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ABSTRACT 

This report provides the National Aeronautics and Space Adminis- 
tration (NASA) Headquarters, Office of Space Science (OSS),  Marshall 
Space Flight Center (MSFC), and other interested agencies, with re- 
sults of the Apollo Telescope Mount (ATM) Calibration Rocket (CALROC) 
performances and anomalies encountered. The performance period in- 
cluded six CALROC flights during the Skylab 2, 3 and 4 missions as 
well as those rocket flights prior to the Skylab mission which carried 
CALROC hardware for test purposes. Background material such as pro- 
ject purpose, management, launch facilities, booster and payload con- 
figuration is included for better understanding of the CALROC payload 
and its mission'objectives. 

Three successful calibration flights with the NRL CALROC Scienti- 
fic Instrument and two successful calibration flights with the HCO 
CALROC Scientific Instrument were obtained. Both the NRL and HCO data 
are being processed and the curves and/or data will be available at 
N E ,  HCO or MSFC in late 1974 or early 1975. 

Initial calibration data analyses indicate that the data are ade- 
quate to excellent and that calibration of the SkylabATM solar astro- 
nomy data will be successfully achieved. 
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SECTION 1 

INTRODUCTION 

This r epor t  provides t h e  National Aeronautics and Space Adminis- 
t r a t i o n  (NASA) Headquarters, Off ice  of Space Sc ience  (OSS), Marshal l  
Space F l igh t  Center (MSFC), and o ther  i n t e r e s t e d  agencies ,  w i t h  re- 
s u l t s  of t h e  Apollo Telescope Mount (ATM) Ca l ib ra t ion  Rocket (CALROC) 
performances and anomalies encountered. The performance per iod i n -  
cluded s ix  CALROC f l i g h t s  during the  Skylab 2 ,  3 and 4 missions as 
w e l l  as those rocke t  f l i g h t s  p r i o r  t o  the  Skylab mission which c a r r i e d  
CALROC hardware f o r  test purposes. Background mater ia l  such as pro-  
ject purpose, management, launch f a c i l i t i e s ,  boos t e r  and payload con- 
f i g u r a t i o n  is  included f o r  b e t t e r  understanding of  the CALROC payload 
and i t s  mission ob jec t ives .  

1.1 Projec t  Purpose. I n  1970 t h e  Naval Research Laboratory 
(NRL), Harvard College Observatory (HCO), American Science and 
Engineering (AS&E) and o the r s  proposed t o  the  NASA i n f l i g h t  c a l i b r a -  
t i o n  of t h e  Skylab ATM experiments. After  review by  MSFC, t h e  NRL and 
HCO c a l i b r a t i o n  p r o j e c t s  were approved by NASA Headquarters. The Pro- 
j e c t  I n i t i a t i o n  Conference (PIC) was  held a t  Goddard Space F l i g h t  Cen- 
ter (GSFC) on June 8 and 9,  1971.l  The purpose of the c a l i b r a t i o n  
rocke ts  was  t o  obta in  solar s c i e n t i f i c  da t a  f o r  u s e  i n  c a l i b r a t i n g  
the  Skylab ATM SO82 (NRL) and SO55 (HCO) solar d a t a  taken by t h e  r e -  
spective experiments onboard Skylab during the  Skylab mission. The 
Skylab ATM experiments were c a l i b r a t e d  approximately two and one-half 
years  p r i o r  t o  launching Skylab. I n  add i t ion ,  s e n s i t i v i t y  checks were 
made pe r iod ica l ly  up t o  a s  l a t e  as poss ib le  before  launch. The last  
opportuni ty  t o  conduct such a check occurred immediately fol lowing 
thermal vacuum test of t h e  ATM i n  September 1972. However, due t o  
unpredictable  changes, such as r e f l e c t a n c e  c h a r a c t e r i s t i c s  of  o p t i c a l  
equipment, l i m i t  ope ra t iona l  l i f e  of photomul t ip l ie rs ,  and u l t r a v i o l e t  
(UV) f i l m  c h a r a c t e r i s t i c s ,  c a l i b r a t i o n  during Skylab operat ions w a s  a 

1. John Humphreys Memorandum, "NRL and HCO P r e - I n i t i a t i o n  Conferences 
(PIC) f o r  t h e  Ca l ib ra t ion  Rocket: Program," t o  W .  C. Keathley, NASA 
Marshall Space F l i g h t  Center ,  Huntsv i l le ,  Alabama, June 14, 1971. 

2. Pro jec t  Requirements bcument  f o r  ATM C a l i b r a t i o n  Rocket P r o j e c t ,  
Marshall  Space F l i g h t  Center ,  Huntsv i l le ,  Alabama, dated 
February 8,  1973. 
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necess i ty .  
e f f e c t s  of space environment on equipment and fi lm. 
cont ro l led  manufacturing, test and environmental storage condi t ions  
degradation and e f f i c i ency  l o s s e s  occur i n  a n  unpredictable manner. 

These changes could not be p red ic t ed  because of t h e  unknown 
Even with c a r e f u l l y  

To a s su re  a n  accura te  r ep resen ta t ion  of t h e  s o l a r  d a t a  accumulated 
by both t h e  SO82 and SO55 experiments, whose o p t i c a l  sys t ems  w e r e  fab- 
r i c a t e d  i n  excess of two years  p r i o r  t o  launch, i t  was necessary t o  
measure t h e  s o l a r  phenomenon p resen t .by  a sepa ra t e  nondegraded system 
coincident wi th  the  Skylab ATM operations.  The most practical system 
ava i l ab le ,  which s a t i s f i e d  a l l  requirements, w a s  t h e  sounding rocket /  
payload system. The system u t i l i z e d  f o r  CALROC w a s  a Black Brant VC 
rocket motor and payload whose s o l a r  s c i e n t i f i c  d a t a  w i l l  b e  used i n  
post-Skylab Mission da ta  ana lys i s  t o  a d j u s t  t h e  Skylab ATM d a t a  f o r  
degradation e f f e c t s .  

The sounding rocket instruments were c a l i b r a t e d  immediately be fo re  
and immediately a f t e r  t he  f l i g h t  and t h e  c a l i b r a t i o n  t ransfer red  when 
the  rocket instruments and ATM experiments simultaneously (or w i th in  
four  Skylab o r b i t s )  measured t h e  average i n t e n s i t y  (HCO) emitted by a 
qu ie t  area of t h e  s o l a r  d i s c  t h a t  w a s  s e v e r a l  a r c  minutes i n  ex ten t .  
This area of t h e  d i s c  must be  r e l a t i v e l y  f r e e  of centers of a c t i v i t y ,  
f i lamentary s t r u c t u r e ,  and coronal holes.  

1.2 P ro jec t  Management. The ATM Experiments Branch a t  MSFC w a s  
assigned o v e r a l l  p ro j ec t  r e s p o n s i b i l i t y  as requested by t h e  Off ice  of 
Manned Space F l i g h t  (OMSF) a t  NASA Headquarters. Responsibil i ty f o r  
t h e  rocket motor, a l l  payload supporting subsystems and launch opera- 
t i o n s  w a s  assigned t o  Goddard Space F l i g h t  Center (GSFC) with t h e  
s c i e n t i f i c  instruments (both the  .Naval Research Laboratory [NRL] SO82 
and t h e  Harvard College Observatory [HCO] S055) remaining under t h e  
management r e s p o n s i b i l i t y  of MSFC. 
pointing con t ro l  subsystem (SPARCS) w a s  f u r t h e r  delegated t o  NASA Ames 
Research Center (ARC). 

Management r e spons ib i l i t y  of t h e  

Goddard Space F l igh t  Center has been launching sounding rockets ,  

A t  each launch s i t e  GSFC u t i l i z e d  
similar t o  t h e  Black Brant used f o r  CALROC, f o r  many years a t  numerous 
launch sites throughout t he  world. 
a launch crew composed of GSFC, m i l i t a r y  and c i v i l i a n  employees. 
Generally, t h e  rocket motors were shipped d i r e c t l y  from t h e  manufacturer 
t o  the  launch s i te  f o r  mating with t h e  payload. The payload, p r i o r  t o  
mating with t h e  rocket motor, usua l ly  undergoes a s e r i e s  of h o r i z o n t a l  
tests under t h e  management r e s p o n s i b i l i t y  of GSFC. 
and rocket motors had been assembled 'as a veh ic l e ,  a t  White Sands 
Missile Range (WSMR), it w a s  placed i n  t h e  launch tower by U.S. Navy 
and WSMR c i v i l  service personnel. GSFC w a s  responsible f o r  launch 
tower checkout ( v e r t i c a u w i t h  t h e  a s s i s t a n c e  of WSMR, cont rac tor  and 
p ro jec t  personnel. 
done by U.S. Naval Ordnance Missile T e s t  F a c i l i t y  personnel s t a t i o n e d  
a t  WSMR. 

A f t e r  t h e  payload 

Actual countdown and launch of a l l  CALROC's w a s  
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1.3 Launch F a c i l i t i e s .  White Sands Missile Range (WSMR), White 
Sands, New Mexico, w a s  chosen as t h e  launch s i t e  f o r  a l l  CALROC launch- 
es because i t  provided land recovery, w a s  a v a i l a b l e  throughout t h e  
CALROC P ro jec t  and provided acceptab le  travel c o s t s  assoc ia ted  with 
each launch. 

Since tower launches are considered t o  be  more accura te  with 
b e t t e r  impact p red ic t ion  than r a i l  launches, it w a s  decided t o  use 
only tower launches f o r  CALROC. Figure 1-1 shows a typ ica l  CALROC 
launching a t  White Sands Missile Range. Since simultaneous (or a t  
least wi th in  four Skylab o r b i t s )  viewing of t h e  same area on t h e  sun 
w a s  required t o  c a l i b r a t e  t he  Skylab da ta ,  rap id  payload and f i l m  
recovery w a s  a l s o  required such t h a t  CALROC poin t ing  coordinates could 
be  relayed t o  t h e  Skylab a s t ronau t s  f o r  updating Skylab poin t ing .  
Figure 1-2 i l l u s t r a t e s  he l i cop te r  recovery of CALROC payload 21.013. 

Obtaining t h e  necessary c a l i b r a t i o n  with CALROC to  c a l i b r a t e  t he  
Skylab SO82 and SO55 ATM experiment da t a  required very c l o s e  coordina- 
t i o n  between the  CALROC launch team and the  Skylab mission planners 
and operations personnel. CALROC launch da tes  and times w e r e  based on 
t h e  proposed Skylab f l i g h t  plan.  
d a t a  gathering w a s  s e l ec t ed  j o i n t l y  by t h e  CALROC and Skylab p r i n c i p a l  
i nves t iga to r s  wi th in  the  last  24 hours p r i o r  t o  a CALROC launch. 
t h e  day of a CALROC launch, Skylab mission operations a t  Johnson Space 
Center (JSC) w a s  contacted by telephone pe r iod ica l ly  by t h e  MSFC CALROC 
r ep resen ta t ive  a t  WSMR and appraised of t h e  CALROC countdown progress. 
During t h e  last  15 minutes of countdown t h e  telephone l i n e  t o  Skylab 
Mission Operations w a s  kept open so t h a t  t h e  JSC f l i g h t  c o n t r o l l e r s  
could hear t he  a c t u a l  countdown and f i r i n g  of t he  CALROC. Continuous 
telephone contact w a s  maintained with Skylab Mission Operations 
throughout t h e  CALROC powered f l i g h t ,  c a l i b r a t i o n  data t ak ing  period 
and v e r i f i c a t i o n  t h a t  t he  payload w a s  on the  main parachute during 
recovery. 
d i f f e r e n t  from t h e  ta rge ted  coordinates previously relayed t o  the  
Skylab as t ronauts ,  new coordinates were relayed by telephone t o  Skylab 
Mission Operations f o r  t r a n s m i t t a l  t o  t he  o r b i t i n g  as t ronauts .  

The exact sun area fo r  c a l i b r a t i o n  

On 

I f  the  a c t u a l  f l i g h t  CALROC poin t ing  coordinates were 

1.4 Data Analysis. S c i e n t i f i c  da t a  ana lys i s  w i l l  b e  done by t h e  
organiza t ion  (MRL and HCO) respons ib le  f o r  design, manufacture and 
test of t he  s c i e n t i f i c  instruments. Data reduction and a n a l y s i s  w i l l  
continue f o r  some t i m e  and i n  those ins tances  where f i n a l  r e s u l t s  are 
not ava i l ab le ,  appropr ia te  re ferences  w i l l  be provided. 

