Thi s docunent is dedicated to the engineers at Collins who brought the
technol ogy of anal og vacuum tube receivers to its peak, so that the extent of
their work may be nore w dely known.

It was created froma conputer-aided scan of a copy of the Collins report sold
by Paul Zecchino of M1 -Spec Conmunications. It was proofed by Bill Hawkins
who left in the very few spelling mstakes as a credit to the unknown typist.

O course, ‘Bristo’ should be ‘Bristol’, but that’s another story. There is no
date on the copy, but it is probably early 1955.
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1. O PURPGCSE

This report covers all the work done on the Signal Corps Cost Reduction
Contract DA36-039-sc-52584 which resulted in the redesign of the Radio
Receivers R-390( )/URR and R 391( )/URR Except for the automatic tuning
facility of the R-391, the two receivers are simlar. These receivers,
particularly the R- 390, are fulfilling many needs of the Armed Forces, and are
bei ng produced in quite large quantities. Since the unit cost of these
receivers is high, this programof cost reduction should result in a

consi derabl e saving to the Governnent.

In addition to the primary purpose of reducing cost, every effort was made to
inprove the reliability, accessibility and perfornmance of these receivers
wherever it was possible to do so

Two finished nodel R-390 and one R-391 receivers were built and delivered to
the Signal Corps as called for in the contract. These are designated "A"
nmodel s. One "B" nodel R-391 was also built and delivered to test all the new
i deas and bring themtogether in one receiver.

The main task of the contract, then, was to reduce cost of the equipnents and
inprove the reliability, accessibility and perfornmance. The work done may be
br oken down into the foll owi ng phases:

Phase A: Study of the Main Areas for Investigation
Phase B: Cost Analysis of the R-390 and R 391 Recei vers.

Phase Desi gn and Experinentation

Phase Construction of "B" Mydel Receiver.

Phase

C
D
Phase E: Construction of "A" Mdel Receiver.
F: Delivery of Mbdels.

G

Phase Preparati on of Drawi ngs and Fi nal Cost Anal ysis.

2.0 ABSTRACT

This section contains a brief resume of the report to follow, organized on a
phase by phase arrangenent. Enphasis is placed on the difficulties encountered
and the progress nade.

2.1 Phase A: Study of the Main Areas for Investigation

After a careful exam nation of the various units conprising the receiver, a
list of promising itens susceptible to either cost reduction or other

i nprovenent, was drawn up. This list was subnmitted to the Signal Corps and at
a conference held Septenber 10th, the problenms to be investigated were drawn
fromthis list and given an order of priority. Later as the work devel oped and
possibilities for inprovenent becanme nore apparent both SCEL engi neers and

Col l'ins peopl e made additional suggestions.



2.2 Phase B: Cost Analysis of the R-390 and R-391 Receivers

The contractor's Cost Accounting Departnment was furnished a tabul ati on of al

t he vari ous purchased conponents and fabricated parts used in the R-390 and R-
391 receivers. The standard cost on every itemwas determ ned, and lists were
made up showi ng either fabrication or purchased costs of each conmponent. These
costs were added up for all the parts used in each of the individual units --
main frame, RF unit, IF unit, variable frequency oscillator, AF unit, crysta
oscillator, crystal calibrator, power supply. This nethod of cost breakdown
clearly showed which were the nost expensive units of the receiver.

Sonme del ays were encountered in obtaining cost information on parts used in
units subcontracted to other conpanies. As a result, the coat analysis was
sub- mtted later than originally planned.

After conpletion of the tabulated list, it was carefully exam ned to find
those fabricated parts which had unduly high costs and these itens were then
further checked for possible |less costly substitutes. In the field of
conponents, capacitors in particular proved quite costly. In the case of
fabricated parts, the main frame constructi on showed up to be very expensive.

After the design was conpleted on the cost reduction receivers a final cost
anal ysis was made to show the savings effected by the new design

2.3 Phase C. Design and Experinentation

As soon as possible, experinmentation was begun on those itens approved by the
Signal Corps. This phase of the programtook up a large part of the tinme
devoted to this contract, but in return, it proved to offer a greater portion
of cost savings than Phase B. In addition, nost of the inprovenents in
accessibility, reliability and performance are a direct result of work on this
phase of the project. As it turned out, the work authorized by the Septenber
10, 1953 conference between SCEL representatives and Collins represented a

| arge part of the investigation conducted on these receivers. Each of the
projects authorized at that time were fully investigated and in the breakdown
of this phase given below, the first 13 parts refer to the work done according
to the letter of 7 Cctober 1953 (reference Sl GEL-CRB-3 Contract No. DA36-039-
sc-52584, File No. 1322-PH 53-91, Project 805H). Followi ng this, the
addi ti onal work done to reduce cost and i nprove performance is |listed.

2.3.1 Part 1 - B+ Filter

The purpose of this investigation was twofold. The primary purpose was the
reduction of receiver tenperature caused by |ocation of the type 6082 tubes.
The secondary purpose was that of reducing the cost of the B+ filter. The
problem was attaked in two ways. One way was to substitute a single 6336 tube
for the two 6082's. Since this tube took |ess space than the other two, it

m ght have been possible to place it on the IF unit. Al so, the higher nu of
the 6336 nmade the elimnation of one voltage reference tube possible. However
this circuit still had about the sane power dissipation as the two 6082 tubes.
The second nethod of attack was to build an L-C type of filter and conpare its
performance with that of the electronically regulated supply. Power saving
anmounted to about 40 watts and in conjunction with electrolytic capacitors,
the L-Cfilters afforded a considerable saving. Further testing showed that it
was necessary to add a VR tube to get the required stability fromthe VFO and
crystal oscillators.



2.3.2 Part 2 - Elimnation of Certain Functions

As a result of the conference of Septenber 10, 1953, it was decided to

i nvestigate the savings resulting fromelimnation of the squelch facility and
renote control connector J-105. As a result of this investigation, the renote
control connector was renoved and the squelch facility was nmade opti onal

2.3.3 Part 3 - IF Amplifier

Work had previously been started on mechanical filter designs on Contract
DA36- 039-sc-56636. This contract called for devel opnent of 455 kc filters,
havi ng bandw dths of 2 kc, 4 kc, 8 kc and 12 kc. Early in the cost reduction
program work was started to incorporate these filters into an IF strip. Tests
on early nodels clearly showed the inprovenent in selectivity that the
mechani cal filters offered, but it was evident that further work was necessary
to reduce spurious responses and feedthru around the filters. Bl ocking on
strong of f-tune signals al so needed i nprovenent. Later nodels showed
substantial inmprovenent in all these respects. Experinents were conducted to
determ ne the performance of the nechanical filter IF for DF work. These tests
showed that the nechanical filter IF was unsuitable for this application. As
the receiver is tuned across the passband the apparent direction of the signa
varies up to 10° or nore.

2.3.4 Part 4 - Power Line Filter

Consi derabl e time was spent investigating the efficiency of the line filter
The filter proved to be desirable in two respects - reducing receiver
oscillator radiation into the power line and reduction of signal input to the
receiver via the power line. Sinpler filters were investigated leading to a
design simlar to that formerly in use but having fewer inductors. Tests
reveal ed perfornmances nearly as good at | ow frequencies and consi derabl e

i nprovenent over the old filter at high frequencies. For use in the cost
reduction receiver, the filter was repackaged, elimnating the 164-1
connector. The Iine cord now fastens to the filter by nmeans of screw termninals
protected by a cover. The power plug was changed at Signal Corps request to a
U126/ U type.

2.3.5 Part 5 - Tuning Control Stops

As a result of continuous difficulty with the tuning stops on production R-390
and R-391 receivers, this work was accel erated, resulting in a stop of

i nproved design which was i mmedi ately incorporated into production receivers,
and which will be used virtually unchanged in the cost reduction receivers.

2.3.6 Part 6 - Crystal Oscillator

The frequency schene of the receiver was carefully studied to determne if
some of the crystals could be renoved. It was found that if crystals up to 17
nc could be used it would be possible to substitute one crystal for the five
inthe first crystal oscillator, and reduce the nunber of crystals in the
second oscillator to 15. This represents a saving of 7 crystals, besides the
elimnation of two 32 position switches. Wth the new schene one 4th order
spurious is introduced, along with the possibility of 1st and 2nd crysta
oscillators beating together. This new frequency schene pernitted a greatly
sinmplified nechanical construction, since the fixed first crystal oscillator
was renoved to the RF chassis.



2.3.7 Part 7 - RF Coils

Experinmentation was started on the 16-32 nt band RF coil to inprove its
tracking. A considerable inprovenent resulted fromchanging the Iength to
diameter ratio and using a smaller dianeter coil. As soon as the design was
conplete steps were taken to put this coil in production receivers. Later work
showed that simlar results could be obtained using the |arger coil dianeter
with a ferrite core to replace the powdered iron slug. All the RF coils have
since been redesigned to use the sane ferrite core. These new coils al so have
a higher Qthan those in the current R-390. The variable IF coils have al so
been redesigned to use a common core. This core however differs fromthat used
in RF coils, because a |ower perneability higher Q core was needed. Coi

frames have been redesigned for sinpler assenbly, and teflon ternmnals are
used to maintain high circuit Q Antenna |inks have al so been redesigned to
attain a nore uni form antenna i nput inpedance.

2.3.8 Part 8 - Autotune Motor

An AC Autotune notor would be a real convenience on the R-391 receiver as well
as saving the cost of the separate 28 volt DC power supply (such as the PP-
629) required to run the Autotunes of the current production R-391 receivers.
A suitable notor was obtained and tested in a nodel. Operation appears

sati sfactory although setup tine has been increased to a maxi num of 25
seconds.

2.3.9 Part 9 - AF Filters

An investigation was nade into the savings resulting fromelimnation of the
3500 cps | ow pass AF filter. Upon presentation of the cost information to the
Signal Corps, authorization was granted for its renmoval on the final nodels. A
twin-T feedback amplifier circuit was tested as a possible substitute for the
800 cps filter, but its perfornmance was inferior to the filter, being narrower
on the nose and wider on the skirts. By redesign of the one general 800 CPS
filter for use at high inpedance, it was possible to elimnate one interstage
audio transforner while still retaining the filter's superior band-pass
characteristics.

