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1.0 INTRODUCTION

This progress report covers the peripd Egbruary 1 through
March 28, 1980 under Contract No. DAAK10-79-C-0040.'gThis program is for
the design and development of the XM746 Practice Fuze Spotting Charge.

1.1 Contract Add-On )ﬁf

\

In the month of February, MBA received a contract add-on
of $9,250 to fabricate and assemble 576 each XM747E2 (P/N 9331823) Practice
Fuzes, of which 330 each were for ballistic testing at Ft. Sill, Oklahoma,
and 246, less test quantities, for testing at ARRADCOM.

1.2 Static Testing

MBA, at the request of ARRADCOM, conducted a series of
static tests using Red Phosphorus (RP) in combination with the MOD "E"
composition to evaluate the possibility of the RP enhancing the smoke

cloud density and duration.

The RP and MOD "E" were loaded into the GFE smoke containers,
as shown in Figure 1., A cardboard disk was placed between the RP and
MOD "E" composition to maintain the low sensitivity of the MOD "E" compo-
sition during handling. Loaded were 10 each RP/MOD "E" composition and 10

each standard composition MOD "E", see Table 1 for composition proportion.

The tests were recorded on video tape and instrumented with
break wires at the fuze detonator and the projectile smoke ports in the

same manner as all past testing, see Figure 2,

Table 2 lists the test sequence, composition weight and
function times,

Reviewing the video tape (5 MBA personnel), it was agreed
that the RP did not add to the smoke cloud density. Based on this input,
ARRADCOM decided not to pursue this configuration.

Reviewing the function times of the MOD "E" compositon
revealed considerably longer function times than measured in past testing.
An average time of 3.38 ms was recorded (see Table 2) in comparison to

the September static test where the average time was 2.18 ms, see Table 3,
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MOD “E"/RED PHOSPHORUS CONFIGURATION
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lines 1 through 13, As a result of the increased function times, the lot
acceptance tests (LAT) for the Ft. Sill shipment included evaluating the
composition particle size and blend times. The first 9 batches of the
MOD "E" composition were screened through 325 micron screen. The zinc
dust was analyzed in the Fisher sub-sieve sizer and particle size of the
zinc dust averaged 5 microns, well within tolerance 7 + 3 microns stated

on drawing 9331826, see Appendix A for blend control history.

At the conclusion of all testing, reviewing the data showed
no real decrease in the function time, see Table 3. A further examination
of the data revealed the relative humidity was higher in February 1980 than
it was in September 1979. The relative humidity in the blending and loading

areas was about 10% September and between 38 and 40% in February.

The mean averages for the function times and the standard
deviations for both September and February test series were calculated
using the following equation:

7 =T
n

¥

and s =[Z:(xi-§)2 ]

For the September test series:
x = 2,18 ms, s = .49 ms (n = 13)
For the February test series:

x = 2,87 ms, s = .67 ms (n = 24)

The above results indicate that humidity could be a factor

in causing an increase in the function time of the composition.

1.3 Ft, Sill Shipment

Two shipments were made to Ft. Sill, the first shipment was
on February 29 containing 96 fuze assemblies which were LAT'd as outlined
in Section 1,2, The second was on March 10, containing 234 fuze assemblies.

Spotting charge function time LAT samples were pulled but not tested due

to the ambitious delivery schedule,
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1.4 Ballistic Testing*

Ballistic testing of 60 practice fuzes (out of the first
shipment of 96 fuzes) was conducted at Ft. Sill the week of 10 March.
The tests had 5 forward observers stationed betwen 1500 through 4000
meters from the impact area. The F.0's reported slightly better than
50Z spotting of the practice fuze smoke cloud with a fair to poor rating,
see Table 4. As a result of the poor showing, the balance of the sched-

uled tests were cancelled.

1.5 ARRADCOM Meeting

A meeting was held at ARRADCOM on 18 March. The purpose
was to discuss the poor ballistic test results at Ft, Sill per 1.4 above
and review the related phenomina of increased function times being measured

at MBA with the Ft. Sill and other recently manufactured units.

Before continuing the discussion, it is necessary for the
reader to be aware that function time measurements of the Ft., Sill LAT
units were not made until after the Ft, Sill units were shipped. However,
LAT function only units were tested prior to shipment and were 100% success-
ful. Thus, MBA was discovering the longer function times of the Ft, Sill
LAT units at the same time the Ft, Sill ballistic tests were taking place.

The function time tests had to be deferred becaused there
was not enough time to perform them prior to shipment and still meet the Ft.
Sill test date. The extremely short schedule which required 2nd and some
3rd shift operations plus air shipment of both lots making up the 330 unit
Ft, Si1l delivery, precluded the normal LAT sequence.**

In preparation for the meeting, MBA undertook a thorough
review of the manufacturing procedures, hardware and materials used for the
Ft, Sill units, This work included additional function time testing of
ARRADCOM deliverable units now being held at MBA pending ARRADCOM direction.

Function time results are presented in 1.2 above,

* MBA personnel not present, data reported through ARRADCOM.

**ARRADCOM aware of this deviation per telecon 2/26/80,

10
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The only identifiable difference or change in conditions
discovered that could have affected function time was humidity. The

MOD "E" (SW522) pyrotechnic composition for all prior fast function time

units loaded by MBA, had been blended when the relative humidity was extremely
low, slightly less than 10%.

The slower functioning fuzes manufactured in February con-

tained pyrotechnics that had been blended and loaded whén the relative

humidity was at or near the maximum allowable value of 40%.