1.5 Summary Results.  Five of t h e  s i x  CALROC launches w e r e  succes- 
s f u l  r e s u l t i n g  i n  th ree  NRL (S082) experiment c a l i b r a t i o n  p o i n t s  and 
two HCO (SOSS) experiment c a l i b r a t i o n s  spanning the  three manned f l i g h t  
segments of Skylab. I n i t i a l  c a l i b r a t i o n  da ta  ana lys i s  i n d i c a t e s  t h a t  
c a l i b r a t i o n  of t he  Skylab ATM s o l a r  astronomy da ta  w i l l  be  success fu l ly  
achieved. 
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SKCTION 2 

CONFIGURATION 

The ATM Ca l ib ra t ion  Rockets (CALROC) were designed and manu- 
factured i n  two p r i n c i p a l  p a r t s ;  a payload and a payload booster o r  
rocket motor. The payload was composed of several subsystems (Nosecone, 
Recovery, SPARCS, Telemetry, S c i e n t i f i c  Instrument and I g n i t e r  Housing) 
each designed and fabr ica ted  by t h e  indicated manufacturers i n  Table 
2-1. However, t o  ensure proper mating, t he  subsystem s e c t i o n  of t he  
payload which mates with the motor ( I g n i t e r  Housing) was manufactured 
by the  motor manufacturer (Bristol 'Aerospace Limited,  Winnipeg, Canada. 

The CALROC conf igura t ion ,  shown i n  Figure 2-1 ,  was t h e  r e s u l t  of 
configuration s t u d i e s  by GSFC, ARC, NRL, HCO, and others.  This  
configuration provided for  payload/motor s epa ra t ion  a t  the  I g n i t e r  
Housing/Scientific Instrument j o i n t  and a con t ro l l ed  payload cons i s t ing  
of the  S c i e n t i f i c  Instrument, Telemetry, Poin t ing  Control subsystem 
and Recovery system. Note t h a t  the  ogive o r  nosecone w a s  no t  p a r t  of 
the  cont ro l led  payload s ince  i t  w a s  separated at  t h e  Ogive/Recovery 
subsystem j o i n t .  A t yp ica l  f l i g h t  p r o f i l e  of t h e  CALROC payloads i s  
shown i n  Figure 2-2. 

Since Goddard Space F l i g h t  Center (GSFC) was responsible fo r  
designing, t e s t i n g ,  and launching numerous sounding rocket payloads 
(sometimes simultaneous), they i n s t i t u t e d  a payload numbering system 
t o  minimize confusion. I n  t h a t  system the number 21 occurring i n  the 
f i r s t  two d i g i t s  of the payload number w a s  s e t  a s i d e  for use  only with 
payloads launched on Black Brant sounding rockets .  Generally, payloads 
were numbered as they were approved by NASA Headquarters, MSFC 2nd GSFC 
and w e r e  not necessa r i ly  flown i n  t h e  numbered sequence. One exception 
t o  the above numbering sequence occurred with the  NRLand HCO CALROC 
f l i g h t s  numbered as blocks (21.011 through 21.014 and 21.020 through 
21.023). 

2.1 Rocket Motors. The rocke t  motors used f o r  launching the 
CALROC payloads were four f i n  Black Brant VC (BBVC) solid p rope l l an t  
rocket motors 17.2 inches i n  diameter,  210 inches long, weighing 
approximately 2,700 pounds, burning 32.4 seco d s  and developing a sea 
l eve l  t o t a l  impulse of 506,100 pound-seconds .' The propellant was 
s o l i d  g ra in  polyurethane/ammonium perchlora te  wi th  var iab le  c r o s s  
sec t ion .  A t yp ica l  Black Brant VC Motor i s  shown i n  Figure 2-3. This 

3. "Part 11, Technical Details, 26KS20000 , Black Brant Rocket Motor 
f o r  Black Brant VC Rocket System," Engineering Report 71533, 
Rocket and Space Division, B r i s t o l  Aerospace Limited, Winnipeg, 
Canada, October 1971. 
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Table 2-1. CALROC Hardware Manufacturers 

SUBSYSTEM 

Nosecone 

Nosecone Separation 

Recovery 

Parachutes 

SPARCS 

NRL Telemetry 

HCO Telemetry 

NRL Instrument 

HCO Instrument 

Payload Separation 

Igniter Housing 

Black Brant Motor 

MANUFACTURER 

Bristol Aerospace Limited 

Bristol Aerospsce Limited 

Bristol Aerospace Limited 

Pioneer Parachute Company 

Lockheed Missile & Space 
Company 

Naval Research Laboratory & 
Goddard Space Flight Center 

International Technology and * 

Engineering 

Ball Brothers Research Corp. 

Harvard College Observatory 
& Ball Brothers Research Corp. 

Bristol Aerospace Limited 

Bristol Aerospace Limited 

Bristol Aerospace Limited 

LOCATION 

Winnipeg, Canada 

Winnipeg, Canada 

Winnipeg Canada 

Manchester, Connecticut 

Sunnyvale, California 

Washington, D.C. 

Washington, D.C. 

Boulder, Colorado 

Boston, Massachusetts 
Boulder, Colorado 

Winnipeg, Canada 

Winnipeg, Canada 

Winnipeg, Canada 



Nosecone 

Separation r i n g  
Recovery sys tern 
SPARCS 

Telemetry 

Payload C.G. 

Separation r i n g  
Igni t e r  housing 

BBVC motor 

Motor bas e 

-Station 35.7 - Sta t i  on 51.8 
-Station 60.1. 

-Station 74.4 

Stat ion 86.7 

-Station 140.4 
-.Station 150.0 

(35.7) 

(51.8) 
(60.1) 

(80.6) 

(93.6) 

(154.9) 
(164.5) 

Npte: 
Stat ion numbers shown a re  i n  
inches and a re  typical f o r  HCO 
payl oads . NRL payl oad s t a t i  on 
numbers are i n  parentheses. 

Station 358.1 (372.6) 

Figure 2-1, Sky1 ab CALROC Payload/Booster Motor Configuration 
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Figure 2-3. BBVC Rocket Motor 



motor has  t h e  c a p a b i l i t y  t o  launch a 500-pound payload t o  a n  apogee 
of approximately 175 s t a t u t e  m i l e s  o r  a 600-pound payload to  150 
s t a t u t e  m i l e s .  
time above a given a l t i t u d e .  
imately 235 seconds experiment t i m e  above 100 s t a t u t e  m i l e s  f o r  a 
600-pound payload and 285 seconds f o r  a 500-pound payload. 
t he  BBVC rocket motor w e r e  set p r i o r  t o  f l i g h t  such that a s p i n  o r  
r o l l  rate of 4.0 2 0.6 revolutions/second would be  obtained dur ing  
f l i g h t .  

More important on t h e  CALROC P r o j e c t  w a s  t h e  payload 
The BBVC Rocket Mo'tor provides approx- 

F ins  on 

2.2 Payloads. A l l  CALROC payloads were s tacked  a s  shown i n  
Figure 2-1, except payloads 21.001, 21.007, 21.008 and 21.016 which 
used an a f t  end recovery subsystem located between t h e  Instrument 
and I g n i t e r  Housing. Each subsystem (SPARCS, Telemetry, Instrument 
and e t c . )  w a s  a t tached  t o  i t s  adjacent aubsystem w i t h  r a d i a l  screws, 
tens ion  screws o r  manacle r ing .  Radial  screws had been used on most 
BBVC payload j o i n t s  p r i o r  t o  CALROC and were i n  fact used on t h e  
I g n i t e r  Housing/Motor j o i n t  on CALROC test f l i g h t s  21.001, 21.007 and 
21.008. The dec is ion  t o  use  tens ion  screw and manacle r i n g  j o i n t s  on 
CALROC payloads was t h e  d i r e c t  r e s u l t  of a r a d i a l  screw j o i n t  f a i l u r e  
on a BBVC payload (21.004) launched a t  Wallops Island Ju ly  1971. The 
21.004 payload broke a t  one of the  r a d i a l  screw j o i n t s  during powered 
f l i g h t .  

Payloads f o r  each CALROC test f l i g h t  included sme CALROC type 
hardware. Each test  f l i g h t ,  except 21.011 c a r r i e d  s c i e n t i f i c  i n s t ru -  
ments which were not  assoc ia ted  with Skylab SO82 o r  SO55 experiments 
o r  t h e i r  r e l a t e d  NRL and HCO CALROC Instruments. Thus, va r ious  
s c i e n t i f i c  experimenters were a b l e  t o  ob ta in  d a t a  by incorpora t ing  
t h e i r  experiments on CALROC test f l i g h t s .  
non-CALROC hardware flown on a l l  test f l i g h t s  can be obtained by 
contacting t h e  appropr ia te  personnel of t h e  Sounding Rocket Division, 
Goddard Space F l i g h t  Center, Maryland. Three f l i g h t s  (21.001, 21.008 
and 21.016) provided tes t  f l i g h t  d a t a  on CALROC type  I g n i t e r  Housings 
and BBVC Motors. Three add i t iona l  test  f l i g h t s  (21.009, 21.019 and 
21.020) provided d a t a  on CALROC type I g n i t e r  Housings, BBVC Motor, 
Payload Separation systems, Nosecone Separation systems, Recovery 
systems, Nosecones, and Pointing Control systems. Each tes t  f l i g h t  
is discussed ind iv idua l ly  i n  Section 4 of t h i s  report .  The f i r s t  
launching of an a l l  CALROC type payload w a s  NRL 21.011 on A p r i l  3, 
1973, a t  WSMR. This f l i g h t  was a test f l i g h t  t o  test t h e  complete 
CALROC system opera t ion  and determine f i l m  exposure t i m e s .  

Performance r e s u l t s  on 

Skylab CALROC payloads were divided i n t o  two separate type  pay- 
loads: t h ree  NRL payloads (21.012, 21.013, 21.014) and t h r e e  HCO 
payloads (21.021, 21.022, 21.023) each launched on separa te  BBVC 
rockets a t  WSMR. 
rocket motor (approximately 17.2 inches).  A l l  NRL payloads were 

A l l  payloads were t h e  same diameter as t h e  BBVC 
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the same length, approximately 164.5 inches, while the HCO payloads 
were 150.0 inches. 

2.2.1 NRL Scientific Instrument. The NRL Scientific Instrument, 
shown in Figure 
systems and two supporting subsystems. 

2-4, was composed of four photographic camera sub- 
The camera subsystems were: 

a. "A" Spectroheliograph - Photographs the full sun and provides 
spectroheliograms from 760 to 17013 to aid in calibrating the Skylab 
ATM S082A spectroheliograph data. 

b. "B" Spectrograph - Provides spectrograms throughout the range 
2135 to 1200 8 for calibrating the Skylab ATM S082B spectrograph data. 

I 1  I 1  c. C Spectrograph - Provides spectrograms throughout the range 
2000 to 1200 8 for calibrating the CALROC flight film. 

d. "H" Heliograph - Photographs the full sun in the integrated 
wavelengths 650 to 150 2 for corollary information.4 

The "A" and "B" camera subsystems were 1/2 scale duplicate optical 
systems of the orbiting Skylab systems. Each NRL Scientific Instrument 
(of which three were fabricated and flown) was 74.2 inches long, 
weighed approximately 275 pounds and was flown in an evacuated contain- 
er. 
data was on film, thus requiring successful and timely recovery. 

Since the calibration equipment was photographic all scientific 

The Scientific Instrument supporting subsystems were: 

a. H-alpha video and photographic subsystems for determining the 
actual pointing position of the CALROC Scientific Instrument during 
flight. 

b. Fine pointing subsystem with command link capability for in- 
flight adjustment of the Scientific Instrument pointing coordinates. 
Such adjustments were provided to correct unexpected pointing errors 
in flight and to select new targets of opportunity. 

References 4, 5, and 6 are suggested for more detailed information 
on the NRL Scientific Instrument. 

4. "CALROC, Calibration Eye for the NRL Skylab Solar Experiment" Ball 
Brothers Research Corporation, Boulder, Colorado. 

5. "NRL/ATM CALROC Instrument, Phase I1 Design Review," Ball Brothers 
Research Corporation, Boulder, Colorado, May 3, 1972. 

6. "Design and Performance Specification for NRL Calibration Rocket 
Instrument," Ball Brothers Research Corporation, Boulder, Colorado, 
April 15, 1972. 
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2.2.2 HCO Scientific Instrument. The HCO Scientific Instrument, 

8 with a 1.6 8 spectral res~lution.~ 
shown in Figure 2-5, was an extreme ultraviolet (EW) spectroheliometer 
designed to monitor solar radiation in the wavelength range 1350 8 to 
300 The spectroheliometer con- 
sisted of three main subsystems; a telescope, spectrometer.and pointing 
reference camera. 

An optical schematic of the spectroheliometer is.shown in Figure 
2-6. The iridium-coated Cer-vit telescope mirror formed an image of 
the sun on the entrance slit plate, a small portion of this image being 
admitted through the entrance slit into the spectrometer. The slit 
plate was highly polished and reflected the visible light image of the 
solar disc through a relay lens and neutral density filter to the film 
plane of a pointing reference camera system. 

