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"I INTRODUCTION | e

- / o ‘ } This report describes the engineering and mnufacturing effort.s -
; " a% AKI on the EMIRL Point Soupce Gas Alam Program from 22 July 1961 to

. ‘ 2 September 1961 performed under Contract II DA-18-108-CWL-6553. Ineluded

u;‘r(:in is o swmwoory obf the CONARC teoling ol Lo adarms now o propress

- at Pt. Benning, Georgia and the combined effort development program with

' GRDL for the design and fabrication of the EMIRL alarm and sssociated

- equipment,

‘ Durihg this reporting period the‘ scope of effort has been
q.diig'ec‘ted to the manufacture of three (3) slarms (Nos. 35-36 and 37) which
’ will be used as replacements for the alarms which have been undergoing
' Service Tests at Ft. Benning; the procurement and fabrication of components Y
and the assembly of six (6) additional alarms (Nos. 38 through 43), i

tha retro-ritting of the three (3) slarms from Service Test at Ft Benning

il

(__Noa. 14-21 and 26).

The, manufacture and retro-fitting of the operational alarms

has been based on a design which has incorporated the recommended (with

i i R

subsequent approval) chenges as determined by Final Engineering Test

Division, CRDL, Research and Devélopnent Testing at RAI, and Service Tests

£

T

Gt

" at W, Benning, Georgia. 1In addi{tiun, baaed on tkis design, the proeurement

,7 “ - "and tabricat.ion of compopents for fifteen (15) additional alam '15 in

.

progreas. One (1) Master alarm will be menufactured from the final Clasa I

dravings (as approved by CRDL).

|
|
|
|
\
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II.. SUMMARY OF WORK PERFORMED

The Reseaych, Development, Test and Ef&aluatio’n of the E41RL
Point Source Gas Alarm has progressed as scheduied in'accordaﬁce with a:
test ia;l.an promulgated by AAI. This program hé.s beén dirécteé toward the
improvement of alarm performance and reliahility and has incinded .

continued efforts in the following areas. . ;

Bl

a‘. Testing of origin.nl and experimental design in
air pumps '

b. Investigation of improved alarm horn performance
and reliability

c. Conf.inued efforts to improve the sensitivity
and stability of the photometer including ihe
inherent problems assoclated with the photocell.

d. Investigation of engineering feasibility considera-~
tion in a redesign of & remote warning unit,

e. Investigation of condensation (alr lines).
‘tual commitments of the Phase II progrem have been completed.

are on schedule.
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With the exception of the spares for the Ft. Benning alerms, all contrac-

Delivery of Phase III units bas begun and to date all aspects
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| III. . DETAILED DISCUSSION OF PROGRAM | " i

"A. Phase II Program

TR

During this repoit perio«i the following aétions were completed.

L ' - a. Alarm Nos. 17-19 and 22 were refurbished, tested
and delivered.
\/ R b. Alsrm Nos. 35-30 q.nd 37 were assembled, tested

and delivered, i

it
¢. The Class II tracings (which reprcseﬂpt the 15

alarms to be delivered under Phase III, were

losned to CRDL. After making the copies they required,‘

'( o ‘ CRDL returned the tracings toc AAI.

With the completion of the above listed items all contractual
commitments for Phase II have been completed with the exception of the

spare parts for the Ft. Benning alarms which are achedﬁled for delivery.

B, Phase III Progran

The 'pre‘paration cf the final Phase III Class I drawings is
progressing with a present completion factor of approximately 50 percent
aad an anvicipated completion Jdate of 1 October 1961 ‘(;m schedule). These
,dmwihgs represent a design which has incorporated the fecomgpded (and

- gpprowrged) changes as determined by Finai Engineering Teat Division, CRDL;

Research and Development Testing at AAI; and Service Tests at Ft. Benning.

kLo
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‘I‘he procurement of materisl, fabrication of parfs and a:ss'*ﬁambly

" of Bix (6) 1 August. 1961 delivery and fifteen (15) 1 December 1961 deliver,y

Fhase III alama is progressing satisf&ctorily. 'I‘hese alarms are in
,accqrdance with AAI drawing 3862-040299-10. A detailed discussion of

delivery and schedules for these units is contained in the following

section.

C. TFabrication, Testing and Delivery
Under the séope of the existing contrect, three (3) alamrms

(Noﬁ. 35-36 and 37) were delivered approximately 1 August 1961 to CRDL
and weré subsequently shipped to Ft. Benning for Service Tests. Shortly -
after the start of these tests, technical difficulties were encountered; ‘
therefore, the tests were suspended and the three (3) alarms returned to
M.’L to determine and correct these difficulties, At approximately the
s;me t:ime: three (3) previous alarms (Nos. 1l4-21 and 26) were alsc returned
to AAI for retro-fitting so that six (6) alarms could be, returned to “
Ft, Benning for resumpticn of the Service Tests.

" In order to accomplish this retro-fitting program asnd since it
was not épecifica.lly covered under the existing contract, it was agreed
by CRDL technical peféonnel that AAI would cannibalize pams from three (3)
of the first six (6) unite required as the first delivery in Phase III

which were due on 1 September 1961. It was further egreed that AAI would

’ ‘bhen cannibalize parts rmm“ three (3) of the fifteen (15) units under

Phase III req,uired for delivery by 15 December 1961 in order to complete .

the pix (6) units required as the first delivery in Fhase III.
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'This change has necessitated a revision in achedule in that

. dglivery of six (6) units under Phase III originally scheduled for

Y

1 Septemﬂer 1961 be modified to deiiver three (3) units on 8 September 1961
#nd three (3) unite on 1 October 1961. As @ result, three (3) of the
fifteen (15) Phase III units scheduled for delivery on 15 December 1961
will be short perts Qill not be delivered. However, this matter has

been diécussed with the CHDL Project Manager and it has been tentatively
agreéd that if the parts utilized in the retro;fit are useabie and.made
available at & later déte, they will be‘uaqd to complete the delivery

of the fifteen (15) Phase III units. Otherwise, suthorization will be

- required to fabricate the additional parts required.

When initielly delivered to Ft. Benning, units Nos. 14-21 and
26 were standard Phase II alarma. However, by the aforementioned retro-
fit, the’transport assembly has been removed and replaced by new, redesigned

assemblies.

In the previous reporting period, alarmz Nos. 17-19 and 22
were refurbished and delivered to CRDL for test purposes. These were
originally standard Phase II units which were refurbished to include the
lateéf improvement changes which ere cutlined below for purposes of
clarity. l A

a. Existing air motor replaced with new (identical)'
uotor
* b, Léw torque timer motor replaced with high torque

motor

L g AN L L Ty Rt s g . A " et womns 1 8
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% * ¢, Low torque transport motor replaced with high :
t _ : o S
g torque motor i
d. Transport mechanisms overhauled
* e, Air inlet heater replaced with new redesigned s
sssembly !
* ., Exit air heater replaced with new redesigned
assembly
g All tubing replaced
% h, New photometer head installed with new type
v , j
thermister ‘
i. Printed Circuit Bosrd modified as follows:
[s (1) R34 from 24V to 18V regulated
E
{inlet heater control) i

(2) Heat sink in Q5 removed - not replaced
. (3) R28 changed ‘to 180 .
(4) BR27, R29 and X1 to 18V regulated (flasher)
(5) Removed CR4, CR5 and CR8
i o k‘ (6) Low voltage cutoff:
(a) R31 changed to 390, 1/2 watt & 5%
M | ‘ (p) R23 changed to 2K fL
” h (c) CR11 changed to INT48A
(d) Diode type INLST added in series with CR1l
{e) OCround K3

* J. Added K5 relaey for transport motor control

-

AAINC Efbea
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¥ k. Paralleled 51 end 82 for transport motor control ™ S

*.1, Réi:l#ced préfilter lever support with aluminum part
. » m. Replaced gaskets with new types
| * n, Replaced nylatron fluid pump bearings with stainless
steel ball bearines

i , - 0., Replaced all switches

% P, | Replaced drum latch with new design

* g, Replaced drum cypring with new design

* r., Added fluid nozzle return spring

* 5, Replaced 'phone jack with new design

§ * t, Added "D" rings

{,_} . * y, Added fluld pot guide

* v, Replaced primer knob seal with new design

* yw, Replaced null knot with new design

%x. Replaced wire harmess
* y. I'aterproofed printed cirecuit board
% 2, Added RFI suppressorg

an. Added baro switch

bb. Replaced decals
¥ ce. Added detent to air inlet

* d4d, Added instruction plate

* ee. Waterproofed slamm
% ff'. Replaced thermostats with new type

{; gg. Encepaulated horn (can)

