
 

42 ISSN ONLINE 2669-1116  

Ameliorating vibratory roller quality based on two 
methods of cab’s horizontal damper and cab’s active 
suspension 

Tianyuan Jiang1, Vanliem Nguyen2, Fan Zhang3 
Hubei Polytechnic University, Huangshi, China 
Hubei Key Laboratory of Intelligent Convey Technology and Device, Huangshi, China 
2Corresponding author 
E-mail: 1spring.hbpu@gmail.com, 2xuanliem712@gmail.com, 3autumn.hbpu@gmail.com 
Received 12 February 2024; accepted 10 March 2024; published online 18 March 2024 
DOI https://doi.org/10.21595/jmai.2024.23999 

Copyright © 2024 Tianyuan Jiang, et al. This is an open access article distributed under the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

Abstract. To reduce both the seat's vertical acceleration and cab pitching vibration in vibratory 
rollers, an active horizontal seat suspension (AHSS) is proposed and researched based on the 
dynamic model of the vibratory rollers moving and working and off-road grounds. The fuzzy 
control is applied to calculate the control force of the AHSS. The indexes in the Root Mean Square 
acceleration in the seat (𝑅𝑀𝑆௔௦) and cab pitch angle (𝑅𝑀𝑆௔ఝ) have been selected as the objective 
functions. The isolation performance of the HASS is then compared with the cab isolations 
controlled (CC) and without control (WC) under two conditions of the vibratory roller moving 
and working on the off-road surface. The study results show that the vibratory roller’s quality 
using the AHSS has been strongly ameliorated in comparison with both the CC and WC under 
both moving/working conditions. Especially, comparison with the WC, both the values of 𝑅𝑀𝑆௔௦ 
and 𝑅𝑀𝑆௔ఝ with the AHSS are greatly reduced by 54.2 % and 52.6 % under the moving case and 
by 44.5 % and 50.0 % under working conditions of the vibratory roller. Therefore, the AHSS 
should be applied to improve both the seat's vertical comfort and shaking in vibratory rollers. 
Keywords: vibratory roller, cab’s active hydraulic system, seat's active suspension system, 
horizontal damper, fuzzy controller, ride comfort. 

1. Introduction 

The vibratory roller has been used to compact the off-road ground based on the interaction 
between the drum and off-road ground. To enhance the compression efficiency of the vibratory 
roller, the interaction models between the drum and off-road terrain have been studied to evaluate 
the interaction characteristics between the compaction force of the drum and the deformation of 
the off-road terrain [1-4]. Research results show that the density (stiffness) of the off-road terrain 
were gradually increased in the interaction process between the drum and the ground. This causes 
the vibrations of the drum and vibratory roller body to increase significantly. The existing research 
also showed that the seat vibration and pitch angle in the cab of vibratory rollers were strongly 
increased when vibratory rollers working and moving under deformed grounds and the drum's 
vibration excitations combined [3, 5, 6]. Therefore, cab isolations were always concerned and 
researched in recent years. Cab's traditional isolations using rubber isolators with their low 
isolating performance were replaced by using hydraulic isolation systems and controlled hydraulic 
isolation systems, pneumatic hydraulic isolation systems, and semi-active pneumatic hydraulic 
isolations to enhance the quality of vibratory rollers [7-10]. Thus, the ride comfort in vibratory 
rollers had been strongly decreased, especially with hydraulic isolation systems and controlled 
hydraulic isolation systems. But, with the standard of ISO-2631 [11], both seat vertical vibration 
and cab pitch vibration are still high. The quality of the driver is thus low, and it affects the driving 
performance of the driver in the working process. 

In order to solve these issues, the control of fuzzy and control of the optimal fuzzy-PID had 
been used for controlling active dampers in the cab’s active hydraulic isolation systems  
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[10, 12, 13]. Therefore, the cab shaking vibration and seat vertical vibration were better compared 
to the passive hydraulic isolation systems of the cab. However, its isolation performance was only 
reached under the operation case of vibratory rollers. The control of both cab shaking vibration 
and seat vertical vibration is difficult. 

Therefore, to reduce both the cab's pitch vibration and the seat's vertical vibration, from the 
dynamic model of vibratory rollers, an auxiliary damper proposed and added in the horizontal 
direction in the cab, and an active suspension system of the seat controlled by a fuzzy controller 
are applied to the vibratory roller. Root Mean Square accelerations in the seat (𝑅𝑀𝑆௔௦) and cab 
pitch angle (𝑅𝑀𝑆௔ఝ) have been selected as objective indexes. The new point of this paper includes 
(1) the seat suspension system of the vibratory roller is controlled to improve the vertical comfort 
of the driver's seat and (2) a controlled auxiliary damper added in the horizontal direction of the 
vibratory roller cab to improve the cab shaking is proposed and researched.  

