
Best 
Available 

Copy 

., 



^m iuffjwi.uivuTum*J-' 

■ ■■■.■.■■■■..■.-.-■■.   ■■-.-..-   

WS 

AD-787   851 

PRELIMINARY   DESIGN   OF   ROCKET-BORNE 
CRYOGENIC   DEWAR  AND   SIGNAL   ELECTRONICS 

Carl   R.    Bohne,   et   al 

Honeywell   Radiation   Center 

Prepared   for: 

Air   Force   Cambridge   Research   Laborato r i e s 

November   1973 

DISTRIBUTED BY: 

KUJI 
National Technical Information Service 
U. S. DEPARTMENT  OF  COMMERCE 

..   ....  :„   .,.i..^j>..»-ii^.w.jj....>--..:.,. .,i .■., :.,.,. ^,...- ^.:.a.^.L ,^, vail.a^a " --.,,,1,1^,1'|n .j..-..-..^. v^.-j..:»^.^^^». ......^^o .J-..,-,ti,-;..Jf...^.. ■..■,.^..... .A.X ■'^^^■^^""Mrillilllriliait-I'llll'ltil 



ptijfwwwrwgi '^ltftJ^iye*r^!sirmv*F*!V*wr**mtir^^^ 

Unclassified 
SECURITY  CLASSIFICATIOV  Of  THIS PAGE (Whe* Dml« Entrrrd) 

REPORT DOCUM£NTATION PAGE 
I.   REPORT NUMBER ' |~ 

AFCRL-TR-73-0746       * 
l. GOVT ACCESSION NO. 

«•    TITLE fand Subdr/r) 

PRELIMINARY  DESIGN Off  ROCKET-BORNE 
CRYOGENIC  DEWAR AND %GNAL ELECTRONICS 

i    AUTHORf»;       " " 

See Title Sheet (Report) 

10. PROGRAM ELEMENT, PROJECT, TASK 
AREA 4 WORK UNIT NUMBERS 

62301D 
8692 

9.    PERFORMING ORGANIZATION  NAME   AND  ADDRESS 

Honeywell Radiation Center 
2 Forbes Road 
Lexington, Massachusetts 02173 

II. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT CATE 

Air Force Cambridge Research Laboratories November 1973 
Hanscom AFB, Massachusetts 01730 
Contract Monitor: Dean F. Kimh^Tl/DPR-I 

Urtkl I TrvOl ki f:    «rilTkir'w    ki AUC-    A     • rtnnrrr f yj t     i:iä .    , ^_     .._>..      .   n... T«.    MONITORING AGENCY NAME A  ADDRESSf/f d/fferen( from Conlrvlllnt OllUe) 

16.    DISTRIBUTION STATEMENT (ul ihU Report) 

READ INSTRUCTIONS 
JEFORE COMPLETING FORM 

3.    HI Clf'lENT'S CATALOG NUMBER 

S.    TYPE OF  REPORT  ft  PERIOD COVERED 

Final 
April 1972-Nov. 1973 

6  PERFORMING ORG. REPORT NUMBER 

8. CONTRACT OR GRANT NUMBERfs) 

F19628-72-C-0325 
ARPA Order No.   1366 

13.    NM"D«rR OF PAGES >—'O 

 /5_IL 
15.   SECURITY CLASS, for fti/» reporlj 

Unclassified 
I5a.    DECLASS1F1 CATION/DOWN GRADING 

SCHEDULE 

A - Approved for public release;  distribution unlimited 

'7.    DISTRIBUTION STATEMENT fo/ (he ab«(r»c( entered In Block 30. II dlllerenl Irom Report) 

18.    SUPPLEMENTARY  NOTES 

This research was supported by the Defense Advanced Research 
Projects Agency. 

19.    KEY WORDS (Continue on reverse aide if necmaBary and Identify by block number) 

Low noise amplifiers, AID converters, PCM telemetry, Gain 
switching amplifiers, Data transmission, Transimpedance 
amplifiers 

20.    ABSTRACT (Continue on reverse aide if necoaasry and Identify by block number) 

The preliminary design or a cryogenic, rocket-borne dewar and 
associated signal electronics are described.  The design and 
testing of two cryogenically cooled test dewars are also 
described.  This instrumentation is to be used in connection 
with rocket probe measurements of the infrared emissions of 
the airglow and aurorae. 

DD , ^3 1473 EDITION OF  1 NOV 65 IS OBSOLETE      * 

Reproduced by / 

NATIONAL TECHNICAL 
INFORMATION SERVICE 

U S Department of Commerce 
Springfield  VA 22151 

Unclassified 
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered) 

•**• 

l 

i :«.,.    -■,-..-■■ ■■ i^iraiAinh'^i-^-rriiiiiiViwilinaa^ifritiii'iiiVii.f -t--,r-iirilriiHtiiii>iWllii«^^ 



wwjpmmmmimt^^mK^ \.i,mmM>mm.m-mi'mi'.mmmm»imi''' |UW!Miw»J^W!!Pl1*tfW^flWP^WwWwWWW|lW!StP!W^f#JW 

ARPA Order No. 1366 

Program Code No. 2E50 

Contractor:  Honeywell Radiation Center 

Effective Date of Contract:  10 April 1972 

Contract No. F19528-72-C-0325 

Principal Investigator and Phone No. 
Harold W. Robinson/617 861-3671 

AFCRL Project Scientist and Phone No. 
Dean F. Kimball/617 861-^71 

Contract Expiration ..ace: November 1973 

./ 

^ 

Qualified requestors may obtain additional copies from 
the Defense Documentation Center. All others should 
pply to the National Technical Information Service 

?fiL. 

/ 
Bttft^..^.^,-.. ,*..:....:.. ^-....1 ,....^... ^ 



'*^«jIl5!''!i?F^W'^ 

■ 

AFCRL-TR-73-0746 

(0- 

PRELIMINARY DESIGN OF ROCKET-BORNE CRYOGENIC 
DEWAR AND SIGNAL ELECTRONICS 

Carl R. Bohne, William R. Corker, Elton E. Dunbar, 
Lloyd B. Harkless, Harold W. Robinson, Jr. 
Honeywell Radiation Center 
Two Forbes Road 
Lexington, Massachusetts 02173 

November 1973 

FINAL REPORT for period April 1972 - November 1973 

Approved for public release; distribution unlimited. 

Sponsored by 

Defense Advanced Research Projects Agency 
ARPA Order No. 1366 

Monitored by 

AIR FORCE CAMBRIDGE RESEARCH LABORATORIES 
AIR FORCE SYSTEMS COMMAND 
UNITED STATES AIR FORCE 
HANSCOM AFB, MASSACHUSETTS 01730 

// 

     >-■•    ■■....,■.^.-.    iini.niiii n... — ■   ■   



p»l ..,.  •■ . imji   j  iiiiiui .■.■mi iwMUfBuai i i in    ■ n». .L I'W!S!!«,M!ISI.II|IUI|>1!IHIWIHIIJH1,!,1«I,I,..».!J#,. .(llUll,,ill!Pll, ^.IWAlM|BPtt«^l^!JfM«l»lwl^WAWPmU;Uil^im^iJ,^l ^l||| 

ABSTRACT 

Dewars for the development testing of interferometer components 
at liquid nitrogen and liquid helium temperatures under simulated 
sounding rocket shock and vibration loading were designed, built, 
and tested.  Support provided for the cryogenic testing of these 
components is described. Preliminary design of a helium dewar 
and signal electronics for flight implementation of the interfer- 
omettr into a measurement program utilizing a Black Brant VC 
sounding rocket is included. 
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SECTION 1 

INTRODUCTION 

The Dewar Assemblies program involved design, manufacture, test, 
and usage support of test dewars for development testing of cry- 
ogenic interferometer components.  In addition, tasks were includ- 
ed for preliminary design of a flight dewar and flight electronics 
to support utilization of a cryogenic interferometer in a sounding 
rocket launched measurement program.  The results of these latter 
tasks have been reported separately, copies of which have been 
included as appendixes for completeness. 

This report describes the design and qualification testing of the 
two interferometer test dewars and a component test dewar which 
were required to support the cryogenic testing of prototype flight 
interferometers and associated components. The two interferometers 
were developed separately by Idealab and Block Engineering. A 
basic dewar design was derived and with minor modifications was 
implemented for each of the two interferometers. 

Initially, program requirements called for two interim liquid nit- 
rogen interferometer dewars to circumvent suspected longer develop- 
ment times associated with helium dewars. Vendor deliveries for 
either dewar were equivalent, hence the nitrogen and helium test 
capability was incorporated into a single dewar. 

The test dewars had as major performance requirements the following 
two criteria: 

(a) Provide a cold environment for the interferometer and 
its supporting components.  Capability for testing at 
liquid nitrogen and liquid helium temperatures was 
required. 

(b) Provide for testing of the interferometer to the environ- 
mental levels (shock and vibration) to be expected from 
a sounding rocket launch vehicle. 

It was found that both requirements could be met by upgrading a 
readily available commercial dewar design. 

An additional task called for the support of concurrent testing 
and qualification of individual components for the prototype 

; 
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flight interferometer.  Ultimately the environmental qualification 
of the components was completed in the interferometer test dewars; 
however, a substantial amount of prior component cold testing was 
required.  For this purpose a small optical component dewar, again 
utilizing liquid helium, was obtained. 

The dewars were fabricated and did support development testing of 
beamsplitters, monochromatic reference sources, white light ref- 
erence sources, the interferometer slide assembly, focal plane 
assembly, V-cube alignment, and ultimate qualification of complete 
interferometer assemblies. 
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SECTION 2 

TEST DEWARS - PERFORMANCE CRITERIA AND DESCRIPTION 

2.1 COMPONENT TEST DEWAR 

For the low temperature testing of interferometer components a 
small laboratory dewar was necessary. This dewar was required 
to have the following capabilities: 

(a) Small size for compatibility with optical test setups; 

(b) Liquid helium operation; 

(c) Rapid turnaround time; 

(d) Optical access to couple radiation in or out. 

A commercial liquid nitrogen shielded helium dewar was available 
and with minor modifications met the above operating criteria. 
This was designated as a Model RD-1534 research dewar by the manu- 
facturer, Janis Research Company, and is shown in Figure 2.1. 

This dewar has a capacity of two litres of helium providing six 
hours of test time at operating temperatures of 5 - 20 0K and 
1.25 cubic inches of test volume is available at 5 0K 
which may be increased to 5 cubic Inches at 10 - 20 0, with the 
addition of the tail piece assembly  A nominal coeldown time of 
one hour has been experienced. Empty weight of the dewar and its 
mounting fixture is 35 pounds. 

2.2 INTERFEROMETER DEWARS 

2.2.1 General 

A standard Cryogenics Associates dewar design Model IR 104 was 
chosen as the basis for the interferometer test dewar. This was 
a unit which had been proven successful by its manufacturer for 
liquid helium testing of large components. To adapt this dewar 
specifically for the considerations of this program the following 
were required: 

(a) Provide for 6 to 8 hours testing time at operating temp- 
erature between helium fills; 

2-1 
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(b) Provide capability for vertical or horizontal operation; 

(c) Provide an internal volume capable of holding the inter- 
ferometer and relay optics; 

(d) Provide optical access for visual observation or an ex- 
ternal laser input; 

(e) Provide capability for running interferometers in a vac- 
uum or cold gas environment using either helium or nit- 
rogen; 

(f) Include capability for shock and vibration testing of 
the cold interferometer to the Black Brant VC launch 
environment. 

The final design is as shown in Figures 2.2 and 2.3 incorporating 
modifications described in HRC engineering specification 2100 8067. 
Specifically, this is the model which was provided to Block Engin- 
eering Co., and was designated as a Model IR118 by the manufacturer, 
This is typical for both dewar models.  Each dewar has a capacity 
of 10 litres of liquid helium and weigh 100 pounds empty.  The 
features unique to each design are discussed separately in sections 
2.2.2 and 2.2.3. 

2.2.2 Idealab Test Dewar 

The Idealab interferometer test dewar is Identical to the unit 
shown in Figure 2.2 with minor exceptions.  Principally, these 
include two versus one optical windows, and location of the helium 
vent connection closer to the dewar evacuation valve.  During op- 
eration this orientation caused freezing problems with the valve 
and its location was moved in the Block unit to eliminate this 
problem. 

The dewar contains 10 litres of liquid helium capable of providing 
6-8 hours of test time at temperature.  Internal volume is suff- 
icient to mount the prototype flight interferometer such that its 
optical axis may be co-aligned with one of the optical ports. 
Cooldown time to an operating temperature at the test fixture of 
15 0K is 14 hours using an A-2 steel interferometer as the thermal 
loading.  Eight to ten hours of pumping are required prior to 
cooling.  The interferometer mounting fixture is shown in Figure 
2.4 and represents the flight design devised to minimize vibration 
amplification to critical optical components such as the beam 
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Figure 2,3     INTERFEROMETER TEST DEWAR 

Reproduced  From 
best available  copy. 
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splitter and slide assembly. A dewar vibration test fixture was 
designed and fabricated by Acton Environmental Testing Laboratories 
and is shown in Figure 2.5. 

A resonant search was performed in accordance with environmental 
specifications (Appendix B) on this dewar to identify any potent- 
ially troublesome modes prior to testing the interferometer. A 
48 pound copper weight was fastened to the interferometer mount 
to simulate the interferomecer loading.  A liquid helium fill time 
of six hours was experienced in this configuration.  The results 
of this resonance survey are contained in Acton Environmental Test 
Report No. 9624.  The test was conducted on a warm dewar.  Leak 
checks were performed after the test.  No adverse resonances were 
encountered and the dewar was considered suitable for use. 
(Figure 2.6) 

A failure of the on board liquid level gauge was noted upon comp- 
letion of the resonant search. This was attributed to the method 
of securing the gauge within the helium container and was corrected 
in the unit supplied to Block Engineering.  The loss of this gauge 
made necessary the use of weighing techniques in all subsequent 
filing operations. 

Considerable environmental as well as static laboratory testing 
using this dewar was subsequently performed.  This is further 
discussed in Section 3.  The dewar proved to be completely adequate 
for all test purposes. 

2.2.3 Block Engineering Test Dewar 

The Block Engineering test dewar is the more recent of the two 
versions and incorporates minor improvements dictated by the exper- 
ience gained from using the Idealab unit. 

A redesigned mounting for the level probe Model ACL-920 was incorp- 
orated.  This satisfactorily withstood the loads imposed during 
the proof environmental testing.  This mounting scheme, proprietary 
with Cryogenics Associates, Inc. was also incorporated in the HIRIS 
flight dewar design. We therefore had the opportunity to develop 
this technique prior to its utilization in the flight program. 

The only operational differences between the Block and Idealab 
versions of the dewar was in the number and location of windows 
and electrical fee ^hroughs.  Neither of these is critical to the 
dewar and thus the Block Engineering version only is shown as being 
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Figure 2r5 DEWAR VIBRATIO.. FIXTURE 
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representative of that required for cold interferometer testing. 

A039 nn^/nd COld environmen^l tests were made of the dewar. 
LtL ?n^/   TS  rUnted 0n the dewar to simulate interfero- 
meter loading. Accelerometers were mounted in each of the three 
cest axes on tne dummy mass mount. The results of these tests 
9702CrtaTKed/n ACt0n Environm«ntal test reports number 9702 and 
y/u^-1. The dewar was leak checked following each test. No 

?ore^! ye"on^eS Were observed and the dewar was found suitable 
thl r/ ^t^/      Ufe' Performance of this dewar was similar to 
the Idealab dewar (Figures 2.7 through 2.10). 
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SECTION 3 

LIQUID HELIUM TESTING SUPPORT 

During the HIRIS flight interferometer development phase the test 
dewars were extensively utilized for low temperature testing of 
various components. These tests consisted of the following for 
the individual items as required. 

(a) Low temperature operation 

(b) Low temperature compatibility 

(c) Qualification for environmental loads (shock and vibration) 

(d) Determining effect of temperature on performance 

(e) Calibration of low temperature thermometers 

A listing of the major testing sequences which were supported 
using each of the dewars is listed below.  In general this listing 
is representative only because in many cases more than one test 
was performed and both dewar designs, (interferometer and component 
test dewars) were utilized. 

(a) Interferometer test dewar (Idealab) 

1. Interferometer cold test and alignment 

2. Interferometer qualification to shock and vibration 

3. Environmental testing of detector focal plane 

4. Focal plane response 

5. Beam splitter thermal, shock and vibration testing 

6. Interferometer slide test (servo-controlled slide 
velocity linearity) 

7. White light shock, and vibration qualification 

(b) Interferometer test Dewar (Block Engineering) 

This dewar was delivered to Block Engineering for use 
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vl^6^ lacil^y'     No iiq^d helium testing support was 
required for this dewar. 

(c)  Component test dewar 

1. White light developmental testing 

2. Neon bulb and band pass filter cold testing 

Laser diode cold performance testing 3 

4, Interferometer system electronics performance test- 
ing 

Since the objective of this effort was to provide cryogenic test 
support to interferometer and component developers thfreportiL 
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TEST DEWAR ENGINEERING SPECIFICATION 
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INTERPRET DRAWING IN 
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LTR DESCRIPTION 

HONEYWELL 
PART NO. 

zioo&ofo";    -101 

AP^.eoJ& L      -^^Jiiie.     OF^    so he-/ 

SHEET 

REV /A A 
TOLERANCES UNLESS 

NOTED OTHERWISE 
.X      ±.020 
XX    ±.010      , 
.XXX ±.005  ^ 

ANGLES, 
CHECK     ^.,.-.-; 

EPA 
FINISH—SEE NOTE 
MATERIAL 

HRCS-71 

wmm 
PKG ENG 
DEV ENG 
PROJ ENG 
RELIABILITY 
ELEC ENG 
ENÜRGRCDRLSE 

•Ä 

m^ 
iM 

CONTRACT NO. 

DATE 

1^ 
APPROVED 

77- 

HONEYWELL INC. 
RADIATION CENTER 
 LEXINGTON, MASS. 

INTERFEROMETER TEST  DEWAR  -   (ICE CAP) 

size 

A 
CODE IDENT NO. 

