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FINAL REPORT

'BATTERY CHARGING HANDCRANK GENERATOR, HG-3 .
. Specification Nos 58-A1071-A

Dated 8 May 1958

PURPOSE |
The purpose of this project is to develop a portable

battery-charging, handerank generator consisting of a volt-

age generator, power regiulator; and indicating meter. This
device is to enable one man to éffiéiéﬁély and quickly re-
charge secondary batﬁé?iééuéfvﬁhé nickel-cadmium and lead
acid type. The electrical and mechanical design of the

unit, designated as the HG-3, shall be especially directed
toward the development of a miniaturized preduct having a
high degree of ?éliabiiiﬁy'whéﬁ exposed to rough handling
during the field usage. In additien to the above objectives,
the performance requirement of Speeifieation No, 58-A1071-A

"

concerning operating life; noise; etes must be mets
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O SUMMARY
The subject task calling for the development of & light=
weight handerank generatoy for battery charging has now been
completed, The ten (10) protetype fiodels have been constructed
and shipped to the é@Véfﬁﬁéﬁt technical vepresentative with the
related éééééééﬁiegg‘iﬁéﬁ?ﬁéﬁiéﬁ books; and drawings. This
© ~ report constitutes the last item of the contract and its accepts
ance will offieially close out the comtracts
Tt is felt that the results of this project have been
successful and have justified the expenditure of the time and
ﬁ@ﬁé7 allotteds A lightweight, compact handerank generator has
been developed which is inherently self-regulating and of non=
C?itiéai naintenance=free construction. Its operation is sinple;
requiring & minimum of instruction, and as a further safeguard,
the uriit is protected against incorrect operation or @onn@ctlonq
Its efficiency is comparatlvely high, considering the inherent
dissipation in high current=low voltage devices; being approxi=-
mately 60% to 65% over the cranking range.
To aid the operator in determining the state of charge
of the %atter? and thée necessary éfénking rate, indicating
features are provided showing currént flow and.full-charge con-
O dition for the battery. A variety of fastening methods have
been provided through the use of webbed straps a@d a can=-opénérs=
type mounting plates . o
The past several months, since the submission of Progress
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‘Report Nos 8, have been spent in repair and modification of the

second prototype model and construction of the eight (8) remaining
field modelss The médifiéati@ﬁ work on the second model was com~
paratively minor in nature; being concerned mainly with revision

of the crank handle and hub, and the wall mounting fixture, and

in no way affected the general system and layout of the generator.

The eight field units have been constructed identical to the modi-
fied second model and are felt to be in agreement with the Govern-
ment specificationss

Although thé'@ight models were constructed within the
remaining funds, the time'?équired was somewhat longer than was

originally expected due mainly to difficulty in obtaining fiber-

glass cases of high quality workmanship. The cases actually used

are definitely below standard but are Bélievéd te be the best the
manufacturer can of will supplys Sinee the faults in the case do
not particularly compromise the strength or usefulness of the
units, agreement was reached with the Governmment technical repre-
sentative that they would be acceptable for these eight modelss
eight units but none of these were other than what nermally would
be expected in the construction of handmade samples. The eight
units have been tested @xtéﬁéivély and duplicate the results
obtained with the second prototype sufficiently that they are
EOﬁSidé?éa to be acceptable working m@del@a:

This Laboratory is now engaged in a production engineering

i
4
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study of the HG-3 gemerators It is expected that this study by
ﬁhé déveléﬁméﬁt of complete and efficient tooling, the use of
high qualltv molded parts, and the substitution in the electronics
of more economical components will enable a manufacturer to con=
struct this generator at a much lower cost and with much greater
ease than present methods allows

The HG=3 generator is basacallv & very simple electro-
mechaﬁiéal transducer, the output characteristics of which are
noncrltleal and straightforward. The majority of the electronic
circuitry éﬁ%lé?éd ig for intermittent duty only and during
normal operation is not in uses ‘?ufﬁhefméfeg since the electronics
is basiééilv switching circuitry, it also is reasonably insen-
gitive to varying ééﬁpéﬁéﬁt parameters. It therefore follows
that if the unit ean be made of inexpensive material and ccmsv
ponents; its economical production is almééﬁaassﬁré&@ While
the ten (10) units as supplied to the Government are within the
specifications and will undoubtedly meet the operating life
requirements with comparatively little trouble; they are hand-
made samples and were constructed ??iﬁﬁ?iiy.ﬁéppEGVé the feasi-
bility of the devices Thé‘ﬁféduéﬁiéﬁvéﬁgiﬁéé?iﬁg study, there-
fore, is a very necessary and logical follew-up phase for this
development contract now being completed and should lead to the
ovérall goal, namely the economical procurement of handerank

generators in preductl’“ quantities.
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(:) DETAILED DISCUSSION

