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Executive summary. Modern PWM servo systems are not just faster versions of older DC servo systems. They
combine digital current, velocity, and position loops with high-frequency PWM power conversion, high-resolution
motor feedback, integrated diagnostics, and optional direct load feedback. Older SCR/DC systems can still hold
position and make accurate parts when the mechanics and feedback are good, but they are usually slower to
correct torque disturbances, more dependent on analog tach signals, and less transparent to troubleshoot.

Key conclusion. The largest practical difference is not one number called “servo update time.” It is the entire
control chain: current-loop period, power-stage response, feedback resolution, controller/network update rate,
feedforward, mechanical stiffness, and where the position feedback is mounted. FANUC HRV CNC servo examples
show current-loop periods as low as 125 microseconds for HRV2/HRV3 and 62.5 microseconds in HRV3 high-
speed current-control mode. Siemens SINAMICS examples show the same principle, with selected S120 servo-
control configurations using current-controller sampling times down to 31.25 microseconds, and other S120
configurations using 62.5, 125, 250, or 500 microsecond current-controller sampling times depending on drive type
and setup. Rockwell Kinetix servo examples also show fast drive-level loop timing, with several Kinetix families
listing 125 microsecond current, velocity, and position-loop update times, and some newer Kinetix examples listing
62.5 microsecond loop timing. These examples reinforce that high-performance motion is built from fast drive-level
current/torque loops plus coordinated feedback, controller, and network update cycles.

1. Purpose and scope
This paper compares two broad generations of industrial motion systems:

e 1980s-era SCR/DC or brushed DC servo systems, typically using a DC armature drive, tachometer velocity
feedback, incremental A/B encoders, resolvers, or early machine-scale feedback.

e Modern PWM servo systems, typically using brushless permanent-magnet AC servo motors, IGBT/MOSFET
inverter bridges, digital current/velocity/position loops, high-resolution serial feedback, and integrated
tuning/diagnostics.

o Modern Rockwell Automation VFD-based motion examples, including PowerFlex 525, 527, 755, and 755T
families, because VFDs are often used for basic positioning but should not be confused with a purpose-built
CNC servo axis.

e FANUC CNC servo systems, because machine-tool CNCs are a strong benchmark for high-speed, high-
precision industrial positioning.

Important boundary condition: There was no single universal “1980s servo update time,” and there is no single
universal modern update time. A high-end 1980s CNC with glass scales could outperform a poorly applied modern
drive on absolute machine accuracy. Conversely, a modern PWM servo with poor mechanics, backlash, or motor-
only feedback may have excellent motor resolution while still missing true load position.
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2. Architecture comparison

Older DC/SCR servo architecture. A common legacy axis used a brushed DC servo motor, an SCR armature
supply or DC amplifier, a tach generator for velocity feedback, and a separate position feedback device such as an
incremental encoder or resolver. The SCR stage was synchronized to the AC line, so torque-producing armature
voltage/current changes were constrained by line-cycle/firing-angle behavior. Analog loops could be fast, but the
power stage and feedback quality limited practical stiffness and dynamic tracking.

Modern PWM servo architecture. A modern axis rectifies incoming AC into a DC bus and uses high-speed PWM
to synthesize motor phase currents. Digital signal processors close current, velocity, and often position loops inside
the drive. The control can include field-oriented control, adaptive filters, feedforward, notch filters, thermal
compensation, electronic gearing/camming, and data capture.

FANUC CNC architecture. FANUC CNC platforms integrate the CNC path planner, servo amplifier, FSSB/servo
communication, motor pulsecoder feedback, high-speed current control, and machine-tool compensation functions.
FANUC documentation for alpha i/Beta i servo tuning describes HRV2/HRV3 as improving current-loop response
so higher velocity-loop and position-loop gains can be used, reducing cutting figure error and improving high-speed
positioning. FANUC alpha i-B material also cites 32,000,000 counts/rev or 4,000,000 counts/rev pulsecoder options
and describes HRV+ as enabling high-speed/high-precision control at the nanometer level.