AAINC E1f304
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) * hh, Added bar to fluid pdt holder '
s * {4, 'Repla;:ed alarm handle with redesigned part
E ' . ‘ *# 33. Replaced fluid pot gasket with new design
Alarms Nos. 35-36 and 37 were standard Phase III é,larms which 1
d Hoave Taeorpoaatet Al nhove syt Dol cigses U4 T ndadvion Lo Loe
following changes at the time of initial delivery to Ft. Benning. o
a. New horn, diaﬁbré.m a.hd can
b, New, redesigned transport mechanism assembly
¢. New machined photometer head with new thermister
“ d. Eliminated front cover interlock strirker plate
r : : ¢. Increased drum needle length
> f. Added spacers to air ﬁmp body «
”_- g Removed primer detent
h. Improved surface quality of fluid pump pulleys
i. Replaced all dust covers and chains with redesigned
é e e 1
: J. Improved stand-off mounting technique | |
k. Interchanged null knob and reset switch g
" 1. Interchanged power and remote aelarm receptacle %
LE m. Modified nomenclature g
: n. Improved case design é
i 0. Replaced exit heater cap with new dealgin i
Pp. Replaced pre-filﬁer lever with new desié;n ;
i | q. Modified air pump bracket ?i
i e ] : |
: f T, Added null pot stop §
. 2 ! y
3 4
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When units Noa. 35-36 and 3/ were returned to AAT for corrective
actiOn the following changes were made prior to returning -to Ft. Benning.'
a. R12 -5K, l watt changed to 5K, 5 watt
b. Increased depth of pre-filter holder
C, Increased length of drum needles
d. Added nrinted ctrvenit hoard aplach jroand
e, Added glyptol to Cl on printed circuit board
f, Removed alarm light frow flasher circuit
g. Removed the following RFI suppressors
(1) Timing motor capacitor
(2) Transport motor capacitor
(3) K1 contact capacitor
(4) Horn suppressors

(5) Air pump filter mssembly

H

Testing was campleted on alarms Nos. 35-36 and 37 with a total
time logged of 163, 153 end 142 hours respectively. Each alarm completed
each test satisfactorily with no major discrepancies. The test plen

followed is the one reported in AAI ER-2473 of August 1961,

Testing of the first three (3) Phase III alarms (Nos. 38-39 and
4L0) is underway. The only major discrepancy noted to date has been with

tape #60-74. There have been several instances where the tape has been

. approximately 1/16 too wide which has resulted in malfunction of several

variations that'are discussed elsewhere in this report.
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i ’ The tést description for units Noa. 38-39 and L0 is as follows:
: . , i 4 , ‘ ,
. Test B ; ' i
: i No. Date Time Description
: , ) A 8/24  00:00-12:00 Break-in Run - Detail A‘lam Inspection, Checkout ’
and AdJustment
3 A 12:00-24:00 Break-in Run ) ;
A - 8/25 00:00-12:00 Change Motors and Check Switeh Adfuatments ‘
L 10 TN 0o !’),H“ du,l By tenip o every o oaours (Luom,
+115°F, Room, -40%F) ., During each 3 hour pericd, 3
vary Voltages (21, 24, 28V) hourly, Record all
data required by Electrical and Mecha.nica.l Check
Lists
2 8/28 08:00-20:00 *Bench Test: Room Temp with Battery
o 3 20:00-08: 00 *Oven Test: +115 F with Battery
4  B8/29 08:00-20:00 Bench Test: Room Temp, vary Voltage in 2 hour -
o steps from 21 to 28 Volta
5 20:00-08:00 #Oven Test: +115°F, vary Voltage in 2 hour steps
- . " -from 21 to 28 Volts
Fat
U 6 8/30 08:00-20:00 *Qutdoor Test: Operate in Direct Sunlight with
Batteries
7 20:00-08: 00 *utdoor Test: Operate in Unprotected Area with
., Batteries ,
|
i 8 8/31  08:00-20:00 *Cold Test: ~4OOF with Batteries (Alarm Operating
when Placed in Box)
9 20:00-08:00 *Cold Test: -kOOF with Batteries ~ Cold Soak for
.2 hours in Chamber without Power, Solution Pot
Removed and Covers Upen; then Start Operation
1 08:00-20:00 | | : ‘
s/ 20:00-08:00 Alarm Check end Pressure Test "
L Du.ring Tests so symbolled, Temperatures were moniltored at the following
* locations: Top Pepel Skin .
! Front Door Skin ( Center) ’
Rear Door Skin (Center) -
Adjacent to Liquid Nozzle (Air Temp)
Adjacent to Manusl Priming Knob (Air Temp)
Adjacent to P.C.B. @ Center (Adr Temp)
: Adjacent to Air Pump (Air Temp) .
g‘: .
-
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: E ] D. Research and Development Frogram 1
- ' b
‘1. Air Pump Assembly )
» In accordance with the coordinated AAI/CRDL test plan,
bench testing of two types of air pumps has continued. A detailed
descripl von of Lie LwWwo by pulapn g Lhe test procedure Loy 1os lowen
Zi ) : - is cof‘;tained in paragraph C.1 of AAI ER-2473, A
L . . .
' ; Ap of the end of this reporting period the standard pump
hes been oporated 1326 hours (1312 hours on the air motor) and the - i
expeqimental conf'iguration has been operated 13136 hours (1116 hours on - ‘i'
the aiir} motor). There has been no aignificant difference in the accumu- ‘
o b -
1) letion of deposits..
STANDARD PUMP
' Original 500 hrs 800 hra
PART w/Filters wjo Filters Change _ Percent
Diaphragm 1.0}.61 ~1.0171 1.0226 0065 .006
Inlet Fitting '1.0131  1,0180 . 1.0238  .0097 .009
:Bxbaust Fitting 1.2940 1i2979 1.3201 0.0261 - .020 :
Intet Valve 0.1679 0.1678 A712. L0033 .019 '
Exhaust :Valve 0.1684 0.1699 JATHT 0063 .037
S ' EXPERIMENTAL PUMP
y Original 500 hrs c00Q hre i
. , PARY : ‘ w;Filters w/o Filters Change  Percent : o
Diaphragm 1.0279 1.0282 1.0301 .0022 .002 , P
Inlet Fitting 0.9522 0:9519 0.9575, .0053 .00k A
5 Exhaust Fitting 0.6917 0.6902 0.7001 .0084 012 _ {
= inlet Valve 0.1646 0.1662 0.1668 0022 013 :
Exhaust Valve  0.1667 0.1667 0.1678 .0011 006
. g
3 | 1
-
o .
P ! n ‘H
g -f/ A
<
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2. Motors
a. Transport and'Timing Motors
The practice of testing all transport and timing motors
as £hey are received at AAI has éontinued. This teeting consists of plgc-
ing the motors on a test Jjig and running them at 18V under a loed of
L0 T/ Cor cwe o and a0 LoV wnder o Loed Gf Bu in/oz for fifteen

minutes. During the test, measuremenis are made of the input current and

- eyele time on e measured time basis. [figures 1 and 2 ere the results

of the latest tests.

. Air Pump Motor
In general, the air pump motors have performed very

well and have fulfilled the requirements of 1000 hburs minimum operating

time. There have been ocecasions, hodéver, in recent months wherein motor

failures bave occurred after approximately 100 Eoﬁrs of operation. Several
units have been returned to Globe Induatries, Inc.; fabricators of the )
motor, who have disaasembled and inspected these samples. Thelir report
indicatea that the grease in the gearbox displayed evidence that it had
broken down due to’what appgared tq‘Be high temperature operation. There
was also evidence that the g}easg 111 may not have been adequate for this
motor applicaticn. ;

M Globe has since reassembled the motors with & larger
quantity of Aeroshell No, 7 grease and another sample with Unitemp No. 500

grease. These two motors ere now undergoing life testing and to date

have accumulated more than 350 hours of operation without any sign of failure.
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pteliminar:,' investigdtion indicetes the following:
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J
Durins the testing of ala{nn No. 36 a higb torque 1/3 rpu -motor
o ”
failed after 23 hours of operation 'I'he motor was retumed to the
Haydor Company where the failure was diagnosed o.e a -shorted winding This

motor has been repaired, returned and reteated by AAI,

On alarm No. 37 p hirgh torane 2 vy ono'os Pafled wfler 100 o
of operation. The motor was returned to the Haydon Company where the
failure was diegnosed as an improperly staked gear trein. The Haydgn
Division of th¢ General Time Corporation attributes this failure to the
fact that these motors arc fabricated in their model shop where their
no'ﬁai .quality control measures cannot be as rigidly enforced as is the

case with full production cozponents.

L

During the testing of alarz‘n No. 38, & high torque 2 rpm motor .-
fuiled after 101 hours of operation. When the failure was noted the back

of the motor was removed and it was observed that the armsture was not

turning. Upon tapping the brushes the motor then star_i;_ed to operate,

‘y however, the motor was removed from the alarm as a precautionary measure.

. \\. . P . . L . R B
Subseguent testing of this motor has indicated a very errstic and inter-
mittent oPétation. The motor has been returned to the Haydon ”Compar:(y for

a complete analysis.

During the service tests on unit No. 21 at Ft. ~Benning, a high

-

t.orque 2 rm motor failed after approximately 100 hours of op&ration.‘_, A "

Amﬂun ARMAMENTS, lncv. # N

T L T




) a. Intermittent Stalls
b. Shart eccentricity with hole in Delrin back
c.  Shaft appears to be corroded

d. Lower brush failed in the brush assembly

‘Shorf.f'ly after the above Patlipn, 1 ha TETIS s i G Y
No. 26 falled. Subsequent inspection revealed that the gear train in this
motor has failed but the exact point of faillure is unknown. All motors
are t0 be returned to Baydon for repair and a laboratory report has been

reguested descm‘oing the cause of these failures.
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3. Eleptronics ] i
a.  Photometer lHead
A continuing progrem of studies has been maintained to
detérmine if the photometer as used in the alarm could be increased in

sensltivity and also -stabilized for temperature changes.

The present photometer head has unavoidable drift due
to varistion in light level, bilas voltage, and operating temperdture, thus
the drift in the current through the photocell is as high as twenty micro u

amps which can cause felse alarms.. Thercfore, some olher arrangement of

the existing head seems tO be necessary.

