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FOREWORD

This report was prepared by Collins Radio Group, Rockwell International,
Cedar Rapids, Iowa under USBM Contract Number H0242010. The contract was
initiated under the Coal Mine Health and Safety Research Program. It was

administered under the technical direction of PM&SRC with Dr. H. K. Sacks

acting as the Technical Project Officer. Mr. Frank Pavlich was the contract

administrator for the Bureau of Mines.

This is a summary of the work completed as part of this contract during the

period April, 1974 to March, 1976.
This report was submitted by the author on November 30, 1976.

This report covers the mancarried and helicopter receivers part of the contract.
Additional reports for the transmitter and downlink receiver complete the-

final report package.
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INTRODUCTION

This final report covers the Man Carried and Helicopter Receiver Portion of

USBM Contract H0242010. This contract consists of three separate tasks that
include the packaging of waveform generators, design and building mancarried

and helicopter receivers, and the design and packaging of a voice downlink
receiver with a waveform generator. The final report for the packaging of wave-
form generators has been comp]éted. The downlink receiver task is now in
process and a report will be written at the completion of this task. The

three reports taken together will complete the final reporting requirements

for contract H0242010.

The design and building of mancarried and helicopter receivers portion of this
contract consisted of the design and build of 15 mancarried and 5 helicopter
receivers. These receivers are used for trapped miner Tlocation during a

mine disaster. The helicopter receiver is a six channel ULF receiver used to detect
a ULF transmitter that would be carried by a miner and turned on during a mine
disaster. Immediately after a disaster a helicopter is flown over the area

and with the aid of the helicopter receiver coarse location, and the active

channels are determined. Final precise location is made with the single channel

mancarried receiver..

15 mancarried receivers including antenna and headset were built and delivered to
the Bureau. 5 helicopter receivers including headsets and a 50 foot tethering
cable to support the suspended helicopter antenna were delivered to the

Bureau. This production experience has resulted in a firm producible electrical

and mechnaical design that can now be manufactured in quantity.

The information in the following sections discusses the details of the

mancarried and helicopter receivers. From Phase I - Define problem and identify



possible solutions through Phase IV build and deliver production units. A
phase V documentation is provided under another package that includes schematics,

parts list, fabrication drawings, production test requirements, and instruction

manuals.



2.0 PHASE 1 DEFINE PROBLEM AND IDENTIFY SOLUTION

This section will discuss the receiver requirements and present the
receiver electrical and mechanical design to fulfill these requirements.
Other design information such as uplink signal to noise ratio, filter

response, antenna design and battery comparisons are included.

2.1 RECEIVER DESCRIPTION

The mancarried and helicopter receivers are used to detect and locate

the position of a pulsed transmitting antenna below the surface. These
receivers operate from 1050 to 3030 hertz and use a loop antenna approx-
imately 15 inches in diameter to detect a null in the vertical magnetic
field of a transmitting loop below the surface. The transmitting antennas
are a portabie 90 foot loop or a fixed 400 foot loop. Location depths to
1600 feet have been detected. The position directly over the transmitting
antenna is indicated by a null in the vertical magnetic field. This null

is indicated by a panel meter and a headset on the receivers. The heli-
copter receiver is essentially six mancarried receivers in one package with
two operator positions that enable switching to any of the six channels. The
helicopter receiver also uses a loop antenna that is suspended 50 feet below

the helicopter to provide isolation from helicopter electrical noise.

2.2 RECEIVER SPECIFICATIONS

The following receiver specifications are the final design values. Changes
from the original specification are as follows: Bandwidth changes were made

to provide a reasonable cost filter, BNC output connectors were eliminated
because of limited panel space, mancarried rechargeable batteries were replaced
by primary cells to provide better service, the helicopter receiver was

changed to have two operator positions to provide better operation.

2.2.1 MANCARRIED RECEIVER
Receiver Bandwidth
3 DB points NMT 30 HZ
60 DB pointw NMT 125 HZ
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Sensitivity
.05 microvolts for 6DB S+N/N ratio.

Environmental Requirements

-40¢° to +50C°
Waterproof case, connectors and switches.

Operator Controls

On-off, battery test,frequency select, and gain control. Antenna hand held

and manually oriented to select field component being measured.

Frequencies
Designed for Channel 18,1050 to Channel 5[,3030 HZ. Channel frequency (HZ)

= Channel No. X 60 - 30. Channel 2 to 16 and channel 52 to channel 99 available
with reduced performance, due to 1000 to 3000 HZ bandpass filter of first

stages. Channel 17 and 1 are unuseable.

Signal Strength Range

.05 Microvolts to 100 microvolts

Shelf Life

Five Years

Power

Four 3.0 volt lithium batteries LR 660

Continuous Operation Requirement

Unit shall operate continuously for 120 hours, with fresh batteries.

Measurements

A visual field strength meter is provided. A XTAL headset is provided.

Antenna

Potted 500 turn loop approximately 15 inch diameter.

-8-



2.2.2

Intrinsic Safety

Approved by Mesa Permit number 331.

HELICOPTER RECEIVER

Sensitivity
.05 microvolts for 6DB S+N/N ratio. .5 microvolts without pre-amplifier.

Receiver Bandwidth

3DB points NMT 30HZ 60DB points NMT 125HZ

Environmental Requirements

-40¢° to 50c°

Operator Controls

On-off-battery test, frequency select, gain control and receiver select.

Receiver select allows two operators to select any of the six receiver outputs.

Frequencies
Designed for channel 18, 1050 HZ to channel 51, 3030Hz. Channel Frequency (HZ)=

Channel No. X 60-30. Channel 2 to 16 and channel 52 to 90 available with

reduced performance, due to 1 to 3 KHZ bandpass filter of first stages. Channel

17 and 1 are unuseable.

Signal Strength Range

.05 microvolts to 100 microvolts.

Power

12 VOC rechargeable lead acid battery. Can operate from external 12 VDC auto

battery.

Operational Use

With 6 month maintenance recharge. Unit will operate a minimum of 8 hours.



With 8 hour recharge unit will operate for 16 hours.

Antenna

Potted 500 turn loop approximately 15 inch diameter. Includes 20DB preamplifier
and voltage follower powered from receiver. Antenna is suspended by 50 foot

cable.

Measurements

Six visual field strength meters and two switchable headset outputs are provided.

2.3 Mancarried Receiver Electrical Design

The required minimum detection of .1 UA/Meter field results in an antenna

voltage of
VoS = 872 X 1077 AfHn
N = 500
Ha= .1 X 1076 Amp/Meter
f =1 KHZ
2

A = .113 Meter
For the above antenna, H field and frequency,
VOS = .044 Microvolts

.05 microvolts requires a gain of approximately 160 DB to obtain an acceptable

level to drive the headset and panel meter.