81395 
SCALE      / 

T 

DRAWING NO. 

21008067 

WT j SHEET 1   OF    3 
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i 
LTR 

J 

REVISIONS 

i    '   ",!   "    '.. I '  ■ 
DESCRIPTION DATE 

iifa/n 
APPROVED 

■V 

INTERFEROMETER TEST  DEWAR -   (ICE  CAP) 

Modifications  for Cryo.   Assoc.   Dwg.   01724A 

1.     10"  Dia.   -- make  12" Dia.   (14" Dia.     

5. 

6. 

 > as req'd) 

2. 14" Min. -- make 16" min. (length dimension) 

3. Optical access - (2)-2% clear diameter aperture, provided in 
outer shell, radiation shield and inner vacuum can.  Outer to 
be  0 ring sealed; inner to be indium sealed.  Provide pxtra 
set of blank inner flanges to be future machined for another 
Material (Irtron II or VI).  Provide blank (screw fastened) 
aluminum covers for the radiation shield.  Access ports to be 
2 1/16 inches either side of dewar center line (4 1/8 inches 
between).  Provide quartz windows with dewar.  Dewar to be 
checked (LN2 or helium) for cold seal of window.  For either 
case Vendor is to guarantee vacuum integrity of liquid helium 
temperature of inner windows.  (Quartz material only) 

4. Bolting patterns of dewar components and sensor mounting ring 
shall have a common center line with the optical access. 
Bolting patterns shall be a multiple of 8 (eight) holes.' 

The liquid helium vent line shall be positioned to allow for 
vertical or horizontal operation.  In addition the dewar shall 
be operable when rotated through an angle of 90° with the major 
axis horizontal.  In all operating modes (as stated) the liquid 
helium hold time must not be already effected. 

The following points are further identified on the enclosed 
marked up print. 

a.  Extend fiberglass support ring for dewar mounting.  Ring to 
be 1" wide.  Provide (16) clearance holes for 5/16 dia. bolts, 

b. 

c. 

Sensor mounting ring with mounting holes 

Mating operator for cryolab valve. 

«mcio-Ti 

SIZE 

A 
CODE IDENT NO. 

81395 
SCALE 

Z 1 C 1) SO(2.7 
WT 

J 
SHEET  2 OF 3 
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DATE 

3^ fe 
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d. Specifications  for  indium seal wire also spare wire  for 
initial cap replacement. 

e. Anchor radiation shield to bottom stand-off. 

f. Provide   (2)   "0" ring sealed demountable  feed thrus  Bendix 
Pygmy #(PTlH-14-15  P)  or equal. 

g Provide Veeco Vacuum Valve (3/8 size) with tube extension 
1 1/2 inch long. 

7. 

h.     Change mounting hole pattern on  the base. 

i.     Provide blind tapped holes   (w.helicoil inserts)  in helium 
flange bottom plate. 

j.     (1/8 NPT)  coupling in electrical access  line for vacuum 
gage. 

Provide outline drawing of  transfer hose.     Hose is  to  terminate 
in 90    bend with a 3/8  inch diameter by 58 inch  long dip  tube 
end. 

Provide  details of Model ACL-920  level probe  including electronics, 
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APPENDIX B 

FLIGHT DEWAR SHOCK AND VIBRATION 

SPECIFICATION 22913ES01 
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Honeywell 
RADIATION    CENTER 

CODE    IDENT    NO.    1131$ 

ENGINEERING SPECIFICATION NO. 

NIC      171 

22913 ES01 

THIS D SYSTEM 

ENGINEERING SPECIFICATION IS FOR: 

LIST OEVICE AND/OR SUBASSEMBUY 

Ü DtVICE G ASSEMBLY Q OTHER 

FLICHT DEWAR SHOCK AND  VIBRATION  SPECIFICATIONS 

PREPARED hT 

c IÜNATIJRL5 

APPROVED BY 
PK) Jf fT t N&t . 

-^L^AL^.^r_^A 
s7/y  /,'J? 

SL 

REVISIONS 

I TR DESCRIPTION 

ENGINEERING 
CONTROLLED 
RELEASE 

DATE 

b/26/72 

APTROVAL 

\, r- 
LfR DESCRIPTION 

PAGE 

REVISION 

PAGE 

A AL* 

REV ISI ON _L_ 

L A 
T 

El 

DATE 

itty/yL 
ua/yZ' 

DATE APPROVAL 

PACE 01 

22913ES01 

24< 
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NIC   til 

■ 

1.0 

1.1 

1.2 

1.3 

2.0 

2.1 

LTR 

Honeywell 
RADIATION    CENTER 

CODE    IDENT    NO.   11315 

ENGINEERING SPECIFICATION NO. 229131501 

TEST CONDITIONS 

Install the mass mock-up of the Interferometer, baffles 
and the front cover assembly into the dewar. The mock-up 
of the interferometer and baffle assembly, with supports, 
will weigh 40 lbs. The front cover assembly will weigh 
12 lbs. 

The dewar will be evacuated to 10"6 Torr and subjected to 
the qualification levels described in the subsequent sec- 
tions - 2.0, 3.0 and 4 0 

The dewar will be then evacuated to 10"" Torr and then 
cooled with liquid helium until the cryogen tank is filled 
at which time the system will be switched to operation in 
the super critical mode.  Upon reaching stable operating 
conditions the dewar will be subject to the pre-flight levels 
described in subsequent sections.- 2.0, 3.0 and 4.0, 

SINUSOIDAL VIBRATION 

Sweep 

Each sinusoidal vibration test will be based upon a  single 
logarithmic sweep with a  total duration of 115 seconds at 
the rate of  3.7 octaves/min. 

REVISIONS 

DESCRIPTION 

ENGINEERING CONTROLLED RELEASE 
DATE 

6/26/72 
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APPROVAL 
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NIC    lit 

2.2 

2.3 

3.0 

3.1 

LTH 

Honeywell 
RADIATION    CENTER 

CODE    ITJENT   NO.    II3IS 

ENGINEERING SPECIFICATION NO. 
22913ES0i 

Axes 

A   test will  be  performed with  the   instrument oriented  on 
each of   th..?   three mutual   orthogonal  axes.     These will  be; 

b. 

Longitudinal axis (thrust direction) 

2 lateral (radial) axes which will be 
specified relative to the radiometer 
interface. 

Levels 

2.3.1    Qualifirfitinn  LPVPIS   -  longitudinal and   lateral 
directions   0.1  in D.A.   from  15-31  Hz  and  then 5.0 g,   0- 
peak,   from  31-2000  Hz. 

2:3-2     P^e-fUght  Levels   -   Longitudinal and  lateral direc- 
tions   .06  in D.A.   from  15-31  Hz  and   then 3.0 g,   0-peak 
from 31-2000  Hz. S P       ' 

RANDOM VIBRATION 

Dura tion 

a. Qualification  levels   -   1 minute/axis 

b. Pre-flight levels   -   1/2 minute/axis 

REVISIONS 

„OtSCRjPTION 

ENGINEERING  CONTROLLED  RELEASE 

ZB< 

DATE 

6/26/72 
JPROVAL 

7M?' 

;E3 

22913  ESoi 
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Mic  in 

3.2 

3.3 

4.0 

LTR 

Honeywell 
RADIATION    CENTER 

CODE    IDENT   NO.   11115 

ENGINEERING SPECIFICATION NO. 229131501 

Axes 

See 2.2 

Levels 

3.3.1    Qualification Level       7.75  g  (RMS) 

Frequency 

20 Hz 
20  -       80 Hz 
80  -     140 Hz 

140  -  2000 Hz 
2000 Hz 

3.3.2    Pre-flight Levels 

Frequency 

20 Hz 
20 -  80 Hz 
80 -  140 Hz 

140 - 2000 Hz 
2000 Hz 

SHOCK 

Spectral Density  (RMS) 

.0125 g2/Hz 
+3db/octave 
.05 g2 Hz 
- 3 db/octave 
.0034 g2/Hz 

6.5 g  (RMS) 

Spectral Density (RMS) 

.0085 g2/Hz 
+3db/octave 
.035 g2/Hz 
-3db/octave 
.0024 g2/Hz 

REVISIONS 

DESCRIPTION 

ENGINEERING CONTROLLED RELEASE 
DATE 

6/26/72 
>PPROV»L 

22913 ES01 
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NIC    1-71 

4.1 

4.2 

4.3 

LTR 

Honeywell 
RADIATION    CENTER 

CODE    IDENT   NO.    ItllS 

ENGINEERING SPECIFICATION NO. |     22913ESoT 

Configuration 

A shock  test will be  performed on each axis.     The pulse  shape 
will  be  Tormina 1-Peak Sawtoothed Shock Pulse per MIL-STD-810. 
The  peak value  of acceleration and  the duration will  be  20 g 
and   11 milliseconds  respectively  (Procedure  I,  basic  design 
for Flight Vehicle equipment).     Testing  to  this  pulse will 
be  done  on qualification and  pre-flight testing. 

Axes 

See  2.2 

Levels 

Testing  to 4.1 will be done  on qualification and pre-flight 
tests. 

5.0 ACCELERATION 

5.1 Duration 

30 seconds for each axis 

5.2 Levels 

Longitudinal axis   (thrust direction)   15 g.     Lateral  axis  5  g 
(about spin axis)   for both axes. 

REVISIONS 

DESCRIPTION 

ENGINEERING  CONTROLLED  RELEASE 6/26/72 
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DATE fPROVAL 

PAGE i 
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6.0 

6.1 

6.2 

LTR 

Honeywell 
RADIATION    CENTER 

CODE    IDENT   NO.   H3I5 

ENGINEERING SPECIFICATION NO. [ 229131501 

; 

ACCEPTANCE  CRITERIA 

If it appears  that a  failure  has  occured during testing, 
the   tests will be stopped and  the dewar examined.     A 
failure shall consist of broken or cracked parts,   loss  of 
vacuum,  hold  time,  or cryogen.     Repair and modification 
will  then be performed to insure  that  the failure will not 
re-occur.     The unit will  then be  subjected  to the full 
environmental  test requirement again. 

Upon completion of each stage of  testing  (evacuated, warm 
per para.   1.2 and evacuated,  cold para.   1.3)   the removeable 
parts will be disassembled and  inspected for failure.     Such 
a  failure will be  treated per para.   6.1. 

REVISIONS 

DESCRIPTION DATE 

ENGINEERING  CONTROLLED  RELEASE 6/26/72 
APPROVAL 

29< 
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FLIGHT DEWAR DESIGN REPORT 

Contract No. F19628-72-C-0325 

Project No. FY71217203351 

Task No. Sub-Line Item 0001AA 

Design Report No. 1 

4 December 1972 

Prepared For 

Air F^rce Cambridge Research Laboratories 
Air Force Systems Command 

L. G. Hanscom Field 
Bedford, Massachusetts 

Contract Monitor: Dean F. Kimball (OPR) 

Prepared by .. i/jtc**. t e-jLi 

This report is intended only for the internal management use of the 
contractor and the Air Force. 

HONEYWELL RADIATION CENTER 
HONEYWELL INC. 

Lexington, Massachusetts 
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INTRODUCTION 

^iSuT*?cr^de!CribeS the de3i8n' development and analysis of 
the HIRIS flight dewar.  This information will be presented in 
three parts: 

1. 

2. 

3. 

Dewar design 

Thermal Analysis 

Structural analysis 

The HIRIS Flight dewar was designed to house a cold (30° K) 
Idealab Inc. Michaelson interferometer within a Bristol Aerospace 
Corporation Black Brant V C rocket payload for purposes of auro- 
ral measurements in the infrared.  In order to accomplish this 
a cryogenic dewar was designed to meet the following requirements; 

Ability to withstand the launch environment of the Black 
Brant rocket. 

1. 

2. 

3. 

4. 

Cooling to be done by liquid or supercritical helium. 

A front cover containing a lid capable of being opened 
and closed in flight with the ability of containing a 
high vacuum with negligible leakage.  The position of 
the lid opening must be such that it can be used with 
the HIRIS and SPHIRIS experiments (the latter including 
a high off-axis rejection telescope with the interfero- 
meter). 

A dewar design which is common for the HIRIS and the 
Utah State Hademard spectrometer experiments, and cap- 
able of being converted to the requirements for the 
SPHIRIS experiment by substituting longer dewar exten- 
sions onto the cryogenic assembly. 

Originally it had been decided to use a dewar similar to that 
used on the HRC Earth Limb Sensor experiment which utilized a 
trunnion type of cryogenic support. The configuration of the 
dewar and the support system, however, did not lend itself to 
the HIRIS requirements. At this juncture two important decisions 
were made.  First, it was decided to develop a dewar based on 
the Utah State University CVF dewar which was manufactured by 
Cryogenic Associates of Indianapolis, Indiana.  The second deci- 
sion was to go to a supercritical helium, forced, method of cool- 
ing. 
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1.0 FLIGHT DEWAR DESIGN 

The HIRIS dewar (Figure 1) design was based upon the Cryogenic 
Associates IR104A, a modification of which had been previously 
purchased for interferometer environmental testing. The outside 
diameter of the Model 104A flanges is 15.5 inches with the pressure 
vessel outer diamfeter being 14 inches.  It contains a liquid 
helium tank in the base which is integral with the inner cold 
shield. The cold shield is terminated at a flange to which a 
front extension is bolted. A radiation shield surrounds the 
cold shield and is terminated in like manner. An exhaust tube 
from the helium tank is wrapped around the radiation shield for 
several turns before exiting through the pressure vessel.  The 
pressure vessel is flanged at the base for mounting purposes and 
at the front for attaching the pressure vessel extension. 

A plumbing schematic of the HIRIS dewar showing the cryogen tank, 
the cold shield, the radiation shield, a fill vent and a normal 
vent is shown in Figure 2. Also included in the schematic is an 
absolute pressure valve, set at 3 atmospheres, and a 50-watt 
heater attached to the normal vent to prevent frosting. The 
cryogen tank has been sized to contain 10 liters of helium which 
can be transformed into the supercritical condition by a series 
of heater wires wrapped around the outside of the tank.  Inside 
the tank is a honeycomb matrix to insure good heat conduction 
through the gas.  Therefore, by controlling the heat flow into 
the tank, it is possible to vary the flow of the cold gas through 
the heat exchangers and out the absolute pressure exhaust valve. 
This, in turn, controls the temperatures of the cryogenic compo- 
nents; namely, the focal plane and the cold shield. 

. 

The flight dewar is required to fit within a minimum payload 
inner diameter of 15.63 inches. Therefore, the maximum flange 
diameter was limited to 15.0 inches.  The pressure vessel diameter 
also had to be limited, in this case to 14 inches, to allow 
sufficient room for bolting together the outer flanges of the 
dewar extensions and for mounting the front cover. Overall 
length, including the dewar extensions and the front cover mecha- 
nism, is 48 inches not including a 6 .O-inch deep envelope below 
the base for fittings and electronics boxes. 

i 

The following information was provided to Cryogenic Associates, 
the dewar vendor: 

1. A layout drawing of the dewar showing general dimensions, 
the cryogenic plumbing and mounting flanges. 
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2. 

3. 

4. 

A schematic drawing of the supercritical cryogenic 
system. 

A layout of the cruciform payload service module which 
was to be used for determining the accessibility of the 
vacuum and cryogenic fittings which are mounted to the 
base of the dewar. 

A drawing of the internal electrical feedthrus used in 
the ELS dewar and proposed for the HIRIS dewar. 

A supercritical system was selected rather than a liquid system 
for the following reasons: 

1. Gaseous cryogen is not susceptible to changes in the 
g  field. 

2. A greater change in enthalpy of the cryogen can be used 
prior to venting. 

3. The flow of cryogen can be controlled by temperature 
sensors mounted at critical locations which control a 
heater on the cryogen tank. 

A review of the plumbing schematic showed that a separate fill 
vent was not necessary if the normal vent was increased to 3/8 in. 
OD tubing although the heat exchanger lines could remain at 1/4 in. 
OD.  The fill vent line remained as shown in the schematic, but 
is now used solely to bring out the leads from the liquid level 
sensor and carbon resistor temperature sensors which terminate 
at a connector mounted to an external flange on the tubing. 

The TEE valve on the normal vent line was eliminated leaving a 
mini-bayonet fitting with a TEE connection to the pressure relief 
valve. 

After filling is completed a cap will be placed on the bayonet 
connection to detour the flow through the absolute pressure 
valve. A heater is mounted as close to the pant leg as possible 
to keep the connection and valve from frosting. 

The cleanliness requirements were mei; by sealing off the areas 
between the radiation shield and the optical compartment. Vacuum 
grease from the O-ring grooves is kept from entering the optics 
compartment with the exception of the O-ring on the front cover 
of the dewar.  In this instance an indium O-ring was used which 
will not require grease. However, the number of bolts required 
on the front cover had to be doubled in order to insure an adequate 
indium seal. 
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The porous metal filters attached to the back of the dewar opti- 
cal compartrnent are to act as dust filters without impeding the 

?«*:!? A lle  C*ainber to be PuniPed d°™  to a high vacuum.  Seal- 
ing around the edge of each filter is accomplished with an indium 
washer squeezed between the filter and the cold wall and retained 
by an aluminum flange piece which will allow the filters to be 
removed for cleaning. 

The cryogen tank is made of formed and welded aluminum sheet 12 
inches in diameter to provide a minimum cryogen capacity 
of 10 liters.  It will be proof tested to 6 atmospheres.  Fill 
and exhaust lines are brought out through pant legs on the base 
and terminated at mini-bayonet fittings which are located in 
the two upper quadrants of the dewar base.  The tank is supported 
from the optical compartment through an adaptation of standard 
Cryogenic Associates cryogenic support techniques utilizing four 
glass epoxy, thin wall cylinder supports, epoxied to deep grooves 
in the tank and the optical compartment wall. 

In order to cool the detector adequately, it is necessary to 
extend the cooling line close to the detector location and then 
loop it back to the cold shield with a sufficient length of tub- 
ing beyond the detector to insure that conduction from the cold 
shield wall would not heat up the detector. A means of support- 
ing the tubing without increasing cold losses was devised. Also 
included is a copper mounting block on the tubing which is used 
to fasten the copper strap for cooling the detector. 

