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ABSTRACT 

Several new appro ches , potentially ca~able of discharging 
h i ico ter to an operational~y safe potential against ground, have been 
explored. Specifically, water spray discharges have been studied unde r 
various conditions and appear promising. Other elements of a c~lete 
act ive discharge system , namely. field sens rand Informat ion processor/ 
injicator, have been develo d and tested lso, as well as the complete 
system itself. 
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CONTROLLED HELICOPTER DISCttARGE 

1. PROGRAM OBJECTIVE 

Long range objectl e i s to develop a technically sound, econanical,and 
~peratloraally acceptable system which permits an automatic discharge of the 
helicopter to zero potential betwoen cargo hook (or helicopter) and 
ground dur ing loading o rations. Previously, it had been establ ished 
that exist ing methods,suc1, as the active corona dis~harge and t he pas ive 
wick disc,. rge, were severely 1 imi ted in performance (current I Im~ ted; 
reclrc~la~lon problem), or , as in the case of thb resi ti ve link, opera­
tionally not acceptab le. · Various proposals for other schemes have been 
recently ~nalyzed, such as laser induc d breakdao,n , radio ctive discharge, 
and chemical discharge ; in all cases ,the prospects for successful operat ion 
do not look promisi nQ.3 Obiectiv of this one-vear in-house 
progr• was to develop new ideas to the solution of the problem, select 
the aore prona lsing avenues for analys ls , and pe rform an actual 
theoretical and experimental feasibility study for the most promisi ng 
cases. Results of this work are discussed ir. sections 3, 4, 5, and 6. 

2. OVERALL SYSTEM CONCEPT 

During the initial phases of the program study, it became increas­
ingly clear that oper tional constra ints are jus t as important as the 
technology and phys ics of a given approach. The operational approach, 
wh ich we propose to follow ,assumes that the helicopter proceeds from 
ground aad follao,s its miss ion irrespective of what happens to its 
charge (a discharge during fli ght is only cons idered if radio in te rference 
beccnes critical), unti I t he locat_ion t ..... load ing or unloading, 
etc., is reached. At this point in our technical approach, a field sensor 
located on the hook determi nes field strength and polarity and 
transmits the information to the discharger. When the f,eid is excessive, 
the discharge takes place while a red warning light indicates danger. 
When the field is near zero, a green safety signal appears and the dischar er 
is turned off. The helicopter is nao, for a given time (which depends on 
meteorological conditions, usually a few seconds) very close to ground 
potential . The pr incipal elements of the system are shao,n in Fig. 1 , 
and consist of a field sensor, an i nformation receiver and processor , 
Indicator lights, and most important, the discharger. Quite appropriately, 
during the work to be discussed, more effort was exp~nded on the discharge 
Mcha~ism and f i~id sensor on which the performance of the overall syst• 
depeRdS critically . 

3. THE DIELECTRIC DISCHARGE (PASSIVE AND ACTIVE) 

).1 Theoreti cal Considerations 

The approach selected to study the discharge of the helicopte~ one 
may call a dielectric discharge method. If~ helicopter emits a water 
beam towards ground. one might. at first s ight, expec t an ohmic connection 
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to grouna with a resistance in the order of 108 0. This assumption 
implies• dlsch•rge curr~nt approximately .0SA produced by a 
typical voltage of 50 kV during a t lme In the order of 1 mi 111 second (ms) 
(magnitude of discharge time constant is T • RC~ 108 x 10-• • 10-
seconds). A current of this value is hazardous to the human body. 4 
However, even without air circulation, the •ltted water colUfN"I is brolcan 
up after a short distance into isolated air droplets of varying size, 
and each drop et may carry a certain amount of charge . In the extr.,. 
case, a nozzle producing a spray mist may be used. 

