SOUND OPTIMISATION OF OUR HI-FI RACKS
USING RESONATOR TECHNOLOGY
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REDUCTION OF OSCILLATION AND NOISE IN
TECHNICAL SYSTEMS WITH RESONATORS

Acoustic dummy with PULSE system to
measure airborne sound pressure

IN RESEARCH COOPERATION WITH THE DORTMUN UNIVERSITY OF APPLIED SCIENCES FINITE
ELEMENTE DEVELOPED A SOUND OPTIMISATION OF THE PAGODE’ MASTER REFERENCE RACK
BY USING RESONATORS, RELATIVELY SMALL, ROD-SHAPED ADD-ON COMPONENTS THAT ARE
INSTALLED IN THE RACK UND HANDLE TRIGGERED RESONANCE OSCILLATIONS INSTEAD OF THE
LARGE SURFACE OF THE COMPONENT SHELVES, INAUDIBLE DUE TO THEIR SMALL NOISE
RADIATION SURFACE AREA.

THIS PATENT PENDING PROCESS IS BASED ON MECHANICAL ENERGY PRINCIPLES FOR THE
MATHEMATICAL DETERMINATION OF RESONATOR GEOMETRY. RESONANCE OSCILLATIONS OF THE RACK
ARE AVOIDED IN THAT THE NOISE-NEUTRAL RESONATORS, WHICH ARE NATURALLY EASIER TO EXCITE,
DISSIPATE THE ANNOYING OSCILLATION ENERGY, CONVERTING IT INTO THERMAL ENERGY.

IF A COMPONENT SHELF OF THE RACK IS TRIGGERED BY ENVIRONMENTAL OR LOUDSPEAKER NOISE,
THEN THIS WILL CAUSE SOUND-DISTORTING OSCILLATIONS IN THIS SYSTEM COMPONENT.
RESONATORS INSTALLED IN THE COMPONENT SHELF LEVEL TAKE OVER THE INCOMING OSCILLATION
ENERGY AND ARE SET IN MOTION IN PLACE OF THE COMPONENT SHELF LEVEL.
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REDUCTION OF OSCILLATION AND NOISE IN
TECHNICAL SYSTEMS WITH RESONATORS

RED = MAXIMAL OSCILLATION, BLUE = NO OSCILLATION

MODAL ANALYSIS WITHOUT RESONATOR

© NATURAL RESONANCE: 125 Hz

. SURFACE OSCILLATES UNCONTROLLED
WITH STRONG AMPLITUDE

@ 80% STRONG OSCILLATION

@ 20% OSCILLATION-FREE

RESULT: EXTREME SOUND LOSS CAUSED
BY RESONANCE DISTURBANCE

-

MODAL ANALYSIS WITH RESONATOR RESEARCH INSTALLATION WITH RESONATOR

TWIN RESONATOR DETERMINED TO 125 Hz, @ TWIN RESONATOR DETERMINED TO
TENSIONED ON ONE SIDE 125 HZ ON ALL-ROUND TENSIONED

‘ METAL PLATE
SURFACE NO LONGER OSCILLATES

' RESONATOR OSCILLATES IN PLACE
OF THE SURFACE

@ 90% OSCILLATION-FREE

@ 10% REDUCED OSCILLATION

RESULT: CONSIDERABLE SOUND IMPROVEMENT
THROUGH MINIMIZED NATURAL RESONANCES



CONVENTIONAL HI-FI RACK
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DESIGN: MEASURED RESULTS: EFFECT:
@ CONVENTIONAL DESIGN @ UNCONTROLLED OSCILLATION BEHAVIOUR COMPRESSED AND CONTOUR-LESS SOUND
@ TUBULAR STEEL WELDED OR BOLTED @ HIGH NUMBER OF SOUND-DISTORTING LACK OF TRANSPARENCY

@ COMPONENT SHELVES IN SOLID MDF RESONANCES

. TOO NUMEROUS HIGH AMPLITUDES
‘ ALTERNATIVE IN A DIFFERENT WOOD TYPE

FILLED WITH SAND AN/OR LEAD PELLETS HIGH SOUND PRESSURE VALUES

. INSUFFICIENT ATTENUATION AND DISSIPATION = CLEARLY AUDIBLE IN MUSIC REPRODUCTION

LIMITED THREE-DIMENSIONALITY
TONAL DISPLACEMENTS

INSUFFICIENT RESOLUTION OF DETAIL

LIMITED DYNAMIC SCOPE



PAGODE MASTER-REFERENCE WITHOUT RESONATORS
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DESIGN:
® SOUND-OPTIMISED LIGHTWEIGHT DESIGN

°® SIDE PILLARS IN SOLID ALUMINIUM

® COMPONENT LEVELS AS WOODEN FRAME
IN SOLID CANADIAN MAPLE WOOD

HIGH-ABSORPTION SHELVES WITH
DEFINED COUPLING

HORIZONTAL TENSIONING OF THE COMPONENT
LEVELS USING STAINLESS STEEL SPIKES

BALANCED CONCEPT OF ATTENUATION AND DISSIPATION

MEASURED RESULTS:
@ OPTIMISED OSCILLATION BEHAVIOUR
@ ONLY SIX SOUND-INFLUENCING NATURAL

RESONANCES: 220 Hz,486 Hz, 512 Hz,
550 Hz, 670 Hz, 882 Hz

. REDUCTION OF THE HIGHEST AMPLITUDES

. CLEAR REDUCTION IN SOUND PRESSURE VALUES
= SCARCELY AUDIBLE IN MUSIC REPRODUCTION

OPEN AND CONTOURED SOUND

HIGH TRANSPARENCY

EXTENDED THREE-DIMENSIONALITY

CORRECT TONALITY

VERY GOOD PRECISION OF DETAIL

LARGE DYNAMIC SCOPE



PAGODE MASTER REFERENCE WITH RESONATORS
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DESIGN: MEASURED RESULTS: EFFECT:

@ DEsiGN AS PAGODE MR

@ CONTROLLED RESONANCE ATTENUATION
WITH RESONATORS

. 4 RESONATORS PER LEVEL, EXACTLY DETERMINED

TO THE NATURAL RESONANCES OF THE TEST RACK:

220 Hz,486 Hz, 512 Hz, 550 Hz,
670 Hz, 882 Hz

PERFECTLY CONTROLLED OSCILLATION BEHAVIOUR
NO SOUND-INFLUENCING NATURAL RESONANCES

DRASTICALLY MINIMISED SOUND PRESSURE
VALUES = NO LONGER AUDIBLE IN MUSIC
REPRODUCTION

OUTSTANDING OPEN AND CONTOURED SOUND

EXCELLENT TRANSPARENCY

HOLOGRAPHIC THREE-DIMENSIONALITY

PERFECT TONALITY

SUPERIOR PRECISION OF DETAIL

EXCEPTIONAL DYNAMIC SCOPE

EXTREME HOMOGENEITY IN SOUND



F
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OSCILLATION AMPLITUDES WITHIN TECHNICAL SYSTEMS THAT ARE EXCITED BY AIRBORNE OR SOLID BORNE NOISE CAN BE CLEARLY REDUCED BY INTEGRATING
OR ADAPTING RESONATORS. RESONATORS ARE ROD-SHAPED METAL COMPONENTS WHERE THEIR FIRST NATURAL FREQUENCY IS MATCHED TO THE EXCITATION
FREQUENCY OR THE SYSTEM'S NATURAL FREQUENCY. LARGE AMOUNTS OF THE KINETIC ENERGY — WITH NATURAL EXCITATION UP TO 90%, WITH FORCED
EXCITATION UP TO 70% - ARE INAUDIBLY CONVERTED BY THE RESONATORS INTO HEAT. THE EXAMPLE SHOWS THE AMPLITUDE BEHAVIOUR WITH AND
WITHOUT RESONATOR AT 512 Hz.

DESIGN: MEASURED RESULTS WITHOUT RESONATOR: MEASURED RESULTS WITH RESONATOR:

@ METAL ROD TENSIONED ON ONE SIDE @ VERY HIGH AMPLITUDE AT 512 Hz @ AMPLITUDE AT 512 HZ REDUCED BY
IN STAINLESS STEEL CYLINDER @ ADJACENT AREAS ABOVE AND BELOW A FACTOR OF 6

@ RESONATOR GEOMETRY EXACTLY 512 HZ WITH INCREASED AMPLITUDES @ BANDWIDTH EFFECT OF THE RESONATOR
DETERMINED TO 512 Hz (+_10%) REDUCES ALSO AMPLITUDES ABOVE

‘ STAINLESS STEEL CYLINDER BOLTED WITH SURFACE AND BELOW 512 Hz

CONTACT TO THE SYSTEM TO BE ATTENUATED



Modal analysis of a conventional hi-fi rack

LEGEND:
| NO OSCILLATION

MINIMAL OSCILLATION
. LOW OSCILLATION

MEDIUM OSCILLATION
. STRONG OSCILLATION

. MAXIMAL OSCILLATION

MEASURED RESULTS:

EFFECT:

. UNCONTROLLED OSCILLATION BEHAVIOUR . COMPRESSED AND CONTOUR-LESS SOUND

. HIGH NUMBER OF SOUND-DISTORTING RESONANCES . LACK OF TRANSPARENCY

. TOO NUMEROUS HIGH AMPLITUDES . LIMITED THREE-DIMENSIONALITY
. HIGH SOUND PRESSURE VALUES = CLEARLY AUDIBLE IN MUSIC REPRODUCTION . TONAL DISPLACEMENTS
. INSUFFICIENT RESOLUTION OF DETAIL

. LIMITED DYNAMIC SCOPE



Modal analysis of a Pagode Master Reference

MEASURED RESULTS:

PERFECTLY CONTROLLED OSCILLATION BEHAVIOUR
NO SOUND-INFLUENCING NATURAL RESONANCES

DRASTICALLY MINIMISED SOUND PRESSURE VALUES
= NO LONGER AUDIBLE IN MUSIC REPRODUCTION

i

LEGEND:
| NO OSCILLATION

MINIMAL OSCILLATION
. LOW OSCILLATION

MEDIUM OSCILLATION
. STRONG OSCILLATION

. MAXIMAL OSCILLATION

FFECT:

OUTSTANDING OPEN AND CONTOURED SOUND
EXCELLENT TRANSPARENCY

HOLOGRAPHIC THREE-DIMENSIONALITY
PERFECT TONALITY

SUPERIOR PRECISION OF DETAIL

EXCEPTIONAL DYNAMIC SCOPE

extreme HOMOGENEITY in sound
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