Certain metalized pyrotechnic compositions display more than

normal sensitivity to moisture content, These mixtures typically need to

be vacuum dryed 0.10 to 0.207 absolute water content to achieve repeatable

and fast burn rate performance (note the = 37% increase in 1 ¢ times between

the slow and fast units),

The possibility of "wet" pyrotechnic material being the

cause of the increased function time was presented at the meeting. No

consensus of opinion was reached on this subject, partially because it was
determined that during ARRADCOM development of the SW522 composition, blending
and loading took place at humidity levels well above RH's of 10%. However,

it was agreed that some of the existing long function time units should be

down loaded, the spotting charge vacuum dryed then reloaded and tested to

absolutely resolve the wetness question. MBA will do this after program

completion in April or May at no cost to the Government.

A gseries of other decisions, not involving MBA, were made at
the meeting. These involved ARRADCOM studies of the fuze train, additional
work on the ARRADCOM MOD "E" (SW522) composition and the use of photo flash

as a back-up spotting charge,

1.6 Extended Evaluation of Smoke Intensity Test Results

The radiometric measurements shown in Table 5 have been

corrected by the methods described in the Supplement to MBA Radiometric
Procedures, MB-TM-79/02, see Appendix B, dated 27 August 1979. In addition,
The energy in

a correction for attenuation at the 40 foot range was made,
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TABLE 5

i ‘ SMOKE TEST RESULTS FROM RADIOMETER MEASUREMENT (UNCORRECTED)
3
% TEST FUZE DATE 11,7-2.8 1 3-5 TgMP DURATION DELAY
i Watts/Ster Watts/Ster K SEC M.SEC+ 1
i
: #38 #076 | 9/20/79 477 1491 840 .225 -
#39 9/20/79 438 1316 850 .084 17.5
#40 9/20/79 876 2140 900 -20 11.2
.19
#41 9/20/79 494 1438 860 ‘15 15
.19
#42 9/20/79 374 1456 800 .10 18.8
#048 | 9/13/79 2789 5380 960 .175 3.0
#11 #030 | 9/11/79 4662 11094 910 .25 -
9/11/79 1499 2523 1020 .20 -
#025 | 9/11/79 2288 4474 960 .225 -

13 3
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the measurement wavelength band was determined from the area under the
curve and by assuming that energy is emitted uniformly from the source in
all directions. The total energy of the source was then estimated
independently from each wavelength band by dividing the energy in the
wavelength band by the fraction of energy expected at that source temp-
erature as determined from the procedure tables. This assumes black body
emission from the source. All the corrected intensities, temperature,
energy and black body fractions are shown in Table 6. Relatively good

agreement between the total energy for each test was obtained.

The atmospheric corrections and corrections for the source
temperature are relatively small and have a minor impact on results. The
latter correction was based on extrapolated curves from the previousyly
mentioned procedures on a very sensitive part of the curve. These correct-
ions could have been rerun with the Lowtran computer program for atmospheric

attenuation if they had a significant impact on the final result.

The error in the final intensity measurements caused by
approximations made in the corrections for atmospheric conditions, source
temperature and the different measurement distance (compared standard
procedure) should not exceed 10%. This is the same order of magnitude as

the basic measurement error.

1.7 Program Extension

A request for a no cost contract change extending the program
to 1 May has been made to allow time to determine the disposition of residual

hardware and deliverable fuzes now in bonded storage at MBA.

14
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b |
f | VALIMET - INSPECTION CERTIFICATE
v | % .
‘\Consiz'ned to: Quan;ity in this shipment:
> M. B. ASSOCIATES 25 1bs, Batch 78-9230, Lot 001
4 Q Bollinger Canyon Road : e —
' li\ San Ramon, CA 94583 Packing of shipment:
g \ 1 Fiber Drum @ 25# Net Wet. A
3 8 LY
- - Item: I Specification: \ V%) -:Q“
\ . . ! \ )
§ Aluminum Metallic Powder ; Mil P-14067B (MU) Type II é\/- \,O‘
Shipped via: i Contract or P.O. number:
i !
! | 69929 =N
X Federal Express . : - ; i
; | Date shipped: 8-24-79 { (ﬂ? ’7//
' ~-
41 It is certified that the following is an analysis of tests prescribed for the above item as required in applicable certification.

i "
% Test required Specified limits or reguircments lNo. tested i  Test Values obtained
1 i
f Alumirm 98.75% min l All | 99.24
Lron 0.55 max. \ | 0.15 :
Zinc | 0.3 max. ,l ; 0.003 ;
| Silicon 0.25 max. | '~ 0.15
v Volatiles @ 105°C 0.1 max. ! : 0.030 3
| Oil & Grease 0.2 max i | 0.032
) i i
Particle Distribution’ % by wr. | |
! .
. o | .
-200 99.5% min. ! L 99.9
-325 60. 0% min | L 755
Apparent Density 1.0 gn./cc ; ! 1.11 gm./cc
! |
i |
| I
: |
i 1
| |
VALIMET, INC. I Name and title of ()l"(bl'lal' ; _‘\, ’ .
131 East Sperry Road — Stockton, California 95206 | Quality Controlia=.l / > L%Q—ﬁ_hﬂ&
| Date: _August 27@97@ Cl v L)
State of CALIFORNIA U\&
County of SAN JOAQUIN " ﬁ\i 19 1979
As subscribed and sworn to before me, a notary public in and for the state and counly q\ro:c»:u\_d\\\_}\niz\bQ‘Lﬁ__
day of ___ August_ . . — , 19 : PERTY CONTROL
: | Notary Seal "M‘J"”’é’\ — ... RO
GFF' 3
3 \ Pt Hb .L’F.HF l;
,‘. L . 15T - ac. l‘\'n RY
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SALES CONFIRMATION

"CROTON
CHEMICAL

COMPANY

M. B. Associates
P.0. Box 196
San Ramon, CA 94583

10 HARMICH ROAD
SOUTH PLAINFIELD
NEW JERSEY 07080

Telephone 201-754 2900

Shipmeau wnl be made to: (eddrass
" o8 laft i} none other noted)

