Why a True Power Factor of 0.97 TPF Can Be Misleading?

A 0.97 True Power Factor (TPF) reading can be simultaneously accurate as a mathematical statement
and deeply misleading as a health assessment of the circuit. This diagram is a summary overview:

True PF = Displacement PF x Distortion PF x Symmetry PF
A single number - the product of three independent, separately damaging phenomena

Scenario A - Genuine 0.97 TPF (healthy circuit)

Displacement PF Distortion PF (THD = 14%) Symmetry PF (balanced)
0.990 0.990 0.990

Product: 0.990 x 0.990 x 0.990 = 0.970 — all three components genuinely healthy

Scenario B - same 0.97 TPF, but the circuit is in serious trouble

Displacement PF J [ Distortion PF (THD = 53%) J [ Symmetry PF (4% unbalanced
1.054 (leading) 0.884 0.960

Product: 1.054 x 0.884 x 0.960 = 0.894 ... adjusted apparent PF = 0.970 at meter
The capacitor bank has over-corrected the displacement PF
- the excess cancels the distortion penalty at the meter

The billing meter reads 0.97 PF and shows no penalty, but
53% THD is destroying equipment throughout the circuit

6 Circuit Pathologies that a Healthy True Power factor (TPF) Reading Cannot Reveal

! 1. High THD hidden by displacement offset 2. Phase voltage / current unbalance
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Over-corrected capacitor bank raises disp. PF True PF is a three-phase average - a 5% unbalanceon
above 1.0, numerically masking distortion PF one phase averages out across three phases
__penalty — harmonics still flow, still heat, still stress Overloaded phase motor de-rates 10—15% silently
0 3. K-factor transformer heating ) ( 4. Neutral conductor overload i
K = Z(Ix2 % h?) - high-order harmonics weighted Triplen harmonics (3rd, 9th, 15th) are zero-sequence
by h2. THD 30% can give K=8 while true PF=0.97 - add in neutral, not cancel. Neutral may carry
Transformer runs 15—-25°F hot - insulation ages fast 170% of phase current. PF meter never sees this.
g 5. Crest factor - peak current stress ) ( 6. Interharmonics and sub-harmonics )
RMS current may be acceptable but peak current Non-integer multiples of fundamental from cyclo-
spikes to 2.5-3x RMS on non-linear loads converters, arc furnaces, PWM drives - invisible
Insulation puncture, SMPS crowbar trips, fuse stress to PF meter, cause flicker, relay instability, fatigue

The expanded power triangle - what True PF collapses into one number
S? (apparent) = P? (real) + Q? (reactive) + D? (distortion volt-amperes)
D = distortion VA = S x sin(arccos(distortion PF)) - entirely invisible to a simple PF or kW meter
At THD=50%: D = 0.447 x S nearly half of apparent power is harmonic current the PF reading ignores
True resolution: power quality analyzer logs all harmonic orders+neutral current+per-phase unbalance

s ™

What MPTS does that a 0.97 PF reading cannot confirm
MPTS targets all six pathologies simultaneously - not just the PF headline number
Individual harmonic orders suppressed to <1% each | neutral current balanced | unbalance corrected
K-factor driven toward 1.0 | crest factor normalized | inter-harmonics filtered at output stage
Manufacturing kVAR -96.2%, unconsumed kVA -94.6% confirms full-spectrum correction,not just PF

Now, a more detailed, full analytical explanation of each mechanism.
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The core deception - true Power Factor is a product, not a measurement

True Power Factor is the mathematical product of three independent components. The product of
three numbers can yield the same result through wildly different combinations of its factors. The
number 0.97 tells you the product; it tells you nothing about which of the three factors is degraded, by
how much, or what physical damage that degradation is causing in the circuit right now.

The three components are:

Displacement PF - the cosine of the phase angle between the fundamental voltage and fundamental
current. This is what capacitors correct, and what most engineers historically called "power factor."

Distortion PF - the reduction caused by harmonic current content, equal to 1 / V(1 + THD?). At 53%
THD, this equals 0.884. At 30% THD, it equals 0.958.

Symmetry PF - the reduction caused by phase voltage or current unbalance across the three phases.
A 4% voltage unbalance imposes a symmetry PF of approximately 0.960.

The alarming mathematics: an over-corrected capacitor bank can push displacement PF to 1.054
(leading), numerically offsetting a distortion PF of 0.884 and a symmetry PF of 0.960, producing a
metered true PF of approximately 0.97. The billing meter reports a clean, penalty-free power factor.
The circuit is simultaneously experiencing 53% THD, enough to destroy equipment throughout the
system, and 4% voltage unbalance silently de-rating every motor connected to the bus.

Problem 1 - High THD hidden by displacement offset

This is the most dangerous masking scenario and the most common in facilities that have installed
capacitor banks without harmonic analysis. When the capacitor bank slightly over-corrects, driving
displacement PF above unity into the leading zone, the leading reactive component and the harmonic
distortion component partially cancel each other in the apparent power calculation as seen by the
utility meter.

