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Executive Summary

Vibration is the most insidious and dangerous enemy of modern industrial civilization. From
nanometer-scale semiconductor lithography stages to hundred-meter-tall supertall structures, from
high-speed trains traveling at 350 km/h to low-altitude eVTOL aircraft, pervasive vibration threatens

precision, safety, and service life. Damping technology is humanity's primary tool for taming vibration.

Shanghai Trutrust Electromechanical Technology Co., Ltd. (hereinafter 'Trutrust') has consistently
focused on industrial-grade vibration control since its founding. With proprietary Viscous Fluid
Dampers (VFD), Tuned Mass Dampers (TMD), energy-absorbing buffer systems, and intelligent
monitoring solutions as its core offerings, Trutrust serves the semiconductor precision manufacturing,
laser processing, rail transit, elevator safety, and low-altitude economy sectors. The company holds
28 independent intellectual property patents, is recognized as a National High-Technology Enterprise
and a Specialized & Sophisticated 'Little Giant' company, and holds CRCC rail transit certification
along with ISO 9001, ISO 14001, and ISO 45001 tri-system certifications.

This white paper presents a systemic analysis of the damping market size, technology evolution, and
application value from an industry perspective, and provides in-depth insight into Trutrust's solutions
and competitive advantages in key application scenarios. It serves as an authoritative reference for

potential partners, procurement decision-makers, and industry researchers.

Key Performance Indicator Value

Global damper market size (2024) USD 20~22 billion

Projected global market (2030, CAGR 5.5%~6.8%) USD 28~31 billion

China market share of global total 35%~40% - the world's largest single market

Smart damper (MR/ER) growth rate CAGR ~12%~15%

Trutrust independent patents 28

Gross margin level 40%~45%

Certification portfolio ISO tri-system + CRCC + National High-Tech
Enterprise




Chapter 1 Vibration: The Ubiquitous Industrial Challenge

1.1 Why Vibration Is Industry's Top Hidden Hazard

We live and work in a world of perpetual vibration. Rotating machinery, moving vehicles, wind and
rain, seismic events - vibration at different frequencies and amplitudes penetrates virtually every
engineered structure and precision instrument. When vibrational energy cannot be effectively
dissipated, the consequences range from minor noise pollution to severe structural fatigue cracking,

equipment precision failure, and ultimately structural collapse and casualties.

In precision manufacturing, the allowable vibration displacement of a leading semiconductor
lithography stage is only nanometer-scale (< 5 nm RMS). A forklift merely passing by on the floor
generates micro-vibrations sufficient to distort the pattern being exposed, causing an entire wafer
batch to be scrapped. In rail transit, if bogie vibrations are not effectively controlled, wheel-rail
contact fatigue life is dramatically shortened, sharply increasing operational safety risks. In the
construction sector, the 2023 Turkey earthquake killed over 50,000 people - a stark reminder that

the absence of energy-dissipation seismic design bears significant responsibility for casualty numbers.

Vibration control has evolved from an optional feature into an indispensable core capability for high-

quality development in modern industry.

1.2 Vibration Damage Mechanisms: From Micro-Vibration to Destructive

Resonance

Engineering vibration can be categorized into three damage tiers by mechanism:

e Micro-vibration (< 0.1 Hz to 200 Hz): Primarily affects the accuracy of precision instruments
including semiconductor manufacturing equipment, precision measurement tools, and medical
imaging devices. The damage characteristic is 'silent' - equipment appears intact, yet product
yield continuously declines and quality issues are difficult to trace.

o Mid-frequency structural vibration (1 Hz to 100 Hz): Affects the fatigue life and structural
integrity of mechanical equipment. Typical examples include vortex-induced resonance in wind
turbine towers and lateral oscillation of rail vehicle carbodies.

e Low-frequency large-displacement vibration (< 1 Hz): Encompasses seismic events, wind-induced
vibration, and wave loading. Poses direct structural safety threats to high-rise buildings, long-

span bridges, and nuclear plant piping.



Resonance is the most extreme form of vibration damage. When an external excitation frequency
matches a structure's natural frequency, even minimal disturbance energy is continuously amplified
until structural failure occurs. The 1940 Tacoma Narrows Bridge collapse in the US - resonating under
a wind speed of only 19 m/s - remains one of the most famous resonance disasters in engineering
history. The core value of modern damping technology lies precisely in preventing resonance

disasters by actively or passively dissipating vibration energy.