The charge of an individua droplet is 

q ~ 'o ur {I) 

and the discharge current 

I ( t) • u(t)/R (t) = Nq ~ t u (t) - ( t) N {;:. t) • r e 0 (2) 

with q • charge, u = effective voltage, 10 • dielectric 
constant, r • radius of droplet, N • nl.lllber of droplets per ti• unit, 
R • effective res istance (bar indicates •verage) . Estimates, as dis• 
c~ssed later, yield R values between 109 and 10100; therefore, Tis In the 
order of a second, an! I in the microampere range. Note th•t the 
materl•I and Its conduct'f'efty below the surface of the sphere are of no 
significance in this approximation. Thi~ seems to indicate that water 
surface being the same, water bubbles should perform as well as solid droplets, 
a potential as r,ect for reducing material consumption. 

E~uation(~ permits the following modes of operation: 

a. Passive Discharge 

The effect Ive vo 1 tage u ( t) in Equat I on (2) is re I ated to the he 1 i -
copter-to-ground voltage and produces a proportional discharge current 
l{t). Assuming a constant flow r•te of discharge liquid and unlfonn 
droplet size and distribution, u(t) and I (t) decay at an exponential rate. 
Therefore, tha discharge to a safe voltage level will take excessive time 
when the Initial voltage Uo is orders of magnitude higher than this 
safe I ve I. 

b. Active Discharge 5 

The effective voltage u(t) in Equation (2) is kept constant s 



a high volt g bias is pplied t o a charge inducing electr de in front 
of the nozzle. The eff ctive lectrostatic field at the nozzle orifice 
Is a lso much higher than in the p ssive discharge ca e where the charge 
Inducing field originates fr the relatively remote ground. As a 
result, the discharge current I (t) is theoretically constant and much 
hi g ,· than in the p ss iv discharge case . Therefore, the di sch rge 
will appro c the safe level a steep linear funct ion of ti and wi II 
be completed much 001- r than with the passive thod. 

At the present time, w have not establi ~hed t limitations in 
th choice of . If we ~ssume, for ex mple , N in the order of 10 ach 
drop of 100 mlcfon size, nd ch rqe of oe 1. 6 x 10-1 9 coulomb• 
p r drop, w find I :. 1 T xi t I i t t 1 inform ti on6 

on th is ub·ec nd is t o b t k wi h r serva t i , . 

£tis recogniz d th t thes es timate may have to be consider biy 
modified in ctu I h I i op ter fi eld envir nt. A tudy of th a i r 
ci rcu lation p ern indic test at ucc ul ope r tion of the discharge 
may c ritica lly depend upon op t imal po itioning of the dielectric discharge 
on board the h l icopler. 

Figur 2 hows th ir flow p ttern ere ted by the rotat ing blades. 
Ta i ng adv ntage cf this patten, positioning of sp y nozzles at the 
vortices of both low turbulenc profile c es is essenti 1 in o rder to 
avoid detri nt 1 recircul tion f ch rges . Placing th d isch rge 
source Into the turbine propulsion flow field appears also advantageous. 
However, c r lse in positioning must be mad , th stre m 
velocity dlstr lbu ion calls for attach nt close to the turbine j ,,, 
hole while the stream temperature distr ibution prohibits locations in the 
lnmediate vicinity . 

3.2 Experimental Resu Its 

In ord r to ppropriat ly si mulat the disch rg of helicopter 
(avoiding the scaling protl m),a complete fuselage of UHIC hel icopter 
with landing skids (but without main d tail rotors) h s been suspended 
(using an e tr mely low leakage insulatoi) fr a e r ne inside hangar #5 
at the N.A .S.tt at La hurst, N.J . Fir xt inguishe r tans with a 2 .5 
gallon capacity each.were mounted to this fuselage with the nozzle 
assembly level wi th th skids. Before ~ach experiment, thes fire extin­
gui shers were removed, w ighed, fil led with 2½ gallons of disch rg fluid 
(usually tap wate r), w ighed gain, charged to a starting pressure of 100 lb 
and mounted a~ain. Figure 3 shows diagr m of the setLp . An Ins rumentation 
van cont ine the varl le high voltage power suppl~ with reversibl e 
polarity, a ~ithley elect r ter of the typ 610 B (input impedance ~ 10 •r;> . 
and a Hewleitt Pac ard c rt recorder . The suspencied helicopter shell w s 
connected to the high voltage power supply through a 10 n current limiting 
*Laboratory experi nts sh ed that a sin I spray n zzl can pr due 