Cryogenic Associate's preliminary dewar design was reviewed by 
Honeywell and Utah State University on 16 June 1972.  The follow- 
ing decisions were made at this meeting. 

1. 

2. 

3. 

The cryogenic fittings will be mounted next to each 
other in the horizontal position. 

All fittings in the base will fit within a maximum 
diameter of 13.63 inches.  The area beyond this diameter 
was reserved for the payload integrator to bolt and 
seal the base to the service module of the Black Brant 
payload. 

For wiring purposes it is easier to provide a large 
access plate in the dewar base and to weld tubes into 
the helium tank for carrying the leads into the optical 
compartment.  This will make it possible for the wiring 
to be done after the dewar had been built and delivered 
rather than have tiie wires permanently installed at the 

' 
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vendors.  Otherwise, wiring changes or broken wires would 
require that the dewar be sent back to the vendor and 
the weld broken to gain access to the wires. 

At the launch facility it will be necessary to bleed off the 
helium pressure from 3 atmospheres to 1 atmosphere before the 
transfer lines can be reconnected in order to refill the cryogen 
tank prior to attaining readiness for launch.  Therefore, a by- 
pass line with a manual valve was included with the normal 
exhaust line.  This necessitated a change in the piping and a 
relocation of the absolute pressure relief valve.(APRV). 

FRONT COVER 

The front cover design (Figure 3) is similar to that which was 
developed for the HRC Earth Limb Sensor.  It consists of a cover 
for the pressure vessel, a deployable lid and a lid mechanism. 
The lid is sealed to the front cover by the use of two O-ring 
seals, a face seal and a conical seal. c 

Upon command the lid is drawn straight up, a specified distance, 
to break the seal, and is then rotated 180 degrees out from the' 
front of the dewar.  See Figure 4.  This actuation is accomplished 
through the use of a dc torque motor which operates opposing 
ball screws which cause linkages attached to the ball nuts, and 
the lid, to move out from the center of the ball screw housing 
and structure; thus raising the lid (See Figure 5). After the 
ball nuts have moved approximately l/3rd of an inch, the outer 
ball nut forces the latch to unlock.  Simultaneously, the inner 
ball screw has caused a geneva mechanism to be engaged.  This 
action is transmitted through an epicyclic gear train to induce 
the beam to rotate, carrying the lid away from the front cover 
opening.  Upon reaching the full open position, a limit switch 
is actuated which shuts off the motor.  To close the lid the 
above sequence is reversed. 

2.0 FLIGHT DEWAR THERMAL ANALYSIS 

The thermal design criteria for the HIRIS Flight dewar is as 
follows: 

A. Cryogen - Supercritical helium pressurized to 3 atmos- 
pheres absolute 

B. Operating temperatures 
1. Focal plane 10° K 
2. Optical components & cold shield 25° - 30° K 
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MECHANISM 

FRONT COVER 

LID 

MOTOF 

Figure   3     FRONT COVER 
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3.  Radiation shield 90° - 95° K 

C.  Operating durations 
1. Hold time 6 hour ground hold 
2. Flight time 6-8 minutes 

A thermal analysis of the preliminary design of the HIRIS flight 
dewar has been made.  This analysis was performed in order to 
determine the amount of cryogen (Helium at 3 atm pressure absolute) 
needed for a six-hour ground hold period plus a 550-second flight 
period.  In addition, the heat loads for the entire dewar, along 
with operating temperatures and tank and vent heater sizes, were 
determined in order to provide the necessary information for 
the final flight design. 

The thermal analysis consisted of dividing the flight dewar into 
isothermal nodes, which represented various parts of the dewar, 
such as the pressure vessel, the radiation shield, the cold 
shield, the interferometer, etc.  Each node was assigned the 
proper value of thermal capacitance.  These nodes were then 
thermally tied to each other with the appropriate resistances 
for the radiation and conduction modes of heat transfer.  Where 
he/it sources, auch as the calibration and the reference sources 
exist, these were represented in the model.  The refrigeration 
due to the helium flow through the venting system was also incor- 
porated.  The effects of temperature on the various thermal prop- 
erties were Included. 

The analysis employed the use of two control loops to maintain 
the operating temperature of the cold shield and of the radiation 
shield at their respective temperature ranges of 25-30° K and 
90-95° K.  Each control loop is set up to monitor the temperature 
of, for example, the radiation shield, and use this output to 
determine the amount of energy to be supplied to the tank heater. 
The control loops are set up to operate in the either/and mode 
and are expected to do the same in the actual flight dewar. 

Results of this analysis for the configuration shown in Figure 1 
are presented in the attached tables.  Table I presents the heat 
load summary on all important areas of the flight dewar.  Table II 
presents the flight dewar helium weight breakdown. 

The results shown in Table II show that the amount of helium 
used during a six-hour hold period is 506 grams with 267 grams 
left for flight.  If the hold perioa were increased to eight 
hours, then the-amount of helium used for the ground hold period is 
675 grams with 98 grams left for flight.  Previous experience 
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TABLE I 

HIRIS FLIGHT DEWAR HEAT LOAD SUMMARY 

SOURCE 

RADIATION SHIELD (92° K) 
A. Penetrations 
B. Support System 
C. MLI 
D. Calibration Sources 

COLD SHIELD (20-30° K) 
A. Penetrations 
B. Radiation 
C. Support System 

INTERFEROMETER (20-30° K) 
A. Cold Plate Support 
B. Radiation 
C. Reference Sources 

4.  FOCAL PLANE (10° K) 
A. Support System 
B. Detector Bias 
C. Wires 

5.  HELIUM TANK (5.5° K) 
A. Penetrations 
B. Radiation 
C. Support System 
D. Heater 

12 

Total 

Total 

Total 

Total 

Total 

4* 

HEAT LOAD 
(Watts) 

3.06 
2.89 
2.09 
2.00 
10.04 

.014 

.118 
1.076 
1.208 

.069 

.271 

.600 
0.940 

.020 

.015 

.010 
0.045 

.081 

.087 

.006 

.392 
0.566 
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TABLE II 

HIRIS FLIGHT DEWAR HELIUM WEIGHT BREAKDOWN 

a) Tank Size (10 liters) 
(100% fill) 

b) For 807o fill 

c) 16% ullage 

d) Ground Hold Requirement 
(6 hr at 0.0234 gtn/s) 

e) Subtotal left for flight, etc 

Helium 
(gr.sms) 

1212 

967 

194 

NET 773 

506 

267 

13 
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with dewars, such as the one analyzed, indicates that this amount 
of helium is adequate. 

In addition to the previous results, it was also determined that 
the helium tank heater size should be 10 watts.  This heater 
will be used to convert the liquid helium to the 3 atm monophase 
fluid and to provide the necessary refrigerant flow in order to 
maintain the flight dewar within acceptable temperature limits. 
The required vent heater size is 50 watts to prevent frosting 
by the cold helium gas and to guard the TAVCO valve (absolute 
pressure relief valve) from freezing up. 

An analysis was conducted to determine what happens thermally to 
the baffle plate, blackbody and blackbody plate when the HIRIS 
dewar door opens to take flight data.  The two areas of concern 
are: what happens to the baffle plate after the door opens and 
how long does it take to cool down the baffle plate to a tempera- 
ture of 30° K after the door closes? 

A transient thermal analysis was performed in order to answer 
the above questions.  The analysis considered the following 
assumptions: 

1. Blackbody and light emitting diode (LED) are turned 
off at the time the door begins to open. 

2. The blackbody and LED are not turned on until 10 seconds 
after the door is closed. 

The analysis considered the changes of thermal material properties 
with temperature, namely specific heat and thermal resistance. 
Primary heat sources applied to the two )lates are: 

1. The rocket skin and pressure used are at 350° K. 

2. Earth emission at a flux of 0.0209 W/cm2. 

3. The blackbody initially at 200° K. 

Heating by aerodynamics viscous forces, by aurora emission and 
gas condensation were not considered in this analysis. 
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Results of this analysis are presented in Table III below.  The 
analysis showed that the baffle plate, which returned to 30° K 
within 3 seconds and to 20° K within 5 seconds, had met the 10- 
second time limit.  Temperature results and times for the radiation 
shield plate and blackbody are also presented. 

TABLE III 

COMPONENT 

Radiation Shield Plate 

Baffle Plate 

Blackbody 

DURING 315 
Door Open 1 

s 
Period AFTER DOOR CLOSES 

Initial Final Initial Time 
Temp (0K) Temp (0K) Temp (0K) (s) 

92 102 92 20 

20 52 20 5 

200 174 173 20 

3.0 DEWAR STRESS ANALYSIS 

3.1      Description of Structure 

The dewar is of welded construction, fabricated from an aluminum 
alloy (6061-T6) which is heat treated to e T-Ö2 condition. The 
dewar assembly weighs approximately 58 lb, is 44.5 inches long 
with front cover, and hdfs a maximum flange diameter of 15 inches. 
Figure 1 shows the primary elements of the flight dewar and its 
three separate assemblies; namely, a) the cryogenic assembly, 
b) the dewar   msions and c) the front cover. This configuration 
will be mou    Lii a  Black Brant VC Rocket probe and must be cap- 
able of surviving the environmental conditons encountered during 
the rocket flight. 

The primary structural components within the cryogenic assembly 
are the inner and outer cryogenic supports, the radiation shield, 
and the cryogenic tank and its mounting to the cold shield. 

The cryogenic tank was designed to contain 11 liters of liquid 
helium and is pressurized to 3 atmospheres. It is attached co 
the cold shield by four bonded glass epoxy supports. 

A pressure vessel extension is provided, which, when attached to 
the cryogenic assembly, extends the dewar length to 38 inches 
prior to mounting the front cover.  Attached to the top of the 
pressure vessel extension is a shallow conical shell which supports 
the front cover and seals the pressure vessel. 

15 

^■^.L.I-V.V. j.^^.;.-l^.^.^i.^j.^»:/^^.ii^^^^i.i.^^^.^^'^^.v^*^^. ^ ^:.^ll|.., Yir'^«Bif'iifi-'iifriiiaittri
,"iiii''ii :ir*^^:..L ..^„.^..a;'.,...^..^,.,.^..^-...-»^^.!!^.'.^..-» .„„.^..u.,^.^. ... ,.-^.J^.,.^.»->. «......'-. .^.w-^JB 



^l^mmmmmr^m^^t^mn^'^^^^^'^K'^f^m^^imuniuim^^^^mtMmiMmimuim^mw^m^^K^K^^i^^^n^l^mmm^m^m^^'inmmuiii ». n    i        i 

Provisions have been made  to attach  the  interferometer either 
at the  cold shield or ring   juncture,  both of which are  connected 
to the  inner cryogenic  support.     The enclosed analysis   investigates 
the  latter case. 

The  inner cryogenic  support  is made  from a low thermal conductiv- 
ity material   (glass epoxy)  and  connects  the optical  compartment 
to the  radiation shield which   is   fastened to  the outer cryogenic 
support   (also glass epoxy)  at  a ring or flange juncture.     The 
The connection of the  inner and  outer glass epoxy   shells to the 
aluminum ring is accomplished by employing an epoxy bonding agent. 

This  joint or juncture received  considerable analytical  attention 
because  it was expected that  the eccentricity of load path  inher- 
ent  in  the design would a)   appreciably influence  the  total dynamic 
response of the structural  system,   and b)   induce  local  stresses 
in the edge zones of the attached  shells.     Also of interest analy- 
tically was  the  front  cover  plate and assembly. 

Structurally  (except  for local  discontinuities)  the  system is 
statically determinant consisting of telescopic cantilever beams 
in series  fixed at  the dewar  plate.     Each beam is a thin cylindri- 
cal  shell  flanged at either end. 

Dynamic  loads arising within  the   front cover assembly are  carried 
by the  pressure vessel extension which  is attached  to  the main 
pressure vessel supported by the dewar plate. 

Loads  arising dynamically  in  the optical compartment are  trans- 
ferred either to the cold  shield or ring juncture   (A)   (op :ion) 
thence  into the inner cryogenic  support,  over to the outer cryo- 
genic  support and  into the pressure vessel which  is  supported by 
the dewar plate. 

The dynamic effects of the cryogenic tank are  transferred to the 
cold  shield and then  follow the   identical path cited above  for 
optical  compartment  loads. 

The upper and lower radiation  shields are jointly supported at 
ring juncture   (A)  and  transfer  their dynamic  loads  to  said junc- 
ture  thence into the outer cryogenic shell over to the pressure 
vessel  and  into the dewar plat,e. 

The aluminum pressure vessel,  which must  support a differential 
pressure of one atmosphere,   and dewar base provide  the  final 
links   in the primary load path   for the optical bench. 
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Note that a ring or flange is provided at each transfer station 
to alleviate the effects of eccentric loading resulting from 
attaching shells of varying radii (telescoping). 

In addition to dynamic loads, thermal loads and stresses will 
arise at each ring juncture since the thermal strains at 20° K 
are not compatible for aluminum and glass epoxy.  (The inner and 
outer cryogenic supports are made of glass epoxy). 

3.2 ANALYTICAL APPROACH 

The primary function of the analysis was to adequately predict 
the dynamic behavior of the dewar assembly resulting from the 
random excitations imposed during the rocket flight, and to quali- 
tatively determine its probability of acceptable performance. 

The primary structural tool utilized to evaluate the total dynamic 
performance of the structural assembly was the Stardyne Program, 
which is based on the finite element technique.  The program was 
developed by Mechanics Research Inc. of Los Angeles, California 
and is available at all Control Data Corp. and Cybernet Data 
Centers. 

When utilizing any program based on the finite element technique, 
the key to the accuracy of the predicted response lies in the 
adequacy of the structural model chosen by the analyst to realis- 
tically represent the physical system. For the dewar assembly 
under consideration it was apparent that the built-in eccentrici- 
ties, inherent in the telescoping cryogenic design, could appre- 
ciably influence the total behavior of the physical system. 

In addition, "local" shell stresses could arise at each ring 
juncture. Hence, an appropriate structural model would have to 
account for these local effects.  Two approaches were possible: 
a) A complex finite element model utilizing many elements and 
nodes which would be expensive, somewhat unwieldy, and not neces- 
sarily as accurate with respect to local stress conditions as 
b) a simplified structural model coupled with an analytical tech- 
nique to account for local effects.  The latter approach was 
chosen because it involved less computer time without sacrificing 
accuracy in the determination of lower frequency modes and ..ocal 
stress conditions.  To accomplish this a separate theoretical 
investigation was undertaken which resulted in the development of 
two small computer programs called ARA and ASSA. 
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Of primary importance in the analysis was the determination of 
the maximum expected stresses resulting from the random excitations 
encountered during the rocket flight.  In addition, the structural 
assembly is also expected to meet all loading environments listed 
in Table IV. 

Because bulkheads and rings are provided at the ends of each short 
cylindrical shell, all "shell modes" (variations with respect to 
the circumferential coordinate, 6) were neglected. 

The structural system was, therefore, idealized as a series of 
telescoping beams interconnected by springs (equivalent beams) 
located at each ring juncture.  The stiffness of each spring was 
determined utilizing program ARA, which also computed maximum 
"local shell stress" resulting from lower mode (beam bending) 
configurations.  Thus, the Stardyne model was simplified to an 
11 and 33-degree of freedom system. 

After the structural model shown in Figure 7 was firalized, a 
modal extraction analysis was performed utilizing the STAR option 
of the Stardyne system.  Note that the inertia effects of the 
interferometer assembly, the cryogenic tank, and front cover 
assembly were accounted for in the analysis through the use of 
masses lumped at their respective locations. 

The STAR Program lumps distributed masses internally.  The output 
(first five modes) of the modal extraction analysis is given in 
Table V. 

The specified shock spectra (a 20-g sawtoothed cut-off at 0.019 
seconds) was then input utilizing the Dynre 1 option of the Star- 
dyne program.  As expected, a maximum acceleration of 40 g's 
was computed at a few nodes.  The results of this analysis are 
given in Table VI. 

A separate 20-g axisymmetric shell stress analysis was also gen- 
erated utilizing program ASSA to determine local shell stress at 
ring junctures.  The results of this analysis appear in Table VII. 

To investigate the expected excitation of the structural assembly 
encountered during the rocket flight; a random vibration analysis 
was performed, utilizing the Dynre 3 option of the Stardyne pro- 
gram and the specified power spectral density curve. 

