and remote IPC [15,16]. 
Monitoring and controlling system mode is shown in 
Figure 1. 

(1) The main feature of host computer of CCS is to 
control the tensioner remotely in a centralized control 
room. The operator must have administer permission for 
setting values of tensioner on-line, monitor, control and 
alarm the processing as well. 

(2) The Track Driving Subsystem drives the motors in 
accordance with the expected tension value and pipe-
laying speed target value assigned by the host computer 
real-timely. A constant tension control device and the 
inverter-fed motors consist of a closed-loop control 
system. The speed and direction of the track driving 
motors can be adjusted from instant to instant. 

(3) With the control action of Track Clamping Subsys-
tem, the clamping force of pipeline maintains a relatively 

 
 
 
 
 
 
 
 
 
 

Figure 1.   Mode of monitoring system 
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constant value according to the target value. The hy-
draulic suspension system and clamping system work 
together when tracks clamp the pipeline.  

(4) Track Adjusting Subsystem adjusts the height level 
and inclination angle of the tracks on the basis of the value 
given by the host computer so as to meet the system 
requirements. 

(5) The Hydraulic Station Control Subsystem is in 
charge of the management of pumping station, including 
single/ multi-machine startup and shutdown, hydraulic 
efficiency flow control, constant pressure regulation, as 
well as oil temperature monitoring function. 

To meet the pipe-laying process requirements, the pa-
rameters such as hydraulic pressure and laying speed of 
tensioner are scanned from time to time and can be reset at 
any stage of the work. Tensioner will keep working 
according to the new parameters as soon as it is set. Basic 
control flow of the monitoring system is shown in Figure 
2. 

III. HARDWARE AND SOFTWARE DESIGN OF TENSIONER 

MONITORING AND CONTROLLING SYETEM 

A. Hardware Design 
As a control center, BECKHOFF company's C3350 

IPC [17] is the master station of system and communicates 
with each underlying slaves via the fieldbus. 

PC Profibus Card FC3101 placed in C3350 IPC, com-
municates with profibus bus couplers BK3120 via 
Profibus-DP. The scene underlying equipment, such as 
intelligent instruments, sensors, inverters, proportional 
valves, reversing valves is connected to the corresponding 
types of I/O modules. Track Drive subsystem, Track 
Clamping Subsystem, Track Adjusting Subsystem and 
Hydraulic Power Unit (HPU) Subsystem are as slaves of 
profibus individually. 

All control command data collected on the tensioner 
console is transmitted to the IPC via the corresponding 
input ports. IPC communicates via the fieldbus with the 
field slaves, monitoring and controlling the bottom facili-
ties such as intelligent instruments, sensors and other 
modules. 

The main function of monitoring and control system 
console is to provide an interface for tensioner manual 
controlling, such as system operating, emergency stop, the 
brake off, et al. At the same time, through the display 
panel we can monitor the manual adjustment process of 
the hydraulic cylinder position and the pipe-laying process 
using the tensioner. 

B. Software Design 
1) Software compiler environment settings 

The number of control points of deep-water pipe-laying 
tensioner system is up to more than one hundred. MCGS 
configuration software combines with TwinCAT software 
PLC can makes up for disadvantages of traditional PLC 
well. 

TwinCAT software PLC (Soft PLC), which provides 
the same functionality as ordinary PLC, provides various 
advantages of the PC environment as well. Chinese 
configuration software Monitor and Control Generated 
System (MCGS) [18], used in generating computer moni- 

 
Figure 2.  Flow chart of monitoring system 

 

 
Figure 3.  Control panel of field operating desk 

toring and controlling system rapidly [12], has characteris-
tics of good real-time, powerful parallel processing ability 
and vivid picture features. Meanwhile, MCGS is with an 
open architecture and fully supports for the OPC standard. 
2) Software communication mode 

MCGS and TwinCAT soft-PLC communicates with 
each other complying with OPC software standard [19]. 
They all have OPC standard interface, the two can connect 
and realize the data exchange so easily as to accomplish 
the on-site data processing and equipment controlling on 
line. 