A possible solution to the drift problem is through
the use of a balanced bridge circuit. The electrical operation of the

bridge cdircuit is as follows.
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When the bridge circuit is balanced:
Vab = Vde

therefore 1Ry = 10 '

algo Vod = Ved
. i
80 - 11R> =};202
biivg j-,_"i. '
ighz iCe G
S
# R = Ry
Ca

When the circuit becomes unbalanced due to a change
in the resistance of photocell #Cg, current must pass through the meter
relay. The sensitivity of the bridge circuit is P Cy1 , therefore, small

4 | €E§§

resistance values are needed for each photocell. The CLEO2 photocell has

a light resistance of 150,000 ohms. , Since the sensitivity is s = f(EL

. Ca
and & = £:150,000 . .
{150,000% C ) the CL6C2 Phétocell would have to have changes in

resistance on the order of 75,000 ohms, whereas a photocell with lower
resistance would give more deflection in the meter relay reading for equal
amounts of light change. Therefore, the CL6OSL photocell with an-operating

light resistance of 1,000 ohms would be more effective for a bridge cirduit.

During this report period a bridge circuit consisting of two (é)vn
CL602 photocells was constructed and placed in an slarm for testing. After
232 hours of testing it was confirmed that the CL602 photocgll has an
opergtiqg light resistance of 150,000 ohms which is too high for the desired

sensitivity.

= i
s e
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Subaequently another bridge circui‘é ‘coneiat‘ing of twe (2)
CL605L photocells was constructed and installed in alarm No. 9. ‘A
sensitivity test was performed using a Munsell Neutral Scale with the

following results:

~ 'aerort NO.iR-2ig0
AIRCRAFY llﬁlﬂlifl,!-mm

MUNSELT, NEUTRAT METFR RETAY RFADTNGS TN amns
SCALG VAL Glky gy bt iy UNLL 30 UNLY Ay
CLEOSL cL602 STANDARD HEAD STANDARD HEAD
9.5 0 100 0 100 120 100
9.0 ~20 80 -5 S8 . 116 95
8.5 =19 20 -1k 87.5 o0 . 8.5
8.0 =100 =35 -22 80 96 78
1.5 -80 ~27 77 88
7.0 ~100 =36 77
€.5 -43

From the results of the Munsell Neutyal Scale Test, it can be
seen that the CL602 bridge circuit and CL602 standard photometer head are
equally sensitive to light changes, whereas, the bridge circuit with the

CL605L photocells is much more sensitive tc light changes in the area of

gas alarmm use. See Figure 3. For two steps in the Munsell scale the

standard changed 20 /u.a.mpa where the CLE0OSL bridge circuit changed 1250

amps. This means that the bridge circuit is 6 times more semsitive ft.o .
light level changes than the standard photometer circuit. The CL602 bridge
eircuit s also 6 times less sensitive to light level changes than CL605L

bridge circuit.

The CLEOSL bridge circuit is presently being tested to determine’
its operational stability during chenges in light, temperature, and bias

voltage., The maximum air blank recorded for this circuit 1s 35 /,{,amps.

{
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. amps seems high but it is only 39 percent of null to aiarm seale i

This 35
value. On’ the standard gas alaym's pb&hﬁmetqr head, an air blank of 12"

I

amps would be 60 pergetnt of null to alarm scqle value. After 277 hours

of testing, the maximum combined airb;ank and null drift was 55 miﬁro amps ,

oy

AN . . . TR N . N .
! I P T S O U i SO BN o Feidan L
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of the standard photometer head. Theﬂifqre, the bridge detection head

!
Bt
b)

varrants continued testing.
- .b. Results of Photocell Testing - Type 605L
The testing was performed On a batch of eleven (1l) .
photocells selected at random from 'a single purchase lot of Type 605L.
S Clairex photocells. '

. Tﬁe photocell test rig imprea;es a fixed voltage across
each photocell in serics with a 180K‘re§istor. Fof changes in’photoceli
resistance, normally ranging from 1K to 4K, the cell current re&hins
essentially constant since this change is small in comparison to 180K,
Henice, with cgnstant current the‘yoltage across a photocell is p:oportiopal
to its resiétance. An automatic stepper sﬁiféh is used to conneqt each
cell in sequence to a chart récorder in order to follow the changes of any

_ particular cell during the course of a test.

the test bateh; however, for the sake of clabity data from only four (4)

cells were graphed

Tne four (L) cells selectqd tf'or graphic presentation

are the two cells at the extremes of the test batch, i.e., highest'hnd

.lowest resistances, and two others of the batch. The first-test consisted

REPORT NO. ER-E#QO :

Complete data were obtained for all eleven (11) cells of ;o

| o,
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oi‘ holding light level coneta.nt. a.nd va.rying the temperature. G'raphs #1

A
_ method wes immedietely available for medsuring J.:Lgb,t levels, the leamp ‘\>/

S S, 7C rAGE NO. B2

i

» . REPORT. No,ER-zhgo
AIRCRAPT “lllll'l'l. !n.. m

"

a.nd #2 illustrate the effects of te}ngerature va.ria.tion upon the cells.,

The temperature sensitd.vit.y ranged fram a high of -6.10/OF for cell #8

to a low of -3.30/OF for cell #4. Expressed as a percenta.ge ‘change, hwever,»
the temperature sensitivity of the cells is néarly cénstant, falling between:

the values of -0.19%/°F and -0.23%/°F. Graphs #YA and #2A portray the same

*, eurves as graphs #1 and #2, but the invarience or temperature cqefficient

is more evident when the curves are plot.t.ed on semi-log paperfu ;

One is unable to draw quantative conclusions here oo

' regarding temperature hysteresis effects since very - close control over the

temperature could not be mintained, Crosgovers of the "out" and ' return
jaaths on graphe #1 and #2 invite suspicigns that di.i‘ferent--tgé_rgpure were
produced between the up and dowﬂ excursioné of the temperaﬁure. Graphs,#’S -
through #8 illustmtevthé light response of the test cells. BSince no :

(l
wvoltage was varied and then responaes of tihe various photocells were

' _compared for given differences in J.amp voltdge.

In general the gra.phs re‘vee.l that ph.btocells witkll
higher resistance have a greater ra.t.e of change of repistance with light.
Cell #4 has the lowest resistance among the ftest batch, consequently 1ts -
‘curve hﬁa the lowest lepe. Smilarl‘y ceJ.l #7 has the highest values for "
reaistance and rate of cha.nge (slope) The percentage change in resiat&ncei,

however, is very nearly constant as s‘l§om on the --s_emi-log ‘plot #3!\,. .l?;oi'

.

— T TP do gicaal L




. T
TR e SRS B I S RS gni HH R (WA R A a2
: L 33 inmma s 7 T ) s T r NEY HWEE] it L% B2 T i R} T T L. + -
ry T pany T =+ T ¥ i : h = e = T + + 1 > -
t T T 1 T n g v -
+ ? i o o s wa Aaew i ; T T T T e  Em N :
- s 4 T 1+ IR MR PRy Sy 48 NS nn + = 3 -
y 4 1 ERNgR) 2] T + i + : L
L e 1 + >
= rz om T wurm wa - T - A
I " T =1 i AR LS RwE y T ry - L
4 + : " H : + 0
i : Fr T v -
T 2 T = Tats Tw b = ‘
T < = H L e rvs
yua T TIT T =TT T i T+
T 2 RRARE " d " iy I B
! Tt T L " T
- = L — T :
T T un : e T - — :
1 Tl LA T JER) ] T Il T .
i T , . =
1 1 + ; Y
—t g : )
T 3 mus
: + T i
4t Lo}
: -t
i 1 s
" a T
L N Emm S S
s e "y 1 1
W = i mas
n s
" m + 0
1 H + T -
= s o T T
~ T ! e
o . e 3
t T ™
e X e wons
CURE N N T £
T - I
i
,p_
e
e
i w2
T :
=
. +r
L!. - Kt
L —=
I rE
T 1L
SREN & =
it
AT
= =
; e
n i
T =
T
T -
—+ a
o J =
1
+ ks
1T -
= :
T —
—+
A -t
T T
T T s
- T "
* 1 IS
T ;
T Ti1
- e an
ST T
T 1
4 T ¥
£ e
1 n
1 1 0 e I T ¥
: T H — T + :
T 1T ui . )
1 L I + [ . it d.
] 1 Ao L LR ) -+ | WO . - N
m 4 3 ue By 1 - L
. 3 11 — 14 + 1T
e T
. T T T T
1 - 1T T L L] n
+ ) T
— L = 3=
T + —~ s
1 THiT T2 : :
3 T Y 1T T = T . - - x -
3 44 T T I N1 CN
' T e 1 : : T
e Y i T 1 \Hm i L» 1t 1 LT
i T e : =1 Y "y il
L — T y -4 )i I T + ) " T
un - = s T T + I e
; 3 & o »e T T ; =
" 3 } — 3% - T t =
- : gt T I R . Wil T
T T 1 fl i - ol L) 1 5
T ¥ 7 - : ¥
m " + y s
. 15 T T =
{ = T 1 T
T q : + >
: " T =t ey I T
; * I B 1 1 =1
i T T T 1 7 +
i ! 1 - T : K3 t
f T 23 .n o 1 ” 11 3
- = o H e s 3 T
T ¥ e A
» 41 r e N +
T I
L T [ o T T
T T = =
I 1 Rl - my x i
: : T
: ' T T : e T i :
3. L [ K 1
mx A T pae' e ===
T T T -
-+ rasam H AR R n e
4 T s, T T e i i i v, L8
L - _ T 1A - L I .. | S [T 1
T : 1 - - n -t — - :
f = = _ : R o : :
; + T g at 3 " :
+ HE T o) = T : T i e Smw: : t -~
INGEUNE] T 3 T = ' Tt = T ¥ o :
T L : ) R B 1u . T T + o —4ri- +
3
3
ey e e ViFLiL] ‘0D MISSS B TRAANIN W.x
et
T DO L-6SE  HONIIHLOLOZT X O
e