2.3.10 Part 10 - DC QOperation of Equi pnent

Droppi ng the requirenent for 28 volt DC operation results in savings due to
elimnation of the requirenment for the power receptacle J-104, and the 28 volt
line fuse. It also permitted the use of a parallel tube filament [ine and 6
volt dial |anps.

2.3.11 Part 11 - Main Frane

The cost analysis made on the main frame showed that the |am nated type of
construction was quite expensive. A new frane was built up using solid plates,
simlar to the R 392. This frame with the units nounted in place was tested at
Evans Signal Lab with the cooperation of SCEL engineers. It was found to be
generally quite satisfactory but it was apparent that the junction of floor

pl ate and si de brackets needed strengthening. Since then reinforcing strips
have been added and no further trouble is expected. The new frame appears very
much stronger and nore rigid than the ol d.



2.3.12 Part 12 - Hum Bal ance Control

Substitution of the L-Cfilter for the electronically regulated B+ supply
elimnated the need for this control

2.3.13 Part 13 - VFO End Poi nt Adj ust nent

By redesigning the output transfornmer can of the VFO and changi ng the VFO
chassis slightly, the VFO end poi nt adjustnment was nade nore accessible. In
the R-390A, holes were provided in the gear plate so that this adjustnent
could be nmade without renmoving the VFO or RF units. In the R 391A, the KC
Aut ot une head gets in the way maki ng necessary the renmoval of the VFO for end
poi nt adj ust ment .

2.3.14 Part 14 - CGear Train

The gear train represents the nost conplicated nechanismin the receiver and
much tine was spent in an effort to sinplify it. This was nmade possible to a

| arge extent by the change in frequency schene which elimnated the necessity
for the novable high VIF table and the step cam substituting in its place a
continuously variable high VIF, driven at the sane rate as the 8-16 nt slug
rack. Pl acenent of these coils behind the 8-16 nt rack, and the 3-2 VIF behind
the 1-2 nt RF coils elimnated a consi derabl e nunber of gears. In addition, by
coupling both kc counter and kc drive to one gear on the kc shaft, severa
other gears were elinmnated. O her rearrangenments were nmade where possible to
sinmplify and inprove the performance of the gear train. Slug racks have

i ndi vidual slug holders to permt better slug centering in the coils.

2.3.15 Part 15 - RF Unit

Tests were nade to determ ne how nmuch the 2nd RF stage with its coils was
contributing to the performance of the receiver. Its advantages were that it
af forded additi onal AGC control ahead of the mxers, and better inmage
rejection above 8 nt. But because of the considerable saving resulting from
the renoval of this stage with its associated coils, SCEL representatives
agreed it was worthwhile. In an attenpt to regain sonme of the [ost AGC
control, the mxers were put on the AGC line. Attenpts were nmade to restore
some of the lost image rejection by inproving coil Q and tracking, and by
using better switch materials. Better antenna trimrer action on the 16-32 nt
band was acconplished by nounting the trinmer closer to the high band antenna
coil. This reduces stray Callowing the trinmer to be coupled tighter to the
coil.

Field tests by SCEL engineers on current R-390 receivers reveal ed that cross
nmodul ation is a problemin the presence of strong interferring signals.
Extensive tests were made on all available mniature RF pentodes to find a

t ube whi ch best conbined the characteristics of |ow noise and | ow cross

nmodul ation. Late in the investigation tube types 6DC6 and 6BZ6 becane
avai | abl e. These had the nost desirable characteristics of any tube tested.
Because the 6DC6 affords slightly better AGC control, it was the one sel ected
for use as the RF anplifier. Cross nodul ation tests were also run on vari ous
m xers, and the 6C4 proved to be very good in this respect, actually inproving
slightly in performance as the bias was increased up to about 14 volts. On
this basis, it was deened safe to use AGC on the m xers. Late tests show that
cross nmodulation is largely confined to the first IF tube at medi um hi gh
levels (.05-.2 volts input) and the RF anplifier at |evels above this.
Investigation carried out by E. Read on the R-392 receiver



showed a substantial inprovement in cross nodul ation at signal |evels
exceedi ng the nornmal operating bias of the 1st RF tube when a short-tine
constant circuit was placed in the 1st RF grid. Subsequent experimnentation on
the "A" nodel R-391 showed a small inprovenent particularly at antenna | evels
exceeding 2 volts. The results are not nearly as spectacul ar as on the R- 392,
however .

2.3.16 Part 16 - Calibrator

A calibrator using a 200 kc crystal was built and tested. In conparison to the
fornmer nodel using a 1 nt crystal, reliability was inproved and harnoni c out-
put increased. The divider control was found to be unnecessary and was
elimnated. Sone difficulty has been experienced in obtaining a suitable 85°C
crystal but a solution appears in sight.

2.3.17 Part 17 - VFO Stability

During the time of this contract, much trouble started to develop in pro-
duction VFO s due to slight junps in oscillator frequency. This was finally
tracked down as being a result of driving the oscillator too hard. Reduction
of screen voltage on the oscillator tube gave a great inprovenent but also
reduced the oscillator output voltage. In cooperation with the oscillator
departnment a | ower |oss output transformer was designed to restore the voltage
to its original value. This change was inmediately incorporated into the
production receivers. In order to make the end point adjustnent nore

accessi ble, the nmounting can was nade smaller on the cost reduction receiver.
A few minor circuit changes were also required to adapt the VFO to the new B+

supply.
2.3.8 Part 18 - Tube Types

In an effort to inprove reliability all tube types were exam ned and where
possi bl e repl aced by nore rugged types. Thus the 6BJ6 tubes were replaced by
type 5749/ 6BA6W 12AU7 and 12AT7 tubes were replaced by the 5814A and 6AJ5's
were replaced by type 5654/ 6AK5W Because of the high cost of superior

repl acenents, the 6C4 and 6AK6 tubes were retained.

2.3.19 Part 19 - Antenna Rel ay

The poor attenuation characteristics of the antenna relay at high frequencies
led to a search for a better unit. At first, it was hoped that an AC rel ay
coil could be used. These relays were used on the "B" nodel and the two "A"
nodel R-390 receivers but were not too satisfactory. Later, a DC operated
rel ay was devel oped and installed in the "A" nodel R-391. A special selenium
rectifier supplies the required DC power.

2.3.20 Part 20 - Mechanical and El ectrical Conmponents and Construction

Besi des the changes nmade in conponents for cost reduction purposes, a nunber
of other changes were nade on the basis of greater reliability or convenience
rather than cost. Anong these are included the smaller coax cable and
fittings, substitution of a seleniumrectifier for the copper oxide type, and
the use of AC relays for the Autotune and break-in function. Changes in
mechani cal construction were al so made, such as the closer attention paid to
el ectrolytic corrosion, the new neans for chassis nmg. and the radical power
supply unit redesign.



Finally a nunber of conponents were renmoved fromthe receiver entirely, such
as the tube pullers and tube pin straightener

2.4 Phase D. Construction of "B" Mdel Receiver

A conpl ete recei ver was constructed according to the results of the experimen-
tation of Phase C to check the overall perfornmance of the new design and
uncover the new problenms which would result. Since it is the nost conplicated
mechanically, it was decided to make the "B" nodel an R-391. This woul d nake
it possible to test the AC Autotune performance as well as all other

el ectrical and nechani cal characteristics. These tests reveal ed a need for

i nprovenent in some respects as detailed in paragraph 4.4. The basic design
seened sound, however, so work proceeded on the final design of the "A"

nodel s.

2.5 Phase E: Construction of "A" Mdel Receivers

Upon Si gnal Corps approval of the proposed changes, two "A" npodel R-390 and
one "A" nodel R-391 receivers were built according to the terns of the
contract. Actual external appearance of these receivers is very simlar to
present R-390 and R-391 receivers. Overall dinensions and | ocation of nost of
the controls have been retained. Tests of the conpl eted nodel s show sone
changes in performance from producti on nodel s. For instance, inprovenment has
been nade on selectivity and cross nodul ati on perfornmance, while inmage
rejection has deteriorated above 8 nt.

2.6 Phase F: Delivery of Mdels

In accordance with the terns of the contract, 2 "B" nodel R-390 receivers
(I'tem5) and one "A" nodel R-390 receiver (part of Item 3) were shipped
February 24th. The two "B" nodels were actually two of the receivers supplied
by Signal Corps for use on this job, unnodified. On March 10t h anot her "A"
nmodel R-390 (rest of Item 3) was shipped. In Septenber the "A" nodel R-391
(Item4) and the "B" nmbdel R-391 (Item 6) were delivered

2.7 Phase G Preparation of Drawi ngs and Fi nal Cost Analysis

Shortly after the "B'" nodel was constructed, work was begun on preparing

manuf acturing drawi ngs. As far as possible, the "A" nodel receivers were built
fromthese drawi ngs. However, construction of the "A" nodels showed up
possi bl e i nprovenments and minor errors which were i mediately incorporated in
the drawi ngs. The "A" nodel R-391, since it was the last receiver to be built,
is very close to being constructed entirely off the drawi ngs. These draw ngs
have been conpleted and duplicate tracings will be shipped in Novenber. A set
of these drawi ngs has al so been delivered to the Cost Accounting Depart nent
for a final cost analysis. Final figures on the cost reduction receivers are
shown in figures 40 and 41.

3.0 PUBLI CATI ONS AND CONFERENCES
3.1 Publications

This report stresses only the new features of the cost reduction receivers and
| argely disregards those circuits and nmechanical features which were |eft
unchanged fromthe original R 390 and R-391 receivers. For a conplete
background on the devel opnment and operation of these receivers the foll ow ng
publication shoul d be consulted.



