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BACKGROUND 

1. The Rotor Spin Facility (RSF) in the Propulsion System Evaluation Facility (PSEF) has been requested to 

perform a spin test on a charged disk test article to evaluate the concept of High Energy Electromagnetic 

Field Generation (HEEMFG).  Salvatore Pais Ph.D. is the Principal Investigator (PI) for this testing which is 

sponsored by the Naval Innovative Science & Engineering (NISE) program under the category of Basic & 

Applied Research (BAR). The concept of HEEMFG and its governing physics was proposed by Salvatore Pais 

Ph.D., AIR 4.3.5.1, in a paper titled “The high energy electromagnetic field generator” published in the 

International Journal of Space Science and Engineering, Vol.3, No. 4, 2015 pp.312-317.; this article is 

included in Appendix A. 

 

2.  The HEEMFG effect is described as very high energy electromagnetic field intensities resulting from 

accelerated spin of a highly charged (excess electrons) disk, in a vacuum, at high speeds, with acceleration 

transients and vibration.  When put into practice, the HEEMFG effect could be used toward the design of 

advanced high energy density/ high power propulsion systems.  

 

3. Initial efforts on this program focused on the design of a charged disk test article configured as a 

parallel plate capacitor capable of rotational speeds approaching 100,000 rpm but without a method for 

inducing disk vibration.  A design using a ceramic dielectric sandwiched between two 3.25” diameter 

metal disks, incorporating a button cell battery to maintain the charge, was about 80% complete and test 

spins on the button cell battery (.189” diameter) proved survivability at speed was acceptable (25 minutes 

at 100,000 rpm); recently however, the parallel plate capacitor design effort was suspended in preference 

to using a commercial off-the-shelf (COTS) coin cell capacitor (.276” diameter) with orders of magnitude 

greater charge carrying capability and potential for high speed operation due to its similarity in size and 

construction to the high speed capable button cell battery. 

 

4. For quantitative detection of the HEEMFG effect, COTS sensors were considered to measure the 

frequency and calibrated amplitude of emitted electro-magnetic (EM) flux of the spinning charged disk; 

where ‘flux’ is power per unit area.  COTS EM flux sensors operate over very narrow frequency bands and 

are directional in nature.  Multiple COTS sensor systems would be needed to cover the wide 3 Hz to 3.2 

GHz frequency band of interest.  To reduce complexity and cost of the measurement, the team decided to 

design an EM flux detector with a single sensor covering the entire bandwidth of interest but with an un-

calibrated relative amplitude output for qualitative only indication of the HEEMFG effect.    

 

5. The current spin test effort is now focused on using a small COTS coin cell super capacitor to serve as 

the charged disk test article and an in-house designed and fabricated EM flux detector to measure the 

presence and relative strength of the emitted EM flux (HEEMFG effect). 

 

6. The theoretical prediction by the PI for maximum EM flux intensity for a coin cell capacitor in non-

accelerated spin at 4775 rpm (500 rad/s) in extreme proximity to the test article (~ 10-5 meters) is on the 

order of 1021 watts per meter squared; this is a maximum theoretical value without any experimental 

validation.
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13. The capacitor mission profiles will be run under the following test conditions: capacitor spinning in the 

clockwise direction (viewed from above), capacitor fully charged up to 5.6 coulombs, spin chamber at 

vacuum level of .5 torr or less and ambient temperature, and capacitor radial displacement levels up to 25 

mils Peak-to-Peak (PtP) as sub-synchronous (~ 700 Hz +/-) whirl vibration.  Test conditions are summarized 

in table 1 below. 

 

Table 1 – HEEMFG Spin Test Conditions 

Speed Range 
5000 rpm to 100,000 rpm (max speed 
contingent on capacitor performance)  

Over-speed Limit 102,000 rpm 

Test Article Temperature Ambient  

Capacitor Charge Up to 5.6 coulombs 

Rotor Speed Profile See Figure 1 

Chamber Vacuum <500 mTorr (Best Achievable)   

Test Article Vibration Limits 30 mils-PtP @ 0 rpm to 100,000 rpm 

Direction of Rotation Clockwise from above 
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14. The spin test will include a series of test runs working up to the planned mission profile test runs.  The 

test run matrix is given in table 2.  Individual test runs may need to be run multiple times to establish 

repeatability.   

Table 2 – Test Runs Matrix 

Test Test Name Test Article  Speed Profile

Capacitor 

Charge 

(coulombs)

Antenna 

Installed

Proximity 

Probe 

Power

Chamber 

Vacuum

Inspection/

Capacitor 

Load Test

1 EM flux detector eval. - prox. probe off dummy static n/a yes off < 5 torr no

2 EM flux detector eval. - prox. probe on dummy static n/a yes on < 5 torr no

3 Air motor checkout - stair step
none

(threaded spindle only)

0 - 100 krpm in 10krpm steps at 

5000 rpm/s n/a none on < 5 torr no

4 Air motor checkout - slow sweep
none

(threaded spindle only)  500 rpm/s: 0 to 100 krpm to 0 n/a none on < 5 torr no

5 Air motor checkout - mission low
none

(threaded spindle only) mission low n/a none on < 5 torr no

6 Air motor checkout - mission high
none

(threaded spindle only) mission high n/a none on < 5 torr no

7 Test Vehicle checkout - stair step dummy

0 - 100 krpm at 5000 rpm/s 

beginning at 50 krpm, in 10 krpm 

increments, up or down as req'd, 

with 6 minute of dwell each 

incement n/a

blank 

mandrel on < 5 torr

yes,

 after each 

increment

8

Test Vehicle checkout - max. 

accel./decel dummy

max. accel/decel rate snaps 

to/from100krpm or max speed 

from above n/a

blank 

mandrel on < 5 torr yes

9 Baseline - static dummy static n/a yes off < 5 torr no

10 Baseline - stair step dummy

0 - test vehicle max rpm at 5000 

rpm/s beginning at 50 krpm, in 10 

krpm increments, upr or down as 

required, with 6 minute of dwell 

each incement n/a yes off < 5 torr multiple

11 Baseline - slow sweep dummy

 500 rpm/s: 0 - test vehicle max -

0 n/a yes off < 5 torr no

12 Baseline - mission low dummy
mission - low accel

(limit to test vehicle max speed) n/a yes off < 5 torr no

13 Baseline - mission high dummy
mission - high accel

(limit to test vehicle max speed) n/a yes off < 5 torr no

14 Capacitor -static capacitor static 5.6 yes off < 5 torr no

15 Capacitor - stair step capacitor

0 - test vehicle max rpm at 5000 

rpm/s beginning at 50 krpm, in 10 

krpm increments, upr or down as 

required, with 6 minute of dwell 

each incement 5.6 yes off < 5 torr multiple

16 Capacitor - slow sweep capacitor 500 rpm/s: 0 - capacitor max - 0 5.6 yes off < 5 torr yes

16 Capacitor - mission low capacitor
mision - low accel

(limit to capacitor max speed) 5.6 yes off < 5 torr yes

17 Capacitor  - mission high capacitor
mision -high accel

(limit to capacitor max speed) 5.6 yes off < 5 torr yes

18 Capacitor - mission low max. accel. capacitor

misson high with max accel/decel 

rates snaps at speed set points
(limit to capacitor max speed) 5.6 yes off < 5 torr yes

19 Capacitor - mission high max. accel. capacitor

misson low wi h max accel/decel 

rates snaps at speed set points
(limit to capacitor max speed) 5.6 yes off < 5 torr yes

Stage 1: EM Flux Detector/Antenna Performance Evaluation in Spin Chamber

Stage 2: Air Motor Funtional Checkout and Speed Controller Tuning - No Antenna

Stage 3: Trial Running of Test Vehicle with Dummy Capacitor to Determine Max Speed Capability - Blank Antenna Mandrel Installed

Stage 4: Trial Running of Dummy Capacitor Test Vehicle to Establish EM Flux Baseline Noise Level - Antenna Installed

Stage 5: Spin Test of Charged Capacitor to Evaluate HEEMFG Effect - Antenna Installed
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DESCRIPTION OF TEST FACILITY 

17. The NAVAIR Rotor Spin Facility (RSF) is located within the Propulsion Systems Evaluation Facility 

(PSEF), building 2360, Patuxent River, MD.  The RSF operates four above-ground vacuum spin chambers 

with inner diameters ranging from 24" to 106" designed to spin turbomachinery components up to design 

speeds to evaluate the structural and material aspects of rotating gas turbine engine components under 

simulated engine conditions.  Spin tests are typically conducted in a vacuum to reduce the power required 

to drive the test article and to reduce the explosive hazards when testing at high temperatures.  Spin 

testing always carries the risk of catastrophic failure of the component under test, so the spin chambers 

are designed to safely contain the release of high energy fragments; the safety containment features 

include thick annular steel rings for radial containment and a spin lid retention system for axial 

containment.  

