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Abstracts

The global UHMWPE Tendon Material for Humanoid Robots market size is expected to

reach $ 1213 million by 2032, rising at a market growth of 39.6% CAGR during the

forecast period (2026-2032).

Tendon ropes are a flexible transmission medium that, by mimicking the mechanical

principles of human tendons, transmits power from motors located far from the

actuators to the joints of a dexterous hand, much like the ligaments of a human hand.

Its fundamental difference from traditional rigid transmission systems lies in achieving

'power-actuation' separation: the motors can be centrally located in the forearm,

remotely driving finger joints via the tendon ropes, significantly reducing end-effector

load. A single tendon rope can drive 3-4 joint bends, requiring only N+1 tendon ropes to

drive N degrees of freedom. Tendon ropes are replacing torsion springs and becoming

a key material for humanoid robot dexterous hands. Tendon ropes are typically

composed of high-strength materials such as steel wire, nylon thread, or ultra-high

molecular weight polyethylene (UHMWPE), transmitting force precisely through a series

of pulleys and gear systems. Currently, the two main choices for tendon rope drives are

high-strength steel wire and ultra-high molecular weight polyethylene fiber (UHMWPE).

Ultra-high molecular weight polyethylene fiber (UHMWPE fiber), also known as high-

strength, high-modulus polyethylene fiber, typically refers to fibers spun from ultra-high

molecular weight polyethylene resin with a molecular weight of 1 million to 5 million. It is

currently the fiber with the highest specific strength and specific modulus in the world,

possessing numerous excellent properties such as ultra-high strength, ultra-high

modulus, low density, wear resistance, low-temperature resistance, UV resistance, anti-

shielding properties, good flexibility, high impact energy absorption, and resistance to

strong acids, strong alkalis, and chemical corrosion. It is a high-performance tendon
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material. The specific strength of UHMWPE fiber is more than 15 times that of

high-quality steel, while its density is only 0.97 g/cm?, reducing the total weight of a

dexterous hand by 30%-40% and the moment of inertia by 45%, thereby improving

gripping speed and dexterity, making it an ideal material for achieving lightweight and

high-load transmission.

In 2025, the global production of UHMWPE Tendon Material for Humanoid Robots is

estimated at approximately 19.49 million units, with an average price of about $5.8 per

unit and a gross margin of about 35%.

Case Studies: The earliest commercially available dexterous hand using chords can be

traced back to 2004, when the British company Shadow launched the first chord-driven

five-finger dexterous hand, Shadow. Subsequent models like the Shadow Hand Plus

and Lite series also utilize chord drive systems.

The Norwegian robotics company 1X's Neo Gamma home robot, launched in early

2025, extensively utilizes chords in its drive system.

Tesla's Optimus third-generation dexterous hand, the Linker Hand L30 research

version, and the DexHand 021/DexHand021 Pro all employ chord drive systems.

With the rapid advancement of intelligent manufacturing, flexible automation, and the

industrialization of humanoid robots, robot tendon chords, as lightweight, flexible, and

efficient transmission components, have gradually become an important part of robot

drive systems. Ultra-high molecular weight polyethylene (UHMWPE) fiber, with its high

specific strength, low density, excellent fatigue life, and superior wear resistance, has

become an ideal material for achieving high degrees of freedom, precision operations,

and long-term stable operation. This trend is particularly evident in applications such as

dexterous hands, multi-degree-of-freedom joints, and flexible arms, driving the

continued growth in demand for UHMWPE robot tendon chords. With leading

companies like Tesla and KUKA planning to mass-produce humanoid robots and the

increasing demand for flexible transmission solutions in high-end industrial applications,

the robot tendon chord market is experiencing significant expansion. Despite the broad

market prospects, the UHMWPE robot tendon chord industry also faces several

challenges. First, the high barriers to entry in the preparation process and precision

processing of UHMWPE fibers lead to a heavy reliance on a few global material

suppliers for high-end products, resulting in a structural shortage of high-end supply

both domestically and internationally. Second, downstream robot companies impose

stringent requirements on product consistency, durability, and repeatability, making
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standardization and quality control of tendon chord technology a key bottleneck for

industry development. Furthermore, fluctuations in raw material prices, rising production

costs, and supply chain instability may also affect a company's gross profit margin and

market expansion speed. On the downstream demand side, the application of robotic

tendons is expanding from traditional industrial machinery to higher value-added

humanoid robots, service robots, and medical rehabilitation robots. Particularly in

dexterous hands and multi-degree-of-freedom actuated joints, UHMWPE tendons can

significantly improve the sensitivity, flexibility, and precision of robot movements,

providing broader application scenarios for robots in areas such as precision assembly,

grasping complex-shaped objects, and human-robot collaboration. With technological

maturity and cost reduction, the penetration rate of robotic tendons is expected to

accelerate, driving continued expansion of the overall market.