Rockwell VFD and motion architecture. Rockwell PowerFlex VFDs are primarily AC motor drives. Some models
support encoder feedback and basic positioning. PowerFlex 525 supports PointStop, closed-loop feedback with an
optional encoder card, and point-to-point positioning. PowerFlex 527 is closer to an integrated motion device
because it is configured/programmed through Studio 5000 motion instructions, like Kinetix servo drives, and uses
CIP Motion/CIP Sync on EtherNet/IP. PowerFlex 755/755T families can also be used in integrated-motion
applications, but VFD-based positioning generally remains better suited to conveyors, spindles, indexing, winders,

pumps/fans with coordinated speed, and non-cutting axes than to high-bandwidth CNC contouring.

Category

1980s SCR/ DC servo

Modern PWM CNC/servo

Rockwell VFD positioning context

Power conversion

Line-commutated SCR rectifier or
analog DC amplifier. Armature
voltage/current response tied to
firing angle and line ripple.

DC bus plus high-frequency PWM
inverter. Current control is digitally
coordinated with motor position
and phase current.

PWM inverter AC drive. PowerFlex
525/527/755/755T can support
closed-loop vector and selected
motion modes, depending on
model/options.

velocity loop often analog.

resolution motor feedback; filtering
and observer methods may be
used.

Motor type Brushed DC servo, wound-field Brushless PM synchronous AC Induction or PM motor depending on
DC, or early brushless systems. servo, linear motor, direct-drive drive and configuration. Typically not
Brush/commutator maintenance rotary motor, high-speed spindle the same torque-density/bandwidth
common. motor. package as a CNC feed servo.

Velocity feedback DC tach generator common; Velocity estimated from high- Optional encoder feedback on

several models improves speed
regulation; PowerFlex 525/527 use
optional encoder cards for closed-
loop feedback.

Position feedback

Incremental A/B encoder,
resolver, or machine scale; often
external position loop.

Absolute serial encoder, high-count
pulsecoder, sine/cosine encoder,
resolver, direct scales.

Basic position control possible.
PowerFlex 527 can use Logix
motion instructions; PowerFlex 525
supports basic point-to-point
positioning.

Diagnostics/tuning

Meter points, LEDs, analog trims,
oscilloscope, parameter cards.

Drive traces, alarms, auto tuning,
notch filters, feedforward, adaptive
functions, digital scopes. FANUC
SERVO GUIDE supports gain/filter
tuning and path deviation
visualization.

Studio 5000/CCW/Drive tools,
timestamped events, controller-
based diagnostics, automatic device
replacement on compatible Logix
systems.
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3. Servo update time: what is actually being updated?

The phrase “servo update time” is often used too loosely. A real axis has several rates:

PWM carrier or power-device update: how often the inverter can change the voltage pattern.
Current/torque loop: regulates motor current, which produces torque.
Velocity loop: regulates speed and damping.
Position loop / interpolator / trajectory planner: compares commanded and actual position and creates the next
move demand.
Feedback transfer: how quickly the feedback information reaches the drive or controller.

Network/controller update: on distributed motion, the scheduled motion cycle between controller and drive.

Loop or event

What it controls

Typical modern servo / CNC
range

Typical 1980s SCR/DC
range

FANUC / Siemens / Rockwell
anchor

PWM carrier /

How often the power stage

Commonly about 4-20 kHz,

SCR firing tied to AC line;

Rockwell PowerFlex 527

inverter can change voltage with servo performance effective voltage updates specification lists adjustable PWM
switching pattern. depending on current-loop occur around lineffiring frequency up to 8 kHz.
design, motor inductance, and events rather than high-
filters. frequency PWM.
Current / Regulates motor phase High-performance drives Analog current loops may FANUC tuning material lists a
torque loop current or armature commonly operate in tens to be continuous, but SCR conventional 250 us current-control
current, directly affecting hundreds of microseconds. power conversion cannot period shortened to 125 s with
torque. impose arbitrary high- HRV2/HRV3, and HRV3 high-
frequency torque speed current-control mode lists
correction. 62.5 ys. Siemens SINAMICS S120
examples include current-controller
sampling times down to 31.25 ps in
selected configurations, with other
S120 configurations using 62.5,
125, 250, or 500 ps depending on
drive type and setup. Rockwell
Kinetix examples list loop update
times such as 125 ys, with some
newer platforms listing 62.5 us
Velocity loop Regulates speed and Often 125 ps to 1 ms Often analog tach loop in FANUC notes that improved

damping; major contributor
to stiffness and contour
following.

