
Understanding Servo Motors in Industrial

Applications

Servo motors are precision-controlled electric motors widely used for highly accurate position, speed, and

torque control in industrial automation. In essence, a servo motor is a rotary (or linear) actuator equipped

with  a  feedback  sensor (typically  an  encoder  or  resolver)  and  paired  with  a  dedicated  servo  drive

(controller). The servo drive uses the feedback to continually adjust the motor’s input, achieving  precise

motion  according  to  command  signals .  This  article  provides  a  comprehensive  overview  of  servo

motors  –  their  core  function,  technical  specifications,  differences  from  other  motor  types,  relevant

standards, real-world case examples, common applications, and best practices for selection, tuning, and

maintenance.

What is a Servo Motor? Core Function and Definition

At its core, a  servo motor is designed for  closed-loop control of motion. Unlike a standard motor that

might simply spin at a given speed, a servo motor can be commanded to move to a specific position, at a

defined speed or torque, and hold that position or follow changing commands with high accuracy

.  This  is  achieved  by  integrating  a  sensor  for  position  feedback (such  as  an  optical  or  magnetic

encoder) into the motor assembly. The servo drive (also called a servo amplifier or controller) monitors this

feedback and continuously adjusts the motor’s input current and voltage, typically via a PID control loop, to

ensure the motor’s actual output matches the target command. 

Precision positioning is  the hallmark of  servo systems.  For  example,  Yaskawa Electric  describes servo

motors as “motors that are good at stopping at the position indicated by a comma of several millimeters” –

highlighting that even over long distances of travel, the positioning error can be mere millimeters . In

practical  terms,  servo  motors  can  achieve  positional  accuracy  on  the  order  of  fractions  of  a  degree  or

micrometers,  far  beyond what  open-loop motors  can do.  A  servo  motor  can even rotate  a  mechanism

equivalent to a 40 km circumference and control the position within a 4 mm error , a level of precision

critical in high-tech manufacturing.

Most modern servo motors are  brushless AC synchronous motors,  using permanent magnets on the

rotor  (hence  often  called  brushless  servo  motors).  This  gives  them  high  efficiency  and  the  ability  to

produce  full  torque  even  from  standstill  (zero  speed)  when  commanded .  Some  servo  motors  are

designed as  asynchronous (induction) servo motors or even DC servos,  but the predominant type in

industry is the brushless AC servo due to its superior torque density and dynamic response. In fact, a servo

motor of  comparable size to a  standard induction motor can typically  produce  40–60% higher torque

output , thanks to the high magnetic energy of permanent magnets and optimized design. This high

torque density means servo motors pack more power in a smaller, lighter package – a major advantage

when space is limited or when mounting on moving machinery (e.g. robotic arms) where excess weight is

undesirable .
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Another key attribute is the ability to precisely control torque. Servo drives can operate in various control

modes, including  position control,  velocity (speed) control,  or direct torque (current) control.  In all

cases, the system uses feedback to minimize the error between the commanded value and the actual motor

output. If the servo motor is commanded to hold a certain position and an external force tries to move it,

the feedback loop will  detect the deviation and apply corrective torque to hold the position, within the

motor’s capability. This closed-loop behavior contrasts sharply with simpler motors. For example, a stepper

motor (open-loop) will lose steps (position accuracy) if overloaded, whereas a servo will attempt to correct

and can also signal an alarm if it cannot maintain position (due to exceeding torque limits) .

In  summary,  a  servo  motor’s  core  function  is  to  convert  command signals  into  precise  mechanical

motion,  with  built-in  feedback  ensuring  accuracy  in  real  time.  Next,  we  delve  into  the  technical

characteristics that enable this performance.

Key Technical Specifications of Servo Motors

When selecting or working with servo motors, several technical specifications and features are critical:

Torque Ratings (Continuous and Peak): Servo motors are typically rated for a  continuous stall

torque (the torque they can produce indefinitely without overheating) and a peak torque (the short-

term maximum torque, often 2–3 times the continuous rating, available for quick accelerations or

transient  loads) .  For  instance,  ABB’s  BSM series  servo  motors  cover  torque ranges  from

about 1.6 N·m up to 20 N·m continuous , with peak torques substantially higher. The torque–

speed curve of  a servo motor usually  indicates a constant torque region up to a certain speed,

beyond which torque may drop off. Unlike standard induction motors, servo motors can maintain

full rated torque at zero speed (with adequate cooling), functioning as a holding brake if needed

. This is especially useful in applications requiring holding force, such as robotics or indexing

tables, where the motor must hold position without motion.

Speed Range: Servo  motors  are  available  in  various  base  speeds  (often  a  few thousand RPM).

Common servo motor speeds range from ~1500 RPM up to 3000 RPM or higher for standard models,

with some designs capable of 5000–6000 RPM or more. Manufacturers like Hitachi offer servo motor

series in different base speed ratings (e.g. 1500 min⁻¹ middle-inertia series vs 3000 min⁻¹ low-inertia

series) to suit application needs . The  torque-bandwidth of the servo drive (how quickly it

can respond) is also important; for example, Hitachi’s AD series servo drives achieve a speed control

bandwidth of 500 Hz, enabling extremely fast response to command changes .