M.B. Associates

Bollinger Canyon Road
San Ramon, CA 94583

CEﬁLE.\lEN: . .
Your Order Na. Verbal of 8/17/79 bas been received 8/17/79
snd entered as follows, F.0.B. our plast, South Plainfield, N. J. (unless otherwise noted below):
i g".:: Pecking . OESCRIPTION . Code '::f:':
Al 1| 25 1bs. POTASSIUM NITRATE £100.0D/1ot )
MIL-P-156B, Cl. II, Amend. 1
Certificate of Compliance 25.00

 REGEISED

h nJ 0 1979

L urunASING

L
M ERTY CONTROL

PROPE

SCHEDULED FOR SHIPMENT: On or before 8/21/79

Federal Express - Collect

PAYMENT TERMS: | Net 30 days

PLEASE REFER TO OUR ORDER ANO. ¢_2143

Ro tF
by rt Fa

We eppreciate yoar order.

Very truly yoan,
CROTON
CHEMICAL
COMPANY

mirecrative Assistant

Signature
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CERTIFICATE OF COMPLIANCE

AND ANALYSIS

Purchase Order No.,

Item name and number

POTASSIUM NITRATE

To: _
M.B. Associates

P.0., Box 196
San Ramon Californ‘a 94583

consigned to:

M,.B, Assog ates
Bollinger Canyon Road
San Ramon California 94583

Lot number shipped (mo, day, yr)

KN-9-231 August 21 1979

shipped via

Federal Air Express

quantity shipped shipping order

25 lbs. C-2143

packing

25 1b. net f.ber drum

IT IS HEREBY CERTIFIED that material, as shipped above, conforms with Specification

_MI] =P-]5AR dated

] and flace 1| f‘"""ﬁ:‘d, e

-

tst applicable waivers and changes

It ts further certified that the following are the Specification requirements, together

~ith our laboratory's analysis:

|_specification limits
test prescribed maximum minimum analytical results
Moisture _0. 2% Q1A%
Waser Insoluble Matter 0.1% Q. Q5%
Chlorides, as Potassium Chloride 0.07% 0.05%
Lhiorates & Perchiorates as KLIU 0.5% 0.035%
—r
- Leon S Alumisum as oxide —0) E9L {‘rC}nS
~Ca & Mg as _oQxides 0 54 0355~
Sodium as oxides 0.25% 0 _18%
Nitrogen : 13.77% 13.92%
pH Value -8 6 6.9
Granulation thru #20 USS Sieve 95.0% 96 0%

name of company
Croton Chemical Company

name and title of officia

B,F, Schoen Vice-

date
e 2171879 -




BARIUM AND CHEMICALS.
STEUPENVILLE, OHIO

INC.

CERTIFICATE OF COMPLIANCE
AND ANALYSIS

Att _ Quality Control
Buyer = M, R, Coxrynen

PROCUREMENT ORDER No.

PORCHASE CRLER No.
69931
THIS IS TO CERTIFY THAT (item neme and number)

POTASSIUM PERCHLORAIR
Gr A-~Cl 4

MB Associates
- Box 196
San Ramon, California 94383

LOT NUMBER SHIPPED (Month, Dey, Year)

ECQw1~1 Aug. 22, 1979
SHIPPED VIA CAR INITIALS AND No.
Federal Exp

3/L NUMBER

WEIGHT (Totei Net Pounds)

CONSIGNED TO

Samne - Bollinger Canyon Road
San Ramon, Califoznia 94583

SHIPPING ORDER Na.

29380

25 lbs,
DELIVERY ORDER No.

QUANTITY

25 1b8'

LB l ITEM NUMBERS MARKED
: " 1 carton containi 3 cans
| {2%A

POTASSIUM PERCHLORATE

MEETS ALL THE REQUIRE.
MENTS OF CONTRACT No.

Lr A - Cl 4 F.

NUMBER __ MILeaPu2]17ADATED

1T IS FURTHER CERTIFIED THAT THE FOLLOWING IS AN ANALYSIS OF THE ABOVE MATERIAL, COVERING DETAILED REQUIREMENTS OF APPLICABLE SPECIFICATION

AND

UST APPLICABLE AUTHORIZED WAJVERS AND CHANGES

I certify that the material used on

this 10t neets all the requirements of the

¢« ._puzchase order and the requirements of the
specification MIL.P=217A

SPECIFICATICN LIMITS
YTICAL RESULT
TEST PRESCRISED MAXIMUM MINIMUM ANAL
.+ JMolsturs 0.02 0. 02
m Chlorides ( as KC1) 0.10 o
Lhlorates ( as KC105) 0.10 e:sau
Lhypochlorites. None done-
m_(_a.s_m;n:} Q.02 None
Magnesium S “m:): 1o3 Q.20 0.02
| 0,20 ._None
Grit & Water Insaluble Material 0.02 Q.01 :
pH. of Wateyr Solution 8.8 P " |
Assay 99,8 99.8
-Avesage-Particle-Size- 25 15 23 M
RemARKS NAME OF COMPANY

BARIUM AND CHEMICALS INC,
Steubenville, Chic ,

PO S SO

v

Thert Pavlil, Jr, . Vica Praci teny

Ny
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INTRODUCTION

This technical memo was written to clarify and add to,
the MBA Radiometric Procedures Manual (MB-R-78/32). There are five
sections in this memo, they are: a procedure for calculating the
effective infrared intensity of an IR flare; a section on radiometric
measurements and instrumentation; a section on radiometer calibration;
a section on the computer programs used in radiometric measurements;

and finally, a section on flare ejection tests which are performed tc

determine the velocity and set=-back force of an ejected flare.
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PROCEDURE FOR

CALCULATING EFFECTIVE INFRARED

INTENSITIES




The purpose of this booklet is to provide a quick and

fairly accurate means of determining the effective radiation from an
IR source 75 feet away. The following procedure is intended to be
used with MBA's pyroelectric radiometers with sapphire windows and

1.7 - 2.8 and 3-5 micron passband filters.