A. Review of Past VWork

1. General
In order to obtain a clear understanding of the
progressive development of the HG-3 generator, a brief
chronological review of the work progress is in orders
<:> Details of these phases may be found in previous eight
progress reports, together with pertinent drawings and

wiring diagrams.

2, Power and Current Regulation
| At the inception of the project, it,ﬁas believed
that the development of a subminiature power and current
regulator would require the greater share of time and
money and, therefore, was undertaken as the initial phase
of the development. To attain the specified regulation
characteristics, two parallel épproachés;ﬁere studied.
The first involved a servo-type regulaﬁpr'in which two
silicon—controlléd rectifiers, actingfaSjideal switches,
would be triggered by a feedback magnéticzamplifier which,
in turn, would be controlled by a oné.émpere sensing
element. It was felt that this type of_fegulator would
i (;) be non-dissipative in nature because of the characteristics
‘ ~ of the siliconwcontrolled.rectifiers ahd thus be in keepihg
| vwith the high efficiency requirements of the specification.

The second approach inVélved a more simple network using a

’ Declassified in Part - Sanitized Copy Approved for Release 2012/09/11 : CIA-RDP78-03424A001400050013-9
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O | ~ series power transistor which would be biased to a onme
ampere flow rate. While this would be a comparatively
inefficient method, it also would be far less complex,
less expensive and more compacts However, because of
the inherent inefficiency and, also, difficulty in stabi-
lizing the current to one ampere; this alternate approach

O was soon dropped in faver of the first,

The development of the non-dissipative type regu-
lator was pursued actively during the early phases and
was brought to a rather high degree of performance and
stability. Its main disadvantage was a high degree of.
eireuit complexity, which would have made the packaging
problem more severe, It should be borne:in mind, however,
that the non-dissipative power regulator developed did
result in acceptable regulation over a faifii wide fre-

O ~ queney and temperature range and did definitely result
in invaluable experience, particularly with respect to
advanced solid state switching techniques.

Concurrently with the completion of the develop-
ment phase for the non-dissipative pewer regulator, the
first prototype generating unit was also.completed. Pre-

O {, liminary tests showed that the self-impedance of the

~ generator was considerably higher than expecteds In opera-
tion, the actual result was a source impedance of suf=-

ficient magnitude to make the unit a current generator
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rather than a conventional voltage generator. Further ex-
perimentation showed that the generatorfs impedance was
almost purely iﬁdﬁétiVé and eould be aajusted to such a
value as to hold the output current into a 12-volt battery
at a vange of approximately 1.0 to 1.3 amperes over the
specified handeranking ranges A constant current, non-
dissipative generator had been actually developed which
eliminated the need for any external regulating means., It
was found that the only external components actually needed
were avfullwave bridge, a filter condenser and filter choke,
and the only other electronics required were for auxiliary
(indicating ér'pféﬁééﬁivé) features, Furthermore, in addi-

tioh to regulating the current te approximately constant

‘value, independent of speed, the high source inductance of

the generator also effectively provided the first leg of
Q:) | ~ the T“filﬁé?, thus eliminating a large separate iron core

choke Which had been found necessary in the earlier inves-

The above results, of éourse,. eliminated the need
to develop a separate power and current regulator and this
work phase was halted 1mme&1atelyé The problem of holding

the eurrent to 1.0 ampéré then became a pa?t of the genera-

Qi

tor déesign phase; basically being depen dent upon proper

choice of magnetic rotor configuration and the number of

turns in the windings. In ot timizlng these parameters, a

Declassified in Part; Sanitized Copy Approved for Release 2012/09/11 : CIA-RDP78-03424A001400050013-9




Declassified in Part - Sanitized Copy Approved for Release 2012/09/11 : CIA-RDP78-03424A001400050013-9

(%)

Final Report | : : 8.