18. Barbour Stockwell, Inc. (BSI) vertical drive shaft air motors (or drive turbine) are used to drive the test 

rotors. The RSF has a range of air motors sizes, from 1.5” to 14”, to handle test articles up to 4000 lbs.  and 

speeds up to 150,000 rpm and has the capability to conduct heated tests up to 2000 degrees Fahrenheit.  

The air motor and test rotor are assembled to a removable spin chamber lid in a separate build up shop 

and then transported by overhead crane to the spin chamber.   Spin chambers are operated from a 

remotely located control room with independent controls and data acquisition for each chamber.  

Reinforced concrete walls separate the spin chamber from the buildup shop and control room for 

personnel safety. The spin test controls are set up to allow unmanned 24/7 automated cycling of test 

rotors and automatic shutdown of the test when test rotor or air motor health parameters exceed preset 

limits. 

19. The RSF has three 2600 cfm compressors supplying compressed air to the air motors that drive the 

tests.  Each chamber has a BSI model TC-4 automated speed controller that controls the supply of air to 

the air motor for cyclic or dwell control of test rotor speed.  Each chamber has its own vacuum pump to 

evacuate the chamber with testing performed at best achievable vacuum below 1 torr, typically around 

0.5 torr.  Each chamber has a Pacific model 6000 data acquisition system for recording test rotor and 

facility parameter data, display of data for real-time monitoring, signal conditioning for the majority of 

parameters, and safety shutdown capability. 

20. RSF has one APEX high speed data system capable of recording signals at 200 kHz sample rate with 

software for monitoring, recording and playback of the resulting large data files. The APEX system will be 

used to record the EM flux Detector output signal for primary indication of the HEEMFG Effect. 

DESCRIPTION OF TEST ARTICLE 

21. The article under test is a coin cell style polarized energy storage capacitor with high capacity and 

energy density, Vishay order code MAL219691131E3.  It is low cost at $5 each.  It was chosen for its high 

charge capacity, its ability to survive spin chamber vacuum conditions, and its small diameter to minimize 

the centrifugal loads developed at high rotational speed.  It is 0.276” diameter by .098” tall overall and 

weighs .28 grams. 

22.   The capacitance is 4 Farads +0/-20% with a rated voltage of 1.4 volts and designed for maximum 

discharge current of 25 milliamps. At the rated 1.4 volts, the maximum charge capacity is 5.6 coulombs 
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(charge = volts x capacitance); dividing this charge by the nominal cross-section area gives a charge density 

for the negative (-) surface of 145,500 coulombs per m^2.   

23. As shown in the representative cutaway view in figure 2, the capacitor is constructed with a two-piece 

metal outer shell and an internal gasket sealing the electrode/non-hazardous electrolyte.  The capacitor 

comes from the factory pre-charged, with a plastic film on the OD and solder tabs for horizontal 

installation on a circuit board – the plastic and solder tabs will be removed for this test. 

 

Figure 2.  Coin Cell Capacitor – Representative Cutaway 

24.  Short circuiting of the capacitor terminals is permitted, but not permanently. Short circuiting of 

charged cells may heat up the cells.  Polarity must be observed when charging the capacitor – reverse 

polarity charging will cause the capacitor to burst energetically.  Exceeding the rated voltage will damage 

the capacitor.  Selected pages from the Vishay specification document are in included in Appendix A for 

reference.  
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DESCRIPTION OF INSTALLATION AND TEST EQUIPMENT 

Test Setup 

25. The test will be performed in RSF spin chamber #4 located in PSEF room 72.  Chamber #4 is the 

smallest of the four spin chambers accommodating rotors up to 24”.  The chamber overall nominal 

dimensions are 58.5” OD x 41” tall. 

26. The test setup is shown in figure 3 below.  It consists of an air motor, spin lid, capacitor test vehicle 

and vacuum chamber with steel containment (not shown).  A BSI model 7890 air motor will drive the test 

and is powered by facility compressed air at 70 psig. The air motor’s 5/16” diameter vertical drive spindle 

extends down through the spin lid.  For this test, external threads have been added to the end of the 

spindle.  A plastic capacitor holder threads onto the spindle to hold the capacitor concentric with the 

spindle’s axis of rotation.  The capacitor’s negative (-) face points down and the positive (+) face is 

electrically isolated from the spindle by a .06” thick nylon spacer.  

27. The air motor’s rotor is supported in two ceramic bearings (electrically non-conductive) and held in 

place axially with a rotor locknut.  Rotational speed is measured using the 6 pulse per revolution output of 

a hall-effect sensor reading the 6 toothed rotor locknut.  The spindle’s top end is connected to the rotor 

and constrained in the radial direction; the bottom end of the spindle is free to move in the radial 

direction.  One of two installed proximity probes will be used to monitor spindle’s radial displacement 

(wobble).  An aluminum probe mount designed specifically for this test positions the probes about 1” 

axially above the test article.  During tests where the HEEMFG effect will be enabled, the proximity probes 

will be powered off and lead ends stowed in a metal box to prevent electromagnetic interference (EMI). 

28. Detection of EM flux will be accomplished with a receiving antenna surrounding the test article and 

mounted to the proximity probe mount; the radial clearance between the antenna ID and capacitor holder 

OD is .06”.  The antenna’s output is connected to an EM flux detector circuit mounted in a metal box on 

the spin lid, outside the spin chamber; the box is electrically grounded to the spin lid.   The output of the 

EM flux Detector connects to an APEX high speed data system located in the control room via a 100+ feet 

of EMI shielded signal cable.  The APEX system will be used to monitor and record the output signal for 

indication of the HEEMFG Effect. 

29. The all metal spin chamber entirely encloses the test article and acts as a faraday cage to shield the 

test setup from unwanted external electromagnetic interference (EMI or noise) that could interfere with 

the EM flux measurement and/or cause a false positive indication. 
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Figure 3.  Spin Test Setup 

 

Capacitor Test Vehicle Description 

30. A cross-section view of the rotating Capacitor Test Vehicle is given in figure 4 below.  The test vehicle 

consists of the capacitor and the adaptive tooling mounting it to and electrically isolating from the spindle.  

The adaptive tooling consists of a spindle, capacitor holder, nylon spacer, and set screw.  Overall 

dimensions are 11.3” tall x .433 diameter and overall assembly weight is 105 grams.  Test vehicle 

component and assembly details are given below. 
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Figure 4 – Capacitor Test Vehicle 

31. The Spindle is a BSI model 2529RH solid steel vertical drive spindle (5/16” dia. X 11”) modified to add 

external threads, 5/16”-24 x .75”, to the non-driven end and length shortened by .4”.  The driven-end has 

the standard ¼” square drive and ¼”-28 thread feature for connection to the air motor’s turbine rotor.  

Weight is 102 grams. 

32. The Capacitor Holder threads onto the non-driven end of the spindle to hold the capacitor captive and 

clamp it against the end of the spindle. It is made from Torlon 4203 high strength thermoplastic which is 

non-conductive and transparent to RF energy.  A .035” radial hole and #4-40 threaded axial hole provide 

access for test leads.  Threadlocker (Loctite 425) is used to prevent loosening. Weight is 1.75 grams. 

33. A Nylon Spacer is used to electrically isolate the capacitor from the spindle. The spacer is punched 

from .06” thick nylon sheet using a 17/64” diameter hole punch for a close tolerance fit with the capacitor 

holder ID. Weight is .12 grams. 
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34. The Capacitor (Test Article) is oriented with negative (-) plate facing down and close tolerance fit with 

the Capacitor Holder ID.  Weight is .28 grams. 

35. A stainless steel Set Screw, in electrical contact with the capacitor, extends the capacitor’s negative (-) 

charge to a point which may improve the transmission of HEEMFG effect energy to the receiving antenna.  

The set screw is a #4-40 x .25” cone point style.  Threadlocker (Loctite 425) is used to prevent loosening. 