This normalization procedure relies on graphs that have
been generated by extensive computer runs. These computer programs,
LOWTRAN IV and LAMDA, determine the effects of the atmosphere, the
radiometer windows and filters, and the detector's relative response

has on the transmission of infrared radiation,

Because the meteorological conditions at the time the
measurements were tak:n will never exactly match the conditions for which
the computer runs were made, some approximations will have to be made
and, therefore, some error will exist., The maximum expected error is on
the order of 1% for both bands (1.7 - 2,8 and 3.0 - 5.,0u)., If greater
accuracy is desired, then separate LOWTRAN and LAMDA runs should be made

using the exact meteorological data at the time of the test.

The range of atmospheric conditions that can be used are
given in Tables 1 and 2, If conditions do not fall within these ranges,
then separate runs should be made. Also, if the visibility drops below

5Km, aerosol absorption becomes significant and separate runs should be

made to determine complete atmospheric absorption.




STEP 1:

STEP 2:

STEP 3:

STEP 4:

STEP 5:

STEP 6:

PROCEDURE FOR CALCULATING EFFECTIVE RADIANT INTENSITY

Calculate the current calibration constant from:
CcSc

=2 eoseneu—"
St

c

2
Calculate the peak intensity from I = CVR™ for
both the 1.7 - 2,8 and the 3.0 - 5.0u passbands.

From the ratio of the peak intensity of the short
wavelength band (1.7 ~ 2.8u) divided by the peak
of the long wavelength (3.0 - 5.0u) band, determine

the source temperature from graph 1.

Correct for temperature by multiplying each
calibration constant by the temperature correction

factor obtained from graphs 2 & 3.*

Determine the amount of atmospheric transmission
from graphs 4 & 5, Note that these graphs were
generatad from a LOWTRAN run which used the following

meteorological data.

Source to detector distance = .0229 Km (75 ft)
Visual range = 100 Km

Atmospheric pressure = 1000 mp

Altitude = ,1524 Km

Temperature = 21.11°C

Humidity = 407

Correct for the meteorological conditions at the
time of the test by finding those conditions which
most closely match the conditions listed in tables

1 and 2, and divide the average transmission of this
run into the average transmission from the run using

the conditions mentioned in Step 5.

* It is necessary to correct for source temperature because our calibration

source is 1273°K and our flares usually burn at 2000°K.




STEP 7:

Take the number obtained in STEP 6 and divide it
into the calibration constant. Decreased transmission

means an increase in intensity for a given voltage.

SAMPLE CALCULATION

STEP 1:

STEP 2:

3.0 - 5.0u passband

C = 16.00 Watts/(SR) (Volts) (feet)?
V = ,6669 Volts (peak)

R%= 5625 £t

I = 60,000 watts/SR (Apparent)

1.7 = 2.8u passband

C = 17.00 W/SRV £t°

vV =1,05V (Peak)
R%= 5625 ¢
I = 100,000 Watts/SR  (Apparent)

Meteorolg&}cal Conditions

Altitude = ,1524 Km

Atmospheric pressure = 1000 MB
Temperature = 32.22°C

Visibility = 100 Km

Source to Detector Distance = ,0229 Km
Humidity = 80%

16,00 (3-5w)

(3-5u) ;

€c=17.00 (L.7 - 2.8w
I = (16.00)(.6669)(5625) = 60,000 W/SR
I = (17.00)(1.05)(5625) = 100,000 W/SR (1.7 -~ 2.8u)
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STEP 3:

STEP 4

STEP 5:

STEP 6:

100,000 WATTS/SR
60,000 WATTS/SR

1.6667

From graph #1, temperature = 1790%

C
T

16,00 (3=-5u)

1790%k

From graph #3, correction factor = 1.0086
New C = 16.00 x 1.0086 = 16,1376

C=17.00 (1.7 - 2.8 u)

T = 1790%

From graph #2, correction factor
New C = 17,00 x .970 = 16.490

.970

For 1.7 - 2.8u passband use graph #4
Flare Temperature = 1790%%

From graph #4, transmission = ,8315
For 3-5u passband, use graph #5
Flare Temperature = 1790°K

From graph #5, average transmission = ,8856

For 1,7 - 2,8u passband

From table 1, base average transmission

= ,7835, From the conditions at the time of the
test, 32.22°C and 80% humidity, the average

transmission obtained from table 1 is .7037.

,7835 = 11,1134
.7037

From Step 5, average transmission = .8315 (1.7 - 2,8u)
8315 = ,7468
1.1134




STEP 7:

STEP 8-

For 3-5u passband

From table 2, base average transmission

= ,8888. From the conditions at the time of the
test, 32.22°C, 80% humidity, the average trans-

mission obtained from table 2 is .8488.