The meter sees a near-unity power factor. The waveform analyst sees a total harmonic distortion of
53%. These are not contradictory; they are two measurements of entirely different phenomena that
happen to net out numerically.

What the 53% THD is doing in the meantime: every motor on the bus is running hotter than its
nameplate temperature due to harmonic eddy current losses in the rotor. Every transformer is aging
at an accelerated rate governed by the K-factor of the harmonic load. Every server PSU is working its
APFC circuit against a distorted waveform, reducing efficiency and raising junction temperatures.
Every VFD on the system is being fed a harmonic-polluted supply voltage, degrading its DC bus
capacitors. None of this shows up in the power factor reading.

Problem 2 - Phase voltage and current unbalance

True PF, as typically reported, is a three-phase aggregate computed from the total three-phase real
power and total three-phase apparent power. This aggregation conceals what is happening in
individual phases.

Consider a three-phase motor load in which phase A carries 120% of the rated current, phase B is at
90%, and phase C is at 90%. The aggregate three-phase RMS current and, therefore, the aggregate
true PF may look perfectly acceptable. But phase A's motor windings are running at a temperature
determined by 120% of the rated current, i.e., 1.44 times the rated I°’R heating in those windings. The
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motor's insulation life, per the IEEE 117 thermal model, is being consumed at nearly twice the design
rate.

NEMA MG-1 quantifies this directly: a 5% voltage unbalance causes a 25% increase in temperature
rise in a motor winding. A 10% unbalance causes a 100% increase; the motor runs twice as hot as
intended. The power factor meter reports a clean 0.97.

The consequence extends beyond motors. Unbalanced phase currents mean the neutral conductor is
carrying the vector sum of three unequal phase currents rather than the near-zero current it would
carry under perfect balance. This neutral current is real; it flows through a conductor typically sized for
much less current, and it continuously generates I°R heat in that conductor. Again, invisible to the PF
meter.

Problem 3 - K-factor transformer heating

The K-factor is defined by IEEE C57.110 as K = 2(l_h? x h?) / Z(I_h?), where |_h is the harmonic current
at order | expressed as a fraction of the fundamental, and h is the harmonic order number. The critical
insight is that, under the h? weighting, higher-order harmonics are penalized quadratically, not linearly.

A load with modest total THD but energy concentrated in higher harmonic orders can produce a
devastating K-factor. Consider a distribution panel serving a mix of switch-mode power supplies that
generate significant 11th and 13th harmonic content alongside a dominant 5th:

5th harmonic at 20% of fundamental: contribution = (0.20)*> x 52 = 1.00 11th harmonic at 10% of
fundamental: contribution = (0.10)? x 112 = 1.21 13th harmonic at 8% of fundamental: contribution =
(0.08)* x 132 =1.0816

Total THD = V(0.202 + 0.102 + 0.082) = 23.5%, a true PF impact of 1/N(1+0.2352) = 0.973. True PF
reads nearly 0.97. But K-factor = (1.00 + 1.21 + 1.0816) / (0.20% + 0.10% + 0.082%) = 14.9 - a severely
elevated K-factor that means the transformer's stray load losses are nearly 15 times their design value.

A standard transformer rated K=1 operating at K=14.9 will run 30-45°F above its rated temperature
continuously. Per the Arrhenius insulation life model embedded in IEEE C57.91, for every 18°F above
the rated temperature, the insulation life expectancy is halved. This transformer is consuming its
design life at 4-8 times the intended rate. The true PF meter shows 0.97, and the maintenance team
schedules no intervention.

Problem 4 - Neutral conductor overload from triplen harmonics

This problem is architecturally invisible to any power factor measurement because it occurs in the
neutral conductor, which carries no fundamental-frequency current under balanced three-phase load
conditions and therefore contributes nothing to the power factor calculation.

Triplen harmonics, the 3rd (180 Hz), 9th (540 Hz), 15th (900 Hz), and all odd multiples of three, are
zero-sequence in a three-phase system. Zero-sequence currents do not cancel in the neutral the way
fundamental and non-triplen harmonic currents do. They add arithmetically.

In a three-phase four-wire system serving a data center, office building, or any environment with a
large number of single-phase switch-mode power supplies, the triplen harmonic content in each phase
adds in the neutral rather than canceling out. The neutral conductor can carry 150-173% of the phase
conductor's RMS current, exceeding its ampacity rating for a conductor sized by the installation
engineer assuming near-zero neutral current under balanced load.

The consequence is a neutral conductor operating above its thermal rating, every hour of every day,
generating I?°R heat in an insulated conductor that may be bundled with other conductors in a conduit,
accelerating the insulation aging of every cable in that bundle. This is a known cause of electrical fires
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in commercial buildings. The power factor meter reads 0.97. The infrared thermography camera on a
thermal inspection scan shows the neutral termination glowing.