Weight is .17 grams. 

Test Equipment 

36. The test equipment required to run the test is described below: 

37. Spin Chamber #4 is a nominal 59” OD x 41” tall overall steel vacuum chamber located in PSEF test 

room #72.  The pressure wall is 1” thick.  The metal vacuum chamber acts a faraday cage for this 

experiment to keep EMI noise out of measurement and any radiation generated by the HEEMFG effect 

inside the chamber. 

38. Spin Chamber Lid:  The air motor is mounted to the top side of the spin chamber lid and has a 5” 

diameter center hole for passage of the vertical drive spindle. An integral hydraulic lift makes spin lid 

removal and access to the test vehicle quick and convenient as the overhead crane is not required.   The 

spin lid and air motor assembly can be raised, lowered, and swiveled 180° to facilitate test article 

installation and inspections. 

39. Safety Radial Containment:  Permanently installed 4 inch radial thickness lead bricks inside of a 4 inch 

radial thickness steel ring provide containment of high speed rotor fragments in the radial direction should 

the test rotor fail catastrophically.  It should be noted that the coin cell capacitor test vehicle axial location 

is above this containment; however, it is in the plane of the spin chamber’s 4 inch radial thickness top 

flange (2” axial height). 

40. 2” Air Motor with supplemental cap restraint: Barbour Stockwell Inc. (BSI) model 7890 air motor with a 

standard damper section is used to drive the test article via a 5/16”” OD x 11.7” long drive spindle.  Air 

motor peak power output is about 11 KW (90psig air supply).  The air motor’s turbine rotor is supported in 

two ceramic bearings and transmits torque to the spindle via a ¼” square drive.  A ¼”-28 locknut secures 

the spindle axially to the rotor.   The damper section has a squeeze film style damper, with spring loaded 

oil cups, to reduce lateral vibrations in the spindle. Facility owns 2.  A ¼” thick steel bar is bolted to the top 

of the turbine to provide supplemental axial restraint for the air motor aluminum cap. This is risk 

mitigation to ensure the air motor’s rotor stays contained within the air motor during an overspeed event 

separating it from the bearing support shaft. 

41. Air Compressor: Supplies compressed air to power the 2” air motor that drives the test vehicle.  RSF 

has three centrifugal compressors available for spin testing, each can generate 2600 SCFM @ up to 140 

psig.  About 10% capacity of one compressor is sufficient for this test. 

42. Drive System Speed Control:  Air motor speed control is handled by the Barbour Stockwell TC4 cycle 

controller in conjunction with the SPIN IV software. Using the speed signal (6 per revolution) as feedback, 

the TC4 controls the flow of compressed air supplied to the drive and brake portions of the 2” air motor to 
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accelerate and decelerate the test vehicle under automatic control to run the programmed mission cycle 

profile specified for the test. 

43. Air Supply Valves:  Compressed air from the facility 3” supply manifold is regulated through a 2” 

proportional valve and supplied to the air motor; it is distributed via 2” plumbing through two 3” fast 

acting butterfly valves that provide on/off control of the air flow through 1” hoses connected to the brake 

and drive portions of the air motor. 

44. Lubrication System:  An external oil lubrication cart is used to service the bearings and damper section 

of the drive turbine throughout testing. SHC-824 oil is used for the test system.  In the event of a power 

outage, oil pumps are powered by a backup generator and/or compressed air driven motor. 

45. Vacuum System: The test cell housing spin chamber #4 is equipped with one Kinney model KT300 

vacuum pump with KMBD850 vacuum booster to evacuate the chamber.  It is used to reduce the test cell 

vacuum to below 1 Torr or better. 

INSTRUMENTATION AND DATA ACQUISITION 

46. Instrumentation and data acquisition systems required to run the test are described below: 

47. Speed Measurement: Rotational speed is measured using the 6 pulse per revolution output of a hall-

effect sensor reading the air motor’s 6 toothed rotor locknut. There are three sensors installed in 1/4"-40 

threaded ports in the damper section of the air motor; they are spaced at 0° (OEM port), 120°, and 220°.   

The sensor gap should be set to .035 to .040. The sensors are SPECTEC model 0165A-73102 (or the 12" 

leadwire version 0165A-03C or alternatively a Barbour Stockwell model T-C-3-45); SPECTEC sensor is NPN 

w/internal 3k Ohm pull-up, normally high.  

48. Spindle Radial Displacement: Radial displacement (wobble) of the drive spindle will be monitored 

using one of two eddy-current proximity probes mounted 90° apart and axially positioned about 1” axially 

above the end of the spindle.  The sensor is an SKF model CMSS65 probe with ¼”-28 x 1.2” threaded 

barrel, a 5 meter system length, a model CMSS665 driver, and sensitivity of 200 mv/mil. The sensor will be 

gapped at .05” from the spindle.  The raw output signal is converted to a 4 to 20 milliamp analog signal 

proportional to peak-to-peak displacement using a vibration transmitter, STI Vibration Monitoring Inc., 

model CMCP540‐200‐MOD3X; this transmitter is a special version designed to provide a ripple free output 

above 500 rpm. 

49. For this test configuration, only one proximity probe can be powered on at any given time; otherwise, 

the probes will interfere with each other because the mounting arrangement does not meet the 1” 

minimum probe tip spacing requirement. Both probes will be powered off during EM flux measurement 

runs to prevent electro-magnetic interference (EMI); additionally, the probe lead ends outside the spin 

chamber will be disconnected and stored coiled up inside an EMI shielding box mounted on the spin lid.    

This displacement signal is used to trigger an automatic test shutdown when a threshold value is 

exceeded.   
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50. Chamber temperature is measured by a metal sheathed thermocouple about 1” below the lid.  It is 

installed with metal to metal contact with the chamber through a penetration in the spin lid.   The sheath 

must be in metal contact with the spin lid to avoid potential EMI noise in the EM flux measurement. 

51. A Distributed Control System (DCS) will provide signal conditioning, display, and safety shutdowns for 

speed and shaft radial displacement parameters. It will provide speed signal updates at 10 times per 

second and provide the median value of the three measured speed signals for display and recording by 

other data systems. 

52.  A PACIFIC Data Acquisition and Signal Conditioning System provides signal conditioning for most 

sensors, recording of data, and safety shutdowns (excluding speed and radial shaft displacement which 

are being handled by a DCS).  The system’s single scan mode will be used to capture data parameters at a 

rate of 10 samples/sec per channel into an Excel readable text file.  The data system will be set to record 

during all test activities when the rotor is spinning.  A single text file will contain all the runs for a single 

test day; the test day date will be embedded in the filename for easy identification.  The data files will be 

archived to the RSF share drive on a daily basis. Note that the sample rate on this system is not fast 

enough to register transient signals from the EM flux detector. 

53. An ASTRO-MED Strip Chart Recorder provides a permanent paper record of test rotor running history 

for up to 16 parameters. This provides backup records in case of a Pacific system malfunction.  Note that 

the sample rate on this system is not fast enough to register any transient pulses from the EM flux 

Detector.  

EM Flux Detection Instrumentation 

54. The EM flux Detector is a custom signal detector circuit designed and fabricated by PSEF to provide an 

output signal to the APEX high speed data acquisition system for indication and recording of the “HEEMFG 

Effect”. The detector circuit converts the “HEEMFG Effect” ac voltage signal output by the radio frequency 

(RF) receiving antenna surrounding the test article to a voltage proportional to relative amplitude.  The 

detector’s output is transitioned smoothly to a purely dc value above 100kHz for compatibility with the 

APEX data system. The signal is pure ac below 25kHz and a combination of ac riding on dc between 25kHz 

to 100kHz.  It can detect continuous sinusoidal RF wave voltage signals over an ultra-wide 3 Hz to 3.2 GHz 

frequency band and RF wave bursts greater than .5 µsec in duration.    The sensitivity (gain) is non-linear 

with notch attenuations throughout the bandwidth.  The design intent is to have the EM flux detector 

output at least 2 volts dc for very low power level ac signals from the antenna, in the range of .1 to 50 

milliwatts.  Note that the portion of signal cable connecting the EM flux Detector to the antenna outside 

the spin chamber will need to be EMI shielded. 

