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The global Harmonic Rotation Joint Module market size is predicted to grow from US$
130 million in 2025 to US$ 752 million in 2032; it is expected to grow at a CAGR of
29.0% from 2026 to 2032.

Harmonic rotation joint modules are highly integrated robotic rotary actuators
comprising a harmonic drive, a frameless motor (or servo motor), an encoder, a brake,
and a drive control unit. Characterized by high reduction ratios, high torque density, high
positioning accuracy, compact structures, and hollow-shaft routing capabilities, they are
primarily used in the joints of humanoid robots, collaborative robots, industrial robots,
and medical robots.

The global average market price for harmonic rotation joint modules is approximately
$600 per unit, with sales volume ranging from 205,000 to 250,000 units and an industry
gross margin of 42%.

Upstream & Downstream Industry Chain

The upstream sector involves core components such as harmonic drives, frameless
torgue motors (or servo motors), encoders, cross-roller bearings, brakes, torque
sensors, drive controllers, power devices, precision structural parts, and connectors.
Among these, harmonic drives, motors, and encoders significantly influence the
module's accuracy, torque density, and service life. Downstream applications span
humanoid, collaborative, industrial, service, medical, and special-purpose robots,
covering rotary joints such as shoulders, elbows, wrists, hips, knees, and ankles.

Key Findings
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Harmonic rotary joint modules are core robotic actuation units that highly integrate
components such as harmonic drives, motors, encoders, bearings, and drive controls;
they offer advantages including compact structure, high reduction ratios, high
positioning accuracy, and high torque density. As robots expand from traditional
industrial settings into humanoid, collaborative, and service sectors, the supply model
for joint modules is shifting from the procurement of discrete components toward
standardized, modular, and integrated solutions. Core industry competitiveness relies
not only on harmonic drive performance but also on the synergistic design of
mechanical, electrical, and thermal systems, as well as control algorithms, sensor
fusion, reliability, and mass manufacturing capabilities.

Market Trends

Future developments in harmonic rotary joint modules will focus on higher integration,
increased torque density, lightweight design, hollow-shaft configurations, and
intelligence. The level of integration among frameless torque motors, dual encoders,
torque sensors, brakes, and drives will continue to rise, aiming to reduce the overall size
and assembly complexity of the robot. For humanoid robots, 48V low-voltage platforms,
high-speed communication, modular interfaces, and standardized size series will
become increasingly widespread. Meanwhile, the focus will shift toward thin-walled
structures, lightweight materials, low-backlash harmonic reducers, and efficient thermal
management designs; joint modules will also gradually incorporate capabilities for
condition monitoring, fault diagnosis, and service life prediction.

Market Dynamics

Drivers

The rapid development of humanoid robots, collaborative robots, and automation
equipment is the core driver of the growing demand for harmonic rotary joint modules.
Robots require numerous high-precision rotary joints; harmonic reducers—offering high
reduction ratios, compact size, and low backlash—are ideally suited for critical joints
such as shoulders, elbows, and wrists. Meanwhile, to shorten R&D cycles, simplify
assembly, and ensure product consistency, robot manufacturers are increasingly
inclined to procure integrated joint modules. Trends such as manufacturing automation,
rising labor costs, and the growing need for flexible production continue to expand the
application scope for high-performance robotic joint actuation units.

Restraints
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Harmonic rotary joint modules entail relatively high costs; core components—including
harmonic reducers, precision bearings, encoders, and high-performance motors—require
high machining precision, complicating manufacturing and quality control. Limitations
regarding the flexspline fatigue life, shock load capacity, and long-term precision
retention of harmonic reducers remain constraints in certain high-load applications.
Furthermore, significant variations in requirements among robot manufacturers

regarding dimensions, torque, communication protocols, and mechanical interfaces limit
product standardization. This forces manufacturers to bear high customization and R&D
costs and hinders the rapid realization of economies of scale.

Opportunities

The large-scale commercialization of humanoid robots will create a substantial new
market for harmonic rotary joint modules. A single humanoid robot typically requires
multiple rotary joints; as production volumes of the robots themselves increase, the
demand for joint modules experiences a significant volume-multiplier effect.
Simultaneously, technological advancements in domestically produced harmonic
reducers, frameless motors, encoders, and drive chips will drive supply chain
localization and cost reductions. Demand for high-precision, miniaturized joints in
medical robots, lightweight collaborative robots, and specialized robots will also
continue to rise. Additionally, standardized joint platforms and modular robot
development models will open up new market opportunities for independent joint
module manufacturers.

