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Why the component accounting for 30–50% of humanoid robot cost is the highest-conviction investment in the next industrial 
revolution 
 

KEY INVESTMENT THESIS 

1 

The actuator is the transistor of the humanoid era. Just as semiconductors defined the economics of computing, precision 

actuators — harmonic drives, torque motors, force-torque sensors — define the economics and performance of humanoid robots. 
With 20–43+ actuators per robot, even a 5 million unit annual market creates demand for 100–215 million actuators per year. 

  

2 

Supply is structurally constrained. Precision harmonic drive and cycloidal gearbox manufacturing requires tolerances of <1 

arcminute and decade-long supplier relationships. Japan's Harmonic Drive Systems and Nabtesco have multi-year lead times 
and cannot be substituted by commodity manufacturers overnight. 

  

3 

China is rapidly closing the gap — and may close it. Chinese domestic suppliers (Suzhou Green Harmonic, Leaders Drive, 

Zhongda Leader) are targeting 70–80% cost parity with Japanese incumbents. This creates a binary risk for Japanese premia but 
a massive opportunity in Chinese-listed supply chain names. 

 

 

 

01  THE ANATOMY OF A HUMANOID ROBOT: WHY ACTUATORS DOMINATE 

Humanoid robots are, at their mechanical core, networks of interconnected actuators. Every joint — shoulder, elbow, wrist, hip, 
knee, ankle — requires an independent actuator capable of precise torque control, position feedback, and real-time force sensing. A 
single human arm has seven degrees of freedom (DOF); replicating this mechanically across an entire humanoid body requires 20 
to 43+ individual actuator modules, depending on the sophistication of the hand and spine mechanisms. 

The actuator unit encapsulates the entire electromechanical conversion chain: a frameless torque motor, a precision speed reducer 
(harmonic drive, cycloidal, or planetary gearbox), an encoder for position feedback, and often an integrated torque sensor for 
impedance control. This integration complexity is why actuators represent such a disproportionate fraction of system cost. 

 

1.1  Degrees of Freedom: The Actuator Demand Multiplier 

Body Region DOF (Human) Actuators Req. Priority Dominant Actuator Type 

Arms (×2) 7 each 14 Critical Rotary — Harmonic Drive 

Legs (×2) 6 each 12 Critical Rotary — Cycloidal / Harmonic 

Hands / Wrists (×2) 4–8 each 8–16 High Compact Linear / Micro Rotary 

Spine / Torso 3–6 3–6 Medium Rotary — Cycloidal 

Head / Neck 3–5 3–5 Medium Compact Rotary 

Total (Typical) — 40–53 — Mix of Rotary & Linear 

 

1.2  The Cost Imperative: Actuators as the BOM Killer 

Industry data confirms that actuators represent 30–70% of total humanoid robot hardware Bill of Materials (BOM) cost, 
depending on the complexity of the platform. For a mid-range commercial humanoid priced at $30,000–$50,000: 

• High-torque leg actuators: $1,000–$5,000 per unit × 12 units = $12,000–$60,000 in leg actuation alone 

• Arm actuators: $500–$2,500 per unit × 14 units = $7,000–$35,000 

• Total actuator stack (fully loaded): $25,000–$120,000 per robot at current production volumes 

• At scale (100,000+ units/year), cost reduction roadmaps target $8,000–$15,000 for the full actuator complement 

How Actuators Drive 70% of Humanoid Robot Economics 
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02  MARKET SIZING: A $580BN+ ACTUATOR OPPORTUNITY BY 2035 

We construct a bottom-up actuator market model derived from humanoid unit shipment forecasts, actuators per robot, and per-unit 
actuator ASP. Our analysis reveals a total addressable actuator market exceeding $50 billion annually by 2035 under our base 
case, with the precision reducer segment alone representing a $10–15 billion sub-category. 