a discharg curr n · in c ss of IS µA und r optimi z d condit i ns. 
-frf:Naval Air Sta iun 
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reslsto and two vacu1.111 contactors manufactured by Jenning$ Radio. The two 
vacuum contactors were connected in series in order to keep the canbined 
leakage resistance above 101 er, up to 50 kV. Their control circuitry is 
located on• floating subchassis and utilizes two photosensitive resistors 
(one for 11on, 11 one for "off") controlling digital amplifier circuitry 
and coils for the high voltage relays. all battery operated. When one 
of the photosensitive resistors is illuminated from below with a laser 
beam, the corresponding open or closed position of both relays is triggered. Details of the circuit diagram are shown in Fig. 4. 

The suspended hel I copter fuselage is also co·mected to a 1000: 1 
resistive divider with a otal resistar.ce of 101 1 0 for voltages up to 
100 kV. The 1 8 0 tap is in parallel with the inpu of the Keithley 
electrometer w ich feeds the HP chart recorder. The capacitor C in 
Fig. 3 donates the total effective capac itance between the hellc"pter 
fuselage and ground. 

The actual helicopter capacitance CH . for a distance of 10 ft between 
ground and skids. has been determin d by charging t .~ fuselage to •20 kV, 
open Ing the vacuum contact ors. and di scha rg i_ng the fuse 1 age th rough the 
10 11 0 resistive divider. With both CH and the equivalent discharge resistance Ro independent of voltage and time, this discharge follows the relationship 

u = u
0 

exp (·t/R
0CH) 

The recording of this decay, taken with the HP recorder, has been plotted on single logarithmic paper as a straight line. It is shown as curve B 
In Fig. 5 indicating a tirie lapse of 44.3 seconds for a 2.72 to l voltage decay. The resulting effective capacitance at 10 ft height is: 

CH• 443 ·x 10-11 F 

This relatively high value probably results from additional stray 
capacitances caused by the leads to t he resistive divider and to the 
vacuum contactors.and by the proximity of one hangar side wall and the 
b~ f the crane. A more realistic capacitance of the fuselage (10 ft 
height) to ground Is near 400 pf. H e er. for all successive tests. the 
existing capacitance of 4~0 ·F was use rl for assessment of the equivalent 
resistances of the var ious discharge methods applied. 

The following modes of fluid discharge have been explored: 

a. 

b. 

Passive droplet beam (large average drop size) , 

Active droplet beam ~ith electrostatic bias (large average drop 
size). 

7 
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c. Passive fluid spray (small average drop size), 

d. Active fluid spray with electrostatic bias (sma ll average 
drop size) . 

In case a and b•the droplet beam was initially confined into a narrow 
and continuous jet where visible breakup in individual drops takes 
place after I to 2 ft of downward travel. This irdtially narrow bear,, 
i s a result of the constant diameter orifice with a length o diame ter 
ratio of 2 to I. This type nozzle with an orifice diameter of 5/32" 
is subsequently referred to as "standard nozzle." Figure 6 shows he 
discharge obtained with tap water and a single beam from this !tandard 
nozzle. In t hi s and all subsequent discharges, the following s,mul­
taneous operations coi ncide at zero time: opening of contacts between 
high voltage supply and fuselage by laser beam control; opening of the 
magnetic valve between the fluid storage tank and nozzle by radio 
control;and return of the disconnected high voltage supply to 
zero volts. The plots In Fig. 6 show results of the passive hel i­
copter discharge with tap water at -20 kV and -50 kV initial voltage, 
each at 10 and 20 ft height of the skids above ground. The ind icated 
quantities of water on the graph show the total amount of water needed 
for a discharge from -20 kV or - 50 kV to -2kV. At 37% (1/e) of the 
initial voltage, the equivalent resi tance is 1.75 x 101 0 n for 10 feet 
height and 2.2 x 101 0 0 for 20 ft height, independen of the Initial 
charge level. Adding 4 oz of table salt to ~ach gallon of water, 
and repeating these experiments,did not affect the discharge rate. 
The in erence is that the electrical discharge takes place by charge 
carrying drop surfaces rather than by conduction of the liquid electro­
lyte. In a separate test on the ground>the tap water used and the 
pressure drop for the particular 2.5 gallon fire extinguisher ressure 
tank was determined as a function of time and plotted in Fig. 7, The 
Water flow through the standard nozzle (as expected) Is almost linear 
w.lth time and allows a reasonably accurate interpolation of fluid 
dispersed as a function of voltage drop during the helicopter discharge. 
A comparison of discharge rates of single versus dual standa d nozzle 
is shown in Fig. 8. This graph should show a 2 to I reduction in 

