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Introduction

Motorized surgical hand tools have transformed precision, efficiency, and clinical outcomes in operating rooms worldwide. From
orthopedic reconstruction to cranial procedures, powered drills, saws, and shavers give surgeons the control needed to perform
complex tasks with accuracy and consistency.

However, as surgical technigues advance — especially in minimally invasive and high precision fields — the performance expectations
placed on these handheld devices continue to rise. Because surgical tools must balance torque, speed, vibration, thermal behavior,
and reliability, selecting the right motor architecture has become one of the earliest and most defining engineering decisions
OEMs face. The architecture adopted at the start directly influences how effectively the tool can meet clinical requirements once
deployed in real-world environments.

Defining Performance Requirements for Surgical Tools

Specifying motors for surgical hand tools requires balancing a wide range of use cases and clinical demands.

In large bone orthopedic procedures, tools must deliver high torque at controlled speeds to cut or ream dense material. These
applications impose sustained mechanical load and require strong thermal performance. Efficiency and torque stability under load are
therefore critical.

Cranial and neuro procedures, by contrast, often rely on extremely high rotational speeds — sometimes reaching 80,000 to 100,000
RPM. In these cases, smooth torque delivery and low vibration are essential. Even minor variations in torque ripple can affect
precision near sensitive anatomical structures.

Because torque and speed are physically interdependent, no single motor architecture can optimize both simultaneously — especially
within the compact dimensions of handheld surgical tools. Clearly defining torque, speed, and duty cycle requirements early in
development ensures engineers select an architecture that aligns with clinical expectations rather than attempting late stage
performance adjustments.

Orthopedic saws rely on high-torque motor architectures engineered for sustained load and dense material removal, while spine drills require
high-speed, low-vibration performance to support precision in delicate anatomical structures.

How Slotted, Slotless, and Commutation Choices Shape Performance

Once performance needs are defined, attention shifts to motor construction and commutation strategy.

Electromagnetic architecture is a primary performance driver. Slotted motors concentrate magnetic flux through laminated stator
teeth, enabling strong torque density and making them well suited for high load applications. However, the interaction between rotor
magnets and stator slots can generate cogging torque—a small but undesirable torque ripple in applications requiring exceptionally
smooth rotational behavior.
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Slotless designs remove the stator teeth, reducing cogging torque and supporting smoother motion. The trade-off may include
variations in torque density or thermal characteristics depending on the implementation.

Evaluating slotted versus slotless designs requires understanding whether torque output, smooth motion, or heat dissipation is the
dominant performance requirement.

Commutation strategy further defines behavior. Brushless DC (BLDC) motors offer electronic commutation for precise speed and
torque control with minimal mechanical wear—ideal for high-speed or closed-loop applications. Coreless brushed DC motors provide
inherently smooth torque in compact form factors and can simplify integration when lower electronic complexity is preferable.

There is no universal “best” motor type. The optimal architecture depends on speed targets, torque demand, vibration sensitivity,
lifetime expectations, and system integration needs.

Table 1: Comparison of Motor Architecture Options for Surgical Hand Tools

Architecture Type

Primary Strengths

Key Trade-Offs

Ideal For

Slotted Topology

¢ High torque density

e Strong load-handling
capability

e Efficient magnetic flux path

Higher cogging torque
Potential for increased
vibration

May require additional
smoothing strategies

¢ Orthopedic tools requiring
high torque

¢ Applications with sustained
mechanical load

Slotless Topology

e Extremely smooth rotation
e Very low cogging torque
e |deal for high speeds

Lower torque density
(depending on design)
Thermal management must
be carefully evaluated

¢ Cranial and neuro surgical
tools

e Precision applications
sensitive to vibration

BLDC Technology

e Electronic commutation for
precise control

e Long lifespan, low wear

e Excellent high speed
capability

Requires electronic control
circuitry

Integration complexity may
increase

e High-speed shavers, drills,
saws, and reamers

e Tools requiring closed loop
control

Coreless Brushed DC

e Inherently smooth torque

Brushes introduce wear

e Applications needing

Technology * Simple control and over time smooth motion with
integration Limited in extreme high- simpler control architecture
e Compact architecture speed applications
Direct Drive e Zero backlash Lower torque compared to e Precision-focused motion

e Excellent positional
accuracy

e Fewer mechanical
components

geared solutions
May require larger diameter

where smoothness is
critical

Geared Configuration

¢ High torque multiplication

e Allows smaller motors to
meet torque requirements

Adds mechanical
complexity

Gear wear and noise must
be considered

e Orthopedic devices
requiring high torgque in
compact footprints
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How Architecture Influences Heat, Vibration, and Durability

Motor architecture determines how a surgical hand tool performs under real-world operating conditions.

In torque intensive orthopedic applications, sustained load generates significant heat. Elevated temperatures affect winding
resistance and magnetic behavior, directly impacting torque output over time. Proper magnetic circuit design and motor sizing are
essential to preserving performance throughout a procedure.

High speed applications introduce different stresses. Rotor design, rotational balance, and bearing selection must support stable
operation at extreme RPMs. Vibration characteristics and acoustic performance influence both precision and surgeon confidence.