2.1  The Goldman Sachs Framework (Our Base Case) 

Goldman Sachs' revised 2025 research (upward revision from $6bn to $38bn), their unit shipment model projects: 

Metric 2025E 2028E 2030E 2033E 2035E 

Humanoid Units Shipped 
(K) 

~10 ~85 ~250 ~750 ~1,400 

Actuators per Robot (avg) 32 35 38 40 42 

Total Actuators Shipped 
(M) 

0.32 2.98 9.5 30.0 58.8 

Avg ASP / Actuator ($) $650 $480 $380 $280 $220 

Total Actuator Market 
($bn) 

$0.2 $1.4 $3.6 $8.4 $12.9 

Precision Reducers 
(~30%) 

$0.06 $0.43 $1.1 $2.5 $3.9 

Full Humanoid Market 
($bn) 

$2.9 $7.2 $15.3 $28.0 $38.0 

 

The long-range picture dwarfs near-term estimates. Morgan Stanley's 2050 scenario envisions 1 billion installed humanoid units, 
with 90% deployed in industrial/commercial settings. Applying even a $2,000 total actuator stack per unit (a conservative 70% cost-
reduced figure from today) yields a $2 trillion cumulative actuator replacement market — not including first-install demand. 

2.2  The Precision Reducer Sub-Market: Highest Quality Revenue 

Within the actuator stack, the speed reducer (harmonic drive, cycloidal, RV gearbox) represents 30–40% of actuator cost and 
nearly 100% of the differentiation. Unlike commodity motors, precision reducers require: 

• Sub-arcminute backlash tolerances, achievable only through proprietary manufacturing developed over 30–50 years 

• Fatigue life of 5,000+ hours under continuous cyclical load at rated torque-to-weight ratios 

• Compact form factors (100–200 Nm output torque in sub-150g packages) — dictating premium ASPs 

The humanoid robot precision reducer market is projected to grow from $52 million in 2025 to $580 million by 2032 (46% CAGR), 
per IntelMarketResearch. This estimate is conservative given unit shipment upside and excludes industrial robot retrofit demand. 

03  TECHNOLOGY LANDSCAPE: THE FOUR ACTUATOR ARCHITECTURES 

Four primary actuator architectures compete for adoption in humanoid robots. Each has distinct mechanical advantages, cost 
structures, and incumbent supplier dynamics. Investment positioning must account for which architecture a given humanoid OEM 
has standardised on. 

Architecture Mechanism Characteristics Best For Key Suppliers 

Harmonic Drive 
Rotary 

Flex spline / wave 
generator 

Zero backlash, high ratio, 
compact. Premium cost. 20–
30k hr life. Dominant in 
precision joints. 

Arms, wrists, fingers 
Harmonic Drive 
Systems (6324.T), 
Harmonic Drive LLC 

Cycloidal / RV 

Gearbox 
Eccentric cam + rollers 

Higher torque density, robust 

under shock loads. Slightly 
larger form factor. 

Legs, hips, shoulders 
Nabtesco (6268.T), 
Sumitomo, SEJINIGB 

Quasi-Direct Drive 
(QDD) 

Low-ratio planetary + 
high-torque motor 

Backdriveable, force-
transparent. Lower efficiency. 
Preferred for 
compliance/safety. 

Collaborative joints, all 
DOF 

MIT spin-offs, HEBI, 
AK Motor (Cubemars) 

Linear Actuator 
Ball screw / linear 
motor 

Translational motion, high force 

density. Less compact for 
rotational joints. 

Spine, linear DOF 
Moog (MOG.A), 

Parker Hannifin (PH), 
Thomson 
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3.1  Rotary vs. Linear: The OEM Architecture Divide 

A critical debate within the humanoid OEM community centres on rotary versus linear actuator architecture. Rotary actuators 
(harmonic/cycloidal) dominate current deployments due to their maturity and compactness. However, several next-generation 
platforms (including certain configurations being explored by leading US start-ups) are experimenting with ball-screw linear 
actuators for leg joints, citing superior force transparency and backdrivability for stair climbing and uneven terrain. 

Our view: rotary actuators will dominate for the next 5–7 years given incumbency, supply chain maturity, and the harmonic 
drive's unmatched torque-to-weight ratio in arm applications. Linear actuators represent an optionality bet on leg joint evolution post-
2030. 

3.2  The Quasi-Direct Drive (QDD) Disruption Risk 

Quasi-direct drive actuators — pioneered by MIT's Biomimetic Robotics Lab and commercialised by several spin-offs — eliminate 
the gearbox entirely (or use a very low ratio), instead relying on powerful, low-inertia torque motors. QDD actuators offer superior 
force sensing, backdrivability, and compliance, critical for human-safe collaborative robots. Their weakness is thermal efficiency 
and torque density at low speeds. 