Feedback System (Encoders/Resolvers): Every servo motor uses a form of encoder or resolver for

position (and often speed) feedback. Encoders can be incremental (providing pulses that the drive

counts) or  absolute (providing a unique position value, typically multi-turn, on power-up). Oriental

Motor’s  glossary  succinctly  notes  that  servo  encoders  are  broadly  classified  as  incremental  or

absolute . Incremental encoders generate pulses as the motor turns and typically require the

system to home (reset position) on startup since they only report relative motion. Absolute encoders,

by contrast, output the actual angular position and often include a multi-turn counter, so the servo’s

position  is  known  immediately  on  startup .  Modern  industrial  servos  often  use  high-

resolution absolute encoders (17-bit,  20-bit  or higher, meaning hundreds of thousands to over a

million  counts  per  revolution)  to  ensure  fine  control  and  low-speed  smoothness .  For

example, Hitachi’s AD series servos use a 17-bit serial encoder for high precision and stable low-
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speed rotation .  Some servo motors,  especially  in  harsh environments,  might  use a  resolver

instead – a robust analog rotary transformer that provides absolute position within one revolution

and  is  very  tolerant  to  heat  and  vibration.  The  choice  of  feedback  affects  precision,  cost,  and

integration; thus, it’s a key spec in servo motor datasheets.

Control  Modes and Servo Drives: The servo motor itself  is  one part  of  a  servo system,  which

always includes a servo drive (or amplifier). The drive takes in command signals from a controller

(e.g., a CNC controller or PLC motion module) and controls the motor’s phases using PWM voltage

waveforms. Typical control modes offered by servo drives include:

Position Control Mode: The drive precisely controls the motor to achieve a target position, usually

within a specified servo stiffness or following error tolerance.

Velocity Control Mode: The drive controls motor speed. The higher-level controller might close a

position loop around this, or it can be used in applications like electronic gearing.

Torque Control Mode: The drive regulates motor torque (often by controlling current). This is useful in

web tension control, pressing applications, or any application requiring direct torque output control.

Many advanced servo drives allow switching between modes or even blending them (for instance, an outer

position loop with an inner torque loop). Tuning of the servo loops (adjusting gains for P, I, D, feedforward,

etc.)  is  needed  to  optimize  responsiveness  without  causing  instability.  Modern  drives  from  major

manufacturers feature auto-tuning functions that can set optimal gain values by jogging the motor and

measuring response . Yaskawa’s Sigma series servo drives, for example, include auto-tuning to simplify

setup, as do Hitachi’s AD drives . Proper tuning minimizes overshoot and “settling time” – the time for

the motor to reach and stay within a small error band of the commanded position . A well-tuned servo

can settle to position within milliseconds, which directly improves machine cycle times.

Encoder Resolution and Precision: The resolution of the feedback device determines the smallest

increment  of  movement  the drive  can detect.  Higher  resolution (e.g.,  a  20-bit  encoder  provides

about  1,048,576  counts/rev)  yields  finer  positioning  capability  and  smoother  low-speed  motion.

Oriental Motor notes that resolution directly relates to positioning accuracy – e.g., a 1000 ppr (pulse

per revolution) encoder divides one revolution into 1000 parts . In industrial servos, resolutions of

17 to 24 bits (≥131,000 to 16 million counts per rev) are common. High resolution not only improves

static accuracy but also allows  lower-speed operation without cogging or jerking,  because the

drive  can  make  very  fine  adjustments.  Manufacturers  may  advertise  reduced  cogging  torque

(torque ripple due to motor magnetic design) for smooth motion; Hitachi achieved a 65% reduction

in cogging torque in one servo motor line using advanced rotor design , which is beneficial for

slow, precise moves.

Power  and  Inertia  Matching: Key  specs  also  include  the  motor’s  power  rating (in  kW  or

horsepower) and the rotor inertia. Power ratings for servo motors might seem modest (often in the

hundreds of watts to a few kilowatts), but thanks to high torque at all speeds and overload capability,

they  can  handle  demanding  motion  profiles.  Rotor  inertia  matters  because  in  a  servo  system,

optimal  performance is  achieved when the load inertia reflected to the motor is  not excessively

higher than the motor’s own inertia. A high inertia mismatch can cause control instability or longer

settling times, so servo motor catalogs often list inertia values so that engineers can calculate inertia

ratios.  Some servo series are designed as  “low inertia” motors for  highly dynamic applications

(quick accelerations), whereas others are “medium” or “high inertia” to better match heavier loads
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without requiring a large gearbox . ABB’s BSM motors, for example, offer different series (B, C, N)

with varying inertia to give designers flexibility .

Brake  and  Enclosure  Options: Many  servo  motors  can  be  ordered  with  an  integrated

electromechanical  brake (typically  a  spring-set,  electrically-released  brake)  that  locks  the  rotor

when  power  is  removed.  This  is  useful  for  vertical  axes  or  safety  holds.  The  enclosure  rating

(ingress protection, IP rating) of servo motors is often IP65 or higher on the body (dust tight and

protected against jets of water) since servo motors often don’t require external cooling fans (unlike

many induction motors) . For example, a typical servo motor might be IP65 when equipped with

shaft seals, and higher grades (IP67 or IP69K stainless) are available for washdown environments

(food industry) .  The  thermal class of insulation is usually F or higher (155°C),  and many

servo  motors  include  overtemperature  sensors  (thermistors  or  thermostats)  embedded  in  the

windings.  Standards like  IEC 60034-1 apply to servo motors for temperature rise and duty cycle

definitions; continuous duty is classified as S1 in IEC standards .