W.0.60k

c@hstamt current, one-ampere generator was soon developed
aﬁd it was further found that in addition to holding a one-
ampere rate over'the eranking range, the current plateau

dropped for battery packs of more than ib cells, clamping

~ the power output at approximately 15 watts, also a require-

ment of the specifications. Therefore, all following work
was carried out on the basis of employing the inherent self-
regulation characteristics of the basic generator unit.

The Basic Generator Unit

The initial development of the basic generator unit
was governed by three primary factors, namely, a compact,
simple and rugged construction, a comparétively 1ow rotor
speed because of the noise problem'inva high speed ratio,
and avoidance of electromechanical commutators because of
the disadvantage of brush wear, sparking, noise, etc.

These factors indicated the desirability.of a simple magneto-
type alternator using a permanent magnet rotating field,
thereby avdiding the complexity of a separately energized
field and distributed stator windings.: ' -

Because of the acoustic noise specification of 50 db.
maximum, it was felt that the speed stép»up mechanism should
have as low a ratio as compatible with the cranking speed, |
and therefore a four-pole rotor was chosen as a suitable
compromise, eliminating the high speed regquired for a two-

pole arrangement or the complicated coil configuration
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required in a six-pole configuration. It has been calecus=

jated that in order to avoid a severe filtering and regu-

lation problem; an output freq‘é ’? from the alternator

ne
of 60 cycles for a cranking speed of 60 rpm. would be a
minimum figure. This called for a speed ratio of 30:1,
which was felt to be feasible through the use of either
timing belts or pears.

Tn order to have the windirgs delivering current
continuously, it was found advantageous to use a series-

connected stator and fullwave bridge rather than a center

tappéd Wiﬁdiﬁg and ﬁW@Edi@dé rectifier. For the stator

‘‘‘‘‘ ) m .

E
altheughthis was later éhan" d to 12 mil Silectron mate=-

rial for reasgons

sre originally chosen;

Most of the development work in the generater unit

)
eventually centered about ‘the aééign f a proper rotore

o
Iﬁitlally, Alniée rotors were procured because of their

comparatively high flux density. The original breadboard

medel used a four-pole Alnlco rotor and its performance
gavée the required ecurrent auﬁputo it was found that as

mich as 25% of the 4 input S power qas lost in the rotcr due

on operating effieisney, it was deeided to eliminate the
Alnies roter and use instead & rotor constructed of a

ceramic permanent magne
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evere eddy currents. Because of the high premium put
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C;) manufactured by Indiana Steel Products Company. A number

material is considerably lower than Alnico 5, the difference
in operating fiux density is not as great because the magnets
<;> are air stabilized before iﬁéﬁéilaﬁiéﬁa Furthermore, Indoex 5
wag found to héVé at least ﬁwiéé'thé stability of Alnico
and therefore was less sensitive to environmental factors
such as heat, vibratien, etec. -
Having found an acceptable rotor design, it remained
a matter of choosing the correct number of turns to obtain
the desired current amplitude. It was shortly found by
'émpifiéal experimentation that a large number of turns would
provide a greater voltage at lower speeds but would also
' <:> | yesult in a larger source inductance, therefore lowering and
flattening the current plateau. On the other hand, a smaller

number of turns, while not having the regulation nor as large

s current delivery at the lewer cranking speeds; did result
in vather high current delivery at the lower cranking speeds.
The final choice,; therefore; was a matter of éompromise.

k3

@ ~ | The present design uses two series-connected windings

)
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of No. 19 Heavy Formvar wire

approximately 5% into a battery terminal voltage of approxi-

mately 13 velts. These figures are for the specified cranking
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range of 60 to 100 rpms It may be further noted that con-

giderable current delivery is also

O
a

vailable at 50 rpm. and

that the regulation is maintained through a higher speed

i@
prange than gpecified. The speed has been taken up to 140
rprs with only a slight incrvease in 6uﬁput'cufféﬁté- While
thé Indox rotor must be fabricated instead of cast, it is
still felt that the gain in operating efficiency, in view
of the faet that this generator must be manually cranked,
justifies this substitutions