Investment implication: QDD adoption would benefit high-power torque motor manufacturers (Nidec, Maxon, Kollmorgen) at the 
expense of precision gearbox makers. We assign a 25% probability to QDD becoming dominant in arm/shoulder joints by 2030 — a 
key scenario risk to Harmonic Drive Systems' growth premium. 

 

04  COMPETITIVE LANDSCAPE: THE SUPPLIER HIERARCHY 

The humanoid actuator supply chain is stratified into three competitive tiers, each with distinct moat characteristics and investment 
risk/reward profiles. 

4.1  Tier 1 — Precision Reducer Monopolists (Highest Moat) 

Company Ticker Mkt Cap Robot Exp. Key Moat / Risk 

Harmonic Drive Systems 6324.T 
~¥421bn 
($2.7bn) 

Very High 
Sole-source harmonic drive IP; 30yr R&D 
lead; Feb'26 Prime Market listing. Risk: 

QDD disruption, China copy. 

Nabtesco Corporation 6268.T 
~¥300bn 
($1.9bn) 

High 

RV/cycloidal gearbox monopoly for 

industrial robots; expanding humanoid 
exposure. Risk: Chinese domestic 
entrants. 

Nidec Corporation 6594.T 
~¥3.5T 
($22bn) 

Medium-High 
World's largest motor maker; dedicated 
humanoid division; M&A pipeline. Risk: 
execution on robot pivot. 

Suzhou Green Harmonic 
Private (IPO 

2026E) 
N/A High 

China's leading domestic harmonic drive 
maker; targeting 70% cost parity. Risk: 

quality ramp, pre-revenue. 

 

4.2  Tier 2 — Integrated Actuator Module Makers 

A new category of companies designs and sells complete actuator modules — motor + gearbox + encoder + driver — as a single 
unit. These companies own the system integration layer but typically outsource precision reducer manufacturing to Tier 1 suppliers. 

• Moog Inc. (MOG.A): Precision motion control leader with established humanoid exposure via their aerospace/defense 
actuator heritage. FY2025 revenue ~$3.3bn. Robotics initiatives are embedded within defense and industrial divisions — 
limited pure-play exposure. 

• Parker Hannifin (PH): Diversified motion/control conglomerate, $20.5bn TTM revenue. Servo-actuator division supplies 
emerging robotics OEMs but robot revenue remains sub-2% of total. 

• Maxon Group (private): Swiss precision motor and gearbox maker — supplier to NASA's Mars rover and multiple humanoid 
programs. IPO watch list 2026–2027. 

• HEBI Robotics (private): Modular actuator pioneer; QDD-based; strong university and R&D program penetration; 
commercial scaling in early stages. 

4.3  Tier 3 — Chinese Domestic Challengers 

China's industrial policy explicitly targets domestic humanoid actuator supply chain development, backed by provincial government 
subsidies and a captive domestic OEM base (Unitree, AgiBot, Fourier Intelligence). Chinese companies sold 5,500 humanoid robots 
in 2025 (Unitree alone), with China controlling an estimated 90% of current humanoid robot unit volume globally. 

This creates a strategic tension: Chinese OEMs currently depend on Japanese gearbox imports (Harmonic Drive, Nabtesco), 
but are actively funding domestic alternatives. The window for Japanese premium pricing may be 3–5 years before Chinese-quality 
reducers achieve specification parity. 
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Chinese Competitor Status Competitive Position 

Suzhou Green Harmonic 
Transmission 

Pre-IPO 
Leading domestic harmonic drive maker; RMB500M+ annual revenue; 
targeting 30% cost discount to Japanese peers. 

Zhongda Leader Harmonic A-share listed 
Listed entity; volume production underway; quality consistency 

improving; key supplier to Unitree and AgiBot. 

Shenzhen PICEA Motion 
Technology 

Private 
Compact harmonic and cycloidal for collaborative robots; strong mid-tier 

positioning. 

HEYTEA Precision / Leaders 
Drive 

Private 
Emerging; funded by Hillhouse and Sequoia China; targeting premium 
automotive-grade actuators. 