Since the results of a random vibration analysis can be appreci- 
ably affected by the percentage of critical damping inherent in 
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TABLE IV 

HIRIS DEWAR ENVIRONMENTAL REQUIREMENTS 

A. SINUSOIDAL VIBRATION - 3 AXES, 4 OCTAVES/MIN 

I.  QUALIFICATION LEVEL (warm, evacuated) 
0.1 D.A. 15-31 Hz 
5.0 g (0-peak) 31-2000 Hz 

II.  PREFLIGHT LEVEL (cold, evacuated) 
0.06 D.A. 15-3lHz 
3.0 g (0-peak) 31-2000 Hz 

B. RANDOM VIBRATION - 3 AXES 

I.  QUALIFICATION LEVEL (warm, evacuated) 
7.75 g (rms) 1 minute/axis 

II.  PREFLIGHT LEVEL (cold, evacuated) 
6.5 g (rms) 1/2 minute/axis 

C. SHOCK - 3 AXES 

TERMINAL PEAKED SAWTOOTH - 20 g PEAK 
11 MILLISECOND DURATION 

D. ACCELERATION - 30 SECOND DURATION 

I.  LONGITUDINAL - 15 g 

II.  LATERAL (2 axes) - 5 g 

TABLE V 

HIRIS DEWAR VIBRATION ANALYSIS 

MODE TYPE FREQUENCY MAX. DISPLACEMENT 

i-i Bending 60 Hz Front-Rad. Shield 

2 Bending 96 Rear-Rad. Shield 

3 Bending 141 Front Cover 

4 Bending 239 Helium Tank 

5 Axial 259 Helium Tank 

19 

Oi~ 

'-—' ^ - - - ■—■- -    ..-^-w-. 
 ■■ ~^~.~^.*.. -.  iMiigiiMillliMMMMi 



KölW"l"'w^-,^*>™^H«w^nuww«WB»JTO^ 

Mounting Surface 

Sta. O.b 

Sta. 2.0 

OQ 
HJ 

I 
55 
M 

CO 

• • 

Sta, 12.5 | 

Sta. 13.0 

Sta. 13.88 

Sta. 20. Gl 

Sta. 20.5 
Sta. 22.5 

Sta. 23.0 

CQ 
PQ 

I 
Z 

o 
o 
o 

CN CO r-l 

ade 

m vo oo C3> 

I 
-©•- r 

CQ CQ 

Sta. 36.75    I 

Sta. 38.0 

CQ 

I 
Z 

m 
m 
CM 

«J- r* 

rr 
CQ   PQ 

Figure 7  STRUCTURAL MODEL WITH LUMPED WEIGHTS AND WEIGHT 
INERTIAS 
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TABLE   VI   (a) 

DYNAMIC  SHOCK RESPONSE   (0.5% CRITICAL DAMPING) 

N 
0 
D 
E 

AXIAL 20 g SHOCK LATERAL RANDOM VIBRATION 

DIS"LACE«NT VELOCITY ACCEL, (g) DISPLACEMENT VELOCITY ACCEL, (g) 

2 0.312 x 10-3 0.726 6.55 0.387 x 10"2 1.98 20.44 
3 0,671 x lO"3 1.558 13.91 0.637 x lO-2 3.18 20.67 
4 0.890 x lO"3 2,261 21.92 0.535 x lO-1 24.90 25,90 
5 0,148 x lO"2 2,937 19.84 0.239 x 10-1 9,21 22,07 
6 0,174 x lO"2 3,53 21.61 0.264 x 10"1 9.86 22,20 
7 0,177 x lO"2 3.57 23.32 0,711 x IC"1 32.30 40.00 
8 0,193 x lO-2 4.04 22.12 0.323 x lO*1 11.80 22.64 
9 0.203 x 10-2 4.28 25.54 0,340 x 10"l 12.00 22.82 

10 0.205 x 10"2 4.33 26.29 
1     ■ 

0.136 x lO-1 9,68 22.38 

TABLE VI (b) 
DYNAMIC RANDOM RESPONSE   (0.5% CRITICAL DAMPING) 

N 
0 
D 
E 

AXIAL 20 g SHOCK LATERAL RANDOM VIBRATION 

DISPLACEMENT VELOCITY ACCEL, (g) DISPLACEMENT VELOCITY ACCEL, (g) 

2 6.19 x 10"4 1,11 7,21 2.05 x lO"3 1.62 12.53 
3 1.33 x 10"3 2,40 15.38 3.61 x 10"3 2.77 20.45 
4 1.49 x 10*3 3,19 27.35 1.58 x 10"2 9.61 15.89 
5 3.84 x 10'3 6.27 26.67 9.46 x 10"3 5.71 10.14 
6 4,65 x 10'? 7.60 32.14 1.04 x 10'2 6.30 10.43 
7 4.70 x 10"3 32.51 2.07 x 10"2 12.30 20.50 
8 5.21 x IP'3 8.52 36.14 8.03 x 10'3 4.86 8.40 
9 5.50 x 10'3 9.00 38.39 7.99 x 10'3 4.83 8.56 

10 5.58 x 10"3 9.12 38.96 2.94 x 10'2 18.00 29.59 
11 4.73 x 10'3 1.72 32.66 4,43 x 10'2 26.80 42.79 
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the structure, the choice of this parameter is significant. 

However, without sufficient test data at cryogenic temperature 
the proper choice of this important variable is somewhat imprac- 
tical.  Thus, for the purpose of an initial investigation, an 
overly conservative and perhaps somewhat unrealistic estimate of 
0.5 percent critical damping was used in the analysis.  Fortunately 
the structural system using 0.5 percent critical damping, as is 
shown In Table VII, proved to be capable of sustaining the speci- 
fied power spectral density (PSD) input. 

Because the random vibration response was far more severe than 
the specified shock spectra, maximum combined thermal and dynamic 
stresses are only reported for the random condition.  Since the 
PSD input is a vector which can be applied in any direction 
stresses are reported for both an axial and lateral input in 
Table VII. K 

3.3 PROGRAM ARA (Antisymmetric Ring Analysis) 

The primary load path in the dewar consists of a series of cylin- 
drical shells, of differing radii, interconnected by rings. In- 
herent in the dewar construction, therefore, are eccentricities 
which may or may not effect the total behavior of the structural 
system, depending upon the stiffness of the rings. 

Program ARA deals with the antisymmetric behavior of a juncture 
ring due to an applied moment.  The ring is treated as a circular 
plate having an inner radius (a), and an outer radius (b); and 
loaded along its inner edge by a line load q lb which varies 

sinusoidally from 0=0' n to 0 = __. in. 

The line load q, arises from the internal dynamic moment which 
exists at a ring juncture, and may be determined from beam theory. 

3.4 PROGRAM ASSA - AXISYMMETRIC SHELL STRESS ANALYSIS 

At a typical ring juncture in the flight dewar, shells of differ- 
ing radii and material ate joined.  Hence, at cryogenic tempera- 
tures a thermal strain differential exists which gives rise to 
local axisymmetric discontinuity shell stresses.  In addition 
to these thermal stresses, axisymmetric shell stresses may arise 
(because of the built-in eccentricities inherent in the dewar 
design) from any axisymmetric loading condition,such as axial 
shock or random vibration.  These stresses are local, generally 
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restricted to an edge zone and exponentially dissipate away from 
that zone.  Local stresses resulting from shock and vibration 
can be controlled th.-ough the use of "rigid rings". Thermal 
stresses, however, r.re  more difficult to control.  In either 
case, the magnitude of these stresses is very sensitive to the 
relative flexibilities existing at that joint. 

Program ASSA was written for the purpose of determining the stress 
condition existing at ä  ring juncture due to an axisymmetric 
loading.  The program is capable of solving a juncture consisting 
of up to four shells of varying material and geometry. 

In addition to computing edge stresses, the program determines 
the beam equivalent" extensional stiffness of the juncture to 
be used in the Stardyne model; thus accounting for the effect of 
ring rotation on axial flexibility and natural frequency. 

3.5 STABILITY ANALYSIS OF PRESSURE VESSEL 

The pressure vessel is a cylindrical  shell  fabricated from 6061 
aluminum heat treated to a T-6 condition.     It is approximately 
45" long,  has an outside pressure vessel diameter of 14" and a 
1/8" wall  thickness.     Prior to launch  the pressure vessel must 
sustain an external hydrostatic pressure of 1 atmosphere without 
buckling.     It was  found that the classical critical hydrostatic 
buckling pressure of the vessel  is 3.75 atmospheres.     Considering 
the conservatism employed in the analysis   (effect of mid-span 
rings neglected),   the safety margin of the vessel against buckling 
is quite high even if small imperfections exist in the cylindrical 
shell. 

3.6 CRYOGENIC TANK ANALYSIS 

The cryogenic tank was designed to operate at three atmospheres 
internal pressure and must sustain a test pressure of five atmos- 
pheres.  It consists of a short cylindrical shell attached to a 
spherical cap by a small toroidal section as shown in Figure 8. 

The analysis of the cryogenic tank was performed utilizing the 
MARC program which is available at Control Data Corporation. 
MARC-CDC is a general purpose finite-element program designed 
primarily for non-linear analysis of structures with large dis- 
placements.  The program can effectively be used, however, for 
linear analysis. 
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TOROIDAL  SHELL 
(RT =  0.75") 

SPHERICAL CAP 
(RS  =  11.5") 

SYM 

Figure  8     STRUCTURAL MODEL 
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A basic two-node axisymmetric shell element was used to model 
the cryogenic tank.  The structural model is shown in Figure 8. 
The maximum stresses computed for an internal pressure of 5 atmos- 
pheres and their respective locations are listed in Table VIII 
which shows that the stresses are well below the yield stress of 
the tank material, 6061-T6 aluminum alloy. 

3.7 FRONT COVER ASSEMBLY 

The front cover assembly consists of three basic sections: 

1) Main Cover 

2) Lid Assembly 

3) Lifting Mechanism 

The main cover is a conical shell structure which is bolted to 
the dewar and provides the primary seal of the front end. The 
door assembly is attached to the main cover and is automatically 
controlled to open and close the front aperture at the required 
times during the flight interval.  This is accomplished utilizing 
the lifting mechanism which breaks the front seal and then swings 
the door out of the line-of-sight. The sequence is performed in 
reverse order when resealing the *front door. 

At launch the interior of the dewar is under vacuum conditions 
which is the worst stress design condition.  Initially, a flat 
plate was considered because of the ease of fabrication and the 
fact that weight was not a factor. The maximum stress was found 
to be in the order of 10,000 lb/in.2 which is acceptable for this 
particular application.  However, review of the deflections around 
the door opening indicated that the out-of-flat condition would 
not be acceptable to insure proper "0" ring function.  The inter- 
nal vacuum must be maintained while the unit is in a launch state. 

A shell type of structure was then considered as a possible means 
of meeting the deflection requirements without requiring an 
excessively thick structure.  The geometry limitations of the 
overall package are such as to permit only a shallow shell. The 
configuration allowed is not a particularly good shell type since 
the stresses are greatly influenced by bending which can approach 
that of a flat plate.  Within the limitations provided, a conical 
shell was analyzed using the EASE computer program.  For a 1/2- 
inch thick shell under a 1-atmosphere pressure the results are: 
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1) Maximum out-of-flatness of "0" ring support is 0.0043 in. 

2) Maximuni stress values 

tensile = 3360 lb/in.2 

compressive = 2740 lb/in. 

A further analysis was made combining the front cover, the door, 
and the lifting mechanism into one model.  The loading consisted 
of a one atmosphere pressure on the cover (less the door opening) 
and on the door as suspended from the lifting mechanism.  The 
door and the cover were assumed to be independent structures in 
the analysis.  The results indicate that the lifting mechanism is 
structurally sound and that the door as connected to the lifting 
mechanism is more flexible than the shell structure.  This means 
that atmospheric pressure would force the door against the "0"- 
Ring seal and further insure against a leak developing. 

The results of this analysis are: 

1) Maximum bending stress in door   3898 lb/in.2 

2) Maximum shear stress in door  1118 lb/in.2 

3) Maximum bending stress in lifting 
mechanism  2123 lb/in.2 

4) Maximum shear stress in lifting 
mechanism  1575 lb/in. 2 

3.8      CONCLUSIONS 

Based on the results of the stress and dynamic analysis contained 
herein, no structural damage is expected for any primary structural 
component of the flight dewar when subjected to the environmental 
requirements listed in Table IV. 

It is recommended, however, that to insure adequate performance 
of the structural system, a bumper system should be introduced 
between the cryogenic tank, the radiation shield and the dewar 
base plate to minimize peak vibrational amplitudes at these 
locations.  (Random vibration analysis indicates maximum accel- 
eration of 42 g's occurs at Mode 11). 
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ABSTRACT 

The preliminary design and specifications for a flight interfero- 
meter data processing system is described.  Included are the AC 
and DC amplifiers, gain switching logic, PCM encoder, housekeeping 
commutator and elements of the ground station involved in go no-go 
decision making. 
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SECTION 1 

INTRODUCTION 

This report describes the design, development and test of the Sig- 
nal Processing Electronics units for the High Resolution Interfero- 
meter Spectrometer (HIRIS) flight system.  This system consists of 
a liquid helium cooled interferometer spectrometer to be flown on 
a Black Brant VC sounding rocket for the purpose of measuring en- 
hanced atmospheric emissions in the 5-22 micron spectral interval 
during periods of auroral activity. 

Specifically, the elements of the electronic system include the 
signal processor, pulse code modulation encoder and housekeeping 
commutator. Following this is a short description of the PCM de- 
commutator and the prelaunch decision processing. The signal pro- 
cessor is required to amplify and filter the signal from the inter- 
ferometer detector-TIA to levels suitable for both FM/FM and PCM 
telemetry.  The signal processor is required to be linear over a 
design detector dynamic range of 20,000:1. 

The PCM encoder is required to digitally encode analog interfero- 
meter data and housekeeping data; then multiplex it with synchro- 
nizing codes, housekeeping channel identification codes, inter- 
ferometer sweep identification codes, idling codes and status bits 
into a continuous serial bit stream. 

The housekeeping commutator sequentially samples conditioned sig- 
nals from 64 sensors of various types and connects them to the 
housekeeping input of the PCM encoder. A 6-bit binary channel 
identification code is developed in the commutator and is also 
connected to the PCM encoder to permit selection and identifi- 
cation of data from each sensor. 
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SECTION 2 

REQUIREMENTS 

2.1 ELECTRICAL 

The signal processor, PCM encoder nnd housekeeping commutator are 
part of an instrument payload to be launched on a high-altitude 
research rocket.  Figure 2.1 is a block diagram showing the inter- 
connection of these three units and the input/output signal speci- 
fications . 

2.2 ENVIRONMENTAL SPECIFICATIONS 

ER-69538 "Environmental Specifications for Black Brant Payloads and 
Instrumentation", dated 25 March 1971, by Bristol Aerospace Limited, 
describes the environmental conditions which the signal processing 
electronics will experience. Briefly, the entire instrument pay- 
load is required to operate to full performance standards under any 
combination of the following: 

Temperature; 

Vibration: 

0oC to 600C operating 
-500C to 600C storage 

a) 7.5g peak 2000 to 27 Hz 

b) 0.2 inch double amplitude displacement 
for 27 to 15 Hz 

c) A 115 per second logarithmic sweep in 
any axis, starting at the high-frequency 
end and having no dwell time during the 
sweep. 

Spin: 

Altitude: 

5 rps, 8 inch radius for 16 minutes 

Sea level to 250 kilometers 

Acceleration: 50g for one minute, any axis 

2-1 

v> < 

■ai:iiiIii,;nir;-'^-B-''^^--linililM^^i|
l,'',-""LU-^i-'"^'"-;i'iriirtiih1iiWiffllifi liUt^iifiluüäMiiMttifaa   müi       ^*.^.ui -     ii nl-- -  •-■' "J"" 



ttJ 

£: 
si 
_,     •£ 
tsj   C LU 

Zl S> 
SS £^ 
>-   ra _J + 
AM Ü o 
U.   Lfl z o 

> ■ 

Q_ O 
O 

CL 

O 

OL 

E 
a: 

i^i 

C >   i > 

3 
CO 

3 u_ cr 

3 

ai 
o 

o 
o 
on 
LLJ 

c 
or 
a 

c 
o 
en 

r 
i 0 

i H 

c 

l| 
o 5, 
2 E 
poo 

o 

on  3 
IS 

Q.—; 
CL—' 

5 -c 

i    i 

8 
o 

X 

a 

3 
O 

cr 

o 
< 
3 

O 
o 

roc 
one 

CO 
I 

J-, 

< 
X 
o 

se   ^o 

I 

O   Q. 

<r — 

T  c 
o 

+ 9 

> 

CM 

E 

sS 
^i 

O) 

s I 
I 
I 

J 

CD 

CP 

Qi  -2 

c ^; 
1/1  Q  Q   _ 

on 

2-2 
OC»*" 

t.ti.j.j. ■ J!^^n.; .^.^i.-'^ii.MA,. v^,^ J^ ^.^^.-^i ■ :*■' -^.-.^.^^ '^■■■^■""■^-lirtHliirilrrTi'ii 



2.3 MECHANICAL 

The mechanical requirements on these units are dictated by the con- 
figuration of the payload and experiment.  It is impossible to 
operate any of the electronics at the cryogenic temperatures inside 
the dewar, but it is highly desirable to locate them as close to the 
d, war as possible in order to minimize cable lengths.  The selected 
design located the electronic modules in a service module adjacent 
to the dewar where they plug into the cable harness and attach to 
the frame of the service module with machine screws. 
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SECTION 3 

INTERFEROMETER SIGNAL PROCESSOR 

The Interferometer Signal Processing Electronics board performs 
the following functions: 

1. Interfaces with the infrared detector electronics in 
the dewar. 

2. Amplifies the interferometer signal with minimum phase 
shift in the signal passband. 

3. Provides a gain-switched output to the PCM encoder. 

4. Provides a fixed-gain analog signal output to ground 
support equipment and the FM/FM telemetry system. 

5. Provides control logic for the gain-switched output. 

6. Provides the d-c component of the interferometer signal 
to two housekeeping data channels. 

7. Provides a logic level to the PCM encoder indicating 
the switched amplifier gain state. 

3.1      REQUIREMENTS 

Figure 3.1 is a block diagram of the interferometer signal process- 
ing electronics.  It can be partitioned into three functional units; 
the dc amplifier, the ac amplifier and the gain-switching control 
logic. The requirements are listed in Tables 3.1, 3.2 and 3.3, res- 
pectively. 

TABLE 3.1 

DC Amplifier Requirements 

First Stage Gain   -4.0 
First Stage Output Amplitude  0 to +5V 
Second Stage Gain  128 
Second Stage Output Amplitude  0 to +5V 
Power Supply Voltages  +15, -15V 
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TABLE 3.2 

AC Amplifier Requirements 

Fixed Stage Gain  .4.0 
Fixed Stage Bandwidth  125 to 8800 Hz 
Fixed Stage Filter types  4-pole Butterworth 
Fixed Stage Output Amplitude - GSE.. -5 to +5V 
Fixed Stage Output Amplitude-FM/FM.. -2.5 to +2.5V 
Switched Stage Gain - Lo Gain  1.0 
Switched Stage Cain - Hi Gain  16.0 
Switched Stage Output Amplitude-PCM. -5 to +5V 
Input nois < leve.  ^45 ^y 
Logic Drive to Gain Switched Amp  TTL, O^o, l=Hi 
Power Supply Voltages  -H5, -15. +57 

TABLE 3.3 

Gain-Switching Control Logic 

Type of Logic Elements 
Input Signals 

Sample Command 

brmple Period Inhibit 

Mode Command 

White Light Status 

I/F Signal 

Output Signals 
Gain Control 

Gain State 

Power Supply Voltages 

Standard TTL 

I [is,   26 KHz 
positive pulse 

5 us, 26 KHz 
positive pulse 

99 ms, 1 Hz 
positive pulse 

0 to 1 transition, 
center of scan 

-5 to +5V Analog 

Logic 0=Low, l=Hi 

Logic 0=Low, 1-Hi 

+5V 
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3.2      DESIGN DESCRIPTION 

The signal processing electronics is one of three contained in the 
detector dewar electronics package.  It contains the detector-TIA, 
ac and dc signal amplifiers and the gain switching control logic. 
The circuit diagram is shown in Figure 3.2.  Figure 3.3 shows the 
physical configuration of the detector dewar electronics assembly. 