The required gain of 160DB would not be stable if the ga1n>is all at one fre-
quency, therefore the gain distribution and up conversion of figure 1 was
chosen. This frequency scheme provides isolation for input and output freq-
uencies except for channel 17 (990 Hz). At this frequency the isolation

provided by the XTAL filter is not sufficient to eliminate oscillation, so

-10-
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2.4

2.5

that channel 17 1is unuseable.

A complete block diagram of the receiver including the synthesizer is shown

in figure 2.

The received signal is amplified 80 DB and filtered before mixing with a
variable injection frequency from the SMO to provide sum and difference frequencies.
The sum frequency (upper sideband) 50130 Hertz is passed by the selective

50130 HZ XTAL filter. A1l other frequencies are rejected by the filter. After
passing through the filter a second mixer with a fixed SMO injection frequency
of 49152 Hertz results in sum and difference frequencies of 99 282 Hz and 978 Hz.
The difference frequency is amplified 80 DB while the sum frequency is
completely attenuated by a Tow pass filter. The resulting 978 HZ signal drives
the panel meter and the headset. A1l incoming signals 1050 to 3030 Hz are

converted to 978 HZ by this conversion scheme.

HELICOPTER RECEIVER DESIGN

The helicopter receiver design is identical to the mancarried receiver except
that the first 20DB of gain is removed from the receiver and put in the antenna
package. Figure 3 shows a block diagram of the multiple channel helicopter

receiver.

MECHANICAL

Preliminary layouts of the manpack receiver and helicopter receiver were completed
during Phase I. The manpack receiver is comprised of a hydroformed aluminum

can with spotwelded beltloop and fusion welded nut blanks. The cover is an
investment cast aluminum with a recessed gasket surface and projecting edge to
offer protection for the connectors and controls. A vacuum-formed polycarbonate
cover is slipped over the top of the receiver for protection against dirt

during long periods of storage. A picture of the mancarried receiver is shown

-12-
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Receiver System.
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2.6

in figure 4. Additional detail can be obtained from the documentation package.

The helicopter receiver consists of two sand cast aluminum sides which serve
as handles and protection for the front panel and the connectors and power
cord on the near panel. Heavy gauge aluminum sheet will be used for the
remainder of the chassis to provide a low cost, light weight, yet rugged unit.
A picture of the helicopter receiver is shown in figure 5. Additional

detail can be obtained from the documentation package.

_FILTER RESPONSE

The filter pulse response for a practical three pole butterworth filter, similar
to the filter considered for this design, and a minimum ringing Gaussian filter

was theoretically investigated.

Figure 6 shows the theoretical dynamic response of a three pole butterworth
bandpass filter with figure 7 showing the dynamic response of a Gaussian band-
pass filter to a 100 ms pulse. The pulse is a simulation of the input signal
to the receiver from the waveform generator. The graphs simulate the response

of the receiver to the pulses with nominal 10 Hz bandwidth.

From these graphs, it can be seen that although the Gaussian filter does exhibit
minimum ringing, no apparent over shoot or objectionable ringing will occur for

the three pole butterworth bandpass filter.

-15-



f 94nbL4




/

31 Ay
440

o
H3IMog

® .

I9HyHy

(ZthZd__ }ﬁmtd_m

g Z 1saH
9=

....%;

SaH

o...

mmobwmm ¥ADY

G 9J4nbl 4

13NNV HY




o;n .p xam 10m x:w 1.m 14m

RELATIVE QUYPUT

2

3-POLE BUTTERWORTH FILTER
1 UNIT= ,876 VOLTS

10 HERTZ CRYSTAL FILTER RESPOMSE TO UNIT 100ms PULSE
FIGURE 6

.40 .50
T(SEC.) -18-



8 GAUSSIAN FILTER
- 1 UNIJT= .944 VYOLTS
§4 10 HERTZ CRYSTAL FILTER RESPONMSE TO UNIT 100ms PULSE
FIGURE 7
g
g,
8
—
e |
ER
(o )
ud
>
_
T8
il
x©

3 ol "'l

-

.30 .40 .50
T(SEC.) -13-



2.7

Receiver Noise Figure and Antenna Determination

Phase I theoretical investigations were completed relating to antenna
design and receiver noise figure. The resulting calculations determine
the minimum loop radius, for a given loop weight, that if this radius is
increased beyond the minimum size, nothing will be added to the reception

of the signal or its received signal-to-noise ratio.

This minimum radius for the receiving antenna is:

)

- -7 ) -
* a ~ 3.968x10 1 |7¥nAt
i, W

Where

Total receiver noise factor

-n
ti

Hh > Minimum noise field in ua/m for bandwidth 4f

Loop weight in Kgm

f = Receiver frequency in Hz
af = Receiver noise bandwidth in Hz
? = Amount received ambient noise is greater than internal re-

ceiver noise.

Using this equation with® =10, f = 1 KHz, W = 3.46 Kgm, F = 31.62/15 db,
af = 10 Hz, and Hn = (.05 uva/m the minimum radius for an untuned receiver

is 9.48 inches which is close to the radius of the present loop antenna.

* For derivation see R. P. Decker, "Signal to Noise Analysis for Loop-

to-Loop Mine Communications", Final Report Contract H0232056 Page 5-10.
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2.8

From these calculations it currently appears that both the mancarried
and helicopter receivers can be broadbanded eliminating any tuning

capacitors.

Re-examination of Uplink Signal-To-Noise Ratio

The following Figures 8 and 9, are propagation calculations for ex-
pected S/N0 (for a 1 Hz bandwidth) using the newest NBS noise data

available 21 December 1973.

Calculations were made for both Mean Surface Moise and Minimum Surface
Noise Grades using both a 100 foot transmitting Toop and a 400 foot trans-

mitting loop. Overburden depths varied between 50 meters and 300 meters

for conductivities of 0.01 mhos/meter.

Although these calculations have no direct effect on the actual design,
they can be used to determine what effects various transmitter loop

sizes and powers have on the surface fields.

-21-
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2.9 Battery Selection and Charger Results

2.9.1 Helicopter Receiver

Two 6 volts 4.5 A.H. batteries are required for the helicopter receiver.
The choice for these batteries are the Gates lead acid cell type. The
other battery considered was the Globe gel cel. This battery was dis-
carded in favor of the Gates because of the amount of hydrogen and oxyagen
vented. The gel cell has a low pressure seal that vents easily during
charging, whereas the Gates has a high pressure seal that has a minimum
amount of venting. This venting of hydrogen and oxygen is deemed unde-
sirable because of corrosion and possible explosion in a sealed, water-

tight enclosure.

The 4.5 A.H. battery will meet the 8 hour operation requirements between
charges. The requirement for 6 hour operation after a one hour prepara-
tion time can also be met, but it is recommended that a 6 month maintenance
program be established so that a one hour fast charge preparation time

is not required. The reasons for establishing a six month maintenance
program are that lead acid battery manufacturers do not recommend storage
in a discharged state, deleting the fast charge will simplify the charger,
and operation readiness will be enhanced. The Tow self discharge rate of

6 - 8% per month with a 6 month maintenance charge will provide the re-

quired 6 hours of operation without a one hour preparation time.