.8888 = 1.0471
.8488

From step 5, average transmission = ,8856 (3-5u)

.8856 = ,8458
1.0471

16,490 = 22,081 (1.7 - 2.8n)
. 7468

16.1376 = 19.0797 (3=5u)
.8458

Calculate effective flare intensities
For 1,7 - 2.8u passbard

v = 1,05V

R% = 5625 ft’

C eff = 22,081
I eff = (22,081)(5525)(1.05) = 130, 416 WATTS/SR

For 3-5u passband
V= ,6667 V
RZ = 5625 ft2

C eff = 19,0797
I eff = (19,0797)(5625)(.6667) = 71,57 WATTS/SR
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1.7 = 2.8u TABLE 1

ALTITUDE |PRESSURE | TEMPERATURE | HUMIDITY |VISIBILITY | PATH L [TRANS (AVE) ‘
1524 Km | 1000 MR { 10.0°% 407, 100 Km .0229 Km .8219
1524 1000 10.0 607% 100 .0229 .7984
.1524 1000 10.0 80% 100 .0229 .7811
.1524 1000 15.56 40% 100 .0229 .8026
.1524 1000 15.56 60% 100 .0229 .7783
<1524 1000 15,56 80% 100 .0229 .7607
.1524 1000 21.11 40% 100 .0229 .7835
<1524 1000 21.11 607 100 .0229 .7586
.1524 1000 21,11 807% 100 .0229 . 7409
1524 1000 26.67 40% 100 .0229 .7648
.1524 1000 26.67 60% 100 .0229 .7397
. 1524 1000 26.67 | 80% 100 .0229 L7220
. 1524 1000 32.22 407 100 ' .0229 L7466
L, 1524 1000 32,22 607, 100 .0229 L7216
L1524 1000 32,22 807 100 .0229 . 7037
L1524 1000 37.78 40% 100 .0229 .7292
L 1524 1000 37.78 607 100 .0229 .7041
L1524 1000 37.78 807% 100 .0229 .6860




3-5u TABLE 2

ALTITUDE |PRESSURE | TEMPERATURE | HUMIDITY |VISIBILITY | PATH L  ITRANS (AVE)

.1524 Km | 1000 MB | 10.0°C 100 Km .0229 Km .9007

.1524 1000 10,0 100 .0229 .8933
1524 1000 10.0 100 .8871
<1524 1000 15.56 100 .8951
.1524 1000 15,56 100

.1524 1000 15,56 100

1000 21,11
!

1000 21,11

1000 21.11
1000 26.67
1000 26.67
1000 26.67
1000 32.22
1000 32.22
1000 32,22
1000 37.78
1000 37.78

1060 37.78




Temz K

1000
1273
1500
1750
2000
2150
2500

2750

3000

LAMDA RUN WITHOUT Tw, Tf, Ta, Vd
Passband = 1,7 - 2.8u

For Filter 1,7 - 2,8u

TOTAL IN BAND WATTS/SR

.36074
1.4340
3.1466
5,9885
9.8083

12,535
20.014
26,181

32,923
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Temp °k
1000
1272
1500
1750
2000
2150
2500
2750

3000

LAMDA RUN WITH Tf£, Tw, Vd
WITHOUT Ta
Passband = 1,50 -~ 3,054

For filter 1.7 - 2.8u

TOTAL IN BAND WATTS/SR

.25819
1,0550
2,3552
4,5502
7.5425
9.6978

15,664
20.628

26.084

e e pr e
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Temp X
1000

1273
1500
1750
2000
2150
2500
2750

3000

LAMDA RUN WITH Ta, Tw, Tf, Vd
Filter = 1,7 - 2.8

Passband = 1.50 - 3,05u

TOTAL IN BAND WATTS/SR

.19921
84716
1.9284
3.7784
6.3237
8.1666
13.293
17.575

22,295

!




LAMDA RUN WITHOUT Ta, Tf, Tw, Vd

Passband = 3-5u

Temp 'K TOTAL IN BAND WATTS/SR
1000 .65146
1273 1.5162
1500 2,4693
1750 3.7073
2000 5.0951
2150 5.9840
2500 8.1830
2750 9.8367
3000 11,543




= 4 SN .

Temg K
1000

1273
1500
1750
2000
2150
2500

2750

3000

Without Ta
Passband = 2.85 -~ 5.20u

For Filter 3.0 - 5.0n

LAMDA RUN WITH Tf, Tw, Vd

TOTAL IN BAND WATTS/SR

.44292
1.0220
1.6562
2,4769
3.3944
3.9810
5.4301
6.5184

7.6403




LAMDA RUN WITH Tf, Tw, Vd, Ta

Passband = 2,85 - 5,20u

For Filter 3.0 - 5.0u

TOTAL

IN BAND WATTS/SR

.38946

.90206
1.4647
2,1935
3.0089
3.5305
4,8195
5.7879

6.7863




RADIOMETRIC MEASUREMENTS

Equipment

Currently, MBA uses three Molection Pyroelectric radio=~
meters to measure the infrared radiation produced by our flares. The
! radiometer system is composed of a probe assembly, control assembly, ﬁ

1 amplification system and a black body calibration source.

The probe assembly is encased inside an environmental
housing. There is a small port in the housing to allow the influx of

|

! radiation to reach the probe, This port is actually a sapphire window
’ which is transparent to IR radiation, The housing and window are used
1]

j to protect the actual probe assembly from hostile environments,

The probe itself is made up of a pyroelectric transducer -

which emits a voltage (electrons) proportional to the incident radiation.

i The assembly also includes a low noise amplifier, mechanical chopper and
i a photo-isolator frequency reference., Attached externally to the probe

% is an infrared filter allowing only the infrared radiation of interest to ;;

reach the detector,

The radiometer control assembly contains amplifiers and o

other internal electronics to convert the incoming AC voltage to DC while

buttons and switches which are described below.

Radiometer Front Panel Functions

Power Switches

i
!
|
' also shaping and filtering the signal. The control panel contains various
|
|
r
)

This is the red push button switch at the lower left of

the unit which applies power to the system when pushed in. ?

