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ABSTRACT

This paper presents the results of an experimental study on the dynamics of a TMM-3M heavy
mechanized bridge vehicle during its lowering phase. A specialized measurement system was
designed and deployed on the actual equipment to simultaneously record two key parameters. the
vertical oscillation of the base vehicle and the tension of the drive cable. The experimental results
show a high degree of agreement with previously established theoretical models. The findings
reveal that the vertical displacement of the base vehicle's chassis has an average error of
approximately 6% compared to the theoretical model. Additionally, the cable tension increases
nearly linearly, with an average error of 6.4% throughout the entire lowering process. This study
not only validates the accuracy of the dynamic models but also provides a scientific basis for
assessing the structural safety and operational reliability of the equipment. The research results
not only help validate the theoretical model but also provide a practical basis for assessing the
operational safety of the equipment in terms of cable tension.
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1. INTRODUCTION

In the modern era, the modernization of military equipment has become a priority strategy for
many nations, particularly for military powers and developing countries with significant strategic
positions. However, this modernization process is not without its challenges, most notably the
substantial investment costs. Therefore, alongside the procurement of new systems, upgrading the
technical capabilities of existing equipment within the armed forces is a crucial endeavor. The
TMM-3M heavy mechanized bridge is a military bridging system produced by the Soviet Union
since the 1960s, which remains in active service with the Vietnam Engineer Corps. This equipment
has proven to be highly effective under Vietnamese operational conditions. Nevertheless, with the
advancement of modern manufacturing technology, upgrading the TMM-3M bridging system is
essential, aiming to reduce deployment and recovery times and minimize the number of personnel
in the operating crew. After positioning the TMM-3M bridge at the deployment site, the launching
process consists of four main sequential stages: frame lifting, span unfolding, span lowering, and
intermediate support pier deployment. In practice, the TMM-3M’s carrier vehicle is subjected to
the simultaneous effects of the bridge span's weight, cable tension, hydraulic loads, and ground
reaction forces. The oscillations generated during the span-lowering phase not only affect the
vehicle's stability but can also cause sudden surges in cable tension, leading to risks of overload or
localized damage. Consequently, an experimental investigation to determine the oscillatory
characteristics of the carrier vehicle and the variation patterns of cable tension during this phase is
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both necessary and significant from scientific and practical standpoints.

Due to the specialized nature of the military domain, theoretical and experimental studies on the
deployment process of military bridges in general, and the TMM-3M in particular, are scarce
worldwide. The few studies on military bridges primarily focus on general overviews [1], 3D
structural modeling, and strength verification through simulation methods [2, 3]. Theoretical
research on the TMM-3M bridge is also limited. Study [4] addressed the dynamic model of the
TMM-3M's working equipment during the span-lowering stage but only considered the cable as an
elastic element with a stiffness coefficient, lacking a damping coefficient [4]. Other research has
examined the load-bearing capacity of the TMM-3M bridge when traversed by tanks and armored
vehicles [5]. In [6], the authors investigated the TMM-3M's deployment during the frame-lifting
phase, incorporating a hydraulic drive mechanical model to analyze the dynamics of the lifting
process. In [7], the authors also presented a theoretical study on the dynamics of the working
equipment as well as the entire system during the span-lowering deployment. The influence of
engine speed on the span-lowering time was also presented in [8, 9], where the authors demonstrated
that increasing the engine speed reduces the lowering time but poses a higher safety risk at
excessively high speeds of 1600 to 1800 rpm. The cable, suspension system, and the ground at the
outrigger locations are treated as elastic components characterized by stiffness and viscous damping
coefficients that influence the span-lowering process. The dynamics of the TMM-3M's working
equipment during the span-unfolding stage were studied by authors in [10], where the driving torque
from the engine was considered under two laws affecting the unfolding process. Furthermore, the
dynamics during the intermediate support pier deployment stage were examined in [11].

To date, no experimental studies on the various stages of the TMM-3M bridge deployment
process have been published. Experimental research is a critical component of the overall study of
the TMM-3M deployment dynamics, as it provides a scientific basis for validating theoretical
models and contributes to the objective of upgrading and modernizing the TMM-3M bridge set.
This paper presents an experimental study to determine the oscillation patterns of the carrier
vehicle's chassis and the cable tension during the span-lowering phase of the TMM-3M bridge
deployment, with a particular focus on the tension in the cable that drives the span-unfolding
process. The research results will serve as a basis for comparison with theoretical findings to assess
the validity of the theoretical studies.