55. A Receiving Antenna was designed and fabricated by PSEF to receive RF waves emitted by the rotating 

test article capacitor for detection by the EM flux detector circuit.  It is designed to receive RF waves from 

3 Hz to 3.2GHz, but sensitivity is greatly reduced below 300 Hz.  The receiving antenna consists of a wire 

wound plastic (delrin) mandrel installed inside the spin chamber so it surrounds the test article. The 

antenna is bolted to and pilots on the bottom surface of the proximity probe mount so it is positioned 

concentric with the capacitor.  The plastic mandrel is non-conductive and transparent to RF waves.   

Multiple layers of small gauge magnet wire (38 to 30 gauge) are wrapped around a nominal 11/16” 



17 
HEEMFG Coin Cell Capacitor Spin Test 

diameter mandrel of .06” radial wall thickness.  Radial clearance with the test vehicle is .06” and radial 

distance from the magnet wire wrap to the OD of the capacitor is .2”.   

56. An EMI Shielded Signal Cable is required between the EM flux detector located on spin chamber #4 

(room 72) and the APEX high speed data system in the control room (room #81).  A single run of about 125 

ft. of Belden 9841, 2 conductor twisted shielded pair, 24 AWG size, stranded cable routed inside EMI 

shielding flexible conduit is required.  These shielding precautions are needed to ensure EMI does not 

interfere with the EM flux detector’s output causing false positive indications of the HEEMFG effect.  

Connection of the signal cable ground is to be connected to the spin chamber. 

57. An APEX High Speed Data Acquisition System will record the EM flux detector output signal for primary 

indication of the presence of the HEEMFG Effect.  This system is being used for its high sample rate and 

ease of storing and viewing large data files.  The system will be set to record at its maximum sample rate 

of 200k samples/sec (1 sample every 5 µsec).  The APEX system will record EM Flux relative amplitude as a 

DC voltage versus time.   The system can only resolve the frequency of EM flux signals below 100 kHz; 

above 100 kHz, only relative amplitude will be indicated with no frequency information. 

58. Signal Generators: Two signal generators will be used to supply simulated signals during bench testing 

of the EM flux detector and antenna performance over the very wide 3 Hz to 3.2 GHz frequency band of 

interest.  For low frequencies, an Agilent model 33220A 20 MHz Function/Arbitrary Waveform Generator 

will be used.   An Agilent model 8648C 9kHz – 3200 MHz Signal Generator has been rented for 

$310/month to cover the high frequency requirements. 

59. Oscilloscope: A Tektronix model TDS 2014C Digital Storage O-scope, 100 MHz, 2GS/s will be used to 

measure the output signal of the EM Flux Detector/Antenna during bench testing. 

Instrumentation Parameters List 

60. The list of parameters and data system connections required for safe operation of the test is given in 

tables 4.  A subset of these parameters will be recorded on a paper chart recorder; the chart recorder 

configuration is given in table 5. 
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Table 4–Instrumentation List  

HEEMFG Spin Test

Instrumentation Parameters List
(4 June 2018, rev. 1)

Description Parameter Label

Measurement 

Range Units

Shutdown

Limit S.P.

DCS PACIFIC

(10 Hz)

APEX

  (200 kHz)

Chart

Recorder

Tach

Display

BSI

Control

IRIG-B time sync IRIG X X X

Speed Speed_(krpm) 0 - 110 krpm > 102 X X X X

Speed at  0° Speed1_(krpm) 0 - 110 krpm X
* X X

*

Speed at 120° Speed2_(krpm) 0 - 110 krpm X
* X X

*

Speed at 220° Speed3_(krpm) 0 - 110 krpm X
* X

Spindle Displacement X Disp_X_(mils-PtP) 0 - 50 mils_PtP > 30  X X X X

Spindle Displacement Y Disp_Y_(mils-PtP) 0 - 50 mils_PtP > 30 X X X X

Spindle Displacement X raw Disp_X_raw_(mils) + / -    25 mils X
*

X
*

Spindle Displacement Y raw Disp_Y_raw_(mils) + / -    25 mils X
*

X
*

Chamber Vacuum Vacuum_(torr) 0 - 2 torr >  2 X X X

Chamber Air Temperature T_ChamAir_(F) 0 - 200 °F >150 X X X

EM Field Flux 

Detector
EMF_Flux_(V) 0 - 10 V X

Supply Oil Temperature T_SupplyOil_(F) 0 - 200 °F > 150 X

Return Oil Temperature T_ReturnOil_ (F) 0 - 200 °F > 175 X

Bearing Oil Pressure P_BrgOil_(psig) 0 - 50 psig <10 X

Damper Oil Pressure P_DamperOil_(psig) 0 - 50 psig <10 X

Supply Balance Air Pressure P_SupplyBalAir_(psig) 0 - 50 psig X

Seal Air Pressure P_SealAir_(psig) 0 - 50 psig X

Drive Air Pressure P_DriveAir_(psig) 0 - 150 psig X X

Brake Air Pressure P_BrakeAir_(psig) 0 - 150 psig X X

Vacuum Pump Oil 

Temperature
T_VacPump_Oil_(F) 0 - 200 °F X

X
* 

indicates raw signal

SYSTEM TIME SYNC

ROTATIONAL SPEED

DISPLACEMENT (VIBRATION)

CHAMBER CONDITIONS

"HEEMFG EFFECT" SENSOR

AIR MOTOR

VACUUM PUMP

NOTES:
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Table 5–Chart Recorder Setup 

HEEMFG  Spin Test

Chart Recorder Layout
(4 June 2018 rev.1)

Graph Parameter

Display

Range Units

Unit 

Grad. Text Description

Graph

Size

n/a n/a: Label Header n/a n/a n/a "HEEMFG Spin Test " n/a

n/a n/a:  IRIG n/a n/a n/a Time/Date on edge of strip chart

IRIG-B time code sync

from Datum model 9300 Time Code Generator n/a

1 Speed_(krpm) 0 - 110 krpm 2 2 Speed_(krpm)  0 - 110  Speed, median value from Speed 1, Speed2, and Speed3 1/4

2 EMF_Flux_(V) 0 - 10 krpm 0 2 EMF_Flux_(V)  0 - 10  EM Field Flux Detector Output 1/4

DISP_X_(mils-PtP) 0 - 50 mils-PtP DISP_X_(mils-PtP)  0 - 50  Spindle X radial displacement  ~ 1 25" from spindle end

DISP_Y_(mils-PtP) 0 - 50 mils-PtP DISP_Y_(mils-PtP)  0 - 50  Spindle Y radial displacement  ~ 1 25" from spindle end

4 Vacuum_(torr) 0 - 2 torr 0 04 Vacuum_(torr)  0 - 2  Chamber Vacuum 1/8

5 T_ChamAir_(F) 0 - 200 °F 4 T_ChamAir_(F)  0 - 200  Chamer Air Temperature measured near spindle 1/8

P DriveAir (psig) 0 - 150 psig P DriveAir (psig)  0 - 150  Drive pressure measured at Air Motor port

P BrakeAir (psig) 0 - 150 psig P BrakeAir (psig)  0 - 150  Brake pressure measured at Air Motor port

1/8

1/8

1

3

3

6  

METHOD OF TEST 

61. The spin test will be conducted fully manned, one shift per day, to execute the test matrix (table 2); 

each test may need to be run multiple times to establish repeatability.  Completing the test matrix will 

require 3 to 10 test days.  Tests will be run with air motor compressed air supply pressure set to 70 psig.  

The Pacific system in single scan mode will record all the test runs for each day in a single date stamped 

text file.  The APEX system will record individual test runs as separate data files with a date and sequential 

run number embedded in the filename. 

62. Testing will be conducted in stages as described in test run procedures below: 

Test Run Procedures 

63.  Stage 1 -  EM Flux Detector/Antenna Performance Evaluation in Spin Chamber: The EM flux detector 

with antenna will be installed in the spin chamber environment to evaluate the un-calibrated response 

over the 3 Hz to 3.2kHz bandwidth.   A dummy capacitor (aluminum spacer) test vehicle will be installed in 

the air motor and the spin chamber evacuated.  The proximity probes will be powered off and the cable 

ends stowed in EMI shielded box; all other facility instrumentation will be powered on.  The APEX system 

will be set up to monitor and record EM flux voltage versus time.  The EM flux background noise level will 

be determined by recording a 30 second history of EM Flux voltage versus time - it’s expected to be less 

than .25 volts.  For this testing, the HEEMFG effect detection threshold level is defined as .25 volts above 

the EM flux detector background noise level. 