depending on product,
settings, and architecture.

drive or slower digital loop
in CNC/controller;
performance affected by
tach ripple/noise and SCR

ripple.

current-loop response enables
higher velocity-loop and position-
loop gain.

Position loop /
interpolation

Compares commanded
position to actual and
produces velocity/torque
demand.

Often 250 ps to several ms
depending on
CNC/drive/network. CNC
contouring also depends on
look-ahead and interpolation.

Commonly 1-10 ms class in
many PLC/CNC/motion-
controller systems, though
high-end legacy CNCs
could be better.

Rockwell integrated motion uses
controller/drive coordination over
CIP Motion/CIP Sync; PowerFlex
755T application notes identify 1
ms or slower coarse update
constraints depending on product.

Feedback
transfer

How quickly position
information is delivered to
control electronics.

Absolute serial interfaces can
run at MHz rates; modern
encoders can include
diagnostics and multi-turn
data.

Incremental edges arrive
immediately, but usable
position depends on
counter hardware, filtering,
and controller scan/servo
cycle.

FANUC alpha i-B brochure cites
32,000,000/rev or 4,000,000/rev
pulsecoders. Rockwell 842E-CM
integrated motion encoder provides
18-bit single-turn and 30-bit multi-
turn resolution.

Practical meaning. Modern CNC and servo drives can correct torque error tens or hundreds of times faster than
many SCR/DC systems could through the power stage. This allows higher usable gains, lower following error,
better disturbance rejection, better low-speed smoothness, and more stable use of feedforward. However, update
time alone does not guarantee machine accuracy. The mechanics, feedback location, servo tuning, thermal
behavior, backlash, ballscrew pitch error, and vibration dominate the final part or load position.
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4. Feedback systems: tach and A-quad-B to modern serial feedback

4.1 Older tachometer and A-quad-B systems

Tachometer feedback. A DC tach generator produces a voltage proportional to shaft speed. It gives a convenient
analog velocity signal for an analog servo amplifier, but it is not a position device. It does not know where the axis is
when stopped and it can drift, ripple, wear, or pick up noise.

A-quad-B incremental encoder feedback. A quadrature encoder provides A and B channels 90 electrical degrees
apart. With x4 counting, a 1,000-line encoder provides 4,000 counts/rev. This can be perfectly adequate for many
machines, but it is incremental: after power loss the axis must home unless backed up by an absolute reference or
battery system.

Resolver feedback. Resolvers are rugged and tolerate heat and contamination, but they require resolver-to-digital
conversion and usually do not provide the very high native resolution of modern optical/magnetic absolute encoders
or direct scales.

4.2 Modern feedback systems

High-resolution motor feedback. Modern servos commonly use serial absolute feedback, high-count incremental
encoders, sine/cosine interpolation, or vendor-specific feedback devices. FANUC pulsecoder examples show
millions of counts per revolution. Rockwell 842E-CM integrated motion encoders document 18-bit single-turn
resolution, configurable resolution per revolution up to 262,144, and 30-bit total multi-turn resolution. These
feedback devices let the drive estimate velocity smoothly and hold position with high stiffness.

Direct load feedback. The largest accuracy improvement comes when the feedback is placed at the load, not only
at the motor. A ballscrew-driven table with only motor feedback still has screw pitch error, coupling windup,
backlash, bearing compliance, and thermal growth outside the measured loop. A direct linear scale or direct rotary
scale closes the loop around the actual work point, table, ram, or rotary axis.

Feedback type
DC tach generator

Typical use
Velocity feedback on older
brushed DC servo axes.