2. Mathematical method 

2.1. Vibratory roller’s dynamics model 

According to the structure of vibratory rollers shown in Fig. 1(a) [4, 14], the dynamics model 
of vibratory roller using its seven DOF has been established. Then, to reduce the cab’s pitching 
angle, a damper controlled by an active force (𝑢௫) is added in the cab’s horizontal direction. 
Besides, the seat’s suspension controlled by an active force 𝑢௦ in the vertical direction is also used. 
The vehicle’s dynamic model added by the active horizontal seat suspension (AHSS) is plotted in 
Fig. 1(b). In addition, to evaluate AHSS performance, another method of vehicle’s dynamics 
model with the cab isolations controlled (CC) has been also applied to evaluate ride quality in 
vibratory rollers and compare the performance between AHSS and CC, the model of a vibratory 
roller with CC is given in Fig. 1(c). 

 
a) Single drum vibratory roller 

 
b) The model of the vehicle with AHSS 

 
c) The model of the vehicle with CC 

Fig. 1. Structure and dynamics of vibratory roller using two control methods 
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Figs. 1(b-c), 𝑚௦, 𝑚௖, and 𝑚௕ are the seat mass, cab mass, and vehicle floor mass; 𝑍௦, 𝑍௖, and 𝑍௕ are vibrations of the seat, cab, and vehicle body; 𝜑௖ and 𝜑௕ are pitch angles of the cab and 
vehicle floor; 𝐾௦ and 𝐶௦ are stiffness/damping parameters in the seat's suspension; 𝐾௖ଵ,ଶ and 𝐶௖ଵ,ଶ 
are stiffness/damping parameters in cab isolations; 𝑞௧ is excitations of terrain; 𝑙௜, ℎ଴, and ℎ௖ are 
vehicle's distances; 𝑢௦ is the active force in the seat suspension system; 𝑢௫ is the active force of 
the cab's horizontal damper; 𝑢௖ଵ and 𝑢௖ଶ are the active forces in cab isolations, (𝑖 = 1-5). 

With the vehicle’s dynamics model given in Fig. 1(b), equations in the vehicle have been 
calculated as follows: 𝑚௦𝑍ሷ௦ = 𝐹௦, (1)𝑚௖𝑍ሷ௖ = 𝐹௦ − 𝐹௖ଵ − 𝐹௖ଶ, (2)𝐼௖𝜑ሷ௖ = 𝐹௦𝑙௦ + 𝐹௖ଵ𝑙௖ଵ − 𝐹௖ଶ𝑙௖ଶ + 𝑀௫, (3)𝑚௕𝑍ሷ௕ = 𝐹௖ଵ + 𝐹௖ଶ − 𝐹௧ − 𝐹ௗ , (4)𝐼௕𝜑ሷ ௕ = 𝐹ௗ𝑙ௗ + 𝑀ௗ − 𝐹௧𝑙௧ − 𝐹௖ଵ𝑙௕ଵ − 𝐹௖ଶ𝑙௕ଶ − 𝑀௫, (5)𝑚௙𝑍ሷ௙ = 𝐹௙ = 𝐹ௗ , (6)𝑚ௗ𝑍ሷௗ = (𝐶ௗ𝑍ሶௗ + 𝐾ௗ𝑍ௗ) − (𝐶ௗ𝑍௙ + 𝐾ௗ𝑍௙). (7)

The force responses in the seat and cab isolations are determined by: 𝐹௦ = 𝐾௦(𝑍௖ + 𝑙ଵ𝜑௖ − 𝑍ௗ) + 𝐶௦(𝑍ሶ௖ + 𝑙ଵ𝜑ሶ௖ − 𝑍ሶ௦) + 𝑢௦, (8)𝐹௖ଵ = 𝐾௖ଵ(𝑍௕ − 𝑙ହ𝜑௕ + 𝑙ଶ𝜑௖) + 𝐶௖ଵ(𝑍ሶ௕ − 𝑙ହ𝜑ሶ ௕ + 𝑙ଶ𝜑ሶ௖), (9)𝐹௖ଶ = 𝐾௖ଶ(𝑍௕ − 𝑙ସ𝜑௕ + 𝑙ଷ𝜑௖) + 𝐶௖ଶ(𝑍ሶ௕ − 𝑙ସ𝜑ሶ ௕ + 𝑙ଷ𝜑ሶ௖), (10)𝑀௖௫ = 𝐹௖௫ℎ௖ = 𝑢௫(ℎ଴ℎ௖𝜑ሶ ௕ + ℎ௖ℎ௖𝜑ሶ ௕ − ℎ௖ℎ௖𝜑ሶ௖). (11)