The telescope mirror was an off-axis paraboloid having a focal 
length of 90 cm and a collection area of 51.8 cm2, and was mounted in 
a cell which was driven about its vertical axis to provide a one dimen- 
sional scan of the solar image. 
accepted radiation from a 4 arc min x 20 arc sec area of.the solar disc, 
a 4 x 4 (arc min)2 area being mapped with twelve steps of the mirror 
scan. Figure 2-7 provides a comparison of the CALROC raster scan area 
to the Skylab ATM raster scan area. The mirror cell is driven'by a 
stepper motor and cam with the step motion initiated by a signal from 
a micro-switch on the spectrometer grating drive cam. Spectral and 
spatial scans were synchronized with the mirror stepping during the 
retrace of the spectral scan. A monitor mirror mounted in front of 
the primary mirror accompanied the instrument throughout testing prior 
to launch and enabled any contamination of the optical system to be 
readily detected. The structure of the telescope sectioa also provided 
the location and mount for light baffling of the instrument and SPARCS 
fine sun sensor (FSS). 
aligned to the optical axis of the instrument. 
checks were readily made using the alignment mirror and a reference 
mirror on the front face of the FSS. 

The entrance slit of the spectrometer 

The FSS and a separate alignment mirror were 
Subsequent co-alignment 

Solar radiation entering the spectrometer was diffracted by a gold 
concave reflection grating and the Extreme Ultraviolet (EUV) spectrum 
was focused onto two exit slits, each equipped with an open-structure 
channel electron multiplier as the detector. In addition, a nitric 
oxide ionization chamber was used to monitor the intensity of the strong 
Hydrogen Lyman alpha line at 1215.7 2. A module containing a light 
emitting diode and a phototransistor provided an optical reference of 
the grating position at one position of the spectral scan. 

7. "Handbook for the Harvard College Observatory Calibration Rocket 
Spectroheliometer , It Volume I, Harvard College Observatory, Cambridge, 
Massachusetts, March 1973. 
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The spectrometer w a s  mounted i n  a modified Johnson-Onaka arrange- 
ment where t h e  g ra t ing  w a s  r o t a t e d  about a n  a x i s  lying o u t s i d e  its 
su r face ,  i n  a way such t h a t  each of t h e  two e x i t  s l i t s  were i n  exact 
focus f o r  a g ra t ing  angle, and hence wavelength, t h a t  w e r e  approximately 
a t  t h e  center  of t h e  scan range. The gold-coated concave d i f f r a c t i o n  
g r a t i n g  had a rad ius  of curvature of 50 cm and a ru l ing  frequency of 
1800 l i n e s  per mm. The two ex i t  s l i ts  were set t o  monitor r a d i a t i o n  i n  
the  wavelength ranges 1340 2 t o  786 2 and 850 2 t o  296 2, r e spec t ive ly .  
A l l  t h e  e x i t  slits were wider than t h e  entrance s l i t  and a l s o  s i g n i f i -  
can t ly  wider than the  s p e c t r a l  l i n e s  generated by labora tory  l i g h t  
sources o r  t h e  s o l a r  plasma. 
b lur red  s p e c t r a l  image of the  en t rance  s l i t  produced a t  wavelengths 
where t h e  Johnson-Onaka mounting r e s u l t s  i n  some defocus. The in s t ru -  
ment l i n e  p r o f i l e s ,  therefore ,  had a t rapezoida l  shape wi th  a f l a t  top ,  
so t h a t  a de t ec to r  received t h e  f u l l  i n t e n s i t y  of a given s p e c t r a l  
l i n e  f o r  s eve ra l  s t e p s  of t he  g ra t ing  scan. The wavelength bandpass 
f o r  both d e t e c t o r s  w a s  set a 1.6 2, equivalent t o  tha t  of t h e  narrow 
exit s l i t  i n  t h e  ATM spectroheliometer.  Wavelength scans w e r e  always 
taken from long t o  sho r t  wavelengths wi th  the gra t ing  r e t r a c i n g  
r ap id ly  t o  t h e  long wavelength end and simultaneously a c t u a t i n g  a 
microswitch providing a mechanical re ference  of gra t ing  pos i t i on .  This 
microswitch w a s  used t o  i n i t i a t e  t h e  mir ror  scan and poin t ing  r e fe rence  
camera d r i v e  systems. 
s tepper  motor, moving through an angle  equivalent t o  0.2 8 per  s t ep .  
Two scan speeds were used; an 80 2 band a t  t h e  s h o r t  wavelength end 
of t he  spectrum being scanned a t  a rate of 84 s t e p s  per second, whi le  
t h e  remainder of t he  spectrum w a s  scanned a t  a rate of 333 s t e p s  pe r  
second. The slower speed provided an  increased in t eg ra t ion  t i m e  f o r  
t h e  weak s o l a r  emission l i n e s  a t  wavelengths below 380 8. 
scan cons is ted  of 3000 s t eps ,  inc luding  r e t r a c e ,  and required a time 
of 12.6 seconds. 
p o s i t i o n  a t  t h e  high poin t  of t h e  d r i v e  cam f o r  pro tec t ion  dur ing  
launch and a l s o  p r i o r  t o  parachute deployment. 

The e x i t  s l i ts  were also wider than  the  

The g ra t ing  w a s  d r iven  by a variable-reluctance 

A complete 

The g ra t ing  w a s  commanded t o  move d i r e c t l y  t o  a stow 

The entrance sl i t  had dimensions of 80 microns by 1040 microns, 
corresponding t o  an angular f i e l d  of view of 20 arc sec by 4 a r c  min. 
The e x i t  slits were 1 4 3  microns wide by 3 mm i n  length. 
were produced by electron-discharge machining, the  slit p l a t e s  being 
manufactured from t h i n  s t a i n l e s s  steel. Photoelectric d e t e c t o r s  
employed i n  t h e  spectrometer were two-stage channel e lec t ron  mul t i -  
p l i e r s  requi r ing  an operating vacuum of 1 x 10-5 torr. A s p e c i a l  
vacuum pumping system (shown i n  F igure  2-8 attached to one of t h e  HCO 
CALROC payloads) w a s  designed and b u i l t  f o r  ground t e s t  and launch 
prepara t ion  of t he  HCO S c i e n t i f i c  Instruments. 

A l l  t h e  slits 

The channel e l ec t ron  m u l t i p l i e r  (see Figure 2-9) toge ther  wi th  
i ts  assoc ia ted  charge-sensit ive ampl i f i e r  were potted i n  a module 
designated t h e  photomultiplier de t ec to r  u n i t  (PDU), the f r o n t  of which 
ca r r i ed  an  e x i t  s l i t  of t h e  spectrometer. These m u l t i p l i e r s  d i f f e r  i n  
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an important respect from conventional units in that a law-resistance 
( 108 ohm) channel section has been added in series with the standard 
channel, which has a nominal resistance of the order of 109 ohms. 
has the effect of increasing the wall current at the output end of the 
multiplier thereby increasing the overall gain and providing a linear 
response to signal levels in excess of 5 x 105 counts/second. To 
accommodate the astigmatic exit image of the spectrometer, a slot 8 mm 
long and 1 mm wide was cut in the channel wall at the input end of the 
multiplier. Radiation entering this slot struck the opposite wall of 
the channel at normal incidence with the semiconducting inner channel 
surface acting as a photocathode for the long wavelength detector. The 
cathode for the short wavelength channel was coated with a 2000 2 thick 
layer of Magnesium Fluoride (MgF2) to increase the quantum yeild at 
wavelengths below 900 8 (Lapson and Timothy 1973). 
had a sensitivity about 2.6 times that of the uncoated detector for 
wavelengths below 600 8. 
counting mode and 
counts. 

This 

This detector thus 

The multipliers were operated in a pulse 
had life expectancies of greater than 10'' accumulated 

Although the channel electron multipliers display a linear response 
to high count rates, the intensity of the Hydrogen Lyman alpha line at 
1215.7 8 was such that it saturated these detectors. 
ionization chamber, equipped with a MgF2 window, was therefore included 
in the spectrometer to measure the intensity of this spectral line. A 
MgF2 overcoated aluminum mirror was used to direct the diffracted beam 
onto the window of the ionization chamber (see Figure 2-6). 
current was measured by a two-decade logarithmic electrometer amplifier. 

A nitric oxide 

The output 

An optical reference of the grating position was obtained by means 
of a combination of light emitting diode transmitter and a photo-tran- 
sistor receiver. The diode and phototransistor were mounted in a 
module that was located in the spectrometer in a manner identical to 
that for the channel electron multipliers. Radiation emitted by the 
diode was detected by the transistor when the grating was normal to the 
optical axis of the module. 
the grating angle was obtained once per scan without the requirement of 
an external light source. This accurate reference was used'both in the 
analysis of the spectral data and to control the exact position in the 
spectrum at which the scan speed was changed. 

In this way a precise determination of 

The open structure channel electron multipliers could not be 

Accordingly, a cold cathode ionization gauge 
operated safely unless the pressure inside the spectrometer was less 
than 1 x 10-5 torr. 
(CCIG) was mounted in the spectrometer to measure the pressure during 
ground testing and throughout flight. The gauge covers a pressure 
range 10-3 to 10-7 torr, and was identical to that mounted inside the 
spectrometer of the ATM SO55 Experiment. 
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The S c i e n t i f i c  Instrument was mounted t o  a center r i n g ,  which 
attached t o  t h e  payload sk in  through t h r e e  mounting pads, i n s i d e  an  
evacuated s e c t i o n  of t h e  payload with t h e  sun end facing downward 
during launch. This type mounting minimizes i n t e r a c t i o n s  between 
the  Instrument and rocket s k i n  o r  s t r u c t u r e .  Each HCO S c i e n t i f i c  
Instrument (of which two were fab r i ca t ed  and f lown  with one re fur -  
bished and reflown) w a s  approximately 66 inches long and weighed 
approximately 200 pounds. 

Since t h e  channel. e l e c t r o n  m u l t i p l i e r s  were operated i n  'a pu l se  
counting mode, t h e  s c i e n t i f i c  d a t a  d id  not r equ i r e  s to r ing  on f i l m ,  
bu t  r a t h e r  w a s  t ransmi t ted  real  t i m e  over Pulse  Code Modulation (PCM) 
telemetry t o  range ground s t a t i o n s .  Thus, parachute recovery of t h e  
payload w a s  not absolu te ly  essential, bu t  highly des i r ab le  f o r  post- 
f l i g h t  c a l i b r a t i o n  comparison and refurbishment f o r  fu ture  f l i g h t s .  

2.2.3 NRL Poin t ing  Control System. The NRL Pointing Control 
System (shown i n  Figures 2-10, 2-11, 2-12, 2-13), commonly c a l l e d  
Solar  Pointing Aerobee Rocket Control System (SPARCS) w a s  a cold 
gas (Freon-14) on-off, Sun-orineted a t t i t u d e  and pointing c o n t r o l  
system. Figures 2-10 and 2-11 are forward and a f t  views, r e spec t ive ly ,  
of an NRL SPARCS u n i t  t h a t  flew on payload 21.009, then w a s  re fur -  
bished and later flown on payload 21.013. Figures 2-12 and 2-13 are 
s i d e  views of ' the SPARCS u n i t  i n  Figure 2-10 showing the l o c a t i o n  of 
t h e  coarse o r  a c q u i s i t i o n  sun sensor and r o l l  jets,  respec t ive ly .  
SPARCS u t i l i z e d  th ree  d i f f e r e n t  sets of sun sensors and a magneto- 
meter ( r o l l )  t o  provide acqu i s i t i on ,  intermediate and f i n e  po in t ing  
pos i t i on  information and rate gyros f o r  rate sensing. 

Acquiring the  sun and maneuvering the  payload t o  wi th in  5 l oo  of 

field-of-view and mounted i n  
t h e  sun cen te r ,  a f t e r  SPARCS enable, w a s  accomplished with quartz 
covered coarse sun sensors having a 360 
t he  payload skin.  
acqu i s i t i on  on earl8 test f l i g h t s ,  a set of intermediate sun sensor  
eyes, having a 2 30 
incorporated i n t o  t h e  SPARCS. F ina l  f ineopointing was accomplished 
wi th  t h e  F ine  Sun Sensor which had a 5 10 
yaw and genera l iy  pointed t h e  payload t o  wi th in  less than one arc 
second e r r o r  of s e l ec t ed  t a r g e t s  on t h e  s o l a r  d i sc .  The immediate and 
f i n e  sun sensors were loca ted  i n  the  instrument sun end near s t a t i o n  
150. Figure 2-14 shows t h e  loca t ion  of t he  two a x i s  magnetometer i n  
t h e  top ha t .  Figure 2-15 shows the  top ha t ,  valves and sensor l o c a t i o n s  
wi th in  t h e  payload SPARCS, Recovery and Noseconz sec t ions .  No i n e r t i a l  
platforms o r  closed loop guidance was used. 
were launched from a v a r i a b l e  launch ang le -  iaunch azimuth tower using 
sp in  s t a b i l i z a t i o n  during rocke t  motor burn and no a c t i v e  c o n t r o l  
system. Af te r  motor burnout, t h e  motor and payload were sequen t i a l ly  
despun, separated,  and SPARCS ac t iva t ed  f o r  sun acqu i s i t i on  and f i n e  

0 

Afte r  experiencing some d i f f i c u l t i e s  with sun 

field-of-view i n  t h e  p i t c h  and yaw axes, w e r e  

field-of-view i n  p i t c h  and 

The rocket and payload 
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pointing throughout the mission. 
2-10 was identical to the other two NRL SPARCS units flown, which were 
approximately 8.3 inches long and weighed approximately 55 pounds, 
including the Freon gas. 
spool type operating with Freon-14 gas. 
4500 psi, which was stepped down by regulators to an operating pres- 
sure of 625 psi during sun acquisition and approximately 25 psi during 
fine pointing. Table 2-2 illustrates the SPARCS force and acceleration 
parameters generated using single stage valves with the aforementioned 
gas pressures. A discussion of the SPARCS control logic and consider- 
able additional information on the CALROC SPARCS canbe found in Refer- 
ence 8. The NRL SPARCS included a command link which was unique to 
the NRL payloads. This command link provided a ground controller, 
usually the principal investigator or scientist, the capability to 
select in real time flight any new pointing position that lay within 
1200 arc seconds of the radiometric center of the sun.9 The minimum 
maneuver in any direction with the command link was 2.4 arc seconds. 