R P -
- - - LN o Siech el L.
1Y Tt zua Uetimern
wyy -
3 +H |
ﬂ‘«:l -
» T -l
nag S 4 S TTTHS 4 T
L = = E ] H 3
T T = i i1
‘ " =it 3 . 4 H
! - - mm =ou - #
uw 0 : T o
e L £a H
H T 5 ' u P
H An kD &
+ sy <
n H
= T ’R
: , O
LI ) .
i T i
= T
Ak X T
+ Tl 3L
e
- - —n
L : T " T
=N T T T
: ==
r ; - T
n T t
= T i
v I : =T : T W AN T
o M + T T L . 13 T T -
- + s T T PR Iy :
i T L T T TIr T
i 1 T I 3
. I3 WL I W &) I
s I T RREN e
e T 7 T TIT
s t— : 1 T
L i i T a3 T T
1 YW N3 . T - = T 1T it + -
a3 z L i o $ +
> -+ o i T , B0 RS u +
T n " 3 S e TSI
T ) 3 t Tt } + + =T -+ +
> T yu : R oayhy & 3+
n =t =y . ' — : puns T+
T Y : 1 ta T A B rwm :
.1 T n s n = rREEE Inel KRR N T tms
=t ras > ) N gl T Tt ¥ : T L@ R mmn +r
: I T . i T ; 1 T 1 I3 B mn T
e R aAN F + - = = aw s rin waw
T : s + T et - ; + r
RAER N B - i It T i . 0 L8 L 17 T
T i T ++ % T yna + = T
rmas ) 1 I T o T 4 - = T -
KPest e e s T o e o -
+ T 4 — +
= -+ > ; T i 6 Py T
s Tt T : ; . : T 1 * sy t n s mmg
CTT U - t T T n v T (WEE it t L
nEn &, " p I : T =1 T+ INEA SBEt Lo y
T rie- T 17 ? . D e <
Ve AT : i S " e ey ol v T + t — —
+ : T T i e ;i + & T
i o Bt ft T N <+ -
r L % W sy (1@ a0 et =1+ - . : e
e e - T " T 1T T o
s T M, 1 e + T ’ s b
s t 5 . e 1 1T
P 3 T 1l SNl 3
= T rm >3 : =
T Y W " T —
T T = " b o )
i t =
rama t T T 1
s : s
e N ma " ; +
+ HHo— o e
o v Y —
[ T Tl - o ] —
3 > T ! T nw s
T e LK} T
supm e
i T rem ey
. t
L. H 1 T
T T e SErgah S
I I T T T
T :
- ; PN w1 I
} T —r u
T -t
T
+ s
— H +
oy bl LoV,
I 1 v -t
s 1mya
T T
T T
: 1
1
t 1
s Ty
1)
LN B .
n va T
T T
bl d
+
1
- -
8 i
y : s
1 b I Kl 1 I} B
-t a : W
= - T + ; : L
T Y T +
= — s wm| ; .
T e 1 : et T :
T T - 1 -
> : - - S : o
T y 5 o : L Y T I K -0 v T
w MSEE SESwE) 4 e S | g ms ol e R e 08 : T L
t i I8 Wty e B g - : = T = S
; - L in - T = + I ¥ I b - ]
T rorad: : s = s T - : I - : : -
T o : : M n - = -
- T - 1 =T oW + T f e oy pary +
+ - " MR ra. o : T = b wer Fr apm
—_a - + S s : = g s 1 T e.eD
~— T a; ot yaa: n I i 13 —-
i ¥ : o n R S Iy g T
vy ; : : ] : S H - R
-t £ T T s may e —H + : HH =k ]
T T - —— T L T x| I . =y
— T e s T T + > ae ~ [ANNRSS SUSRS NN FE I R A1 L]
AT o s IT b N R 11 - - AWy W T
: R AN i 1 ; T T iz T I ——
: ) = tt n 1 T = =} = -
L - T
== : T = =



=
U -~
N .
Ir o T T
I o .
Ll T
- 1
L 1]
T 0
1 7 ~3
] 7 .
= N
3 .& 3 it
: -
Wi — =~
[ j AN
7 7
o -~ {
] } N 7
VAN ! . [
] i ird ! =
w 1 I b —~
! i . 1= 7 i 1 N
L | ol ] = oy
P ! : 1] < ~~
] L ] ! J ES
. - ; 2 i Nt
! N { , ; N
P T T T 1
A i — ;
LA : N
[ ] . -
[ 1 T v AL
T R o
il Ly T Ny
[ ] H
RS I .u i
1 ot i f
1 _ X N8 ;
— ; : ;
T : T
T L , ~
I S S | i ~
‘ | [ M ( ~
ST I3
[N il
vl | | Il
IR 11
[N I
I 7
1] ] o~
—L 7 N
] A O
- g
|
: Q
i o~
J
- i 74
j i - #
T T | 17 |
. I i T T ]
5¥ i i ! f A S
. ot S O < s AN ot J 8! B : 8
mu S o 3 R 3 3 & = Q m v EREEE I
S @ m 2 a ) - BN [ . — ..ﬁ\nlll.lllw nM . \J e ~ w‘, . -u
) i D2erm]! SIS {S2040 0 . S .
7 SNOIRIAIO OL X 319X i o T B - .
. RT3 W VR |8 TEEKR ¥ TALANnaAN w.x -
OG- 6GE NMAHLUINYDO T IN3IS 3 2 ~
L] N w

GRaP H# LA

¢

7

R

o



'
b
¥

R |

Rinaan e L s L

ORI
. Feo

A
i 820
B

R

RO

Ol 8

4o

Suy L
% EE R
§l2eq
e B

| 200

4o

PAQE NO. 25

REPORT NO. -2)4-9(?
?pf‘)‘e// [\D»w §7 A “/?'«‘1513_{].{'{5#
f‘fﬂoﬂﬁ\‘:jhj K t.“u.\,( 3 ,( y(“, /;,,7w .
-Térn/f)t"t u?urc

I C*’//” /(/n)l:() /f"ﬂ‘/"'”’)

\\
=

[T

P L

e - /

Sy A . C‘él/ #4« (/u'f\/l'h"/ 1C91h /‘Il‘l‘()

T T "'—#.“‘__ " —— e ' ’
. e L T L -
W
~t

_(g*m/af m./ e =

e o /La r{‘-l'f't"""/’ 3/ \j/wlﬁr e ,

RPN # 2.



ﬁ_ m_ ] 1 I 9 AN
! S > %
= fe
o
| i Oc H
S v Q
- by iKY
3 S .
E . %
IA //l
TP
1 —
= 7]
{ -
[ i Y
] ISl L
!
1 i Py
~m ,.“— C: 7
T 1
i I
A T
R T /
1 ~ 1 T i
,,_ o
— -
R T
! : ] N
i TR T
TN I R I |
P T H <
. 7 AN
| T ,‘ ~ ~
T T & S
L i [N S
L ] .
: I [ [ o
U T .
1! M T4 -
i { I T
{ | H I ~
,. - T =
i a1 ] ]
ri | i 1 Py
1 —H |y
i ~ Oﬁ
Q
TR
« |
]
1
J
1 v
*, 4 I~ . 1
e - N = i 3 g X

0.2

—_— ik > S
Ty \ 7l I N meMﬂ ED)
- SNOIBIAIG oL & T1HAD - S
.1.1.5 30w, ‘00 MASSA ¥ “LAJAran N’I
DI9-6SE DINHLINVOOTINAS




LLI+

s NN

saisfaan

]

L4

i

{112 ]

RN

4

Anus

Eaavs

FI4-H
1111

T HA A

1

T
4]
(41 |

paue

[ 5N

{3

i
aas

HAH

-4

113

T

13

ReNNRN
4
HA
uuw
AT
sandx
fedetet-1 4
-
Aua

[ ¥y

"0D HISSY B TRIANIN
H3N! 3HL OL 0Z X OF

i

NEEN

nd2GEE

L H

|4

P

wae

Rpeww

Eapnus




f v 3 INNER LY 1Ly o e
IR ugy nx ] .
N g a -
tErrt H
H : T
 §
a a
T &
[N
LZxnang THT
. = i Exam
”
xm H
. wmrE
2a. —H luU-
It = anuE
Tt ]
1
re- yames
u awux
aa
K 2E -
- } wau o
a } +
it e
- AREE
-4 +H T
T 5 I FERN
: - . ?
.
"
: :
- T
nt
am f ;
n T T T +
~ + :
e n
T T ;
- Y
: T = :
v ¢ T " X s "
T " — 1 .
i T
1 T T
e + T -
e .. -
1
e ul
, > w
t T
=: " ¥ . Tt
T =t - 17 ™
T + + —
+r
Kt T
e T
T ¥
: P
T " —
: - 3
: : T
T T
™ T
5 ==
T 11 F 1 i
: Fy ’” i T
: T :
T T AT
T i -
> W Il
: T +
e .4 el
- T
s ) -
TTTT : T TTT T
7 oy ) =i
T s
T 3 T :
T T T 1 t
i L i
+ T T n o
1 1 . I
P T +
: : I
I.? -
s I
t T n
T gy T
T Sl T
I i 1 1
L K1 1)
] 14! 1
R T
T ral il T
18 -
T +
: Y "
) T + T
T : -
SNEE R L ) z
) T s T
* IT
T L] L
T Tt
T
T i T
T T cR}
- T
+++
T T
1T Iy L
T r - 1 T
T P T T T
i : i T m
T
L - T raewrms rad i +
> n Y p T T -+ t T
T i - L3 H IS K3
RS I H -
1 - A 4
1 1 ry N -
= - 1 : 5 o "
T i % iy
+ : I + In i
T t T T t S mra
; T inEe - I 1T T
" T
[ T [ 1 Ll i . m
= v — - 3