3.2.1    AC Signal Component Amplifier 

This circuit: takes the signal from the detector-TIA, which has a 
noise level of approximately 45 \JM,   a signal bandwidth of 500-2200 
Hz and a specified dynamic range of 20,000, and amplifies it with 
appropriate band-limiting to levels compatible with the GSE, FM/FM 
telemetry voltage control oscillator (VCO) and PCM encoder.  It is 
comprised of ARl, AR2, AR3, AR4 and AR5 (reference Figure 3.2). 

Amplifier AR2 is an ac coupled, inverting stage. The dc gain is 
zero and the high-frequency gain approaches -Rin/Rq = -4.0. The 
lower cutoff frequency is: 

j. 

c  2,rR9C3 
= 12.5 Hz 

AR3 and AR4 are unity-gain high-pass and low-pass filters respec- 
tively. Both units have 4-pole Butterworth response characteris- 
tics to give minimum phase shift across the signal bandwidth of 
500 to 2200 Hz. The comer frequency for the high-pass filter AR3 
is 125 Hz. The comer frequency for the low-pass filter AR4 is 
8800 Hz. The band edge attenuation slope is 24 dB/octave for both 
units. 

ARl is a voitagci-follower which buffers the signal to the GSE and 
an attenuator which furnishes the signal to the FM/FM VCO. AR5 is 
the gain-switched amplifier. This unit is capable of rapid switch- 
ing between programmed gains of one and sixteen under control of a 
digital logic signal. 

The amplifier is switched to the high-gain (X16) state at the be- 
ginning of each interferometer scan. It remains in this state 
until the output signal exceeds a preset threshold. The amplifier 
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DETECTOR DEWAR ELECTRONICS 
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Figure 3.3    DETECTOR DEWAR ELECTRONICS 
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is then switched to the low-gain (XI) state and a timer is started. 
When the White Light Status Signal, indicating the center of the 
interferometer scan, or zero retard*t-ion, is received, the timer 
is stopped and programmed to gener   a slightly longer time in- 
terval than the one it measured.  W. a this time has elapsed, the 
amplifier is again switched to the high gain state for the remain- 
der of the scan. 

The output of AR5 is connected to the comparator and to a limiter 
composed of Rll, CR4 and CR5.  The limiter clips signals which 
are greater than ±7 volts.  Its outpit is connected to the PCM 
encoder. 

3.2.2 Gain-changing Logic 

The gain-changing logic consists of digital logic for controlling 
and indicating the gain state of the gain-switching amplifier 
during each scan of the interferometer.  It consists of a dual 
signal comparator, an up-down counter timing circuit, sequence 
controller and a circuit to inhibit gain-changing during the 5-|J,s 
sample period of the PCM encoder. 

The dual signal comparator is comprised of two voltage comparators, 
AR7 and AR8.  These compare the instantaneous output signal ampli- 
tude with two fixed threshold voltages of +3.9 and -3.9.  The two 
outputs are wire OR'd via R27 to the logic supply voltage to pro- 
vide a compatible logic signal to the control logic.  The response 
characteristic of the dual comparator is shown in Figure 3.4. If 
the signal level is between the two thresholds, the output is a 
logic HIGH.  If the signal level exceeds either of the threshold 
levels, the output is a logic LOW. 

- +5 

V 
OUT 

V 
IN +5 

Figure 3.4      RESPONSE  CHARACTERISTICS OF DUAL COMPARATOR 
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The sequence controller consists of three J-K flip-flops (Z9A, 
Z10A, Z10R) whose outputs are designated Qx, Qy and Qz.  It is 
basically a shift register with three permissible states of the 
XYZ flip-flops; 100t 010 and 001.  It is forced to the 100 state 
by the MODE COMMAND signal during the interferometer flyback 
period.  In this state, Qx is LOW and is applied to pin 9 of Z3 
and pin 2 of Z4.  The output of Z3 is then HIGH and causes the 
gain-switched amplifier, AR5, to be in the high-gain state during 
f./back and the initial part of the active scan period.  Pin 3 of 
Z4 is also LOW and forces a predetermined count (256) to be loaded 
into the up-down counter and held. Qx also enables pin 1 of Z3 
which ultimately passes a clock pcilse from Z8, which switches the 
controller to the next state.  This pulse only occurs if the dual 
comparator senses that the signal amplitude is greater than one 
of the fixed thresholds.  If neither of the thresholds is exceeded, 
the controller remains in the 100 state and the gain-switched am- 
plifier remains in the high-gain state of the entire scan. 

If the signal exceeds one of the thresholds (usually prior to the 
center of the interferometer scan) and causes the generation of a 
clock pulse, the sequence controller is shifted to the 010 state. 
The first stage is constrained to load only zero's on this and sub- 
sequent clock pulses by hard wiring the J-input to a logic LOW and 
the K-input to a logic HIGH. The one which was in the first stage 
is shifted to the second stage, by the clock pulse.  Simultaneously, 
the zero in the second Gtage is shifted to the third stage, and the 
zero in the third stage ic shifted out. 

With the controller in the 010 state, both Qx and Qz are HIGH and 
the output (Pin 8) of Z3 is LOW.  This forces the gain-switched am- 
plifier, AR5, to the low-gain state. Also, Qy enables pin 5 of Z3 
so that 26 kHz Sample Command pulses are passed to the up-down 
counter.  When Qx goes LOW, Qx goes HIGH and the LOAD input to the 
counters is also HIGH, allowing them to count the Sample Command 
pulses. 

Prior to the center of the interferometer scan, the White Light 
Status level is LOW and the Sample Command pulses are gated to the 
UP input of Zll and the entire counter counts up from the preset 
count.  When the center of scan is sensed by the white light de- 
tector. White Light Status goes HIGH and the Sample Command pulses 
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are gated to the DOWN input of Zll.  The counter commences to 
count down from whatever count it had reached toward zero.  Since 
there was a preset count in the counter and the Sample Command 
pulses occur at a fixed rate, it takes slightly longer to reach 
zero, than it takes to count from the instant the signal exceeds 
the threshold to the center of scan.  This allows for some asym- 
metry in the interferogram. 

When the counter reaches zero, a Borrow pulse is gated out of pin 
13 on Z14.  This clocks the controller to the 001 state.  In this 
state, Qz switches AR5 back to the high-gain state for the remain- 
der of the scan.  Qy is Low and Sample Command pulses are inhibited 
from the counter. Also, the controller is inhibited from advancing 
to any other state.  The system remains in this condition until the 
flyback portion of the MODE COMMAND signal resets it.  If flyback 
is reached before the counter times out, the controller and counter 
are reset immediately for the next scan. 

Gain switching is inhibited from occurring during the 5-|as sample 
period of the PCM encoder when switching from the high-gain to the 
low-gain state by Z6 and Z8.  Z6 is a type D flip-flop.  It will 
change only on a positive clock edge at pin 3. The D input at 
pin 2 is normally High and the output at pin 6 is Low.  If the 
signal exceeds the threshold, the comparator output and the D in- 
put of Z6 to Low.  If it is still low on the next clock transition, 
T}  at pin 6 will go High.  The 5-|ls Sample Period Inhibit pulses 
from the PCM encoder are inverted and applied to both the C input 
of Z6 and pin 5 of Z8.  Z8 generates a l-|is pulse on the trailing 
edge of each Sample Period Inhibit pulse.  If pin 6 (Q) of Z6 is 
High and the controller is in the 100 state (Qx High), a pulse 
will be gated through Co advance the controller to the 010 state. 
When switching from the low-gain to the high-gain state after the 
center of scan, the switching occurs at the beginning of the Sample 
Period Inhibit pulse, since one of the Sample Command pulses is 
gated trhough the counter to become the Borrow pulse. 

3.2.3 DC Signal Component Amplifier 

The intensity of the source being measured by the interferometer 
may vary during each scan due to motion of the instrument payload 
along its trajectory and time variance of the source intensity. 
Some time after the design of the signal processing electronics 
had started, a requirement to monitor the dc component of the 
signal was included. 
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^Lnt °MPK .  /^ TIAuhaS a rel^ively large steady offset com- 
??A MO^FT K   due to the applied detector battery potentials. 
TIA MOSFET characteristics, etc.  The dc component of the inter- 
ferometer signal is added to this.  It has a magnitude of 1/2 the 
peak to peak amplitude of the ac signal. 

The dc signal component amplifier consists of a stable voltage 
reference source (zener diode CR6 and voltage follower AR9) to 
^n6 ^e dc component and two chopper stabilized amplifiers 
^ARiO and AR6) to provide the required gain. 

3.2.4 Power Circuits 

The signal processing electronics board incorporates reverse polarity 
protection dxodes on +15, +5 and -15 volt power supply inputs  ?n y 

addition, an overvoltage crowbar ZI5 is connected to the +5 volt in- 
put to protect the digital logic.  The TIA and first signal ampli- 
fier receive power from separate -{-15 and -15 volt regulators, which 
are located on another board. 

3.3 PERFORMANCE 

H^ li5  ShOW! the  frecluency response of the ac channel amplifier. 
It has the required flat top and 24 dB/octave slope of the two 4- 
pole Butterworth filters. c LWU H 

Initially, the ac amplifier was designed with a gain of 29.4 on the 
input stage and a gain of 8 in the high-gain state of the output am- 
P ;ler' J18Ure ^ shows the  8ain characteristic for this confieu- 
IIUTA    

The
u
calCUlated NEP and the 14-Bit A/D inverter limits are 

plotted on the axes. Operation is along the upper curve until the 
instantaneous output voltage exceeds the 3.7 V threshold. Operation 
is then switched to the lower curve until the logic control circuitry 
times out.  Presumably, by this time the signal amplitude is again 
below the threshold and operation is again along the upper curve. 

Subsequently, the detector load resistor value and some of the sys- 
tem parameters were changed.  This necessitated changing the gain 
of both the input and output amplifiers to the values listed in 
Table 3.2. Figure 3.7 shows the predicted gain characteristic for 
the final configuration. Operation is the same as described for 
the preceeding figure. 

3-10 

';'3< 



■at«P»H»»W>^WW:"»1"»<'T"TK—»»P>-»»»-n" '^^mmemmmmmmmmm nmummmamMv .1,1 -u. .WilJIW. i..jm.jjf,.Mm<,M <: ti^KvvmimmimmmF** 

immmmmmmtm 

N 
X 

P£ o m o 
C^J 

(j OJ 
< 
z 1 
o 
H o 
03 m 

m 

T 

i o o 
en 

o 

o 
o 

o 

o o 

o 

N 
us 

Ü 
c 
<u 
3 
cr 
(U 
}-< 
tu 

W 

g 
w s 

w 

u 

Pi 
o 
(/I 

w 

§ 

o 
H 
en 

CO 

(1) 
U 

bO 
•H 
I* 

gp  -  UTFO aA-c3B-[aH 

3-11 

bO' 

..:.-.,.... ■■,...:....,..:»-,. .».kjtv^mi^^.-J..,^,^.».;.....-.. J».-. ■ .   ^■■:..,-J.,; ,^l,f_^,»«A-J-J-liijmt^>iaiiM^»MaM .■^^^^»..A^-^wt.:/.^-- - -""^•■^^-i ii iiiiii i|i(iinti^^^'^"i^--'--"^----^L-'"--'-~-"-^"^"--'-^-'--" 



•"""•""•^ flpilBIWlSSBWBPWIlWippilliBpipiipWPHWS^ 

. 

o ^O 
i-l O CO go m 
[n m co 

suu - a3F3XOA ^ndqno 

(0 
^ E 
Pu ^ 
l    i 
> > 

o >i 

o 
M 
H 
CO 
M 

W 
H 

< 
52 
O 

M <: 

Pi H 
w fa 
H g 
fa o 
M O 
1-1 
fa h4 s < 
<  H 

H 

en 
0) 
h 
00 

■Ik. 

3-12 

— ■>>■■■■- 



rmmmmmmmm*mm-m"*iimi.tmiu rmmmmmmmmmmmmmtmmmmmmimmmmmim-..mm* «■i.«»p»»!ilfl»iwi,i-li« mummm-m'mm 

HJ a (H 

§ i 
> 

I 
> w 

o vo 
J O ro 

Ö o 
• • 

PK m rn 

siua  -  gge^xoA ^nd^no i   i 
PQ 
W     H>     > 
i-j  a a. 

O  CNI 
H m 

H 
CO 
H 

CJ 

^ O 

^8 

< fc 

en 

(U 

«H 

3-13 

ü WLuMKii-iHiBiuiaikMfia BljggAgllJI—i B 



|p^J_^™wwiis^S^(jl^»^!WiWiSRw»wira^^ 

Figure 3.8 shows the ac amplifier output noise characteristics. 
The two solid cuives were measured.  The dashed curve was extra- 
polated.  Spiking at harmonics of the 60 Uz  line frequency was 
observed, but  ^s not plotted in this figure. 

Table 3.4 lists the manufacturer's specifications on the gain- 
switched amplifier.  These units function very well, but require 
considerable care in handling since the logic input pins are con- 
nected to unprotected MOSFET's. 

The dc channel amplifier exhibited the required gain characteris- 
tics, but the approach taken is generally unsatisfactory and this 
circuit is slated for redesign.  Specific problems are: 

1. The shift in the steady dc value due to changes 
in background are greater than anticipated.  The 
hi^h gain requires a comparatively small value 
potentiometer, which then restricts the signal 
range which can be balanced out. 

2. Shifts in the dc level of signal require a 
reference which follows the average value of the 
signal rather than the fixed reference employed. 

3. If the differential input signal is large enough 
to cause either the output amplifier or both to 
saturate, the chopper noise increases consider- 
ably and gets into the ac channel. 

4. Better lowpass filtering is required to keep the 
ac signal components out of the dc channel. 

5. The housekeeping A/D converter in the PCM encoder 
accepts unipolar 0 to +5.12 V signals. Means to 
insure that the dc component is within this range 
are required. 

The gain-changing logic has performed satisfactorily during bench 
tests. 
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Table 3.4 

GAIN-SWITCHING AMPLIFIER REQUIREMENTS 

ELECTRICAL SPECIFICATIONS Typical at 25"C and with rated 

MODELS 

GAIN 
Gain Steps 
Gain Accuracy 
at 250C,  max. 
vs. Temperature 

Nonl'lnearlty, max. 

Up to ±5 v Input 
Up to ±10 V Input 

OUTPUT 
Rated Output 
Output Impedance 
at Maximum Gain 
at Mlnlnum Gain 

INPUT 
Input  Impedance 
Input Voltage Range 

OFFSETS AND NOISE 
Offset Voltage  (retired to input) 
at 25''C,  max. 
vs. Temperature, max. 
vs. ±15 V Power Supply 

Input Bias Current, max. 
Input Noise (RTI) at Max. Gain 
0.01 Hz to 10 Hz 
10 Hz to 1 kHz 

DYNAMIC RESPONSE 
Small Signal Response (±3 dB) 
at Maximum Gain 
at Minimum Gain 

Slew Rate 
Settling Time to Within ±1 mV 
of Output Final Value 
at Maximum Gain 
at Minimum Gain 

GAIN SWITCHING (TTL Logic Levels) 
Gain Control Logic Liputs 
Logical 1 
Logical 0 
Loading 
Settling Time to Within ±1 mV of 
Output Final Value 

POWER SUPPLY REQUIRKMENTS 

Analog Supply 

Rated Supply Voltage 
Supply Range 
Supply Drain 
at Quiescent 
at Rated Output 

Digital Logic Supply 

Rated Supply Voltage 
Supply Range 
Supply Drain 
at Quiescent 

TEMPERATUR!-: RANGE 
Specification 
Storage 

supplies unless otherwise noted. 

3604K 

1.2,3, 15, 16 

±0.17. 
±o.ooa/oc 

±0.017. 
±0.027, 

±'.0 V, ±20 mA 

0.5 ohm 
0.05 ohm 

10U ohm 
±10 V 

±1 mV 
±30 uV/°C  ±10 uV/0C 

±100 JV/V 
10 pA 

5 uV p-p 
50 uV rms 

100 kHz 
500 kHz 

10 V/ua 

20 us 
5 us 

+2 V min. 
+0.8 V max. 
1 TTL Load 

25 us (at al1 gains) 

±15 Vdc 
±14 Vdc to ±16 Vdc 

+18 mA, -9 tnA 
+38 mA, -29 mA 

+5 Vac 
+4.8 Vdc to +5.2 Vdc 

30 mA 

0oC to +70oC 
-55°C f- +100°C 
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SECTION 4 

PCM ENCODER 

The functions of the PCM encoder are: 

1. Convert the analog signal from the interferometer 
to a 14-bit digital signal at the Sample Command 
rate of 25,930 ± 2% conversions per second during 
the scan period of the interferometer. 

2. Convert the analog signal from the housekeeping 
commutator to an 8-bit digital signal at the 912 Hz 
frame rate at the PCM encoder. 

3. Associate logic levels representing the i-f signal 
processor gain state and the White Light Status with 
the corresponding 1^-bit digital words representing 
signal amplitude. 

4. Associate the 6-bit Channel ID code with the corres- 
ponding 8-bit digital word representing the house- 
keeping signal amplitude. 

5. Provide a 2,048 wovd X 16 bits/word buffer memory ^o 
compensate for veriations in the sample rate and the 
fixed telemetry output rate. 