Starting from the above requirements, this paper focuses on designing and conducting an
experimental system to directly record the oscillation of the base vehicle and the cable tension
during the lowering process of a TMM-3M bridge span. The measurement system includes force
sensors, displacement sensors, and specialized data acquisition equipment, allowing for the
collection of high-accuracy dynamic signal series. Based on this, the paper analyzes the oscillation
characteristics of the base vehicle, the variation in cable tension, compares them with previous
theoretical results, and discusses their significance for ensuring the safety and reliability of the
equipment. The research results can serve as a basis for improving dynamic models of mechanized
bridges and providing recommendations for rational operating modes in practice.

2. THEORETICAL BACKGROUND

A flat multi-body model for the dynamic analysis of the TMM-3M bridging equipment during
the lowering process was presented in [8]. In this study, a comprehensive model including the base
vehicle and the operational equipment was considered, with their mechanical correlation fully
accounted for (Figure 1). The components are designated as follows: 1 — Front axle; 2 — Chassis;
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3 — Rear outriggers; 4 — Linkages; 5 — Lifting frame; 6 — Bridge span.

Accordingly, the research model consists of 5 degrees of freedom: ¢ (m) — vertical displacement
of the unsprung mass of the front axle; y (m) — vertical displacement of the center of mass of the
chassis; ¢ (rad) — pitch angle of the chassis; @ (rad) — angular displacement of the span; ¢ (rad) —
rotational angle of the cable drum. Besides the geometric symbols shown directly in Figure 1, the
following additional symbols are used:
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Figure 1. Dynamic model of the TMM-3M bridge during the span lowering stage [§].

The system of differential equations for oscillation, along with the input parameters of the
mechanical system, was presented in [8]. According to this, the cable tension F; (N) during the
lowering process is determined by the expression:
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The study in [8] showed the theoretical variation of cable tension corresponding to different
engine speeds, as illustrated in Figure 2.

Accordingly, the cable tension tends to gradually increase in value as the bridge span is lowered
and reaches its maximum value at the end of the lowering phase.
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Figure 2. The dynamic tension force [§]:
a) The original graph, b) Zoomed-in graph section.

3. EXPERIMENTAL SETUP

A dedicated experimental system was built and implemented on an actual TMM-3M bridging
vehicle to determine the oscillation characteristics of the base vehicle and the variation in cable
tension during the span-lowering process. The experiment's goal was to directly and accurately
record key dynamic signals, including the vertical oscillation of the base vehicle and the cable
tension, with a high degree of precision and reliability suitable for subsequent analysis. An
experimental setup was designed to simultaneously measure two main groups of parameters: the
vertical displacement of the base vehicle's chassis and cable tension. The vertical displacement of
the chassis was recorded using a displacement sensor directly mounted on the frame, which
measures oscillation relative to the ground. Meanwhile, cable tension was measured on the cable
segment connected to the winch drum, utilizing an intermediate mechanism to convert the tensile
force into a compressive force acting on a force sensor.

The system of measurement equipment included: an Omega LCMGD-120 kN load cell,
installed on a nearly fixed cable section passing through two guide pulleys; two HF-750C
displacement sensors, attached to the connection points of the front and rear suspension systems
with the base vehicle's frame; and a Ni-6009 data acquisition unit, connected to a computer with
DASYLab software to record the experimental results. Additionally, the experiment used signal
amplifiers and specialized fixtures to convert the cable's tensile force into a compressive force on
the sensor. The schematic diagram of the equipment connections is detailed in Figure 3.
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Figure 3. Schematic diagram of experimental equipment connection.

The cable tension was converted into a compressive force using a mechanical fixture. The
electrical signals from the load cell and the HF-750 sensors were amplified and then transmitted
to the Ni-6009 data acquisition unit. This unit was connected to a computer via DASYLab
software, which saved all the measurement results. Figure 4 shows the actual setup of the
experimental equipment on the TMM-3M mechanized bridge.
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Figure 4. On-site experimental setup for measuring cable tension:
1- LCMGD sensor; 2- Ni-6009; 3- Computer; 4- Amplifier;
5- Fixture for converting tensile force to compressive force.