The NRL SPARCS unit shown in Figure 

The SPARCS control valves were single stage, 
The tank supply pressure was 

2.2.4 HOC Pointing Control System. The HCO pointing control 
system was a SPARCS identical to the NRL SPARCS without command link 
capability. Real time command capability to maneuver the inflight HCO 
payload was not an HCO requirement. The HCO SPARCS weighed about five 
pounds less than the NRL SPARCS or approximately 50 pounds. 
of the intermediate and fine sun sensors, shown in Figure 2-16, were 
in the same vicinity as in the NRL payloads. 

Location 

2.2.5 NRL Telemetry. The NRL Telemetry was an S-band system 
20.5 inches long, weighing approximately 76 pounds and included one 
Frequency Modulated (FM) video link, one FM/FM housekeeping data link, 
a C-band radar beacon, a tone ranging receiver, three battery packs, 
four G-timers, four antennas, accelerometers, calibrators, and other 
supporting hardware. 

The FM video link data was obtained with a special television 
camera and filter system located within the Scientific Instrument 
section. The camera output signal was applied directly to a specially 
selected wide-band RF transmitter located in the telemetry (TM) system, 
with the resultant modulated carrier power applied to a "lower" ring 

8. "Solar Pointing Aerobee Rocket Control System (SPARCS) Manual," 
NASA, Ames Research Center, Moffett Field, California, October 
1971. 

9 .  "Specification for the SPARCS Command Link, "NASA, Ames Research 
Center, Moffett Field, California, March 1, 1972. 
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Table 2-2. SPARCS Control Parameters 

OPERATIONAL MODE AXIS FORCE 

Sun 
Acquisition 
(625 psi) 

Fine 
Pointing 

( z  25 psi) 

Sun 
Acquisition 

(625 psi) 

Fine 
Pointing 

(=: 25 p s i )  

Roll 

PitchlYaw 

Roll 

Pitch /Y aw 

Roll 

Pit ch/Y aw 

Roll 

2.4 lbs 

4.22 lbs 

-08 lbs 

.145 lbs 

5.7 lbs 

5.0 lbs 

.ll lbs 

.185 lbs 

ACCELERATION 

5.7-6'1sec 2 

100°/sec2 

.2 0 2  /sec 

2 3. sO/sec 

2 5.7-6OIsec 

looo / s ec 

2 . zO/sec 

3. 50/sec2 
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10 antenna, loca ted  adjacent t o  t h e  Instrument s e c t i o n ,  f o r  r a d i a t i o n .  
The t r ansmi t t e r  u n i t  w a s  loca ted  on t h e  TM rack c lose  t o  t h e  S c i e n t i f i c  
Instrument camera i n t e r f a c e  t o  minimize s i g n a l  losses.  Transmi t te r  
s e l e c t i o n  requi red  a series of acceptance tests t o  be conducted on one 
o r  more.models, with test emphasis placed on se l ec t ing  a model t h a t  w a s  
sma l l ,  e f f i c i e n t ,  and light-weight, y e t  operated w i t h  proper l i n e a r i t y ,  
modulation s e n s i t i v i t y ,  and Radio Frequency (RF) power output  over 
environmental extremes. Additional tests, t o  include t h e  a i rbo rne  
antenna, t h e  camera, t r ansmi t t e r ,  and r ece iv ing  s t a t i o n s  w a s  conducted 
p r i o r  t o  acceptance test completion, s i n c e  t h e  received t e l e v i s i o n  
p i c t u r e  r e so lu t ion  depended on both a i rbo rne  and receiving s t a t i o n  
opera t iona l  c h a r a c t e r i s t i c s .  

The FM/FM l i n k  ca r r i ed  d a t a  genera l ly  ref e r r ed  to  as "housekeeping". 
Seventeen standard Inter-Range Instrumentation Group (IRIG) subca r r i e r  
o s c i l l a t o r s ,  band Numbers 5 through 21, formed an FM/FM mult ip lex  wi th  
s u f f i c i e n t  d a t a  handling capac i ty  t o  encode and transmit performance 
information r e l a t e d  t o  the  S c i e n t i f i c  Instrument, SPARCS, TM, Motor, 
Nosecone eject, Desp idsepa ra t ion ,  and Recovery. Each s u b c a r r i e r  d a t a  
assignment w a s  made i n  accordance with requi red  d a t a  frequency response, 
s ince  response is  d i r e c t l y  propor t iona l  t o  subca r r i e r  frequency devia- 
t i on .  
channel switching, v i a  t i m e r  programmed r e l a y  commands, such t h a t  
performance da ta ,  p a r t i c u l a r  only t o  s p e c i f i c  portions of t h e  f l i g h t  
p r o f i l e ,  w a s  obtained on a minimum amount of subcar r ie rs .  
t o  channel switching, t i m e  d i v i s i o n  multiplexing, o r  commutation, w a s  
used f o r  d a t a  s i g n a l s  of a quas i - s t a t i c  na ture .  
are temperature, b a t t e r y  vol tage  l e v e l s ,  plenum pressure, etc. An 
i n f l i g h t  c a l i b r a t o r  w a s  u t i l i z e d  t o  sequen t i a l ly  apply a p r e c i s i o n  

Each c a l i b r a t i o n  
w a s  applied,  f o r  a s h o r t  i n t e r v a l ,  during a spec i f i ed  po r t ion  of t he  
f l i g h t .  The c a l i b r a t o r  w a s  designed t o  ope ra t e  on a " fa i l - sa fe"  b a s i s ,  
i .e.,  a l o s s  i n  c a l i b r a t o r  power would r e t u r n  a l l  subcar r ie r  input  
l i n e s  t o  t h e  d a t a  mode. Tone ranging r e fe rence  o s c i l l a t o r  frequencies 
were applied t o  t h e  FM subca r r i e r  mul t ip lex  and selected to  cause no 
intermodulation e f f e c t s .  The FM multiplex w a s  applied, v i a  a mixer/ 
ampl i f ie r ,  t o  t h e  input  of an FM S-band t r a n s m i t t e r .  
RF carrier power w a s  applied t o  t h e  upper S-band antenna, i.e., t h e  
end r ing  antenna adjacent t o  t h e  SPARCS s e c t i o n ,  f o r  r a d i a t i o n  on an 
assigned center  frequency of 2279.5 Mhz. 
FM/FM system, including c a l i b r a t o r s ,  commutators, and channel switch- 
ing  r e l ays  were se l ec t ed ,  whenever poss ib l e ,  from GSFC f l i g h t  proven 
s t o r e s  t o  ensure component a v a i l a b i l i t y ,  reliable performance of each 
component and e s t ab l i shed  ca l ibra t ion /a l ignment  procedures. 

Subcarrier da t a  response u t i l i z a t i o n  w a s  fur ther  enhanced by 

I n  add i t ion  

Examples of such d a t a  

staircase'' vo l t age  input  t o  se l ec t ed  subca r r i e r s .  11 

The modulated 

Components comprising t h e  

10. "Design and Performance Spec i f i ca t ion  Skylab CALROC Instrumenta- 
tion/Telemetry f o r  t h e  NRL Payload," Document Number 0012-S/L, 
NASA Goddard Space F l i g h t  Center, Sounding Rocket Div is ion ,  
Instrumentation Branch, J u l y  19, 1972. 
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A C-band radar beacon, with a dual element antenna array, was 
included in the TM system. The beacon assisted ground radar systems 
to acquire and track the target rocket from launch through recovery. 
Due to the prime nature of payload recovery, a tone ranging subsystem 
was also included in the TM system design. 
payload receiver and antenna 
mitted 550 Mhz carrier frequency. This carrier frequency was modula- 
ted with a 210 Khz reference oscillator which was received, demodula- 
ted, and reapplied to the FM subcarrier multiplex. Tone ranging 
ground antennas received the radiated telemetry signal, determining 
aximuth of the rocket from interferometer phase, and range by phase 
comparison of the received reference frequency to the ground referenced 
frequency. 
was located on the TM can. 

This system utilized a 
tuned for reception of a ground trans- 

A dual element antenna array, tuned for 550 Mhz reception, 

A centralized battery system was incorporated into the TM systems 
to provide operating power to the following: 

a. Scientific Instrument electronics 

b. Scientific Instrument pyrotechnic actuators 

c. SPARCS command receiver 

d. Nosecone eject/despin/separation actuators 

e. TM electronics/performance transducers 

The battery system contained three battery packs, each pack 
consisting of 20 cells with all packs located within a pressurized 
battery container. 
a manner as to permit either complete removal of the container for 
battery servicing or removal of only the container's pressure plug, 
via the TM door. 
pressure buildup during charging, the plug being reinstalled to seal 
the box prior to launch. 
switches were incorporated, where required, to permit independent 
system operation on both "external" (blockhouse) and "internal" 
(battery) power modes. Distribution of all power included individual 
power returns routed to one main TM ground reference. 
in support of the Scientific Instrument electronics also provided 
separate and redundant switching to disconnect ''external'' power returns 
from ''internal'' power returns. Pyrotechnic actuator power distribution 
included redundant barometric "safe/arm" switch provisions, incorporated 
into each actuator system, permitting ground power checks to be conduc- 
ted without premature or accidental pyrotechnic actuation. 

The container was located in the TM system in such 

Plug removal was necessary for venting internal. 

Separate power control relays and "stepping" 

Distribution, 
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To minimize weight and volume requi red ,  t h e  TM system des ign  
u t i l i z e d  a cen t r a l i zed  b a t t e r y  conta iner  of s u f f i c i e n t  s i z e  t o  con ta in  
the  t h r e e  sets of b a t t e r i e s ,  provide p re s su r i za t ion ,  and con ta in  con- 
nector access t o  each b a t t e r y  pack. 
designated B-3, supplied power only t o  a se l ec t ed  por t ion  of t h e  
S c i e n t i f i c  Instrument e l e c t r o n i c s  and w a s  r e f e r r e d  t o  as ''quiet'' power. 
Quiet power and d i s t r i b u t i o n  w a s  required by t h e  s c i e n t i f i c  programmer, 
high and low level commutators, and t h e  Image D i s e c t o r  Tube - Fine  
Pointing System (IDT-FPS), s i n c e . t h e s e  devices were l i k e l y  t o  be 
suscep t ib l e  t o  ac tua to r  power t r a n s i e n t s  and n o i s e  an t ic ipa ted  t o  be 
present on remaining power buses. Separate and redundant "Ledex" 
stepping switches, f o r  both t h e  input and r e t u r n  power l i n e s  were 
incorporated, permi t t ing  disconnection of a l l  ex terna l  l i n e s  during 
ground tests and f l i g h t .  

One of t h e  th ree  b a t t e r y  packs, 

Power f o r  opera t ion  of t h e  t e l e v i s i o n  camera, f i l t e r  oven, 
t r ansmi t t e r ,  and beacon w a s  supplied f r o 3  the  B-1 pack on a continuous 
duty bas i s .  Ind iv idua l  r e l a y  d i s t r i b u t i o n  f o r  t hese  continuous duty 
devices w a s  incorporated,  including ex te rna l  l i n e  disconnect provis- 
ions f o r  t h e  t e l e v i s i o n  camera and f i l t e r  oven. Power d i s t r i b u t i o n  
t o  a time "armed" a c t u a t o r  bus was included, ac tua to r  bus power being 
required t o  advance t h e  "A", "C", and "H" camera subsystems i n  t h e  
S c i e n t i f i c  Instrument system. Camera ac tua t ion  times w e r e  derived 
from t h e  s c i e n t i f i c  exposure timer only, with TM timers serv ing  only 
t o  apply "arming" power t o  t h e  ac tua to r  bus soon a f t e r  payload 
separation. Squib a c t u a t i o n  power, although required only on a momen- 
t a r y  b a s i s ,  w a s  d i s t r i b u t e d  through cu r ren t  l i m i t i n g  r e s i s t o r s  and 
shor t  dura t ion  t i m e r  c losures .  Design loads on t h e  B-1 b a t t e r y  
permitted f u l l  " in te rna l"  load operation f o r  a t  least 25 minutes with 
nominal b a t t e r y  vol tage  wi th in  t h e  range.of 28 
provisions were incorporated t o  maintain b a t t e r y  capacity. 