1.3 Market Scale: A Hundred-Billion-Dollar Arena, High Barriers, High Value

Based on comprehensive analysis from leading research institutions including Grand View Research,
MarketsandMarkets, and Mordor Intelligence, the global damper market reached approximately USD

20~22 billion in 2024 (equivalent to approximately RMB 145~160 billion). It is projected to exceed

USD 28~31 billion by 2030, with a compound annual growth rate (CAGR) of approximately 5.5%~6.8%.

Market Segment 2024 Size (USD bn) 2030 Forecast (USD CAGR

bn)
Automotive shock absorbers 9.2~9.5 12.0~13.0 4.5%~5.0%
Building seismic isolation 3.6~4.0 5.876.5 7.0%~8.5%
Industrial dampers 3.0~3.5 4.2~4.8 5.5%~6.0%
Rail transit dampers 1.6~1.8 2.4~2.8 6.5%~7.0%
Wind turbine dampers 1.0~1.2 1.8~2.2 8.0%~9.0%
Aerospace / eVTOL dampers 0.5~0.7 1.6~2.5 18%~22%
Precision equipment dampers 0.4~0.5 0.7~0.9 8%~10%

China stands out prominently. In 2024, China's overall damper market reached approximately RMB
70~90 billion (USD 10~13 billion), accounting for 35%~40% of the global market - and still growing.
China has become the world's largest producer and consumer of dampers. Driven by favorable
policies, heightened earthquake-prevention awareness, and the clean energy revolution, China's
market CAGR is approximately 8%~10%, outpacing the global average by 2~4 percentage points. The
market is projected to exceed USD 18 billion by 2030.

Key Market Signal

The eVTOL / low-altitude economy segment is the fastest-growing damper sub-market in the past three
years, with a CAGR of 18%~22%. China has classified the low-altitude economy as a representative
industry of new quality productive forces. Cumulative damper demand driven by this sector is
estimated at RMB 3~5 billion between 2026 and 2030.




Chapter 2 Damping Technology Landscape: From Passive
Dissipation to Intelligent Control

2.1 Four Primary Energy-Dissipation Mechanisms

The essence of a damper is to convert mechanical vibration energy into heat or other forms of
energy for dissipation. Modern dampers are classified into four categories based on their energy-

dissipation mechanism:

Viscous Damping: Damping force is proportional to velocity (F = ¢ * v*alpha). This is the working
basis of hydraulic/viscous fluid dampers. By designing the nonlinear exponent alpha, large
damping force can be provided at low speeds while preventing overload at high speeds. This is
the most widely used approach in building seismic isolation, accounting for approximately 28%

of the global market.

Hysteretic Damping: Metal materials repeatedly enter the plastic deformation zone under cyclic
loading; the stress-strain curve forms a dissipating hysteresis loop. Buckling-Restrained Braces
(BRB) and mild steel dampers are based on this principle, favored by structural engineers for

their stable energy dissipation and maintenance-free nature.

Tuned Mass Damping (Frequency Tuning): A secondary mass-spring system is tuned to the
natural frequency of the primary structure. When the primary structure vibrates, the tuned
system generates an out-of-phase force to cancel the vibration - the basis of TMD/PTMD
technology. The 1,200-tonne TMD installed atop Shanghai Tower (632 m) is the world's largest

commercial TMD application.

Semi-Active / Intelligent Damping: Using magnetorheological (MR) fluid as the medium, the
damping force can be varied in real time from minimum to maximum within milliseconds by
adjusting magnetic field intensity. This combines the reliability of passive damping with the
adaptability of active control, and is currently the fastest-growing technology segment (CAGR

~12%~15%).

2.2 Seven Major Product Categories

Product Type Core Technology Primary Applications Market Share

Viscous Fluid Damper (VFD) | Fluid orifice Building seismic isolation, ~28%
throttling bridge damping, nuclear piping

Gas Spring / Pneumatic Nitrogen Automotive tailgates, industrial | ~17%

Damper compression platforms, appliances

Tuned Mass Damper (TMD) Mass-spring Supertall buildings, long-span ~6%
frequency tuning bridges, wind turbine towers

Buckling-Restrained Brace Steel plastic Structural seismic retrofit ~5%

(BRB) dissipation

Magnetorheological Damper | Magnetically Automotive active suspension, ~4%




(MRD) controlled MR fluid precision equipment isolation
Eddy-Current Damper Electromagnetic Industrial equipment vibration ~2%
induction reduction, precision
instruments
Viscoelastic Damper Polymer energy Building isolation, anti-vibration | ~8%
dissipation pads

2.3 Four Major Technology Trends

Trend 1: Intelligentization and Semi-Active Control

The engineering maturity of magnetorheological damper technology has moved dampers from 'static
parameters' to 'dynamic response.' Combined with accelerometer arrays, FPGA controllers, and
cloud monitoring platforms, modern intelligent dampers can adjust damping force in real time based
on vibration conditions, improving energy dissipation efficiency by 30%~60%. For precision
equipment isolation scenarios, active/semi-active control is rapidly becoming standard for high-end

products.