Challenges

The industry faces risks such as lower-than-expected demand for complete robots,
shifts in technological pathways, rapid price declines, and concerns regarding the
reliability of core components. As competition in the humanoid robot market intensifies,
manufacturers' continuous push to lower joint costs may squeeze profit margins for
module suppliers. Technologies such as planetary joints, cycloidal joints, and direct-
drive systems may also displace harmonic-based solutions in certain applications. At
the same time, joint modules must balance precision, rigidity, heat dissipation, noise
levels, service life, and safety. Since a failure in the harmonic reducer, encoder, or
control system can compromise the operation of the entire unit, ensuring consistency
and verifying reliability during mass production pose significant challenges.

Competitive Landscape

The global market for harmonic rotary joint modules is characterized by competition
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among Japanese, European, and American enterprises alongside Chinese
manufacturers. While companies such as Harmonic Drive Systems possess long-
standing expertise in harmonic drive technology, precision, and reliability, Chinese
firms—including Leaderdrive, Leadshine, Guohua Intelligent, Veichi, Kinco, Laifu
Harmonic, and Haozhi Electromechanical—are rapidly advancing the mass production
and product iteration of joint modules by leveraging the domestic robotics supply chain.
The industry is currently in a phase of rapid growth, with the competitive focus shifting
from the performance of individual reducers to system-level synergy among reducers,
motors, encoders, drives, and sensors. Moving forward, companies that possess in-
house R&D capabilities for core components, large-scale manufacturing capacity, and
access to leading robotics customers will enjoy a competitive advantage.

Report Scope

LP Information, Inc. (LPI) ' newest research report, the “Harmonic Rotation Joint
Module Industry Forecast” looks at past sales and reviews total world Harmonic
Rotation Joint Module sales in 2025, providing a comprehensive analysis by region and
market sector of projected Harmonic Rotation Joint Module sales for 2026 through
2032. With Harmonic Rotation Joint Module sales broken down by region, market sector
and sub-sector, this report provides a detailed analysis in US$ millions of the world
Harmonic Rotation Joint Module industry.

This Insight Report provides a comprehensive analysis of the global Harmonic Rotation
Joint Module landscape and highlights key trends related to product segmentation,
company formation, revenue, and market share, latest development, and M&A activity.
This report also analyzes the strategies of leading global companies with a focus on
Harmonic Rotation Joint Module portfolios and capabilities, market entry strategies,
market positions, and geographic footprints, to better understand these firms’ unique
position in an accelerating global Harmonic Rotation Joint Module market.

This Insight Report evaluates the key market trends, drivers, and affecting factors
shaping the global outlook for Harmonic Rotation Joint Module and breaks down the
forecast by Type, by Application, geography, and market size to highlight emerging
pockets of opportunity. With a transparent methodology based on hundreds of bottom-
up qualitative and quantitative market inputs, this study forecast offers a highly nuanced
view of the current state and future trajectory in the global Harmonic Rotation Joint
Module.

This report presents a comprehensive overview, market shares, and growth
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opportunities of Harmonic Rotation Joint Module market by product type, application,
key manufacturers and key regions and countries.

Market Segmentation
Segmentation by Type:
24V Joint Module
48 V Joint Module
72 V Joint Module

Other Voltage Joint Module

Segmentation by Harmonic Reducer Type:
Cup-Type Harmonic Joint Module
Hat-Type Harmonic Joint Module
Flat-Type Harmonic Joint Module

Hollow-Shaft Harmonic Joint Module

Segmentation by Output Torque:
Below 20 Nm
20-50 Nm
50-100 Nm
100-200 Nm

Above 200 Nm
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Segmentation by Application:
Humanoid Robot
Collaborative Robot
Industrial Robot
Service Robot
Medical Robot

Special-Purpose Robot

This report also splits the market by region:
Americas
United States
Canada
Mexico
Brazil
APAC
China
Japan
Korea

Southeast Asia
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The below companies that are profiled have been selected based on inputs gathered
from primary experts and analysing the company's coverage, product portfolio, its

market penetration.

Harmonic Drive Systems

Harmonic Drive

Guohua Intelligent Equipment
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Leaderdrive
Leadshine

VEICHI

Kinco

Laifual Drive
Guangzhou Haozhi

Schaeffler

Key Questions Addressed in this Report

What is the 10-year outlook for the global Harmonic Rotation Joint Module
market?

What factors are driving Harmonic Rotation Joint Module market growth, globally
and by region?

Which technologies are poised for the fastest growth by market and region?

How do Harmonic Rotation Joint Module market opportunities vary by end
market size?

How does Harmonic Rotation Joint Module break out by Type, by Application?
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