6. Provide an internal 10-bit counter which is incre- 
mented for each interferometer sweep. 

7. Provide a 22-bit Barker frame synchronizing code. 

8. Provide an idling pattern of ones and zeros in the 
data words during the interferometer flyback period. 

9. Digitally multiplex all of the above digital signals 
in accordance with the specified frame format. 

10. Convert the multiplexed parallel digital words to a 
continuous serial digital data stream at the speci- 
fied bit rate (466,944 bits/second). 

11. Filter the serial digital output for proper modula- 
tion of an S-band PCM telemetry transmitter. 
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12. Provide unfiltered serial digital outputs for the GSE 
decommutator or for a digital tape recorder. 

13. Generate all the necessary clock and timing signals for 
formatting the data. 

14. Develop all operating voltages required from the 28V 
payload battGry supply. 

The PCM encoder is defined in HRC Specification No. 21008493 which 
is included as Appendix A and is under development by Vector Aydin. 
It incorporates two urique features. The first is the inclusion 
of a 2,048 word, 16 biLj/word solid state buffer memory to compen- 
sate for variations in the data sampling rate, formatting and the 
fixed output telemetry rate.  The original specification was for 
a 512 word memory.  Studies indic^ced that this capacity was marg- 
inal and the specification was changed, A new static RAM integ- 
rated circuit (Intel 2102) became available at this time and made 
it possible to package the 2,048 word buffer in the same volume 
as the original 512 word buffer. The second feature is the 14-bit 
high-speed A/D converter. The speed and resolution requirements 
exceed the capabilities of most available commercial A/D convert- 
ers. There are some relatively complex laboratory instruments 
capable of this performance, but smaller modules are just becoming 
available. 

i 4.1 REQUIREMENTS 

The electrical requirements for the PCM encoder are summarized 
in Table 4.1. 

4.2 DATA FORMAT 

The data format of the PCM encoder is shown in Figure 4.1. The 
basic frame consists of 32 sixteen-bit words. There are 64 of 
these frames to each subframe. 

The 16 bits of word No. 1 and the first 6-bits of word No. 2 in 
every frame are encoded with the 22-bit Barker synchronizing code, 
The last 10 bits of word No. 2 are encoded with the output of a 
10-bit binary sweep counter which is incremented once for each 
interferometer scan. 
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Table 4.1 

PCM ENCODER REQUIREMENT 

INTERFEROMETER SIGNAL 

HOUSKEEPING SIGNAL 

OTHER INPUTS 

BUFFER MEMORY CAPACITY 

PCM OUTPUT 

Sample rate:  25,500 - 26,450 
per second 
A/D Conversion:  14 bits, ±0.1% 
absolute accuracy, ±. 017c nonline- 
arity 
Signal Input:  500-2200 Hz, ±5V 

Signal Input:  0-5V, commutated 
at 912 Hz 
A/D conversion:  8 bits, ±0.5% 
absolute accuracy, ±.57o nonline- 
arity 
Channel ID:  6 bits 

l/F processor gain state:  logic 
0 or 1 
White Light Status:  logic 0 or 1 
Sample trigger:  25,500 - 26,450 
pps 
Mode Command:  1.000 Hz 

2048 - 16 bit words 

Serial digital stream NRZ-L mode 
16 bits per word, 32 words per 
frame, 22 bit Barker code sync, 
10 bits sweep count 
Clock rates:  466,944 bits/second 

29,184 words/second 
912 frames/second 

PRIME POWER 

PACKAGE 

28 Vdc at 1.2 A 

100 cubic inches - direct plug-in 
to rocket section-7 pounds 
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The first 8 bits of word No. 3 are encoded with the output of 
the housekeeping A/D converter.  The input to this converter is 
inultiplexia by the housekeeping cormnutator (a separate unit) 
at the 912 Hz rrame rate, so that these bits in each frame rep- 
resent the output of a different housekeeping sensor.  Sortie 
sensors are supercoitmutated so that their outputs appear several 
times in each subframe.  The last 6 bits of word No. 3 are en- 
coded with the output of a counter in the housekeeping commu- 
tator which identifies the input channel which is encoded in 
the first six bits.  This code may be used for a subframe syn- 
chronizing code in a PCM decommutator.  Initial plans were to 
incorporate a 10-bit A/D converter in the unit for housekeeping, 
but this was changed to 8 bits.  Bits 9 and 10 of word No. 3 
were then strapped to encode fwo zeros. 

The remaining 29 words of each frame are all structured alike. 
When there is data in the buffer during the interferometer 
scan period, the first 14 bits of each word are encoded with 
the output of the 14-bit A/D converter.  The last two bits 
indicate the amplifier gain state and white light status 
associated with that sample.  When the buffer is empty, the 
last 29 words of each frame are encoded with an alternating 
one-zero pattern. 

4.3 DESIGN DESCRIPTION 

Figure 4.2 is a block diagram of the PCM encoder.  The digital 
elements have been implemented with TTL logic. 

The interferometer signal from the signal processor electronics 
is connected to the i-f data sample/hold and 14-bit A/D con- 
verter.  Initially, a dual sample/hold circuit was considered 
to allow more time to acquire the signal amplitude on each 
sample, but due to the complexity of associating the amplifier 
gain state and white light status with each sample, a single 
sample/hold circuit was employed.  It acquires the signal amplit- 
ude in approximately 5us.  The A/D converter is of the successive 
approximation type and operates at a speed of about 2us/bit. 
When a conversion is complete, the 14 bits of data and two assoc- 
iated status bits are strobed into the buffer memory.  The A/D 
converter has a signal range of -5.0 to +5.0 volts and encodes 
the data in the binary two's complement code. 
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The buffer memory has a capacity of 2,048 words at 16 bits/ 
word.  Each time the A/D converter completes a conversion. 
It Initiates a Write cycle In the memory.  The word Is stored 
and the Write Address Counter Is Incremented.  The Write cycle 
may be Inhibited momentarily If the buffer Is In a Read cycle. 
Assuming that the buffer Is empty at the beginning of a scan 
and the encoder Is outputtlng the alternating one-zero pattern 
In the data words, as data Is received and digitized. It Is 
stored In the buffer until some preset number of words are 
stored.  Then It Is connected to the data multiplexer and Read 
cycles are Initiated.  Each time a data word Is read, the Read 
cycle counter Is Incremented.  At the end of a scan, data Is 
no longer written Into the buffer, but reading continues until 
the last data word Is read out.  At this time the encoder re- 
verts back to filling data words with the alternating one- 
zero pattern. 

A separate Sample/Hold and 8-blt A/D converter Is employed for 
Housekeeping Data. This operates In synchronism with the 
Housekeeping Commutator at the 912 Hz frame rate.  The A/D 
converter has a range of 0 to +5.12 V (20 mV/blt) and encodes 
In straight binary. 

The signal multiplexer connects the various data sources to 
the serialize to accomplish the desired output format.  It Is 
under control of a counter chain driven by a crystal oscillator 
a'- the bit rate.  The serlallzer converts the 16-blt parallel 
words Into a continuous serial bit stream. 

The serlallzer output (NRZ-L) Is connected to a line driver 
which buffers the digital output to GSE.  A premodulatlon 
filter shapes the digital output to make It compatible with 
the S-band telemetry transmitter. 

The PCM encoder Includes Its own power conditioner to deve^p 
the required voltages from the 28 volt battery power furnished. 
The Inverter Is synchronized with the sample rate during scan 
to minimize the effects of switching transitions.  It also 
Includes circuitry to prevent damage due to reverse polarity 
of the Input 28 V dc power. 

4.4 PERFORMANCE 

Acceptance testing of the PCM encoder was accomplished In ac- 
cordance with acceptance test procedures required by the de- 
sign specification.  Briefly, these tests measured power 
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requirements, various interface signal characteristics, data 
formatting, static encoding accuracy of both the 8-bit and 
14-bit A/D converters at 0oC, at ambient and at 60oC.  Data 
Sheets (Figures 4.3 through 4.6) show that the unit performs 
well within specifications over the te.nperature range. 

The PCM encoder was also tested dynamically by connecting a 
ramp generator to the analog input and a decommutator, D/A 
converter and scope to the output.  The reconstructed ramp 
was observed as the input sample rate was varied.  Figure 4.7 
shows that performance exceeded the ±1%  specification.  Sub- 
sequently, the buffer capacity was increased from 512 words 
to 2048 words.  This should increase the specification on 
sample rate to 26,000 ±4% pulses/second. 

The PCM encoder has also been successfully operated with the 
interferometer, PCM decommutator, GSE control and computer. 
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Data Sheet Figure- A. 7 

Ref. 
Paragraph Category 

6.1.6.8 Dynamic 
Teat of 
I/F Sub- 

Ambient 

±17, OK 
26,497 
25,700 

0  0C      +60   0C 
Specification 
Requirement 

±17. ±17o Test results 
OK OK Indicated In 

paragraph 
6.1.6.8 

0   0C  to 60   0C performance tests  completed  10-19-72. 
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SECTION 5 

HOUSEKEEPING COMMUTATOR 

The housekeeping commutator multiplexes  the conditioned signals 
from 64 monitor and control sensors  installed on the instrument 
to the housekeeping signal input of the PCM encoder.     The 
commutator also furnishes a six-bit parallel binary channel 
identification signal to the PCM encoder to identify each  sensor 
as  it  is  sampled.     The housekeeping commutator is defined  in 
HRC Specification No.   21008505 and is under development by 
Vector Aydin.     It  is a modified version of Vector's CSV-100 
series of airborne commutators. 

5.1 RE» UIREMENTS 

Figure 5.1 is a conceptual block diagram of the housekeeping 
commutator.  The principal performance requirements are listed 
in Table 5.1. 

TABLE 5.1 

HOUSEKEEPING COMMUTATOR REQUIREMENTS 

1. Number of Input Channels 

2. Number of Poles 

3. Commutation Rate 

4. Input Signal 

5. Linearity 

6. Gain 

7. Crosstalk 

8. Prime Power 

9. Package 

REF:  HONEYWELL SPEC 21008505 
MFGR. - VECTOR PROD. 

64 

Single Pole 

912 Hz (frame rate clock 
from PCM) 

0 to +5V 

Less than .05% Deviation 
from BSL 

.9950 to 1.0000 

±0.1% Max. 

28 ^o Vdc, 0.1 A or +15V, 

-15V Regulated System Power 

20 Cubic Inches 
1 Pound 
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5.2 DESIGN DESCRIPTION 

The Housekeeping Commutator consists of a digital counter and 
decoder driving an array of 64 analog transmission gates.  Con- 
ditioned input signals in the 0 to +5 V range are gated sequen- 
tially to the output buffer amplifier.  The switch counter 
is advanced by the 912 Hz frame-rate clock from the PCM encoder. 

Simultaneously, a six-bit binary channel identification counter 
is also driven by the 912 Hz square-wave.  The parallel digital 
output of this counter provides the six-bit channel identifica- 
tion input to the PCM encoder.  This permits easy association 
of the analog output signal at any instant with a particular 
sensor.  This counter is maintained in synchronism with the 
switch counter by periodic reset pulses. 

Normally, the unit develops its operating voltages using an in- 
ternal power converter and conditioner from the 28 V payload 
batteries. However, provisions have also been incorporated to 
bypass the converter and to operate the commutator from the 
regulated +15V and -15V system supplies.  This feature was in- 
cluded to provide an alternate power source for use in the event 
that the switching noise, from the internal dc converter was too 
large. 

Table 5.2 lists the various functions which are monitored by the 
housekeeping electronics.  The photometer signal is supercommu- 
tated by strapping it to every fourth input channel so that it 
is sampled 16 times per commutator cycle.  Since the normal 
channels are sampled 14.25 times per second, this results in the 
photometer channel being sampled 228 timer per sjcond. 
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Table 5.2 

HOUSEKEEPING ASSIGNMENTS 

Qty. asz, 
Dewar Cryogenic Temperature 8 
Electronic Pkg. Temperature 2 
Cover Position 1 
Dewar Vacuum 1 
Photometer Signal (one signal 

supercomm.) 16 
Photometer High Volt. Moni- 

tor 1 
Photometer Temp. Monitor 1 
Tank Heater Control 1 
I/F Signal dc Component Lo 1 
I/F Signal dc Component Hi 1 
28 Vdc Battery Monitor 1 
+15 Vdc Monitor 1 
-15 Vdc Monitor 1 
+5 Vdc Monitor 1 
Slide Rest Command 1 
Slide Lock Command 1 
Open Cover Command 1 

Close Cover Command 
Calibrate Command 
ACS - Yaw 
ACS - Pitch 
ACS - Fine Yaw 
ACS - Fine Pitch 
ACS - Roll 
ACS - Pressure 
Magnetometer 
Accelerometer 
Housekeeping - Vehicle 10 
Blackbody Temperature 1 
Unassigned 3 

Total = 64 

5.3 PERFORMANCE 

Figures 5.2 and 5.3 summarize the performance of the housekeep- 
ing commutator.  Satisfactory operational tests with the 
housekeeping electronics and the PCM encoder have also been 
conducted. 

5-4 

102- 

- ■ ■ - rntt^mi 



DATA SHEET FOR PAM COMMUTATOR Figure 5.1 

Test 

Input Power & 
Starting 

Wavetrain 

Channel Count & 
Sequence 

Linearity 

Wavetrain 
Parameters 
vs Input 
Power Varia- 
tions 

Back Current 

Channel Scatter 

Pedestal Level 

Results 

Nom 28 Vdc, 37 mA    Starting Accept. 

Sync. Pulse:  N/A    O&FS Output Accept 
Duty Cycle:  N/A 

Noise:  Accept. Pulse Rise & Decay Time; Accept 

Accept; 

Step No 

1 
2 
3 

Supply 
Voltage 
(Vdc) 

Output Level  Step No.  Output Level 
(vdc) (VdF) 

0.000 
1.000 
2.000 

4 
5 
6 

3.000 
4.000 
5.000 

Linearity = ±0.00% BSL 

Output Level (Vdc)     Freq. (CPS) 

Zero       Full 

Nom; 28 0.000 
Low; 24 0.000 
High; 33   0.000 

Microamps 0.01 

±1 Millivolts 

N/A Volts dc 

5.000 N/A 
5.000 N/A 
5.000 N/A 
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Figure 5.2 

DATA SHEET FOR CHANNEL COUNT AND 

SEQUENCE MEASUREMENT OF PAM COMMUTATOR 

ALL DATA CHANNELS ACTIVE 
AND IN PROPER SEQUENCY:  Accept 

BINARY CHANNEL IDENTIFICATION OUTPUTS: 

.0 Ac cept 

Ac cept 

Ac cept 

Ac cept 

Ac cept 

Ac cept 
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SECTION 6 

GROUND SUPPORT EQUIPMENT 

In order to control and monitor the experiment during prelaunch 
and flight phases, some data recovery facilities have been In- 
cluded In the HRC ground support equipment.  Figure 6.1 is a 
block diagram showing the configuration of the system for Imple- 
menting these functions. 

Prior to launch the GSE control console Is connected to the 
experiment via an umbilical cable.  Any of the housekeeping sen- 
sors may be selected and monitored, the Interferometer slide 
and cover mechanisms may be operated and the calibration sources 
-nay be turned on and off by means of this cable.  The PCM en- 
coder output Is also available and Is connected to a PCM decom- 
mutator.  The system computer scans the reconstructed housekeep- 
ing data, compares each channel with preset limits and drives a 
go/no-go display.  The Interferometer data may be assembled to 
display and record an Interferogram of a calibration source. 

In the launch pha.se, the umbilical Is disconnected and the PCM 
output Is picked up on the S-band PAM telemetry link. The sys- 
tem computer Is still able to «can the housekeeping channels, 
drive the go/no-go display and record the signal amplitudes on 
all channels, as well as assemble and record Interferograms. 
The Instrument Is controlled by an on-board timer. 

A Model 1023A single channel PCM decommutator was obtained from 
Monitor Systems.  This unit is compatible with the system data 
format (Section 4.2) and is briefly described in the following 
section. 

6.1 PCM DECOMMUTATOR 

The Monitor Model 1023A single channel PCM decommutator offers 
reliability and performance consistent with the rapidly increasing 
sophistication of PCM requirements and provides flexibility for 
future expansion of additional capabilities.  The Model 1023A is 
portable, offers single channel capability with respect to binary, 
decimal, and analog displays, and utilizes integrated circuits 
wherever possible. 

6.1,1 Functional Description 

As shown in Fig -«s 6.2 and 6.3, the PCM decommutator is comprised 
of the following functional groups: 
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Figure 6.2  BIT SYNCHRONIZER SUBSYSTEM 
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Bit synchronization 
Format synchronization 
Serial-to-parallel conversion 
Single channel display 
D/A conversion 

The Bit Synchronizer accepts a serial PCM input from a commutator 
tape recorder, or simulator.  This input is regenerated and a 
coherent clock is reconstructed from it.  The synchronizer accepts 
NRZ or Bit serial data at customer specified bit rates.  The 
output clock and data are presented to the format synchronizer. 
No additional plug-in units are required for operation. 

The format synchron^-er accepts the conditioned serial PCM data 
and clock signals at the input bit rate.  The unit synchronizes 
the output data with the vehicle commutator by recognizing pre- 
determined patterns in the data.  The format synchronizer com- 
pensates for noise in the transmission line by synchronization 
flywheel circuitry, with error tolerance selectable.  The Format 
Synchronizer presents a parallel bus of up to 24 bits, either 
MSB or LSB justified, along with identifying time slots of frame 
and sabframe. 

By means of front panel thumbwheel switches, a selected data 
channel is stripped and routed to front panel displays. A six- 
teen-bit binary, a three-digit decimal and an analog display 
are provided. 

Digital and analog data outputs are provided at the rear conn- 
ector. 