The charger for the helicopter receiver will be self-contained and will
consist of an integrated circuit U723 regulator in a constant voltage

charging configuration.

-24-



2.9.2 Manpack Receiver

Two 6 volt 1 A.H. batteries are required for the manpack receiver to pro-
vide the required 20 hours of operation. A Gates cell of this size is

not available so that a choice had to be made between a Globe gel cell,
Ni-Cad or Tithium primary cell. A detailed comparison of all of

these battery types is shown in Figure 10. The gel cell has venting prob-
lems and the Ni-Cad has poor self-discharge and a cell reversal memory
problem. The Tithium primary cell is lightweight, has long shelf Tlife

and appears to be ideal for this application but is not rechargeable.

The 1ithium cell would not require a 6 month maintenance program, but would
require a shelf life replacement time of 3 - 5 years. The 4 AH would
provide approximately 80 hours of operation. No preparation time or

charger is required.

-25-
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3.0 PHASE II DESIGN EQUIPMENT

3.1 INTRODUCTION

The following information and data were the recommended phase II design
for the receivers of the "Waveform Generator Package and Receiver",

contract No. H0242010.

During this phase, the outlined solutions from Phase I were used as
a guide and the receiver circuits were designed, breadboard, and

tested. The final mechanical configuration and design was completed.

Electrical design, schematics, significant test results, mechanical
design, drawings and selected specifications were presented for Bureau
comments, changes and approval. This section reflects the final design

with all changes incorporated.

3.2 _ELECTRICAL DESIGN

3.2.1 Man Carried Receiver

With reference to Figure 11, the schematic of the man carried receiver,

a description of the receiver operation will be discussed.

The received signal picked up by the antenna ranges from .1 UA/M to

100 MA/M or .05 UV to 50 MV. To raise the minimum voltage to a 1V

level without Tosses to drive a headset requires 146 dB of gain.

The first 40 dB of gain is obtained by two FET stages. The low noise
characteristic of FETS are used for the first stages to obtain the required
S+N/N ratio. The last FET stage is buffered by an emitter follower

before the next 40 dB of op amp gain. This operational amplifier

-27-
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is configured as a high pass active filter to further reject noise outside
of the desired receiver bandwidth. High frequency noise is attenuated
by the inherent high frequency roll off of the op amp and the feedback

capacitor at the emitter follower.

The received signal is then mixed with the variable injection from the
synthesizer to produce sum and difference frequencies. A 1,050 Hz
receivéd signal mixes with 51,180 Hz to produce 52,230 Hz and 50,130 Hz.
The 52,230 Hz is rejected by the crystal filter while the 50,130 Hz signal
is passed through the filter with 1ittle attenuation. After buffering
and matching by an emitter follower, the 50,130 Hz signal is mixed with
a fixed injection frequency of 49,152 Hz, producing a 978 Hz and a

99,282 Hz signal. The 978 Hz signal is passed through the final two

op amp stages with a gain of approximately 80 dB. The op amp frequency
response is rolled off above 1 kHz so that the 99,282 Hz image is
rejected. This final 978 Hz signal drives the headset and meter circuit.
This offset frequency scheme provides isolation between the input signal
and output signal to minimize the possibility of oscillations caused

by coupling between the antenna and output circuits.

The Targe (120 dB) of signal range .1 UA/M to 100 MA/M is accommodated
by 3 FET attenuators controlling 3 gain stages. These FETs are used
as voltage controlled variable resistors all being driven by a single

volume control.

The receiver is powered by four 3.0 volt lithium primary cells. These
cells are configured to provide +6 volts and -6 volts. Battery life is

estimated to be 80 hours. The batteries are made intrinsically safe

by the addition of a small internal resistor by the battery manufacturer.

-29-




3.2.2

Frequency Synthesizer

Figure /2 1is a schematic of the digital ULF synthesizer which derives
a total of 34 discrete RF output frequencies by using a single phase-
locked RF frequency determining loop. The accuracy and stability of
the derived RF output signal is identical to that of the self-contained
frequency standard. Additionally, a single second injection frequency

is supplied.

The synthesizer is composed of two major sections: frequency standard
section consisting of a 245.76 kHz reference oscillator, reference
oscillator divider, and second injection reference divider; and a phase-
locked RF frequency determining loop consisting of variable divider,

discriminator VCO, buffer amplifier, and output amplifiers.

The reference oscillator, reference oscillator divider, and second injection
reference divider supply fixed frequency signals. The reference oscillator
1s a crystal controlled anti-resonant oscillator circuit consisting

of one gate section in a 4049AE C-MOS Hex buffer and a 245.76 kHz

crystal with associated capacitors and resistors. This crystal oscillator
drives both the reference divider and the second injection divider. The
reference divider employs a C-MOS 4020AE 14 stage binary divider using

12 stages to divide the 245.76 kHz to the desired 60 Hz reference fre-
quency for injection into the phase-locked loop. The second injection
divider takes the 245.76 kHz output of the crystal reference oscillator

and by use of a C-MOS 4027AE dual J-K flip-flop and part of a 4013AEt

dual D flip-flop, divides the crystal frequency by five to obtain the
49.152 kHz which is amplified and buffered in two additional gates of

the 4049AE and supplied externally for the second injection signal.
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The phase-locked RF frequency determining loop consists of a 853 to 886
divider, a C-MOS phase-locked loop and various amplifiers. The RF
frequency originates from the VCO contained in the C-MOS 4046AE

circuit. This VCO is set to cover the proper frequency range 51.18

to 53.16 by the addition of a capacitor on pins 6 and 7 and by the
application of the proper control voltage into pin 9. The output of

the VCO is buffered and supplied two places: the output amplifier

which drives the first mixer of the radio, and the variable divider
which is controlled to divide by 853 to 886 and drive the phase comparator
in the 4046AE pack. The phase comparator in the 4046AE pack compares
the variable divider signal with the reference divider signal of

60 Hz and supplies a DC control voltage thru the Tow-pass filter,

CR1, CR2, R1, RZ2, R3, C4 and C5 to the VCO control. The VCO frequency
is divided by the variable divider until it is 60 Hz. Setting the vari-
able divider at 853, channel 18, for instance will force the VCO to

go to 51.18 kHz where the loop will become balanced. Likewise setting

the divider to 886, channel 51, will force the VCO to go to 53.16 kHz.