Problem 5 - Crest factor and peak current stress

Power factor is an RMS-based measurement. It captures the heating effect of current in resistive
elements but says nothing about the instantaneous peak current values that determine insulation
puncture stress, magnetic saturation, switch-mode power supply crowbar circuit activation, and fuse
interrupting stress.

The crest factor of a waveform is the ratio of its peak value to its RMS value. A pure sinusoid has a
crest factor of V2 = 1.414. A non-linear load drawing current in sharp pulses, a six-pulse rectifier, a
switch-mode power supply, and a battery charger can produce crest factors of 2.5 to 3.5.

At a crest factor of 3.0, a circuit carrying a measured RMS current of 100A is actually experiencing
peak currents of 300A on every half-cycle. These 300A peaks stress conductor insulation with
dielectric impulses, partially discharge weakened insulation voids, and cause magnetic saturation in
transformer cores that the transformer's thermal design did not anticipate. A transformer may measure
normal temperature and normal RMS current while its core briefly saturates on every cycle, a condition
that the power factor meter cannot detect and that accelerates core loss degradation.

Problem 6 - Inter-Harmonics and Sub-Harmonics

Standard power factor measurements and even basic harmonic analyzers focus on integer multiples
of the fundamental frequency, the 2nd, 3rd, 4th, 5th harmonic, and so on. But modern industrial
equipment generates frequency components that are not integer multiples of the fundamental; these
are called inter-harmonics.

Cyclo-converters, some arc furnace controllers, wind turbine inverters, and certain PWM drive
configurations generate current components at frequencies such as 157 Hz, 243 Hz, or 387 Hz, which
fall between standard harmonic orders and are therefore missed by meters that sample only at integer
harmonic orders. Sub-harmonics fall entirely below the fundamental frequency, at 30 Hz or 20 Hz, and
are generated by some arc furnaces and poorly tuned drive control loops.

Inter-harmonics and sub-harmonics at even low amplitudes (1-3% of fundamental) cause light flicker
at frequencies that are within the human visual sensitivity range (8-12 Hz amplitude modulation), relay
instability due to beat-frequency interference with the relay's measuring circuit, mechanical resonance
excitation in rotating machinery at non-synchronous frequencies, causing fatigue cracks in shafts and
couplings, and interference with ripple-control signals that some utilities use to send tariff-switching
commands over the distribution network.

None of these phenomena produces any detectable signature in the power factor reading. A circuit
generating severe 157 Hz inter-harmonic content, causing visible light flicker and relay instability, can
simultaneously report a stable, clean 0.97 true power factor.

The expanded power triangle - what True PF discards

The classical power triangle relates S (apparent power), P (real power), and Q (reactive power)
through S? = P2 + Q2 with PF = P/S = cos(B). This is valid only for sinusoidal, balanced, single-
frequency systems - conditions that essentially no real industrial or commercial circuit satisfies.

The correct expression for a non-sinusoidal system is the expanded power tetrahedron:
S2= P2+ Q2 + D2
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where D is the distortion volt-ampere component - the apparent power contributed by harmonic
currents flowing against the fundamental voltage. D is entirely real in the sense that it represents
genuine current flowing through conductors and generating genuine heat - but it is doing no useful
work, and it appears nowhere in the power factor calculation as typically performed.

At 50% THD, D = 0.447 x S - nearly half of all apparent power is harmonic distortion VA that the power
factor number has absorbed and hidden. The transformer must process it. The cables must carry it.
The neutral must handle the triplen fraction of it. The billing meter may or may not capture it, depending
on how the utility measures reactive energy. But the power factor reading of 0.97 gives no indication
that it exists.

What genuine full-spectrum correction looks like

The manufacturing client data from an earlier analysis clearly illustrates the distinction. The headline
achievement is 92.5% true PF, but the numbers confirming genuine full-spectrum correction are a
96.2% reduction in kVAR and a 94.6% elimination of unconsumed kVA. These figures cannot be
achieved by displacement PF correction alone; they require simultaneous harmonic suppression,
reactive compensation, and load balancing across all three phases. The -3.1 kVAR post-MPTS
reactive reading confirms the system is not merely masking distortion with over-correction; the reactive
content has been genuinely eliminated, not numerically offset.

A properly instrumented MPTS installation should therefore be reported not on true PF alone but on
the full parameter set, individual harmonic orders 2nd through 25th at the PCC, neutral current
magnitude, per-phase voltage and current unbalance, K-factor at each transformer, crest factor at
each distribution panel, and the D component of the expanded power triangle. Only when all of these
parameters are simultaneously within specification can a circuit be described as genuinely healthy,
and only MPTS, by addressing all of them from an upstream installation point, can deliver that
assurance.
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