6.1.2       PCM DATA AND CLOCK REGENERATION SUBSYSTEM 

The operation of the system is as follows:  the input signal first 
passes through a unity gain buffer amplifier which provides the 
necessary input impedance and also the drive for the filter.  The 
peak detection circuitry establishes the true signal baseline at 
midway between the peak-to-peak signal.  The filter output is then 
compared against the true signal baseline and the comparator out- 
put supplies a +5 volt logic level for signals above the baseline 
and ground level for signals below the baseline.  The comparator 
output, therefore, has transitions every time the input crosses 
its true baseline.  Figure 6.2 depicts the functional logic flow 
of the Bit Synchronizer Subsystem. 
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The latter transitions are used for two purposes.  The first 
Urt?l^  f0r ef ablishin8 ^  Phase-locked clock sync  S 
S?!.!^S ^^f"/ 0^-shot multivibrator which is compared 
against the local clock.  The phase error Is fed through the 

^Pvro '!^  .COntr0lS the VC0 freq^ncy to establish Lock. 
The VCO center frequency is tuneable over a 29% range by a f^ont 
panel potentiometer.  Either a wide or narrow loop bandcan be 
S! ^ ? f0rJ;andlin« ntt**y  signals or long data gaps, res- 
SES^U  e *********  are «Uo compared against the local 
clock in the sync detector circuitry and a statistical average of 
in-phase and out-of-phase transitions yields the in- or out-of- 
sync signal.  The phase-locked clock is then used in the bit 

^Prn' "A'^V1^ 5 determlne if the bit value is a "one" or 
zero   A full bit Bit option is also incorporated in the bit 

detector. 

6.1.3 FRAME SYNCHRONIZER 

ItfZt tl  ^ the 8eneral data fl0W of the frame synchronizer. Except for the frame sync correlator, all techniques of corres- 

SoMTT^.f^ir3/" •f!Ätl*lÖ the saroe as those ployed in s field-proven line of PCM Decommutation Systems. 

The serial NRz-L Data from the bit synchronizer is presented to 
a 33-bit accumulator which is used exclusively in conjunction 
with the frame sync pattern detector. Also, this data is avail- 
able for input to the recycle and ID subframe synchronizer, 
as described below. 

The criteria for frame synchronization are determined via the 
frame sync correlator which has. as its inputs, both programmed 
and data dependent parameters.  The correlator incorporates a 
technique which is entirely digital, and includes pattern 
detection during the Search mode which is characterized by th=» 
occurrence of that pattern with the highest correlation to the 
programmed sync code. 

When the synchronizer is in the Search mode an analysis is per- 
formed which occupies less than 200 nanoseconds (worst case) 
Processing within the correlator is essentially asynchronous* 
depending wholly upon gate delays. 

When the synchronizer is in the Check or Lock mode, the strategy 
for achieving and maintaining Lock is determined by front panel 
controls.  The total number of allowable bit errors may be pro- 
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grammed independently In each mode of operation.  Up to nine 
patterns may be examined In the Check mode before a  decision 
Is made t>   switch to the Lock mode and up to nine sequential 
erroneous patterns may be allowed in the Lock mode before a 
decision is made to tevert back to the Search mode. 

The handling of recycle subframe synchronization (Search, Check 
and Lock mode) is very much the same as for frame sync. 'Because 
the location of the sync pattern is "known" via the frame sync 
address, the comparison is made on a bit-by-bit basis. 

Counters are provided to determine when the wavetrain should be 
examined for synchronization codes and to provide time slot in- 
formation to accompany the output data.  These counters are 1 to 
33 bits-por-word, 1 to 999 wore!s-per-frame and 1 to 512 frames- 
per-subframe counter.  The modulus of each counter is programmed 
by front panel thumbwheel switches. 

6.1.4 DATA OUTPUTS AND DISPLAYS 

Front panel displays are provided and controlled by thumbwheel 
switches.  Data is selected and displayed by sixteen incandes- 
cent indicators.  The same data value is converted to decimal 
for display with a maximum count of 9999.  The equivalent value 
is also displayed on the analog meter. 

The output of the data value is converted to analog and presen- 
ted at a type BKC connector on the rear panel.  Digital data is 
available in a multi-pin connector, also located on the rear 
panel. 

The analog output voltage levels are 0 to +10 vdc, with a reso- 
lution of eight or ten bits for the data value.  Output drive 
capability is 10 ma at full scale (100 ma optionally available) 
Logic levels for the digital outputs are 0 and +4.5 volts ±1 
volt. 

Frame and subframe synchronizer patterns, pattern word length, 
and data length are programmed by means of toggle switches which 
are available on a mini panel, located on top of the unit. Access 
to this panel, when the unit is rack-mounted, may be accomplished 
by partially withdrawing the unit from the rack (about five Inches) 
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TABLE 6.1 

PCM DECOMMUTATOR SPECIFICATIONS 

INPUT 

Input Data Code Serial NRZ or Bi0 
DC Of set Up to 1007o of peak- 

to-peak signal amplitude 
Data Level 1-20 volts peak-to- 

peak without adjustment 
Bit Rate 1-512 Kbps (custom- 

er specified) 
Input Impedance 15 K ohms shunted 

by 150 pF 
Loop  Bandwidth 0.1% narrow 37, wide 

FORMAT 

Sync Word Lengths 1-33 bits 
Data Word Lengths 1-31 bits 
Frame Length 2-999 words 
Subframe Length (Pattern)(Optional) 2-999 frames 
Subframe Length (ID) (Optional) 2-512 frames 
Frame Sync Length Any binary pattern 

up to 33 bits 
Frame Sync Types Normal and alterna- 

ting complementary patterns 
I^des Search, Check and Lock 
Subframe Sync Pattern Length Up to 33 bits 
Synchronization Types Frame code complement 

Unique recycling patterns - Frame 
counting (ID) sync, up to 9 bits, 
start at "0" or "l" count 

DISPLAYS 

Binary Up to 16 bits 
Decimal (Optional) 9999 maximum reading 

3 or 4 digit option 
Analog (Optional) Meter indication 
Accuracy 8-bit D/A converter 

10-bit D/A optional 
Selection Thumbwheel type fret 

panel switches 

6-8 

■ —■■ — - 



Table 6.1 (cont) 

OUTPUTS 

Data. 

Data Identifier. 

(1) 16-bits parallel, NRZ-L 
positive true, MSB or LSB 
justified. (24-bit option) 

(2) Serial NRZ-L, positive 
true. 

12-bit word number 
12-bit frame number 
All outputs BCD, positive true. 

Timing Pulses, (1) Bit Rate Clock, 1/4-bit 
wide, positive true 
Word Rate 
Frame Rate 
Subframe Rate 

(All of above are one bit wide, 
positive true, coincident with 
last bit of format element). 

(2) 
(3) 
(4) 

Levels 0 volt to 0.5 volt negative 
level - +4.5 volts ±1 volt 
positive level 

PHYSICAL SPECIFICATIONS 

Mounting Slide Mounts in standard 19- 
inch panel opening 

Dimensions 5 1/2" x 19" x 23" 
Input Power 108 to 132 volts, 57-63 Hz, 

2 amp 57-400 Hz option. 
Temperature Operating:    0oC to +60°C 

Non-operating: -40oC to +850C 
Weight 45 pounds 
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6.2 GSE COMPUTER INSTALLATION 

Figure 6.4 is a pictorial sketch of the GSE computer installation. 
The Digital Equipment Corp. PDP-11 computer rack contains the 
PDP-11 central processor with 32k of core memory, a dual DECTAPE 
unit, Direct Memory access unit DR11-13, and 3 general purpose 
interface cards DR11-A. 

A Tektronix 4010-1 display scope and keyboard is used to control 
the PDP-11 and provides fast displays of computer output.  A 
Tektronix 4610 Hard Copy Unit in the rack provides page size 
copies of any computer generated displays desired. 

In addition to driving the go/no-go display panel, the computer 
can provide a display of the values of all housekeeping functions 
on command.  It can also record a complete interferogram from 
either the internal calibration sources or external sources during 
flight.  These may be plotted on the display scope in their 
entirety or selected segments may be enlarged and plotted.  On 
command an FFT of the interferogram may be computed and plotted. 
Again the entire spectrum or a selected segment may be displayed. 

Figure 6.5 is a flowgraph of tie GSE Software developed for the 
experiment. 

The GSE computer and its software may be used for data reduction 
of the recorded telemetry data after the flight is completed. 
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1.0 SCOPE 

2.0 

This  document establishes   the  requirements   for  a   Pulse  Code 
Modulation   (PCM)   Encoder.     The  PCM Encoder,   referred  herein 
as   the  encoder,  consists   of  sample and  hold,  A/D conversion, 
buffer,   gate,   clock,   and  serializer   type   functions. 

APPLICABLE  DOCUMENTS 

MIL-STD-454B 

MIL-STD-461A 

ER-69538 

Standard General Requirements for 
Electronic Equipment, dated 10 June 1968 

Electromagnetic Interference Charac- 
teristics, Requirements for Equipment, 
dated 1 August 1968 

Environmental Specifications for Black 
Brant Payloads and Instrumentation, 
dated 25 March 1971, Bristol Aerospace 
Limited 

3.0 REQUIREMENTS 

3.1 Description and  Intended  Use 

The  encoder  shall  accept  analog  input signals   from an  infrared 
interferometer and  its   housekeeping sensors,   sample   these  sig- 
nals  at 26,000 samples   per  second,   convert   to   14  bit binary, 
insert coding,  and arrange   the output  into a  continuous  digital 
pulse  stream of 466,944  bits   per second  in  16  bit word  format 
for   telemetering.     The  NRZ-L output waveform from  the  encoder 
is   fed   to a  S-Band   telemetry  transmitter.     The  encoder  shall 
include  all  necessary   timing and  power  conversion circuitry. 
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3.2 

3.3 

Branrv0hrhiSi^art.0f ^ instrument Wlo«d for the Black 
lü-lL i1 altltude research rocket. The rocket will be 
launched   from an Arctic  environment. 

General  Design  Requirements 

The  encoder shall   be  as   free  as   feasible  of any defects   la 
materials     processes,   manufacture,  or design which could  con- 
ceivably degrade   the  performance  or  reliability of  the  encoder 
Wherever  possible,   the  encoder  shall  utilize  existing circuits 
and  components which  have  proven performance  and   reliability 
JVlS    Ü ^Piications-     Wh^e  new design  is   required,   MIL- 
STD-454  shall  be  used  as  a  guide   in selecting materials,   parts 
and   processes.     All   selections  shall  be  compatible   to  the 
intended  use  of   the  encoder. 

Design Review 

A  design  review shall   be   held  at   the  suppliers'   facility with 
Honeywell  representatives,   to  review design  features,   interfaces 
and  expected  performance.     All   interfaces  shall  be  frozen at 
this   time.     This   review  shall   be  scheduled  by   the  supplier   to 
occur  prior   to any  significant  commitment of menufacturing  labor 
or material.     One week  notice   is  required. 

Electrical  Requirements 

3.4.1       Encoder  Block  Diagram 

Figure   1  is  a  conceptual  block  diagram of  the  encoder  showing 
the  essential  elements.     This   is   furnished  for  reference  only 
as  an aid   to describing   the  encoder  requirements  and  should 
not  be construed as  a  requirement on  the actual  structure 
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Basically,   the encoder  shall  convert   the  input; 
(I/F)   data   to a   14  hit  parallel  binary digita!. 
control  of an external  signal   (Sample  Command  I 
include means  such as  a  2  bit storage  register 

DATE 

/■> 

8/28/73 
I^WAÄ?^ 

m\ 
4-222. 

interferome ter 
signal   under 
n)  and  shall 
for storing 
uring   the 
for associating 
presenting  that 

An asynchronous  Buffer Memory shall  be  provided which  is   cap- 
able  of  compensating  for expected variations  in  the  26,000 Hz  sam- 
ple   rate  duringeacn   0:9   second  l/F  data  Period.     This  buffer  shall 
have  a  memory capacity  of 2048   16  bit words. 

The  encoder  shall also convert   the   input  housekeeping   (H/K) 
data   to an 8 bit parallel  binary digital signal  under control 
of an  internally generated  command  once  per  32 word   frame  and 
shall also  include means  such as  a  6 bit storage  register  for 
storing  the 6 bit binary channel  identification from  the  house- 
keeping  subcommutator  and   for  associating  these  6  bits with  the 
converted  digital word   representing   that sample.   Two  zeros   shall  be 
loaded  m,   to complete   the   16  bit word. 

A  10 bit binary Sweep Counter shall also be provided.     This 
counter will  be  incremented  on  the  positive going  transitions 
of   the Mode  Command  signal. 

A  Bit  Rate  Clock operating at  466,944   Hz  shall  be  provided. 
Suitable  binary divider  chains  and  decoders  shall  also  be 
provided   to develop the necessary Word  Rate and Frame Rate 
signals  and  internal control and  gating pulses.     These  counters 
shall  be  of  the synchronous   type  to minimize  spurious  output 
from  the decoders and  possible clock skew problems. 

An assembler  shall  be  provided  in   the  encoder which will   for- 
mat  the  digital data  as  specified  in paragraph 3.4.4.2. 
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A  serializer  shall  be  provided   to  convert  the   16   bit  parallel 
binary words   to a  continuous   serial   binary signal.     This will 
be  appropriately  filtered  and  buffered   to  provide   the  PCM 
Output  signals   for   the   transmitter and  recorder/decoder. 

Power  conversion and  conditioning circuits  shall  be   included 
in   the  encoder.     Nominal   28-volt  battery power will  be  sup- 
plied. 

3.4.2       Logic  Interfaces 

All  digital   input and  output  control  and   timing signals  are 
required   to  be  compatible with TTL  logic.     The  encoder  shall 
present  only one  standard  TTL  logic   load  to each digital   input 
signal  and  each digital   output   line  shall  be driven  by a  sepa- 
rate  buffer.     The   remaining  system components will  be  similarly 
buffered  and will  present  only one  standard TTL  logic   load   to 
each digital  output  line   from  the  encoder. 

The  bi-level  data  values  are  assumed   to be: 

0.5  V Binary  "0" =  0 V ± 
0  V 

Binary  "1" = 2.4  V   to  5  V 

3.4.3       Input Signal Characteristics 

3.4.3.1  Interferometer Analog Data 

Amplitude:     -5   to +5 volts 

Data   Bandwidth:     The  encoder  shall  process   input analog data   in  the 
frequency  range   from dc   to   2,200 Hz with no degradation beyond 
the   limits   of   this  specification. 
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Active   Period:     907o of each    1.0 second  scan of  Interferometer 

Signal   Preamp   Output Impedance:     less   than  1  ohm 

3.4.3.2   Housekeeping Analog Data 

Amplitude:     0  to +5  volts 

Bandwidth:     Slowly varying  DC  voltages   from numerous   sensors 
attached   to experiment  package.     Commutated  continuously at 
telemetry output  frame  rate. 

Commutator Output  Impedance: 

3.4.3.3  Sample  Command 

500  ohms 

This   is a  positive  logic   trigger  pulse  used  to initiate   the 
sample/hold and A/D conversion sequence.     Nominal  pulse width 
is  one microsecond.     Pulse  spacing is  derived  from  the  zero 
crossings  of a   lager  reference  signal  during  the  l/F data 
period and may vary between 36  7  and Al.5 microseconds.     Nominal 
spacing  is  38.5 microseconds   (PRF of 26 kHz).     Sampling and 
conversion  is   to  be  initiated  on   the   leading edge  of each  pulse. 

3,4.3.4 Mode  Command 

This   is  a  digital  control  signal  used   to switch  the  system  from 
the  Interferometer Scan Mode   to  the  Flyback Mode.     The   logic 
one  state  corresponds   to   the  l/F  scan mode  and   the   logic  zero 
state  corresponds   to  the  F/B mode.     This  signal will  nominally 
be  in  the  l/F scan mode approximately  0.9    seconds  and,the F/B 
mode    0.1.  second,   but may also  be   locked  in   the  F/B mode   for 
tests  on  the  housekeeping electronics. 
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3.4.3.5  Gain  State 

This   is a   logic signal  indicating one of  two possible  gain 
states   for   the  signal processing amplifier. The  amplifier 
and   this  signal  are  inhibited   from switching during  the 
encoder  sample   time.     The   logic   level  of  the signal   is   to 
be  strobed  into an auxiliary  register during the sample  time, 
and  is  part of  the digitized  output word corresponding  to  that 
sample   (bit  15). 

3.4.3.6 White  Light  Reference  Stat us 

This   is  a   logic  signal which is  used  to  indicate detection 
of  the  reference signal during  the  l/F scan period.     It 
switches  from a   logic zero  level   to a  logic one  level  near 
the  center of  the  l/F scan periqd ( 0.9 sec).     It  is  reset  to 
a   logic  zero  level during  the  F/B interval. 

This  signal  level  is also strobed  into an auxiliary register 
during  the sample  time and  becomes  bit 16 of  the PCM data 
word representing  that particular sample. 

3.4.4      Output Signal Characteristics 

The encoder shall provide   two   types  of output signals:     (1) 
specific  rate signals  from the  internal counter chain,  and 
(2)   the  serial binary signal  for  the  telemetry  transmitter. 
Protection shall be provided  on all output signal  lines   to 
prevent damage  if an output  is  shorted  to ground. 
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3.4.4.1   Logic  Clock Signals 

The  encoder  shall  provide   the   following clock  signals  as 
symmetrical  square wave  outputs  with   the  positive   transitions 
corresponding   to   the   leading edge  of   the  event: 

Bit   Rate 

Word  Rate 

Frame  Rate 

466,944   Hz 

29,184   Hz 

912   Hz 

3.4.4.2   PCM Output Signal 

The  output  signal   for   telemetry  shall   first  pass   through a 
pre-modulation  filter,   having a -3  db response  at  327 kHz  and 
a  roll-off  of  36  db/octave   to 60  db down.     The  signal  shall 
be  at ±2.5  V and  shall   correspond   to  the  NRZ-L mode. 

Figure   2   illustrates   the  required   format  of  the  PCM output 
signal. 

Each  frame will  consist of  32  binary words  of  Ifc  bits.     The 
synchronizing character at  the  beginning of each frame  is  a 
22  bit  Barker  code  sequence.     This  extends   into   the  second word. 
The  remaining  10 bits   of  the  second word  are  from  the   10  bit 
Sweep Counter arranged with the most significant bit  (MSB)   first 
and  least significant bit  (LSB)   last.     The  third word  in each 
frame   is   a   sub-commutated  housekeeping channel  and contains   the 
8   bits   from  the  housekeeping A/D  converter,  MSB first,   followed 

by  two   filled-in zeros,   followed  by  the  6  bits  of sub-channel 
identification,  MSB first. 
The  remaining  twenty-nine words   in each frame  are  interferometer 
data.     The  first   14  bits  of each word are   from  the   14  bit A/D 
converter arranged MSB  first.     Bit   15   is   the  amplifier  gain 
bit and  bit  16  is   the white   light  zero  reference bit associated 
with  that  sample. 
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There are 64 sub-channels which are commutated In word three. 
Each channel is sampled 14.25 times per second by the house-* 
keeping  sub-commutator. 