The variable divider consists of three sections; a programmable section
consisting of two presettable decade dividers, a fixed divide-by-eight

and state recognition-reset circuitry. The complete divider uses a

total of five and one half integrated circuits. The divider has a
division ratio capability of 800 through 899 but produces the required
ratios of 853 through 886 in response to channel number (18 to 51) in

BCD encoded form. Division ratios are accomplished by setting the counter
to the channel number in BCD and allowing it to count down through its

sequence. Note here that the 100's counter is fixed = 8 so for channel
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3.2.3

18 it is set to 818. It is allowed to count down through zero and on to
the recognition state of 967. It then takes one more count to trip the
strobe flip-flop (1/2 of 4013AE) and one more count to strobe in the dial
setting which also supplies a pulse to the comparator input of the 4046AE
pack. The sequence then continues again. The counts add up as follows:
with the controls set on 18, 818 is set into the counter. It counts

down through zero to 967, 818 + 33, and requires two more counts to
completely reset, 818 + 33 + 2 = 853 the division ratio required for
channel 18. If channel 51 is desired, 851 is set in and counting down
through zero to 967 plus two more for resetting gives a total of 886,

851 + 33 + 2 = 886, which is the division ratio desired for channel

51. The 967 count is recognized by gates 400TAE and 4012 as

Moofi} -of 10 - p]11. The other bits are redundant.

Helicopter Receiver

The nelicopter receiver schematic seen in Figure 13 1is the same basic
receiver as the man carried receiver. The first FET stage from the basic
receiver is installed with a voltage follower at the antenna. A

voltage emitter follwer is required to provide buffering and a Tow
impedance source to minimize pickup. A schematic of the antenna,

and pre-amp is also seen in Figure 14.

The helicopter receiver is powered by a gates sealed lead acid recharge-
able 12 V battery with a center tap to provide +6 volts and -6 volts.

A self contained charger is supplied. The charger is an off the shelf
low cost limited temperature range power supply that is readily packaged

into the receiver case. The capability to operate from an external

-33-




CPL/ Ao eN3ud

TTOL TTA3W O3y R diN X oud

i-30-

Y Z-HGIG on 3daL ASSY Lx3n
= 133us %m\cﬁzmiom D € NOIID3MOHd 31ONV OUIHIL — ~ 100-00¥S-095 O1 ATdWOD TIVHS 1va
Z 010 G330X3 O1 LON SiXVY NY * §20 0330X3 OL1 LON SIXY Ny
%, R2be-Se9 661VET 0 NO SHILIWYIQ NIIMLID ALIOHLNIDOI|NO SYILINYIQ NIIMLIE ALDIHINGDOT
ON oma| IN301 3009 | 3215 L01F 'SIIONY OUF S110NY INON
ST/ STy N OAdv S00' ~B00 + =~ . 00§ HIAQ £10-020+ = i) £ 2k HIAD
$00 -900 + = ' 0CS Ol 152 £10-S1'0+ =0 £ 2} OL 869 HSINI3
. <4 WHD 500 =S00 + - \'1§Z HIANN €10-E1'0+ = ¢ BE 9 UIANN
. SH313WVIG 310H ‘SUILINVIQ 310K
2LAANIH IS sijocion YN " Zy3ua] 800 = = xxx 207 = xx WG | 1NO 101 20% = XX ‘SOF =X ‘WIQ DIMLIN NO 101 3NON
RIS w ave .Mi‘oro_ UA_(DJ«L ,Wu_.;a__..,..__mnm,r.ﬂ XI1 Sviivo b= [} AHYWOL1SND SN OIH13W _
IXDONI NI NV SONA O INOISNIWI TONIS H 0
NOILVHOJHOD TVNOILYNHILNI 113MID0H ON 1DVHINOD R R I e o oM S T NS 1y v e wiaivm
M .« | —
LT -J“ w mhkrs Adx g \ c .ﬂ,l.;l!. —
Q/././ - [ ,.L:”ﬁ I_.t 48T g | 1 -
m...” wo o 1 i By .
— o / (2 voos
€1 a4nbi4 ™ o L N o il
- — i : t h i
ol | Do
: i h “tyel t
- i - ﬂ..r N I/_/ REY .«'Lv\‘ we treiv co ! | tus s
3 ETs A J X —
$ 4 9 : T T\? 2- =0 ,
Y2119224 o« w Siwn saos ! _ 22 w oy
H 1 \ i >
D : 2 ﬁ ! Aes
P | L MINDIS S | ! S Irses
. : Ay302¥.
[ = &:.V ! =2 S TeNHILY T
L el N RS
K4 el 3 e " = A !
2w owar | - et IS
_ I _a~ 11 ool P ' , : w
NV i i » Saitan S~ 9d ‘ {
" 34 - c o
SR ; Y2 TS !
2+ Ky P ! ~ ! i
re A T PR i : ,
2040034 N N0 ) | . =
. 17 H . v 1
T R .
i ! P
., L N W N -
N - 7 4 B !
q | ? ' M o 4
¥ ~ NS S INIDIY Sily Loy Aghr Cv» A - m
] y 1 i . H /LSA R
) 1197 »ﬂﬁ IR H : i rll..l.“..lﬂ L —J JH,.}L
i ! P ~ ! i H - wIserH ,
L N ! i ﬁ o= M | 290600 Lwessmis )
! _ i ! ! T T Al CIiFI9Th
i ! P, I O T .Lx..&!uwn ;
! _ Pt I i . ssan sazs ;
| Cod | i
== e o, B
i I 1 O AN S M523 Sisem i
! { :
| S SN G S N S i ; )
, o = ‘ [ Lo a5 < PR
Lo e ’_TL_ HIA\ —
H v v N -
“ - S — _r - I_ w 9 A«x/ \ ' \"/\ //
e RN .J‘? » s — )
| - Sitan Saiz . ¢ . i J
p > \\ :
1ON L " N N
aisn 34 Ob —~ ’ L
ze. w%ﬁm “Ow w P = ! ~ 2 HIAITIIH st VL 27 2a 2L P Fog
F e ) J
i ] e —
QAdY aiva NOWLJRIOS3IO u11 ‘S3.0N
SNOISIAIY n
3
—— —_— — —_— —_— — s —_ — R ———— —_— — —



0170 TBNT NI T Tor T Tan [ [Jain[Jous

* TON 3dAl TASSY 1IN
Wow sl MRS w
mu:m_ _ 11%05 100-00+5-085 0L A1dWOD 1IWHS Ldvd
vI0 010° Q330X3 0L 1ON SIXY o
mm.v.m.—” m - NY NO VI3 NI3IML3IG ALIDININIDDD
‘ON 9MQ| INIG) 300D | 37!S Tnav .0'f5 1SIIONV
S00™-800"+ = VIO 005 Y3AD \
T s ., , . 600900 = VIQ Q0S” 0L 16T HSINLS
ity \y\\,.,: / ©GOO-COCT+ = Wi 162 MIGNA
F77 Vi YT = TSYTLINVID TTOH
T S0 dWdLenpn = e %20 = X WG 030
Vi 'SOidvy ¥¥31D WD "HOVIB (18OdMIN X3L'Sy1va NC 0L {STHINI NI 34¥ SHNOISNIWNIG
ANYdINOD 01avy SNITT09D ON LOVBINDD QAL TR LD SR WY 3
L sunbi3
HWooZ =7
]
PWNIINY 8
0\ 00 N ]
—_ = ) ith
worvive ) (T M Y
»y9 2.5 7 >
g 7 M Mol
P ) _
Lrdesg 55 VT b o nc—
t ol T
PVRE A
7020 y2zeenz
| “
* Sad0 QQH
: qs2
NOUDNAONG ¥ W
O4 Q3SN 38 OL 10N 095
INIWND0A QISYIIINN  ~
Q3A0NddY va NOHdI¥IS3a U $SILON
SNOISIAZY .
— Iy —— — —— e



12 V auto battery is provided. Access is through two spring loaded
binding posts. The two headset outputs can be switched to listen to any one

of the 6 channels.