1. Engi neering Proposal for R-219 Receiver - Collins Radi o Conpany

2. Monthly Reports Contract DA36-039-sc-44552 - Collins Radi o Conpany
3. Final Report Contract WB6-039-sc-44552, Collins Radi o Conpany

4. Instruction Book, R-390 - Collins Radi o Conpany

5. Instruction Book, R-391 - Collins Radi o Conpany

6. R-389 - R-390 Specification SCL-1134-B (Devel opnent)

7. R-389 - R-390 Specification ML-R-10474 (Producti on)

8. R-390 Type Test Procedures - Collins Radi o Conpany

9. R-390 Production Test Procedures - Collins Radi o Conpany

Further information on the cost reduction contract is available in these
publ i cati ons:

10. Engi neering Proposal for Cost Reduction Program R- 390 and R-391 Receivers
- Collins Radi o Conmpany

11. Monthly Reports Contract DA36-039-sc-52584 - Collins Radi o Conpany
12. Quarterly Reports Contract DA36-039-sc-52584 - Collins Radi o Conpany
13. Cost Reduction Specification SCL-1390-A

3.2 Conferences

Frequent conferences were held during this contract to insure close
cooperation between Collins and SCEL engineers. Following is a brief summary
of these conferences. Mre detailed information can be obtained fromthe
quarterly reports.

3.2.1 Date: July 16, 1953
Pl ace: Collins Radi o Conpany
Subj ect: Broad approaches to the cost reduction contract.

3.2.2 Date: July 22, 1953
Pl ace: Col es Signal Labs
Subj ect Discussed: Further approaches to the cost reduction contract and
anal ysis of the avail abl e conponents costs.

3.2.3 Date: Septenber 10, 1953
Pl ace: Col es Signal Labs
Subj ect Discussed: Itens for investigation under this contract.
Concl usi ons Reached: A priority list was established to indicate order
of inportance of the various problens.



Date: January 21, 1954
Pl ace: Collins Radi o Conpany
Subj ect Discussed: Review of progress; exami nation of cost analysis
tabul ati on; plans for future work.
Concl usi ons Reached: |nterchangeability of units between origina
recei ver and cost reduction nodel not required.

Date: March 16, 1954

Pl ace: Collins Radi o Conpany

Subj ect Discussed: Plans for future investigation

Concl usi ons Reached: It was apparent that substantial savings were
possi ble only by a rather conplete redesign of
the receivers.

Date: My 27, 1954
Pl ace: Collins Radi o Conpany
Subj ect Discussed: Tools supplied with receivers; new conponents,
Wasmandorf limter, crystal oven, delivery dates.
Concl usi ons Reached: Tube pullers and straighteners to be elim nated.
Wasmandorf limter to be built and tested.

Date: July 17, 1954

Pl ace: Col es Signal Labs

Subj ect Discussed: Design of "B" nodel receivers. Delivery date of "A"
nodel s.

Concl usi ons Reached: Final design is about stabilized.

Date: Cctober 26, 1954
Pl ace: Collins Radi o Conpany
Subj ect Discussed. Final design of "A" nodels.

Dat e: Decenber 12 and 13, 1954

Pl ace: Col es Signal Labs

Subj ect Di scussed: Mechanical design of "B" nodel receivers.

Concl usi ons Reached: Mechanical design is generally satisfactory except
the junction of floor plate to side bracket needs
st rengt heni ng.



4.0 FACTUAL DATA

This section presents a discussion of all the work acconplished during this
contract. The work is organized into phases arranged in historical order. Each
phase is the anmount of work required to conplete a progressive basic stage in
t he devel opnent of the entire cost reduction program

4.1 Phase A: Study of the Main Areas for Investigation

The work acconplished in this initial phase of the project mght nost sinply
be termed "planning”. In making a plan for a project of this sort, it nust be
deci ded which elenents of the receivers are nost anenable to cost reduction
and whi ch characteristics are nost susceptible to inprovenment. After naking a
careful analysis of the receiver, a list of possible projects was drawn up and
submtted to the Signal Corps . At the conference held Septenber 10, 1953,
projects were selected fromthis list and given priority in this order

4.1.1 Prelimnary investigation into nethods of reducing tenperature rise of
the recei ver caused by present |ocation of type 6082 tubes.

4.1.2 Cost analysis to estimte saving which could result by elimnation of
squel ch facility and renote control connector J-105.

4.1.3 Prelimnary work leading to redesign of IF anplifier to incorporate
el ectronechani cal filters.

4.1.4 Cost analysis to estimte saving which could result by elimnation of
power line filter and engineering study to determ ne effectiveness of this
filter.

4.1.5 Conplete investigation to obtain better protection to receiver tuning
system when kil ocycl e and nmegacycl e change knobs are forced agai nst end stops.
This project may include design of a clutch mechanismin the knobs.

4.1.6 Prelimnary investigation |eading to redesign of crystal oscillator
subassenbly for greater reliability, ease of maintenance and assenbly. This
project may include investigation into the cost of tooling for ceramc
swi t ches.

4.1.7 Conplete study of inprovenent in the performance of RF coils to be
secured by changing length to diameter ratio.

4.1.8 Prelimnary investigation into the possibility of replacing the DC
Aut otune nmotor with an AC notor. This work should not proceed beyond the
solicitation of bids on notor design at this tine.

4.1.9 Conplete investigation into savings which could result by elimnation of
the | ow pass audio filter and redesign of the 800 cps band-pass filter for
hi gh i npedance input to elimnate input transfornmer.

4.1.10 Conplete investigation into the savings which would result by
elimnation of the requirements for DC operation of the equipnent.
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4.1.11 Conplete investigation into the savings which could result by redesign
of the main frane.

4.1.12 Conplete investigation into the savings which could result by
elimnation of the hum bal anci ng control

4.1.13 Conplete investigation into the extent of redesign required to provide
access to VFO end poi nt adjustnent.

As work proceeded on the contract, and as the cost anal ysis becane avail abl e,
other areas for investigation were uncovered both by SCEL engi neers and
Collins. These may be classified as foll ows:

4.1.14 Investigation into sinplification of the gear train.
4.1.15 Investigation into | ower cost and inproved performance of the RF unit.
.1.16 Investigation of nore reliable operation of the calibrator

.1.17 VFO stability.

4
4

4.1.18 Tube types.

4.1.19 Investigation to obtain an antenna relay having greater attenuation at
hi gh frequenci es.

4.1.20 Investigation to obtain nore suitable or reliable conponents.
4.2 Phase B: Cost Analysis of the R-390 and R-391 Receivers

An | BM tabul ati on of the various purchased conponents and fabricated parts was
sent to the Cost Accounting Department. Vendors were contacted for electrica
conponent costs and standard costs of fabricated parts were determ ned. A new
| BM t abul ati on was drawn up showi ng the cost of every electrical conmponent and
fabricated part in the receiver. As the parts were assenbl ed, |abor costs and
overhead were added. Costs were totaled for each of the units used in the
recei ver. The table bel ow shows the percentage of total receiver cost for each
unit of the R-390 as deternmined by the initial cost analysis.

Uni t Percent age of Total Cost
RF Uni t 28.9
Mai n Frame and Fi nal Assenbly 21.2
Crystal Gscillator 15.3
I F Unit 14. 4
AF Unit 9.0
VFO 4.8
Power Supply (PP-621) 3.0
Cal i bration Gscillator 2.5
Ant enna Rel ay .9

100. 0%
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Figure 1 shows a nore conplete sunmary of the initial cost analysis by units
showi ng actual cost of parts, raw materials, |abor and overhead. Figure 2
gi ves the sane information on the R 391 receiver.

Cost savings resulting fromelimnation of the squelch was determ ned to be
about $14.00. The final decision to make the squel ch an optional unit results
in a saving of about $10.00 in conponent parts if the squelch is not

i nstall ed.

A cost study was nmade on the renoval of the renote control connector J-105.
Resul ts showed a saving of over $7.00 was possible if this plug were

el imnated. Upon presentation of this data, to the Signal Corps, its renoval
was aut horized on the nodels.

At this point, an estimate was nmade on the savings that could result on the
current production R-390 without changing tooling. The estimate is based on
substitution or deletion of conponents and parts, and resulted in a total cost
reducti on of about $70.00. Largely on the basis of this estimate, a fina

deci sion was made to go ahead with maj or changes where necessary to effect a
greater cost reduction.

Allowing a change in tooling permtted a considerable nunber of circuit
sinmplifications to be made, particularly in the RF and crystal oscillator. In
many cases, different tooling also led to |l ess costly neans for naking the
fabricated parts. A cost analysis based on the design of June 1, 1954 showed
the follow ng estinmated savings:

Uni t Savi ngs
Audi o Unit $ 34.00
Ant enna Rel ay 2.00
Power Supply 12.00
I F Unit 20. 00
Crystal Calibrator 12.00
RF Uni t 56. 00
VFO 3.00
Crystal Gscillator 68. 00
Fi nal Assenbly 26. 00

Tot al $233. 00

Since that date, other changes have been nade and the final detailed figures
are considerably different. On the basis of the initial cost analysis, each

el ectrical conmponent was checked to find a cheaper replacenment. Prices of the
capacitors in particular seened to be out of line. Were possible, ceramc
capacitors were chosen to replace Vitanin Q types as bypasses, and Prokars to
replace Vitamin Qs in |ow voltage, |ow i npedance applications. Electrolytic
capacitors were substituted for the paper dielectric types. Oher electrica
parts changed for cost reduction reasons are the rear term nal boards, made of
pl ain bl ack bakelite instead of the mca-filled type and the BFO on-of f

switch. A printed circuit term nal board has replaced the conventional type on
the front panel. One dip soldering operation replaces 17 conventional sol dered
joints. The R-391 "A" nodel is the only one with this change. In addition

many ot her substitutions were made possible by changes in receiver circuitry.
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These itenms will be di scussed under Phase C. Mechani cal redesign resulting in
cost savings will also be discussed under Phase C

Wth the conpletion of the manufacturing draw ngs, the final cost analysis was
begun. Figures 40 and 41 show the final figures on the cost reduction
receivers R-390 and R-391 respectively. These figures nmay be conmpared with
Figures 1 and 2 to show the overall savings effected on each receiver by neans
of this cost reduction program

4.3 Phase C. Design and Experinentation

Wth the conpletion of the planning phase, experinmental work was begun. For
t he purpose of describing this work, the order of Phase Ais followed nore or
| ess closely to show how the original plan was carried out.