Strengths

Smooth analog velocity signal;
simple and fast for analog
amplifiers.

Simple, fast, differential versions

Limitations / training point

No position information; drift/ripple/noise;
brushes/bearings; cannot hold/load-
position by itself.

Requires homing unless absolute

Incremental A/B Legacy and current

encoder motor/load position feedback. | have good noise immunity. reference exists; resolution depends on
line count and interpolation/counting
method.

Resolver Rugged motor feedback in High temperature tolerance; Conversion electronics required; lower

harsh environments. absolute within one turn. practical resolution than many modern

encoders.

FANUC pulsecoder /
high-count motor
encoder

CNC servo motor feedback.

Very high counts per revolution;
integrated with CNC/drive; supports
high-speed CNC servo functions.

Still measures motor position unless a
direct scale is added; machine
compliance remains outside motor
feedback.

Rockwell 842E-CM
integrated motion
encoder

Feedback-only axis over
EtherNet/IP.

18-bit single-turn and 30-bit multi-
turn resolution; CIP Motion/CIP
Sync integration.

Networked feedback axis must be
engineered for the required update rate
and motion group timing.

Direct linear/rotary
scale

Machine-tool tables, gantries,
precision rotary axes.

Closes loop at the load; removes
screw/gear error from position loop;

best path to high absolute accuracy.

Higher cost; alignment/contamination
issues; can expose mechanical
resonance that motor feedback hid.
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5. Positioning accuracy: resolution is not accuracy
Positioning performance must be separated into these terms:

o Feedback resolution: the smallest count or digital increment the feedback reports.

o Repeatability: how consistently the axis returns to the same location under the same conditions.

o Absolute accuracy: how close the real load position is to the commanded real-world position.

¢ Dynamic following error: how far actual position lags command during acceleration, contouring, or disturbance.
e Stability margin: how aggressively the loop can be tuned before oscillation, chatter, or resonance.

Area 1980s SCR/DC servo expectation Modern PWM CNC/servo expectation | Important caveat
Motor Often hundreds to several thousand Commonly 20-bit class and above; High motor counts do not remove
feedback encoder lines/rev; x4 counting FANUC documentation cites ballscrew, gearbox, or thermal error.
resolution produced thousands to tens of pulsecoders up to 32,000,000/rev.
thousands of counts/rev.
Current- Limited by SCR power-stage High-performance PWM servo systems | Higher update rates require stable
loop dynamics and line ripple, even if the commonly operate in the tens to mechanics, proper motor sizing, correct
response analog loop was well designed. hundreds of microseconds range. feedback, and careful tuning.
FANUC HRV examples list 125 ps and
62.5 pys modes; Siemens SINAMICS
S120 examples include current-
controller sampling times down to 31.25
us in selected configurations; and
Rockwell Kinetix examples list loop
update times such as 125 ys and, on
some newer platforms, 62.5 ps.
Low-speed Affected by SCR ripple, brush Much smoother torque control possible Poor tuning, motor sizing, or mechanical
smoothness | commutation, tach ripple, cogging, and | with PWM/FOC and high-resolution stiction can still make a modern axis
lower encoder resolution. feedback. rough.
Dynamic Generally larger for the same Lower following error possible due to Feedforward improves tracking but does
following mechanical load and acceleration faster torque loop, feedforward, look- not fix backlash or loose mechanics.
error because usable gains are lower and ahead, and compensation functions.
torque correction is slower.
Absolute Can be excellent with glass scales and | Can be excellent with direct load A “modern servo” with motor-only
machine compensation, especially in high-end scales, compensation, and thermal feedback may be less accurate at the load
accuracy CNCs. control. than an older scale-equipped machine.

6. FANUC CNC servo reference points

FANUC is useful as a modern CNC benchmark because the servo, amplifier, motor feedback, and CNC path
functions are designed as a system. The important points for comparison are:

e FANUC alpha i/Beta i tuning material states that HRV2/HRV3 shortens the current-control period from a
conventional 250 microseconds to 125 microseconds.

e The same FANUC material lists HRV3 as a 62.5 microsecond current-control-cycle setting and describes high-
speed HRYV current-control mode for finishing/cutting conditions.

o FANUC documentation explains that improving current-loop response allows higher velocity-loop and position-
loop gains, which improves servo rigidity and reduces cutting figure error.