Watts === Watts/cm2 Switch

e SRR

| Hatts ==—~ Watts/cm2 Switch is located in the upper right
hand side of the unit and is used to normalize the gain of the system to

compensate for the area of the detector. The Watts position is normally




used for small beams (lasers), The Watts/cm2 is used for sources where
the radiation fills an area equal to or larger than the detector. For
all flare and black body measurements, the switch should be placed in

the Watts/cm2 position.

Offset Control

The main purpose of this switch is to compensate for
background radiation when the radiometer is on a sensitive scale. Because
we use a relatively insensitive scale, the switch should be turned

completely counter-clockwise in order to provide maximum range.

Range Switch

The row of black push buttons near the bottom of the
control panel are used to change the gain of the system. The buttons
are push-on and push-off and are also interlocking so that when a new
range button is pushed, the old one automatically returns to the off
position. There are seven range buttons, each divided into three categories;
milliwatts (MW), microwatts (uw) and nanowatts (nw)., This stands for

1x1073 WATTS, 1x107® WATTS, and 1x10™7 WaATTS respectively.

For measuring flares only the milliwatt scale will be
used. This scale is, in turn, divided into three subscales; | milliwatt
(MW), 10 MW, and 100 MW. Because all calibrations and calculations are
computed for the 10 MW scale, this scale is the most convenient to use.
However, these other two scales can be used but will have to be converted
to the 10 MW upon reduction of the data., For example, if one was using
the 1 MW scale, the radiometer would be ten times more sensitive than
when set on the 10 MW scale, therefore, when calculating the intensity
CVR2 would be divided by 10 to give the correct intensity relative to
the 10 MW scale, On the other hand, if the range was on 100 MW, the
radiometer is 10 times less sensitive than when on the 10MW scale and
therefore CVR2 would have to be multiplied by 10 in order to keep things
relative to the 10 MW scale,

TNy

e e ety osa 1




Amplifiers

The amplifiers serve two purposes. One function is to

amplify the signal from the radiometer to produce a measurable trace on

the oscillograph, The other function is to produce a ! volt calibratiocn

mark on the o=graph trace,

The amplifiers are located at the bottom of the rack in the
radiometer control box, There are four amplifiers but only three are used.

Each amplifier has five knobs which are explained below.

Range & Multiplier Knobs

These two knobs control the gain (how much the signal is
amplified). The range switch which goes from 1 to 2 to 3 to 5 is multiplied
by the multiplier knob which can be placed on X,01, X.1, X1, X10. For

example, if the range switch is on 2 and the multiplier is on X1,0 then
the gain is 2, If the multiplier switch is then placed on X10, the gain
will be 20 which will cause a deflection 10 times greater than when the i

multiplier was on X1,0,

For flares such as the MJU~10 and MFCD at a source to
detector distance of 75 feet, a good o-graph deflection is produced with

a gain of 5 (range on 5, multiplier on X1) and a milliwatt setting of 10.
Offset Knob

The offset knob is used to zero out the galvo that is in
series with the radiometer, The offset switch can only move the galvo
an inch or so, therefore, whenever it 1is desired to move the trace further,

the galvo itself will have to be moved manually, (See oscillograph manual).
Mode Knob

This knob is used to calibrate the oscillograph trace,
There are five different positions for this knob: Signal (sig), ground
(gnd), .5 volts (% V), 1 volt (1V), and 2 volts (2V), Whenever a source
is being measured the knob must be in the signal position, When calibrating

the trace, the knob is switched from sig to gnd to %V to 1V and then




e gy

ke At a5

back to sig, By measuring the distance between ground and 1 Volt it can

be determined how many inches per volt deflection.

BW Hertz

This switch controls the band width and should always be

placed on WB (wide band) for flare and black body measurements.

Black Body

The Infrared Radiation Reference Source (Black Body) is
used as a standard against which other laboratory measuring devices

(radiometers) can be compared.

The Black Body is very easy to operate. First one plugs
in the control box which automatically starts the fan inside the Black
Body., Next, the switch located on the front of the temperature controller
is placed in the "on" position., Finally, the desired temperature is set
by turning the knob on the left, All calibrations are done at 1000°C so
this is where the selector should be set, It takes about 90 minutes for

the Black Body to come up to this temperature,

Note: Before the Black Body is turmed off its internal temperature must

be less than 200°C. Therefore, after use, the selector should be turned
down to 50°C and the system allowed to cool until that time in which the
temperature drops below 200°C, The way temperature is determined is to

move the temperature selection switch while watching the volt meter on

the left, when the voltmeter deflects the Black Body is at that temperature
indicated on the scale, Once the Black Body is below 200°C, the concroller

can be turned off and unplugged to stop the fan,

Oscillograph

The o-graph is used to keep a running time versus voltage
trace of the flare burn., The input jacks are located in the back, on
the outside, of the oscillograph, There are eighteen input jacks in the

back, but there are only about eight operational galvos. All necessary

information regarding the operation and maintenance of the oscillograph
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can be obtained from the Consolidated Electrodynamics Datograph Operation

and Maintenance Manual,
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RADIOMETER CALIBRATION

The radiometers are calibrated periodically according

to the procedure given below:

STE? 1:

STEP 2:

STEP 3:

STEP 4:
STEP 6:

STEP 7:

STEP 8:

Turn both the black body and the radiometers on at
least 1=} hours before calibration. Set the black
body for 1000°C and make sure it is at this tempera-

ture before calibrating,

Determine what milliwatt setting the radiometers are

to be used. If they are to be used with the 10 milliwatt
scale, then calibrate on the 10 milliwatt scale. Do not
change milliwatt scale settings during the calibration
procedure,

Turn on the oscillograph and adjust the galvo, connected
to the radiometer to be calibrated, to the right side of

the light sensitive paper.

Place the radiometer in the standardization fixture

against the stops.