Ny

i

l:ﬁ'#" -q

5

fo s

¥

baonreAE [ Y

o~ L
- — e _—
AR Aoty SR

CAN ]
SAH A~

SNOISIAIT OL X §IIDAD ¥

¥ $°0 %[ 3aYM

219-65¢€

"OD NITEI ¥ 1ALANIN
DIWHLINYDOTI- I KIS

*

2H

” i m..b ,
T T RN
: AN Y ¥ L, - [ i 1 L4t !
o - S TP O BT\ ST R I s e L i NN EEEENEN
. ™ i & LE
K K N - W [ - L
w3 - ™




o Enaii = . . 4 -
3L 3 N RN T s o +
T 0 " 1 T 1w jmk I
12 T
- "
!
L I 1
n : T T .
nw;
ymin; T t
T T
T + +
: 7 I
T
T T -
T L " T
yu ® @ T 1 T
3 (34 T 3 ’l Il T ran
] T 7 s . ST n
T T T g wl T
7 I tr—r v
T - s t
T T T : i T
T -— T
1 T - N Tt
_ T I I
T 1 ) T T
T : T T v
+ T T T
- v T o
- I i
+ T : t + |t
+ - - L
T T Y L I 1 n +
) T = o T ¢ — - oy L
s T T it TR
o2 T ~ T T t :
T T T T " T 4
tns ™ - = 1 N ) T :
T - T T ! L — T ! 1.
T 2 T t rem ~
™ T 5
o ya 1 + T
g t T T + - :
Tt i - : —H+
T : T = e
T : y T - !
3 T > T : T
T _ +
3 I 1 T i n T :
] 1% +—
) ! T 1 A Y
) NN ¥ t L T T+ R
i 3 = 3 T T 7 T T A
v T i T n 1 T et I e T T
+ t + T
T T t
g + T T -
" T +
s I .
= v ! T
T T F
F0 2 T
T ra— n T
g r s}
I n I n on
T . + !
> v !
rai . "
a : + T
T T
: s ~
mm I T T ;
oy wma
o T T 4 B
I :
T : + T s T
] 1 L] T
L o N
T T 7
Tt L1
T n
- T
. »
—rt T .
L _
Ymas
s T + =
: T ™
107 M
R T T
T u .
. L1
T
= T
28
Y T
B T o
" T - y
+
T
T
+ 3
"
T
t
T r T
s 1 e RN SR }
i 1 rna oy
I i T
1 rom—t
Y + + -
d 1 fary i
: 1 n T
: T !
1 z T 7
n 1 T T
1 . t
T : . I
= .
1
> 1
5 R T
< " n -+
T
ESp 1
1
1
} 7
i :
afi M Sunn X —
i JUMN 3 AR by = T t
o7 4 m=n i - + " " :
T ; T . n LIPS &) i
., [T T ul 8 Suan I T : Ch e +
P T T . T r rwvs 3T :
T P uE X3 " ¥ s T v
! i e . L4 o :
P g I : T z T
T T + - = t T
g B 37 BN & " "
I el unw s s s NS 3 b mal m (" 1w
- + s ) T > 2 fun T T ) ON AEE SR W W)
T juE BB n 1 1 AR N yEmaN R T T 1 : n *
" 1 i T it r n - " &) iz s m) L SENED B0 061

.<.n.:1u-o(l .OURHM&HOJWMP.IHS Wox
OIY01-6SE HDNI IHL 0L CZ X 02




; el
o - <% i L« B -
a < T 3 T
-] H 1 t 3 5 H ﬁ H Bocen
H = s Ty " = B RO %
*u T e T <+
A% I* T ax B ewu K m. +¥ 58
" H - 3
e < H = 1 o= 13 T
- qpus it a H ! .
. t H 3
14
+] " x 14
Hy : HE H :
- S - u a
3 X ng 1 H
T .a E
va ) K
u et nu
u - ey 3
e ]
it 1 T
s #¥ _vamma
T ' x
asm T nEx
N 1 nex
e L R nn
H . mumy
mr -]
. o
i : :
14 bl )
i £
b+ -
aa & T
I
T
e .
T T
.
T t » t n
i
. 1
h o .
1
) >m o u q
" ] T
= n
T - .
- - i ] L
- » Yy T
+ - - an W 8 ) - - ~ -
T 1. T . > + Y Y e L)
13 hi L 1 L T AR
i Il T . T L] i 4 T T
L1 % — Iy T e 1 e H I T
- 1 & . 1 1 i T o
T T s T w1 ry T ru: >
T + PRy T Y -
T > — T + = > n
T : ERPELI T Y Fae s 1
T T Y Iy : 3
L T s X1 L T
T T T I 1 i
in 2 r 19 a4 LA T
t = T n T
1 % . L 63 & - &
T t
- cwam T T n
i D . T
P i o 17 T
FET T FunT I .
-+ >
0 T T =} n
. e 1. 5 e 1] i [N n
T I L4ty T T o
I n Im A (- g
nn T I ¢ " =t T
0 g : n
- s RS 1 -
T Y T -
1= r T et v
: £ T
I T ! 1
> T 0 0 D t
T : T
+ y
= +
* 1 B wary + =~
. 1, 1 In N ¥ LA
0 maan = T + ~
- T — Yo = o n
T 1 r ¥ T 0 -
N n B 4+ 1 I fi
3 - . 1 T T
+ - + :
+ T : T 3 T
et 1 T T
ik M R L r)
— I "
L + { 3
+ L
3 T 2 t " .
- : " 1 T o 7
T
' n mms
+ 3 ] LI S )
+ + i 1 mu
n T ? T
) 7 ' i rmam i
=1 a >
— I T T T
T i N e _ I
1 a oo by v s
LA P :
2 -
TR T [ T
o} ; I : i
T : T
T e Al - :
T ) Tl | T
H g oL IRAY I} —
1 T ) InR R I %
T g7 e T b= +
1 par 11 * 0 oo 3
T 1 Tt ¥
. L 1 T 3! N
s ry ¥
1 Fmn e i - 13 -
L o T T T ¥ 1)
: + : &
; S am{ t T T
t 1 s iy ¥ T ]
p : * T t = . T
T n ,
" T = : ! +r3 7
t ;| [wmal : i ) g : -
. : s + it T I 1
+ yurars - T + >
T F i h B [ ek T
t f ALY SO S T T i T Y 1y Y 1S W) sl Epernuam) +
-+ 4 d T yus T ! - e ) ¥ I -
: T + a - -
T T : 2 » L 1
T i » 1 -
3 = T n : : T T
ym b 0 N t
T inm T n T T
12 il " L R 1A o
T T e n i
Iy . g A T Tl T T
T - i ry T T 3 T + T
+ 0 + H - :
- = I m Y : t : T T >
w: T oy + + T T
+ oy ; T 1 : T e
+ t A T " T + T + +
. L) - i ) T - T
T - ? 1
T - 1 S = 1 T 4 rn T i
—— + - d A T
| 1 NI SRR 1A NS T oy 1
am T s = s
+ — : e o s = = T3~
= 1 T T HT =Ss2