10 
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discharge time for the same voltage discharge ratio because of the 
expected two-fold amount of charge carrying drops. HC<Wever, the fluid 
dispensed from the two pressure tanks w snot equal due to a difference 
in flow res t rict ion imposed by the Individual magnetic valves between 
tanks and nozzles. Actual1y,one tank dispensed twice as much water 
as the other one . The equivalent discharge res i r tance for t he two 
tanks has dropped to 1.3 x 1010n for the 10 ft height, and ls again 
independent from the ini tial helicopter charge. It is obvious that 
the concept of a multiple nozzle system and its independent opera-
tion may be quite important. 

Cons i dering the wide temperature range for mil i tary operations, 
antifreeze (ethylene glycol of purity as per MIL Srecs) has been 
used instead of water in some experiments. This c nparison ,using the 
standard nozzle from 10 ft height 1 is shown in fig. 9 and indicates 
little difference in discharg rate between anti · r eze and water . 
An expansion of this comparison to a mixture of 50"k HO and 50% 
ethylene glycol di~ not reveal any significant changei and the plot 
is omitted. 

A11 electrostatic discharges,with fluids described so far are of 
the passive droplet beam type, resemb d (in the first approximat ion) 
the behavior of a constant resistor and have the disadvantage of 
reaching zero charge after a theoretically infinite time. All tests 
show no apparent discharge dependence on the charge polarity . 

It was of interest , a1=ter hese tests,to measure the resistance 
of water and ethylene glycol confined in a plastic hose of i inch inside 
diameter and 12 ft length. Because of the . expected lower res istance 
of this discharge path,the discharge time consta t would be smaller 
than th time constant of the distributed capacitances and resistances 
of the 1011 n voltage divider assembly. Therefore, it was expected 
to obtain a qualitative observation of dynamic &harge distribution 
~hanges on the fuselage extremities during the discharge. The test 
setup was modified for this particular discharge through a liquid 
column and is shown in Fig. 10. Eac~ switch symbol means a Jennings 
vacuum contactor. The trigger input of the oscilloscope was taken 
from the solenoid oft e contactor located between the lower end of 
the hose and the 10•0 viewing resistor. Figure II shows the behavior 
of the ¾" diam water column. The left portion of the upper trace 
shows approximately 16 kV of initial helicopter voltage (20 kV setting 
of high voltage control is more accurate}. The right portion of the 
upper trace shows the he1icopt r approaching zero volts after 
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the dlsch rge. The voltage pulse reaching below the coordinates 
during the d ischarge period is very important for this experi nt. It 
indicates a significant t mporary shift of charges from the resistive 
divider loca tion t o the loca tion of the discharg hose during the 
discharge time, before the total ch rge on all h licopter extremities 
i s redistributed again after reaching equilibr ium. The low r tr ce 
shows the ho disch rge current as a function of time and r veal s 
decay time constan of pproximately 6 ms. Th resulting 
effective r is t nee of this 12 ft long water column of i " diam is 
1,3 ; x 107 ,thre ord r of magnitude below the effec t iv resi t nee 
f th w ter be m f rom the standard nozzle ta 10 ft h ight . In the 

rr~ w y, we d riv d f or the nt if r eze a column decay t i cons ant 
.f approxi tely 1 ms nd c puted the ppr ximate eff ctive 
r i st nee of h 12 ft long 1 11 diam anti r eze column to 2.2 x 10 o, 

lmos t four orders of gnitude blow the effective valu for the 
stand r nozzl antifreeze be mfr a 10 ft he ight . 