Drive  Power  and  Interfaces: Servo  drives  from  different  manufacturers  support  various

communication interfaces (analog command, Pulse/Direction, or networked interfaces like EtherCAT,

PROFINET, Ethernet/IP, etc.). They also often incorporate safety features (for instance,  Safe Torque

Off (STO) according to IEC 61800-5-2, to remove power from the motor in a safety event). While

these are drive features rather than motor specs, it’s important to consider that the motor and drive

are a matched pair.  Each manufacturer (ABB, Yaskawa, etc.)  provides  motor–drive compatibility

charts and tuning data. In fact, industry standards like NEMA ICS 16-2001 cover servo systems as a

whole, including motors, feedback devices, and controls for precise motion control .

Differences from Stepper Motors and Induction Motors

It is often useful to contrast servo motors with other common motor types:

Servo vs. Stepper Motor: Both servo and stepper motors are capable of precise position control,

but they operate very differently. A stepper motor is inherently an open-loop device – it moves in

discrete step increments (e.g. 1.8° per step for a typical 2-phase stepper) and holds position via

detent torque and continuous phase current. Steppers are well suited for low-speed, low-to-

moderate torque applications that do not require extremely high accuracy . They have the

advantage of simplicity (no feedback required in basic form) and lower cost. However, stepper

motors lose significant torque at higher speeds and can suffer from resonance and missed steps if

loaded beyond their torque capacity . They also draw current constantly, even when holding

position, leading to heat generation and energy inefficiency .

Servo motors, in contrast, excel at high-speed, high-torque, and high-accuracy applications . Thanks

to closed-loop control, a servo will not lose position under normal operation – if a disturbance occurs, it

corrects its position or signals a fault if unable. Servos provide  full torque across a broad speed range,

including high speeds where stepper torque would drop off dramatically . Additionally, when a servo

motor  is  at  rest  or  under  light  load,  it  draws  minimal  current  (only  what’s  needed  to  correct  error),

improving  efficiency  and  reducing  heat .  Steppers  are  relatively  inexpensive and  simple  to

commission,  whereas  servos  are  more  complex  and  costly,  mainly  due  to  the  encoder  and  tuning

requirements . But servo prices have been decreasing, and their benefits (faster, stronger, more efficient)

often justify their use in performance-critical systems. As a rule of thumb: use stepper motors for low-cost,
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low-speed, moderate precision needs, and use servo motors for dynamic, high-speed, or high-precision

needs – especially where load conditions can vary.

Servo vs. AC Induction Motor (VFD Control): A standard AC induction motor (squirrel-cage

motor) driven by a Variable Frequency Drive (VFD) can serve in some positioning or speed-control

roles (with or without encoder feedback, e.g. sensorless vector drives). However, there are

differences in both construction and performance. Induction motors rely on induced current in the

rotor, and typically are designed for continuous rotation and power delivery (e.g. pumps, fans,

conveyors). They usually run in open-loop V/Hz or sensorless vector mode, or closed-loop with an

encoder in more advanced applications. An induction motor used in a feedback loop is sometimes

called a servo if it’s in a closed-loop control system, but generally, “servo motor” implies a purpose-

built design optimized for closed-loop dynamics. For instance, some induction motors have been

built with thinner rotor bars to reduce inertia and resistance for better servo performance ,

but they are less common.

The differences can be summarized as  performance vs. power:  -  Servo motors (especially synchronous

permanent-magnet types)  offer  higher torque density and dynamic response than equivalently sized

induction motors . They can accelerate faster due to lower rotor inertia and deliver more torque per

unit size (often 40-60% more, as noted earlier). This makes servos ideal for highly dynamic motion profiles –

for example, quick indexing or rapid start/stop cycles. - Induction motors can be made in very large sizes

(multi-megawatt), far beyond the practical size of servo motors . In applications above a few hundred

kW, induction (or synchronous reluctance) motors with VFDs dominate, as servo systems in those power

ranges become cost-prohibitive or  unwieldy.  Thus,  for  very high power,  induction motors are chosen,

whereas servos cover the broad middle ground of power where precision is needed. - At low speeds or zero

speed,  a  servo motor  with feedback can hold  full  torque indefinitely,  something induction motors

struggle with. Standard induction motors overheat if run at zero speed with full torque (even with a VFD,

cooling becomes an issue at low speed since the shaft fan isn’t effective). Servo motors are designed to

produce stall torque continuously (with proper cooling), and their drives explicitly control current to hold

position . Induction motors with VFDs can add encoders and run in torque mode, but it requires careful

tuning and often cannot match the low-speed stability of a true servo system . -  Efficiency and heat:

Servo motors being synchronous have no slip and typically lower losses for the same output, especially

under varying loads. Induction motors tend to be less efficient under partial load or low speed. A servo’s

permanent  magnet  design  yields  an  efficiency  advantage  (no  rotor  I²R  losses),  effectively  giving  it  an

efficiency of 1.0 in terms of magnetization (whereas induction needs magnetizing current, wasting some

energy) .  This  can  translate  to  energy  savings  in  highly  dynamic  applications.  Eaton’s  drives

documentation notes that while various motor types (including synchronous servo motors)  can be run on

standard  VFDs,  they  “normally  require  additional  planning  and  discussion  with  the  motor

manufacturer”  to ensure performance and avoid damage. - Cost and complexity: Induction motor +

VFD solutions are generally lower cost than servo systems, especially as power increases. Servos require

tuning and careful integration. However,  as servo technology advances, the price gap is narrowing and

servo systems are becoming more user-friendly (with auto-tuning, standard fieldbus interfaces, etc.). 

