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Introduction

The physics of vinyl record playback is both well understood and
routinely ignored. The research is decades old: Archard's wear
equation dates to 1953, Weiler's contamination study to 1954, Dr
A.M. Max's groove velocity measurements to 1966. The evidence is
unambiguous — contaminated grooves, untracked stylus hours, and
depleted cleaning stock are not minor inconveniences. They are
measurable threats to a collection's longevity, quantifiable in

wear multipliers that compound silently with every play.

Understanding the science is one thing. Acting on it,
consistently, across every play, every record, and every session,
is another. That gap — between knowing and doing — is what VRT

Vinyl Record Tracker is designed to close.

What characterises that gap in practice is the complete absence of
accountability infrastructure. A collector may understand the
contamination penalty and intend to clean consistently - but
without a record of when each disc was last cleaned, how many
plays have accumulated since, and what contamination state is
therefore active in the wear model, good intentions translate into
ad-hoc practice. There is no evidence-based trigger. There is no
cleaning history per record. There is no way to verify what
condition a disc was in when it was acquired. And there is no
mechanism to model wear accurately when contamination state is
unknown. This structural absence has persisted through every
decade of record-cleaning tool development since Weiler described

the problem in 1954.

This paper describes how VRT encodes three bodies of peer-reviewed
research into a tracking system any collector can use, and why its
recommendations should serve as the basis for any serious

collection maintenance programme.
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Section 1

The Science VRT Encodes

VRT's wear model rests on three interconnected physical realities,
each documented in the source literature cited in The Impact of

Fine Particles on a Vinyl Record.

Abrasive contamination compounds with every play

Harold D. Weiler's 1954 laboratory analysis (funded by Shure Inc.)
recovered debris from record groove contacts and found that 35% of
it was diamond dust abraded from the stylus tip during play. Every
session without intermediate cleaning deposits additional abrasive
material into the groove. Contamination is not static - it

accumulates. Weiler quantified the consequence directly:

"Complete removal of dust and grit from the record grooves resulted in

increases of up to 60% in the useful life of both records and styli.”

Harold D. Weiler, The Wear and Care of Records and Styli, 1954 (Shure Inc.)

Expressed as a multiplier: an uncleaned record wears at up to 1.6x
the rate of a clean one. An independent controlled experiment
published in Electronics Illustrated placed the extreme end of
this effect at 6.2x: a clean record sustained 833 plays before
noticeable wear, while a record left exposed for four days showed
equivalent wear after only 135. The same test found that adding
static control extended clean-record life to 1,155 plays — 8.6x

the exposed baseline.

Sliding velocity determines wear rate

Archard's wear equation (J.F. Archard, 1953) establishes that wear
is proportional to sliding distance — the product of relative
velocity and contact time. This makes groove velocity the primary
variable linking playback speed to stylus wear. Measured values

from Dr A.M. Max (RCA Engineer Magazine, 1966, cited by Neil
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Antin, 2024) confirm that 45 RPM records pass the stylus at 1.35x
the linear velocity of 33’ RPM records at both inner and outer
groove positions. Under Archard's law, a 45 RPM record therefore
accumulates 1.35x the stylus wear per unit of playing time at

equal tracking force.

A further compounding mechanism affects dirty records at 45 RPM.
Kinetic energy scales with the square of velocity (E = Zxmv2). When
a groove-borne particle collides with the essentially stationary
stylus, the energy transferred scales with v2, not linearly. As
Antin (2024) quantifies, the particle-impact component of wear

between 45 RPM and 33’4 RPM scales at 1.83x, not 1.35x.

Static charge locks contamination in place

Caused by the triboelectric effect, a static charge on a record's
surface attracts airborne particles and binds them to the vinyl.
The charge discharges periodically through the stylus and
cantilever, audible as pops and crackles. Without elimination of
the charge, micro-particles cannot be lifted into solution by
conventional cleaning — they remain tightly bound, continuing to

act as abrasive agents with every subsequent play.
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Section 2

The Stylus Hours Model — Speed-

Corrected Wear

The single most common misconception in stylus care is treating
playing time as wear time. They are not equivalent. A stylus
tracking a 45 RPM record is not merely moving faster - it is
subject to measurably greater mechanical stress per minute of

music.

VRT applies the 1.35x speed correction directly to stylus wear
accumulation. When a 45 RPM side is logged, its playing time is
multiplied by 1.35 at the wear-calculation layer. The raw logged
playing time is stored unchanged — it appears in play counts and
playback statistics exactly as recorded. But the wear model
receives the adjusted figure, and it is this adjusted figure that

drives service interval tracking.