Obtain an opaque sheet to be placed between source and

radiometer,

Move the black body to three inches of the radiometer

face, The distance between the radiometer face and the
black body face is three inches, any two points can be
used but these same points must be used throughout the

calibration.

Align the axes of the radiometer and the source so that
the radiometer face and black body face are parallel and the

black body aperture is in the center of the field of view

of the radiometer.
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STEP 9:

STEP 10:

STEP 11:

STEP 12:

STEP 13:

STEP 14:

STEP 15:

STEP 16:

STEP 17:

Remove the sheet in front of the radiometer and watch

the digital display on the radiometer panel. If the
digital display holds at -1, then the system is saturated.
Try increasing the offset on the radiometer panel (not the
amplifier) to unsaturate the system. If this does not
work, the black body will have to be moved further back.

Note: As long as the system is on the 10 MW setting,
this will not be a problem; however, it will be

a problem on the 1 MW scale.

Run an oscillograph/amplifier calibration to determine

how many inches/velt,

Measure and record the distance in inches between the

faces of the radiometer and the black body.

Start the o~graph, remove the sheet in front of the

radiometer and record the output,

Move the black body so that the distance between faces is

now four inches and repeat steps 11 and 12.
Move to 5 inches and repeat steps 11 and 12.

Now place the black body in its standardization fixture

against the stops and repeat steps ll and 12.

Keep moving the black body back at one inch intervals

repeating steps 11 and 12 at each interval,

After measuring and recording at 12 inches between faces,

stop.,

|
!
!
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STEP 18:

STEP 1:

STEP 2:

STEP 3:

STEP 4:

Repeat steps 1 through 17 for the other radiometers.

DATA REDUCTION

From the oscillograph traces from the individual radio-
meters, abstract the oscillograph/amplifier calibration
in inches/volts and the deflection in inches from each

of black body to radiometer distances recorded.

Input all the necessary data into the computer program
RADCAL, A detailed description of the input procedure

is given in the computer section of this booklet.

After running RADCAL, check the individual sigmas for

each radiometer. The sigma is how well the data points

fit a straight line, Sigma = 1,000 is a perfectly straight
line, 1If sigma is less than .9990, the computer will print
"sigma indicates line is not linear." If this should
happen, the points should be plotted (X & Y's) and any
outlying points should be discarded. The program is then

run again until an acceptable sigma is obtained.

From the computer printout, record the calibration
constant and the voltage at the standard position. The
standard position was that position where both the radiometer

and the black body were in their respective standardization

fixtures up against the stops. This distance is right around
7,1 1inches,




COMPUTER PROGRAMS USED IN RADIOMETRY

Program LOWTRAN

Because certain molecules absorb infrared radiation and
because the amount of absorption is different for different meteorological
conditions, it is necessary to normalize the radiometric data. The way
in which data is normalized for atmospheric conditions is through the
computer program LOWTRAN, This program, developed by the Air Force,
determines the amount of infrared radiation absorbed by different molecules
at different wavelengths and the total amount of transmitted infrared
radiation over a specific passband depending on the meteorological

conditions of the time,

A condition on how to input meteorological data into
this program is given in the MBA Radiometric Procedures, MB-R-78/32, Rev. 1,
Page 24,

The output of LOWIRAN is easy to read, First, the meteor-
ological data inputed is printed, followed by individual total transmissions
and transmissions of various molecules over the wavelengths of interest.

Finally, the total transmission over the band of interest is given.

Program LAMDA

This computer program was developed to determine the
maximum amount of intensity that could be received from an infrared
source and the effect that windows, filters, detectors and the atmosphere
have on the apparent intensity of this source. 1In other words, if we
have a theoretical black body source at a specific temperature, there
exists a maximum possible intensity, However, because filters, windows,
and the atmosphere are not 100% transparent to infrared radiation and
because detectors are wavelength dependent*, we will never detect this
absolute maximum intensity. LAMDA is used to determine the effective
intensity of an IR source by taking in account the percent transmission

of windows, filters and atmosphere along with the response of the detector.

*

MBA radiometers have pyroelectric detectors and for all practical purposes
these detectors can be considered flat with respect to wavelength, i.e.

detector sensitivity is uniform at all wavelengths,




Because effective transmission changes with source
temperature, as the result of changing spectral curve and the different
transmission qualities of windows, filters and the atmosphere at

different wavelengths, Lamda is run over a number of source temperatures.

The method for inputing data for this program is given

in the MBA Radiometric Procedures, pages 25-27,

The output of Lamda gives the incremented passband, source
temperature, area of the source, the emissivity of the source and the

total intensity in band.




Program RADCAL

This program is used to calculate the calibration
constant for the different radiometers. This program takes data obtained
from the manual calibration procedure and computes the constant and how

well the data fits a straight line via a linear regression routine.

The data it takes is distance from black body to radio-~
meter in inches (Y), deflection of oscillograph galvo in inches (DEF),
radiometer range in milliwatts (MW), the oscillograph/amplifier calibration
in inches/volt (CALB), the number of points measured (N), and the radio-
meter being calibrated (RAD). A detailed procedure for inputing the
data is given below, ‘

CARD 1: Input the number of data points, i.e., how many Y's in
13,

CARD 2: Input the amplifier/oscillograpbh calibration (inches/volt)
in F 10.2,

CARD 3: Input the milliwatt scale setting in I3.

CARD 4,5,6: Input the deflection of the oscillograph galvo starting
at either ome end or the other and proceed progressively.
Input 5 data points per card and always use 3 cards even

if the last card is all zeros. The format is 5F 10.4.

CARD 7,8,9: Input the distance from black body to radiometer making

sure that the starting point and direction are the same

=~

as for the deflection input above. The format is 5F 10.

CARD 10: Input the radiometer that is being calibrated in F 10.0.