¢ FANUC alpha i-B product material cites 32,000,000/rev or 4,000,000/rev pulsecoders and describes HRV+ as
supporting high-speed/high-precision control at nanometer level.
FANUC SERVO GUIDE supports gain tuning, HRV filter tuning, and 3D/path-deviation visualization. This is
very different from troubleshooting only with tach voltage, analog trims, and an oscilloscope.

FANUC item

What it means in the comparison

Why it ma

tters

control period

HRV2/HRV3 current-

material.

125 ps current-control period compared with a
conventional 250 ps setting in cited FANUC tuning

velocity/po
error.

Faster current response supports higher usable

sition gains and lower contour/following

control

HRV3 high-speed current

cited manual.

62.5 us current-control cycle listed for HRV3 parameter
setting; G5.4Q1/G5.4Q0 select high-speed mode in the

conditions.

Shows how modern CNCs can selectively increase
servo current-loop performance for precision cutting

Pulsecoder resolution

4,000,000/rev.

FANUC alpha i-B material cites 32,000,000/rev or

direct feed

Huge improvement over a 1,000-line A/B encoder,
but load accuracy still depends on mechanics or

back.
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High-speed/high-
precision functions

point controls.

Advanced preview/feedforward, nano interpolation, HRV
filters, backlash acceleration, and thermal/machining-

Modern CNC accuracy comes from the servo plus
trajectory planning and machine compensation, not
only encoder counts.

7. Rockwell VFD and motion reference points
Rockwell references are important because many industrial plants use PowerFlex drives and Logix controllers. The
comparison must be precise: a VFD with encoder feedback can do useful positioning, but that does not

automatically make it equivalent to a high-performance CNC servo axis.

e PowerFlex 525: supports PointStop without encoder feedback, closed-loop feedback with optional encoder
card, and point-to-point positioning. The encoder option supports quadrature/single-channel inputs and up to
250 kHz input frequency.

e PowerFlex 527: designed for Logix PAC integration, programmed with Studio 5000 embedded motion
instructions used by Kinetix servo drives, and supports closed-loop position/velocity vector control with optional
encoder feedback. It lists adjustable PWM frequency up to 8 kHz.

o PowerFlex 755/755T integrated-motion applications are powerful for coordinated drive axes, but application
notes identify minimum coarse update constraints; this makes the system more appropriate for many
machine/process axes than for the highest-bandwidth CNC feed-axis contouring.

o Kinetix servo drives remain Rockwell's purpose-built servo family. PowerFlex VFD positioning should be viewed
as “servo-like for the right load,” not as a direct replacement for precision CNC servo systems.

Rockwell device Position/motion capability Feedback detail Practical use vs CNC servo
PowerFlex 525 PointStop, point-to-point positioning, | Optional encoder card; Good for conveyors, indexers, simple
basic local/outer-loop position quadrature or single-channel; up | positioning, replacement of older open-
modes depending on configuration. to 250 kHz input frequency. loop VFD systems; not a high-end
contouring CNC feed servo.
PowerFlex 527 Closed-loop position/velocity vector Optional encoder accessory Strong choice when an induction/PM
control; programmed with Studio card; Logix/CIP Motion motor drive needs coordinated Logix
5000 motion instructions like Kinetix | integration. motion. Still usually lower bandwidth
drives. than a matched servo motor/drive
package.
PowerFlex 755/755T Integrated motion possible on Depends on option modules and Useful for large motors, process axes,
selected drives/products. application; coarse update unwind/rewind, coordinated
periods are product/application speed/position; not automatically a
constrained. replacement for CNC contour axes.
Kinetix servo Purpose-built servo control for Servo motor feedback, integrated | Closest Rockwell equivalent to the
motion axes. motion, high-performance tuning | “modern PWM servo” category in this
tools. paper.
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8. Example comparison: one rotary axis

Parameter Older DC servo example Modern FANUC-style PWM Rockwell VFD positioning Practical result
servo example example
Feedback 1,000-line A/B encoder with 32,000,000 counts/rev motor PowerFlex 525/527 optional Modern servo feedback

x4 counting = 4,000
counts/rev; tach for velocity.

pulsecoder example.

encoder card with quadrature
input; resolution depends on
installed encoder and input
frequency limits.

can have thousands of
times finer motor-position
reporting.