The practical consequence is significant for collectors with a
substantial 7-inch or 45 RPM singles library. A collector logging
100 hours of playing time split evenly between 33} and 45 RPM
accumulates a corrected wear figure of approximately 117.5 hours -
17.5 hours of unacknowledged wear, equivalent to roughly 35

additional full LP sides at 33J; RPM.

When VRT indicates that a stylus is approaching or has reached its
service threshold, that threshold is expressed in real wear-hours,
not logged playing hours. The recommendation to inspect or replace

carries the weight of the underlying physics, not a simple timer.

Sources: Dr A.M. Max, 'Disc Phonograph Records', RCA Engineer Magazine, 1966; J.F. Archard,
'Contact and Rubbing of Flat Surfaces', Journal of Applied Physics, 1953; as cited in Neil
Antin, 'Precision Aqueous Cleaning of Vinyl Records', 3rd Edition, The Vinyl Press, 2024.
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Section 3

The Ten-Play Threshold — When
Contamination Becomes

Actionable

VRT flags a record as requiring Record Restore treatment when it
has accumulated 10 or more plays since its last cleaning event.
This threshold is not arbitrary. It is the point at which the
accumulating contamination penalty — documented by Weiler at up to

1.6x — is applied to the stylus wear calculation.

Understanding why requires addressing an important asymmetry:
contamination damage is cumulative and progressive, but it is not

always audible.

A stylus tracking a contaminated record will occasionally produce
audible noise: clicks, pops, and surface hash. This is the large-
particle problem. But the more insidious threat is sub-micron
contamination. Tobacco smoke particles (0.01-4 Pm), cooking oil
aerosols (0.03-1 Um), and stylus diamond dust are below the
threshold of direct audibility. They will not announce themselves.
They will, however, fill the fine groove modulations, mask high-
frequency detail, and subject both the stylus and the groove wall
to three-body abrasive wear — while the record sounds, to the

listener, acceptably clean.

"So called 'needle scratch noise'is most often caused by contaminants in

the record groove, not physical damage."

The Impact of Fine Particles on a Vinyl Record, Secret Chord Analogue, 2026
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By the time contamination becomes audibly obvious, significant
wear has already occurred. The recommendation to clean after 10

plays is therefore a preventive discipline, not a reactive one.

Weiler's contamination factor of up to 1.6x represents laboratory
measurement of real-world contamination in normal home use. The
10-play threshold is where VRT begins applying this factor to the
stylus wear model - signalling that the record has entered a
regime where each additional unrestored play is meaningfully more
damaging than a play following Record Restore treatment. The self-
generated component alone — diamond dust deposited into the groove
with every play — ensures that contamination worsens on a play-by-

play basis, not merely with environmental exposure.

Once Record Restore is applied and the event is logged in VRT, the
contamination counter resets. The record returns to the clean

baseline of 1.0x.

The compounding geometry of this cycle should be stated
explicitly. A record cleaned consistently at or before the 10-play
mark runs at, or close to, the 1.0x clean baseline for its entire
playback 1life. A record that accumulates 50 plays without cleaning
has been played through 40 of those at up to 1.6x wear, with each
session depositing further abrasive material. The groove condition
of those two records after 50 plays is not comparable — and the

divergence is not recoverable.

Sources: Harold D. Weiler, 'The Wear and Care of Records and Styli', 1954 (Shure Inc.);
Electronics Illustrated (controlled play-count experiment: 833 plays clean, 135 plays
dirty, 1,155 plays clean with static control); Neil Antin, op. cit.
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Section 4

Predictive Plus — Forecasting the

Supply of Protection

The value of a cleaning protocol depends entirely on its
consistency. A collector who understands the science but
periodically runs out of Record Restore stock will, by necessity,
play records through the contamination threshold and beyond. The

science does not pause.

Predictive Plus addresses this directly. It is a Pro-tier feature
that forecasts when Record Restore stock will be exhausted and

when an order should be placed to avoid a supply gap.