In an effort to overc the a ymptot ic approach towards ze ro 
helicopt r voltage inherent wi th the arge droplet fluid be m, an 

lectro atic bl s wa applied t o a ring shaped electrode of I inch 
inne r t orroidal di ter concentr ic with the tip of the tandard 
nozz le .~ This arrange nt Is shown in Fig . 12. The cont nt b ias 

f hi ring now inly determines the discharge mechanism ind pendent 
of he helicopter - ground potential . Thus, a feedb ck in the cont ro l 
s ys em is poss ib le whi ch permits~ controllable discharge of the 
h llcop ter. 

In comparison to the numerous passive large dr plet beam results , 
le s d ta for the ctive large droplet be m have been taken durin the 
per iod covered by this report. All active larg droplet beam data 
ave been obtained with nozz l~ with the st ndard 2 t o I orifice 

length to di meter r tio h ving 5/64 inch dia , ori fice . Re ults are 
p lotted in Fig. 5 {line marked E) in comparison tot ohmic discharge 
Load J()llO) and t o the passive beom case. As it turns out, the bi 

po larity against the nozzle tip must be the s me as the voltage 
polarity of the fuselage against ground {this 11 in distinction t 
the small droplet case to be discussed later) . With a bias of -12 kV 
for example, the disch rg from the •20 kV level to the -2 kV level n 
be accel .rated by a factor 2 with only one-sixth of the water used as 
compared with the pa i e flu id discharge ca.e. The ctual time 
b tween the initial -20 kV level and zero crossing was 16 econds 
(wa ter consumpti n 0.8 lb) . When the bias po larity i rever ed,wh i le the 
polarity of the f use lage wi t respect to ground rem ins unch ng d, the 
droplets le vin the nozzle now carry ch rges of the wrong polarity and 
tend to enhance the helicopter charge. The resulting heli copte r voltage 
response, shown s curve D in Fig. 5, reflects this reve rs d change trans­
port which oppo cs the ohmic discharge through th 101 1 voltage divider 

nd causes d much sl r vo ltage decay. 
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The high voltage supply used for biasing the nozzle is located 
on the helicopter and is operated from he b tteries mounted inside 
the fuselage. Since no battery operated high voltage supply was 
available , a television flyback transformer was modified with a lcw 
impedanc primary and driven with high pcwer transistors in push-pull 
peration to generate high ac oltage at a frequency of approximat ly 

16 kHz. The secondary, made upfrom ll original windings.provided 
enough peak to-p k voltage to obtain up to 20 kV de with diode 
doubler circuit. 

To study small droplet sprays.several spray nozzles were 
dapted and mating bias electrodes built before arriving at the first 

useful construction. The exterior arrangenient was similar to the one 
shown in Fig. 12 . The results are shown in Fig. 13 and prove clearly 
that lar e number of small dr lets in the active biased s ra 

a small effective resistance In the order of 6 x 
te that the act ives ra method re resents the 

The p ssive spray disch rge without bias yields an effective 
resistance of 3.3 x 101 ~0 which is only twice as large as the 
effective resistance dem strated with the standard nozzle at 10 ft 
height using 8.7 lb of water. However. during this passive spray 
experiment,only 1.33 lb were used for a discharge from 20 kV 
to 2 kV within 34 seconds. 

There is a ba ic difference between the active spray with sm 11 
droplets and large droplets in the selection of the bias polarity. 
In contrast to the larg droplet case, a bias polarity betwee ,as 
ring and nozzle is required that is opposite to the polarity between 
fuselage and ground. Physical details of the biased discharge as 
a function of dropl t ize and density distribution require further 
fundamental investigations. 