Trend 2: Digital Twin and Predictive Maintenance

Real-time condition monitoring via loT sensors, combined with digital twin systems built from finite
element simulation models, makes the health status of dampers visualizable. By analyzing time-series
changes in vibration spectra, temperature data, and force-displacement curves, seal failures or
performance degradation can be predicted 30~90 days in advance, reducing unplanned downtime

losses by more than 60%.

Trend 3: Lightweighting and Advanced Materials

The adoption of carbon fiber composite piston rods reduces product weight by 40%~60% at
equivalent load capacity. The introduction of 3D-printed titanium alloy components enables complex
flow path designs, improving throttling characteristic accuracy from +/-5% to within +/-1%. eVTOL
and other weight-critical applications are the strongest drivers of lightweight damper technology

advancement.

Trend 4: Standardization and Mature Certification Frameworks

As energy-dissipation seismic design becomes mandatory in multiple countries, damper product
certification standards are tightening. China's Ministry of Housing and Urban-Rural Development is
revising the Technical Code for Building Energy Dissipation and Vibration Control (JGJ 297), specifying
product testing methods, durability evaluation, and engineering acceptance standards. This further
raises market entry barriers and builds competitive moats for companies with comprehensive

certification systems.



Chapter 3 Core Application Scenarios: In-Depth Analysis

3.1 Precision Manufacturing: The Ultimate Challenge of Nanometer-Scale

Vibration

Semiconductor manufacturing imposes the world's most stringent vibration control requirements. A
state-of-the-art EUV lithography machine (equipment cost approximately USD 150 million) has an
exposure stage vibration tolerance of only +/-1 nm RMS - equivalent to one fifty-thousandth of the
diameter of a human hair. To achieve this precision, lithography OEMs typically employ a 'three-
stage isolation' strategy: foundation isolation (passive rubber / air bearing) + equipment frame active

isolation (magnetic actuators) + stage precision damping (voice coil motors + piezoelectric actuators).

Laser processing equipment (tube cutting, plate cutting) faces a different vibration challenge: the
high-speed reciprocating motion of the machining head (up to 200 m/min) generates intense impact
vibrations at stops and direction reversals. Insufficient spindle damping causes 'waviness' on cut
surfaces, degrading cutting precision and edge quality. A custom TMD solution provided by Trutrust
for a leading domestic laser tube cutting machine manufacturer successfully reduced spindle swing

amplitude by 85%, improving machining accuracy by two tolerance grades (from H9 to H7).

Case Highlight

A semiconductor metrology equipment manufacturer introduced Trutrust's active air-bearing isolation
table. The VC-E vibration criterion (vibration velocity < 3.1 um/s in the 180 Hz range) compliance rate
on the equipment installation floor rose from 67% to 98%. Wafer inspection pass rate per unit time
improved by approximately 12%.

3.2 Supertall Buildings: Dual Threats of Wind-Induced and Seismic Vibration

As urban densification accelerates, supertall buildings (height > 150 m) have become a defining
feature of modern cityscapes. Supertall buildings face two primary vibration threats: wind-induced
vibration (operational) and seismic loads (extreme events). In Beaufort Scale 10 winds
(approximately 28 m/s), the rooftop acceleration of a 250-meter building can reach 50~80 cm/s2,

exceeding the human comfort threshold (~15 cm/s2) and causing occupant discomfort.

Tuned Mass Dampers (TMD) are the gold standard solution for supertall building wind-induced
vibration. A mass block representing approximately 0.3%~0.5% of total building mass is installed near

the top of the building; by precisely tuning spring stiffness so that the natural frequency of the mass



block matches the first bending mode of the building, the mass moves 180 degrees out of phase with

the building to dissipate vibrational energy, reducing rooftop accelerations by 30%~60%.

Landmark Structure TMD Mass Vibration Reduction

Shanghai Tower 632 m 1,200 tonnes Wind acceleration reduced
by 50%+

Taipei 101 509 m 660 tonnes Wind acceleration reduced
by 40%

Shanghai World Financial Center 492 m 150t x 2 Wind response reduced by
35%

Guangzhou International Finance 440 m 2,000 tonnes Wind acceleration reduced

Centre by 45%

3.3 Rail Transit: Vibration Assurance for High-Speed Railways

China's high-speed rail network has exceeded 42,000 km, the longest in the world. Rail vibration
control spans three levels: carbody vibration (affecting passenger comfort), bogie vibration (affecting
wheel-rail contact fatigue and operational safety), and track structure vibration (affecting adjacent

buildings and precision facilities).

