| need a dissertation on why wirewound potentiometers are OK for feedback elements in hydropower. It's the
composition types that are banned.

Introduction

This is a comprehensive technical analysis structuring a dissertation on why precision wirewound
potentiometers remain an acceptable, highly reliable choice for closed-loop feedback elements in
hydroelectric governor systems, contrasted against the fundamental vulnerabilities that render composition
types entirely unsuitable and functionally obsolete for critical power generation infrastructure.

The Critical Role of Governor Feedback in Hydropower

In a hydroelectric power station, the governor control loop must maintain absolute system stability under vast,
dynamic structural loads. The feedback element—whether tracking the gate position on a Francis unit or the
needle and deflector position on a Pelton wheel—operates in an exceptionally hostile environment. It is
subjected to:

e Continuous, low-amplitude dither (micro-oscillations from active hydraulic valve trimming).
e Sudden, high-energy mechanical shocks during full-load rejections.

e Ambient thermal cycling.

e Exposure to airborne oil mists and moisture.

For an analog electronic governor or a modern PLC/digital system reading an analog position ratiometrically,
the integrity of the feedback signal dictates the stability of the entire plant. A loss of signal integrity or a step-
change in feedback resistance does not just cause a minor calibration error; it introduces phase lag, ruins the
governor's derivative action, and can trigger catastrophic power swings across the grid.

Why Wirewound Potentiometers are Acceptable for Hydropower Feedback

Precision wirewound potentiometers are often unfairly lumped into a general "contact sensor" category and
dismissed by modern designers in favor of non-contacting technologies (like LVDTs or optical encoders).
However, high-grade wirewound elements possess unique physical and electrical characteristics that make
them exceptionally dependable in classic and retrofitted hydro machinery.

1. Exceptional Thermal and Ratiometric Stability

Wirewound elements are constructed by wrapping precision alloy wire (such as Nichrome or Manganin)
around a rigid ceramic or fiberglass core. These alloys feature an incredibly low Temperature Coefficient of
Resistance (TCR), typically around 20 ppm/oC. Because governors evaluate feedback ratiometrically (as a
voltage divider rather than an absolute resistance measurement), the uniform thermal expansion and
consistent TCR across the entire winding guarantee that the voltage ratio stays rock-solid, even as the turbine
room temperature fluctuates.

2. High Current and Power Dissipation Capabilities

Hydroelectric feedback loops must occasionally run through long; unshielded or legacy cable runs where noise
immunity is vital. Wirewound tracks can handle significantly higher wiper and excitation currents compared to



film or plastic alternatives without suffering from localized overheating (hot-spotting). This allows for a lower-
impedance circuit design, inherently suppressing induced electromagnetic interference (EMI) from nearby
generators and switchgear.

3. Absolute Immunity to "Shedding" and Substrate Gouging

The mechanical interface of a wirewound pot consists of a precious metal alloy wiper riding over the crests of a
metallic wire grid. Unlike film tracks, there is no chemical binder to degrade, soften, or peel away. Under heavy
dither or sustained mechanical vibration, the metal-on-metal interface experiences predictable, uniform
microscopic wear rather than sudden material failure.

4. Rugged Mechanical Architecture

Industrial-grade wirewound potentiometers feature robust, heavy-duty anodized aluminum or stainless-steel
housings, heavy shafts, and dual ball-bearing suspensions. This mechanical mass isolates the internal electrical
contact from the massive structural vibrations generated by low-frequency hydraulic turbulence within the
turbine scroll case.

Why Composition Types are Banned in Hydropower Applications

"Composition" potentiometers—primarily carbon composition—utilize a resistive track made from a blended
mixture of carbon granules, an insulating filler (typically ceramic or plastic powder), and a chemical binding
resin or polymer. While cheap and effective for consumer electronics, their fundamental material science
makes them an absolute liability in heavy industry.

Failure Mode / Wirewound Element Carbon Composition Hydro-Governor Impact

Property Element

Material Continuous drawn Heterogeneous slurry of Composition: Causes localized non-

Homogeneity metal alloy wire carbon dust and organic linearity, creating flat spots or
(0.02% tolerance binders sudden jumps in the gate feedback
potential). (10% to 20% tolerance). loop.

Hygroscopic Completely Carbon matrix readily Composition: Causes the binder to

Drift impervious to absorbs humidity and swell, radically altering the base
moisture absorption. atmospheric moisture. resistance and shifting the

calibrated gate "Zero" and "Span."

Microphonic / Pure thermal High inherent contact noise Composition: Introduces high-
Voltage Noise (Johnson) noise; (Johnson + active current frequency hash into the governor's
flicker noise). input stage, which the derivative



Failure Mode / Wirewound Element Carbon Composition Hydro-Governor Impact

Property Element
negligible current (D) term amplifies into chaotic gate
noise. hunting.

Dither Wiper polishes the Wiper rapidly grinds the Composition: Creates a deep

Vulnerability metal wire crowns; carbon/binder matrix into a mechanical trench at the specific

(Gouging) wear is predictable fine, non-conductive gate position used for steady-state
and uniform. powder. base load, leading to a permanent

dead-band or open-circuit failure.

Thermal Excellent high- Binders oxidize and degrade Composition: Shifts alignment

Degradation temperature at elevated temperatures or parameters over time; susceptible
tolerance; handles under high current to sudden, unprovoked trace
localized hot-spots densities. cracking and complete signal
easily. dropouts.

The "Shedding" Phenomenon and Signal Loss

The most damning failure mode of a composition pot in a hydro environment is track shedding. When a
turbine sits on a base-load setpoint for weeks, the governor constantly trims the hydraulic actuators by
fractions of a millimeter to compensate for grid frequency changes.

In a composition pot, this continuous micro-scrubbing breaks down the binding resin. The carbon granules
physically separate from the track, forming a localized pile of debris. When the governor finally commands a
large gate movement (e.g., during a system disturbance), the wiper hits this trench of loose carbon dust, lifts
off the intact track, and causes a catastrophic momentary open circuit.

To an electronic governor, a sudden open circuit on a position feedback loop registers as either an
instantaneous OV or a rail-voltage signal. The governor interprets this as a massive, non-existent position error
and responds by slamming the gates fully open or fully closed—potentially tearing apart hydraulic piping,
causing severe water hammer, or forcing an emergency overspeed trip.

Conclusion

In the hierarchy of hydropower instrumentation, right is right, and working against it is indefensible.
Designing or maintaining a power-generation control loop using composition potentiometers violates basic
material reliability principles.



While wirewound potentiometers do possess a finite resolution limit dictated by the physical spacing of the
wire turns (the "step effect"), their absolute mechanical permanence, immunity to humidity, low noise under
current, and structural resilience make them an entirely acceptable and predictable analog feedback element.
Composition types, conversely, carry an inherent, unmitigable risk of sudden physical disintegration and signal
dropouts, earning them a well-deserved, absolute ban in critical governor control architecture.