The forecast is built on three inputs: current stock volume in
millilitres, a rolling consumption rate derived from logged
cleaning events, and a configurable lookback window (60, 90, or
180 days) that balances responsiveness to recent usage against
smoothing of short-term variation. From these inputs, VRT
calculates an average consumption rate in millilitres per day and

projects it forward under three scenarios:

Scenario Rate applied Purpose

Optimistic 0.7%x current rate Best case — use as a ceiling, not a
plan

Likely 1.0x current rate Primary planning figure — act on this
date

Pessimistic 1.3x current rate | Use before a busy listening period or
significant new acquisition

Each scenario produces a projected stock-exhaustion date and a
reorder-by date, with 14 days of lead time built in. Collectors
in regions with longer delivery windows should treat the

Pessimistic reorder date as their effective planning target.
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Per-format fluid consumption is calibrated to Record Restore's
application volume: 7 ml per 12-inch record, 5.5 ml per 10-inch,
2.5 ml per 7-inch. The rolling average therefore reflects the
actual mix of formats in use — a collection weighted toward 7-inch
singles will show a lower consumption rate than one dominated by

12-inch LPs, and the forecast adjusts accordingly.

The cold-start provision

A new Record Restore user has no cleaning history and therefore no
consumption rate. Rather than presenting an empty dashboard,
Predictive Plus allows the user to enter an expected cleaning rate
in sessions per month. VRT uses this seed estimate — combined with
the per-format fluid consumption figures above — to generate an
immediate forecast. As actual cleaning events accumulate, they
progressively replace the seed estimate. The transition is
seamless and automatic: within a single lookback window, the

forecast will be grounded entirely in real usage data.

The practical effect of Predictive Plus is the elimination of the
most common break in cleaning discipline: running out of stock
without warning. A collection that would otherwise go untreated
for weeks while a replacement order arrives instead has a reorder

date on the dashboard, visible with every login.
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Section 5

The Protective Behaviour

Framework

The three VRT capabilities described above correspond directly to
the three wear mechanisms documented in the source literature.
Together they define three protective disciplines for any serious

vinyl collection.

1 Log every play.

The wear model requires complete play history. An unlogged
session is one the model does not see. The contamination counter
cannot flag a record that has not been tracked; the stylus wear
accumulation cannot be accurate without the full play log.
Logging is not optional bookkeeping — it is the foundation on

which everything else rests.

2 Clean when VRT signals it.

The ten-play flag is an evidence-based prompt, not an aesthetic
preference. When VRT indicates that a record has reached the
threshold, it is communicating that the contamination factor in
the wear model has been activated — that each additional
unrestored play will be logged at up to 1.6x baseline wear. The
correct response is Record Restore treatment followed by logging

the cleaning event in the Play Log.

3 Maintain stock continuity with Predictive Plus.

The cleaning discipline has no value if the product is
unavailable. Collectors who act on the Likely reorder date will
not encounter supply gaps. Those who miss it have the
Pessimistic date as a secondary margin. Predictive Plus makes
stock management passive — it is the difference between planning

and scrambling.
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Together, these three disciplines move a collection's effective
wear trajectory from the contamination-and-speed-compounded upper
end of the multiplier table - potentially 2.16x for a dirty 45 RPM

record — toward the clean baseline of 1.0x.

That is not a marginal improvement. Weiler (1954) demonstrated it
translates to up to 60% longer useful 1life for both records and
styli. Dave Askew's independent acoustic analysis (2018)
documented an 11 dB improvement in signal-to-noise ratio following
Record Restore treatment — a 75% improvement in perceived noise
level. The science is settled. The practice, with VRT, is within

reach of every collector.

"We ended up with an 11 dB increase in overall signal to noise ratio, which
is around a 75% improvement in how it sounds to the logarithmic way

that humans hear sound.”

Dave Askew, audio professional and preservation specialist, May 2018
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Section 6

Seventy Years Without a System

The decades since Weiler's 1954 study have seen sustained
innovation in cleaning technology. Record-cleaning machines with
vacuum extraction, ultrasonic transducer baths, precision-
formulated cleaning fluids, anti-static treatment systems - the
implements available to a diligent collector in 2026 are
substantially more effective than anything Weiler had access to.

This development should be acknowledged and welcomed.

What it has not changed is the structure surrounding the use of
those implements. Every cleaning product and every cleaning
machine produced in the intervening seventy years shares the same

five structural absences:

1 No evidence-based trigger.

The decision to clean a record is made by feel — it sounds
dirty, looks dirty, or has been played more times than a rough
mental estimate suggests it should have been. The Weiler
contamination threshold - the point at which uncleaned play
begins to compound wear at up to 1.6x the baseline — is not

observable this way. It requires a play count.

2 No cleaning history per record.

There is no mechanism in the cleaning tool itself, or in any
general-purpose cataloguing system, to record when a disc was
last treated. A collector may remember. They may not. The record

itself carries no indication of what has been done to it.