In summary, induction motors with VFDs are great for high-power and basic speed control applications

(pumps,  fans,  general  machinery),  offering robustness and simplicity.  Servo motors shine in  precision

motion applications (positioning,  rapid cycling,  coordinated multi-axis  moves)  where their  high torque

density, low inertia, and feedback control provide superior performance. Many modern production lines

actually  use  a  combination:  e.g.,  VFD-driven  induction  motors  for  bulk  material  conveyance  and servo

motors for precise indexing, cutting, or positioning tasks on the same line.
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Industry Standards and Compliance (IEC, NEMA)

Servo motors and drives adhere to many of the same standards that apply to electric motors and industrial

control systems, with some additional considerations:

IEC  Standards: The  International  Electrotechnical  Commission’s  standards  for  rotating  electrical

machines (IEC 60034 series) cover servo motors in terms of ratings and testing. For example,  IEC

60034-1 defines rating methods and duty  cycles  (S1  continuous duty,  S3  intermittent  duty,  etc.)

which  servo  manufacturers  use  to  specify  continuous  vs.  intermittent  torque  ratings .  IEC

60034-5 defines ingress protection (IP codes); servo motor datasheets will cite an IP code according

to this standard (e.g. IP65 for dust-tight and water-jet-proof) . Safety standards like IEC 61800-5-2

apply to servo drives for functional safety features (Safe Torque Off, Safe Stop, etc.), ensuring the

servo system can integrate into safety circuits  reliably.  Additionally,  servos used in machinery in

Europe must meet the essential  requirements of  the Machinery Directive – typically  achieved by

compliance with harmonized standards for electrical safety (EN 61800-5-1 for drives, EN 60204-1 for

wiring) and EMC (EN 61800-3 for adjustable speed power drive systems). Hitachi’s servo products, for

instance,  carry  CE  marking (indicating  compliance  with  EU  directives)  and  support  network

interfaces like DeviceNet and SERCOS in line with international norms .

NEMA  Standards: In  North  America,  NEMA  (National  Electrical  Manufacturers  Association)

provides  standards relevant  to  servo motors.  NEMA ICS 16-2001,  Motion/Position  Control  Motors,

Controls and Feedback Devices, specifically covers rotational servo and stepper motors, their power

and feedback requirements, and control methods for precise motion control systems .  It

essentially sets guidelines for how servo motors and drives should perform and be labeled (e.g.,

standard nameplate information, performance metrics) in industrial applications. Additionally, servo

motors may use NEMA frame size designations (though many small servos use metric frame sizes or

proprietary mounting). NEMA MG (Motor and Generator) standards, which define design and safety

for motors, also apply if the servo motor is marketed under those conventions. For example, Baldor

(a brand of ABB) offers BSM series servos in frames that align with NEMA frame motor dimensions,

helping with mechanical interchangeability . It’s worth noting that while NEMA frame sizes (like

NEMA  23,  34,  etc.)  are  more  commonly  associated  with  stepper  motors,  some  servo  motors,

especially DC or small AC servos, can also use those mounting standards for drop-in replacement.

Quality and Environment Standards: Major servo manufacturers (ABB, Yaskawa, etc.) typically have

certifications such as UL listings or cUL for electrical safety (important for use in the US/Canada),

and  ISO 9001 for quality management in manufacturing. For instance, ABB’s servo motors carry

cURus marking (UL recognized components for US and Canada) in addition to CE . These give

end  users  confidence  in  the  safety  and  reliability  of  the  products.  In  industries  like  food  and

beverage  or  pharmaceuticals,  servos  may  need  to  meet  hygienic  design  standards or  have

washdown ratings (stainless steel housings, IP69K) to comply with sanitation regulations.

In practice, when specifying a servo motor, engineers ensure it meets the necessary  standards for the

operating region and application – whether that’s an IEC efficiency class (if running continuously), EMC

compliance  for  installations,  or  functional  safety  for  integration  into  systems  with  human  interaction

(robots, machine tools, etc.). Always consult the manufacturer’s documentation for the list of standards the

motor and drive conform to, and ensure they align with project requirements.
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Real-World Performance Examples

Servo motors  have  been integral  to  countless  industrial  innovations.  Here  are  a  few anonymized case

examples demonstrating their impact, with measurable outcomes:

High-Speed Packaging Line Upgrade: A food packaging company replaced pneumatic actuators

and induction motors on a cartoning line with servo motors to gain better control over timing. The

result was a significant throughput boost – in one implementation, high-speed servo motors in the

packaging  line  boosted  throughput  without  compromising  accuracy .  By  precisely

synchronizing actions (such as package indexing,  filling,  and sealing) with servo-driven axes,  the

company reduced wasted motion and delays. The improved precision also lowered the defect rate

(misplaced labels and seals) because servo control ensured repeatable, correct positioning on each

cycle. In summary, the retrofit led to higher production rates and consistent product quality.