 
 

05  UNIT ECONOMICS: THE COST REDUCTION IMPERATIVE 

The commercialisation of humanoid robots at mass-market price points ($10,000–$30,000 per unit by 2030E) requires an 80–90% 
reduction in actuator system cost from current levels. This is not wishful thinking — it mirrors the cost curve of lithium-ion batteries 
(fell 97% over 25 years) and is already being driven by three structural mechanisms. 

Cost Driver Current (2025) 
Near-Term 

(2027E) 
Medium-Term 

(2030E) 
Primary Lever 

High-Torque Rotary Actuator (leg) $2,000–$5,000 $1,200–$2,500 $600–$1,200 
Volume + China 
sourcing 

Mid-Torque Rotary Actuator (arm) $800–$2,000 $450–$1,000 $200–$500 Design standardisation 

Harmonic Drive Reducer (alone) $300–$800 $180–$400 $80–$200 Chinese domestic supply 

Encoder / Torque Sensor $150–$400 $80–$200 $40–$100 
Semiconductor 
integration 

Frameless Torque Motor $200–$600 $120–$350 $60–$150 Scale + competition 

Full Actuator Stack (43-unit robot) $60K–$120K $35K–$70K $15K–$30K All of above 

 

The key nuance for investors: cost reduction is not uniformly bad for supplier revenues. If unit volumes grow faster than ASP 
declines, total dollar revenue to the supply chain grows. Our base case — 1.4 million units in 2035 at $220/actuator average ASP × 
42 actuators/robot — implies $12.9 billion in annual actuator revenue, up from ~$200 million today. The volume effect massively 
overwhelms the ASP compression. 

 

06  THE HUMANOID OEM LANDSCAPE: TRACKING THE DEMAND SIGNAL 

Understanding which humanoid OEMs win market share directly determines which actuator suppliers win disproportionate volume. 
We track 8 leading programs. 

OEM / Platform Country Price Target Actuators Stage Actuator Strategy 

Tesla Optimus (Gen 3) USA ~$20K 28–43 Pilot 
Vertical integration preferred; sourcing 
Harmonic Drive for joints currently 

Figure AI (Figure 03) USA $15–30K ~43 Pilot 
Mixed rotary/QDD architecture; BMW 
partnership for industrial deployment 

Agility Robotics (Digit) USA $25K+ ~28 Commercial 
Linear + rotary hybrid; Amazon 
partnership; most commercially advanced 
US player 

Unitree (H1/G1/R1) China $10–25K 20–35 Commercial 
Domestic Chinese reducers; 5,500 units 
sold in 2025; global shipping to USA & 
Canada 

AgiBot (Agibot X1) China $20–40K ~43 Pilot 
Heavy domestic actuator sourcing; backed 
by Sequoia China 

1X Technologies (NEO) Norway $20K ~28 Pre-comm. 
In-house motor development; harmonic 
drive licensed components 

Boston Dynamics (Atlas) USA (Hyundai) Enterprise ~28 Industrial 
Hydraulic heritage; electric pivot; premium 
market; captive Hyundai production 

Fourier Intelligence (GR-

1) 
China $30–50K 40 Commercial 

Joint venture with STMicro for integrated 
motor control; domestic reducers 
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07  INVESTMENT FRAMEWORK: HOW TO POSITION 

We identify three distinct investment approaches to the humanoid actuator theme, each with different risk/reward profiles, liquidity 
characteristics, and time horizons. 

7.1  The Pure-Play Premium: Harmonic Drive Systems (6324.T) 

THEMATIC CONVICTION: BUY — 12-Month Target: ¥5,500 (vs. ¥4,375 current, +25.7%) 

 

Harmonic Drive Systems is the highest-conviction pure play on humanoid actuator adoption within listed equities globally. With a 
Prime Market Tokyo Stock Exchange listing (effective 27 February 2026 — its stock surged +14.7% on the announcement) and net 
cash of ~¥4.2 billion, the company has negligible financial risk and maximum operating leverage to humanoid unit volumes. 

• Revenue growth re-rating: Industrial robot slowdown (FY2024 headwind) is being replaced by humanoid robot design-win 
acceleration. Management guided for meaningful humanoid revenue contribution from FY2026. 