For carbody vibration, high-speed trains universally use a combination of vertical and lateral
hydraulic shock absorbers with air spring suspension, maintaining carbody vibration acceleration
below a Sperling index of 2.5 (Good rating). Trutrust holds CRCC (China Railway Certification Center)
certification and is qualified to supply vibration control products meeting railway industry standards

(e.g., TB/T 2843) for the rail transit sector.

3.4 Low-Altitude Economy and eVTOL: The Next Golden Frontier for Dampers

Electric Vertical Take-Off and Landing (eVTOL) vehicles represent the most anticipated emerging
application for the damper industry. Unlike conventional helicopters, eVTOL aircraft typically use
multi-rotor distributed electric propulsion; the unbalanced mass and electromagnetic harmonics of
each rotor motor are vibration excitation sources. For passenger-carrying eVTOL, cabin vibration
acceleration must be controlled below 0.05 g (ISO 2631 human body vibration comfort standard),

while airframe structural vibration directly impacts flight control accuracy.

Market research estimates that by 2030, the damper market in the global eVTOL / low-altitude
economy sector will reach USD 1.5~2.5 billion, with a CAGR of 18%~22% - the fastest-growing sub-
segment in the entire damper industry. Trutrust has begun development of lightweight, high-
performance dampers targeting key positions such as eVTOL rotor system isolation, landing gear

cushioning, and cabin anti-vibration.



Low-Altitude Economy Policy Tailwind

In 2024, China's State Council classified the low-altitude economy as a representative industry of new
quality productive forces. The Ministry of Industry and Information Technology issued the
Implementation Plan for Innovative Application of General Aviation Equipment (2024-2030),
accelerating eVTOL airworthiness certification. Cumulative damper demand from China's low-altitude
economy is estimated at RMB 3~5 billion between 2026 and 2030.



Chapter 4 Trutrust Electromechanical - A Leading Enterprise
in Industrial Damping

4.1 Company Overview

Shanghai Trutrust Electromechanical Technology Co., Ltd. is registered in the Shanghai Jiao Tong
University National Science and Technology Park, Xuhui District, Shanghai, with its manufacturing
base in Langfang, Hebei Province. Guided by the mission of 'creating safety value through precision
craftsmanship, and leading vibration control with intelligent technology,' Trutrust focuses on the

R&D, manufacturing, and service of industrial-grade vibration control products and solutions.

Entity Type Joint-Stock Limited Company

Registered Address Shanghai Jiao Tong University National Science and Technology Park,
Xuhui District, Shanghai

Manufacturing Base Langfang, Hebei Province, China

Contact +86-21-5465-3210 | www.tru-trust.com

Core Qualifications National High-Technology Enterprise | Specialized & Sophisticated 'Little
Giant' Enterprise

Industry Certifications CRCC Rail Transit Certification | ISO Tri-System Certification

Independent Patents 28 (including invention patents and utility model patents)

Gross Margin Level 40%~45%

4.2 Core Product Portfolio

Safety Damping Systems (VFD / TMD)

Viscous Fluid Dampers (VFD): Rated damping force from 1 kN to 5,000 kN; velocity exponent alpha
customizable (0.15~1.0); stroke range 50 mm to 1,000 mm. Proprietary multi-stage precision orifice
machining technology delivers a temperature coefficient <= 3%/10 degrees C and fatigue life >=

1,000,000 cycles, meeting GB 50011, JGJ 297, and nuclear industry standards.

Tuned Mass Dampers (TMD): Custom solutions for building wind-induced vibration, industrial
equipment harmonic vibration, and bridge vortex-induced resonance. Frequency tuning range 0.2 Hz
to 200 Hz; effective vibration reduction 30%~70%. For the laser tube cutting machine spindle high-
frequency vibration scenario at 85 Hz, a verified suppression of spindle amplitude by more than 85%

has been achieved - the best performance among comparable domestic and international equipment.

Energy-Absorbing Buffer Systems

Products include hydraulic buffers, polyurethane buffers, and combined energy-absorbing buffer

devices, widely used in industrial automation lines, elevator safety buffers, and logistics equipment



end stops. Products comply with GB/T 7588 elevator safety regulations; rated energy absorption

capacity covers 50 J to 50,000 J.