4 vo l t s  DC. Charging 

Power f o r  opera t ion  of t he  subca r r i e r  o s c i l l a t o r s ,  i n f l i g h t  
c a l i b r a t o r ,  commutator, t r ansmi t t e r ,  tone ranging, and SPARCS command 
receiver w a s  supplied from t h e  B-2 pack. Power d i s t r i b u t i o n ,  similar 
t o  t h a t  provided f o r  t h e  B-1 ac tua to r  bus, was included v i a  a timer 

The B-2 ac tua to r  bus supplied power to advance the  
"B" and "H-alpha" camera subsystems of t he  S c i e n t i f i c  Instrument. 
Design loads on t h i s  b a t t e r y  permitted f u l l  i n t e r n a l  opera t ion  f o r  
a t  least 25 minutes wi th  a nominal b a t t e r y  vo l t age  of 28 5 4 v o l t s  DC. 

armed" ac tua tor .  II 

Four "G"-actuated 6-pole timers were se l ec t ed  t o  provide a suf- 
f i c i e n t  number of t i m e r  po les  t o  incorpora te  redundant timing. Two 
timers were designated as "prime", t h e  remaining two as "backup". 
Each t i m e r  pole w a s  i nd iv idua l ly  set  f o r  ac tua t ion ,  and each pole  
mechanically configured t o  permit s h o r t  dura t ion  actuation. Each 
t i m e r  incorporated a geared clock mechanism, powered by a s to red  
force ,  wi th  a clock "run" escapement mechanism released by "tripping" 
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a pre-set t i m e r  weight. 
of .5 seconds dura t ion  imparts s u f f i c i e n t  f o r c e  t o  t r i p  t h e  weight f o r  
i n i t i a t i o n  of clock "run". 
t o  permit access f o r  manual re -se t t ing  and/or i n i t i a t i n g  t i m e r  run 
during acceptance and pre-launch tests. 

A s u s t a i n e r  l ong i tud ina l  acce le ra t ion  of + 3 G ' s  

A l l  timers w e r e  positioned i n  t h e  TM system 

The TM system included a s i n g l e  a x i s  se rvo  accelerometer f o r  
measurement of longi tudina l  t h r u s t  and parachute loads, a s i n g l e  a x i s  
magnetometer f o r  longi tudina l  aspect sensing, and de tec t ion  c i r c u i t s  
and/or switches f o r  monitoring timer s t a t u s ,  b a t t e r y  vol tages ,  and 
vehic le  sequencing release mechanisms, i.e., separation, despin,  nose- 
cone eject, etc. I n  addi t ion ,  a pitch-yaw angle of a t t a c k  gauge, 
located on t h e  nose t i p ,  and a chamber p re s su re  gauge, l oca t ed  i n  t h e  
I g n i t e r  Housing, w e r e  energized and s i g n a l  conditioned by t h e  TM 
system. 

2.2.6 HCO Telemetry. The HCO Telemetry was a n  S-band system 
14.3 inches long, weighing approximately 75 pounds and included two 
Pulse Code Modulation (PCM) l i n k s ,  one FM/FM l i n k ,  two sets of G- 
timers, t h r e e  ba t t e ry  packs, a tone ranging r ece ive r ,  a r ada r  beacon, 
t h ree  sets of antennas, accelerometers, c a l i b r a t o r s ,  commutators, and 
o the r  supporting hardware. PCM l i n k  #l, operating at 2259.5 Mhz, 
ca r r i ed  t h e  S c i e n t i f i c  Instrument, SPARCS and housekeeping func t ions  
shown i n  Tables 2-3 and 2-4. Note t h a t  Table 2-4 is a l i s t i n g  of t h e  
submultiplexed functions on channel 15 i n  Table 2-3. 
operating a t  2251.5 Mhz, ca r r i ed  a d d i t i o n a l  S c i e n t i f i c  Instrument 
functions and redundant c r i t i c a l  S c i e n t i f i c  Instrument func t ions  t h a t  
were on l i n k  #1 as i l l u s t r a t e d  i n  Table 2-5. 
a t  2279.5 Mhz, ca r r i ed  housekeeping d a t a  only as shown i n  Tables 2-6 
and 2-7. 

PCM l i n k  62, 

The E'lI/FM l i n k ,  opera t ing  

The G - t i m e r s  were 6 pole,  90 second mechanical timers used 
t o  a c t i v a t e  payload func t ions  such as nosecone e j e c t ,  despin,  payload 
separa t ion ,  SPARCS enable, power up t h e  S c i e n t i f i c  Instrument, e t c .  

Three b a t t e r y  packs were loca ted  i n  t h e  HCO Telemetry (B-1, B-2 
and B-3). B-1 and B-2 were 20 cel l  HR-3 type b a t t e r i e s  providing 
power f o r  housekeeping func t ions  wi th  B-1 a l s o  providing redundant 
power t o  t h e  camera d r i v e r s  and r e l a y  d r i v e r .  B-3 was a 20 ce l l  HR-1 
type b a t t e r y  providing power t o  t h e  S c i e n t i f i c  Instrument only. 

A radar  beacon and a tone range r ece ive r  i d e n t i c a l  t o  those  used 
i n  t h e  NRL TM were p a r t  of t h e  HCO Telemetry system used f o r  t r ack ing  
and determining range of t he  payload throughout f l i g h t .  The beacon 
u t i l i z e d  a folded va len t ine  antenna whereas sp ike  type antennas w e r e  
used f o r  tone ranging and t h r u s t  termination. Flush-mounted S-band 
antennas were used t o  transmit t h e  FM/FM and PCM data .  
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Table 2-3. PCM 111 (2259.5 Mhz) 

CHANNEL FUNCTION 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Not Used 

Not Used 

Detector 112 LSW 

Detector 82 MSW 

Frame Counter 

Optical Reference 

Lyman -a  

CCIG 

Mirror Position 

Grating Clock 

SPARCS FSS Pitch 

SPARCS FSS Yaw 

SPARCS Jets 1 & 3 

SPARCS Jets 4 & 6 

SPARCS Jets 2 & 5 

Sub Multiplexed (32 sub channels) 
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Table 2-4. PCM 81 Channel 15 Sub-Multiplexer 

SUB-CHANNEL FUNCTION -. 
0 
1 
2 
3 

4 
5 

6 
7 
8 

9 
10 
11 
12 

13 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

29 

30 
31 

Not Used 
Battery bl Monitor 
Battery #2 Monitor 
Battery #3 Monitor 
Parachute Data #1 
Parachute Data 82 
Despin Weights Monitor 
Recovery System Lid Monitor 
Manacle Ring and Nosecone Eject Monitor 
Instrument +40V Monitor 
Instrument +28V Monitor 
Instrument +24V Monitor 
Instrument +15V Monitor 
Instrument +5V Monitor 

Instrument -5V Monitor 
Instrument -15V Monitor 
Instrument HV #l Monitor 
Instrument HV #2 Monitor 
Instrument Temp 81 Monitor 
Instrument Temp #2  Monitor 
Instrument Temp %3 Monitor 
Instrument Temp 84 Monitor 
Instrument Temp 85 Monitor 
Instrument Temp #6 Monitor 
Dome Monitor 
Rocket Separation Loop Monitor 

Nosecone Eject Current Monitor G-Timer I1 
Nosecone Eject Current Monitor G-Timer #2 
Despin/Separation Current Monitor, Payload Timer 
Despin/Separation Current Monitor, Igniter 
Housing Timer 

Shutter Monitor 
Not Used 
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Table 2-5. PCM 62 (2251.5 Mhz) 

CHANNEL 

0 

1 

2 

3 

4 

5 
6 

7 

8 

9 

10 

11 

12 

13 

FUNCTION 

N o t  used 

N o t  Used 

Detector #1 LSW 
Detector 81  MSW 

Frame Counter 

Optical  Reference 

Lyman - a 
CCIG 

Mirror Pos i t ion  

Grating Clock 

Ins t rumen t Events 

OV Calibrate 

+25V Calibrate 

+5V Calibrate 

14 Grating Stow 

15 Mirror Stow 
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Table 2-6. FM/FM (2279.5 Mhz) 

VCO FREQUENCY 

165 Khz 
121 

93 
70 
52.5 
40 
30 

22 

14.5 
10.5 
7.35 

5,4 
3.9 

FUNCTION 

SPARCS Commutator 

Pitch Accelerometer 

Instrumentation Commutator 
SPARCS Jets 2 and 5 
SPARCS Jets 4 and 6 
SPARCS Jets 1 and 3 
Longitudinal Accelerometer 
FSS Yaw 

FSS Pitch 
Yaw Accelerometer 
Motor Pressure (Pc) 
Ogive Pitch 

Ogive Yaw 
3.0 Longitudinal Magnetometer 

2.3 Lateral Magnetometer 
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Table 2-7. FM/FM Channel 93 Commutator Assignment 

POSITION 

1 
2 
3 
4 
5 

6 

7 
8 

9 

10 
11 
12 
13 

14 

15 
16 

17 
18 

19 
20 
21 

22 
23 

24 
25 

26 
27 
28 

29 

30 

31 

32 

FTJNCTION 

Ground 

+5v 
Separation/Despin bl 
Separation/Despin #2 
Despin Weights 

Separation Loop (Rocket) 
G-Timer Monitor (Igniter Housing) 

Spare 
Nosecone Loop 
Recovery System Lid Monitor 

Current Monitor 111 (Nosecone Eject 111) 
Current Monitor #2 (Nosecone Eject 62) 
Parachute Data 81 
Parachute Data 62 

P-M (Recovery System Pressure) 
Manacle Switch Monitor and Nosecone Eject 
Parachute Timer Monitor #1 

Parachute Timer Monitor # 2  

G-Timer #1 
G-Timer 82 

Battery Monitor 81 
Battery Monitor #2 
Battery Monitor 63 
Vacuum Dome Monitor 

Instrument On 

Instrument On 

Spare 
Spare 

+5v 

+5v 
Not Used 

FM/FM Data Output on Channel 93 
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2.2. 
Recovery 
Assembly ) 

7 Nosecone and Recovery Systems (ORSA). The Nosecone and 
system , commonly c a l l e d  ORSA (Ogive, Recovery, Separa t ion  

1 ,  i l l u s t r a t e d  i n  Figure 2-17 w a s  flown on a l l  NRL and HCO 
CALROC payloads. Its p r i n c i p a l  components w e r e  a 3:l ogive,  nosecone 
sepa ra t ion  springs,  SPARCS magnetometers and pitch/yaw jets,  h e a t  
s h i e l d ,  manacle r ing  and parachutes. 
long and weighed approximately 97 pounds. 
w a s  separa ted  from t h e  payload by electrical  s i g n a l s  from t h e  in s t ru -  
mentation and telemetry sys t en  approximately 56 seconds a f t e r  launch. 
The hea t  s h i e l d ,  located a t  s t a t i o n  35.7 i n  Figure 2-18, w a s  normally 
deployed a t  approximately 20,000 f e e t  on re-entry which, i n  tu rn ,  
deployed t h e  drogue chute, then followed by t h e  main parachute some 
13-14 seconds later (see Figure 2-2). The parachutes w e r e  reefed  and 
designed t o  withstand shock loads of 50 g ' s  and sa fe ly  land a 600- 
pound payload a t  v e l o c i t i e s  no g r e a t e r  than 35 feet/second. Figures 
2-19 and 2-20 i l l u s t r a t e  p r e f l i g h t  and pos t - f l igh t  recovery systems, 
respec t ive ly .  

The t o t a l  system w a s  51.8 inches 
The 3 : l  O g i v e  o r  Nosecone 

2.2.8 Separation Systems. Two sepa ra t ion  systems w e r e  used on 
a l l  CALROC payloads: one t o  s e p a r a t e  t h e  payload from t h e  Rocket 
Motor and I g n i t e r  Housing a f t e r  Motor burnout and a second one t o  
remove the '  Nosacone during f l i g h t .  Both separa t ion  systems employ 
manacle r i n g s  of t h e  type shown i n  Figure 2-21. TheNosecone Separa- 
t i o n  system used t h r e e  spr ings  i n  s u f f i c i e n t  compression t o  impart 
an  adequate d e l t a  ve loc i ty  t o  t h e  Nosecone during separa t ion  t o  prevent 
any i n f l i g h t  c o l l i s i o n .  A t  Nosecone sepa ra t ion  t h e  vehic le  w a s  separa- 
ted  i n t o  four  d i s t i n c t  p a r t s ;  Nosecone, manacle rings and payload/ 
motor combination. The payload sepa ra t ion  system used fou r  sp r ings ,  
shown i n  Figure 2-22, mounted on t h e  I g n i t e r  Housing and compressed 
t o  provide a separa t ion  v e l o c i t y  between payload and rocket: motor of 
2 feet/second. 
separated i n t o  four d i s t i n c t  p a r t s ;  cont ro l led  payload, manacle r i n g s  
and I g n i t e r  Housing Motor combination. Activation and timing of both 
separa t ions  were cont ro l led  by redundant mechanical t i m e r s  i n  t h e  
Instrumentation and Telemetry system. 