8 i1 A 3 i <
T ' 1 n3 1] 1T 1
F RSN [ i i T -
anay ) rms T
11 1
nnds = T+ T
+ i ra) T
- T
T :
- * T
T T T T
= .
+ :
T + tar w3
= t
s o =
TIT e :
TH-HAH T v T
= - !
o S Y -
1 T r} . Ll 1 T L
1 1T . L i i
T T n SN
e r . by v 3
1 T ; : : N
T T T + - 3T
D mn r T s
1 1 I - -
z o : —
el T Y L 1 .
: ¥ L - -
= ; —HH T
1 0
: ; : T I :
I T -
-
- n \» B
g L | i 1
: e maw e T
T I T T KRS N1 J—
1. . In 1 s g3
ks 1 n P 14 -—
- e :
: = E
1 i b h [
T T T T
U Kl i . IRy 1 T .
+ e rut + T e
LN} 1 I ) 1 il T 1
o ~H roe oo s
1 ANLEFY Y ~T T
Tt I T 100 s il
; L £ ; + :
T i s
T T T > T
H T T+
2 Y 13 Al
T T T ; 7 ’
> } ; —t t T
1 . 10 i T - p—
9l ¥ L8 L) T IR T
} - :
- + - T . £ I
. Pl T N SR . 1 1 I + -
X 3 1 i TN
" T + = CF s
1 T H
i + ho
I ; T t n N
; T 1 =Y
: : o
T r "
e T rIIT
; ]
__ I
T -
T 1. Il
4 [ ~m n g,
L Y 1 L
R S Al i : = o — d
et T ; i
8 ranang G 3 1 s ou:
e n ~ L :
¥ 1 y >
7 T i T L
T " N mw
- - + Ly
u : . t T
T ; = el : !
M o
; : o - ua -+ T
= : + T ia 2 S S
T T ¥ P
4. = re - . . R T L r
£ +— Al L L . 0] r3
T x1 L) i - SE B BN mal - . 1.],?
T o1 13 T X} 1 = e s iy I3
Iy kS A L L i 4 L
B : . L + X . ah : :
T ] 3 - v o1 —T ; e
T i T T n I T + T s L1 i L %) 1) :
T T T T T 1 18 wy ey LS i X T : T A
T I T H ~ - ! ==
1 Ny . e . - In
—— n . ) 13 T M
T T f I Ewna s nd + T s
1 En Iy + o 3
t = -
B 0wt =
i " 3 = T
1 . :
I
T T T Eis :
: - ; T
1 1 'y e I} 3 LS by
T ¥ (s e T ! T
. + 2 k3 0 1
L ¥ = s - ot as
] & m - H H 3 T & S
ST = 3 e R 1
- 3d. - 1 A Im RN ry 1
1 A & T kN W)
T - 1 1 uy L i XPR]
1 - ] L I . i e '
; ¥ L + 7 : t -
] H = T - T
T . 1 — 5 2
I + 1 + r ] : L
oy T 1 kY et T T T ) . 1 T ) L
¥ B! ] 1
; ; - 2 E s w: ;
T n I e ¥ 1. e H 1
. T 1 s = - o i ¥ y e Sxngn asx t :
T - Ky I L LT I Y i e L L]
L T , oy - - + s T + e B 7 ~ EREEE
¥ T ARRS R REN ~+ : T 3 & : T T T t
b I b A 161 I Iy S i N Ly AN ey L) e
)i Dl L n - e Ry i T 1 1T LS . o ) Y e 1 L1
+ + 4+ - it + T T T " KK PEENNA] T 13 et T T e 3
+ ~+ AR St - -+ - T m nenw s R N 13 LA 51 o . RARSEER B AN 13 1 =
> V£ ANt Yova "0 HISSI W TIJIANIN wx
OTHOL-GSE HOMNI IHL 0L 0T X 02
{
. e — ]
. —_




. o 5
3 EI - T, .
L. L= - -
E :
- - .
T} . Tk
3 yaw
o H 3 T ea 3 >
x H - 1 -
H » 1NE 5T e " i + =
- 1 L
H a3 3 6
: 13 L ¥ : :
E saNc s
2 o % . T o
L% ¥ 2 2 ] aub 4 e
! w £s Ty . LN 3
- ] H ..
1 t 3 -
4 L
. Ao L)
s 2 7
yu 1
H s
T
t *
1 —~] - |
foiet + v 1=
-4 S » waa
n
2 - :
+ + =
y T i H
H- I T H
: H
.
N s
" ! =
T
T
i =
+ o
1 t =
-
+ L
: s gt o : : T
3 ra " 1
: 7 < +
T :
T N 3
:
as am )
T — 44 - ra
7 ; 1 a T
- b
’ T =t
1 T t i + ; .
- T i I 1
Y a 31
1 + + ; - ; T
T T " T
T s t - T
' : T
rra s " + P —
n T 3 s iy 7 s
. + 1 1 i + 15
s 3 i e 4 T
1 T -
i : T
} ¥ + 7
7 + : Tt
1] 1 T s
+ -t + T
T T T T T
X L rnmunl > 4
T ! : et ¥ T
+ T T T : F :
- T : 0 n T
1 4 S REL 1 T e =+ i
? + =t T
- + 1 .
i > -
+ " 1
1 1 } t >t : }
- 3 iy Ty 1 7
i - — .t > +
: 1 I+ o rn
" 1 T T
. + T -t =
. T X T
1 T T X ¥ "
51 T T3 '
> 44" | Ream e s
T g +
s T " Tt ™
T ) = i
t + T +
- T - ;
? eapur
T 2 n 1
: T ¥ T—
T . T T
T T ' u 1
o u + : :
- T : : 1T .
u Imary g T I s t
g 1 + T
TIIT BB YW I
nans + 1
T b3 T >
o
: ru -
: +
T
T mE
T i
s + ¥ ot
=) T i
1 T
1 i) rwm
ras n fury
T T t
X : -
E
1 = o
= LT o
g + 1
- T T ;
T
t T 7
T T T o :
: I = + T
I T n " + +
T3 n "
v "
T 1 L2 )
1 " 3 T
ra n T T ywisi 4 =
i 1w e r\ T +
* T s T Y T T
uas T 1 iy
= T _ ™
T T I n T T T
T s r L o ¥ +
T ' e r
N r 1 =
i T i T 4
+ n ™
T W 'm T
z T Tl bl | T
- mal
N T
+ i
; T
T ¢ 7 1 t : T o g
. - 1 : 4 + .
1 i o " ; - ot =
H + 7 + Y
T + T T e I =:

a/u?ﬂp‘/-/‘%# & |

.



APERERE NI i T 3
1T + M REERS S T
ma tan: 1 : B Bmiilaaa: i ] ] :
et 1
++ i NI R +
1 4 puy
T T }
3. ITr L] 1 n
r T I
¥ , - F v i
s . ! a8 T -
0 3, T T . e )
aw 3 Le k) 13
-+ Ay T T b T
Fr r ! e n i SRS H
e T A s
t t T : :
T i : 5
n ) 1 -y
: T 3
I 1 12
n a T 7 +
I T 1T Ll
T S Aeammm T
T s
- R
t -
T + ¥
: i = P
r ~ — ~H
" —r t Tt
+ T . 3+t
=1 7t
i T —
v i ] e
T
= - - T4 .
! o 4 T
T ; : T ;i —
T } m i
. : Ay
ey : ;
T + i
T EaEns =
- Il Fil I
e — 1 pa)
- . - P ;
I . :
e 1 I AR EWES T
il il Ty I8 T
n L
H T 2! T Im Ny fw +-
i Tt T Y
T + : L
- ; T T T
e Y T i y
; - +
E ,,\»F t R L}
: T JERN aww
rwat : —
I T T
T T} fimm -
P run sa v roan
RS Rm— e
T —— S A b
T 1 T 7 T :
i yRn SR ARn: -
1 4 T =iy
-+ ™ m e L
= N — it :
T -
Lmats I 3 p r
> i+
,- 1 T T
T
|
* - <
T T L T
T - —_ —
T : =1 L
4T Y - -
1 T . - + T
- mi I B L 1 T -
: i T I — +
k! T I — . T Py o T
vl n — m 13
- = - Lo T T £ Ry
T A1 - Il 17 —t
T e i :
+ : -
H ) T T
T
ol T + -
= ? +— - oy T
jo ! wt HH T — 2+
: ; e s t - )
oYX T Y
+ : I Z
Z ] on rna
1z} o T e - Fn B =
- T - n =3
I - 4 T [y -
- i L T h I T g S T
+H S oy RNy N3 Iy <
T ; T + T T iy T
+ T — 1 e Suw By wasaa m L
T T o > e are
L. L1 T -
aa T T i 18 : W
: = . T
- AR Rl L - I} z g
o - - Lo
‘- 19 R St SO —t . )=
T ot + -
: " 1 T it
b T )
T L
t il
1
T g
1] 1 I Ao d
T 'y T T n e
+ T
T . - a
T T : ;
b %, 53 i 3 Ky 3
“ I (R LA
= - LN T
1 " n T
1 3
3 1) oy il y
) L 1
+ . =1 SRRt N
. -
N a4
= a2 T [T
- I
~ + 4 > L
L1 3 1 T T
1 o s - 1 0
- — o 3 -
n ot T T : :
ra; T T — v -
= i FonesTRmE: s T — T2 +
' : ) :
e Taat b : L PR T s :

"YLCRKI IOV
OI%OL-6SE HONIIHL 0L 0Z X 02

.
‘0D ¥ASSY ¥ 1IAININ Wox




.,
“

d

kil

13T

HHA

I
RN

1

TIT

» 9mn

y 5 3

T

N,

T
MU ARNSNE WA

i

nge R

) 1
Il

RAPH # &

1

NN

{+J

TERsnT

|




Fen oo

v

iy CNUE I
-t J i + I
+ — i T
) : T
ay
]
T T
" T
1 T 4
- ’i
a sz a G e
ax e : 3
4 B X 4
1 8 3 1 wl
3 :
+ a
" % n
TY
T T
x h Yua o1 rans
: = ¥ : e
T } T T T ym BRA Y
T + T > T T S
T T * T
L H
T it i +
Il T
I i
i v T
T ~+ T
T z + s 1 T
- - 1T
- i T
w8
T X T
D W] + 1N +
T H T
T T
n 1T T "
+ T
=+
+ T -+
e .
e pa sy T
L) I B 1 T 7L
T + T i ;
+ T 7 3
T T T : = ; :
" T 17T
= ) T T + "
+ a: T ¥
T -~
T 7 1T
T N N RUR S T ¥
- + - 4
T : 1
AN I T n T T
i T i n T
¥ T T
n _ T =)
;i T y T
s + t et
< T PR T N
ymms t rama; .
i L .
t - T :
cms . T
T L T s
) +
T T T LI T Il
T T i
n T ray
T T
T + Y T 1
L3 T
I ~t
T:
1 -+ i 1
1 1 14 N 1
T SR ) 3
- T t £ :
ia | T T . § i H {
H - n w T
ot e . . s
= » 4 T
e 3 - = + -
T m1 s a8 I L n
1 + 11 1 :
1 T > I
I + = N .
n 4 t T
3 T
28 .. 1 *
m o :
[ 7 ¢
T e : r T
' 5w 1Y 1 T+
3 r
i 3 xs !
. s ) 3
i !
o 4 T
£os s ”
3 ‘it
_ 25
t £
1
15 -
T r aa —
i § T
4 Il
. M Bl
1 4 T
" - -
ve
IS I I M S
i’ swm -
T : 3
Y NS 1
+ u 3 t T -
L + 2 § S © + 1
: ¥ 4 T T 1 "
¥ T X +
T T T3 T T
T T o [} L
i T T > 0
T - - & 1 T [ T
T —+ t T + : n h T
T 1 : t T = y [S Fugmp. o T :
L8 e T : e = r
t L — ) ‘ T 1 T L Sy rmi A T
1 ~ T T 0 IRENY T H £} st T T 1
1 T T m L = + i+ L