18 http://www.i-joe.org
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BECKHOFF Profibus bus is a communication link be-
tween the host computer and the on-site equipment. Bus 
terminal as an open and flexible I/O system, simplify the 
system architecture and improve communication speed. 

IV. HMI DEVELOPMENT 

Remote IPC enable the tensioner to have remote moni-
toring function. Operators set up parameters, send control 
commands, monitor state and storage data by controlling 
the panel or touch screen. The HMI of the tensioner 
remote monitoring system is developed adopting MCGS. 

 

The main function of HMI is parameter settings and 
status monitoring. 

Parameter settings: set the cylinder height and inclina-
tion parameter; set the pipeline parameter and target 
clamping force parameters; set the hydraulic pressure, the 
tension of the drive system, pipe-laying speed, dead band 
parameter, et al.  It is shown in Figure 4. 

Status monitoring: monitor tensioner and pipeline state 
during pipe-laying process; display goal setting value and 
real-time value so that the operator can determine the 
reliability of the work.  It is shown in Figure 5, 6. 

V. DATA DISPLAY AND STORAGE OF MONITORING AND 

CONTROLLING SYSTEM 

Besides has the function of control the hydraulic system 
and the drive system, the monitoring and controlling 
system also has the function of on-line monitoring the 
running state (pressure, pipe-laying speed and et, al) of the 
system, and the state will display on the HMI. The key 
parameters during the pipe-laying process can be stored 
for subsequent analysis. 

MCGS default using Microsoft Access database as a 
historical inventory database, and using database technol-
ogy to manage and maintain inventory data. The path and 
the file name of Inventory database can be set in the 
properties of main control window. Timing storage 
technique is adopted to store the data automatically during 
the pipe-laying process. 

After the MCGS successful communicate with the soft 
PLC though OPC, MMI can display the data which comes 
from the out-put value of the program on-line.   

VI. VERIFICATION OF ON-LINE MONITORING& 

CONTROLLING SYSTEM 

A. Structure of testing stand 
Two motors are coaxial mounted, as one simulates the 

vessel response of the wave, the other works as the driving 
motor. When motor No.1, viz. vessel simulator’ s rotate 
speed changes, the driving motor would follow rapidly to 
rotate forward or reverse to eliminate the torque caused by 
the difference in speed ( measured by torque sensor). The 
structure is shown in Figure 7. 

B. Control  algorithm 
The driving motor is controlled with PID algorithm. A 

PID controller collects real-time torque signal. By com-
paring the signal with reference value given by the host 
computer, PID controller will output a driving speed to 
make both of the motors run at the same speed. Torque 
also maintains within the permissible range. 

 
Figure 4.  Interface of parameter setting 

 
Figure 5.  Monitor interface of driving system 

 

Figure 6.  Monitor interface of Hydraulic unit 

 
Figure 7.  Photo of driving function testing stand 
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C. Analysis of test results 

 
Figure 8.  Speed curve of dual-motor 

Motor No.2, the driving motor, is running in the wake 
of the speed of motor No.1 under the action of the control 
system. Figure 8 shows that the two motors are operating 
with perfect driving accuracy and good synchronization. 

VII. VII.    CONCLUSION 

In this paper, the hardware and software of the monitor-
ing and controlling system for pipe-laying tensioner is 
designed. As a control center, Beckhoff IPC C3350 
communicates with the underlying intelligent instruments 
by profibus. The hardware of the monitoring and control-
ling system is configured, synchronously, the whole 
control processes is determined based on the characteris-
tics of tensioner’s hydraulic as well as the drive system. 
Otherwise, the software compiler environment is estab-
lished and tensioner monitoring interfaces are developed 
based on MCGS. The test results shows that the designed 
on-line monitoring & controlling system of the tensioner 
is reliable and has good maneuverability. 
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