When the system has   switched  from  the  scan mode   to  the  flyback 
mode  and   the  data   buffer  is  empty,   the  29 data words  are  each 
filled with  16 alternating ones  and  zeros.     All  even bits   shall  be 
ones,   and  all  odd  bits   shall  be  zeros.     These  fill-in characters 
are  sent  until   the  system has  again  switched   to  the  scan mode  and 
the  data   buffer  has   been  loaded. 
3.4.4.3 Buffered  PCM Output Signal 

This output shall be identical to the signal used for telemetry, 
except that it bypasses the pre-modulation filter and has a line 
driver capable  of driving a  50 ohm coaxial cable. 

3.4.4.4 Sample  Pulse 

The   logic  control  pulse  defining   the   "ON"  period  of  the actual 
sample  operation of  the  1/F data  sample/hold amplifier shall 
be  provided as  an output. 

3.4.5       Accuracies  and  Tolerances 

In addition   to   the   tolerances  and   levels  already discussed, 
the  encoder  shall meet   the   following  performance   levels. 

3.4.5.1 Absolute Accuracy:     ±0.17o  of   the  full  scale  set  point   refe- 
renced   to   the  NBS  voltage  standard   for   the  l/F data,  and  0.5%  for 
the  H/K data. 
3.4.5.2 Encoding Accuracy:     ±0,5   LSB 

3.4.5.3 Linearity:   I/F  linearity,   less   than ±0.017„ departure  from 
BSL. 

H/K  linearity,   less   than ±0.5% deoarture   from 
BSL. 
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3.4.5.4  Temperature  Coefficient:     Less   than   10 uV/
0C  referenced 

to  the  input. ' 

3  4.5.5   Bit  Rate  Stability:    At   least  ±0   U  at   the  466,944 Hz 
clock. 

?'/r"5^  ur/°SJ;t:alk.:      LeSS   than   •0n   of   ful1   scale   ^tween   the 
I/F and  H/K  data   inputs,   if   the  same A/D converter  is  used. 

3.4.6       Primf    Power  and  Grounding 

The encoder   shall  operate   to   full  performance  specification 
when connected   to  a   power  source  of  28  VDC +5 VDC       Current 
drain  shall   not  exceed 1200 ma.     Reverse   polarity  protection 
shall  be  provided  on  the  28 V  line.     Signal,   power,  and  chassis 
grounds   snail   be mutually  isolated. 

3•5 Mechanical   Requirements 

3.5.1       Size  and Weight 

The encoder  shall  occupy  less  than 100 cubic  inches,  and shall 
weigh  less   than  7   pounds   (goal).     The  exact  dimensions  and  con- 
figuration, sha 11  be  agreed  upon at   the  design review,   but shall 
comply with  space  allocation  limits   shown  in Figure  3. 
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3.5.2 Connectors 

All external connectors shall be mounted on one side wall of 
the encoder.  Each connector shall be noninterchangeable with 
the others.  Selection and application ot connectors shall 
comply with Requirement 10 of MIL-STD-454.  Connector part 
numbers and pin assignments shall be agreed upon at the design 
review.  Mating connectors shall be provided for all external 
connectors on the encoder.  The mating connectors, cable harness 
type, shall be delivered to Honeywell at least two weeks prior 
to delivery of the encoder. 

3.5.3 Mounting 

The encoder shall be designed to mount directly into the rocket 
inctrumentation section by complying with the interface require- 
ments shown in Figure 3. 

3.5.4 Finish 

Black anodize,  appropriately masked. 

3.5.5 Marking 

Each external connector shall be given a reference designation. 
A nameplate shall be mounted on the top surface of the encoder, 
and shall  include at  least  the following information: 

PCM Encoder 
Mfgr and P/N 
Honeywell  P/N 
Serial Number and Date 
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3.5.6  Workmanship 

iJiMU0!!?"1 workinanshiP «hall comply with Requirement 9 of 
MIL-STD-454.  The encoder shall be assembled to workmanship 
standards consistent with flight hardware. 

^•6     Environmental Conditions 

The encoder shall be designed and constructed to operate to 
full performance standards under any combira tion of the fol- 
lowing environmental conditions: 

3.6.1 Temperature:   0 »C to +60 "C operating 
-50 0C to +60 0C storage 

3.6.2 Vibration:  a)  7.5 g peak 2000 to 27 Hz 
b)  0.2 inch double amplitude displace- 

ment for 27 to 15 Hz. 

A 115 second logarithmic sweep in any axis, starting at the 
high frequency end and having no Awll time during the sweep. 

3.6.3 Spin:  5 rps, 8 inch radius, for 16 minutes 

3.6.4 Altitude:  sea level to 250 kilometers 

3.6.5 Acceleration:  50 g for one minute, any axis 

Environmental behsviaf of the Black Brant series of rockets 
is detailed in ER-69538, referenced herein as a guide. 
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3.7 Electromagnetic  Interference   (EMI) 

The  encoder  shall  be  designed  and  fabricated   to pass   the 
interference and susceptibility requirements  for Class  ID 
of MIL-STD-461.     Undesired  switching  transients  and   timing 
pulses   shall  be  removed  from  input and  output  lines.     Shielded 
wire  shall  be  used where  applicable.     Any nonconductive  finish 
shall be suitable masked under mating surfaces  to maintain good 
metal   to metal  contact.     EMI  control   techniques  shall  be   thor- 
oughly reviewed at  the  design review. 

4.0 PRODUCT ASSURANCE   PROVISIONS 

4. 1 General 

The  supplier  shall  apply a  quality control  system in  the 
inspection and  testing of  this  device which will result  in 
high assurance  of compliance with all  requirements  of  this 
specification. 

4.2 Acceptance  Test Plan  (ATP) 

An  informal   test plan  shall  be  submitted   to  Honeywell  for 
approval at  leas-t  three weeks  prior  to  test.     This  plan shall 
delineate  test conditions,   test  techniques and  test criteria 
for  demonstrating  the performance  requirements  in paragraph 3.4 
herein.     In  the event  the PCM Decoder and/or  the  Housekeeping 
Commutator are  also procurred  from  the same  supplier,  he shall 
further  test  the  group as  a  subsystem,   prove compatible  inte- 
gration,  and  provide  test plan for doing same. 
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4.3 Pre-Shipment Acceptance Testing 

The encoder shall be s 
by Honeywell  personnel 
approved ATP shall be 
Environmental and EMI 
reserves   the  right  to 
not  to comply with all 
anical requirements wi 
earlier inspection rec 
tion data  shall be del 

ource  inspected at  the suppliers'   facility 
One week notice  is  required.     The 

demonstrated  to  Honeywell's  satisfaction, 
testing  is  not required;   however,  Honeywell 
reject  the equipment if it is  later proven 
requirements  of  this  specification.   Mech- 

11  be visually inspected or verified from 
ords.     Three copies  of all  test and inspec- 
ivered with the  hardware. 

5.0 NOTES 

Approved Vendor; Vector Aydin 
Newtown, PA 
Moeel EMV-113 
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1.0 

2.0 

3.0 

3.1 

SCOPE 

This  document establishes   the  requirements  for  a  Solid 
State  Electronic  Commutator   for multiplexing   the  outputs 
of  up  to  64  housekeeping  sensors   into  one  channel  for a 
PCM Telemetry System.     The  commutator  consists  of FET 
analog  transmission gate,  binary counter,  analog buffer 
and digital  buffer  functions.    An external  clocking sig- 
nal will  be  provided. 

APPLICABLE  DOCUMENTS 

MIL-STD-454B 

M1L-STD-461A 

Ea-69538 

21008493 

Standard General  Requirements 
for  Electronic  Equipment,  dated 
10  June   1968 

Electromagnetic  Interference 
Characteristics,   Requirements 
for Equipment,   dated   1 Augtst  1968 

Environmental Specifications   for 
Black  Brant Payloads  and  Instru- 
mentation,  dated  25 March  1971, 
Bristol Aerospace   Limited 

PCM Encoder 

REQUIREMENTS 

Description and Intended Use 

The  commutat 
from various 
position sen 

or  shall  sequentially select analog voltages 
temperature,   voltage,   pressure,   vacuum and 

äors  and connect  them to  the  housekeeping input 
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channel   of an associated  PCM Encoder.     Indexing  from onp 
input channel   to  the  next will  be  under   the   "ntrol  of a 
clock  pulse   from  the   PCM Encoder.     The  commutator  shall 

Ä Enc6;^.^^ Channel   ^*W*~  s^TAl 

Juck0SnJt;rhll!hPi^^f/n  Instrument payload   for  the 
Black  BraPt  V  high altitude   research rocket.     The  rocket 
will   be   launcu.d  from an Arctic  environment. 

General  Design  Requirements 

The  commutator  shall   be  as   free  as   feasible  of any defects 
m materials,   processes,  manufacture,   or design which could 
conceivably degrade   the  performance  or  reliabflity of  the 
commutator.     Wherever  possible,   the  commutator  shall  ui! 
Uze  existing circuits  and  components which have  proven 
performance  and  reliability  in  simular applications       Shere 
new design  is   required,   MIL-STD-454  shall  be   useSas  a 
guide   in selecting materials,   parts,   and  processes       All 
selections   shall  be  compatible   to   the   intended  use"of    L 
commutator. e 

Electiical  Requirements 

3.3.1 Commutator   Block  Diagram 

Ihow^ncAh8  a  !0nf?P?,iJ   Bl0Ck  Diagrani of   the  cortr.utator showing   the  essential  elements.     This   is   furnished   for 
reference  only as  an aid   to describing  the commutator 
requirements  and  should  not be  construed  as   a  requiremmt 
on  the  actual  structure. cMuj.remr.nc 

SIZE 

A 
CODE IDENT NO. 

81395 21008505 

SCALE |WT 

f        B-4       1^< 
SHEET,    Of 

- ■ - .  .- - -  -.-. 



Pf— 

1 
RtvrSKDNS 

LTR 

TT 
8 

oesoupnoN 
* ^ 

ri.;i~L ;' *     /' .■   r 

ro LE 'l 
v 

ß 

OATl 

8/28/73 

AffltOVED 

/' >^ 
#;' 

The commutator shall include means for sequentially select- 
ing one of 64 analog input signals and for connecting the 
selected signal to an output signal bus.  An analog ampli- 
fier shall be provided for the purposes of buffering and 
internal gain adjusting of the signal output. 

The binary count representing the number of the selected 
channel shall be made available through buffer gates. 

Means for conditioning and converting the 28 Vdc power to 
the levels required by the analog and digital circuits in 
the commutator shall also be provided. 

3.3.2 Number  of Channels 

The  commutator  shall  provide  64   input  channels.     Super- 
commutation  shall  be  obtainable  by external  cross-strapping. 

3.3.3 Number of  Poles 

The  commutator  shall  be  single  pole. 

3.3.4 Sampling Rate 

The sampling ra^e is 912 samples per second and is deter- 
mined by an external clock pulse from the PCM Encoder. 

3.3.5 Input Signal Characteristics 

The  input signal voltage  range  shall be 0  to +5  Vdc.     Each 
channel  shall be capable  of sustaining an over-voltage  in 
the  range of  -15  to +15 Vdc with ho effect on accuracy of 
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be'litnUerto^nl !? PerTnanent dama8e-     B-ck current shall De   limited   to ±0.5 microamperes  during sampling and ±0 2 
microamperes  during non-sampling oveAhe  Lmpfrature range 

ItTM  ^T'  *??***•  Sha11  be  grater   than  5 megoLs     ' 

^he^chann^^off!  0n'  ^ 8reater  ^  10 ™^ ^ 

3.3.6   Logic Interfaces 

AH digital input and output signals are required to be 
compatible with TTL logic.  The commutator shall present 
only one standard TTL logic load to each digital input 
signal and each digital output line shall be driven by a 
separate buffer.  The PCM Encoder will be similarly buffered 
and will present only one standard TTL logic load to each 
digital output line from the commutator 

. 

•i. , 

3.3.6.1 Clock In 

This signal from the PCM Encoder is a 912 Hz symmetrical 
square wave and represents the frame rate derived from 
timing logic in the encoder.  Each pulse advances the 
commutator to the next chanr.?].. 

3.3.6.2 Channel  Identification Out 

The   logic   levels  on  these  six output  lines   indicate   the 
channel  number which  the  commutator  is  sampling  in straieht 
binary code. 
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3.3.7 Output Characteristics 

Output impedance shall be nominally 500 ohms and no per- 
manent damage shall result if the output is shorted to 
ground. 

3.3.8 Accuracies and Tolerances 

In addition   to   the   tolerances  and   levels  already  dis- 
cussed,   the  commutator  shall  meet   the   following perfor- 
mance   levels. 

3.3.8.1 Offset 

±5 millivolts maximum (common to all channels) 

3.3.8.2 Scatter 

±1 millivolt maximum  (channel   to  channel  variation) 

3,3.^.3    Crosstalk 

±0.17o  including  the  case with over-voltage  on adjacent 
channels 

3.3.8.4 Linearity 

Less   than  0.057u deviation  from  best  straight   line 

3.3.8.5 Gain 

+0.9975     ±0,0025 
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3.3.8.6 Output Format 

NR2   (1007c duty cycle) 

3.3.8.7 Output  Limiting 

Outputs  corresponding   to channels where  over-voltages 
exist  shall  be   limited   to a  maximum of   1.0 volt above  full 
scale   for a  positive  over-voltage  and   to a maximum of 
1.0 volt below zero  for a negative  over-voltage. 

3.3.9   Prime Power and Grounding 

Thecommutator shall operate to full performance specifi- 
cation when connected to a power source of +28 +5 Vdc 
Current drain shall not exceed 100 milliamperes  No 
permanent damage shall result when the polarity of the 
input power is reversed.  Signal logic, power and chassis 
grounds shall be mutually isolated and brought out on 
separate connector pins.  There shall be at least 6 signal 
ground pins for the input signal channels. 

In lieu of anexternal clock signal to synchronize power con- 
verters, provisions yhall be mate to bypass the internal poSer 
converter and to operate the unit with externally applied +15 
VDC and -15 VDC. 

Mechanical Requirements  . . ' ■■ 

r^.4.1  Size and Weignt ' ' 

The commutator shall occupy less than 20 cubic inches, and 
shall weigh less than 1 pound.  The supplier shall furnish 
Honeywell a dimensioned outline and interface drawing within 
2 weeks AR0. 

3.4.2  Connectors ■        ... 

All external connectors snail be. mounted on one side.wall of 
the commutator.  Selection and application of connectors 

'WctA-H 
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shall comply with Requirement 10 of MIL-STD-454 Matins 
connectors shall be provided for all external connectors 
on the conuutator The mating connectors, cable harness 
type,   shall  be  delivered   to  Honeywell with  the  commutator 

3.4.3 Mounting 

TVo mounting  flanges  shall  be  provided.     The  exact  confia- 
uration  shall  be   shown on  the  suppliers   interface  drawing. 

3.4.4 Finish 

Nickel  Plate 

3.4.5 Marking 

Each external connector shall be given a reference desig- 
nation.  A nameplate shall be mounted on the top surfacl 
of the commutator and shall include at least the following 
information: 6 

3.4.f 

As 

Commutator 
Mfgr and P/N 
Honeywell  P/N 
Serial  Number 

j.'kmanship 

As a minimum, workmanship shall comply with Requirement 9 
of MIL-STD-454. The commutator shall be assembled to wor 
manship standards  consistent with flight hardware 

work- 
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Environmental Conditions 

The coramutator shall  be  designed and constructed  to operate 
to full performance  standards  under any combination of the 
toiiowlng environmental  conditions: 

3.5.1 Temperature 

0  0C  to +60  0C operating 
-50  0C  to +60  0C storage 

3.5.2 Vibration 

7.5 g peak 2000  to 27 Hz 
0.2  inch double amplitude displacement 
for 27   to   15   Hz. 

A  115 second  lagarithmic  sweep in any axis,   starting at 
the high frequency end and having no dwell  time during 
the sweep. 

3.5.3 Spin 

5  rps,  8  inch radius,   for  16 minutes 

3.5.4 Altitude 

Sea  level  to 250 kilometers 

3.5.5 Acceleration 

50 g for one minute,   any axis 

Environment?1 behavior  of  the Black Brant series  of rockets 
Is detailed  in ER-69538,   referenced  herein as  a  guide. 
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Electromagnetic  Interference   (EMI) 

The comrnutator shall be  designed and  fabricated   to pass  the 
^MTT   c^CfJnd suscePtibility requirements  for Class ID 
ouls^lSn ^     UndeSir!d Pitching transients  and   timing 
J^Ilhln  i TT0  fr0in tnpUt and outPut  llnes-     Shielded 
«-? ^    i  i?euUSed Where aPPlicable.     Any nonconductiv^ 
finish shall  be  suitably masked under mating surfaces  to 
maintain good metal  to metal contact. 

QUALITY ASSURANCE  PROVISIONS 

General 

The supplier shall apply a  quality control system in  the 
inspection and   testing of  this device which will result 
in high assurance of compliance with all  requirements  of 
this specification. 

Pre-Shlpment Inspection 

Prior to shipment,   the supplier shall visually and electri- 
cally inspect  the conmutator  to confirm that it complies 
with manufacturing drawings,  meets   the electrical perfor- 
mance requirements,  and  is  constructed  to meet  the  intended 
use.     Honeywell may,  at  its  option, witness  these  inspections 
In any event,   3  copies  of certified  test data  shall accompany' 
tne «deliverable hardware. 

NOTES 

Approved Source 

Vector Products 
Newtown,  Pa. 
Model CSV-100-64-1EXT-PAM-NRZ 
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