4.3.1 Part 1 - B+ Filter

The main probleminvolving the B+ filter was the excessive anount of heat
generated by the series regulator tubes. This is aggravated by the | ocation of
t hese tubes on the bottom deck where it is difficult to get good convection
cooling. Two met hods of approach were tried for this problem One method
sought to reduce the cubic volunme required by the electronic regulator so that
it could possibly be mounted on the I F chassis. A single high power regul ator
t he Chat ham 6336 was tested for this purpose. The slightly higher nu of this
tube permitted use of a single QA2 instead of the two 5651 VR tubes. Although
there was a consi derable saving in space, and sone in cost, power dissipation
was about the sane as the old circuit.

The second nethod was to substitute an L-C filter plus a VR tube for the
electronic regulator. This filter was designed for choke input which has the
advantage that current flow in each rectifier is maintained over a conplete
hal f cycle. This elimnates the high peak current inmpul ses found in capacitor
input circuits, resulting in lower rectifier plate dissipation and inproved
tube life. Another advantage is that B+ voltage variation is I ess with change
of load. This is inmportant when the receiver is switched to various functions,
particularly to "standby" where the B+ load is quite |light. Too great a change
in B+ voltage here would have an undesirable effect on oscillator stability.

In order to conserve space, this design requires the use of electrolytic
capaci tors. Because of |ow tenperature requirenents, the highest possible
capaci tance was used consistent with space and working vol tage requirenents.
These capacitors are easily replaceable plug-in units. Main filter capacitors
are 45 uf and AF decoupling capacitors are 30 uf each. Use of such size
decoupl ing capacitors in the audio circuits along with a few wi ring changes,
virtually elimnates the remaining cross talk between |line and | ocal channels.
The VR tube supplies current only to the screens of the VFO and crysta
oscillator. Because of the wide line voltage tol erances, it was necessary to
cut the regulated current as nmuch as possible in order not to exceed the VR
tube current rating and still maintain adequate starting voltage. Carefu
tests reveal ed that regulating the plate voltage of the oscillator had
virtually no effect on oscillator stability. The BFO had been carefully
designed for extremely | ow B+ voltage coefficients, and it was possible to
operate it conpletely off the unregul ated supply. Wth all these changes the
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receiver stability vs. line voltage has hardly changed over the voltage range
105-125. In contrast to the electronic regulator, the L-Cfilter permts
recei ver operation down to line voltages as |low as 80 volts. This could prove
to be a distinct advantage under sone conditions. The power saving resulting
fromthe L-C filter amounts to about 40 watts and the saving in cost is about
$8.00 This saving in cost was the secondary objective of revising the B+
filter.

Figures 13 and 14 show the new filter inductors and el ectrolytic capacitors on
the AF unit.

4.3.2 Part 2 - Elimnation of Certain Functions

Because of the limted use of the renote control connector J-105, and the

i nfrequent need for the squelch facility, consideration was given to the
renoval of these itens. A cost study was nade on the renoval of the renote
connector. Taking into account the savings in material and | abor, the figure
conmes to nearly $8.00, a worthwhile saving considering the linmted use nade of
this connector.

At the start of the contract it was considered desirable to drop the squel ch
requi renment. An investigation was conpl eted showing a cost saving of $14.00 by
elimnating this function. Later on, the Signal Corps decided to nmake this an
optional unit retaining the cable wiring and function switch and | eavi ng out
the parts in the AF unit. Wth this nmethod a cost reduction of about $10.00 is
still possible. An optional kit of parts can be nade available for field
installation of the squelch facility.

4.3.3 Part 3 - IF Unit

Redesign of the IF unit to enploy el ectronechanical filters was the first
project on which work started for this contract. Wrk had been conpl eted on
contract DA36-039-sc-56636 resulting in the devel opnent of 455 kc filters
havi ng bandwi dths of 2 kc, 4 kc, 8 kc and 12 kc. These filters were

i ncorporated into the first nodel IF units built at Burbank. These first units
were strictly experinmental, to show the superior selectivity characteristics
of mechanical filters and to uncover the problens involved in adapting these
filters to the R-390 receiver. The problens encountered in these first nodels
were spurious responses, blocking on strong signals outside the |IF passband,
and feedthru around the filters. As the contract proceeded, further design
wor k was done on these filters to inprove their performance in these respects.
At first it was thought that plug-in filters would be a great convenience, but
tests showed that feedthru was aggravated by the cl ose spaci ng between i nput
and output pins. The IF strip built up using these plug-in filters was used in
the "B" nodel receiver. Another IF strip was built up using single-ended
filters but with solder lugs instead of plug-in pins. The better shielding

i nproved the feedthru problemslightly but greater inprovenment was desirable.
The next IF strip was built using double-ended filters and it proved to have
about 20 db inprovenent in feedthru over the single-ended type. One "A" nodel
R-390 and the "A" nodel R-391 were supplied with these fillers. These |ater
filters are also superior to earlier nodels in the matter of spurious
responses. Seven disc filters are now enpl oyed for opti mum shape factor. The

i nprovenent in shape factor over the tuned circuit IF is especially great at

t he narrower bandw dt hs.
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Besi des the inprovenent in filters, the circuitry was al so carefully exam ned
for possible inprovenments-and sinplifications. In order to inprove the

bl ocki ng characteristics, the first IF stage gain was greatly reduced by
increasing its bias. This has two beneficial effects. First it reduces the
strength of the signal at the input to the filter, and secondly the high bias
i nproves the bl ocking and cross nodul ati on characteristics of the first IF
stage. Late in the programit becane apparent that the Signal Corps required
all tuning adjustnents to be renmoved. This requires the use of very w deband
transformers so that changes in tubes, tenperature and hum dity have no effect
on circuit gain or tuning. New interstage coupling transforners were desi gned
to give the required flat top over a wi de frequency range. Tests were
conducted to determ ne performance under conditions of capacitance change,
tenperature and humdity. Up to 2 uuf capacitance variation is permnissible on
either primary or secondary. This is sufficient to accomodate maxi mum and
mnimmlimts on tube capacitance variation. Performance of the transforners
under limts of tenperature and hum dity was very good. The R- 391 "A" nodel IF
strip incorporates all these |atest inprovenents. Parts were rearranged on
this chassis to afford greater accessibility underneath the unit. Brass
shi el ds were changed to al umi num and the B+ decoupling network was al so
elimnated on this unit. It appears that an initial adjustment is necessary to
align each transformer after the IF unit is built. After this initial
adjustment, no further alignnment should ever be necessary.

Figures 15 and 16 show the latest nodel IF unit as supplied with the R-391
receiver.

O her changes made in the IF unit include a nore positive BWsw tch detent
which at the same time is easier to operate, fewer switches and a toroid IF
filter inductor in the diode load circuit. The magnetic field of the toroid is
closely confined and causes less trouble with BFO voltage induction in the IF
output circuit than the old pie-wound inductor it replaces. Shields in the IF
are made of alum num and a sinpler nethod of nmounting themis used. As a cost
reduction item the capacitor nmounting clips were renoved. The | eads of al

the capacitors are adequate to support them even under conditions of shock
and vibration. A carbon potentionmeter is used in the carrier |level neter
adjustment circuit. It offers less erratic operation and snoot her control than
the wire wound control

4.3.4 Part 4 - Power Line Filter

The AC line filter was tested for effectiveness in preventing external signals
fromgetting into the receiver through the power lines. At frequencies up to
15 nc the filter gave better than 50 db attenuation, falling off to 10 db
attenuation at 30 nc. The filter also provides a considerable reduction to
internal signals by not allowing themto be radiated out the power |ine.
Attenpts were made to get equival ent performance froma | ess expensive filter
The sinplest type of filter, a Sprage Hypass feedthru capacitor, was placed in
each side of the line and tested. Its performance was found to be consi derably
worse, particularly at |ow frequencies, although at frequencies above 25 nt it
was slightly better than the old filter. A single L-C pi filter was then
tried. It was simlar to the old filter but had fewer inductive elenments. The
old filter was designed for a cutoff below 100 kc, but there was no real need
for such low cutoff. Elimnating four of the inductors raised the cutoff
frequency, but above .3 nt the new filter had just as good or superior
attenuation characteristics as the old filter. This new filter was placed into
t he production receivers as soon as possible.
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After repackaging and elimnation of the 164-1 connector, it now serves for
the cost reduction receiver. The line cord now fastens to the filter by neans
of screw term nals protected by a cover. The power plug connector was changed
to a U-120/U conform ng to ML-C 3767. Total saving on this line filter and
power cord is about $17.00.

Figure 23 shows the new line filter
4 3.5 Part 5 - KC and MC Band St ops

Early attenpts to solve the problem of preventing danage to the gear train and
VFO t hrough failure of the kc and nt end stops resulted in various clutch
designs for the kc and nt knobs. The theory was that for normal operation the
clutch woul d be strong enough to provide solid nmechani cal coupling between the
knob and shaft. Upon reaching the end stop, the extra torque woul d cause the
clutch to slip and prevent danmage to the gear train and VFO

The sinpl est design consisted of a bronze clutch insert between the knob and
shaft. Unfortunately it had a tendency after slipping several revolutions to
gall up and grab the tuning shaft.

A later design used a nore conplex clutch assenbly in the knob. This provided
nore reliable operation due the closer tolerances on the value of the slip
torque. However, the greater cost of this clutch knob led to an investigation
of sinmpler means to provide the required protection

As a result of continuous difficulty with the end stops on the production R
390 receiver, this work was accelerated. A new ten-turn stop was devel oped
havi ng much greater strength than the old. Because of the urgency of the
problemthis new stop was i mmedi ately incorporated into the production
receivers.

This same stop is used virtually unchanged in the "A" and "B" nodel receivers.
4.3.6 Part 6 - Crystal Gscillator

Sinplification of the crystal oscillator depended |argely on devel opment of a
new frequency schene to reduce the nunber of crystals required to acconplish
the desired frequency conversion. Substitution of a fixed first crysta
oscillator would also elimnate two 32-position switches and four crystals.