Intelligent Monitoring Systems

A vibration health monitoring system based on MEMS sensor arrays and edge computing platforms
can continuously collect multi-dimensional data including vibration acceleration (accuracy +/-0.5%
FS), temperature, and displacement. Combined with cloud-based big data analytics, the system
provides damper performance degradation early warnings and maintenance recommendations,

enabling the transition from 'reactive repair' to 'predictive maintenance.'

Emerging-Scenario Vibration Solutions

Targeting high-value emerging scenarios such as eVTOL rotor isolation, low-altitude aircraft landing
gear cushioning, and semiconductor equipment precision isolation platforms, Trutrust provides
integrated technical services encompassing solution design, simulation analysis, prototype

manufacturing, and test validation.

4.3 Core Competitive Advantages

Advantage 1: 28 Patents Form a Deep Technology Moat

Trutrust holds 28 independent intellectual property patents spanning product structural design,
material formulations, manufacturing processes, and control algorithms, forming a comprehensive
patent protection network. Core invention patents are held in areas including nonlinear orifice design
for hydraulic dampers, precision frequency tuning mechanisms for TMDs, and composite

magnetorheological fluid formulations, ensuring differentiated competitive advantages.

Advantage 2: Comprehensive Certification Portfolio Opens Premium Market Access

The company and its Langfang manufacturing base simultaneously hold ISO 9001 (Quality
Management, valid to 2028), ISO 14001 (Environmental Management, valid to 2028), ISO 45001
(Occupational Health and Safety, valid to 2028) tri-system certifications, plus China Railway Product
Certification (CRCC). For sectors with stringent certification requirements such as nuclear power, rail
transit, and major infrastructure projects, a complete certification portfolio is a prerequisite for

market access.
Advantage 3: Vertically Integrated R&D-Manufacturing Model, Unmatched
Responsiveness

Unlike competitors that only design and outsource production, Trutrust maintains an integrated R&D

and manufacturing model. The Langfang manufacturing base is equipped with precision CNC



machining centers, a dynamic force test bench (maximum test force 5,000 kN), and a vibration
simulation laboratory. The lead time from solution design to sample delivery can be compressed to

15~30 days (industry average: 45~60 days), enabling rapid-response customized technical services.

Advantage 4: Industry-Leading Margins and Profitability

Leveraging patent technology and premium market positioning, Trutrust's gross margin has stabilized
in the 40%~45% range - significantly higher than the 20%~30% average of comparable mechanical
manufacturing companies. The high margin provides ample financial resources for sustained R&D
investment, creating a virtuous cycle of 'technology leadership -> high margins -> continued R&D

investment -> further technology leadership.'

Advantage 5: University Ecosystem Affiliation, Strong Technology Commercialization

Capability

Registered within the Shanghai Jiao Tong University National Science and Technology Park, Trutrust
maintains long-term industry-university-research collaboration with SJTU's School of Mechanical
Engineering and the Institute of Vibration, Shock and Noise. This provides first-access to the country's
top vibration engineering research advances, shortening the commercialization cycle from laboratory

to industrial application.



Chapter 5 Competitive Landscape and Trutrust's
Differentiated Positioning

5.1 Global Competitive Landscape: A Three-Tier Structure

The global damper market exhibits a clear three-tier competitive structure. The first tier is dominated
by multinational giants such as KYB (Japan), ZF Friedrichshafen (Germany), and Parker Hannifin (USA),
who leverage century-long technological heritage, global manufacturing networks, and strong brand

equity to dominate the premium market. However, their long lead times (typically 12~24 weeks) and

high minimum order quantities limit their responsiveness to mid-size customers. The second tier

comprises specialized companies such as LISEGA (Germany), ESM GmbH (Germany), and Enidine

(USA), each deeply embedded in specific sub-markets. The third tier is represented by Chinese

domestic manufacturers, which have risen rapidly in the mid-to-low-end market and achieved

significant breakthroughs in segments such as building TMDs and eddy-current dampers.