Rectifier and Filter

Throughout the development the main problem with
the rectifying and filtering components has been one of
size. Because of the distinct advantage of the generator

design of using a single winding output, a fullwave bridge

- was réquired for the fééﬁif?iﬁg élement aﬁd the choice of

the General Electric lNgl germanium dicdes with twe in

parallel f@f:é&éh leg of thé bridge was made quite early

in the déveiépméﬁﬁa Aiﬁhaﬁgh I, silieon diedes would have

suffiéed for this é@ﬁpéﬁéﬁﬁ?‘tﬁé premium placed on operat=
ing efficiency dictated the choice of germanium diodes

because of their lower forward voltage drop. Actually,

the difference in effieiency between the two is rather

small and because éfv%hé assembly and size problem in using
8 disdes as opposed to &5 it is believed that future models

could Justify the use of silicon diodes.
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For the filter; it hfd been planned from the §ﬁé?ﬁ of

m}

the project to use a lowpass WTW filter consisting of two

iron core chokes and onie large tantalum electrolytic capaci-
tors When the non-dissipative regulator was being invesb1~
| gated; a b?@édbéé?d filter was made up in order to feed the
| DsCs output current to the batteries and it was determined
<;> o that the first choke in this filter had to be very large
dué_to the large iron ares and turns required for effective
filtering at 60 cycless When it was found that the self-
induetance of the penerator, in addition to regulating the
eurrent,; also provided an effective iﬁruﬁ leg for the filter,
the large separate choke was quickly eliminated. Sufficient
filtering was obtained through the use of a 1200 mfd. elec~

6
nee the greater the number of turns in
n be. The values
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e approximately 0.3 watts and further
optimization weuld only result in a ver ¥y slight decrease in
ﬁhié’fiéﬁ?éa | |
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:E:D - The original specifications called for voltage and
current indication requiring a multipurpose miniature meter
with a selector switch, It was soon realized that such a
device would be impractical because of space considerations;
and therefore a subordinate iﬁVéstigatioﬁ was réquireda
4:5 N ~ early with the procurement of a subminiaﬁur@ milliammeter
| ‘made by Marion Electrical Instruments Companys By reading
 the voltage across a 0.5 ohm résistor in the output lead,
and placing a germanium diede in series with the meter,
~ the current range was shifted from zero to 1.0 amperes to
0:5 to 1,0 amperés. As§ such, the operator is given a
reagonably good indication; since in the extreme left
ﬁosiﬁién of the needle; the current is at half value and
o - in tﬁé extrens right, is at the full one ampere value.

The problem of indicating output voltage was found
to be far more severe since the veltage charging character=
istics of Nicad batteries generally have a very slow rise
and; furthermore; aré deperident upon ambient temperature.
Only a high precision voltmeter c¢oéuld be used to give a

- gtate-of-charge type of information and even this would
{f) ) only be accurate at room temperature if no compensating

means were includeds Obviously, a new approach was

required and the result was the development of the circuit

o
© now employed, which is basically a transistor-driven
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incandescent lamp triggered on by a Zener diode-resistor
(;) networks The charging characteristiés of Nicad batteries
were found to experiencé a coriparatively sharp rise at a
point where the batteries reached 90% to 1004 fully chargeds
By designing the Zener dicde-resistor network to have a
firing voltage approximately at this point, the turning on
of the lamp indicates to thé operator that his batteries
® are at a state-of-charge of approximately 80% to 100%. -
Beéausé of ambient teﬁpé?ﬁﬁﬁ?é conditiohs and differences
between various types and capacities of nickel-cadmium
batteries, this indicating point represents a compromise
and the final setting will probably be dictated by fiela
experience more than any other factor. The circuit ean
be adjusted for different "fully charged"” values. There-
fore, for a given battei‘y configuration and approximately
Q known temperature conditions; it can probably be modified

for a setting very close to 100%. Even without modifica-

,,,,,

.ion, it should serve as a valuable indicator aftet a
brief period of familiarization in field usage.

6, Protective Featurés

The HG-3 electrical system, as originally conceived,
consisted of an alternator; fullwave bridge, filter and
C;) ‘ o iﬁéicating means. With ¢orrect connection and usage, no
electrical trouble was envisioned. However, because of