64.  Next, a signal generator lead will be connected to the dummy capacitor via the set screw on the 

capacitor test vehicle.  The signal generator will supply an ac signal to the dummy capacitor causing it to 

emit RF waves simulating the HEEMFG effect.   The frequency of this simulated HEEMFG effect will be 

swept over the entire bandwidth, with signal strength adjusted as required (.1 to 50 milliwatts maximum), 



20 
HEEMFG Coin Cell Capacitor Spin Test 

to produce an EM flux detector output observed on the APEX system above the detection threshold level.  

The frequencies where this minimum detection threshold is not met will be documented.  This same 

procedure shall be repeated with the proximity probes turned on.  This procedure is estimated to require 

about 1 to 1.5 shifts. 

65. Stage 2 – Air Motor Functional Checkout and Speed Controller Tuning: This stage of the test will be run 

with just the modified threaded spindle installed.   An antenna is not installed for these test runs.  One 

proximity probe (X direction) is powered on.  The purpose is to a) perform a functional check out the 

control system; b) determine the amplitude and frequency (by observing FFT) of spindle radial 

displacement levels; c) tune the control system for the mission cycles over the entire 0 to 100,000 rpm 

running range; and d) establish the high end overspeed trip setpoint value necessary to keep the air motor 

from exceeding the 105,000 rpm turbine rotor limit during maximum acceleration.   

66.  Stage 3 – Trial Running of Test Vehicle with Dummy Capacitor to Determine Max Speed Capability: 

This stage of testing will evaluate the test vehicle’s ability to withstand the centrifugal loading 

(proportional to speed squared) induced during spinning. This test will be run with a dummy capacitor 

(aluminum spacer) test vehicle installed, an antenna blank mandrel installed, and one proximity probe (X 

direction) powered on.  The test vehicle will be accelerated at 5000 rpm/s to a target speed of ~50,000 

rpm, dwell for at least 6 minutes, decelerated at 5000 rpm/s to 0 rpm, and then visually inspected.  

Replace test vehicle if damaged.  Based on the condition of the test vehicle, the target speed will be 

incremented up or down, and the test repeated until the max safe speed is determined. 

67. Next, the test vehicle’s ability to handle air motor maximum accel/decel rates will be evaluated by 

performing at least ten saw-tooth cycles from 0 rpm to test vehicle max speed and back to 0 rpm at 

maximum acceleration/deceleration.  The test vehicle will be visually inspected. If the test vehicle is 

damaged, repeat test at half the accel/decel rates. 

68. Stage 4 - Trial Running of Dummy Capacitor Test Vehicle to Establish EM Flux Baseline Noise Level: This 

test will be run with a dummy capacitor (aluminum spacer) test vehicle installed, an antenna installed, and 

proximity probes powered off and the cable ends stowed in the spin lid mounted EMI shielding box.  The 

APEX system will be set up to monitor and record EM flux voltage and speed versus time.  With the test 

vehicle static, a 30 second recording on APEX will establish the static EM flux baseline noise level.  Next, 

test runs will include a stair step to test vehicle max speed (follow stage 3 procedure), a 500 rpm/s slow 

sweep from 0 to test vehicle max speed to 0 rpm , the mission cycle with low acceleration rates, and the 

mission cycle with high acceleration rates, with speed setpoints limited to test vehicle max speed 

determined in stage 3 procedures. The APEX system will record the EM flux detector output generating an 

EM flux baseline for each test run; the noise levels should be the same for all of the baseline runs. 

69. Stage 5 – Spin Test of Charged Capacitor to Evaluate HEEMFG Effect: A series of tests will be run using 

a fully charged capacitor to evaluate the HEEMFG Effect.  A new capacitor will be prepared using the 

Capacitor Pre-Test Preparation, Capacitor Load Test, and Capacitor Test Vehicle Assembly procedures 

given below.  These tests will be run with a capacitor test vehicle and antenna installed.  The proximity 

probes will be powered off and the cable ends stowed in the spin lid mounted EMI shielding box.  The 

APEX system will be set up to monitor and record the EM flux signal for each test run. 
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70. With the test vehicle static, a 30 second recording on APEX will establish the static EM flux baseline 

noise level.  Next, test runs will include a stair step run-up to test vehicle max speed to determine the 

capacitor’s max speed capability. The test vehicle will be accelerated at 5000 rpm/s to a target speed of 

~50,000 rpm, dwell for at least 6 minutes, decelerated at 5000 rpm/s to 0 rpm, and then load test the 

capacitor in place with antenna removed.  Replace the capacitor if it fails the test and reinstall the 

antenna.  Based on the condition of the capacitor, the target speed will be incremented up or down, and 

the test repeated until the capacitor max speed is determined.  If there is any indication of the HEEMFG 

effect during this test run, repeat test and investigate; otherwise continue with test matrix runs. 

71. Once the capacitor maximum speed has been determined, the following test runs will be performed 

with test vehicle speed set points limited to the capacitor max speed value.  A capacitor load check will be 

performed after each run.  The remaining runs include a 500 rpm/s slow sweep from 0 to capacitor max 

speed to 0 rpm; a mission cycle profile with low acceleration rates; a mission cycle with high acceleration 

rates; and both mission cycle profiles modified with the fastest achievable acceleration and deceleration 

rates determined in stage 2 test runs. 

72. The following procedures will be used to prepare the capacitor for test runs, to load test capacitor 

before and after test runs, and to build up a capacitor test vehicle: 

 Capacitor Pre-Test Preparation Procedure 

1. Remove the solder tabs from a new capacitor. 
2. With fine tip sharpie marker, add an ID number to the capacitor surface for future reference. 
3. Inspect capacitor surfaces for damage or deformation created during solder tab removal. 
4. If damaged, discard capacitor. 
5. Fully charge the capacitor. 
6. Perform constant current load test (procedure TBD) on capacitor. 
7. Measure and record the capacitor voltage with capacitor ID. 
8. Capacitor is ready for installation into capacitor test vehicle. 

 

Capacitor Load Test Procedure 

1. TBD. 

Capacitor Test Vehicle Assembly 

1. Apply Loctite 425 threadlocker to capacitor holder #4-40 threads. 
2. Install set screw into holder with cone point on outside (use .05” hex screwdriver). 
3. Position set screw axially so hex key side is .002 to .005” above holder inside surface. 
4. Install capacitor or dummy (aluminum spacer) into holder with negative (-) side down. 
5. Verify electrical continuity of capacitor with set screw. 
6. Create a nylon spacer from .06” thick nylon sheet using a 17/64 hand punch. 
7. Install .06” thick nylon spacer into holder against capacitor. 
8. Apply Loctite 425 threadlocker to spindle 5/16”-24 external threads. 
9. Install holder onto spindle. 
10. Apply 30 lb-in to holder hex feature using screwdriver style torque wrench (0-100 lb-in). 
11. Verify capacitor voltage at set screw (-) and holder test leads hole. 
12. Test vehicle is ready to run. 
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Test Operations 

73. Test operations are covered by the Daily Checklist given in Appendix C and the Emergency Procedures 

found in Appendix D. 

 

OPERATING LIMITS AND ALARMS  

74. Operating limits for the air motor and drive spindle are given in table 6 below. 

Table 6.  Operating Limits 

Rotational Speed (rpm) 105,000 

Air Motor Damper Oil Pressure (psig) < 10 

Air Motor Bearing Oil Pressure (psig) < 20 

Air Motor Return Oil Temp (°F) > 180 

Vacuum (torr) < 20 

Drive Spindle Radial Displacement (mils P-P)  30  

Cycle Timer disabled 

 

DATA REDUCTION PROGRAMMING AND ANALYSIS 

75. The EM flux detector provides a go/no-go output for the indication of the HEEMFG effect.  The only 

post processing of test data required will be to plot EM flux and speed parameters versus time data plots 

using Excel for a final report. 

REPORTING REQUIREMENTS 

76. The planned deliverables consist of: 

a) email test status reports, completed daily by the test engineer, during test operations or upon the 

occasion of a significant test event; 

b) a test log sheet maintained by the test technician to include, test conditions, dates and times as 

well as notes detailing significant events and reasons for shutdowns; 

c)  a final test report, completed by the test engineer, describing the test methods and test results. 
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TEST RESULTS (Preliminary Draft) 

 
77. A charged disk test article, in the form of a coin cell capacitor, was spin tested to evaluate the 

presence of the HEEMFG Effect.  Six days of testing were conducted from 18 through 27 September 2018 

in the Rotor Spin Facility, spin chamber #4.  The testing was performed in 5 stages generally following the 

test plan test matrix (table 2).   