“oCE Nt SR

OO0 1-6%E

‘0D ¥3ISEH € IXLANIN
HONt 3H1 QL 02 X OT




4 47

-
(>

: . - - . e ) - -
O -t . N * . - . . N . ~
- - . - - i . B
s - s o I : PO - . 3 N .
i e e AT O e, TR » i e o AT s . :
et ) o p 7 PR AR o Bun iy g N e Sl LT . R
s sl R AR g A ) - . PR - N A o
ey T T ux wme e =~ o un v
1 13 L] q 1LY i
e 0 T i T 3 2
[NERES 3 4114
1
T 1
anEE F
i i
o T
T
IS NI
1 P "
)
< H
- T
I A
.y
P2
f T
3 ; : T T s t
o . T 1
< . 1}
T ; m +
7 T )
+ 1
7 T
- 1
—t - T 1
1
Rl b
L] -
| W
:
1
P ! 3 131 .
T T e :
T " T
T a
=i i I 1 T
LIS 1 1 - 1 u R
3 =i : e s :
} - L 1 P Lt 3 i
1 ) Al T
IR + T 3 e - 2 =
3 F Ll . 3
- i Lo s -y T 3 T
= 1IrF i v =t T =
- T : t : 1 L
: 0 wa?
- " b -y RS ST <
h A : +
ra I i : r T
i .1 L L T )3
4o +- i - —
-t 1 o PR B 4
- T + - -
T - T 2 i
- " T
- [ " T
= - TN
- : I a .
= = +
- . i 7 P
e G : r Z 13 L4 T
e Lo Ry Tl 1 1 R T
. T L) F H LI &) S B v
I 1 L — . T IES 01 I
S B R 3 2 " o - T
N 1 1 3. 5 1
1 T : —h ? me
4 ESEES 61 . . n
O 13 I . 11 n
e T - R 'S N I i T
ot X -~ 1
1 I e .
L
0 T 3 b
n + =
™ T
i 2
i s A
L] 1 ot )
+ “ NEN ERES
T T -
3 L I N2
t+ :
s - '
T T a +
s o] p T
_ﬂ - 11 1
? > —
i T g 1 T 1 : AN ~+
I3 : 1
i
o~ 11 3 t - - an 903
T I e T i 4. It — D
Iy ¥ v { T 1T ;I N 7
> I : O B Lo - -4 o — =) -1
T s , INESREES, Y BEAY T T ——
+ yar t - I B ‘ . L% B man T
T v : 7 \ o T e : = oot . g
= 0 2 T T T et - h
r AN = T +
n R - # 0 - - 1= - ) Py
1 - = = T T T :
L T ~uy r 14 I F% WH by d T +
L > 8 T + t =1 T
< I ¢ - - -t
B .. | Iy K3 L) . 3 i
=) i ] ny L T 1 T t
N T - 4 +
i - ‘ PRGN A X
1 M 1 bl
c : L & X1 NS S L2
= 38 2 T 1 T I e
L T
. I T =i : T $ b ppetn wn o4
* ; = ¥ i lire 50
raw T -
il T Al 1 )
; - T . T
TH T " >
iy rv W + T
- L I
- L i Iy
T 3 e
L - i e i
T ¥ s « T
3 1 - H T ANN
-1 T T I L T 1 g )
3 I LI . s 1 + R AR S
" " T T T .
t T +
wapem -
] t =T
t —t
t T :
1 : "
1 T " i 1 s ' | 1 . : R
T L [ I 1] i B | 1 h W -
s T 1 T + + T
T + + { == =3 = g T
. E s - T tr - t T T H+




e

L TR
T T HEA =0 AL FERR. |
T it on o
1 1 1
L 1] k3
3
k1
1 )
+
7
< T 1
T
k3 1
! 1
T L
n r
i
: T
RS i
; n - T T
=t T
1 N3 1
1T s Y +
yema 4
2] v T T
1+ —r
> = t =
- n - 1 T
,. 1 [y s n T
T r - T T rna)
2 . 4 e
= T -
1 Fi T 1
: — - i
1 LN n.
.. T
2 i
I 1 T
T e
T v e : -
. L i Y T
T 5 T o : ; T
LS X B (N W) T H i T
yun T : T ;
YIS B B e
7 At : . T : T -
ry 1y + - Tt e T T
ok I - L - 1 IR i ks
T T t , — $pr
- B S i ) L T ——
: =+ : T i Tt 1
L1 —— A bt b
s H 0 I T
+ = -
¥ ot pany i T
+ : " = T = = Ty
- - i 1 [ [ T
i = o = - =
T - i : T T a1
i T I T
t e T T T
: - 1= T
 Sav = + T : T T
RS EWAN " T s + — + .
- HA R i i ” T In =t -
ra® wuwi n — : Tt -
1 h L1y T ) 1 n L T T
T ) L= e URENAS 1 e + T T 1o
: T T : e T : S g
L — . i : . I
Tt tr T :
+ I T T T
T i T 3 Ll W
H- T T >
T by T T I — )
L) 3 1 i 1 e 1
" e T 4 t T 17
T i T o + ; paa
n - =
- - T -
—_ 7 m :
T -
3 u o T Tt ~T
I : T I +
T T J. B 4
= D " X ra I s
i I = +
: t t e I
" e % m 4 $
+ mn am ¥
t : : i n
; : + F 1 "
T "
Ry T r 0 1
; ! "
LI 1 3. +
+ 1 +
; v 1
1 " s
Y + ; .
3 ! T T3
~+ T T 3 I
T Y s —
+r+ 1 T I
R 3 T
T + s
1 - T
i $ '
T T p:
T
: 1 '
:
i ] ;
- - 1
Y e n R
Y 1
s T T
-t 1 : 1 e
1 1
t - T
n n ;
n aneswen banay +
T - : -
n ; Tt
n rwer : T
- ' - 1
e : 1 =t \a :
- L T 4 a1 =
r T I 1 1 -
1 i 18 o I T
T T 1T : n T
; T " ;
: n Ty —
T 0 1. ol
1] T Y 14 *
Far = v
= T + : .
n T e
T T : T 1= T
; : : + PR Ty e
" - :
b 1 — T o
I I ) I 1
- I LI L 0 b
H I I Il . LT il FEA N T
" i I ym: " 5 ¢ 3
Y6 ‘AnisOvH ‘0D ¥ASST W 1FINAN w’x
. OTIO01-6GE HONIIHL Ol 0Z X OF




T i
T 1 T n ¥
T ) '
() ) -
1 T
I =
n : !
n 2 .
: b
¥ . ‘
= n
- i 3
T =
e i
=
- +
A
% 2
aww
us
e T :
us T
T a1
AR + Ry
g H
m : :
==
= ; T D
sazs 2 t Ho
o i -+
-
T
T
T
i
"
T
T

s
T
in3
s
s

T +
z t
T — :
T == RRAEEEES ¥
>+ . ISERAN
t 1 L i
I T _
T 1 T
T,

T T ot
: " T n i
+ _ T :

+ - : -

H 3 " I

[T 2 ) ymivn T 3
= T " 1
t T =1
1T = T
T T T rwy pa
1 L W P R
T T T . 7
o i 1 i T
marien 33 + + -
w2 N > n
(NS T n +
T 1T
Sam - - —
T o 3 % v
T S i § ST
v T 3 >
> ! T m
I I T
Ly T T
r T
" %
1
T
vi
T ’ n
i 3
T T >
T :
> T >
; T T
1 b T 1
I Tt
3 ym
T T n
) T a -
) 1 —
+ s T
T
T v i}
I '
I T
13
m a
: 7 =
- T =+
o
T -
™ 14 ‘) +
IT

Z T
T t T 1
n T rmm nah
0 T t
T H T

f— (e W3 1

W i = = -

L H ) ]
s e -
i = M =

CAPH +H B

aa)
>



St

P

AAINC E138A

be

. is

AIRCRAFT ARMAMENTS, Ine.

oo

the vari:{ us - conditions of 1ight level and temperature, photocell #’? (ma.ximm)

J
remained at 2-1/4 to 2- 1/2 times the value’of ’ahe rasistance of photoceJ,l

#L\ '(min:l.mum) Tempemture and light level )aenqiti\ lties Of The photocella "

iy

vere compa.red in an effort to discover wheuher photocells h.mring greater

\\

-light sens:.tlvities also tend to have s'reater t.emperature sensitivity.

¥While such a relationshlp eppears to exist, it seems inadvissble to )

‘conclude that such is the case because of inaccﬁracx in the testing

techniques. R : S

Graphs #3 through #8 11lus t.rat.e the hysteresis ef'fect
vhich is experienced when the light level is changed in one d:lrec‘cion. and
then returned to its origiml value. Tb,e wvide va.riation in thg magnitude
of the difference between beginning and r,‘iend velues is mos‘t.‘ l’ik‘ely t’ha‘ '

; i .
result of inaccuracy of lemp i-zolta,‘ge ad Justments.