its possible use by untrained personnel in the field,
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several prctective features wefe.request@d during the
i'developmept to guard against the possibilities ¢f cperating
into an déen load éircuit (such as the clip lead;faliing
off the battery terﬁinal during operation), 6r incorrect
battery connection to the generator (due, possibly, to
~ indistinct polarity markings on the battery). Without
(:> - protective features, the first condition due to the sudden.
| loss of armature reaction in the generator can result in
very high output voltage which, of course, can cause failure
in the filter capacitor, transistor and Zener diodes. The
second condition, by inspection of the wiring diagram, can
result in a severe short circuit current through the recti-
fier diodes, burning them out. |
'To provide protection against an open circuit condi-
tion, it wasufirst decided to employ a heavy duty Zener
(:> ' diode which would simply clamp the output voltage at a
rate sufficiently above the battery terminal voltage so
as not to béther normal opération, but sufficiently low |
to protect the critical componenfs, Except for cost; -
this solution seemed quite simple and was incorporated
in one of the early models. The later request, however,
(;) _ for a circuit to protect against incorrect polarity, lead
to the development of a transistor-driven relay circuit
employing a red ihdicating light and further investigation -

showed that by proper circuit arrangement, both features
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could be supplied using the same components and thereby
@ - eliminating the high power Zener diode. The present circult
was the result of this experimentation and operatésg in
general, in the following manners
In the event of an open load circuit, a Zener diode~
resistor network in the base of a low power transistor
recognizes the iﬁcféaéé in output voltage, turning on the
<:> | .transist@r and energizing the relay. The relay, in turﬁs
closes in a 5 ohm load across the generator which then
delivers approximately 1.2 amperes into this load. This
low voltage is sufficient to hold the relay in and there-
fore the circuit is protected until the crank stops. In
the case of reverse battery connection, the relay is
energized through a diode and simply opens up the path to
the remainder of the generator éiéctfcﬁicsg protecting the
0. - bridge elements and filter condenser from high current
‘surges. In this condition, the red indicator light is
immediately energized, indicating the incorrect connection
to the operator. Lamp indication is not necessary in the
case of an open load condition éiﬁéé the sudden decrease
in manuai,inpat power (vecause the output power will have
dropped from 12 to 15 watts down to 5 or 6 watts) is
<:) { definitely noticeable and therefore the condition is brought
to the @ﬁé?éﬁ@?’é attention.
Operation of these circuits is considered quite

positive and relatively trouble-free., They have the
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advantage of being free from component failure for a very
long period of time due to tﬁé_very minor operating duty
imposed upon thems Assuming the generator is always operated
correctly, this circuitry will actually never be energized
and, therefore;, should'céﬁtribute to a comparatively trouble-

ffee operating life for the generators

o o

After establishment of the generator rotor speed,

" investigation was started to determine a suitaﬁle speed
step-up mechanism for the 30:1 ratio required. In view of
the low acoustical noise requirement, it was felt that a

"ﬁiming belt arrangement would be desirable and pr@#ide |
éoﬁside?ébiy quieter operation than a gear train. Such
a drive was included in the first model submitted to the
Government and, although it provided a very low noise

(:> :  figure, the mechanical stresses were such that a severe

| - cogeging action was noted after a short operating period
due'tc excessive wear of the timing belt. As a compromise
correction to maintain quiet operation, the first stage of
the transmission was changed to gears and this hybrid system
was substituted in the first modelg At the same time an

(:> o _ {' investigation was made into the use of a complete gear

| transmission using nylon drive gears and stainless steel

pinions. It was found that the completely geare& trans-

mission did not result in as severe a noise problem as
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expected and a change to this type of drive was made because
of the increased efficiency and the considerably reduced

mechanical complexity. This gear train has now been stand-

‘ardized in the present models and with the use of a proper

lubricant, found to operate quite well and will, undoubtedly,

furnish the 1000 hours operating life required in the spec-

ification without trouble., The noise output is approximately

56 db.; because these specifications represent design goals
rather than absolute requiréménﬁs, this figure has been

accepted by the-Goverﬁment authorities. The 6" crank

provided with the generator was the result of considerable

study into the associated human engineering faetors in
which it was determined that this diﬁension resulted in
éOmeTtéblé cranking action.

P’gka“inf%andTMountin

The original development phases of this generator
were based on the use of a die cast aluminum case, chosen
primarily because of the weight limitation and its resist-

ance to shock, vibration and wear. Unfortunately, the

- first prototype models showed that the use of aluminum

was extremely detrimeﬁtal to the efficiency because of

the eddy currehts'resulting from the inherently loose

magnetic¢ circuit of thé'magneto=type generator unit.