• IP moat: The Strain Wave Gear (SWG) architecture — proprietary to Harmonic Drive — offers zero backlash and the highest 
output torque/weight ratio available. No meaningful substitute exists at scale. 

• Valuation: Trades at ~35x EV/EBITDA on trough earnings. As humanoid volumes inflect, earnings could 3–5x by FY2028E, 
compressing forward multiples to 10–12x — in line with industrial robot peers. 

• Key risk: QDD architecture displaces harmonic drives in >30% of joints by 2030. This is our primary bear case scenario. 

7.2  The Industrial Giant Pivot: Nidec Corporation (6594.T) 

THEMATIC CONVICTION: OVERWEIGHT — SECTOR DERIVATIVE EXPOSURE 

 

Nidec — the world's largest manufacturer of small precision motors — is aggressively pivoting its $20bn+ annual revenue franchise 
toward robotics. CEO Kishida has publicly targeted robotics as Nidec's next decade-defining growth vector, with a dedicated 
humanoid robot motor and actuator division established in 2024. 

• Scale advantage: Nidec manufactures 700+ million motors annually across every size class. The manufacturing expertise, 
supplier relationships, and production automation directly apply to high-volume torque motor production for humanoid 
actuators. 

• Inorganic growth: Nidec has historically executed 100+ acquisitions. We expect 1–2 strategic gearbox or actuator module 
acquisitions in 2026–2027 that accelerate humanoid product roadmap by 3–5 years vs. organic development. 

7.3  The China Supply Chain Basket 

For investors with access to A-share or H-share markets, a basket approach to Chinese actuator supply chain names captures the 
high-growth domestic demand while diversifying single-stock risk. Key themes: 

• Zhongda Leader Harmonic (listed): Volume harmonic drive producer; quality improving rapidly; direct supplier to Unitree 
and AgiBot. 

• China robot system integrators: Companies that assemble and deploy humanoid robots in manufacturing — capturing 
system margin without pure-play actuator component risk. 

• Chinese bearing manufacturers: NSK/THK Chinese competitors; bearings are critical in every actuator joint; a commodity 

but volume-sensitive play. 

7.5  Conviction Matrix 

Company / Theme K2C View Time Horizon Robot Purity Liquidity Key Risk 

Harmonic Drive Sys. 
(6324.T) 

BUY ★★★ 12–36 months Very High Medium QDD disruption 

Nabtesco (6268.T) OW ★★ 18–36 months High Medium 
Chinese market share 
loss 

Nidec (6594.T) OW ★★ 36–60 months Medium High M&A execution risk 

Moog (MOG.A) NEUTRAL ★ 24–48 months Low High 
Revenue 
concentration 
(defense) 

Parker Hannifin (PH) NEUTRAL ★ 24–48 months Very Low Very High 
Commodity division 
drag 

China Supply Chain 
Basket 

OW ★★ 12–24 months High Low-Med Quality/regulatory risk 

 



K2 CAPITAL  |  THEMATIC RESEARCH  |  HUMANOID ACTUATORS |  27 FEBRUARY 2026 

K2 Capital Equity Research  |  research@k2-capital.co  |  Please see disclosures on final page Page 6 of 7 

 

08  KEY RISKS TO OUR INVESTMENT THESIS 

Investors should carefully consider the following risks, which could cause the humanoid actuator opportunity to develop materially 
differently from our base case. 

 Risk Description 

↓ 
Slower-Than-Expected Humanoid 
Adoption 

OEM production targets have historically been missed (Tesla Optimus targeted 5,000 

units in 2025, did not achieve). If commercial humanoid deployment delays by 2–3 
years, actuator demand volumes remain insufficient to drive the cost curve inflection 
needed for mass-market economics. 

↓ QDD Architecture Displacement 
Quasi-direct drive actuators — eliminating the gearbox — could displace precision 
reducer demand in up to 40% of joints by 2030 in advanced platforms. This would 

structurally impair revenue growth for Harmonic Drive Systems and Nabtesco. 

↓ China Supply Chain Localisation 
Chinese humanoid OEMs (90% of current unit volume) are actively developing 
domestic actuator supply chains. Japanese and Western suppliers could lose the 

China market within 3–5 years, limiting addressable market to ex-China volumes only. 