Semiconductor  Testing  Throughput  Increase: In  semiconductor  manufacturing,  testing

equipment  must  handle  chips  rapidly  and accurately.  A  servo  drive  manufacturer  (Elmo Motion

Control) reported that using their high-performance servo system allowed a semiconductor wafer

test  machine  to  increase  testing  speed  by  30%  while  maintaining  the  highest  precision

standards .  The fast  response (due to the servo’s  high bandwidth control  and quick settling)

meant  each  wafer  could  be  tested  faster,  directly  translating  to  ~30%  more  throughput.  This

showcases  how servo  system tuning  (especially  minimizing  settling  time  after  moves)  can  yield

substantial productivity gains in high-volume production.

CNC Machine Tool Productivity: A machine tool builder utilized new servo motors with very low

inertia  and advanced control  on a CNC machining center’s  axes.  This  change increased the axis

acceleration capability and responsiveness. In one case, the  angular acceleration of a machine’s

table increased by 20% after switching to a next-generation low-inertia servo motor . The faster

acceleration/deceleration  shortened  the  positioning  times  between  cutting  operations  (reducing

non-cutting time). Over an entire machining cycle, this cut seconds off each tool movement, adding

up to a significant improvement in parts produced per hour. The higher dynamics did not sacrifice

accuracy – in fact, cutting tolerances were maintained or improved due to better control stability.

Energy Savings in an Indexing Conveyor: A manufacturing plant had an indexing conveyor that

used a continuously running motor with a clutch mechanism to create indexing motion. This was

inefficient, as the motor ran constantly at full power. By moving to a servo motor that only moved

when indexing (and stayed idle with zero speed holding torque in between), they reduced energy

consumption  substantially.  Servo  motors  draw  current  in  proportion  to  the  load  and  motion

required, so in this intermittent operation, the  energy usage dropped and the motor ran cooler.

Additionally,  the precise control  eliminated the need for  mechanical  clutches or  stops,  reducing

maintenance. One reported example noted that servo systems, due to only drawing current for the

needed work,  contribute to noticeable energy savings and less heat generation compared to an

always-on motor system .

Print Registration Accuracy: In a printing and labeling line, replacing stepper-driven rollers with

servomotors  improved  registration  (alignment  of  overprinted  images)  dramatically.  The  servo’s

ability to adjust on the fly based on feedback (from a registration mark sensor) meant the system

could correct position errors each cycle.  The outcome was near-zero cumulative error and scrap
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reduction.  While  specific  numbers  are  proprietary,  one  can  note  that  servo  control  enabled

maintaining registration accuracy within ±0.1 mm at high speed – a feat difficult with open-loop

motors.

These cases illustrate the general theme: servo motors often enable higher speed, higher precision, and

sometimes energy or maintenance savings in real applications. The gains can be quantified as increased

throughput (% improvement), improved accuracy (smaller error or variance), reduced downtime, and lower

operational costs. Many manufacturers like Yaskawa, ABB, and others publish case studies where switching

to servo technology solved a bottleneck or quality issue. For instance, Yaskawa has documented solutions in

their  Solution  Factory  showing  improved  accuracy  and  productivity  in  their  own  production  lines  by

leveraging advanced servo systems .

Applications Across Industries

Servo  motors  find use  in  a  vast  array  of  industrial  applications,  wherever  precise  motion  control  is

required. Some notable application domains include:

Robotics: Industrial  robots rely heavily on servo motors at their joints. Each axis of a multi-joint

robot (like a 6-axis articulated robot) is typically driven by a compact AC servo motor with a high-

resolution encoder,  often coupled with  a  gearbox.  The servo’s  fast  response and accuracy  allow

robots to perform complex tasks – from welding to assembly – with repeatability in the order of

±0.02 mm for high-end models. Servo motors acting as robotic joints enable coordinated multi-axis

motion  and  can  handle  varying  loads  and  speeds  with  ease .  For  example,  Yaskawa’s

MOTOMAN robots integrate servo motors on each axis to precisely follow programmed paths . In

collaborative robots (cobots)  and precision robots (like SCARA or delta robots),  servo motors are

tuned for smooth and safe operation, sometimes including torque feedback for collision detection.

Machine Tools  (CNC): CNC milling machines,  lathes,  laser  cutters,  and other machine tools  use

servo motors to drive the linear axes (often via ball screws or rack-and-pinion) and sometimes the

spindle  as  well.  High-performance  servo  drives  provide  the  rigid  position  control needed  for

accurate  cutting and shaping of  parts.  In  CNC mills,  for  example,  servos drive  the X,  Y,  Z  table

movements, enabling complex interpolation and maintaining accuracy even under cutting forces.

The result  is  the ability  to  machine precision components  with  tolerances  often within  microns.