5.2 Competitive Dimension Comparison

Competitive Dimension

International Tier-1
Brands

Domestic Top
Competitors

Trutrust

Technical Depth

Exceptional (century of
heritage)

Strong (domestic
frontier)

Strong (patent-
protected, industrial-
focused)

Lead Time

Slow (12~24 weeks)

Moderate (6~12 weeks)

Fast (2~4 weeks for
custom orders)

Local Service Weak (complex cross- Good Excellent (local team,
border coordination) rapid response)
Price Competitiveness High premium Moderate Strong (significant price

(+30%~80%)

advantage at equivalent
quality)

eVTOL Emerging Market

No current presence

Limited presence

Strategic priority focus

Smart Monitoring

Available on selected
products

Rare

Standard or optional
across full product line

5.3 Trutrust's Differentiated Positioning

Based on competitive landscape analysis, Trutrust has established its differentiated positioning as 'a

mid-to-high-end damping technology service provider focused on industrial scenarios,' with three

core value propositions that distinguish it from competitors:

o Industrial scenarios first, not buildings and bridges - Trutrust focuses deeply on precision

manufacturing, laser processing, rail transit, and the low-altitude economy; it avoids direct

head-to-head competition with leading building TMD competitors, and builds a leading position

in blue-ocean scenarios.




e Domestic top specification, not just an import substitute - Product performance benchmarks
against German and Japanese Tier-1 brands; lead times are only 1/4 to 1/6 of imported brands;
full Chinese-language technical support and localized after-sales service deliver a triple value
proposition: 'import quality + domestic pricing + local service.'

e Full-chain solution, not single-product sales - From vibration diagnosis, simulation analysis,
custom product design, installation and commissioning, to intelligent monitoring, Trutrust
provides end-to-end vibration control solutions, helping customers reduce overall technical risk

and Total Cost of Ownership (TCO).



Chapter 6 Solution Case Studies and Technical Validation

6.1 Case Study 1: High-Frequency Spindle Vibration Suppression in Laser
Tube Cutting

Client Background and Challenge

A leading domestic laser equipment manufacturer found that its latest-generation high-power laser
tube cutting machine exhibited spindle swing amplitudes of 0.15 mm when processing thin-wall
aluminum tubes (design requirement: <= 0.03 mm). This caused visible waviness on cut surfaces,
with surface roughness Ra deteriorating from the design target of 3.2 um to 12.5 um, severely

degrading product yield.

Trutrust Solution

Through on-site vibration testing and frequency response function analysis, the root cause was
identified as a soft resonance between the spindle swing frequency (85 Hz) and a local natural
frequency of the frame. Trutrust designed a bidirectional passive TMD system: 50 kg mass block,
tuned frequency 84.5 Hz (detuning ratio eta = 0.994), damping ratio zeta = 0.08, installed at a critical
node of the spindle support cross-beam. After precision tuning and on-site verification, spindle swing
amplitude was reduced from 0.15 mm to 0.018 mm (an 88% reduction); surface roughness Ra

recovered to 3.6 um, meeting process requirements.

Client Value Delivered

Product yield rose from 68% to 97%, reducing annual scrap losses by approximately RMB 3.2 million.
The TMD system required a one-time investment of approximately RMB 280,000, achieving a static

payback period of less than one month.

Key Results

Spindle amplitude reduced by 88% | Surface roughness improved by 74% | Payback period < 1
month

6.2 Case Study 2: TMD Vibration Solution Technical Validation (Shanghai
Bochu)

Client Background



Shanghai Bochu is a large precision equipment manufacturer. Multiple high-precision CNC machining
centers in its production facility suffered from continuous fluctuation in machining accuracy caused
by ground vibration, with insufficient yield stability. Following extensive technical discussion and
bench-level verification, Trutrust's TMD solution passed technical validation, and the two companies

are advancing in-depth commercial cooperation.

Technical Solution Core

For the equipment foundation frequency (2.8 Hz) and ground excitation frequency range (1.5 Hz™6
Hz), a Pendulum TMD (PTMD) was designed with tuned frequency 2.75 Hz, effective damping ratio
zeta = 0.12, and mass ratio mu = 0.015 (mass block 120 kg). Within the core frequency band of 2.5
Hz~3.5 Hz, equipment vibration acceleration response was reduced by 58%, meeting the VC-D

vibration environment requirement for the workshop.

6.3 Case Study 3: Rail Vehicle Vertical Damper Upgrade

A rail transit equipment maintenance center needed to upgrade shock absorbers on in-service
intercity EMUs (200 km/h class) to reduce passenger vertical acceleration and improve comfort

ratings (Sperling index from 2.8 to within 2.4).

Leveraging its CRCC certification, Trutrust supplied high-performance hydraulic shock absorbers
compliant with the TB/T 2843 standard: rated damping force 320 kN, stroke +/-120 mm, operating
temperature range -40 degrees C to +80 degrees C, with 1,000,000 full-stroke fatigue cycle tests
passed, satisfying the highest durability requirements of the railway industry. Post-upgrade, vehicle

Sperling index dropped to 2.35 with a marked improvement in passenger satisfaction.