4. RESULTS AND DISCUSSION

Vertical displacement of the base vehicle's chassis was determined by converting the
displacement measurements from the two HF-750 sensors. The motor operating speed during the
experimental measurements was 1300 rpm (revolutions per minute). For the span lowering stage,
the comparison between theoretical and experimental results for the vertical displacement of the
base vehicle's chassis is shown in Figure 5. The graph in Figure 5 indicates a similar trend, where
the displacement of the center of gravity gradually increases as the bridge span is lowered, which
reduces the influence of the bridge span's weight on the base vehicle. However, in the initial phase,
the theoretical displacement graph oscillates more intensely. During the first 15 seconds, the
theoretical curve oscillates with an average amplitude of approximately 0.015 m around the static
equilibrium position. After 20 seconds of lowering, the two curves converge and remain stable for
the rest of the phase, with an average error of about 6%.

The error between the theoretical and experimental results is therefore within an acceptable range
for a complex system with numerous nonlinear factors. Additionally, the theoretical oscillations
show a larger amplitude than the experimental ones, meaning the model's predictions are on the safe
side, ensuring that the structure is verified under more rigorous conditions than in reality. The similar
trend in the stabilization of values between the theoretical and experimental results confirms that the
model accurately reflects the physical nature of the system. Based on this, the study proceeds to
investigate cable tension, one of the crucial factors determining safety during deployment.
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Figure 5. The vertical displacement of the chassis.

During the deployment of the TMM-3M heavy mechanized bridge, cable tension plays a crucial
role as it directly impacts structural safety and reliable operation. Notably, the span unfolding and
lowering phases are two periods with significant variations in cable tension, which also carry the
risk of instability and cable breakage. The comparison between theoretical and experimental
results for cable tension, shown in Figure 6, helps us identify dangerous states and evaluate the
suitability of the theoretical model compared to the experimental data. A key point in the study of
cable tension during the lowering phase is that the tension tends to gradually increase as the bridge
span's center of gravity moves further away from the base vehicle.
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Figure 6. Theoretical and experimental cable tension graph.

The variation of cable tension shown in Figure 6 clearly demonstrates a similarity in trend. Both
the theoretical curve F. and the experimental curve F,, show that the tension increases nearly
linearly throughout the entire process, from approximately 10* N at the beginning to about 4.8x10*
N at the 70th second. Starting from the 15th second, the theoretical curve appears smooth and
steady, reflecting a stable increase in load. The error between the two curves during this phase is
significantly smaller than during the deployment phase, with the largest error of about 12.9%
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occurring at the 35th second. The average error throughout the entire process is 6.4%. The
discrepancy between the theoretical and experimental results is less than 10%, which is considered
acceptable for a mechanical system with multiple joints and links. This result indicates that the
proposed theoretical model is appropriate and reliable, and it can therefore be used for further
investigation of other related research problems.

5. CONCLUSIONS

The research and improvement of the TMM-3M bridge to enhance its technical and tactical
capabilities, specifically, to reduce deployment and retrieval time and the number of crew members
is a necessary trend of interest to military experts. Experimental research to determine the
oscillation patterns of the base vehicle and the variation of cable tension plays a crucial role in
validating theoretical findings and provides a scientific basis for future bridge improvements. This
paper determined the base vehicle's chassis displacement and the changes in tension on the cable
during the span lowering phase through a practical experimental study. The research results show
a good agreement between theoretical and experimental findings regarding the displacement
pattern of the chassis's center of gravity and the cable tension. This research is of significant
importance for the comprehensive dynamic analysis of the TMM-3M bridge deployment process.

REFERENCES

[1]. Russell B. R., Thrall A. P., “Portable and rapidly deployable bridges: historical perspective and recent
technology developments”, Journal of Bridge Engineering, vol. 18, pp. 1074-1085, (2013).
https://doi.org/10.1061/(asce)be.1943-5592.0000454

[2]. HanJ., Pengcheng Z., Li T., Gaojie C., Shuai Z., Xiaoqiang Y., “An optimum design method for a new
deployable mechanism in scissors bridge”, Proceedings of the Institution of Mechanical Engineers,
Part C: Journal of  Mechanical  Engineering  Science, vol. 223,  (2019).
https://doi.org/10.1177/0954406219869046

[3]. Kalang C., Sidagam Y., “Design and Analysis of Armored Vehicle Launched Bridge (AVLB) for Static
Loads”, International Journal for Scientific Research & Development, vol. 4, no. 10, (2016).