4. ELECTRIC FIELD SENSING 

109 

Equally signif icant as th discharge problem itself, is the magnit url· 
and polarity of the potential between the cargo hook and the ground. Th 
two fol lo.oJing n thods _have been r.0n~idered for sensing of th electrostat ic 
field between the hel ,copter dnd ground oc. a mear,s O determine this 
potential: 

*Laboratory experiment showed that a single soray nozzle can produce 
d d1scnarg cu rrent ,n excess ot lu uA un~er optimized conditions. 
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4.1 Corona Discharge Noise Indicator 

As a body charges, a concentrated electric 
field i. produced at sharp points and extremities. Eventually , 
the field at those points becomes sufficiently large to go into burst 
pulse corona. This type of corona was first i~vestigated by 
Hr. Trichel in 1938.7 These pulses of ms duration h'\:re a short 
rise time, and occur at nearly periodic frequencies. This induced 
noise may be used as a measure of the charge the helicopter carries 
for defined discharge tip conditions. Preliminary laboratory 
experiments indicate that above 5000 V this method is indeed feasible. 9 
Considering the f ct that it may be possible to use in part the 
existing c01m1u icat ion gear within the helicopter, this approach may 
be indeed very simple and inexpensive. The results obtained so far, 
however, have to be refined. 

4.2 Electro tatic Field Sensing Methods 

A dif ercnt me t hod,which has been studied in some detail, is a 
modernization and miniaturization of the classi al "field mill" which 
orks according to the following principle: 

A homog ous electric field E,induces in a plate of area A, 
an opposing positive and negatl ve charge q • Ar. E. For example, 
with A • I cm8 , '? ::a 8 .86 x 10-u coulomb/Vern, and O E = 10 V/cm (for a 
helicopter potential of 3000 Vat 10 ft height}, q becomes 8.86 x 10-i ~ 
coulomb.This charge causes a voltage u0 at the Input electrode of 
the probe amplifier equal to q/C .. With a total amplifier Input 
capacity C. • 20 x 10-1 8 F, we ·otta in a de s I gna I of 44 mi 11 i vo It 
controllin~ e ither the grid of an electrometer tube or the gate of a 
H0SFET, depending on the device choice for the amplifier input . This 
ini tial voltage u0 , tends to decay across the input resistance R. 
( typical values for R. in the order of 101 3 0 can be attained wit~out 
sacrifice In amplifie~ stability). The instant neous voltage u,of 
this decay is u•u exp (-t/T) where the time constant T. = R.C. = 20 
seconds. If the O probe Is ieriodically shielded for relltively 1short 
intervals t - t in comparison to the exp sure intervals te (wh~re t 
represents rthe e exposure repetition period), then the charge r 
d istribution on the probe induced by exposure to the field collapses and 
the amplifier signal u. returns to zero. Furthermore, if this field 
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exposure repetition time is t ~.IT,, then the amplifier input voltage tays nearly constantru ~ u 1durlng pulses of the length t . With integrating RC networks follow?ng the probe amplifier having e a voltage gain G, an average output volt ge u , proportional t o the probed electrostatic field strength is available at the amplifier output 

-ll :: G u 
0 

te G A e0 E te - -
tr Ci tr 

The repetitive probe exposL•re may be acc0111> 11 shed In severa 1 ways. 

a. A rotating bl de alten, tely exposes the probe and shl Ids It from the unknown e lectrostatic field. 10 This appro ch has be n experimentally demons t r ted in a preliminary experiment . However, the single electrometer tube used for this experime t d id not exhl~Jt sufficient 1·neari t y between the applied electrostatl field and the output reading, nor did it exhibit a sufficient greement b en outputs when the polarity of a given field strength was ch nged . These deficiencies could have been eliminated by Including the electro­rroter tube into the negative feedback loop of a successive h igh ga in integrated operational amplifier. 

b. An electrom gnetlcally driven shutter or relay cont act, located above the field sensing probe, exposes or shields the probe alternately while a short between pr and probe case Is applied during he period of probe shielding. Recently, a similar device has become comnercially available fran Enviro/Tech Sciences and has been successfully tested. 