↓ AI Capability Plateau 
Humanoid robots require both mechanical and AI/software capabilities to deliver 

value. If LLM/embodied AI development stalls and robots cannot handle unstructured 
environments reliably, commercial adoption may disappoint across all use cases. 

↑ Tesla Optimus Mass Production 
Tesla's stated target of building a 1 million unit/year Optimus production line in 

Fremont could accelerate the entire ecosystem timeline by 3–5 years if achieved. 
Even a fraction of this volume would create extraordinary actuator demand. 

↑ 
Government Mandates / Labour 
Policy 

Government manufacturing incentives (IRA, EU AI Act implementation, China 
humanoid subsidies) or labour-constraining policies could accelerate enterprise 
humanoid adoption ahead of consensus expectations. 

 

09  CONCLUSION: BUY THE STACK 

Humanoid robotics is crossing from science fiction to industrial reality faster than consensus anticipates. The catalyst is not a single 
breakthrough — it is the convergence of three simultaneous inflections: (1) embodied AI reaching threshold capability for 
unstructured task completion; (2) hardware costs declining at semiconductor-equivalent rates; and (3) a global labour shortage 
creating economic urgency for automation at scale. 

In this context, the actuator — the joint that makes a robot move like a human — is the most critical and most constrained 
component in the entire value chain. With 20–43 actuators required per robot, at $200–$5,000 per unit depending on application 
and volume, the economics of actuator manufacturing will define the economics of the humanoid era. 

Our investment conclusion is clear: The companies that control precision reducer manufacturing — Harmonic Drive Systems, 
Nabtesco, and their eventual Chinese challengers — represent the highest-conviction, highest-moat, highest-earnings-
leverage positions in the humanoid theme. The risk is real (QDD disruption, Chinese localisation) but the base case creates a 3–
5x earnings growth opportunity over the next decade that no other industrial sub-sector can match. 

The actuator is not just a component. It is the node where the robot revolution becomes an investment reality. 

 

 

 

K2 Capital Conviction Scores 

Theme: Humanoid Actuators 

Market Growth Visibility:   ████████░░  8/10 

Moat Durability:            ████████░░  8/10 

Earnings Leverage:          █████████░  9/10 

Valuation Attractiveness:   ██████░░░░  6/10 

Regulatory/Geopolitical:    ████░░░░░░  4/10 

Timeline to Inflection 

2025–2026: Pilot deployments; design wins announced 

2027–2028: Volume ramp begins; earnings inflection 

2029–2030: Mass production; ASP compression offset by 

volume 

2031+: China parity; new entrant risk; next gen architecture 
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IMPORTANT DISCLOSURES & ANALYST CERTIFICATION 

 

 

Ratings Definitions 

• BUY / OVERWEIGHT (OW): Expected total return of 15%+ over 12 months on a risk-adjusted basis. 

• NEUTRAL: Expected total return of -10% to +15% over 12 months. 

• UNDERWEIGHT (UW) / SELL: Expected total return below -10% over 12 months. 

General Disclaimer 

This report is prepared for informational purposes only and does not constitute investment advice or a solicitation to buy or sell 
securities. Information has been obtained from sources believed reliable but is not guaranteed. Market capitalisation data, 
consensus estimates, and competitor metrics are sourced from publicly available information as of 27 February 2026 and may have 
changed. Past performance is no guarantee of future results. K2 Capital and/or its affiliates may hold positions in securities 
discussed. Redistribution without written consent is prohibited. 
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• Goldman Sachs Research: "Global Automation — Humanoid Robot: The AI Accelerant" (2025) 

• Morgan Stanley Research: "Humanoid Robot Market to Reach $5 Trillion by 2050" (2025) 

• MarketsandMarkets: "Humanoid Robot Market — Global Forecast to 2030" (2025) 

• IntelMarketResearch: "Humanoid Robot Speed Reducers Market Outlook 2026–2032" 

• BCC Research: "Humanoid Robot Market to Grow at 42.8% CAGR Through 2030" 

• Dividend Japan Research: "Humanoids Growth Market — Harmonic Drive and FANUC" (2026) 

• Rest of World: "China is Winning the Humanoid Robot Race" (February 2026) 

• Humanoids Daily: Tesla Optimus production line updates (February 2026) 

• K2 Capital proprietary channel checks, component pricing databases, and OEM supply chain interviews 
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