Motor count angle

0.09 degrees/count.

0.00001125 degrees/count at
32,000,000 counts/rev.

Depends on encoder; a
2,048-line x4 encoder gives
0.0439 degrees/count.

Higher resolution improves
smoothness and velocity
estimate, not necessarily
absolute load accuracy.

Current loop

SCR/DC drive; torque
correction constrained by
line/firing stage and analog
tuning.

FANUC HRV examples list
125 ps and 62.5 ps current-
control modes.

PWM VFD current/vector
loop; product-specific, often
less aggressive than CNC
feed servo loops.

Modern servo rejects
disturbances faster and
permits higher gains.

Position loop

External controller often 1-10
ms class; high-end CNCs
could be faster.

CNC-integrated
servo/interpolator with high-
speed feedforward and
compensation.

Logix integrated motion or
local position modes; coarse
update constraints matter.

CNC contouring benefits
from look-ahead,
feedforward, and tight drive
integration.

Machine accuracy

Good if direct scale and
compensation are used;
poor if backlash/thermal
errors are outside feedback.

Excellent if direct scales,
compensation, and stiff
mechanics are used.

Adequate for many industrial
positioning tasks, but not
usually the first choice for
micron-level contouring.

Feedback location and
mechanics matter more
than the drive label.

9. Practical implications for training, troubleshooting, and retrofit decisions

Teach the loop stack. Students should know the difference between current loop, velocity loop, position loop,
interpolation cycle, network update, and PLC scan time.
Do not sell “resolution” as “accuracy.” Resolution is the smallest reported increment; accuracy depends on
feedback location, mechanics, compensation, thermal behavior, and calibration.
For retrofits, decide whether the load needs servo-class contouring, basic positioning, or only improved speed
regulation. A PowerFlex VFD may be correct for one axis and wrong for another.
For CNC machines, keep FANUC/Siemens-style integrated CNC functions in the discussion: look-ahead,

feedforward, HRV/current-loop tuning, backlash/thermal compensation, and direct scales.

Older DC systems can be serviceable. If the mechanics and scales are good, a retrofit can improve reliability,
diagnostics, and maintainability without necessarily changing the fundamental machine accuracy.

When comparing a 1980s system to a modern one, measure following error during acceleration, servo stiffness
at standstill, repeatability, reversal error, circularity/ballbar results, and load-position accuracy, not just the
nameplate encoder count.
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10. Summary conclusion

Modern PWM servo systems outperform typical 1980s SCR/DC servo systems in torque response, tuning flexibility,
diagnostics, low-speed smoothness, feedback resolution, and integration with CNC or motion-control software.
FANUC CNC systems illustrate how fast current loops, high-count pulsecoders, feedforward, HRYV filters, and CNC
path planning work together to reduce dynamic error. Siemens SINAMICS references help show that drive-loop
timing, motion timing, and communication cycles are separate engineering layers. Rockwell references show that
PowerFlex VFDs can perform closed-loop vector control and basic/integrated positioning, especially in Logix
systems, but they must be applied with the right expectations.

Bottom line. For high-precision CNC contouring, the best architecture is still a purpose-built servo/CNC system
with high-resolution motor feedback, fast current/velocity loops, direct load feedback when accuracy demands it,
and compensation for the mechanical system. For conveyors, indexers, simple positioning, spindles, pumps/fans,
and many plant-machine axes, modern Rockwell PowerFlex VFDs with encoder feedback and integrated motion
can be the right answer at lower cost and with strong Logix integration.
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