In pe,rt.icula.r ‘the crosa-'
overs of the ' up and ‘down” curves on graph #5 suggest fa].ae settings of
lamp- voltage at 22.9 volts since these pairs of point,s are inverted with

The data obta.ined in

respect to those plotted at other lamp voltages.

. these tests reveals an exceedingly great variation e.mong cells hfrcm a

. single batch. The cell with the higheswt z'esistanoe had a valuq of &'Sout

-
250 percent of the value of the cell with lowest resistance. OLz the other . {(

'hand, calculations show the percentage change in resiata.nce wi'?yh either light'
i

br tempemture variat.:on to be very nearly the same f‘or all cells.

i/

It can . .,

seen from the semi-log plots on graphs #J.A fea, and #34 that while there./

\\ !

e considerable Bpread between cells, they change in the same proportion&.

Ut SV PRV ut PSRN

N
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’J;‘heiconclusiOn, then, is that two cells of’the same

’"”fésietance under the same conditions would perform Quité suitabi;yn in 8

o ‘
bridge circuit where we wish temperature drifts end variaticn dye to
) i

+

common light level changes to comiaensate for one another. In such & manner
it may be possible to prevent the above effects from interferring with the

alarm detection circuitry. :

st
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h L, Condensation

Recently alarm Nos. 35, 36 and 37 wer§ rendered inoperable

ﬁ | at Ft. Benning due to condensation forming on the air.line conﬁect#ng the

:3 tape transport drum pick-up fitting to the knockout portion of the splution
pot.. This condenmation dripped onto the nrinted rirentt board and schorted
capacitor C) by filling the gap between the lead and the case, thus shorting
the capacitor and causing a temporary failure to the voltage regulator on

E its printed cirecuit board.

The irmediete solution to this problem was to insulate the
lead from the case of the capacitor with the application of a coat of
g‘ Glyptol. This was done on all existing boards but on any new boards, the
- cepacitor will be reorientated so that the érounded end will point towards
; the condensation source. An additional prote%tion was also afforded by
placing a "splash guard" between the condensaﬁidn source and the printed?

; ¢ircuit board. This guard consists of & phenolic sheet fastened to the

top of the printed circuit board by three (3) stainless steel clips. Its

purpose is to divert the excessive condensation away from the component
side of the board to the waterpronfed tyack side where the presence of

moisture will not affect alarm perfmrménce.

i . . 'J .
Since both the insulation and the above mentioned "splash

guard" ere interim measures, further Regearch and Development is underway

R BT ) e e g e

to either eliminate the problem and/or provide absolute protection to thié

vital part, Various concepts are being investigated.

-
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&. The design of an extruded rubber 'L’ anglef(lleo
included engle) which will be secured to the printed circiit board and
supported by the PC board mounting point. It will extend from the end of
the heat sink to the area br the air motor and protrude approximately 1/k"
over the printed circuit board. |

1. anoinyueStication ol moLerials in oan ellfort to obtaln
a suitable insulation which may be applied to the entire printed circuit
board father than only the rear (track side) portibn. Samples are to be
subjected to hot and cold testing as well as completely immersed in the
resgent solution of sodium pyrophosphate and ODN.

c. An investigation of several new types of rubber tubing,
both thin and thick walled, and a teflon impregnated asbestos tubing which

may be used as a jacket over the main air line.
|

When the desired configuration hag Been tested and approved,

replacement parts will be provided for the Fhase III alarms.

0 s e T




5. Endurance Testing

TOTAL TiIME

_ ALARM f

PAGE
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TOTAL TIME

1202
558
172
782
338
182
576

e‘ej

e2l

33
315
175
Loy
341
290
959

3o

36

3

28
29
20
31
32

33
34

35
36
37
39
4o

¥ Total time after ferurbishing

{ ,=

| A

|

|

i

: {

i i

| . ]
; ﬁ
; ALARM #
3
i 9
§ 11
! 12
13
£ 1h
, 16
. 17
: 7
; 18
£ 19
19
- 20
: 21
A 22
i 22
A 23
- a2k
& 25
¢
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349
1016
272
199

Mo

197
39

36
327
326
32
104

116
115
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6. Vacuum Sensor Switch

Tests have been performed on several alarms af AAI in an
effort to determine pointé of maximum pressure differential in order to
design a more reliable baro switch than that previously installed on the
slarm. Static pressures were measured at Lhe noint where the flow meter
comnects Lo the alr inlet. The small section of tubing at this point wes
removed and a monometer inserted into the air system to measure stetic air !
pressure under varying conditions. Air flow was varied between T to l.2
liters per minute and input voltages were adjusted to 21, 2% and 28 volts.
Cn alarms 11, 2L, 30, 39 and 40 measurements were taken and it was found

that the static pressure varied between .1 to .2 inch of water. These

meagurements were taken with the alerm operating at room temperature.

Pressure measurements were alsc taken between the air pump
outlet and the alarm exit heater. Again a monometer was inserted into thp
air line and the voltages and air flow varied as indicated above. Agdin‘
it was found that such changes produced only an insignificant change in
statlic pressure at this point. It was noted that the air pressure varied
approximetely .2 ilnch of water as the air flow was changed from .8 liters
8 minute to 1.2 liters per minute. Alarm 11 measurements were taken to
measure the pressure differential between the inletyanﬁ outlét as the air
flow Qna varied between .8 liters per minute to 1.3 liﬁera per minute. It
was observed that under these conditions the precsure differential varied
between .L to .95 inch of water. At the end of this report periocd alarm

10 was used to attempt to restrict the air inlet so that a major change in

e P
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statle pressure would occur as the air flow was varied. Insufficlent time » o
wes available to record enough date for an evaluation of this set up.'= ;

The purpose of this investigation is to locate a polnt or i
) points where sufficient pressure changes are produced in order thet e , ' :

preasapure senaing device moy he Ancimed whicn PV Lty G 0 e Dadicict Lon
: when air flow drops below a predetermined value. If possible commercial
components will be selected in order to minimizec the amount of testing

: required.
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7. l Tape Studies
_ Earlier in this report it was mentigned t_ha;.t. probiems were
encbuntpred during alarm testing due to tape wbichfvas .062 1nch:too wide.
This increase in the tape widih usually doeé not aﬁiow the tape spool to
be completely seated onte the pay-out spindle. Wh;é this condition exisgts,
the tape spool wil: frequently "ride” oft the spin4+e untlil Lt lu retalned
by the front cover. The tape path is no longer inIQlignment with tﬁ&
transport drum and thare is, therefore,'a tendency for the'tape yé gradg-
ally "walk" off the drum. The increased drag of the spool bindikgvén the
front cover occasionally results in tape breakage between the spool and
the drum.
When tape breakage is not experienced at this point other
factors come into play which are equally as disesterous with respect do .
alarm performance. Assuming operation continues with the spool improierly'
seated in the spindle, as already pointed out, the tapé begins to "walk"
off the drum. When the drum is seated under the photometer head, the outer
edge of the tape is stretched {or ruffled) due Lo the larger diameter of
the tape guide flange on the‘drum. As the ruffled tape is woupd ontqzthe
takewup apindle, the outside diameter of the expépded tape is greatly
increased over the normal conditian and eventually will begin to scrub’
agaihst the bottom can panel. At this point the take-upfspindle'lobks in
prlace but the garter spring continues Lo be pulled over ;he pulley. On

several occasions this phenumens has resulted in a permanent elongation of

this spring and requiring replacement of same.
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A more frequeﬁt repult of the atalled'tgke-up spihdie %5 S
thaﬁ the tape will wrap around ihé transport drum. ‘éince gll tqnsionvon
the take-up side of the drum haes been ioat,va force no iongerrexisté which
will ;pull the tape free of tbé drum needles. The tape consequently 1is
carried around the drum until several layers of tape are accumulated.

No gpecific faciure patiern has been detemined under this condilion hut
the problem has usually resulted in one or more of the f&llwwing:

a. Stalled transport motor

b. Burned out transport motor

c. Demaged air pump

d. False alarm

The reason for (a} and/or (b) is that with the accumulation
of tape between the drum and head, drag is increased to the point where‘p
either the motor stalls or the gear train fails. Adlr pump damage may
result because of the additional tape thickness Letween the drum and bead
and the corresponding increase in restrictions in the air sxstem; False
alarm occurs after the transpori motor has stalled but the ;lanm continues
to operate. Excessive air blank occurs and after several "transports",
apot development is sufficient to produce a false alarm. On one occasion
the tape build up produced tape breakege when the tape snagged the fluid
nozzle. It should also be pointed out that when tape wrap-around occurs,
the tape is pulled from the take up spindle causing this component to reverse

its direction thereby producing an even greater overload on the garter .

spring.
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- " No alarm changes are proposed or recommended to offset’
the problem discussed above. Rather,the recommencigtion has been made
" to Chemical Corps personnel that tape width be controlled to 0.625 &

0.03 inch.,
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IV. FUTURE PROGRAM

Future program on the ELIRL Gas Alarm will be directed towards

the fabrication of‘the additional alarms regquired by the contrect and =

continuation of R&D studies. Efforts under the latter wili be primarily

L

covcerned with photorell and photometer studies, automatie nulling, inlet

heater design, the remote alarm and correction of difficulties that are

encountered at Ft. Benning during CONARC testing.
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