It is possible to attach a detector of this kind reduced to th size of a flashlight (including b ttery •~d a small telemetric system) to the cargo hook. However, the problem of protection, rel iabi I ity, and field distortion st' 11 needs further con lderat ion . 

c. Another me th od is the Inverted Van der Graaff appa ra tus. 11 A high voltage genera t or belt made from an insulating mate ri al . This belt trans­ports these cha rges int a metallic sphere act ing as Fa raday cage , where they are collected by brushes in order t o i nc rease t he potential on the sphere s urface . This concep t can be converted to op ra t as a charge detector if the fo ll°"'ing changes are made . The me t al spher must be incorpora ted into t he low r extremities of th hel icopter to as su the proper charge density. Charges on the sphere sur face must be t ranspor ted 
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tn rough an opening into the sphere cavity to the input terminal of a 
sensitive de amplifier located inside, This charge transport can be 
ccompl ished with a I chanis :-:: operating a p ·obe electrode that periodi­

cally appears on the sphere su rf ~ce, moves inside the sphere and 
ischarges into the ef fe c tive capacitance of the de amplifier input. 

The output level of the de amplifier is then proportional to th 
helicopter charge and can control a flui d discharge from the helicopter. 
The term "i nverted Van de r Graaf " has bee n coi ned to indicate charge 
dep leti 0n rather th n charge generation on the spher . As yet, no 
expP,. iment c; hr1 11P ~ ~ ~ -- Prient this inverted Van d r 

I • 

5, INFOR14ATION PROCESSOR/INDICATOR 

After field str ngth and field polarity is determined by the 
p(obe, the information must b, evaluated and processed to initiate the 
discharge mechanism nd steer the ind i CH tor 1 i gh ts. In our exper i rnenta I 
system, the signal at the output of the probe amplif ·er stages still 
consists of pulses proportional to the strength of the electrostatic 
field sensed during the exposure periods. The polarity of these 
pulses corresponds to the direction of the measured field, In the 
W 100 field probe/'" for example, these pulses range typically from 
+2.5 V to -2.5 V for full scale meter deflection in both polarities. 
The dynamic range of the field probe can be adjusted to span the 
maximal expected helicopter potential range at hovering height by 
probe gain adjustment. If for example,the airer ft is considered 
11safe11 at potentials below 2 kV absolute, the probe output pulse 
level could range from+0.25V to -0 . 25V for the 11safe 11 region (assuming 
an electric field below 700 Vim}. This is considered a reasonable 
threshold range to initiate the corresponding digital information 
processing by driv ing the input of the lab designed discharge control 
circuitry shown in Fig. 14, The input pulses are amplified with a 
Fairchild type uA 741 integrated linear operational afl1)1ifier wired 
for a closed loop gain adjustable with the threshold control from 
4 .. 4 to 22. If the discharge is to be initiated above a 0.25V input 
magnitude, the threshold control is to be adjusted for a close loop 
voltage gain near 10. 

The center portion of the schematic diagram in Fig. 14 exhibits 
a synmetry below and above the comnon ground line . The upper part of 
this synwnetrical portion processes positive pulses and the ICMer 
part processes negative pulses com ing from the operational 

*Calibrated Electrostati c Charge Detector, Model WlOO,Enviro/Tech 
Sciences, Inc ., Newton Upper Falls, Mass., 111od ifie rl in t'ie labs to 
match the app l icaticn requirements. 
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amplifier output. The network,conSisting of eight silicon diodes, 
separates these output pulses by polarity and lim i ts their magnitude regardless of polarity to 2.1 V (3 diock drops) across either charging capacitor. 