Mechanical durability is another critical consideration. A motor architecture that performs well in isolation may behave differently
once combined with gearheads, shafts, and sealing elements within the tool assembly. Evaluating performance holistically is
key to achieving long-term reliability. The following examples illustrate commonly used architecture pathways observed across
high-performance surgical hand tool designs, based on clinical and system requirements.

Table 2. How Application Requirements Guide Motor Architecture Selection

High-Torque Procedures High-Speed Applications Vibration-Sensitive Use
e Orthopedic cutting, drilling, e Cranial and neuro procedures Cases

reaming e 80,000-100,000+ RPM targets e Extreme stability
® Dense material removal e Precision in delicate anatomy requirements

e Sustained mechanical load e Smooth motion is critical

e Surgeon feedback sensitivity

Clinical Requirements

n

:g Torque Density Smoothness & Low Thermal Behavior

-§ e High torque in compact Vibration Heat dissipation for high
o envelopes e Minimize torque ripple torque procedures (sawing,
w -y - - -

2 e Stability under load e Stable rotation at high speeds e Gl )

g Cooling pathways

S Stability over procedure
b= d :

[ uration

o

S

g Slotted Architecture + Slotless Architecture + BLDC Coreless Brush DC +

£ Geared ¢ Extremely smooth motion Simplified Control

a * High torque output * Very low cogging * Inherently smooth torque
)

5 * Robust load handling e Optimal for high-speed cranial e Compact, lightweight

=]

§ e |deal for orthopedic tools e Streamlined electronics
% applications

<

Engineering teams can map clinical requirements to performance priorities, then to suitable motor architectures. This structured approach
helps ensure torque, speed, vibration, and thermal needs are addressed by the chosen electromagnetic and commutation design.
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Aligning Motor Architecture with System Level Integration

Modern surgical hand tools seldom rely on unmodified catalog motors. Compact envelopes, ergonomics, sterilization cycles, and
regional electrical standards typically require customization.

Motor architecture selection must therefore occur in conjunction with system level design decisions. Shaft interfaces, housing
materials, sealing strategies, and control electronics all influence how the motor will behave in the final assembly.

Early collaboration between the OEM engineering
team and the motion supplier enables architecture
decisions to be validated against actual integration
constraints. This co-design approach allows teams to:

e Correctly size the motor for the application’s
torque and speed profile

e Evaluate slotted versus slotless solutions in
context

e Assess thermal performance under expected duty
cycles

e Integrate sealing and protection strategies from
the beginning

Architectural choices must align with complete
system design. From shaft interfaces
to housing constraints and sterilization
requirements, seamless integration is essential
to achieving the torque, responsiveness, and
of meeting performance targets without costly reliability surgeons expect.

redesign.

This structured, collaborative process reduces
development risk and increases the likelihood

Why Motor Architecture Is the Foundation of Surgical Tool Performance

Surgical hand tools operate in environments where precision, reliability, and durability are non negotiable. Motor architecture directly
defines how a device manages torque, maintains thermal stability, mitigates vibration, and withstands repeated clinical use. As a
result, architecture selection is not merely a component choice - it’s the strategic foundation of overall tool performance.

Each architectural path—slotted or slotless stators, brushless or coreless commutation, direct drive or geared configurations—carries
strengths and trade-offs that influence how effectively the tool can meet clinical expectations. Orthopedic devices rely on sustained
torque and robustness under heavy load, while cranial and neuro tools demand exceptionally smooth, high speed operation with
minimal vibration. The right architecture enables these capabilities; the wrong one can limit performance before the tool ever reaches
the operating room.

For decades, Portescap has partnered with surgical device OEMs to engineer motion systems tailored to specific clinical, mechanical,
and integration requirements. Through early collaboration, application specific design, and a broad portfolio of proven motor
technologies, Portescap helps OEMs reduce development risk and accelerate time to market while ensuring tools perform reliably in
demanding surgical environments.

Selecting the right motor architecture is the first—and most consequential—step in achieving the precision, efficiency, and clinical
confidence that define successful surgical hand tools.

Antonio Herrera
Senior Industry Manager
Portescap
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About the Company

Portescap, a proud member of Regal Rexnord, excels in addressing critical motion challenges with premium
miniature electronic motors and components. For over 70 years, our extensive product range — including coreless
brush DC, brushless DC, stepper, gearhead, encoder, and controller technologies — has powered applications across
the aerospace and defense, automation, industrial power tools, medical, robotics, and surgical hand tool industries.
Expert engineers collaborate with you from prototype to production, ensuring exceptional performance tailored to
your specific needs.

As part of Regal Rexnord, customers benefit from seamless access to a vast brand portfolio and a robust global
manufacturing and sourcing network. Dedication to innovation and sustainability drives us to design products
that significantly impact daily life. Leveraging Regal Rexnord'’s broader expertise and resources, we aim to deliver
sustainable solutions that power, transmit, and control motion, helping to create a better tomorrow.

Portescap

Regal Rexnord

portescap.com
110 Westtown Road

West Chester, PA 19382 - USA
regalrexnord.com
The proper selection and application of products and components, including assuring that the product is safe for its intended use, are the

responsibility of the customer.To view our Application Considerations, please visit https:/www.regalrexnord.com/Application-Considerations.
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