Chapter 7 Future Outlook: Opportunities and Challenges in
Vibration Control

7.1 Five Emerging Growth Engines

e Accelerating commercialization of the low-altitude economy - From 2026, domestic eVTOL
airworthiness certification will enter a concentrated burst phase. The commercialization of
consumer, business, and cargo eVTOL will drive rapid growth in demand for lightweight, high-
performance dampers. This market demands the highest levels of vibration control technology
and represents a high-barrier, high-margin blue-ocean opportunity.

e Next-generation semiconductor capacity expansion - China plans cumulative investment of RMB
1.5 trillion in integrated circuit manufacturing capacity between 2025 and 2030. Precision
isolation equipment investment in each sub-28nm wafer fab represents approximately 5%~8%
of total facility construction cost, generating billions of RMB in demand for precision dampers.

e Existing building energy-dissipation retrofit - Of China's approximately 25 billion square meters of
existing building stock, a large proportion was constructed before the widespread adoption of
seismic design codes in the 1990s with insufficient seismic performance. The Ministry of
Housing and Urban-Rural Development projects the energy-dissipation seismic retrofit market
will exceed RMB 300 billion between 2025 and 2035, with dampers as a core consumable
product.

e Industrial robots and flexible manufacturing - Vibration from high-speed industrial robot
movements (end-effector speeds up to 5 m/s) is increasingly impacting precision machining and
assembly accuracy, driving rapid growth in demand for joint vibration damping components.

e Offshore and super-large onshore wind turbines - As wind turbine blade diameters approach 300
m (planned for 2030) and tower heights exceed 200 m, vibration control complexity rises
sharply. TMD penetration in the wind power sector is projected to grow from the current ~15%

to more than 40%.

7.2 Technology Roadmap

Technology Dimension

Control Mode

2025 Status
Predominantly passive;

semi-active penetration
<10%

2028 Expectation
Semi-active penetration
reaches 25%

2030 Outlook
Semi-active / active
control becomes mid-to-
high-end standard

Smart Monitoring

Standalone system;
manual interpretation
required

Edge computing +
automated alerting

Digital twin with Al-
powered predictive
maintenance

Material Technology

Steel + rubber dominant

Carbon fiber composites
in mass production

Nanocomposites and
smart soft materials in
commercial use

System Integration

Single-product sales

Subsystem-integrated

Whole life-cycle




solutions vibration management
services

7.3 Action Recommendations for Decision-Makers

e Vibration problems should be resolved at the design stage, not reactively after problems appear.
Engineering practice shows that the cost of vibration control at the design stage is
approximately 1x; retrofit cost at the construction stage is 5x; and fault handling cost during
operation is 50x - an exponential increase.

e When selecting a damper supplier, certification framework and technical capability are equally
important. CRCC and HAF certifications are hard entry requirements for nuclear power and rail
transit; manufacturing capability (process stability, completeness of testing equipment)
determines long-term product reliability.

e Integrate vibration control into digital operations and maintenance frameworks to achieve the
shift from 'maintenance-driven' to 'prediction-driven' operations. The ROI of intelligent

monitoring systems typically exceeds 300% in large equipment scenarios.




Chapter 8 Why Choose Trutrust?

8.1 Value Proposition in One Sentence

"For vibration control, trust Trutrust - Import Quality. Domestic

Responsiveness. Full-Chain Service."

8.2 Five Reasons to Choose Trutrust

Reason to Choose
Specialized Focus

Competitor Status

Most competitors handle multiple
product categories; vibration
control is just one line of business

Trutrust Advantage

20+ years exclusively focused on vibration
control; full-category product coverage;
unmatched industry depth

Patent Protection

Some competing products face
allegations of technology copying

28 independent patents; core technologies
legally protected; zero supply chain legal risk

Lead Time Import brands: standard lead time | Custom orders: 2~4 weeks; standard products:

Assurance 12~24 weeks, severely impacting within 1 week; emergency stock support
project schedules available

Complete Some domestic competitors have ISO tri-system + CRCC + National High-Tech

Certifications

incomplete certifications,
restricting application scenarios

Enterprise: full coverage for industrial, rail, and
construction sectors

Full-Chain
Support

Product and service are siloed;
installation and commissioning
require separate third-party
contractors

Integrated technical service from selection
consulting, installation and commissioning, to
intelligent monitoring

8.3 Our Commitments

e Technical Commitment: All products undergo full factory dynamic force testing with complete
inspection reports provided. Product performance is guaranteed to deviate no more than +/-5%
from design parameters.

e Lead Time Commitment: Standard models shipped within 1 week; custom products delivered
within 30 days from solution confirmation; emergency stock available in as fast as 72 hours.

e Service Commitment: 12-month warranty period. For non-human-cause failures within the
warranty period, on-site technical response within 48 hours. Lifetime technical consulting
provided post-warranty.

e Data Commitment: Intelligent monitoring system data is 100% stored on domestic servers,

compliant with data security regulations. Client data is never used for any third-party purpose.