For example, if radiometer 134 is being calibrated, punch

134. in any of the first ten columns. i
CARD 11: If another set of data (new radiometer) is to be inputed,

punch a 1 in I3 and punch new cards l=11, If there is

not going to be another set of data, leave this card blank.
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The output of RADCAL is a regurgitation of the input data

along with a column of the calculated volts, X, which is 1//~olts and 1is
used for the linear regression routine, the calibration constant and the
sigma of the data, i,e., how well the data fits a straight line. A

perfectly straight line would have a sigma of 1,000. The more the data
deviates from a straight line, the more sigma becomes less than one. 1If
sigma is less than .9990, the data points, the X and Y values, should be
plotted and any anomalies should be discarded. After discarding all

obvious anomalies, the program should run again to obtain the correct

calibration constant,




EJECTION TESTS

Ejection tests are performed to determine the velocity

and set-back force of an ejected flare.

Equipment Needed

1) Ejection test fixture
2) Oscillograph
3) BLH Load Cell

4) CEC Transducer signal conditiomer and

amplifier case assembly
5) 0-10V D.C, power supply
6) Leeds potentiometer

7) Calibrated digital voltmeter

Flare Velocity Measurements

Velocity measurements are made by placing 3 break leads a
foot apart from each other in the path of the flare and recording the
time it takes between each breakage. This is done by placing a 3 to 4
volt potential difference across the system. The oscillograph is used to
record the time and is in series with the system. Between each of the
break leads there is a resistor which produces a potential drop which is
recorded by the oscillograph after each break lead is broken. Because
we know the speed of the o-graph via the calibrated timing mark and ]

because we know the distance between break leads, the velocity can be

determined, The ejection test set-up is shown in Figure 1.




Once the system described in schematic 1 is set-up, adjust
the galvo and the D.C. power supply so that the galvo is on the far left
hand side of the trace when no break leads are in the fixture and then on

‘Ai i the far right hand side of the fixture when all of the break leads are

in place, }

Next, set the timing light on the o-graph to 100 pulses/

second. For the test, the o-graph chart speed should be 64 inches/second.

After the flare is ejected, there will be two steps in the

o—-graph trace, When the flare breaks the first lead there will be a
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decrease in voltage. This new voltage will stay constant (first step) until

the next lead is broken. When the next lead is broken, there will be

i it e - e

another voltage drop which will stay constant (second step) until the final

lead is broken.

Sample Calculation

Timing light = 100 pulses/second

Chart speed 64 inches/second

Length of
step

1.6 pulses

i 1.60 pulses
i 100 pulses/second = .01600 seconds

1 foot
.01600 seconds = 62.500 ft/sec

Load Measurement

Load measurements are taken to determine the set-back force

the flare pellet will exert on the aircraft it will eventually protect.

The load cell is a strain-gage pressure transducer which

produces an electrical signal proportional to the pressure exerted upon

it,




The load cell that is used is a BLH, C2Ml type. Its
capacity is 5000 pounds and its output is 2 millivolts/volt at 100%

capacity.
Since we use a 10 volt excitation voltage, we wonld
expect 10 volts x 2 MV - 20 MV at 100% capacity or 5000 pounds of

VOLT
pressure. However, the set-back force of the flare should be no greater

than 1000 pounds and therefore the maximum unamplified signal we should
receive is 4 millivolts. Because this signal is too small to be recorded
by the oscillograph, it is amplified by the CEC transducer signal
conditioner, The wiring diagram for set-back force measurement is shown

in Figure 1.
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Amplifier Gain Setting and Calibration f

For this part of the procedure, the load cell is replaced
with the Leeds Potentiometer, The Leeds Potentiometer is a D.C. milli-
volt power supply and is used to simulate the output voltage expected
from the load cell. Because the potentiometer is out of calibrationm,

a calibrated digital voltmeter can be used to find, set, and record the

i
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desired millivolt output,
STEP 1:

Attach the white wire from the CEC conditioner
to the plus output of the potentiometer and the

green wire to the negative output,

STEP 2:

B o

L

Attach the positive and negative leeds of the

digital voltmeter to the positive and negative

output of the potentiometer,

TRICI T

STEP 3:

Make sure the gain and offset switches of the

L LT EST

i signal conditioner are set on OPR and ZERO respect-
ively.

! STEP 4:

3 Set the potentiometer control knob on EMF output.

* STEP 5:

Push down the galvo button and adjust the millivolt

output knobs until 5.00 MV is displayed on the digital

voltmeter.

STEP 6:

Adjust the galvo and gain and multiplier switches
of the amplifier so that the zero and maximum
: deflection of galvo (as the result of 5 MV which

would result from a set-back force of 1250 pounds)

stays on scale.




STEP 7:

Once the galvo has been adjusted and the gain

and multiplier switches have been set, record the
galvo deflection with potentiometer output of 5 MV,
4 MV, 3 MV, 2 MV, 1 MV and 0 MV, This will provide
the oscillograph amplifier calibration in inches/

millivolt,
STEP 8:

Attach the load cell to the transducer/amplification

system as shown in schematic 1.

After the flare is ejected, there will be a hump or
peak produced by the load cell galvo. The peak height of the hump will

be indicative of the set-back force.

Sample Load Calculation

(2 millivolts ) ( 10 volts excitation) = 20 millivolts
(1 volt excitation)

This means at 1007 load cell capacity or 5000 pounds
there will be a 20 millivolt output signal,

If the amplifier/oscillograph calibration, as determined
in step 7, is 1 inch/millivolt, and if the peak deflection produced by

the ejected flare is 4 inches, then set set-back force is:

4 inches
1 inch/millivolt

= 4 millivolts (MV)

5000 1bs ihs

X = 1000 pounds = set-back force

T
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