Servo-driven machine  tools  also  achieve  faster  feed rates  and quick  tool  positioning,  improving

overall machining cycle times. Direct-drive servos (where the motor directly drives an axis without a

screw or gearbox) are used in some high-speed CNC machines for even better accuracy (eliminating

backlash) .

Packaging  and  Labeling: The  packaging  industry  was  transformed  by  servo  technology.

Applications  like  form-fill-seal  machines,  carton  erectors,  labeling  machines,  palletizers,  and

wrappers use servo motors for tasks such as pulling film, placing products, rotating and aligning

packages,  etc.  Electronic  camming and  synchronized  multi-axis  control (possible  with  servo

drives on a common motion controller network) allow packaging machines to switch products and

formats quickly without mechanical changeovers. For instance, a servo-driven labeling machine can

adjust  label  placement  on  the  fly  and  maintain  tight  synchronization  with  a  moving  conveyor,

ensuring each label is applied at the correct position and time. The high-speed and coordination

capabilities  of  servos  support  the  ultra-fast  packaging  lines found  in  food,  beverage,  and
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consumer goods industries . Commonly, servos in these machines lead to higher throughput

and  less  waste  (since  motions  are  precise  and  repeatable,  fewer  products  are  misprocessed).

Packaging  OEMs  often  highlight  how  servos  enable  fast  changeovers  and  flexible  operation,

allowing one machine to handle multiple products with recipe-driven motion profiles.

Conveyors  and  Material  Handling: Beyond  simple  fixed-speed  conveyors  (which  use  induction

motors), many complex material handling systems use servos. Indexed conveyors, smart conveyors

(with  individual  pallets  that  stop/start  independently),  and gantry  systems use servo motors  for

positioning items accurately in a production flow. For example, a pick-and-place gantry might use

servo motors on linear axes to rapidly move items from one conveyor to another with millimeter

accuracy  and  controlled  acceleration  (to  avoid  spilling  or  damaging  the  product).  Automated

storage  and retrieval  systems (AS/RS) in  warehouses  use  servo  drives  for  the  horizontal  and

vertical motions to quickly and precisely retrieve pallets or totes. Here, servos ensure smooth motion

profiles (preventing cargo from shifting) and accurate stopping at target positions (so items can be

safely  loaded/unloaded).  Because  servo  controllers  can  incorporate  profiles  like  S-curve

acceleration,  they  are  ideal  for  material  handling  where  gentle  yet  fast  movement  is  needed.

Additionally, in logistics,  sortation systems use servo motors to actuate high-speed diverters that

direct packages down different lanes with split-second timing.

Printing  and  Web  Handling: Servo  motors  are  extensively  used  in  printing  presses  and  web-

handling  equipment  (any  process  involving  continuous  rolls  of  material,  like  paper,  plastic  film,

textiles). They provide precise tension control and registration. For example, each print cylinder in a

multi-color  press  might  be  servo-driven  and  electronically  geared  to  one  another  –  eliminating

complex gear trains. This allows on-the-fly adjustment of print registration via software, something

not  feasible  with  mechanically  coupled  systems.  Flying  shear cutters,  die  cutters,  and  print

registration  modules  use  servo  motors  with  high-resolution  encoders  to  cut  or  print  on  the  fly

without stopping the material, using precise position tracking. The result is higher speed operation

and quick  changeovers  between jobs (since the phasing of  axes  can be changed electronically).

Coating and laminating lines use servos to maintain tension in different zones and to synchronize

the speed of unwinding, processing, and rewinding sections.

Assembly and Pick-and-Place Machines: In electronics manufacturing (PCB assembly) or general

assembly automation, servo motors provide the fine control required for tiny, precise movements.

For instance, chip mounters that place electronic components on circuit boards use linear motor

servos or rotary servos on each axis to achieve placements of thousands of components per minute

with ±0.01 mm accuracy. Similarly, automotive assembly lines use servo-driven tightening tools that

can apply a precise torque and angle for  each fastener,  with feedback verifying each operation.

These smart tools are essentially servo motors with an integrated controller and torque sensor. The

repeatability and the ability  to  program motion profiles  make servo systems invaluable  in  any

automated assembly process.

Elevator and Lifts: Modern elevators often use gearless permanent magnet servo motors for the

hoist mechanism. These large servos, combined with advanced drives, allow smooth acceleration

profiles,  precise  floor  leveling,  and  energy-efficient  regeneration  (feeding  power  back  when the

elevator goes down). While not always called “servo” in the elevator industry, the concept is the same

– a  motor  with  encoder  feedback  and a  closed-loop drive  ensures  exact  positioning and speed

control  for  comfort  and  safety.  Servo  control  in  elevators  improves  ride  quality  (minimal  jerks),

53 54

• 

• 

• 

• 

9

Precision Electric, Inc. 574-256-1000

www.precision-elec.com

https://new.abb.com/motors-generators/nema-low-voltage-ac-motors/ac-servo-motors/ac-brushless-servo-bsm-motors#:~:text=Common%20applications
https://new.abb.com/motors-generators/nema-low-voltage-ac-motors/ac-servo-motors/ac-brushless-servo-bsm-motors#:~:text=


accuracy of  stopping (floor leveling within a few millimeters),  and can adapt to load differences

(empty vs. full car) automatically.