 
78. Stage 1: On 18 September, the EM Flux detector/antenna performance was evaluated as installed in 

the spin chamber 4.  Detection of the HEEMFG Effect is accomplished by recording the EM Flux detector 

output on the APEX data system at 200 kHz sample rate and looking for signal increases above the noise 

level.  This static evaluation test used a dummy capacitor (aluminum spacer) test vehicle and a receiver 

antenna manufactured with two layers of 34-gauge magnet wound around the antenna mandrel. The 

proximity probes used to monitor spindle displacement were powered off and disconnected with the lead 

ends coiled up in a metal box on the spin chamber to avoid Electro-Magnetic Interference (EMI).  

 
79. A signal generator supplied a 14.5 dBm (28 milliwatts) maximum level ac signal to the dummy 

capacitor test vehicle set screw via a signal cable passing through the spin lid; together, the uninsulated 

cable end and dummy capacitor acted as a transmitting antenna to radiate RF energy into the receiver 

antenna generating a simulated “HEEMFG Effect” signal from the EM flux detector.  The EM flux detector’s 

noise level was nominally positive 2.2 volts as measured on the APEX’s 10-volt maximum input.  The EM 

Flux detector output was evaluated at 19 discreet frequencies from .02 MHz to 3200 MHz and recorded as 

APEX run 7.  The effect of powering proximity probes was evaluated at 333 and 1100 MHz as APEX runs 8 

and 9.  The results are tabulated below (table 7) in the order they were tested: 

Table 7 – EM Flux Detector/Antenna In-Chamber Performance Evaluation Results 
Frequency (MHz) EM Flux Detector 

Response (volts) 
Comment Proximity Probes APEX 

Run # 

No input 2.2 Baseline noise level 
(electronics warmed up) 

Off and EMI shielded 7 

20, 50, 100, 200, 
333, 400, 500, 

750 

>=10 (saturated) good signal Off and EMI shielded 7 

1100 3.6 good signal Off and EMI shielded 7 

1750 5.76 good signal Off and EMI shielded 7 

2550 none Signal below noise level Off and EMI shielded 7 

2700 2.5 good signal Off and EMI shielded 7 

2900 5.4 good signal Off and EMI shielded 7 

3200 none Signal below noise level Off and EMI shielded  

10 5.26 good signal Off and EMI shielded 7 

1, .5 , .1, .02 none Signal below noise 
level 

Off and EMI shielded 7 

333 10 Probes are interfering On –single probe 8 

333 9.9 Probes are interfering On – two probes 8 

1100 8.9 Probes are interfering On –single probe 9 
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1100 9.9 Probes are interfering On – two probes 9 

  
 
80. This was a very imperfect test with results influenced by the characteristics and positioning of the 

signal cable used to pass through the spin lid and connect to the capacitor test vehicle; it’s the best that 

could be done with the equipment available.  A non-response to a frequency input does not mean the EM 

Flux detector/antenna is not working, as the detector/antenna has been designed to respond to 

frequencies in the 3 Hz to 3.2 GHz bandwidth of interest. 

 
81. Despite care taken to shield the EM Flux detector circuits from external EMI, it was found that keying 

the transmit button on a walkie-talkie held in close proximity to the spin chamber caused the EM Flux 

detector to output a high level on the APEX system.  This fact was exploited to insert a mark in the APEX 

data record before and after each test frequency. 

 
82. These static tests confirmed the EM Flux Detector/Antenna is working as designed and that the 

proximity probes need to be powered off during HEEMFG Effect measurement to prevent EMI from 

influencing the output. 

 
 
83. Stage 2: On 19 September, the Air Motor functional checkout and speed controller tuning was 

performed; a receiver antenna was not installed.   High synchronous spindle displacement levels were 

experienced during initial running of the air motor to a maximum of 40 krpm under manual control; the 

spindle (#1) was determined to be bowed and a spare straight spindle (#2) was swapped in.  A run to 81 

krpm showed the displacement levels were reduced in amplitude and sub-synchronous which is in line 

with prior running experience; the straight spindle resolved the problem. 

 
84. On 20 September, air motor checkout runs resumed, running up to 100 krpm in stair step speed 

increments under manual control.  Switching to automated control, this was followed by short saw tooth 

cycles (15k to 100k to 15k rpm) to tune the cycle controller. After a handful of cycles, at 69 krpm, the 

displacement limit (speed dependent) was exceeded (barely) and the DCS system shut down the test; 

several restart attempts resulted in displacement limit trips at progressively lower speeds. 

 
85. Tear down and inspection of the air motor revealed failed bearings, damage to the rotor, and the 

spindle was discolored from high temperature.  Review of the data showed all other facility parameters 

were within normal limits leading up the failure.  No definitive root cause was established other than to 

speculate that prior running with the bowed spindle damaged the bearings and led to the failure. 

 
86. Over the next several days, the air motor was rebuilt with new bearings, a rotor (previously repaired), 

and a new spindle (#3). 
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87. On the afternoon of 25 September 2018, the air motor checkout runs were completed under manual 

control with a run to 100 krpm in stair step speed increments followed by a stair step run-up to 86 krpm 

with dwell time up to 6 minutes at each increment.  

 
88. Stage 3: On the afternoon of 25 September, the trial running of test vehicle with dummy capacitor 

(aluminum spacer) was begun to determine maximum speed capability of the capacitor test vehicle to 

withstand the centrifugal loads induced during spinning and whether the radial clearance between the 

rotating test vehicle and static antenna is sufficient to avoid contact.  To avoid damage to the custom 

manufactured antenna from a high displacement level or failed test vehicle, a blank antenna mandrel was 

installed.  

 
89. The capacitor holder survived 60 krpm for 6 minutes without backing off the spindle but some of the 

thread-locker was thrown onto the inside of the antenna mandrel; the thread-locker had been given only 

about 20 minutes to cure (OEM recommends 24 hour for full cure).  Match marks were added to the 

capacitor holder and the spindle using sharpie marker to make relative rotation easily recognized. A 

subsequent run to 86 krpm for 4 minutes caused the capacitor holder to back off 1/2 turn.  Both times, the 

antenna mandrel was warm to the touch.  The capacitor holder and spindle threads were cleaned and the 

threadlocker was reapplied and allowed to cure overnight.  

 
90. On the morning of 26 September, trial running of the capacitor holder with aluminum spacer 

continued, but with the top speed limited to 86krpm (75% stress of 100 krpm) in an effort to minimize the 

risk of damage to the air motor from a repeat air motor bearing failure and/or capacitor holder failure.  A 

six minute dwell (APEX run 17) under manual control and a 25 cycles (10k-86k-10k rpm) in 7 minutes run 

(APEX run 18) under automated control were completed.  The capacitor holder did not back off the 

threads this time - likely due to the overnight cure time for the thread locker. 

 
91. Stage 4:  On the afternoon of 26 September, the trial running of test vehicle with dummy capacitor 

(aluminum spacer) to establish the EM Flux baseline noise level was begun.  The antenna that was 

evaluated in stage 1 static tests was installed for this testing.  The EM Flux detector baseline runs up to 

speeds of 86 krpm were completed successfully;  they included a slow acceleration, six minute dwell, 25 

cycles (10k-86k-10k rpm) in 7 minutes, mission cycle low, mission cycle high, and 25 cycles (10k-86k-10k 

rpm) in 5 minutes.  The EM flux detector output was recorded in one file as APEX run #20. 

 
92. Three capacitors were charged (A, B, and C) to verify that they had at least 4 coulombs of charge; they 

were assembled onto spindles #3, #4, and #5 respectively for overnight cure of the thread locker in 

preparation for stage 5 tests. 
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93. Stage 5: On 27 September, the Spin Test of a Charged Capacitor to Evaluate the HEEMFG Effect was 

conducted using the receiver antenna evaluated in the stage 1 and stage 4 tests and spinning of three 

capacitors (A, B, and C) in separate test runs under vacuum of .42 torr.  The capacitor test results are 

summarized below: 

 
94. Capacitor A survived short duration runs to 86 krpm recorded on APEX as runs 23, 23a, 25, and 26; 

capacitor voltage was reduced, 1.288 (from 1.33) and a discharge test demonstrated its charge was 

reduced to 2.26 coulombs (from 4 coulombs); it still functions and was recharged to full capacity. 