A t  payload sepa ra t ion  the  e x i s t i n g  vehicle w a s  

The payload separa t ion  l o g i c  cons is ted  of two i so l a t ed  i n i t i a t i o n  
c i r c u i t s ,  each of which contained p res su re  switches,  a G - t i m e r ,  a 
safety/arm connector and f i v e  HR1 b a t t e r i e s .  These c i r c u i t s  w e r e  
loca ted  i n  t h e  I g n i t e r  Housing wi th  t h e  b a t t e r i e s  mounted such t h a t  
they w e r e  e a s i l y  removed through an  access door. 

2.2.9 I g n i t e r  Housing. The I g n i t e r  Housing i l l u s t r a t e d  i n  

Each I g n i t e r  Housing w a s  approximately 9.6 inches long, 
Figure 2-22 w a s  i d e n t i c a l  t o  a l l  I g n i t e r  Housings used i n  t h e  CALROC 
p ro jec t .  
weighed approximately 73.8 pounds, and included both  a yo-yo despin  
system and a t h r u s t  termination system. The yo-yo despin aystem 
cons is ted  of two weights a t tached  t o  3 1 / 4  wraps of cable and 
re leased  such t h a t  t h e  weights absorb r o t a t i o n a l  energy thereby despin- 
ning t h e  rocket and payload from 4 revolutions/second t o  zero  i n  
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S t a t i o n  0 

3: l  Ogive o r  
Ncsecone 

S t a t i o n  17.5 

S PARCS Magnetometers 

c 

Manacle r i n g  

S t a t i o n  35.7 

Heat s h i e l d  gun 
SPARCS p i  tchlyaw 
th rus te rs  and valves 

Heat s h i e l d  e lec t ron i cs  

S t a t i o n  51.78 

Mounting p l  a te  

Nosecone separat ion spr ings  

Magnetometer and separat ion 
sp r ing  mount ( t o p  h a t )  

Heat s h i e l d  

Nosecone e j e c t  separat ion plane 

Extraction 1 i nes 

Manacle r i n g  gun (2) 

Drogue and main. 
parachutes and c a n i s t e r  

Parachute anchoring brackets 

Tension j o i n t  

F igure  2-18. CALROC Nosecone and Recovery System 



F i g u r e  2-19. T y p i c a l  CALROC Preflight Recovery System. + F ,  



Fisure 2-20. T y p i c a l  CALROC Post-Flight Recovery System. $7 
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approximately 1 secqnd. The weights f i t  i n t o  cutouts i n  t h e  I g n i t e r  
Housing and t h e  cables  were wrapped around t h e  housing i n  a c i r c u l a r  
groove. 
cab le  which passed through t h e  center of t h e  housing. 
weights w a s  achieved by severing 
Two c u t t e r s  were supplied f o r  redundancy. Af t e r  the rocket and payload 
were despun, then mechanical t i m e r  s i g n a l  i n i t i a t e d  payload separa t ion .  

P r i o r  t o  deployment t h e  two weights w e r e  secured by a s i n g l e  
Release of t h e  

t h e  cab le  wi th  a pyrotechnic c u t t e r .  

The t h r u s t  termination u n i t  cons is ted  of two f l e x i b l e  l i n e a r  
shaped charges which were bonded i n t o  a moulded po1yurethane.foam r ing .  
One charge w a s  posit ioned t o  sever t h e  I g n i t e r  Housing w a l l  and t h e  
o ther  placed i n  a s l i g h t l y  o f f s e t  p o s i t i o n  over t h e  motor head end. 
This charge w a s  designed t o  c u t  a hole  i n  the  he'ad end thus  neu t r a l -  
i z ing  t h r u s t  as w e l l  as inducing a tumbling motion t o  t he  Motor. 
t h e  shaped charges w e r e  loca ted  i n  the  I g n i t e r  Housing, ex tens ive  damage 
t o  t h e  I g n i t e r  Housing and the  payload end a t tached  to ' the I g n i t e r  
Housing w a s  expected i f  t h r u s t  termination was ever  commanded. Such 
a s i t u a t i o n  occurred on CALROC f l i g h t  21.021 and w i l l  be d iscussed  i n  
t h e  performance s e c t i o n  of t h i s  r epor t .  

Since 

The Safe/Arm assembly was an  electromechanical device which pre- 
vented t h r u s t  termination u n t i l  8 seconds a f t e r  launch as w e l l  as 
i s o l a t i n g  the  detonators from the  power supply during checkout. 

' l aunch  t h e  t i m e r  w a s  s t a r t e d  by a pull-away lanyard secured t o  t h e  
launcher a t  a poin t  adjacent t o  t h e  I g n i t e r  Housing. There w a s  an  
a u x i l i a r y  switch i n  t h e  Safe/Arm assembly which i n  the event of t h r u s t  
termination, could i n i t i a t e  payload separa t ion  i f  so des i red .  

A t  

The i n i t i a t i o n  system w a s  comprised of a command rece ive r ,  
receiver ba t t e ry ,  antenna system and wiring harness.  The r e c e i v e r  
and t h r u s t  termination u n i t  squib were powered by the 28 VDC nicad 
ba t t e ry .  When the  "Destruct" command i s  t ransmi t ted  by t h e  ground 
s t a t i o n ,  t he  s i g n a l  i s  fed from t h e  quadraloop antenna system t o  t h e  
command rece iver .  To f u l f i l l  t h e  des t ruc t  command t h e  r ece ive r  s i g n a l  
must be  modulated by two tones simultaneously. These two tones cause 
c losure  of power r e l a y s  wi th in  the  r ece ive r ,  t h u s  applying vo l t age  t o  
t h e  detonators.  

2.2.10 I n t e r f a c e  Control Drawings. E l e c t r i c a l  and Mechanical 
I n t e r f a c e  Control Drawings (ICDs) were developed and maintained 
separa te ly  f o r  t he  NRL and HCO CALROC payloads. 
were developed and rev ised  by t h e  Martin Marietta Corporation 
(Huntsvil le) f o r  Marshall Space F l igh t  Center (MSFC) and d i s t r i b u t e d ,  
with Goddard Space F l i g h t  Center concurrence, t o  t h e  appropr ia te  
CALROC personnel. An I C D  w a s  developed f o r  each payload subsystem 
i n t e r f a c e  r e s u l t i n g  i n  a t o t a l  of t e n  electrical ICDs.  
two e l e c t r i c a l  ground schematics of t he  NRL payload were developed 
and d i s t r ibu ted .  The Electrical I C D s  and ground schematics are l i s t e d  
i n  Table 2-8 showing t h e  MSFC drawing numbers and l a s t  r e v i s i o n  da tes .  

The E l e c t r i c a l  ICDs 

In add i t ion ,  
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Table 2-8. CALROC Electrical Interface Control Drawings 

DRAWING TITLE 

NRL ORSA 

NRL SPARCS 

NRL Telemetry 

NRL Instrument 

NRL Igniter Housing 

NRL Ground Schematic 

NRL Instrument Quiet 
Ground Schematic 

HCO ORSA 

HCO SPARCS 

HCO Telemetry 

HCO Instrument 

HCO Igniter Housing 

MSFC 
DRAWING NUMBER 

68M00017 

68M00018 

6 8MOOO 19 

68M00020 

68M00021 

SKNRLGS 

SKNRLIQG 

68M00 0 2 2 

6 8M000 2 3 

68M000 2 4 

68MOOO 2 5 

68M0002 6 

REVISION 

D 

E 

E 

E 

B 

A 

None 

E 

G 

D 

E 

D 

DATE 

7 /19/ 73 

11/12/73 

8/21/73 

7/18/73 

7/19/73 

111 20/ 73 

7/24/72 

51111 7 3 

11/12/73 

- 

9 / 2 4 / 7 3  

11/2/73 

siiij73 



Originals of the CALROC Electrical ICDs were given to the MSFC 
Documentation Repository in February 1974 for microfilming and storage. 
Copies of the ICDs may be obtained upon request to the MSFC Documen- 
tation Repository. 

The Mechanical ICDs were developed by Goddard Space Flight Center 
(GSFC) and distributed, with MSFC concurrence, to the appropriate 
CALROC personnel. 'An ICD was developed for each payload subsystem 
interface resulting in a total of ten mechanical ICDs. 
ICDs were listed in Table 2-9 showing the GSFC drawing numbers and 
last revision dates. 

The Mechanical 
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DRAWING TITLE 

NRL Telemetry 

NRL SPARCS 

NRL Igniter Housing 

HCO Igniter Housing 

N U  Instrument 

HCO SPARCS 

HCO Instrument 

NRL Recovery System 

HCO Recovery System 

NRL Nosecone 

HCO Nosecone 

NRL ICD List 

HCO ICD List 

HCO Telemetry 

Table 2-9. CALROC Mechanical Interface Control Drawings 

GSFC 
DATE - DRAWING NUMBER REVIS ION 

GR- 3 4- 19 5 A5 7/31/ 72 

GR- 34-196 

GR- 3 4- 19 7 

A5 7/31/72 

A7 7/31/72 

GR- 34- 198 B1 10/20/?2 

GR- 34- 19 9 A5 71 31j 7 2 

GR- 3 4- 20 0 B1 10/20/72 . 

GR- 34- 201 B1 10/20/72 

GR-34-202 A5 7/31/72 

10/19/72 GR- 34- 20 3 B1 

GR-34- 204 A5 7/31/72 

GR- 34- 205 B1 . 10/19/ 72 

GR-34-206 None 3/ 23/ 72 

10/20/72 GR-34-207 B1 

GR-34-208 B1 10/ 20/ 72 
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TEST FLIGHT SUMMARY 
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SECTION 3 

TEST FLIGHT SUMMARY 

The sounding rocket  philosophy.that it is more economical t o  
bui ld ,  test and launch several sounding rocke t s  using minimum documen- 
t a t i o n  and change con t ro l  than t o  r equ i r e  t i g h t  change c o n t r o l s  and 
complete documentation on a f e w  sounding rocke t s  w a s  used on t h e  CALROC 
test p ro jec t .  This philosophy permitted some f a i l u r e s  and i n  t h e  case 
of t he  CALROC tes t  f l i g h t s  r e su l t ed  i n  four  subsystem f a i l u r e s  on t h r e e  
f l i g h t s .  Five of e i g h t  test f l i g h t s  were success fu l  with forty-one 
(41) of for ty- f ive  (45) subsystems performing successfully.  

F l i g h t  t e s t i n g  of CALROC type hardware began a t  WSMR on May 31, 
1972, with t h e  launching of t h e  f i r s t  Black Brant VC rocket payload 
a t  WSMR (21.001) and terminated on August 30, 1973, with t h e  launching 
of payload 21.007. During t h i s  period, e igh t  payloads w e r e  launched 
a t  WSMR (seven p r i o r  t o  t h e  f i r s t  Skylab CALROC f l i g h t  on June 4 ,  1973), 
with varying amounts of CALROC type hardware. The amount of CALROC 
hardware var ied ,  as shown i n  Table 3-1, from only a Black Brant VC 
Motor and CALROC type I g n i t e r  Housing on 21.001, t o  a t o t a l l y  CALROC 
payload on 21.011. Most test  f l i g h t s  ca r r i ed  S c i e n t i f i c  Instruments 
o ther  than CALROC, thus providing a dua l  purpose t e s t  f l i g h t .  

Although some anomalies were encountered i n  non-CALROC hardware, 
a l l  CALROC subsystems flown on each test  f l i g h t  w e r e  considered suc- 
ces s fu l ,  except f o r  t h e  SPARCS and Recovery subsystems on f l i g h t  
21.011, Apr i l  3, 1973. F l igh t  21.011was t h e  f i r s t  f l i g h t  of a 
t o t a l l y  NRL CALROC payload. During t h i s  f l i g h t ,  SPARCS f a i l e d  t o  
acqui re  the  sun because of an undetected wir ing  e r r o r  w i th in  t h e  SPARCS 
subsystem. 
sun sensor) w a s  wired i n t o  an open p in  of an  e l e c t r i c a l  connector thus 
providing no output e r r o r  i n  t h a t  d i r e c t i o n  when t h e  payload was  point-  
ing  of f  t he  sun. T e s t  equipment, i n  p a r t i c u l a r  t h e  a i r  bear ing  test 
f a c i l i t y  a t  Ames Research Center, w a s  wired wi th  a compensating e r r o r  
such t h a t  t h e  e r r o r  remained undetected during ground t e s t i n g .  The 
Recovery subsystem f a i l e d  when t h e  main parachute f a i l ed  t o  open as a 
r e s u l t  of a design and/or test deficiency i n  the parachute main risers 
and mouth locks. 

I n  e f f e c t  one ce l l  of t h e  SPARCS coarse eyes  ( acqu i s i t i on  

Following t h e  launch of rocket/payload 21.001 on May 31, 1972, 
was rocket/payload ‘21.008 launched June 9, 1972, w i t h  a CALROC type 
I g n i t e r  Housing, using r a d i a l  screw j o i n t s ,  and CALROC type Separa- 
t i o n  subsystems, using a s i n g l e  release manacle r ing .  CALROC type 
hardware on f l i g h t  21.008 w a s  a complete success.  