3.2.4 Antenna Design

The equations used for the antenna design will be derived in detail
to show the various relationships between receiver design, antenna

parameters, and ambient noise.

Noise contributed by the receiver is first examined and then this noise

is used in the overall system noise evaluation resulting in an

optimum antenna design.

3.2.5 Receiver Noise

Before the antenna design can be completed, the noise contribution
due to the receiver must be used with the noise received by the antenna.

This calculation is as follows:

Assume a noisy receiver with a gain of A. The noise factor F is given

by:
Noisy Rec
in-#L Gain = A {» out (1)
Si/Ni Ideal

F = So/No Actual
where Si/Ni is the S/N at the input and So/No is the S/N at the output.

Both S/N ratios are expressed as a power ratio.
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The signal out equals the signal in multiplied by the gain A:
So = SiA

Substituting for So:

learranging:
No = FANi

Set the noise output Mo equal Lo a noise equivalent Neg at the input

multiplicd by the gain A:

No = A Neq
or
No = FANi = A Neq
F Ni = Neg (2)
Neg = F Ni

Noiseless Rec

p—0
é§ Gain = A No
{f\«ﬁ*.,__ -

~ Neq = F Ni

The total noise power of the receiver is expressed in terms of the

noise Tactor and the input noisc power Ni.

Now assume a gencrator source impedance of R on the input of the

receiver. The noise generated by this resistor R is given by:

NR = 4K TRaf
where K = Boltzmann's constant
= 1.38 X 10-23 joules/deq.
T = temperature, %K
=273 + OC
R = resistance in ohms
Af = noise bandwidth in hertz

-37-



3.2.6

Since the noise input Ni is Np, the noise in the generator R, equation

2 can be written as:

I

Neq = FNp

(F) (4KTRAT)

it

Neq

R Noiseless Rec

——————ral

@;"W—* A
e
“~— . Neq = F(4KTRaf)

Consequently, the noise generator is now in terms of the receiver noise
factor F, the generator resistance R, and the bandwidth Af. The

receiver can now be considered noiseless with a gain of A.

This equation is used in the following analysis of the loop antenna.

System Analysis and Antenna Design

Assume a .loop antenna with a received signal V sig, a received ambient
noise voltage VAN, and the total receiver noise VRN as follows:
"
= R (antenna DC resistance)
Receiver Noise V%N = (F)(4KTRAT)
Received Signal Véig = (8n2fNAX10~7Hs)?
Received Amb. Noise ViN = (8n2fNAX1O“7HN)2
,__J“L_OL antenna

NOTE: Vsig and VAN derived as Vgp in R.P. Decker's paper: Signal

to Noise Analysis for Loop-To-Loop Mine Comm., page 3.

f = frequency, Hz
N = number of turns
A = loop area, m2

Hs = magnetic intensity of signal, amps/m

= magnetic intensity of noise, amps/m.

o o
=
|
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Now for systems analysis, let the external ambient noise contribution

override the receiver noise by a

factor of n. In other words, let

n be the amount that V2AN is greater than VﬁN.

Vin =

or:

(812FNAX1077Hy,)2
Also, from page 6 and 8 of R. P.
Toop wire loss is:

RL =

i

where a

and Rw

where W
p =
o':

Substituting for R, in R;:

R, = (ana)(

()
¢

Substituting for R in equation (3) and solving for the minimal acceptable

R = R = 4u?N2a2

W

antenna radius a:
(8r2FNAX10"THy )2
[872fN(na2)X10-7Hy]

2n2£aXx10-7Hy,

a

nVﬁN

(3)

Decker's report, the equation for the

n(F)(4KTAfR)

2uNaRy
radius of loop in meters

?ﬂgﬂ_(pa in ohms/m

W ‘o
weight in Kgm
wire density in Kgm/m3

wire conductivity mho/m

"

nFAKT 4 £4:2N2a2 Qg
W 3

nFAKTAf4n2N2a? o\

. W G J

[uFKTAf gﬂ}l/Z

1/2

n

n

W ul

\'

1 I:nrmf /3;5}1/2

~ 107 /Hyf2ne W \o
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Substituting faor:

| ol ¥ "/“‘;'

o .
copper  6.57%10°93

oW

KT = 4X10721 JouTes

The minimal acceptable radius now becomes:
a> 107 1 (:MX]O‘ZMW 172

= 247 T \6.52XT0W
a> 3.968X10°7 1 [ aFaf \'/? (4)
fHy W

The Toop antenna radius is now in terms of the frequency f, the

ambient noise field intensity Hy, the noise factor F, the bandwidth

Af, the copper weight W, and the factor n.

The factor n will be related to the input signal and noise for easier

evaluation,

Assume a worst case S/N ratio of 6 dB or 4 for the tnreshold of detecta-

bility of the rcceiver:

2 -
V S_]_g______ o = 4
V?—RN + VZAN
or
V2sig = 4(VZpy + V2py)
substituting for VZRN = V2py
‘ n
V2sig = 4(V2py + VZpn)
n
= 42y (1+n)
n
Vsig = 2Vpy (1_+£> 1/
n

ysig - ksig = 2(1n) /% (s)
AN AN

The factor n can now be calculated.
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The minimum ambient noise at 1 kHz from Westinghouse Final Report,

July 1973, page 16, for winter is:
HAN(IS HzAaf) = 0.0236 ua/m

Also, the minimum detectable signal level is specified as:
Hsig = 0.1 pa/m .

Solving for n in equation (5);

Hsig _ 2 ]+r|\>]/2:0.]0

v 0.0236
M0 - /.050\2 _ 4.49
n .0236

n = 0.287 (6)

The antenna radius can now be calculated using equation (4):

a > 3.968 X 10-7_1_(@1\”2
fHy \ W )
where

n = 0.287 (from (6) based on S/N = 6 dB)

f = 1000 Hz (lowest frequency)

Hy = 0.0236 na/m (from Westinghouse Report)

F = 50 or 17 dB (measured in lab)
Af = 15 Hz (filter bandwidth)

W = 1.73 Kgm or 3.81 lbs. (same weight as used in Westinghouse units)
a =20.187 mor 7.37 in.