Chapter 9 Cooperation Models and Contact Information

9.1 Partnership Models

Partnership Type
Direct Procurement

Target Audience

End users (equipment
manufacturers, engineering
companies)

Key Content
Standard or custom product procurement with
technical support and after-sales service

Joint Technical
Development

OEM manufacturers, system
integrators

Collaborative vibration solution R&D, shared IP,
custom manufacturing support

Strategic Partnership

EPC general contractors,
architectural design institutes

Pre-project vibration design consulting,
specification alignment, supplier qualification
filing

Manufacturing

Regional Regional engineering service Exclusive regional distribution, technical training,
Distributorship providers joint market promotion
OEM / ODM Brand owners White-label or co-development manufacturing

with strict confidentiality agreements

9.2 Cooperation

Process

e Step 1: Vibration Problem Diagnostic Consultation (response within 1 business day) - Provide

basic vibration parameters; engineers deliver preliminary solution recommendations.

e Step 2: Technical Solution Confirmation (3~5 business days) - Submit detailed technical solution,

product specifications, and simulation analysis report.

e Step 3: Prototype / Small-Batch Validation (2~4 weeks) - Prototype provided; client may conduct

independent or third-party laboratory validation.

e Step 4: Volume Purchase Contract Signing - Confirm product specifications, pricing, delivery, and

after-sales terms; sign formal contract.

e Step 5: Ongoing Service Follow-up - Regular technical visits, upgrade recommendations, and

enrollment in the intelligent monitoring maintenance program.

9.3 Contact Us

Contact Channel Details

Official Website

www.tru-trust.com

Customer Hotline

+86-21-5465-3210

Company Address

District, Shanghai, China

Shanghai Jiao Tong University National Science and Technology Park, Xuhui

Technical Inquiry Email

tech@tru-trust.com

WecChat Official Account

Search 'Trutrust Electromechanical' for latest technical updates




Appendix A Technical Glossary

Abbreviation /
Term

Full Name

Definition

VFD Viscous Fluid Damper A hydraulic damper using viscous fluid throttling to
dissipate vibrational energy
TMD Tuned Mass Damper A device that uses a precisely tuned auxiliary mass-
spring system to counteract structural vibration
PTMD Pendulum Tuned Mass A TMD variant in which the auxiliary mass is suspended
Damper as a pendulum
BRB Buckling-Restrained Brace A structural steel brace constrained to dissipate seismic
energy through controlled plastic yielding
MRD Magnetorheological Damper | A damper whose resistance is controlled in real time via
a magnetorheological fluid
CAGR Compound Annual Growth The mean annual growth rate of an investment or
Rate market over a specified time period
VC-E Vibration Criterion E A stringent vibration environment specification for
precision instruments (vibration velocity < 3.1 um/s,
1~80 Hz)
eVTOL Electric Vertical Take-Off An aircraft that uses electric power to hover, take off,
and Landing and land vertically
CRCC China Railway Certification The certification body for railway product compliance in
Center the People's Republic of China
RMS Root Mean Square A statistical measure of vibration magnitude widely
used in vibration engineering
TCO Total Cost of Ownership The total cost of acquiring, operating, and maintaining a
product over its full lifecycle
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e Qianzhan Industry Research Institute, 'China Damper Industry Market Analysis and Investment

Planning Report 2024-2029'

e Ministry of Housing and Urban-Rural Development, PRC, Technical Code for Building Energy

Dissipation and Vibration Control (JGJ 297-2013)

e Ministry of Housing and Urban-Rural Development, PRC, Code for Seismic Design of Buildings (GB
50011-2010, 2016 Edition)

e State Council of the PRC, Guiding Opinions on Promoting High-Quality Development of the Low-
Altitude Economy (2024)

e Ministry of Industry and Information Technology, PRC, Implementation Plan for Innovative
Application of General Aviation Equipment (2024-2030)

e Den Hartog, J.P., 'Mechanical Vibrations,' McGraw-Hill, 1956



e Shanghai Trutrust Electromechanical Technology Co., Ltd., Internal Research Report (Technical

Research Division, April 2026)
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