Since stainless steel having high resistivity was pro-

hibitive from. both an expense and weight standpoint, it
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was decided to design a case of non-metallic material.
For reasons of expediency; a molded fiberglass case was
procured. This design has resulted in an extremely strong
-gtructure, although it is somewhat expen51ve to manufacture.
A definite economy cafi undoubtedly be made in future pro-
duction by going to a nolded case using some compound such
,  as nylen, Delrin, etés It was not economically feasible
during the development to engage in this particular type
of fabricatien because of the rather expensive mold costs
and the requirement for only ten units.

o The specifications originally called for mounting
faeilities s&tuch that the generator could be fastened
§ééﬁ?éi¥'ﬁc:é table; a table leg, a post, tree, etc., or

& person's knees Experiméntaﬁioa over the course 6f the

g project has proved falrly conclusively that fastening to

<;) | , the human knee would result in excessive operator fatigue
and therefore is unrealistic. All models have been made
with fac¢ilities for féétéﬁing_fo posts or trees by the
incorporation of fiﬁgé for webbed straps on the sides
of the generator case Durlng the course of the project,
a further request was made by the Government to have the

(;D' generator contain a wall mounting fixture in the same
fashion as the ordinary can opener. This has been done
by providing a separate back plate which can be wood-
serewed to a wall and putting slides on the back of the
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generator such that it can be éiid into the baek plate

| " securely and cranked in a vertical position. By providing
slots for webbed straps in this back plate, tﬁe faeility
:fOTImounting.to a flat table is also offered. For this
type of mounting, thé.Baek plate is strapped to a table
and the generator is cranked in the horizontal plane. For
a simple and rapid mounting means, it has also been found

© - that the'genefator can be fastened by securing the back

| plate to a table top by means of double-sided adhesive

tape; again cranking horizontally. The tape must be
changed each time but the use of straps is avoided.

»Bé Work Progress Since Report No. 8
| Since submission of Progress Report No. 8 the second
;‘pﬁéﬁétypé model of the generator was modified in line with
- ﬁhéééiﬁéf’ﬁfﬂeﬁtf‘é evaluation report, dated November 27, 1959,
| and resubmitted to the Tééhnieal Representative in early
December, 1959, following a conference with Government engi-
neers on December 4, 1959, These modifications consisted,
mainly, of revisions of the main hub and c¢rank assembly in
-order to prevent the erarnk from scraping against the generator
case during operation; and a revision of the wall mounting back
plate assembly to provide a more compact arrangement. |
A minor change was also-made in the "full charged®

indicator eircuitry in that the compensating thermistor was
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~eliminated and a stfaight ?é§istive network substituted. This

was done after agreement with the Government engineers that

'ﬁempefature compensation for this cireuit was of questionable

value due to the varying characteristics of different Nicad
batteries, and was further~eempiicated by the inherent build-

up of heat inside the generator c¢ase due to normal dissipation,

- this build-up being entifély variable depending on the amount

of cranking time., In other words, since there is no way to

pre-program the compensating c¢ircuit for the large number of

 combinations of conditions that could exist in.practice, it is

rather pointless to include the thermistor which is an addi-

tional item of expense and, also, somewhat fragile., There-

Afofe,‘the fully charged ¢ircuit indications are valid only

- at room température iao° F. Above and below these temperatures

theléperator should keep a log of the amount of the charge

delivered to the battery. This, actually, is a very simple

‘matter since, the Hu-3 being a one-ampere generator, he need

only multiply by the time he has cranked to determine the
amount of ampere-hours delivered to the battery.

- At the time the changes 6ﬁ the second prototype model
were firmed up, this»Laberatory also received approval to
construct the eight (8) additional models in line with revised
Model No. 2. The majority of the work from that time to the
ﬁrésent_date has been given to this task, Although there
have been some minor difficulties in building these eight
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(:>. . tiore than would normally be expéétéd in the construction of hand-
made ﬁéaéié.félléwiﬁg the development of a prototype. The only

- major trouble encountered has Bééﬁ in the procurement of fiber
glass cases of good quality Wbif'kmanshlpa This has not been
acceoriplished and the cases supplied for the eight models have -
beer accepted only because they apparently are the best that . = ..
the supplier can provide and are the result of a second complete
PUn, the first having been re jected by this Laboratory. Therea..
fore, these cases are actually not considered acceptable work—
manship by the Laboratory and are only being sent for reasons
of expediency and, also, because future models will undoubtedly
use a different molding material and process. It should be. - .