Thens second gaps between the 2.5 second pulses (typical for the W 100 probe) are fi lied in by ch rge storage in either 60uF capac itor, each discharging into a 39 KO resistor in the absence of a sign I with 
a time constant of approx im tely 2.4 seconds . Two t! ni itter f o ll™er stal,c·, one f or each polarity , function as impedance transformers and sink the · ' from the fol lowing diode - trans mitter logic ~OTL) stages. Subsequently, e ither DT transistor can actuate the discharge control relay D, and the OTL transistor for n gative going pulses can also control the nozzle bias reversal relay P. One of the following situations exi tsfor an operationa amplifier gain o 10 : 

a. For input levels above-t-0.25 V, the NPN emitter follower raises 
the voltage across the 2700 resistor above 1.4 V, and a base current 
will flow into the NPN DTL trans istor which triggers the driver or 
relay D and initiates a fluid discharge wi th the proper bis polarity while the red warning light is on. 

b. For input leve ; below -0.25 V, the Si-PNP emitter follower causes the voltage across he 270 O resistor to go below -1.4 V; as a result,the Si-PNP DTL transistor beccmes conductive and triggers the driver for relay D and the driver for relay P. This initiates the discharge with the opposite bias polarity while the red warning 
1 ight is on. 

c . At Input levels between ,:t0.25 V,neither emitter follower produces a voltage magflitude above 1.4 V across either 2700 resistor and no DTL transistor can conduct as neither base is driven. The green safety light indicates a safe helicopter potential. 

6. OVERALL. SYSTEMS TESTS 

The general concept of an overall system that encompasses field sensing and active discharge system with Information rece iver and processor has been shown in Fig . l, and a photograph of e actual 
!etup Is presented in Fig. 15. Before the current version of the discharge control,as shown in Fig. 14,was completed , an earlier and 
simpler circuitry sensitive only to positive helicopter potential against ground was used to test this overall systems concept. For 
optimum W 100 probe location within the electrostatic field be ween 
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fusel ge and ground, a battery operated and Iser triggered winch was designed, bui lt,and mounted onto the fuselage. The minia~ ire hoist motor was controlled by a digital circuitry that changed to the approoriate up, down, or stop mode when orie of thre corresponding photo ensit ive resi tors mounted ear the control box were laser illuminated. The entire circuitry,shown in f'ig. 4,is n eded to control th h ist ~~tor (while the dual-sensor portion on this circuit is suffi ient for laser beam c ntrol of the v cum contactor). 

During hese preliminary ystems te ts, using single polarity s nsing o ly, it was demonstrated that the fiel initi ted helicopter di h rg works well wi~h pa sive and active discharg system. Th r peti ion of t he experiment with pol rity independent ie ld sensing and ti discharge spray is scheduled for the near future. Lat r fields nsor will be mounted as a separate and ind pendent pac ge car hoo and linked with the remaining portions by r dio contr I rather than by direct line connect i Jn, as in the present t p. Th isch rge control ci rcuitry,shown in Fig. 14,will be xpanded . usi g a radio receiver at the inp t , and the probe un it wi II 
d wi th a simple telemetry tran mitter. The carrier will be propo rtional to the level and pol rity of th pro output 

7. FUTURE EXPER IMENTS 

There ar several subjects which will b explored in FY-72 fund bee avail bl . 

a. Fur th r laboratory experiments will be performed which permit a ore reliable basis for optimization of the acti ve dischar system. o t efforts wi 11 be devoted to multiple spray nozz le arrays. 

b. Major emphasis will be on a sequence of test flights t o study performance of system ele nts under actual field conditions. 

c. An effort will be mad~ to characterize extreme operational condit ion~ in severe dust or snow environments. Very little is known in this area and the exi ting requirements are only derived from a caling of experi nts from smaller helicopters. 

d. Exp riments wi II be conducted to asses th merit of the inverted V n d r Graaff concept. 

The drop density and size distribution for the v ri0us fluid discharges will be investigated experimentally in order to optimize indiv idual nozzle designs for maximum discharge curr nt pr unit discharge fluid 
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8. SUMMARY 

a. Feasibility of the dielectric discharge for the purpose of 
discharging a helicopter has been establishe~ in passive and active 
mode operation within the present l imitations discussed in this report. 

b. Miniaturized solid state circuitry has been developed in 
breadboard form for field sensing and for appropriate information processing. 

c. All preliminary systems elements ave been tested separate! 
and as a unit. 
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