Specialty Uses: There are many other examples –  Cameras and optics use tiny servo motors to

control lens focus and aperture with high precision. Medical devices like surgical robots or imaging

equipment use servos for accurate positioning (e.g. in an MRI machine, servos might control patient

table movement to millimeter precision).  Textile machines use servos for controlling yarn tension

and loom speeds with high responsiveness. Even simulators and theme park rides use servos for

creating responsive motion platforms.

It’s clear that servo motors are ubiquitous in any scenario that demands controlled, flexible, and precise

motion.  Yaskawa’s  overview  of  industries  highlights  how  servo  motors  support  everything  from

semiconductor  manufacturing equipment  to  automotive  assembly  to  data  storage fabrication  –

essentially “the industries around you” are filled with servo-driven machines. 

Selection, Implementation, and Best Practices

When  implementing  servo  motors  in  an  industrial  system,  there  are  several  best  practices  and

considerations to ensure success:

Sizing and Selection

Careful sizing of the servo motor and drive for the application is crucial. Key steps include:

Define  Motion  Requirements: Determine  the  required  torque  and  speed  profile.  Calculate  the

inertia of the load and any gearing. Use the motion profile (accelerations, run speeds, dwell times) to

compute  peak  torque and RMS (root-mean-square)  torque over  the  cycle.  Servo  sizing  software

(often provided by manufacturers)  can assist  with these calculations.  Ensure the chosen motor’s

continuous torque rating exceeds the RMS torque and its  peak torque can handle the maximum

transient demands with some safety margin.

Inertia Ratio: Aim for a motor-load inertia ratio that the drive can control well. A rule of thumb is to

keep the reflected load inertia below 5–10 times the motor inertia for good control, though modern

drives can tolerate higher ratios with advanced tuning.  If  the load inertia  is  very high,  consider

adding a gearbox or timing belt reduction to lower the reflected inertia and increase torque (at the

expense of speed). Manufacturers often list recommended inertia ratios for their drives, as overly

high inertia mismatch can cause oscillations or slow response.

Motor Speed and Gearbox: Decide if a direct-drive solution is feasible (motor directly coupled to

load) or if a gearbox is needed. Gearboxes can multiply torque and reduce required motor size, but

add backlash and compliance unless high-end low-backlash gearheads are used. In high-precision

applications,  sometimes  a  slightly  larger  direct-drive  servo  is  preferred  to  eliminate  mechanical

backlash. Some companies (like Kollmorgen, Direct Drive Tech, etc.) offer direct-drive servo motors

and torque motors for when zero backlash and high torque at low speed are needed (e.g. indexers,

rotary tables). Yaskawa also offers  linear servo motors for linear motion without ball-screws

.
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Feedback Type: Choose between incremental vs absolute encoder, and necessary resolution. For

multi-axis systems that need to know positions immediately on power-up (common in robotics or

machines that cannot be homed easily), absolute encoders are highly beneficial. They eliminate the

need for homing routines and reduce downtime after power cycles. Ensure the controller or PLC you

use can interface with the encoder format (e.g.,  SSI,  EnDat,  BiSS,  etc.,  for absolute encoders).  If

working in a high-noise environment or very high temperature, a resolver might be chosen for its

robustness – but then the drive and controller must support resolver input.  Lenze, for example,

notes their  servo motors can come with resolvers or  encoder options depending on application

needs .

Environmental Factors: Consider the environment –  if  the servo will  be exposed to washdown,

chemicals, vacuum (e.g., semiconductor fab), extreme cold/heat, etc., select a motor variant suited

for that. Many servo families have  optional sealing, stainless steel construction, or explosion-

proof designs (ABB offers explosion-proof servos for hazardous locations, Kollmorgen AKMH series

for washdown, etc.) . Also ensure the motor’s insulation class and cooling are suitable if it will run

near its limits (some servo motors can be ordered with forced-air cooling or liquid cooling jackets to

increase continuous torque output ).

Drive and Power: Choose a matching servo drive that can deliver the necessary current and voltage.

Check the supply voltage available (common servo systems use 200–240 VAC or 380–480 VAC three-

phase mains, though smaller servos might use 24–90 VDC from power supplies). The drive’s peak

current should match or exceed the motor’s peak current needs. Also verify the drive supports the

control interface you plan to use (digital fieldbus vs analog control). For example, a packaging line

might use an EtherCAT network to command all servos, so drives must have EtherCAT connectivity.

Also consider regenerative braking – if the cycle has frequent decelerations, either a regen resistor

or active front end might be needed to handle energy fed back by the motors.

Installation and Tuning

Mechanical Installation: Rigid mounting and alignment are important. If coupling the servo to a

load via a coupling or belt, ensure alignment to avoid excessive bearing loads. Use zero-backlash

couplings for direct connections. Pay attention to the shaft coupling stiffness – compliant couplings

can cause resonance in the control loop. Many servo installs use rigid or diaphragm couplings (or

bolt the motor directly to the machine with an integrated coupling like a flange). If using a gearbox,

ensure  it’s  properly  mounted  and the  motor-pinon to  gearbox  connection  is  tight  and  keyed  if

needed. 