The t h i r d  test f l i g h t ,  21.020 launched October 24, 1972, ca r r i ed  
t h e  f i r s t  HCO CALROC configured payload and w a s  sometimes c a l l e d  the  
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Table 3-1. CALRot Hardwan Test F l i gh t  Sumnary 

' University FMIFM. SPARCS Y - 
o f  Colorado 

+ University WFM 
o f  Colorado 

Yes Yes 

CALROC CALROC 

WROC Univeisity PAn/m/m CALROC 
o f  Colorado NU. 

SPARCS V I  *+ 

Ves 

None 

n/A 

Yes 

WROC +++ 

Yes 

Launch 
date 

Control 
system 

Fl ight  
nmber 

?l .001 

i 
I 

Succassful 

21.007 
( r e f l y  o f  
21.001) ' 

I '  

I 

Successful 

21.008 

Successful 
I 

? l .  009. 

Successful 

21.011+ 

Successful 

21.016 ' 

( re f l y  o f  
21.008) 

Successful 

21 .019+ 
( re f l y  o f  
21 .OW) 

Successful 

21.020. 

Successful 

k o v e r y  Separation 
s y s m s  Remarks 

~ ~ ~~ ~ 

' Igniter Housing '.was CALROC 
type w i th  radial screw 
j o i n t s  and modified despin 
system. 

' V h i s  SPARCS fa i l ed  because 
i t  used glass covered coars 
sun sensor eyes which Were 
damaged by aerodynamic heat 

5-31 -72 A f t  P/L separation systen 
was m a c l e  r i n g  w i t h  
single release. 
N/C separation systea 
was clamshell w i th  
cable release. 

No N/A 

A f t  

- 
8-30-73 SPARCS V ++ Sam as 21.001 'Igniter Housing was UILRO 

type w i th  radial screw 
j o i n t s  and modified despi 
system. 

-Same SPARCS as on 21.001. 
but with quartz covered 
coarse sun sensor eyes. 

6-9-72 + University PQI 

. I O f  Cal i f o rn ia  I STRAP I g n i t e r  Housing was .CALK 
type w i t h  rad ia l  screw 
j o i  nts. 

Separation systems 
were manacle r i n g  
wi th  single release. 

1-22-73 CALRoc 1 University 7 p A w / w m  I CALROC NRI;+ 
o f  Colorado SPARCS V I  

Second HCO conffgured 
payload. 

-F i rs t  CALROC NRL SPARCS 
using quartz covered 
coame sun sensor eyes. 

-First f ron t  end CALROC 
Recovery system. 

CALROC ++ CALRM: 

(US4 WYROS) 

Yes 
~ 

4-3-73 
~~ ~ 

+ F i r s t  NRL CALROC con- 
f igured payload. 

*.Fa1 led because o f  unde- 
tected wir ing e r ro r  
wi th in  SPARCS. 

-*Failed bccausc main para- 
chute never deployed. 
See t e x t  f o r  deta i ls .  

CALM 
NRL 
SPARCS V I  
( U S 4  WROS) 

I I I 

Y e  No contest Yes No- y S a m  as 21.008 2-1 0-73 CALROC I :giversity I POI I STRAP 

5118-73 Third HCO configured 
payload. 

*F i rs t  gyros and in te r -  
mediate sun sensors 
used w i th  SPARCS. 

W R O C  CALROC 

10-24-72 + F i r s t  HCO configured 
payload. 

-First CALROC I g n i t e r  
Housing w i t h  tension 
screw jo in ts .  

-First W R O C  dual rc- 
lease manacle r i n g  
Separation sys tens. 

CALROC 
configuration 
wi th  CALROC 
quartz,covered 
sun sensors 
but no actual 
control. 

CALROC None 

I I I 

Yes N/A N/A N/A 
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"HCO Lead Shot." This flight was highly instrumented for temperature 
data and was the first flight of the CALROC Igniter Housing with ten- 
sion screw joints and the CALROC dual release manacle ring Separation 
subsystems. This payload did not include a Recovery subsystem, 
Scientific Instrument or SPARCS. All CALROC hardware operated success- 
fully and all temperature measurements, except one, were successfully 
obtained; 

The fourth test flight, 21.009, launched January 22, 19.73, was 
the second HCO CALROC configured payload. 
instrumented for temperature data and was the first test flight of a 
CALROC (front end) Recovery subsystem and NRL SPARCS using wyros and 
quartz covered coarse sun sensor eyes, Excellent temperature data 
were obtained and after a longer than expected sun acquisition time, 
SPARCS maintained good pointing stability and accuracy: 
hardware operated successfully and all temperature measurements, 
except one, were successfully obtained. 

This flight was highly 

All CALROC 

The fifth test flight, 21.016, launched on February 10, 1973, 
was essentially a refly of rocket/payload 21.008, using a CALROC ten- 
sion screw joint Igniter Housing. All CALROC hardware operated suc- 
cessfully. (The payload was lost due to a malfunctioning Recovery 
system which was not CALROC design or hardware.) 

' 

lier in this section, 
The sixth test flight was rocket/payload 21.011 discussed ear- 

The seventh test flight 21.019 launched May 18, 1973, was essen- 
tially a refly of rocket/payload 21.009 with gyros instead of wyros 
in SPARCS and intermediate sun sensors flown for the first time. 
SPARCS pointing was excellent and twenty-eight (28) of twenty-nine (29) 
temperature measurements were obtained. All CALROC hardware operated 
successfully. This flight was added to flight test the modifications 
made following the 21.011 failures and was the last test flight prior 
to launching the first Skylab CALROC on June 4, 1973. 

Flight 21.007, launched August 30, 1973, was considered a CALROC 
test flight only because it was an additional flight of the Black 
Brant VC Motor, CALROC type Igniter Housing using radial screw joints 
and the CALROC quartz covered coarse sun sensor eyes. This flight was 
essentia3.l~ a refly of rocket/payload 21.001 with the quartz covered 
eyes. All CALROC hardware operated successfully. 
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SECTION 4 

PERFORMANCE - CALROC TEST FLIGHTS 

The purpose of t h e  CALROC test f l i g h t  p r o j e c t  was t o  launch  as 
many Black.Brant  VC . rocke t /payloads  as p o s s i b l e ,  p r i o r  t o  t h e  Skylab 
mission and w i t h i n  t h e  funding c o n s t r a i n t s ,  t o  o b t a i n  maximum conf i -  
dence i n  t h e  f l i g h t  wor th iness  of t h e  BBVC motor and CALROC hardware.  
Severa l  of t h e  test f l i g h t s  l i s t e ' d  i n  Table  3-1 were funded w i t h  non- 
Skylab funds and c a r r i e d  non-CALROC s c i e n t i f i c  experiments and hard- 
ware. 

The CALROC test  f l i g h t  p r o j e c t  inc luded  e i g h t  Black Brant  VC 
launches wi th  some ca r ry ing  complete CALROC payloads and o t h e r s  on ly  
p a r t i a l  CALROC hardware. Four of t h e  test  f l i g h t  payloads (21.001, 
21.007, 21.008, 21.016) were t e s t i n g  CALROC Nosecones, Sepa ra t ion  
systems, Parachutes ,  I g n i t e r  Housings and Booster  Motors and were n o t  
configured n e c e s s a r i l y  t o  e i t h e r  an NRL o r  HCO CALROC conf igu ra t ion .  
Three of t h e  o t h e r  fou r  test f l i g h t s  (21.009, 21.019, 21.020) w e r e  HCO 
conf igu ra t ions  chosen because they were some 100 pounds l i g h t e r  than  
NRL payloads and would t h e r e f o r e  provide  h i g h e r  atmospheric ex i t  
v e l o c i t i e s  r e s u l t i n g  i n  maximum expected CALROC payload tempera tures .  
The e i g h t h  test f l i g h t  (21.011) w a s  a complete NRL CALROC payload 
inc luding  t h e  S c i e n t i f i c  Instrument .  

I n  a d d i t i o n  t o  the  CALROC test f l i g h t s  numerous subsystem tests, 
a i r  bear ing  tests, bend tests, v i b r a t i o n  tests and payload i n t e g r a -  
t i o n  tests were conducted p r i o r  t o  each tes t  f l i g h t  with many of t h e s e  
tests repea ted  p r i o r  t o  t h e  Skylab CALROC f l i g h t s .  T y p i c a l  subsystem 
tests were: 

a. 

b. 

C. 

d. 

e. 

f .  

89 

h. 

i. 

Manacle r i n g  deployment 

Nosecone/payload s e p a r a t i o n  

Payload/Booster Motor s e p a r a t i o n  

Payload/parachute  drops 

SPARCS a i r  bear ing  

Electr ical  func t iona l  

V ib ra t ion  

Telemetry/ground s t a t i o n  f u n c t i o n a l  

Telemetry/Instrument func t iona l  
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j .  Instrument vacuum funct iona l  

k. Instrument base l ine  

Having success fu l ly  passed subsystem l e v e l  t e s t ing ,  t h e  subsystems 
were assembled into payloads f o r  f u r t h e r  t e s t i n g .  
tests and the  loca t ions  performed p r i o r  t o  shipping t h e  payload t o  t h e  
launch s i te  were: 

Typical payload 

a. A i r  bearing - NASA, Ames Research Cen te r  

b. S t a t i c  Bend-NASA, Ames Research Center  and B a l l  Brothers 
Research Corporation 

c. Vibration - NASA, Ames Research Center and B a l i  Brothers 
Research Corporation 

d. Sun Alignment - NASA, Ames Research Center and B a l l  Brothers 
Research Corporation 

e. Spin Balance - NASA, Ames Research Center and B a l l  Brothers 
Research Corporation 

f .  In t eg ra t ion  - NASA, Ames Research C e n t e r  and Ball: Brothers 
Research Corporation 

4.1 F l igh t  21.001. The f i r s t  WSMR launching of a Black Brant VC 
vehic le  (21.001) occurred on May 31, 1972, a t  approximately 22:25:0 
GMT. The Booster Motor w a s  t he  i d e n t i c a l  type used on t h e  CALROC pro- 
j e c t  and w a s ,  t he re fo re ,  considered as a CALROC tes t  f l i g h t .  The 
I g n i t e r  Housing flown on t h e  21.001 payload was s imi la r  t o  t h e  CALROC 
I g n i t e r  Housings, d i f f e r i n g  only i n  t h e  r a d i a l  j o i n t  used r a t h e r  than 
the  tension j o i n t  planned f o r  use on a l l  CALROC Ign i t e r  Housings. The 
j o i n t  under cons idera t ion  w a s  between the  I g n i t e r  Housing and t h e  
Rocket Motor. 
achieved a f i n a l  sp in  rate of 0.93 revolutions/second. Apparently, 
t h e  prime timer f a i l e d  because the  despin and o t h e r  events w e r e  
approximately one second later than expected. 
and payload separa t ion  were smooth r e s u l t i n g  i n  a p i tch  rate of 4.5 
degrees/second and a yaw rate of 3 degreeslsecond which w e r e  w i th in  
the  SPARCS V l i m i t  of 10  degrees/second. Both t h e  Rocket Motor and 
I g n i t e r  Housing performed as expected o r  designed. 

The yo-yo despin system used a 2.25 wrap design and 

Calm-shell e j e c t i o n  

SPARCS Telemetry records i n d i c a t e  t h a t  SPARCS despun t h e  payload 
to  zero, however, t h e  coarse sun ' sensors  never put  t he  payload i n t o  an 
a t t i t u d e  such t h a t  t h e  intermediate sun sensors (SEAS) could take  over. 
SPARCS gas pressures ind ica ted  t h a t  t h e  pneumatic subsystem performed 
s a t i s f a c t o r i l y  with s u f f i c i n e t  gas a f t e r  despin t o  perform t h e  mission. 
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The most s i g n i f i c a n t  damage on t h e  payload w a s  the SPARCS coa r se  
sun sensors  g l a s s  covers. Three of t h e  covers (each about t h e  s i z e  
and shape of a regular  f l a s h l i g h t  bulb) had a ho le  i n  the  lead ing  por t ion  
which protruded out  from the  SPARCS s k i n  approximately 0.25 inches.  
shape of t h e  hole  and deformation w e r e  such as could be formed by over- 
hea t ing  during ascent. Deformation of t he  covers would a f f e c t  t h e  per- 
formance o f  t h e  sun .sensors  causing them t o  give erroneous s i g n a l s .  
This is thought t o  be t h e  reasons t h a t  SPARCS d id  no t  success fu l ly  po in t  
t h e  experiment at t h e  sun. 
teristics during maximum ascent heating. 
w a s  melted more severely i n  t h e  oppos i te  d i r e c t i o n  being loca ted  between 
two antennas which were charred on t h e  same s ide .  It  is specula ted  t h a t  
t h i s  melting and char r ing  on one s i d e  w a s  caused by re-entry hea t ing .  

The 

The sensor output showed changes of charac- 
The fou r th  sun sensor  cover 

A University of Colorado s o l a r  experiment was flown on t h i s  f l i g h t .  