With the vehicle’s dynamics model given in Fig. 1(c), equations in the vehicle have been 
calculated as follows: 𝑚௦𝑍ሷ௦ = 𝐹௦, (12)𝑚௖𝑍ሷ௖ = 𝐹௦ − 𝐹௖ଵ − 𝐹௖ଶ, (13)𝐼௖𝜑ሷ௖ = 𝐹௦𝑙௦ + 𝐹௖ଵ𝑙௖ଵ − 𝐹௖ଶ𝑙௖ଶ, (14)𝑚௕𝑍ሷ௕ = 𝐹௖ଵ + 𝐹௖ଶ − 𝐹௧ − 𝐹ௗ , (15)𝐼௕𝜑ሷ ௕ = 𝐹ௗ𝑙ௗ + 𝑀ௗ − 𝐹௧𝑙௧ − 𝐹௖ଵ𝑙௕ଵ − 𝐹௖ଶ𝑙௕ଶ, (16)𝑚௙𝑍ሷ௙ = 𝐹௙ = 𝐹ௗ , (17)𝑚ௗ𝑍ሷௗ = (𝐶ௗ𝑍ሶௗ + 𝐾ௗ𝑍ௗ) − (𝐶ௗ𝑍௙ + 𝐾ௗ𝑍௙). (18)

The force responses in the seat and cab isolations are determined by: 𝐹௦ = 𝐾௦(𝑍௖ + 𝑙ଵ𝜑௖ − 𝑍ௗ) + 𝐶௦(𝑍ሶ௖ + 𝑙ଵ𝜑ሶ௖ − 𝑍ሶ௦), (19)𝐹௖ଵ = 𝐾௖ଵ(𝑍௕ − 𝑙ହ𝜑௕ + 𝑙ଶ𝜑௖) + 𝑢௖ଵ, (20)𝐹௖ଶ = 𝐾௖ଶ(𝑍௕ − 𝑙ସ𝜑௕ + 𝑙ଷ𝜑௖) + 𝑢௖ଶ. (21)

Dynamic forces in wheel/drum and deformed terrain interactions (𝐹௧ and 𝐹ௗ) are computed in 
the existing research of Refs. [4, 10, 15].  

2.2. Excitation vibration sources 

The case of vibratory rollers is working on off-road surfaces of the terrain, vibration excitations 
affect vibratory rollers including both drum vibration and off-road vibration [4, 16]. From 
excitation models of drum and terrain surface interactions in Ref. [16-18], the vibration excitation 
at the wheel and drum was computed and shown in Fig. 2. Then, this excitation has been used for 
assessing the comfort level of the vibrator roller with AHSS and CC, respectively. 
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Fig. 2. Excitation of deformed terrain 

3. Control method in cab and seat’s active suspensions 

To control the active forces in AHSS and CC of the vibratory roller’s isolation systems for 
controlling the cab’s pitch angle as well as the seat’s vertical vibrations, the active forces of the 𝑢௦  and 𝑢௫ with the AHSS and the active forces of 𝑢௖ଵ and 𝑢௖ଶ with the CC are controlled by using 
the fuzzy control. Their control force equations are described as follows: 𝑢௜ = ൜𝑢௦,𝑢௫,     (𝑢௖ଵ  = 𝑢௖ଶ = 0),𝑢௖ଵ,𝑢௖ଶ,     (𝑢௫  = 𝑢௦ = 0),    with AHSS,with CC.      (22)