I nvestigati on of possible frequency schemes showed that in order to avoid
third order spurious responses a first oscillator would be required of no
lower than 17 nt. This would allow one fourth order spurious response, but the
total nunber of spurious responses up to 8 nt and bel ow 9th order woul d be
reduced from 15 to 6 by the new frequency scheme. Use of crystals up to 17 nt
in the second oscillator allows a further reduction in the nunmber of crystals
by three.

The first oscillator built up used CR-19/U crystals with no oven. Tests showed
the stability over the required tenperature range of -40 to +85°C was

i nadequate for Signal Corps requirenments. Al |ater nodels incorporated ovens
to obtain the required stability.

16



Figures 18, 19 and 20 show the new crystal oscillator. In conparison to the
oscillator in the production R-390 it has been greatly sinplified. Since the
first crystal oscillator is fixed in frequency it has been renoved fromthis
chassis and placed on the RF. This was found to be necessary also to prevent

i nteraction between the two crystal oscillators. This interaction between
oscillators takes the formof internal signals generated when both oscillators
get into the first or second m xers and produce the VIF frequency. Renoving
the first crystal oscillator to the RF chassis greatly reduced the intensity
of these internal signals. It has proven to be inpossible to conpletely
elimnate them but they should all be lower than the 3.5 uv limt given for
internal signals. The oven is easily renovable with the crystal oscillator in
pl ace. Renoval of the crystal oscillator itself requires dropping the front
panel , but the RF unit need not be renmpved. However when taking the RF unit
out it is nmobst convenient to |l eave the crystal oscillators attached and renove
both together. This is an advantage in that it allows the two to be tested

t oget her nore conveniently.

The frequency schene as finally adopted is shown in table I. The nunber of
crystals in both oscillators has been reduced from23 to 16.

Desi gn of the oven proved to be a difficult problem Since the crystal switch
was renmoved fromthe oven, there was considerabl e heat |oss through the
crystal socket |eads and at | ow tenperatures the oven ran cold. Placing extra
heat er wi ndi ngs around the crystal nounting board counteracted this | oss of
heat and made nmuch better tenperature conpensation possible over the range -40
to +65°C. A Fenwal thernostat is used in an effort to obtain nore reliable
operation. Several turns of wire wapped around the thernostat reduces the
tenperature cycling to an average of about 1°C. This figure varies sonewhat
with the particular thernostat and anbient tenperature, but is fairly
representative at roomtenperature
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TABLE |

R- 390A FREQUENCY SCHEME

Freq

Band Range
0 5-1

1 1-2

2 2-3

3 3-4

4 4-5

5 5-6

6 6-7

7 7-8

8 8-9

9 9-10

10 10-11
11 11-12
12 12-13
13 13- 14
14 14- 15
15 15-16
16 16- 17
17 17-18
18 18- 19
19 19- 20
20 20-21
21 21-22
22 22-23
23 23-24
24 24- 25
25 25- 26
26 26- 27
27 27-28
28 28-29
29 29-30
30 30-31
31 31-32

MO0 RANE

33333333
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17.5-18
18-19
19- 20
20-21
21-22
22-23
23-24
24-25

2nd. M xer

Crystal

Inj.

Freq.



4.3.7 Part 7 - RF Coils

Since the 16-32 nt coils were causing considerable tracking difficulty in
producti on, work was first begun on this band. The nethod of approach was to
increase the length to dianeter ratio of the coil by using a smaller core

di anmeter. Reduction of the dianeter from .25 to .20 inches acconplished the
desired result. As soon as the design was conpl eted, steps were taken to put
this coil in production receivers. Later on as ferrite cores of inproved
characteristics becane available, it was found that the sane good tracking
could be obtained with the |arger dianmeter coil using the higher perneability
ferrite core. Finally, all RF coils were designed to use this sane type of
ferrite core. In addition to their higher perneability, these cores al so have
a higher Q helping to overcone the | oss of image response resulting fromthe
elimnation of one RF stage. The VIF coils have al so been redesigned for use
of a conmon core. This core differs fromthat used in RF coils however because
this application called for a | ower perneability, higher Q core. Coil franes
have been designed for sinpler assenbly and teflon termnals are used to

mai ntai n higher circuit Q The antenna |inks have been redesigned to attain a
nmore uni forminput inpedance. The introduction of ferrite cores in the antenna
coils raised the primary input inpedance. This had a beneficial effect on

noi se figure but reduced the selectivity. In order to return to an i npedance
near the nom nal figure of 125 ohns, it was necessary in nost cases to reduce
the nunber of primary turns. This inproved the inage rejection and cross
nmodul ati on characteristics of the receiver at a slight sacrifice in noise
figure. Figures 9 and 10 show the new RF and antenna coils respectively.

4,3.8 Part 8 - Autotune Mbtor

One of the nost inportant factors in cost reducing the R-391 receiver is the
AC Autotune notor. Although the AC notor itself is nore expensive, elimnation
of the PP-629, 28 VDC power supply required for the 28 volt notor, results in
a great overall savings. Besides the saving in cost, elimnation of the PP-629
results in far greater convenience and versatility for the receiver, to say
not hi ng of the saving in weight and space.

A suitable notor was obtained and tested in the "B" nodel. Qperation was
satisfactory and nore quiet than the current R- 391 Autotunes. This is largely
due to the | ower speed at which the new Autotune notor runs. Being governor-
controlled, this notor does not exceed 5000 RPM As a result the set up tine
is increased to a maxi mum of 25 seconds which is 5 seconds |onger than that of
the current R- 391 receiver. However this | ower speed should result in |onger
life to the gear train.

Figure 32 shows the new Autotune notor nounted in place on the RF unit.

A front panel "Detent Rel ease" control was added to this receiver. This
control engages the nt detent in the "manual " position and opens the Autotune
circuit so that it cannot operate. In the "Autotune" position, this control

di sengages the nt detent and closes the Autotune circuit for automatic tuning.

4.3.9 Part 4 - AF Filters

The need for a | ow pass AF filter with a cutoff of 3500 cps in this receiver
was al ways rather questionable. It does provide the m ni mum bandw dth for
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maxi mumintelligibility of speech, but it was somewhat doubtful if it was
worth the extra cost. Now that the IF enploys nmechanical filters with their
flatter tops and steeper skirts, the AF filter becomes even | ess necessary.
If, for instance, the IF bandwidth is set to 8 kc for speech reception and
there is strong interference froma signal 4 kc away, it only requires a
slight retuning to push the interfering signal off the edge of the passband
while still maintaining the intelligibility of the desired signal. In extrene
cases where interfering signals are found on both sides of the desired signal
t he bandwi dth may be set to 4 kc and the signal tuned for maxinmm
intelligibility and rejection to interference. In many cases, this may result
in tuning to one of the signal's sidebands for best reception. Under this
condition the 4 kc filter provides a sufficient bandw dth for optimum speech
intelligibility. It appears then that under nost conditions of interference,
careful tuning and judicious use of the bandwi dth control elimnates the need
for the 3500 cps filter. An investigation was nmade of the cost saving
resulting fromelimnation of the 3500 cps | ow pass AF filter. Upon
presentation of the cost information to the Signal Corps, authorization was
granted for its renmoval on the final nodels.

A twin-T feedback anplifier circuit was tested as a possible substitute for
the 800 cps filter. The shape of the response curve using such a circuit is
very simlar to that of a single tuned circuit. It is narrower at the nose and
wi der on the skirts than that obtainable with a band-pass filter. The bandpass
filter was redesigned for use in the plate circuit of the first AF anplifier
so that the interstage transformer could be elimnated. The high inpedance
filter has slightly greater bandwi dth so that the beat note can be varied a
little nore and still remain within the passband.

Figure 34 shows a conparison of audio selectivities anong the vari ous
bandwi dt hs and the sharp AF filter

4.3.10 Part 10 - DC Qperation of Equi pment

Since the devel opnent of the R-392 receiver, designed exclusively for
operation from 28 volt DC, the need for providing 28 volt DC operation of the
R-390 and R-391 receivers is alnost elinmnated. Dropping the 28 volt DC
operational requirenment results in savings due to elimnation of the power
receptacles J-104 and the 28 volt line fuse. In addition, it also permtted
the use of parallel tube filanent operation and 6 volt dial |anps. Parall el
tube filament operation should do much to elimnate the trouble encountered in
the current R-390 where difference in tube filaments cause sone tubes to run
hi gher than nornmal filanent voltages and others |lower. This has a bad effect
on tube life and causes the receiver gain to fall off with tine. The 6 volt
dial lanps are nore rugged than the 28 volt types and should cause |less of a
repl acenent probl em

4.3.11 Part 11 - Main Frame

Investigation into the cost of the main frame showed that the |am nated type
of construction used proved to be quite expensive due to the difficulty of
hol di ng the necessary tol erances. In addition, the frane was quite flexible,
al l owi ng novenment of parts under shock. As a result the frane was redesigned
to utilize plate type construction, simlar to that used on the R 392. The
floor plate is a solid 3/16 inch plate screwed to side brackets of 1/8 inch

20



material and to the rear panel which has been increased in thickness to .081
inch. In addition the floor plate extends to the front panel along the front
of the IF unit. The rib separating the AF unit fromthe VFO al so screws down
to the front panel. As a result of these changes the main franme is much
sturdier and lower in cost too. Figures 29 and 30 show the main frame
construction of the R-391 "A" nodel .

The "B" nodel R-391 was taken to Evans Signal Lab for vibration and hamer

bl ow tests. The hanmer bl ow test reveal ed a potential source of weakness at
the junction of the floor plate and side bracket aside the RF unit. This was
corrected by spot welding alumnumstrips to the side brackets such that they
hel p support the floor plate and renove sonme of the [oad fromthe screws.

By extending the side brackets by about half an inch it was possible to
elimnate the rear bunpers. In order to sinplify renoval of the front panel
the handl es mount only to the panel. It is no | onger necessary to renove the
handl es to drop the panel. In order to reduce cost, etching of the front pane
was dropped in favor of silk screening.