 
95. Capacitor B did not survive extended operation at 86 krpm recorded on APEX as runs 27-34; voltage 

was reduced to 1.233 (from 1.317); a discharge test demonstrated only .36 coulombs of charge remained 

(from 4 coulombs); it was damaged and will not take a charge. 

 
96. Capacitor C was spun to 100 krpm for six minutes and recorded on APEX as run 26; its voltage was 

reduced to 1.223 (from 1.317); during a discharge test attempted the next day (28 September), the 

capacitor was accidently damaged; however, based on the experience with capacitor B, it was likely 

damaged from the spinning.  Note that all of the blue thread-locker used on the capacitor holder/ spindle 

threaded connection was deposited on the inside of the antenna mandrel.  The match marks on spindle 

and capacitor holder were still aligned. 

 
97. The capacitors were subjected to peak acceleration rates of at least +/- 30 krpm/s. 

98. A walkie-talkie transmitter was momentarily keyed on in close proximity to the EM Flux detector at 

the start and end of each test run providing confirmation in the digital record that the EM Flux detector 

was working at the beginning and end of each test run. 

99. After each test run, it was necessary to replay and review the 200 kHz sample rate APEX recorded EM 

Flux detector data for indication of transient HEEMFG Effect bursts that may have escaped real-time 

display on the slower update rate APEX display screen. 

100. Careful review of the EM Flux detector output data files showed no instances of EM Flux detector 

output voltage rising above the noise baseline; therefore, there was no indication of HEEMFG Effect 

observed for this test configuration. 

 

DISCUSSION 

101. The HEEMFG theory requires the charge to be on the surface of the disk.  In the tested 

configuration, the charge distribution in the capacitor is not known and could not be verified.  The tested 

configuration cannot disprove the HEEMFG theory.   
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CONCLUSION 

102. The HEEMFG Effect was evaluated by spinning three coin cell capacitors each with 4 coulombs of 

charge, at speeds up to 100 krpm with acceleration rates up to 30 krpm/s and under vacuum level of .42 

torr. The capacitor test vehicle and EM Flux detector/antenna performed well.   

 
103. With the current test configuration, the HEEMFG Effect was not observed or disproved. 

 

RECCOMENDATION 

104. To continue this effort, the following test configuration changes are recommended: 

- Design a charged disk test configuration that ensures the charge is at the surface of the disk; 

- Improve the EM Flux detector circuit to increase sensitivity and improve shielding from 

external EMI; 

- Improve receiver antenna design for increased sensitivity to B-fields (magnetic fields) and 

increased sensing area. 
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Appendix B (Capacitor Specs) 
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Appendix C (Daily Checklist) 

 

The following daily checklist has been prepared by the test technician. 

 

INTRODUCTION 

The Rotor Spin Facility (RSF), located in the Propulsion Systems Facility (BLDG 2360), performs evaluations 

of aircraft engines, engine accessories, and APU rotating parts and assemblies.  This type of testing creates 

a very dangerous environment in and around the Spin Pit test chambers.  Only properly trained operators 

and technicians can perform this type of testing.   

Due to the various types of testing performed in the RSF, some items of this checklist may not be required 

and should be annotated “N/A”. Review the test directive and annotate or add to the checklist as 

necessary. 

Review the test directive and identify all instrumentation and data acquisition items required for the 

particular test to be performed. Notify the instrumentation support branch for the set-up, calibration and 

the accomplishment of “end to end” checks for all required equipment prior to using this checklist. 

 

CHECKLIST INSTRUCTIONS 

1.  All items of this checklist must be accomplished in sequence, unless identified “NA”. 

2.  Review the emergency procedures for this test to performing any test cell or equipment operation. 

3.  The bold lettered terms, i.e. Warning, Caution and Note, will appear throughout this checklist and must 
be heeded. Each term will indicate the level of additional attention required before the accomplishment of 
the next checklist item or section. The following is an explanation of these terms:  

**WARNING** - A failure to heed a warning may result in personal injury or death if not carefully 

followed or observed prior to accomplishing the next item of the checklist. 

**CAUTION** - A failure to heed a caution may result in damage to equipment if not carefully followed or 

observed prior to accomplishing the next item of the checklist. 

**NOTE** - A note will draw attention to an essential point prior to accomplishing the next item of the 

checklist. 

PRE-TEST SAFETY CHECKS 

1.  In the RSF Control Room, ensure that all three test chamber air control switches are in the "OFF" 
(center) position. 

2.  Turn on the test in progress light for spin pit #1, and the compressor in use light for room 71. 

3.  Perform a walk-through of all four spin chambers and ensure that the vacuum and compressed air 
manifolds are intact in all four chambers.  Verify that the Main Air Valves (Yellow Ball Valve) is closed in all 
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chambers.  Verify that the vacuum manifold isolation valves, and the vacuum pump isolation valves are 
closed in all four chambers. 

  

I.  COMPRESSOR ROOM (Room 71) 

**WARNING** 

Approved hearing and eye safety protection must be worn at all times in the RSF’s compressor room. 

Compressor air control lines are pressurized at all times, even with the RSF compressors not operating. 

1.  Notify  the demand being placed on the process cooling 
water system prior to starting the compressor(s). Normal process cooling water system pressure is 35 to 
75 PSI. 

2.  Ensure large red handled shop air supply valve in the compressor room is closed. 

3.  Inspect the compressor air receiver automatic condensate drain line for damage and that the 
automatic drain is operating. 

4.  Verify the exhaust louvers are open. 

5.  Verify the RSF air dryer ball valves are in the proper configuration.  Refer to the drawing on the wall, or 
in the RSF Operators Guide.  During normal operation when the PSEF shop air compressors are working 
properly, valves will be configured so that the RSF air compressor control air is supplied by the PSEF shop 
air compressors. 

6.  Utilize the Centac Compressor Checklist (located on the front of each compressor) to start the desired 
RSF compressor. 

7.  Verify compressor output is set to 125 psi, and that compressor is operating properly. 

  

II.   TEST CHAMBER AREA HOOKUP AND PRESTART 

Section II of this checklist is accomplished after the test chamber lid, with the test article installed, is 

properly installed on the test chamber and all lines are connected 

**WARNING** 

Approved hearing and eye safety protection must be worn at all times in the RSF’s test cell rooms and 

shop area. 

Ensure that the drive turbine’s compressed air supply line, manual ball valve (Yellow handle located near 

the proportional valve), and the condensate drain valve (located on the air pressure regulator), both 

remain closed when working around the test chamber or connecting/disconnecting the drive turbine drive 

or brake lines!  

**CAUTION** 

All hoses utilizing quick disconnects (QD) must be checked for positive engagement before pressurizing. 

This is accomplished by physically tugging on the hoses after connecting them. 

(b) (6)
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1.  Check the oil scavenge hose for positive QD engagement.    

2.  Check drive turbine bearing oil supply for positive QD engagement.  

3.  Check the damper oil supply hose for positive QD engagement. 

4.  Check all electrical connections for proper connection. 

5.  Verify the drive and brake air lines are properly connected and tight. 

6.  Verify the drive and brake air pressure indicator lines are properly connected and tight. 

7.  Verify the speed probe cannon plugs are properly connected and secure. 

8.  Verify the proximity probe cables are properly connected and secure. 

9.  Verify all thermocouple leads are properly connected and secure. 

10.  Verify that the heat exchanger cooling water valves are open for the heat exchanger on the drive 
turbine oil cart.   

11.  Verify that the drive turbine oil cart is plugged into the red wall receptacle and that the back-up 
compressed air line is connected. 

12.  Turn on the oil cart and verify flow in the oil flow gauges.  Verify that bearing and damper oil 
pressures are both adjusted to 20psi. 