To control the active forces 𝑢௜  in Eq. (7), Fuzzy control has been used for controlling all the 
active damping forces in AHSS and CC following: 𝐸௜ (deflection) and 𝐸𝐶௜ (derivation) in the 
cab’s horizontal damper and seat's suspension with CC or AHSS are used as two variable inputs 
and a variable output is defined by the active damping forces of 𝑢௜. The linguistic variables in 𝐸௜ 
and 𝐸𝐶௜ have been defined by Zero (Z), Positive small (Ps), Positive big (Pb), Negative big (Nb), 
and Negative small (Ns), whereas Linguistic variables in 𝑢௜  have been defined by Big (B), 
Medium big (Mb), Medium (M), Medium small (Ms), and Small (S). The values of Linguistic 
variables in two variable inputs (𝐸௜ and 𝐸𝐶௜) are operated from –1.0 to 1.0. These values are 
established based on the deformation and speed of the seat and cab isolations of the vibratory 
roller without control. The values of linguistic variables in variable outputs are operated from 0 to 𝑢௜௠௔௫. The value of 𝑢௜௠௔௫ is also established based on the passive damping force of the seat and 
cab isolations of the vibratory roller without control. To build the if-then controls of Fuzzy control, 
based on the knowledge and experience of the designer, twenty-five control rules are provided in 
Table 1 and given as follows: 

1) If 𝐸௜ = Nb and 𝐸𝐶௜ = Nb then 𝑢௜  = B, 
2) If 𝐸௜ = Ns and 𝐸𝐶௜ = NZ then 𝑢௜  = B, 
... 
25) If 𝐸௜ = Pb and 𝐸𝐶௜ = 𝑃𝑏 then 𝑢௜  = B. 
Then, Mamdani's centroid approach [19] is used to calculate the 𝑢௜  and control the active 

damping forces in AHSS and CC. The control block diagram for AHSS and CC has been given in 
Fig. 3. 

4. Simulation results and analysis 

To assess the isolation efficiency of AHSS and CC in improving ride quality as well as 
reducing the cab’s pitch angle, indexes of Root Mean Square accelerations in the seat (𝑅𝑀𝑆௔௦) 
and cab's pitching angle (𝑅𝑀𝑆௔ఝ) [20] are selected to analyze and compare the isolating efficiency 
between AHSS and CC. From the design parameters of the vibratory rollers with AHSS and CC 
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in Table 2, the SIMULINK model established in MATLAB software has been applied for 
computing and controlling two models in vibratory rollers under two cases of moving/working on 
off-road terrain of vibratory rollers. 

 
Fig. 3. The control block diagram for AHSS and CC 

Table 1. Control rules in the Fuzzy logic controller 𝑢௜ 𝐸𝐶௜ 
Nb Ns Z Ps Pb 

𝐸௜ Nb B Ns M Ms Z 
Ns Nb Nb M Z Ms 
Z M M Z M M 
Ps Ms Z M Mb Mb 
Pb Z Ms M Mb B 

Table 2. Design parameters in the vibratory roller with AHSS and CC 
Parameters Values Parameters Values Parameters Values 𝑚௦ (kg) 85.00 ℎ଴, 𝑙ଶ (m) 0.100 𝑙ସ (m) 0.136 𝑚௖ (kg) 891.0 𝑙ଵ (m) 0.383 𝑙ହ (m) 0.760 𝑚௕ (kg) 4464 𝑙ଷ (m) 0.524 𝐾௦ (MNm) 0.012 ℎ௖ (m) 0.400 𝐶௖ଵ (Ns/m) 20.00 𝐾௖ଵ (MNm) 0.910 𝐾௖ଶ (MN/m) 0.120 𝐶௖ଶ (kNs/m) 4.500 𝐶௦ (kNs/m) 0.120 

4.1. Performance in the case of vehicle traveling 

In the case of the vehicle moving to the roadwork, both the cab’s pitching vibration and the 
seat’s vertical vibration are greatly reduced under poor/very poor surfaces of off-road terrains 
[4, 16]. Therefore, the moving speed of the vibratory roller at 𝑣 = 10 km/h when the vehicle is 
moving on the poor surfaces of off-road terrain in Fig. 2 is used as the input singles for simulating 
and comparing the isolating efficiency between AHSS and CC via the control model in Fig. 3. 
The active damping forces of the AHSS and CC controlled by the fuzzy controller are shown in 
Fig. 4. Besides, the acceleration in the seat and cab's pitch angle has been also plotted in Fig. 5. 