4.3.12 Part 12 - Hum Bal ance Control

Substitution of the L-Cfilter for the electronically regulated B+ supply
elimnated the need for this control

4.3.13 Part 13 - VFO End Poi nt Adj ust nent

Location of the VFO output transfornmer and filter on the VFO of the current
R- 390 receiver nade the end poi nt adjustnment somewhat awkward to reach. By

reduci ng the size of the output filter can and noving it over slightly this
adj ust ment becones nore accessible. Due to the redesigned gear plate of the
R-390, it was necessary to provide an access hole for this purpose.

In the R-391 receiver, the location of the Autotune heads made this end point
adj ustment i naccessi ble when the VFOis nounted on the receiver. However, the
VFO can easily be renmoved to make this adjustmnent.

4.3.14 Part 14 - Gear Train

One of the nost |ogical places to | ook for cost reducing features is in the R
390 gear train. This unit is the nost costly mechanical unit of the receiver,
and any sinplification would result in a considerable overall saving. This was
made possible to a large extent by the sinplification of the frequency schene.
Substitution of a single first crystal oscillator frequency for the old schene
whi ch used five different crystals, elimnated the need for the step cam and
nmovabl e high VIF coil table. Inits place is a continuously variable high VIF
driven fromthe 8-16 nt RF shaft. Placenent of these coils behind the 8-16
rack and the 3-2 nc VIF coils behind the 1-2 nt RF coils elimnated a
consi der abl e nunber of gears. Repositioning the crystal oscillator aside of
the RF unit instead of behind it also elimnated the drive shaft running under
the RF chassis, and the worm and worm gear of the crystal oscillator. In
addi ti on by coupling both the kc counter and kc drive to one gear on the kc
shaft, several other gears were elinmnated. On the R-390 "A" nodel it was
possi ble to extend the gear plates and nount the kc and nt shafts to them
This elimnated the casting fromthe R 390 on which these shafts were formerly
mount ed. An advantage of the new nethod is that there is no chance of | osing
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synchroni zati on between the kc and nt shafts and the gear train. This

advant age al so extends to the R-391 "A" nodel, but on this unit there is an
Aut ot une casting which is an integral (though renovable) part of the RF unit.
In building two R-390 "A" nodel s, considerable msalignnent was found between
coils and slugs. As a result, the R 391 "A" nodel slug racks were nodified to
i ncorporate individual slug holders to permt better slug centering in the
coil s.

Figure 31 shows the RF and gear train of the R 391 receiver. O her views of
the gears and slug racks appear in figures 5 and 26.

4,3.15 Part 15 - RF Unit

I ncorporation of the new frequency schene resulted in a considerable
sinmplification of the gear train and crystal oscillator unit. Since it had
little effect on the RF circuitry, however, other means were investigated to
reduce the cost of the RF. Looking at the circuit with this point in mnd, the
second RF stage was questioned. Its advantages are that it affords additiona
AGC control ahead of the mixers, and with its extra coil it affords better

i mage rejection above 8 nc. On the other hand, renoval of this stage
represents a saving of a tube, socket and associated parts, a switch and six
coils. An estimate on the cost saving canme to about $25.00. On the strength of
this figure, the decision was nmade to elimnate the second RF stage. Attenpts
were made to restore sone of the lost inage rejection by inproving coil Q and
tracking and using better switch material. By this nmeans it is still possible
to maintain 80 db inage rejection up to 16 nt, gradually tapering off to not

| ess than 50 db at 32 nt. By placing the antenna trinmmer close to the high
band antenna coil it was possible to use the sane coil for both the antenna
and RF coil assenblies. Reduction of stray C also permts better antenna
trimrer action on the 16-32 nt band.

In many applications it is necessary to operate the R 390 receiver in the
vicinity of strong transmtters. Under this condition cross nodul ati on becones
an inportant factor in receiver operation. Field tests by SCEL engi neers
indicated that the R 390 left sonmething to be desired in this respect. Now
that the 2nd RF tube was elimnated, extensive tests were conducted to
determ ne the nost suitable tube for the remaining RF anplifier. The four nost
i nportant considerations were | ow noi se, adequate gain, |ow cross nodul ation
and good AGC control. Nearly all available mniature pentodes were tested
under a variety of screen and grid voltages. Anmong those tested were the 6AGS,
6AJ5, 6AK5, 6BA6, 6BC5, 6BJ6, 6CB6, 5590, and 9003. Several cascode tubes, the
6386 and 6BZ7, were also tested. Late in the programtwo new RF pent odes the
6BZ6 and 6DC6 became avail able. Mdre than any other tubes tested, these two
had t he nost desirable conbination of characteristics. In | ow noise and high
gain they conpared favorably with the 6CB6, while in | ow cross nodul ati on and
good AGC control they conpared well with the 6BA6. Because the 6DC6 affords
slightly stiffer AGC control it was finally selected for use as the RF
anplifier. Further cross nodulation tests were also run on various tubes as

m xers. The 6C4 presently used showed itself to be best in this respect. As
the grid bias was varied, cross nodul ation actually inproved slightly up to
-14 volts with these tubes. For this reason, as well as to try to regain sone
of the AGC control lost by elimnation of the 2nd RF stage, it was decided to
put AGC on the m xers. Late tests show that the cross nodul ation existing
after all these changes were nmade is due largely to the first IF tube at
levels of interference up to .2 volt and to the RF tube at signal |evels above
this. Incidentally, renpoval of the second RF stage al so i nproved the cross
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nmodul ation to some extent. lnvestigation carried out by E. Read on the R 392
recei ver showed a substantial inprovenment in cross nodul ation at interference
| evel s exceeding the operating bias of the first RF tube when a short tine
constant circuit was placed in the first RF grid. The inprovenent is
apparently due to counter nodul ation by the rectified AF voltage on the first
RF tube grid. A sinmlar test was conducted on the R-391 "A" nodel, but the
results were not nearly so spectacular. At levels of interference on the order
of 5-10 volts, there is an i nprovenent of about 4 db. This is considered good
enough to justify its use, however.

4.3.16 Part 16 - Calibrator

The calibrator of the current R 390 uses a 100 kc nultivibrator |locked to a 1
nc crystal. Despite every effort to inprove it, this circuit remained unstable
over long periods of time. Substitution of a 200 kc crystal for the 1 nt unit
stabilized the circuit completely, and elimnated the need for a separate

| ocking adjustnment. In order to economze, it was desirable to mount both the
calibrator crystal and the 17 nt first oscillator crystal in the sane oven. A
200 kc, 85°C crystal was devel oped for this purpose so a CR-36/U, 17 nt
crystal could be used with it in an 85°C oven. The new oven is designed for

cl oser tenperature control, both in regards to cycling and operation over

anbi ent tenperature variations from-40 to +75°C

The rearrangenment of parts on the RF unit |eft considerable extra room Using
some of this space for the crystal calibrator elimnated one extra unit. It

al so made possible bringing the calibrator adjustnment out the rear panel where
it is easily accessible. The new calibrator has greater harnonic output and no
"hol es" have been found at any frequency. The calibrator section of the RF is
at the extrene upper left of the receiver shown in figure 26.

4.3.17 Part 17 - VFO Stability

Late in the cost reduction program nuch trouble began to occur in the
production oscillators due to frequency junps-slight changes in frequency

whi ch appeared to occur instantaneously for no apparent reason. After nuch
research the oscillator departnment greatly inproved the situation by operating
the tube at a lower |evel of screen voltage. Since this neant that the out put
vol tage was reduced, it was necessary to redesign the output filter for
greater efficiency. This design was begun in the oscillator departnent, and

| ater completed by this department in cooperation with them Although the sanme
circuitry is used in the output filter of the cost reduction receiver, the
parts were nmounted in a smaller can to nake the end poi nt adjustnment nore
accessi bl e.

O her mnor changes in circuitry were nade to adopt the oscillator for
regul ated screen and unregul ated plate supply, and to get the nmaxi mum
stability under such conditions. The chassis was al so enlarged slightly to
al l eviate crowdi ng of parts and to nake the unit easier to work on.

At one point in the program it seemed a good idea to conbine the VFO and 3rd
m xer in one tube as is done in the R 392 receiver. A nodel was built and
tested in the receiver. Performance was satisfactory but the schenme was
abandoned because of the requirenment for master-slave operation. No sinple way
could be found either to lock the oscillators or to operate two m xers from
one oscillator with this arrangenent.
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4.3.18 Part 18 - Tube Types

One of the main sources of trouble on the current R-390 receiver has been tube
failures. One cause for failure is the use of nonreliable tube types. The 6BJ6
tubes used as the second RF anplifier and for many of the |IF stages, proved to
have a poor record for reliability. The 12AU7 tubes used in the crysta
calibrator also caused trouble. In the cost reduction receiver these two tubes
were replaced by JAN 5749 and 5814A tubes respectively. In addition, type 5654
tubes were used to replace the 6AJ5 as crystal oscillators. Replacenent rate
on the 6C4 and 6AK6 tubes is nmuch | ower and due to the high cost of superior
repl acenents, the 6C4 and 6AK6 tubes were retained. Choice of the 6DC6 as RF
anplifiers has already been nentioned. The only other new tube type is the QA2
vol tage regul ator tube used to provide regul ated B+ voltage of 150 volts for
the screens of the VFO and crystal oscillators.

4.3.19 Part 19 - Antenna Rel ay

The antenna relay of the current R 390 receiver has rather poor attenuation at
hi gh frequencies. A search was conducted to find a manufacturer specializing
in construction of |ow power antenna relays. The problemwas presented to them
and sanples were received and tested. Wth these new relays, no difficulty was
encountered in obtaining up to 40 db attenuation at the highest frequencies.
The original nodel had an AC operated coil, and these were supplied with the
R-390 "A" nodels. However, the adjustment on these relays was very critical
and any m sadjustnent caused severe chatter and hum nodul ati on of the signal
Later nodels are DC operated, and the operation has been changed slightly. In
the AC relay, the relay was normally energi zed when the receiver was turned to
M3C or AGC. Turning the receiver to off, standby or calibrate de-energized the
rel ay and grounded the antenna. The DC relay is energized only in the standby
and calibrate positions. In this case energizing the relay grounds the
antenna. A relay of this type has been installed in the R 391 "A" nodel. A
special seleniumrectifier supplies the necessary DC power.