[4]. L.H. Quang, “Study on Determining the Dynamic Parameters of the Folding and Unfolding Mechanism
of the TMM-3M Bridge Span”’, Master’s Thesis, Military Technical Academy, Hanoi, (2017).

[5]. Phan Van Thong, “Study on Enhancing the Load-Bearing Capacity of the TMM Bridge Set during
Mobility Support for Military Vehicles”, Master’s Thesis, Military Technical Academy, Hanoi, (2014).

[6]. Thang T. D., Le D. V., Chu D. V., “Research on the dynamics of a heavy mechanized bridge in the
deployment phase of the lifting frame”, EUREKA: Physics and Engineering, no. 1, pp. 116-126,
(2024). https://doi.org/10.21303/2461-4262.2024.003220

[7]. Tran Duc Thang, Le Van Duong, Chu Van Dat, Cu Xuan Phong, Bui Van Hai, “Dynamics of Heavy
Mechanized Bridge During Span-Lowering Process”, Advances in Military Technology, vol. 19, no.
1, pp. 165-175, (2024). https://doi.org/10.3849/aimt.01878

[8]. Duong L. V., Thang T. D., Quyen D. M., Dat C. V., “Studying the influence of engine speed on the
entire process of span-lowering of the heavy mechanized bridge”, EUREKA: Physics and Engineering,
no. 4, pp. 79-89, (2024). https://doi.org/10.21303/2461-4262.2024.003365

[9]. Tran Duc Thang, Le Van Duong, Chu Van Dat, Nguyen Thi Hai Van, “Study on the optimal working
regime of cable mechanism on the TMM-3M heavy mechanized bridge during the lowering span stage”,
The University of Danang — Journal of Science and Technology, vol. 22, pp. 80—84, (2024).

[10]. Tran Duc Thang, Le Van Duong, Chu Van Dat, “Research on the dynamics of the working equipment
on the heavy mechanized bridge during the deployment phase in the opening stage”, Hanoi University
of Industry Journal of Science and Technology, vol. 60, no. 4, pp. 85-90, (2024).

[11].Chu Van Dat, Tran Duc Thang, Le Van Duong, Dao Manh Quyen, “Dynamic of the operational
equipment on the TMM-3M bridge during the lowering of the intermediate support legs”, Hanoi
University of Industry Journal of Science and Technology, vol. 60, no. 11, pp. 126—130, (2024).

Journal of Military Science and Technology, 110 (2026), 177-184 183


https://doi.org/10.1061/(asce)be.1943-5592.0000454
https://doi.org/10.1177/0954406219869046
https://doi.org/10.21303/2461-4262.2024.003220
https://doi.org/10.3849/aimt.01878
https://doi.org/10.21303/2461-4262.2024.003365

Mechanics & Mechanical Engineering

TOM TAT

Nghién ciru thue nghiém xac dinh dao dfng ciia xe co' sé va luc cing cap
trong qua trinh ha nhip cau TMM-3M

Bai bao nay trinh bay két qua ciia mét nghién ciru thue nghiém nham khdo sat dong e
hoc ciia xe cau co gioi hang ngng TMM-3M trong qud trinh ha nhip. Mot hé thong do luong
chuyén dung da duwoc thiét ké va trién khai trén thiét bi thuc té dé ghi nhan dong thoi hai
thong $6 quan trong la dao dong thang dirng ciia xe co s6 va lyc cang cia cdp dan dong.
Két qua thiee nghiém cho thay s phit hop cao gitta dir liéu thu thap dwoc va mé hinh nghién
cieu Iy thuyét da dwoc xdy dung trudc do. Két qua thiee nghiém cho thay chuyén vi thang
dimg ctia thdn xe co' so ¢o sai $6 trung binh khodang 6% so voi Iy thuyét va luc cang cdp
tang gan nhw tuyén tinh, sai sé trung binh vé lyc cang cdp trong toan bg qud trinh ha nhip
la 6,4%. Két qud nghién ciru khong chi givp kiém chitng mé hinh 1y thuyet mad con cung cap
co 6 thuec tién dé danh gia @6 an toan trong qud trinh vin hanh cia thiét bi vé phwong dién
lyc cang cap.

Tir khoi: TMM-3M; Céu quan su; Luc cang cap thuc nghiém; Pong luc hoc; Dao dong.
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