With the cab isolation system used by CC, both seat and cab accelerations are significantly 
decreased in compared to cab isolations without control (WC). Besides, with the cab and seat 
suspension used by AHSS, both the seat and cab accelerations are greatly reduced compared to 
both WC and CC, as indicated in Fig. 5(a) and Fig. 5(b). Especially, the compared result of 𝑅𝑀𝑆௔௦ 
and 𝑅𝑀𝑆௔ఝ with the WC, AHSS, and CC in Fig. 5(c) shows that 𝑅𝑀𝑆௔௦ and 𝑅𝑀𝑆௔ఝ with AHSS 
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are greatly decreased by 54.2 % and 52.6 % in comparison with WC. The result is due to the seat 
suspension is directly controlled by 𝑢௦ to decrease the seat's vibrations while the cab’s pitch 
vibration is also directly controlled by the 𝑢௫. Therefore, both vibrations of seat and cab are 
strongly reduced compared to both WC and CC. These results mean that the AHSS should be 
applied to seat and cab isolations in vibratory roller to improve both vertical comfort and shaking 
of both seat and cab. 

 
a) Active damping force in AHSS 

 
b) Active damping force in CC 

Fig. 4. Active damping forces in AHSS and CC 

4.2. Performance in the case of vehicle working 

In the case of the vehicle working on the roadwork, both the cab’s pitch vibration and the seat’s 
vertical vibration are greatly reduced under the soil ground using the low-density at 28 Hz in the 
drum's excitation [3, 6, 15]. Thus, an excitation of the drum at 28 Hz when the vibratory roller is 
moving at a low speed of 3 km/h and compacting on the off-road terrain in Fig. 2 is used to 
simulate and compare isolating efficiency between AHSS and CC via the control model in Fig. 3. 
Simulated results in acceleration in both seat and cab have been plotted in Fig. 6. 

Similarly, with the cab isolation system used by CC, both seat and cab accelerations are 
significantly decreased in compared to WC. With cab and seat suspension systems used by AHSS, 
both seat and cabin accelerations are greatly decreased compared to both WC and CC (see in 
Fig. 6(a) and Fig. 6(b). From the seat and cab accelerations simulated, both the results of the 𝑅𝑀𝑆௔௦ and 𝑅𝑀𝑆௔ఝ with the WC, AHSS, and CC are calculated and compared in Fig. 6(c). Result 
shows that 𝑅𝑀𝑆௔௦ and 𝑅𝑀𝑆௔ఝ with AHSS are also strongly reduced by 44.5 % and 50.0 % 
compared to WC. The result is also due to the seat suspension system being directly controlled by 
the 𝑢௦ to decrease the seat’s vibrations while the cab’s pitch vibration is also directly controlled 
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by the 𝑢௫. Based on the simulation and comparison results of WC, CC, and AHSS, we can see 
that AHSS used on the seat suspension system and cabin’s horizontal isolation strongly improves 
both driver comfort and cab shaking under different simulation cases in vibratory rollers. Thus, 
AHSS should be applied to improve the comfort and shaking of the vehicle. 

 
a) Seat’s acceleration 

 
b) Cab’s pitch acceleration 

 
c) RMS value in the seat and cabin’s acceleration 

Fig. 5. The calculation result of vehicle’s accelerations in the case of the vehicle moving 

5. Conclusions 

An auxiliary damper with the active damping force and the seat's suspension controlled by the 
fuzzy controller are proposed, studied, and compared with both the WC and CC in improving both 
the comfort of the driver and the shaking of the cab in vibratory rollers. 
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a) Seat’s acceleration 

 
b) Cab’s pitch acceleration 

 
c) RMS value in the seat and cabin’s acceleration 

Fig. 6. Calculated result of vehicle accelerations when the vehicle is working 

Conclusions could be summarized via three steps: 
1) In the case of vibratory rollers moving, both seat and cabin accelerations with AHSS are 

greatly decreased compared to both WC and CC, especially, both 𝑅𝑀𝑆௔௦ and 𝑅𝑀𝑆௔ఝ with the 
AHSS are strongly reduced by 54.2 % and 52.6 % compared to WC. 

2) In the case of vehicle working, both seat cabin accelerations with AHSS are greatly 
decreased compared to both WC and CC, especially, both 𝑅𝑀𝑆௔௦ and 𝑅𝑀𝑆௔ఝ with AHSS are 
strongly reduced by 44.5 % and 50.0 % compared to WC. Thus, the AHSS used on the seat 
suspension system and the cab's horizontal isolation strongly improves both the comfort of the 
driver and the cab shaking under various simulation cases in vibratory roller. 

3) The auxiliary damper with this active damping force has not been studied to improve the 
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cab shaking. Based on this study result, the AHSS should be applied to improve both the vertical 
comfort and shaking of the vibratory rollers. 
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