This is essentially the size loop that is presently being used in the
breadboard model. If the noise factor can be improved during the phase
IIT build, then the size of the Toop could be reduced according to
equation 4. Furthermore, if the weight of the loop is reduced with all

other parameters remaining the same, then the size of the loop increases.
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3.2.7

For example:
Let W = 1.0 Kgm
(Other parameters unchanged)

a = .246 Mor 9.69 inches

Once the final antenna weight and radius has been calculated, the
antenna's number of turns and wire size can be determined by

N =3.53 x 10% w (7)
dAc

where a is the loop radius in meters, W is Toop weight in Kgm,

and Ac is loop wire area in circular-mils.

Therefore, using the antenna weight of 1.73 Kgm and antenna radius
of 0.187 meters, the final number of turns can be calculated from

equation 7 selecting number 22 wire. This calculation results in the

following antenna parameters:

N = 508.7 turns
Radius = 0.187 meters or 7.37 inches
Wire Size = Number 22
Weight = 1.73 Kgm/3.81 1bs.

Significant Test Results

A complete breadboard of the receiver was constructed and tested.

The synthesizer and front end stages of the receiver were temperature
tested from -40°C to +50°C with satisfactory results. Frequency shift
was +1.6 Hz at 50”C and -8 Hz at -40”“C. Numerous battery charge and
discharge cycles were conducted to determine that the & hour allotted

charging time could be accommodated by the charger.
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A graph showing the attenuation range of the volume control is shown

in Figure 15.

S+N/N ratio of the receiver was measured to be 10 dB for an input

signal of .05 uV with a resulting voise figure of 17 dB.

A graph showing the XTAL filter characteristics with temperature variations

is shown in figure 16.
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3.3 MECHANICAL DESIGN

3.3.1 Manpack Receiver

The manpack receiver consists of a deep drawn aluminum can with an
investment cast aluminum cover (see Figure 17). The cover is complete
with a recessed groove for a molded gasket and projecting edges to protect
the front panel controls (see Figure 18). A1l switches and connectors
are a sealed variety in order to meet the water submersion requirements

of the receiver.

The three-sided inner chassis is attached to the front panel and mounts
two printed circuit boards on the sides of the chassis with a spring
steel battery holder on the bottom. Access to the four C-sized lithium
batteries is readily gained by removing two screws in the front panel
and 1ifting the entire assembly from the case. Battery replacement
exposes no more of the receiver's circuitry than the back sides of the
two printed circuit boards. For further maintenance, the removal of

the printed circuit boards is required.

A belt Toop is spotwelded to the case, enabling the receiver to be worn
on either a miner's or a conventional belt. Human Facotrs' recommenda-
tions were incorporated in the panel layout, resulting in a package which
can conveniently be operated when worn on either side of center by both
left and right handed operators, without interference from the handheld

antenna or headset cable.

-46-



{ =HSlgon3ea If <= -ASSY 134

DoLTeQeNgyd T 7oL —==A X vy B ddn T Oud Y ! Y iXIY
— | 123w [=NON 37vos t) & NOILOIFOWd 3TUNY OMikL = — 103-0C*5-CTS QL ATCWOD YIVNS 1HYd
M7 Newmn | — = = € 010 C320X3 OL LON SIXY NV L' §20 0730X3 O4 10N §'XV NY
Tz e 97-229,66VETL D NO SY3LIWIC NIIMLIE ALIOIKINIDO3 {NO SYILINVIO NIIMLIT ALISWINIDD2 INON
T o~ .utL 18371 3009 | 226 | -oO'L¥ S3ITONY JOVF SIONY
.\N\M\\, SNIAIN crav SCO ~ 000+ = 00§ Y3AO CUO-02'0+ = 0 L1 ¥3A0
00 -900'+ = € 00§ OL 152 CL0-5104 = ¢ 22ZL OL RCY WSINLS

1-HGIS . v . .
/2, h . =500+ = {* 30NN 0-CL0+ = 0 9C T HIACNN
- O21EYED NYIN ' &3AI3D3Y £ D S O a1 3wia 310 O a3 310w L/ F4 in\h\

- WOPALT Thaue w0 TOF XX vid [ N0 0F m¥X '§0F @)X IWIC DU LN NO 1
e sve v e v v o .\.tnf P Ry 11 AB¥INOLSND SN e )Epuﬂ il SNON
_.O.n«mOm..ﬂ.hﬁmu\wu.gmw«mm..w%:mvhu_u“n_vw._u\SZUOm 'ON 1DVYHINOD r,.N AMN_L”.,,urmg_.h.o\,u au%.uo% .w..wd ._J:Nunxwww_mﬁﬁ_” TWILYN
(AYN0 SINIVIIUNSGYIVE ABVIOLSND SNY 1S Sluvd 'ON HLVY] ¢OOI
WOLYNDISIO 43 syoN  fuminn| 3199 1) NOILAIIZSIT HO TLNIYIINIHON ON oy Lol Ao . .ﬂld
O3990 NUIRASSY WASIH0-QUe-Se9 1 |0° | ) = -
LSNA HINODICD-2l £-657 210" | (1) 10N 35S
h QCW L3S Q3| 100-25L6-55 € |O° |
I Q3NTHEY > N VNNALNYIQO-1SLL-555] k|0 |
S ANV 2LV 100-1191-55 S |0 ! )

“NMOHS SY XO¥ddY Q3.1VD01 R OL(S)'G
“LINN HLIM Q3dgIHS QNY Q39YNOYd 2T 01 (k) FI€)°h
*010-2090-L6&S ¥33 SCRYANYLS SIHSNYINHIOM ALNYND'E

| : WO LERD-0TS ¥t NMOHS SY XONIGY O3LYI0T H17 ASY T ATS VL MNYN 2
Ter | v | wewewsme jun “(A10-"ON QNS W2L)): S31ONIQ LNSCI WAL TYLIHININ 1 svon

- -47-




SO T TR T T R B

L3tee

¥n9d. . .

y {=HSiZim ES-NﬂQN!NNW.....H‘Aﬁ

Tt

= FLe-sgn 66FELD

=2 /5r ENZT AN M

S IiyEYD NN VTITRPTIR -

RUMSLIL BY- U

ASSY 834373

—L nd AT

HOTeMY I iy o AG (] %W

Tt T e L
AkYdN0d G!CYY SNINI0D

CN L2vWinNg)

{ Tisvadisrosn

TS s EFYDE o T WG DUiIA N0 WU

ETTEL)