4.3.20 Part 20 - Mechanical and El ectrical Conponents and Construction

Al'l components of the R-390 receiver were exanined for cost and suitability
for the intended application. Those itenms substituted for cost reasons include
the disc ceramic, electrolytic and Prokar capacitors, bakelite rear term na
boards, BFO switch, break-in switch, printed term nal board, cheaper Bristo
wrench, and stanped out term nal board junpers.

O her changes were made to i nprove performance or because they were needed
with the new circuitry. Substitution of the L-C filter and VR tube for the

el ectronically regul ated B+ supply nade necessary a change in the function
switch to acconplish proper switching of the new B+ circuitry. Changing to a
hi gh i npedance 800 cps filter and elimnation of the 3500 cps filter required
a change of the audio response switch. Due to redesign of the crysta
oscillator, a shorter oscillator coil was required. Changing to a 110 volt AC
Aut ot une notor presented a switching and fusing problemfor the Autotune on
220 volt AC. For this reason it was necessary to substitute a term nal board
for the 110 volt-220 volt switch. Connections to this board are changed
according to whether 110 volt or 220 volt operation is desired. Originally it
had been planned to use ACrelays for all functions to elimnate the need for
the copper oxide rectifier. After much difficulty with the AC operated antenna
relay, it was changed to DC operation. A seleniumrectifier was selected to
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supply the required DC power. Because it is easier to handl e and cabl e,

m ni ature coax cable is used in place of that used in the current R-390 and R-
391 receivers. This type of cable requires the use of mniature connectors. A
bayonet | ock type connector, the IPC type MB was chosen because of its sturdy
constructi on and easy operation. The new nechani cal design of the receiver
requires the use of a long screwdriver to renove sone of the units. A long
handl ed Phillips screwdriver was substituted for the short right angle type
furnished with the current R-390.

O her changes were made in the nmechanical construction of the receiver.
Careful attention was paid to the matter of electrolytic corrosion due to
dissimlar nmetals in contact. The plated brass shields were renmoved fromthe
aluminum RF, I F and crystal oscillator chassis and al um num shi el ds were
substituted in their place. The brass frames of the RF coils were carefully
cadm um pl ated and chromate di pped. Since cadmumis next to aluminumin the
electrolytic series, no trouble should be encountered due to corrosion between
the frame and the al um num can. The net hod of nounting the subunits in the
recei ver was changed both to reduce the cost and nake the nounting nore
efficient. Each chassis has a |lip bent out on the ends on which captive

bushi ngs were nmounted. This can easily be seen in the photos of the IF and AF
units. Al captive bushings are identical, in contrast to the old R 390 which
used different bushings for each unit. Munting is by neans of an ordinary

5/ 8" 8-32 machine screw held captive by a spring clip. If the screw thread
becomes danaged the screw can be pulled out of the bushing, releasing the
spring clip. A new screw may then be dropped in the bushing and the spring
clip pushed on fromunderneath effectively captivating it.

Consi derati on was given to the awkward met hod of nounting the power supply in
the R-390 receiver. It is mounted by screws in three different planes,
creating a difficult alignment problem and necessitating the use of floating
bushings in one plane. Since all the weight of the power supply is
concentrated in the transfornmer, it logically should be fastened to the fl oor
pl ate and the chassis fastened to the transforner. This was done in the new
design as illustrated in figures 11 and 12. On the AF chassis, renoval of the
series regul ator tubes elimnated the need for the step chassis, stainless
steel heat shield and special clanps.

Finally, a nunber of conponents were renoved fromthe receiver. The need for
tube pullers and tube pin straighteners was questionable. Mst radio repairmnmen
wi || have these tools on hand anyway. Besides, all tubes can be renpved by
hand when col d and tube pins can be straightened with a pair of pliers, if
necessary. For these reasons the tube pullers and tube pin straighteners were
renoved.

4.4 Phase "D' Construction of "B" Mde

4.4.1 A "B" nodel receiver was built up to test the proposed changes in
circuitry, components and mechani cal construction. Since the R-391 is the nost
conpl ex mechani cally, the decision was made to make the "B" nodel an R-391 and
test the Autotune operation right away. Electrical tests made on this receiver
gave an idea of the performance to be expected on future receivers. In a
nunber of respects, indications were that future nodels needed to be inproved.
These are the characteristics which showed need for inprovenent.

a. Mstracking - The worst point was at 8.0 nt where mstracking was 4.6
db. A mstracking limt of 4 db maximumis the goal for the set of RF coils.
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b. Antenna | npedance - Antenna inpedance was generally too high
particularly on the high band. Design goal is inpedance of |ess than 500 ohns
on this band, and 375 ohns nmaxi num on ot her bands. A certain anount of
overcoupling is desirable for increased sensitivity, but this has the
undesirabl e effect of degrading the selectivity. Because cross nodul ation
characteristics are becoming nore inportant, it is felt that the inprovenent
in selectivity afforded by | ower antenna input inpedance is worth the
sacrifice in sensitivity.

c. Overall Selectivity - Feedthru around the filters was apparent at
| evel s 60-80 db down fromthe passband. A 20 db inprovenent is desirable here.

d. Peak-to-Valley Ratio - The 8 kc filter had a peak-to-valley ratio of
4.4 db. This is to be reduced to 3 db if possible.

e. Image Rejection - Image rejection was deteriorated above 8 nt as a
result of renoving one RF stage and coil. However, inproved coil Q and | ooser
antenna coupling will partially conpensate for the |oss.

f. Internal Signals - There were a considerabl e nunber of internal signals
evident. Several of these were over the 3.5 uv limt. Further work was
necessary to reduce the nunber and magnitude of these internal signals.

g. Radiation - At several frequencies, the radiation exceeded 400 uu
watts. Further work is required to reduce this within limts.

h. Frequency Variation with Tenperature - Oven design was unsatisfactory
in this nmodel. Further work aimed at keeping the oven tenperature nore
constant wi th varyi ng amnbi ent-tenperature.

j. Main Frame Construction - The hamer blow test reveal ed a structural
weakness at the junction of the floor plate with the side bracket of the main
frame. This was reinforced in later nodels to renove nuch of the strain from
t he nmounting screws.

4.5 Phase "E" Construction of "A" NMbdel s

Upon conpl etion of the "B" nodel, construction was begun on an "A" nodel R-390
receiver. The |IF chassis was | engthened and rearranged to make it nore

accessi ble. The RF unit was rearranged to nmake better use of the space
obt ai ned by elimnation of the second RF stage. Renoval of the first crysta
oscillator fromthe crystal oscillator chassis permtted a redesign of this
unit, resulting in a slightly shorter chassis. The audio unit was |engthened
somewhat and rearranged to accommpdate the optional squelch function. Upon
conpletion of the first receiver, the second "A" nodel R-390 was built and
tested. Further work was done on these receivers to inprove the electrica
performance in those respects where deficiencies were noted on the "B" nodel .

Several additional changes were made on the R-391 "A" nodel. A DC ant enna
relay is used on this nodel with a seleniumrectifier supplying the required
DC power. Individual slug adjustments were made up for all the RF and VIF
coils. This permts the slugs to be centered in the individual coil so that
mechani cal m salignment can be corrected. The RF dust cover was redesigned to
cover the VIF coils as well as the RF coils. The 455 kc I F was rearranged to
make it easier to wire and maintain. The circuitry was also nodified to
elimnate tuning adjustments on the I'F coupling transforners, and to inprove
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the performance with respect to bl ocking and cross nodul ati on. Further work
was done to inprove the performance of the crystal oscillator oven,
particularly to cut down the tenperature cycling as the thernostat opens and
cl oses. Although the radiation had been cut down on the R-390 "A" nodels, it
was necessary to do further work on the R 391. It was found that due to the
extra floor plate cutout on the R-391 for the Autotune notors, part of the
bottom of the crystal oscillator was exposed. The plate switch of this
oscillator with its wiring was out in the open. Since the RF unit sits right
beside it, the high voltage in the crystal oscillator plate circuit induced a
voltage into the antenna coil circuit of the RF unit. Placing a bottom cover
over the exposed part of the crystal oscillator solved the problem Besides
the tests run on the R-390, an extended test was run on the Autotunes to
determne their resettability and useful life. A total of 20,000 operations
was run.

During the first part of the test a small amount of netal flakes was found
underneath the KC shaft. At the end of 6000 cycles the receiver was exam ned
and it was found that those flakes were coming fromthe grounding strap on the
VFO shaft. Further exam nation of the receiver disclosed al um num powder

under neat h the groundi ng spring of the crystal oscillator also. Lubrication of
both these points stopped the excessive wear. Soon after this, the switch
contact for channel 4 of the Autotune control head broke off. It evidently was
a defective contact because after it was replaced no further trouble was
encountered. At 10,000 cycles the test was interrupted for lubrication

mai nt enance and a check on wear. At that tinme, the only noticeable wear was in
the Iine shaft end play which had increased by .002". Between 10, 000 and

20, 000 operations no nmechanical failures occurred. At the end of 20,000
operations the Autotunes and gear train were carefully exam ned once nore.
There was no noticeable wear on the gears. End play of the |line shaft

i ncreased .006". One of the rack slots increased in size by .0005". A certain
anmount of wear was noted on the notor brushes. However, they are designed for
50, 000 operations and woul d probably last that |ong. Mtor speed was reduced
from 5000 to 4300 rpm This seens to be due to the bad pitting of the governor
contacts. On the basis of this test it becane evident that these contacts
shoul d be shunted by a proper size capacitor and resistor for longest life. RF
and crystal oscillator switches were in good condition. Set up accuracy was
sati sfactory through out the test. Usually the Autotunes would run an 8- hour
day at the rate of about 100 set ups per hour w thout a single frequency error
of greater than 100 cps. In fact nore often that not, the error was |ess than
hal f this amount. Because of the bad pitting of the governor contacts the

Aut otune notor of the "A" nbdel R-391 was replaced. Shunting these contacts
with the proper size resistor and capacitor reduced arcing by about two
thirds, this should result in a corresponding increase in contact |ife. Room
to nount these extra parts was found near the Autotune notor.