13.  Verify there are no oil leaks. 

14.  Close the spin pit vent valve. 

15.  Verify the valves for the vacuum pump pcw valves are open. 

16.  Utilize the vacuum pump checklist to start vacuum pump(s). 

17.  Start the RSF cooling loop in room 84. The specific start-up instructions are posted in room 84. 

18.  Ensure the proper entries are made in the Vacuum Pump logbook in the control room. 

19.  Open the PSEF shop air valve (located on top of the spin chamber on the wall). 

20.  Verify the balance air pressure is adjusted to value specified in the test plan. 

21.  If the vacuum pumps are properly warmed up, open the vacuum pump isolation valves and begin 
pulling vacuum. 

 

III. CONTROL ROOM PRESTART: 

1.  Verify that the three toggle switches for the Main Air, Brake air, and Drive Air are still in the "Off" 
position. 

2.  Verify that the Pacific is configured for 6 tooth speed nut input. (first day of testing only). 

3.  Verify that the large tachometer is set to the proper overspeed alarm set point per the test plan.   

4.  Turn on the OpData computer and open the Pacific software.  Click on "Display Definition" and open 
the operators screen. Click on Acquisition.  Click on preview.  Verify that Pacific Data is reading properly. 

5.  Power on the BSI computer and open the Spin IV software. 

6.  Click on "configuration" and select "test parameters" from the drop down menu.  Verify limits are 
correct based on the test plan.  **NOTE** If you have to change any values, you must hit enter after each 
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value you change in order to save the change. When all parameters are correct, click on the "Download 
Edits" button. 

7.  Utilize the "configuration" drop down menu to select the "valve offsets" window. 

8.  Utilize the "status" drop down menu to open the "general status" window. 

9.  Utilize the "testing" drop down menu and open the "manual testing" window.   

 

IV. FINAL TEST  CELL CLOSE UP 

1.   In the test cell, open the large yellow main air supply valve.  

2.   In the test cell, double check all oil and water lines to ensure no leaks. 

3.  Clear the chamber of all personnel 

4.  Close and secure all test cell doors. Ensure outside doors are locked 

5. Verify the "Test in Progress" light and the equipment in use lights are on for spin pit #1 and the 
compressor room. Visually verify all lights are operational.  

6.  Verify that the Astromed recorder is open to the correct file and that the green arrow is illuminated 
indicating strip chart operation. 

7.  Increment the Pacific Single Scan file and begin recording. 

8.  You are now set up and ready to test.  Follow the procedures in the HCF operators guide and the test 
plan for specific instructions related to this test.  Utilize this checklist for test shutdown and cell close-up 
at the completion of testing. 

 

V.  END OF DAY SHUTDOWN AND CELL SECURITY 

1.  Verify that test article RPM has reached "0" and place all three air control toggle switches in the "Off" 
position. 

2.  Stop the Astromed recorder and the Pacific Single Scan. 

3.  In the spin chamber, inspect the top of the spin lid for any signs of leaks or damage. 

4.  Close the PSEF Shop air valve to secure balance air. 

5.  Close yellow main air valve. 

6.  Close the vacuum pump isolation valves, and follow the vacuum pump checklist to turn off the vacuum 
pump(s). 

7.  Open the 2" ball valve to vent the spin chamber. 

8.  Turn off the cooling system in room 84. 

9.  Utilize the Centac checklist to turn off the RSF air compressors. 

10.  Secure the Drive Turbine Oil Cart and unplug the electric plug. 

11.  If testing is scheduled to continue the next day, it is not necessary to close any further valves. 

12.  Follow the instructions provided for disconnected and removing spin pit lid. 
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13.  Turn off the "Test-In-Progress" and "Equipment-In-Use" lights. 
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Appendix D (Emergency Procedures) 

 

The following procedures shall be followed for the emergency scenarios detailed below: 

 

Scenario # 1: Loss of speed control: Due to a problem with instrumentation or control hardware, the test 

article no longer responds to control inputs or safety limits.   

o Stop Test 

 Test Abort:  Hit abort in the Spin IV software or the red abort button on the TC-4 twice to 

bring the speed to zero rpm. 

 Manual Mode: Centering the three speed control toggle switches will cut off air from the 

drive and brake lines.  Toggling the main air and brake air switches to “Manual” will 

allow for a manually controlled deceleration to a stop. 

 Emergency Stop Button: If the other methods fail to stop the test article, the red E-Stop 

button on the control panel will prevent the rotor from continuing to accelerate (coast 

mode). 

o Troubleshoot Control Problem 

 

Scenario # 2: Loss of Speed Indication: Due to an instrumentation problem, there are either no speed 

indications or the indications are different between the two probes.   

o Stop Test 

 Test Stop:  Hit abort in the Spin IV software or the red abort button on the TC-4 to bring 

the speed to zero rpm. 

 Manual Mode: Centering the three speed control toggle switches will cut off air from the 

drive and brake lines.  Toggling the main air and brake air switches to “Manual” will 

allow for a manually controlled deceleration to a stop. 

 Emergency Stop Button: If the other methods fail to stop the test article, the red E-Stop 

button on the control panel will prevent the rotor from continuing to accelerate (coast 

mode). 

o Troubleshoot Control Problem 
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• OBJECTIVE | Design a test article and instrumentation to 
demonstrate the experimental feasibility of achieving high 
electromagnetic (EM) field-energy flux values toward the 
design of Advanced High Energy Density / High Power 
Propulsion Systems.

• THE NEED | Advanced High Energy Density / High Power 
Propulsion Systems are needed to counteract Adversary 
Capability Surprises and Hybrid Warfare Tactics.

• POTENTIAL USE CASE/MILITARY APPLICATIONS | 
Realization of this technology moves propulsion technology 
beyond gas dynamic systems.

• NDS ALIGNMENT
• Space and cyberspace as warfighting domains
• Missile Defense
• Evolve innovative operational concepts

• “High Frequency Gravitational Waves - Induced Propulsion” published as peer-
reviewed SAE Technical paper 2017-01-2040 , October 03, 2017. Presented at the SAE 
AeroTech Congress & Exhibition.

• - It may be possible to generate high power / high frequency gravitational waves 
(HFGWs) by high frequency accelerated axial rotation (spin) and/or accelerated high 
frequency vibration of an electrically charged, possibly asymmetric structure, within 
the context of non-equilibrium thermodynamics, namely far-from-equilibrium physics, 
highly non-linear in nature. Therefore, it may be feasible to propel a hybrid craft 
equipped with an HFGWG, by producing high frequency gravitational waves which in 
turn generate their own gravitational fields upon which the craft would propagate in a 
‘wave-surfing’ fashion.

• Navy Case PAX 285 titled "Plasma Compression Fusion Device" has been filed with 
the United States Patent & Trademark Office as a patent application / Serial # 
15928703, on March 22, 2018.   

• - The Plasma Compression Fusion Device (PCFD) generates energy gain by plasma 
compression-induced nuclear fusion, via a novel method of magnetic confinement. 
This concept has the capability of maximizing the product of plasma pressure and 
energy confinement time in order to maximize energy gain and thus give rise to fusion 
ignition conditions. Moreover, this invention can give our Navy the technological edge 
in achieving National Energy Dominance, besides its many commercial benefits in 
energy generation.

• The HEEMFG work can lead to the development of 
Advanced Power Systems which can be used to enhance 
Distributed Maritime Operations.

• Naval Electronic Warfare, Advanced Hypersonic Systems, 
Quantum Technologies, and Advanced Power Generation 
Systems would also greatly benefit from HEEMFG 
experimental results.

• Results of the HEEMFG experimental study can lead to 
future collaborations with ONR, NRL, and/or DARPA. At 
present HEEMFG experiments use spin configurations only, 
in the future, accelerated vibration coupling is envisioned.

Capacitor Test Vehicle 
(rotating)

•The HEEMFG experimental study is a highly collaborative NAWCAD / 
AIR 4.4 and AIR 4.3 effort.  

–Currently working with  (Co-PI),   and 
 on test asset design and test directive preparation.

–Working with  and HEEMFG Team on the EM Flux 
Detector design and testing.

•Technical paper AIAA 2019 0869, titled “Room Temperature 
Superconducting System for use on a Hybrid Aerospace-Undersea Craft” 
was successfully presented at the 2019 AIAA SCITECH Forum and 
Exposition (Jan.07-11) in San Diego, CA. This breakthrough paper 
presents a strong theoretical concept for achieving room temperature 
superconductivity (RTSC) in a current-carrying special composite metal 
wire. This concept enables the transmission of electrical power without 
any losses, which leads to the design and development of novel energy 
generation and harvesting devices with important benefits to civilization.

e NAWCAD /p
AIR 4.4 and AIR 4.3 e

  (Co-PI),   and 
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