T n s TR530TAT iAW Ja¥ SRORNTAS T8 HOLGS 18 Me 1420 53 17a00

e e R LA

INOV

MEINI

INvoN

e en———

TANIIYA

- . 18.3 Sidyd v 700 « ~ A1 7D o0 227
e e T e | Tl w IPOMS SON £ W
IR N R M SRR N XY 0O - ; \.S.NQW QFLYLOY
== S s ae T Y-y VO/LIOIS
L L O 2297 5375 QISSUIIZ0LLIELT 2 0 A=k}~ F-119X L-o¥  9-uSx  g-luux !
Lla DILAL SISTID 10)-CFET-ST9 £ 10° /) / 3o ws. W sas .
R TAIE Gl it 551t A IO A (2-%J)(s) heliOX  €-110Y 2-1IQY  lellex .
! 174 =272 pF: L0041 557, ClO" 7 t \ N
2ADTFLS I I A I S22 © 1D 1 0" (2) =) S \J
| NN] M iorn-C200-058 L 10"/ Y (] =) (- (=) ;
| €S 25 < A VIOt 1520167601 Qm 34 327 @ (G D Gy e = :
RS 1537900 w2y -695% 6 10° / o S___B . [ E<.y > e ererag ol 310 mﬂ
1l 1 - TIG YA @2 ST O  55 0 01 O N N o : S e ol
L Lns ey TR Qe reion /KA 1T g/ Ul I* . i .; il
VU T Gttty Qe T 4 S TG PO 7| ! : “”_
[ (M -3  n D 0V-SnD2 0T £1.0° 7 . w ...a
. ﬂ _ D D2 a0 VT DO RNy Ok %-.&V& =1 m.. NME |
ST A TNV G CAns =5 67 O K -y n 34 e |
! Y S I P e s o L Al (e-w X~ |IiF] 2L2E3 ) n o b
LD DSt OMont ECay 125-90- 222710 £ ' ) v T T
i S5 $S-I07Y AADS35020 AIIC-ZA1DI (O A m e | t-e J“_
i TOF e T AN LA NI I D6 O 2 : v st Ll =t
N LS7T "WSS CXo-£P15-9327 0210/ : o .u. n..u al It
) A A2 MRl el Y K R T A S ' - -3 L X
) S T R D A e et L H RS i K
! B I IVOT- 0N T R N L 333-9:00 S E 0 9 ._ 5-.” H”.-. o 1.
DM A2 \FFEITAUTRI 502820 D ] T = vor
XIYO T oL 5N FN 00hs1 226 S 210" 9 . ’ «QQ«\N&OQ *~ nuv.u. 35.&.3 u_
sral -5L0- L 1978 7 { = = 1 v e
rerz -94:0- 1 [£Z.0°2 { = | o0 L LONTS
xXx5 ~L£L0- ©Z'0 4 ! n- -2 a
N s £500- | (6210 £ : e | 2 .
RS £27 “£4L0- | 07RO ! r- (R 1]
P! vaes oxn- | i o “ TS =T ~”
ESEZ " -cm- Y Ionis s ! ¢ ..1.* v
ERETE i 1] -emon-galgsiot s § T B .
barl xxxs Y Y 1) -0CIL-5THACD A i > | s .
| iV xx25,00er 928 zual ¥ €05 -enise|D0 s : yiv i ve L
Ud P E D0y FIN FIE L0 -FE5! -5 TN "0 ¢ - - N
o A/ EXTiga9PT, R wDOL-7CEL4LELI O i -1 >
| T i oc2-1570-re0 0" ( : CEEaN BT H
A H ; _ SIS SABL LT 2 sil9 ] ._ -“”.4- -M“— LI A N 4 [}
\ VR MASRS Ly g FATT T TR0 TEEE-2Z5AONS 2 . =
RN ) 1 i at e 13 G SN 54
.
CSONT SO HIVY / NIHLIM QL HINI &3S StNL T4 2 AL 2 QIUSML FI U D7 FY ST
SO0 L EAC-OCS HIA NIMOHS S& XONASS QILEIOT 4T ARY P AR 1OO~FLLE-SETASTY »&vu) 11
(CE) HIMA S5 RIM SO ONI IV-SAE OL SAL ON IFHIM S ONI I BV WITL N
\ TP IINTSSW ATFLETAIWNOD Y SLIM) TN SOT DrsSyxs MUINONID) AW 5327 jf10ILNZD 6
Y00 ~AISS -OF ST IWUNNIN NIwWIS1) IF7IIr (K I51°Q
ST/ XOMATY OL ST HNTI SIPTIE W FPLIS QN SN SO WOLLORD OL SNHLIIINIIZ 534 (5/ ML
. .96-&6&-08{@ VIS IOUNS AT NIOHS SV (1) Ob JXN (L) OVNIOWY (AY FO SVIT & 4 oD
: . *000 -GN I5-005 & As HITIOSS
H COAT Sd MO APt LON O SAIN HYLFN A
_ : CNO-TOPO LGS Wik STWVONYLE Sty 2 LI TNO T
Sewev | Led R ol ' . UGSV SVAUL NO B Wi I AW FOD=- 0259~ UQ\...N.
i e — : s v s 1) SIUONTD LNIFI SRl W ILIUNIYAS | BN
L) & L ]
. . - . . - R, —_ . . e . .



6L @4nbl4

OF 103wy~ "0 e [ v R am R ous < T-HGIS owdant L erymrove assy, toon
e | 1135,
NERESEN
SR AAR ) 3NON
,M\.,I\W 51427 e -G - S e
ASSUV SISQYHD —TT . oo 30
it Nt il ZOF =XV SBT oK % i MW AD Y04 O
TITII e g ! - DL de =
09 T e
NOUYUOA NETIIMRION [OR) L. Tyngtivwl —
TG a1 W Y Ay *(L2) K1 D1 33Im 3O aN3 IONT ILYNIRNIL €I
WOLYNOISIO 43y S3oN [N RJ« ug.. NOUNIE I WO B VI 9.}4»&..\1?_ N T SNW' SN 'SILYIDOSSY SLONQ0HE SNIMTINIONT sd A31ddNS © W3ILI® 21
el 1 3LON 33€ - FNovISIIoN
0 100 -
e 94 v-v NOUISS
. e oo (9-61)
Ly .ﬂt\ 09 v (h-S){h-h
DL cT1 ™) (2)
D1 ..l—
QO
[E] 0" ) =\
t3x Q1
z +F O mu mu O O -
S 02 _
Q-
HOT e
S
3io- 2] .
Lot 2
Sem S
B \ { 1
ARE 720 )
N T =5 S Lj w J 13
=1 <cfar 1] \
ST .
R s @-9NZ-L9)
- ¥ =A% M () (O )&
:| Jrg9 ! LM Saenl-sy
I s .:Mm}dw ; _,_. RS e e o Y (O3] : J
t
“ RXXOXONLOZY r-iQL AN0 -1-183] «9
XX(TXOON 1OV 1-1QL A (N-I1S3] §
w o~ > AAXONA WL OOV ATi -1 s
: “\ . - v/ ol |ouvsraeseo oy ] oo
| i €-rdl QW3 3mn-ay] OF
: 2-1ay avat Qay-ivj af
N 181 TN UW L -1y vl
£-ra1 Ty N 3UKN-1D] 2
<-19l av3ad Ga4-id| e
w-tge QY3 w1 ~CG] w2
1ONS | OVIVNTEHT (9] 2
[ ] Qe Nl gl o
v/N WO oig b S e
3300 2M4IM QL WO
N ’I!J“ N
"QOQ-LERO-08% H3d NNOHS SY XOUdAY QALWIOT NA AT 7 AN 100-105T- ST ASS Y HE
18 O1 10N (@Xe) "Q2QIACHA S} GOHLIN ONOOT H3HIO ON N3HM ©2 WILI ONISA SAVIANHL MSYYS T3¢ AuyLs Ci
15naoYd d04 aIsn *22 W3 ONIEN OO Sv S38W 3 55 3176
NOt “1Z WAL 0 00°1 XONddY ML h ON I 30 SONG HIOT 3¢ IeHID
dw *OZ WAL J0 OOt XQHdR/ HLIM QUYL ST A QR -y INDD - 1Sel 3aYIsit 2
- A1) MR Sy 3 o A T QL e ALY
AN HLIM D2 2Q2'Vve wmx_fuo G ISL FLINIAR2LT
TOOD-RLE-0DS Y5 <33T h
"O10-209C-L6S a4 <OVUHLS a..../r ANEDN el
TASSY Sl BSOS VLTS CTL er D
Ef._ - _ T _.5 HALO-"0CH QNS W21 05 24T 0. T s [ onw
S — - —ltll [ po— U - P - R e -—