4.6 Delivery of Mbddels

It appeared that the R-390 receiver would find greater use than the R-391
Consequently the two "A" nodel R-390 receivers were built first. On February
24th, the first "A" nodel R-390 was shipped, together with the two "B" nodel
R-390 receivers. These "B" nodels were actually unnodified R-390 receivers, as
no actual experimental nodels of the R-390 cost reduction receiver were built.
Since both the R 390 and R-391 receivers are nearly identical except for the
R-391 Autotunes, the "B" nodel R-391 served as the "guinea pig" for all the
mechani cal and el ectrical features incorporated in both the R 390 and R-391
"A" nodels. On March 10th the other "A" nodel R-390 was shipped. After
conpletion of the R-390 "A" nodels, the R 391 "A" nodel was built and tested.
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During this period it becane necessary to divert attention to the forthcom ng
producti on contract for R-390A cost reduction receivers. As a result,
construction and testing of this nodel proceeded at a nuch sl ower pace. The
extended tests conducted on the Autotunes al so added several weeks over the
test time for the R-390 "A" nodel receiver. In Septenber the "A" and "B" nodel
R-391 cost reduction receivers were shipped.

4.7 Preparation of Drawi ngs and Final Cost Analysis

As soon as the "B" nodel R-391 cost reduction receiver was constructed work
was begun on preparing manufacturing drawi ngs, The R-390 "A" nodels were built
fromthese drawi ngs as nmuch as possible. During the construction of these
nodel s possi bl e i nprovenents and mnor errors showed up. These were then

i medi ately incorporated in the drawi ngs. Because of the production contract
whi ch had been received, it was felt that rather than rel ease the drawings to
Signal Corps immedi ately after the "A" nodels were conpleted, it would be to
their benefit to wait until preproduction nodels of the receiver had been
built and tested. This would give sone extra tine to allow the drawi ngs to be
checked by manufacturing personnel, who were in a position to point out m nor
changes which would result in cost savings, easier fabrication and better
quality. In the manufacture and assenbly of the preproducti on nodels, other

m nor errors and possible inprovenents al so showed up. These were all

i ncorporated into the final drawi ngs for the R390A receiver. These draw ngs
were rel eased to production on June 1st, and are in a nmuch higher state of
perfection that they woul d have been i mediately after the R-390 "A" nodel s
were built. A set of reproducible prints is being nmade fromthese draw ngs and
shoul d be ready for delivery in Novenber. After conpletion of the R 390

drawi ngs, it took just two weeks to finish the R 391 draw ngs because of their
close simlarity. A set of reproducible prints is also being nade fromthese
draw ngs, and should be ready for delivery about the sanme tinme as those for
the R-390.

Little work could be done on the final cost analysis until the draw ngs were
conpl eted. Upon conpl etion of the drawi ngs, the cost for analysis of the final
nodel s was begun. Results are shown in figures 40 and 41, which should be
conpared with figures 1 and 2 to show the savings on each receiver resulting
fromthis cost reduction program
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5.0 CONCLUSI ON

As a result of this cost reduction contract, the follow ng results have been
acconpl i shed.

5.1 A conplete cost analysis was nade on the R-390 and R- 391 receivers.

5.2 Cost reduction nodels of the R-390 and R-391 receivers were designed,
built and delivered.

5.3 Manuf acturing drawi ngs have been prepared on both receivers and will be
del i vered i n Novenber.

6. 0 RECOMVENDATI ONS

The foll owi ng recormendati ons are made as a result of the contractors
experience in redesigning this equi pnment.

6.1 Although the superior shape factor of the nechanical filter IF is
desirable in nost applications, consideration should also be given to an
alternate tuned circuit design for use in special applications. The excell ent
shape factor of the mechanical filters precludes the possibility of linear
phase shift across the passband. Were a |inear phase characteristic is
desired such as in direction finding equipnment, a tuned circuit IFis
necessary.

Such a tuned circuit IF was constructed by suitably nodifying the IF unit of
an original R 390 receiver. Mdifications included rewiring tube filanents for
paral | el operation and substitution of tube types 5749 and 5814A for 6BJ6 and
12AU7 respectively. In addition, the RF gain control and AGC circuits were
changed slightly to match that of the nechanical filter IF unit. Wth the
extension | eads supplied, the T.C. IFis directly interchangeable with the
mechani cal filter nodel. This tuned circuit IF unit was shipped along with the
R-391 "A" nodel receiver to permit conparison with the nechanical filter
nodel . Al though this unit can be built using the sanme tooling as the R 390 IF,
it my be desirable to design a new chassis incorporating al um num shi el ds,
better |ayout of parts and |less costly conponents. This would be especially
true if there is a considerable demand for tuned circuit IF units.

6.2 In a cost reduction contract of this kind there is one problem always to
be faced. That is, to decide at what point in time wrk can be stopped and it
can definitely be said that this is it. The opportunities for cost reduction
and i mprovenent of performance are al nost endl ess with new devel opnents in
mat eri al s and processes, electrical conponents and circuitry becom ng
avai |l abl e al nost continuously. Already further areas of investigation have
shown up for which there was no time to experinment and incorporate the results
into the final equipnent. One of these fields of investigation involves
potting the RF coils in a solid block of resin. This type of construction has
several advantages over conventional coils. Perfornmance under humdity is

i nproved because the coils are al nost conpletely inpervious to noisture.

Tests have been made showing the IF and AF units of the cost reduction
receiver to be very good under humd conditions. If the RF could be inproved
to the sane extent, it appears that very satisfactory operation could be
expected in tropical climtes. Besides the inproved noisture protection
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potted coils could actually be nade cheaper than conventional types since no
coil frame is necessary and the can becones the nold for the resin.

Further investigation of the antenna relay design could probably lead to a
sati sfactory AC operated unit, elimnating the need for a seleniumrectifier
to supply the required DC power.

Since cross nodul ation is becom ng of greater concern, further work m ght be
desirable to find nmeans for its reduction, particularly at strong undesired
signal inputs.

H gher stability is another desirable feature which m ght possibly be obtained
wi th redesign of the crystal and VFO oven

In conclusion, it is recommended that further consideration be given these
problenms in order that optinmm performance and m ni mum cost be achi eved for
t hese equi pnents.

7.0 | DENTI FI CATI ON OF PERSONNEL

The following is a list of names and titles of key personnel assigned to the
contract and taking part in the work covered by this report. This list also
contai ns the approxi mate nunber of man hours spent and the nmajor work of each
man. Al so includes a brief description of the background of each man

L. W Couillard - Section Head, Medi um Frequency Receiver Section

Enpl oyed by Collins Radi o Conpany for 14 years working nostly on receivers and
recei ving equi pnent. G aduate in Electrical Engineering, University of

M nnesota, 1938. Approximately 300 hours spent on this project working on al
phases in a supervisory capacity.

E. Schoeni ke - Project Engineer

Enpl oyed by Collins Radio for 6 years working on R-390 equi pnent. Graduate in
El ectrical Engineering fromUniversity of Wsconsin, 1949. Approximtely 2800
hours spent on this project working nostly on the RF, crystal oscillator and

| F.

J. P. Mullen - Mechani cal Engi neer

Enpl oyed by Collins Radi o Conpany for 4 years. Graduate in Mechanica
Engi neering fromlowa State College in 1950. Approxi mately 2500 hours spent on
this project working nostly on the nechani cal design

R L. Scriven - Devel opnent Engi neer

Served in Wrld War Il in the US Navy and detached to OSS to construct radio
stations throughout the world. A graduate of Navy Radio Material School
Served in Korean War as Chief Electronic Technician aboard a destroyer. High
school graduate and attended ni ght school electronic courses sponsored by
University of lowa. Enployed by Collins Radio for 15 years, less mlitary

| eave, having worked in production, lab technician in aircraft conmunications
and engineer in integrated flight systens. Approximtely 2800 hours spent on
this project working nostly on AF and power supply.
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N. E. Hogue - Devel opnment Engi neer

Enpl oyed by Collins Radio for five years working on R 390 equi prent. G aduate
in Electrical Engineering fromUniversity of Wsconsin in 1950. Approxi mately
500 hours spent on this project working on the final design of the IF.

D. M Hodgin - Devel opnent Engi neer

Enpl oyed by Collins Radio for 8 years working on oscillator devel opnent.
Graduate in Electrical Engineering fromPurdue University in 1947. Served two
years as radio technician in U S Navy. Approximately 200 hours spent on this
project, doing devel opment work on variable frequency oscillators.

C. A Rockwell - Devel oprment Engi neer

Enpl oyed by Collins Radio for 15 years working as a | aboratory technician
assenbly foreman and devel opnent engi neer. Approximately 1300 hours spent on
this project working nostly on RF coil design

W F. WIllianms - Mechani cal Engi neer

Enpl oyed by Collins Radio for 7 years. Attended University of lowa until 1945.
Approxi mately 400 hours spent on this project, working nostly on the
mechani cal design of the IF.

E. Lefebure - Cost Anal ysis Engineer

Enpl oyed by Collins Radio for two and one-half years. G aduate of Loras
College in 1918 with a B. S. degree. Approxi mately 2800 hours spent on this
project, working nostly on cost anal ysis.

d enn Hykes - Devel opment Engi neer

Enpl oyed by Collins Radio for 8 years. Spent approximately two years in the
Arnmy Air Force of which 18 nmonths was spent attending a radi o engi neering
school in Chicago. Approximately 100 hours spent on this project, working
nostly on the crystal oven.

Ronal d Wal der - Cost Anal ysi s Engi neer

Enpl oyed by Collins Radio for 5 and one-half years as a mechanical engineer
Graduate of University of Illinois in 1950 with a degree in Mechanica

Engi neering. Served approximately twenty-two nonths in the Infantry.

Approxi mately 500 hours has been spent on this project, working nostly on cost
anal ysi s.
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