3 No provenance on acquisition.

A second-hand record arrives with no care history. Its
contamination state — and therefore the appropriate starting
position in the wear model — is unknown. It may have been

cleaned before every play. It may never have been cleaned at
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all. wWithout a system, there is no way to distinguish between

these cases, or to act appropriately on the difference.

4 No consequence tracking.

Because cleaning history is unknown, contamination state per
record is unknown, and therefore stylus wear cannot be
accurately modelled — only estimated. The service interval
becomes a rough figure derived from raw playing time, not a
calculation grounded in the actual programme of records played

and their cleaning states at the time of play.

5 No supply continuity signal.

Cleaning stock runs out without warning. The break in discipline
that follows — playing records through the contamination
threshold because the product is unavailable — is the most
common and most preventable failure mode in any cleaning

programme. No cleaning implement has ever signalled when a

reorder was due.

These are not failures of any cleaning product. They are
structural absences that no cleaning product can address on its
own. A product cleans a record. A system determines when to clean
it, records whether it was cleaned, models the consequences of not

cleaning it, and signals when the means to do so are running low.

VRT closes all five gaps simultaneously. In doing so, it does not
replace the cleaning implement — it makes the cleaning implement

predictably effective for the first time.
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Conclusion

The answer Weiler already had

Harold D. Weiler's 1954 study did not end with a problem. It ended

with a solution.

In its final pages, after establishing that complete removal of
dust and grit extended record and stylus 1life by up to 60%, Weiler
described precisely what the solution required: a chemical cleaner
that could penetrate groove depressions and 1lift contamination
without leaving residue, combined with an anti-static treatment to
prevent immediate re-accumulation from the air. He personally

tested one such compound. His conclusion was direct:

"Further examination of the treated record under a microscope showed
that the grooves actually were immaculately clean. Clean grooves, as we

have found, result in greatly reduced record and stylus wear."

Harold D. Weiler, The Wear and Care of Records and Styli, 1954

Weiler knew what needed to be done. What he could not provide -
what no booklet published in 1954 could provide — was a system
that ensured the average collector would do it. Consistently.
After every ten plays. For every record in the collection. With
enough cleaning stock always on hand to make that discipline

possible.
That is the gap VRT closes.

Record Restore is the product Weiler described: an aqueous
cleaning compound that penetrates groove depressions, 1lifts and
suspends contamination, emulsifies the grease and oils that bind
abrasive particles to the groove walls, and dries without residue.
Its anti-static properties address the electrostatic re-
accumulation mechanism Weiler identified as a compounding factor.
VRT is the system that tracks when to use it — enforcing the ten-

play threshold at which weiler's contamination penalty activates -
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maintains the speed-corrected stylus wear model that quantifies
the cost of not doing so, and forecasts the stock position that

makes unbroken supply continuity possible.

The collectors who follow these three disciplines will keep their
records and their styli closer to the clean baseline Weiler
measured in his laboratory in 1954. Those who do not will
accumulate the contamination penalty he documented: up to 1.6x the
wear rate, compounding with every unrestored play, in a groove

condition that is not recoverable.

Weiler described the solution in chemical terms. Seven decades of
cleaning technology refined its delivery. What neither provided
was accountability: a play-count trigger that signals when
cleaning is due, a per-record cleaning history that confirms it
was done, a speed-corrected wear model that quantifies the cost of
not doing it, and a supply forecast that keeps the means to do it
always on hand. No cleaning implement, however effective, could

supply these elements. They require a system.
That system has not been available - in any form — until now.

This is not a new idea. It is a seventy-year-old diagnosis -

finally given a systematic response.
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Appendix

Wear Factor Reference Table

Speed and contamination corrections are independent and multiply when both

conditions apply simultaneously.

331 RPM.

All figures are relative to a clean record at

Condition Speed Contamination Combined
factor factor

Clean record, 33); RPM 1.0x% 1.0x 1.0x

Clean record, 45 RPM 1.35x% 1.0x 1.35x

Uncleaned record, 33); RPM 1.0x up to 1.6x up to

(210 plays since last Record 1.6x

Restore)

Uncleaned record, 45 RPM 1.35x% up to 1.6x up to

(210 plays since last Record 2.16x

Restore)

Sources: J.F. Archard,
1953 Harold D. Weiler,
Dr A.M. Max, 'Disc Phonograph Records',

'Precision Aqueous
Askew, independent

play-count experiment).
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