Electrical Installation: Use the manufacturer’s recommended shielded cables for both the power

and feedback. Servo systems are fast-switching and can generate electrical noise (EMI), so proper

grounding  and  shielding  practices  are  a  must.  For  example,  motor  cables  should  have  shields

grounded at the drive end, and feedback cables (encoder cables) usually have overall shields plus

twisted pair for signals. Route power cables separate from signal cables. Follow any EMC guidelines

provided (ABB and Lenze manuals often include sections on wiring for EMC compliance ). It’s

also important to connect  motor case grounds and use any provided grounding clamps – high-

frequency PWM currents can induce noise if grounding is poor.
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Tuning  and  Parameter  Setup: When  first  commissioning,  the  servo  drive  needs  to  know  the

motor’s parameters (often provided as a motor file or entered manually: torque constants, encoder

resolution, etc.). Many manufacturers like Yaskawa supply electronic parameter files for their motors,

or even auto-detect the motor if it’s a matched system . After basic setup,  tuning the control

loops is next. Start with conservative gain settings or use auto-tune. Verify basic motion (jogging)

works without oscillation. Then gradually increase gains for position/velocity loops to get snappier

response. Watch for signs of underdamped response (ringing or overshoot in motion). Use built-in

tools such as bode plots or step response captures if available in the software to fine-tune. The goal

is a critically damped or slightly underdamped response for fastest settling without instability. 

If the mechanism has compliance (e.g., a belt drive or a flexible coupling), you may need to utilize notch

filters or feed-forward control features in the drive to counter resonances. Many advanced servo drives

allow adding a notch filter at a specific frequency to suppress oscillation. Also,  set the correct feedback

resolution and units so  that  the controller’s  motion units  (mm, degrees,  etc.)  correspond correctly  to

encoder counts. If using absolute encoders, establish the homing offset (so the machine zero aligns with

encoder’s known position).

Safety Considerations: Implement proper safety circuits – e.g., use the Safe Torque Off (STO) input

of drives as part of the emergency stop circuit so that power to the motor is reliably cut when

needed (STO removes drive output without complete power-down, meeting SIL safety

requirements). Ensure there are physical stops or limits in place for axes in case of control failure,

and that servo travel limits are set in software to prevent overtravel. Training operators and

maintenance personnel on how to safely jog or disable servo axes is also important, given that

servos can move abruptly when enabled.

Maintenance and Lifecycle

One advantage of modern servo motors is low maintenance – they are typically brushless (no brushes to

replace as in older DC servos) and often sealed. Still, some best practices:

Routine Checks: Periodically check the servo motor for any unusual vibration or noise which could

indicate bearing wear or coupling issues. Ensure the mounting bolts remain tight (as vibrations can

loosen hardware over time). Verify that cable connectors are secure – the high vibration on some

machines can sometimes loosen screws in connectors or cable glands.

Keep it Cool and Clean: While servo motors are robust, running them cooler generally prolongs life

(for both the motor windings and the drive electronics). Ensure any cooling fins are not clogged with

dust.  Clean the motor  surface  if  it’s  covered in  debris,  as  a  dirty  motor  can overheat.  In  harsh

environments,  consider  adding protective  covers.  Ambient  temperature matters:  if  the  cabinet

housing drives gets too hot or the motor is in a hot area, use additional cooling or derate the motor

accordingly. Most drives will display or can read out the temperature of the motor’s thermal sensor –

monitoring this can give early warning of overloading or cooling issues.

Lubrication  (if  applicable): The  majority  of  servo  motors  have  sealed  bearings that  are  pre-

lubricated for  life.  However,  if  your servo motor has any gearhead or if  it’s  a  larger motor with

regreasable  bearings,  follow  the  manufacturer’s  lubrication  schedule.  For  example,  some  servo

gearheads might need grease replacement after a certain number of hours. If a holding brake is
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installed, note that brakes can wear (since they typically engage when holding loads). Avoid using

the brake to stop a moving load frequently – it’s meant for holding, not dynamic stopping (unless

specifically a brake rated for that). Use controlled deceleration via the drive instead, and engage the

brake only at zero speed to maximize its life .

Drive Maintenance: Servo drives are electronic and generally either work or fail (there’s no routine

maintenance like with motors). Keep drives in a clean, cool control cabinet. Check cooling fans in the

cabinet or on large drives – these fans may need periodic replacement after a few years. It’s also

good  to  periodically  check  servo  tuning –  if  you  notice  performance  degrading  (e.g.,  more

oscillation or following error than before), it could be due to mechanical changes (wear or increased

backlash) and re-tuning or maintenance of mechanics might be needed.

Software and Firmware: Keep backups of drive parameter configurations and motion controller

programs. In case a drive fails and is replaced, having the parameters (motor data, gains, limits, I/O

logic) will greatly speed up re-commissioning. Manufacturers often provide PC tools to save and load

configurations. Also stay updated on firmware if the manufacturer releases improvements or bug

fixes – but only update firmware during scheduled downtime and after reviewing release notes.

Following these  best  practices  ensures  that  you  get  the  most  out  of  servo motors –  achieving  high

performance while maintaining reliability. When servo systems are properly sized, installed, and tuned, they

can run for many years with minimal intervention, significantly outperforming less sophisticated motor

systems in demanding applications.
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