~ ‘noted, however, that the cases are believed sufficiently satis-

| i‘factory for field use and éfperlmentation and since this is

(;D' - their primary purposeg should not present any particular prob-

| '1em to ‘the Government.

After fabricaticn, the eight models were given a complete

electrical and mechanical checkout. The performance results
are shown in Figure 2 which indiéaﬁéé a féirl? ¢lose grouping,

particularly when it is borne in mind that the electrical .
parts were taken fromvst@ék without any parametric selection,

Fipure 1 shows the final electrical schematics

| The experience gained iﬁvﬁhé construction of these eight

units has been very valuable to the Laboratory since it has
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pointed out various areas in which improvement from a quantity
(:)' | | production standpoint can be made to facilitate easier assembly
| and.péfts‘fabricationé.This infcfmation has been of tremendous
| “help in carrying out the production engineering study and it
' is considered actually féftﬁﬁaté that the construction of the
- eight generators was delayed such that the two projeéts ran
| concurrently in that it allowed the'pefsénnel concerned with
Q the production engineering study to observe the generator being
| ‘fabricated and noﬁe the deficiencies in the assembly procedures.
During this past report period the 30 instruction books
were made up in line with the corrections requested on the
original draft submitted to Washington last month. The neces-
sary sets of drawings have alsé,been'séﬁt to the Government
giving the manufacturing details of the various parts and
‘assemblies comprising the ﬁGaBG: This final engineering report,
'(;) ' “then, constitutes the last deliverable item in the contract

and its submission will officially ¢lose the project.
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SUGGESTIONS FOR _IMPROVEMENT IN FUTURE MODELS

This Laboratory feels that the present design of the HG-3
fulfills the design goals of the specifications and will meet
the operating requirements outlined thereins The main areas for
improvement are those concerned with ease and economy of pro-
ductions It has been estimated that an expenditure of approxia
mately $30,000 for téoié would result in efficient production

Q;) methods for this generators Obvi@ugiy,‘sueh an expenditure could
not be justified in the development contract just completed. It
is noet meant to imply thét the unit cannot be manufactured under
?fééeﬁt methods; since submission éf'the eight units shows that
this ecan be dones This is, however; a coiparatively expensive
procedure and; as such, is not reconmended for quantity pro-

dﬁétiéﬁa The issuing of the prodiction engiﬂééring contract is
expected to result in a much less expensive unit through the
(:j - fabrication of tools which will allow economical parts production
in large quantity, and should be completely justified by making
avaiiablé a low cost, compact handérank generator for battery
charg:.ng° ‘
The only area which this Laboratory feels is worth future
investigation is the feature of indicating the fully-charged con-
‘dition of the battery, Because this indicator is only accurate
(:) | over a limited temperature faﬁge and may be misleading for certain
types of Nicads now ﬁndé? development (since development in this
field is in a constant state of advancement), it is questionable

as to just how valuable this feature will be in field usage.
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This investigation, however, can only be made by the Government

since they alone know just what type of batteries will be used

‘and under what conditions they will be charged. It is recommended,

‘therefore, that the Government engineers keep a close check on

the field application of the eight models to see just how practical
this particular indicating feature is in practice. Needless to
say, if it turns out to be unnecessary or impractical, its elim-
ination will save a definite amount of space and cost in future
production. | |

There are several changes which could be effected in the
generator electronics which would reduce the cost and alleviate
the packaging problem considerably. These are, however, in the
proviﬁcé of the production éﬁgiﬁééfiﬁg study and; as such, will

be the subjéet of futire céﬁféfénéés with the Government engineers.

__Tc the best of our knowledge thérevaré no recognized deficiencies

in the present generator, the fully-charged c¢ircuit being mentioned

only in the interest of practicality rather than from the point
of an unstable or troublesome eircﬁit design. _

The only other area possibly worthy of invéstigation'by
the Government in the use of their field models is the general
area of mounting features. The generator at low cranking speed

takes a considerable amount of input torque and it is again

- questionable whether any strapping is sufficient to hold the

unit securely, particularly in the case of a table mounting.

Ouyr éﬁﬁéfiéﬁéémhés shown that the really only secure mounting
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| methods are that of strapping to a rather sizable post or tree,

wallmounting and horizontal mounting by wood-screwing the back

plate to a table, This whole question, however, is best solved

by field experience.

As of April 1, 1960, a total of $72,194.69 has been spent

on the contract.
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