3.3.1

3.4

Antenna, Man-Carried

The hand-held antenna consists of five hundred turns of number twenty-two
magnet wire, wound on a fifteen inch diameter form. Following winding,
aluminum foil used as a faraday shield is spirally wrapped around the coil
of wire for electrostatic shielding. The foil is grounded to the center
braid of the antenna coax. This assembly is then completely potted with

a tough, resilient urethane for protection.

Helicopter Receiver

The helicopter receiver, because of a low anticipated build quantity, will
utilize a spot-welded aluminum chassis. Tooling costs will be kept to a
minimum since all chassis parts can be punched in the flat on numerically
controlled machines prior to forming and welding. The side panels, symet-
rically designed to be used for both left and right, extend to the rear to
serve as legs as well as to protect the AC power cord which is stored on

the rear panel.

The front panel is removeable to provide access to the radio. Handles are
mounted on the front panel for carrying, for easy removal of the receiver

from the wraparound, and for protection of the knobs, switches, and

connectors. These controls, under the advisement of Human Factors Engineering,
have been systematically arranged according to functional importance and
subdivided into the six individual receivers. Connectors have been positioned

in such a way as to least obscure or hamper the operator with the connecting

cables.

The inner chassis with card cage is attached to and removed with the front
panel (see Figure 19). Six identical printed circuit boards, each containing

a complete receiver and frequency synthesizer, insert
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3.4.1

in card guides and engage edge-on connectors in the bottom of the
card cage. This facilitates trouble shooting and receiver maintenance.
The battery pack and the power supply/battery charger are mounted in the

wraparound due to weight and heatsinking considerations.

Antenna, Helicopter

The antenna for the helicopter receiver will use the same winding and
faraday shield as the hand-held antenna for the manpack receiver. However,
this antenna will be mounted on an aluminum plate containing eye bolts
so that the antenna may be lowered from the helicopter on a tethering cable.

Also, the plate provides room for mounting the preamplifier and antenna

filter.



4.0 PHASE III CONSTRUCT WORKING MODEL

During this phase one mancarried receiver and helicopter receiver indluding
antennas and headsets were constructed. There units were constructed as
planned during phase II with slight changes. During this period BNC connectors
were dropped from the helicopter receivers because of panel space.

The separate input bandpass filter was also dropped because it was not making
any apparement improvement. The connector for the antenna and headset was
changed because of an intermittent reliability problem noticed particularly

on the helicopter antenna during bureau tests. The helicopter receiver was
modified to have two operator positions because bureau tests indicated one

operator monitoring six channels proved to be a difficult task.

During this phase a calibrated loop generating a .1 UA field was set up to

check out the total system. The 90 foot portable loop was driven by a ULF
transmitter with a 3.9 meg ohm resistor inserted in series. The power

stages of the transmitter had to be removed for this test and direct connections
to the MOS circuitry were made because the receiver picks up the ULF transmitter
operating without an antenna at distances of 15 feet. With the noise levels
expected near an industrial complex the field had to be increased to .37 UA/

meter before the receiver could detect the signal above the noise Tevel.

Minor problems encbuntering during the build of the first units, required
additional decoupling from the lithium batteries that have a higher internal
resistance to make them intrinsicaly safe. A capacitor used in the synthesizer
phase locked loop will have to be selected for some units. Some C-MOS

failures due to static charges were observed during the building of the

working model receivers. Other than these parts and minor mechanical problems

the design is reproducible.
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During this phase printed circuit board layouts of both receivers were made,
mechanical parts were fabricated and the two receivers were assembled, tested

and delivered to the Bureau for evaluation.

During the Bureau field evaluation it was determined that the use of a XTAL
head set gave a better null than the inductive type headset. All headsets
are now of the XTAL type to provide a better null and totally eliminate

inductive feedback from the headset to the antenna.

An interaction problem between channels on the helicopter was observed in the
field. This problem was eliminated by running separate grounds and adding
‘additional filtering in the preamplifier and other gain stages. Also it

was determined during field use that a sound isolating ear muff would be
beneficial for use with the helicopter receiver. To provide this isolation the
XTAL headset for the helicopter receivers are now inserted into an MSA.

MARK II sound barrier ear protector. This provides the isolatian required

for the noisy helicopter environment.

5.0 PHASE IV BUILD PRODUCTION UNITS

During this phase all drawings and documentation were updated to reflect all
changes as a result of the phase IV construction and evaluation. Fifteen
mancarried and 5 helicopter receivers were assembled, tested and delivered

to the Bureau. These units were assembled and tested with a minimum amount

of difficulty. Again selection of the capacitor for the SMO was required on
some units and some MOS failures occurred due to static charges. Additionally
some MOS devices failed after delivery to the Bureau. The only other quality
problems during the build of these units was one fractured headset and a

loose piece of plastic in one of the panel meters. These parts were returned

by the Bureau for replacement.
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6.0

7.0

INTRINSIC SAFETY

The 515H-1 mancarried receiver is designed to be intrinsically safe. It

was approved by MESA permit 331, October 9, 1975.

The 515H-2 helicopter receiver is not intended for underground use and
is not intrinsically safe. The battery charger transformer, large
filter capacitor, and battery prevent the helicopter receiver from being

intrinsically safe.

CONCLUSIONS AND RECOMMENDATIONS

This five phase program has resulted in the development and documentation
of a mancarried and helicopter receiver that is now ready for production
in quantity, after the completion of some additional field testing by

the Bureau.

Because of the significant number of MOS failures due to static, it is
recommended that future units be constructed using high reliability
ceramic MOS devices, and complete static discharge protection be exercised

throughout the assembly and test phases of production.
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