This report studies the global UHMWPE Tendon Material for Humanoid Robots

production, demand, key manufacturers, and key regions.

This report is a detailed and comprehensive analysis of the world market for UHMWPE

Tendon Material for Humanoid Robots and provides market size (US$ million) and Year-

over-Year (YoY) Growth, considering 2025 as the base year. This report explores

demand trends and competition, as well as details the characteristics of UHMWPE

Tendon Material for Humanoid Robots that contribute to its increasing demand across

many markets.

Highlights and key features of the study

Global UHMWPE Tendon Material for Humanoid Robots total production and demand,

2021-2032, (K Units)

Global UHMWPE Tendon Material for Humanoid Robots total production value,

2021-2032, (USD Million)

Global UHMWPE Tendon Material for Humanoid Robots production by region &

country, production, value, CAGR, 2021-2032, (USD Million) & (K Units), (based on

production site)

Global UHMWPE Tendon Material for Humanoid Robots consumption by region &

country, CAGR, 2021-2032 & (K Units)

U.S. VS China: UHMWPE Tendon Material for Humanoid Robots domestic production,
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consumption, key domestic manufacturers and share

Global UHMWPE Tendon Material for Humanoid Robots production by manufacturer,

production, price, value and market share 2021-2026, (USD Million) & (K Units)

Global UHMWPE Tendon Material for Humanoid Robots production by Type,

production, value, CAGR, 2021-2032, (USD Million) & (K Units)

Global UHMWPE Tendon Material for Humanoid Robots production by Application,

production, value, CAGR, 2021-2032, (USD Million) & (K Units)

This report profiles key players in the global UHMWPE Tendon Material for Humanoid

Robots market based on the following parameters - company overview, production,

value, price, gross margin, product portfolio, geographical presence, and key

developments. Key companies covered as a part of this study include Honeywell,

Avient, Toyobo, DSM-Firmenich, Teijin, Celanese, KPIC, Shandong Nanshan Zhishang

Sci?Tech Co., Ltd., Tongyizhong Advanced Materials Co., Ltd., Nanjing XINGI New

Materials Co., Ltd., etc.

This report also provides key insights about market drivers, restraints, opportunities,

new product launches or approvals.

Stakeholders would have ease in decision-making through various strategy matrices

used in analyzing the World UHMWPE Tendon Material for Humanoid Robots market

Detailed Segmentation:

Each section contains quantitative market data including market by value (US$

Millions), volume (production, consumption) & (K Units) and average price (US$/Unit) by

manufacturer, by Type, and by Application. Data is given for the years 2021-2032 by

year with 2025 as the base year, 2026 as the estimate year, and 2027-2032 as the

forecast year.

Global UHMWPE Tendon Material for Humanoid Robots Market, By Region:

United States

China
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Europe

Japan

South Korea

ASEAN

India

Rest of World

Global UHMWPE Tendon Material for Humanoid Robots Market, Segmentation by

Type:

400D Fineness

800D Fineness

1600D Fineness

Others

Global UHMWPE Tendon Material for Humanoid Robots Market, Segmentation by

Fiber:

Dyneema Fiber

Spectra Fiber

Global UHMWPE Tendon Material for Humanoid Robots Market, Segmentation by

Sales:

Direct Selling

Distribution
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Global UHMWPE Tendon Material for Humanoid Robots Market, Segmentation by

Application:

Dexterous Hand

Robot Joint

Skeleton Material

Shell Reinforcement

Companies Profiled:

Honeywell

Avient

Toyobo

DSM-Firmenich

Teijin

Celanese

KPIC

Shandong Nanshan Zhishang Sci?Tech Co., Ltd.

Tongyizhong Advanced Materials Co., Ltd.

Nanjing XINGI New Materials Co., Ltd.

Millennium Dragon Fiber Co., Ltd.

HANVO Material Co., Ltd. / Henghui Security Co., Ltd.
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Hunan Zhongtai New Materials Co., Ltd.

Yizheng Chemical Fiber Co., Ltd.

Shenzhen Jundingda New Materials Co., Ltd.

Zhejiang Kanglongda Special Protection Technology Co.,Ltd.

Key Questions Answered:

1. How big is the global UHMWPE Tendon Material for Humanoid Robots market?

2. What is the demand of the global UHMWPE Tendon Material for Humanoid Robots

market?

3. What is the year over year growth of the global UHMWPE Tendon Material for

Humanoid Robots market?

4. What is the production and production value of the global UHMWPE Tendon Material

for Humanoid Robots market?

5. Who are the key producers in the global UHMWPE Tendon Material for Humanoid

Robots market?

6. What are the growth factors driving the market demand?
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