4.2 F l i g h t  21.007. CALROC test f l i g h t  21.007, a r e f l y  of t h e  
21.001 payload s c i e n t i f i c  instrument, w a s  launched a t  WSMR August 30, 
1973, a; approximately 1 8 : O l : O  GMT. -The payload weighed 463 pounds. 
Vehicle performance, as ind ica ted  i n  Table 4-1 andFigures 4-1, 4-2, and 
4-3, w a s  very near predicted.  Booster Motor burnout t i m e  was  some 1.7 
seconds eariler than predicted which r e s u l t e d  i n  s l i g h t l y  lower than  
predicted burnout ve loc i ty  and burnout a l t i t u d e .  l1 
had an i n s i g n i f i c a n t  e f f e c t  on v e h i c l e  r o l l  rate, time of apogee and 
apogee a l t i t u d e .  A s  on f l i g h t  21.001, a University of Colorado s o l a r  
experiment w a s  flown with only t h e  Booster Motor of CALROC type  hard- 
ware and t h e  I g n i t e r  Housing using a r a d i a l  r a the r  than a t ens ion  j o i n t .  
Booster Motor and I g n i t e r  Housing performance, as previously s t a t e d ,  
w a s  normal. 

Early Motor burnout 

4.3 F l i&ht  21.002 The second WSMR launching the  a Black Brant 
VC veh ic l e  (21.008) occurred on June 9. 1972, a t  approximately 06:25:0 
GMT. This veh ic l e  w a s  car ry ing  a stellar science payload f o r  t h e  
University of Cal i forn ia .  

This test veh ic l e  w a s  flown f o r  t h e  purpose of :  

a. 
d i spers ion .  

Obtaining add i t iona l  da t a  on t h e  BBVC payload t r a j e c t o r y  and 

b. Severely test t h e  CALROC recovery parachute. 

C. Tes t '  t h e  CALROC 3 : l  ogive o r  nosecone. 

d. T e s t  t h e  new PCM telemetry ground s t a t i o n  a t  WSMR f o r  use  wi th  
HCO CALROC payloads. 

11. Richard O t t ,  Memorandum, "NASA Black Brant VC (BBVC) 21.007 P r e l i m -  
inary  F l i g h t  Performance Data Report," NASA, Goddard Space F l i g h t  
Center, Greenbelt, Maryland, September 7 ,  1973. 
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Table 4-1. .Payload 21.007 F l i g h t  P r o f i l e  

EVENT/CONDITION 

L i f t o f f  t i m e ,  T (GMT) 

Peak a c c e l e r a t i o n  ( g ' s )  

Burnout @ (sec) 

Burnout v e l o c i t y  ( fps )  

Burnout a l t i t u d e  ( f t )  

Burnout r o l l  rate ( r p s )  

Despin @ (sec) 

Despin r o l l  rate ( rps )  

Payload s e p a r a t i o n  @ ( sec)  

Apogee @ (sec) 

Apogee a l t i t u d e  (stat  m i )  

ACTUAL 

17:25:19.8 

12.8 

T + 30.7 

7375 

98400 

4.15 

T + 53.46 

1.05 

T + 57.29 

T + 278 

186.1 

PREDICTED 

--- 

13.0 

T + 32.4 

7406 

104252 

4.0 

T + 53 

1.0 

T + 57 

T + 276.55 

187.9 

- NOTE: I g n i t e r  Housings b u i l t  by B r i s t o l  Aerospace and flown p r i o r  t o  
NASA purchases  of Black Brant VC v e h i c l e s  used a d e s p i n  des ign  
of 2.25 wraps  which reduced t h e  s p i n  rate from f o u r  r e v o l u t i o n s /  
second t o  one revolu t ion /second w i t h  t h e  c o n t r o l  system then  
reducing t h e  s p i n  rate t o  zero.  Payloads 21.001 and 21.007 
used t h e  2.25 wrap desp in  system des ign  whereas CALROC used a 
3.25 wrap des ign .  
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Figure 4-1. Payload 21.007 A1 t i t u d e  H i s t o r y  

63 



-0 
t 
0 u 
aJ 
v) 
\ 
c, 
aJ aJ 
CC 

I 

>r c, 
u 
0 

aJ > 

-#- 

F 

7000 

6000 

5000 

4000 

3000 

2000 

1000 

0 

0 10 20 30 40 50 
Time from L i f t o f f  - seconds 

I 

Figure 4-2. Payload 21.007 Velocity History 

64  



0 10 20 30 40 50 60 
' Time from L i f t o f f  - seconds 

Figure 4-3. Vehicle 21.007 Rol l  Rate H is tory  



1 2  Some of t h e  more important 21.008 v e h i c l e  f l i g h t  parameters w e r e :  

Apogee (predicted) 130 s t a t u t e  m i l e s  

Apogee (ac tua l )  128.5 statute m i l e s  

Apogee time (predicted) 230 seconds 

Apogee t i m e  (ac tua l )  225.7 seconds 

Burnout a l t i t u d e  (above MSL) 92,933 f e e t  

Burnout t i m e  32.4 seconds 

Burnout ve loc i ty  6,096 feetlsecond 

Spin rate 4.2 revolutions/second 

Spin rate (after yo-yo deploy) .56 revolutions/second 

The above d a t a  ind ica t e s  a normal t r a j e c t o r y .  The payload, weighing 
683 pounds, was successfu l ly  recovered on a parachute designed f o r  
only 600 pounds. No problems were repor ted  with t h e  PCM telemetry 
ground s t a t i o n .  

4.4 F l i g h t  21.009. CALROC test f l i g h t  21.009 w a s  t h e  second HCO 
payload conf igura t ion  launched a t  WSMR. The payload weighed approx- 
imately 500 pounds and w a s  launched January 22, 1973, a t  23:10:6.414 
GMT wi th  26 thermocouples, an  NRL SPARCS and a University of Colorado 
s o l a r  experiment.13 The purpose of t h i s  rocke t  f l i g h t  was  t o  o b t a i n  
a d d i t i o n a l  temperature d a t a  on a CALROC type payload f l y i n g  on a B3VC 
Motor and t o  f u r t h e r  test  seve ra l  CALROC subsystems. Those CALROC 
subsystems flown were: a Nosecone ( t h i r d  f l i g h t ) ,  Recovery system 
( f i r s t  f l i g h t ) ,  Nosecone Separation (second f l i g h t ) ,  Payload Separa- 
t i o n  (second f l i g h t ) ,  I g n i t e r  Housing (second f l i g h t ) ,  and an NRL 
SPARCS ( f i r s t  f l i g h t ) .  The payload w a s  fabr ica ted  t o  t h e  HCO CALROC 
payload length  and weight. The BBVC Motor performed i n  a normal manner 
as shown i n  t h e  payload a l t i t u d e  and v e l o c i t y  t i m e  h i s t o r i e s  i n  F igures  
4-4 and 4-5. 
s l i g h t l y  less than on f l i g h t  21.007 due t o  a 40 pound heavier  payload 
on 21.009. 

Apogee and peak e x i t  v e l o c i t y  f o r  t h i s  payload were 

A l l  CALROC subsystems performed nominally r e s u l t i n g  i n  a 

12. C .  Spencer, Memorandum S&E-CSE-A-72-249, "Black Brant VC F l i g h t  
21.008," t o  W.C. Keathley,NASA, Marshall Space F l ight  Center, 
Huntsvil le,  Alabama, June 14, 1972. 

13. "Black Brant VC, F l i g h t  21.009 Temperature Data," I n t e r o f f i c e  
memo, WDH/505/473, Fa i r ch i ld  Space and Electronics Division, 
March 14, 1973. 
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successfu l  mission. 14'1;5 ' Only one of t h e  26 thermocouples appeared 
t o  have f a i l e d  during f l i g h t .  
a c q u i s i t i o n  t i m e ,  2) roll /yaw o s c i l l a t i o n ,  3) offset  p i t c h  f i n e  sun 
sensor telemetry s i g n a l ,  4) command l i n k  low s i g n a l  l eve l ,  and 5) temp- 
orary l o s s  of SPARCS telemetry d a t a  on re -en t rydid  not prevent a succes- 
s f u l  SPARCS f l i g h t .  SPARCS f i n e  poin t ing  of t h e  payload was  achieved 
at  108.8 seconds a f . te r  l i f t o f f  o r  46.8 seconds a f t e r  SPARCS enable.16 
Long term (peak-to-peak with a 20-second period) pointing s t a b i l i t i e s  
of 2 arc seconds i n  p i t ch ,  25.5 arc seconds i f i  yaw and .78 degrees i n  
r o l l  were obtained wi th in  111 seconds a f t e r  l i f t o f f .  The payload w a s  
successfu l ly  recovered, refurbished and later flown as test f l i g h t  
21.019 on May 18, 1973. 

Five SPARCS anomalies, 1) long sun 

4.5 F l i g h t  21.011. CALROC test f l i g h t  21.011 was t h e  f i r s t  f u l l y  
NRL CALROC payload t o  be  launched a t  WSMR. The payload, weighing 
589.8 pounds, w a s  launched successfu l ly  on Apr i l  3, 1973, a t  17:20:1. 
595 GMT.17 The BBVC Motor performed i n - a  normal manner providing t h e  
payload a l t i t u d e  and ve loc i ty  t i m e  h i s t o r i e s  i n  Figures 4-6 and 4-7.18 
Since t h i s  payload w a s  approximately 90 pounds heavier than f l i g h t  
21.009, i t s  apogee and peak e x i t  v e l o c i t y  w e r e  s l i g h t l y  less than  on 
21.009. 
of 4k0.6 revolutions/second. Despin w a s  i n i t i a t e d  a t  62.4 seconds 
and completed by 63.2 seconds which w a s  w i th in  the  design requirements 
of despinning from 4 revolutions/second t o  0 wi th in  one second. 
CALROC subsystems, except t h e  NRL Telemetry and NRL S c i e n t i f i c  Ins t ru -  
ment, had been flown successfu l ly  on previous CALROC test f l i g h t s .  
The NRL Telemetry subsystem flown on 21.011 operated successfu l ly .  
Booster and payload functions,  such as boos ter  burnout, s epa ra t ions ,  
despin, Instrument enable, and drogue parachute deployment, occurred 
on t i m e  o r  w i th in  acceptable to le rances .  Three o ther  important 
func t ions  (sun acqu i s i t i on ,  SPARCS f i n e  poin t ing ,  and main parachute 
deployment) d id  not occur a t  a l l  o r  with s u f f i c i e n t  accuracy t o  permit 
mission success. 

Vehicle r o l l  rate shown i n  F igure  4-8 was within design l i m i t s  

A l l  

14. 

15. 

16. 

17. 

18. 

Memorandum, "Preliminary F l i g h t  Data Report - NASA 21.009." NASA 
Goddard Space F l igh t  Center, Sounding Rocket Division, February 
6, 1974. 

K. Madigan I n t e r o f f i c e  Memorandum WDH/505/476, "BBVC F l i g h t  21.009 
Housekeeping Commutator Data," t o  C. Thomas, Fa i rch i ld  Space and 
Elec t ronics  Division, March 16, 1973. 

"Final SPARCS F l i g h t  Summary f o r  21.009," LMSC/D343977, Lockheed 
Missile and Space Company, Sunnyvale, Cal i forn ia ,  May 2, 1973. 

E. Kadar, "Vehicle Data Package f o r  Black Brant VC 21.011," NASA 
Goddard Space F l igh t  Center, Sounding Rocket Division, Greenbelt ,  
Maryland, January. 30, 1973. 

"Black Brant VC F l igh t  21.011 P o s t f l i g h t  Data Reduction and Analy- 
sis," AVCO Systems Division, Seabrook, Maryland, J u l y  1973. 
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SPARCS f a i l e d  t o  properly acqu i r e  t h e  sun dur ing  t h e  21.011 pay- 
load f l i g h t .  Immediately fol lowing SPARCS enable ,  the r e s i d u a l  pay- 
load r o l l  rate changed appreciably,  i nd ica t ing  t h a t  SPARCS w a s  assuming 
con t ro l  of payload a t t i t u d e .  One second a f t e r  enable ,  i n t e r m i t t e n t  
valve opera t ion  began, a t  a rate of '14 operations/second which cont in-  
ued throughout t he  f l i g h t .  Two sets of SPARCS Fine Sun Sensors (FSS) 
were flown' on t h i s  payload, each of which showed some a c t i v i t y  du r ing  
t h i s  per iod ,  and then momentarily went through sa tu ra t ion  a t  T+77.4 
seconds. A t  t he  same t i m e ,  t he  S c i e n t i f i c  Instrument Image Dissec tor  
Tube (IDT) sa tura ted .  By T+85 seconds both s e t s  of eyes w e r e  qu iescent .  
This has  been in t e rp re t ed  by CALROC personnel as SPARCS sweeping through 
the  s o l a r  d i s c  and overshooting. A t  var ious  per iods  throughout t h e  re- 
mainder of t h e  f l i g h t  both FSS's showed shor t  per iods  of a c t i v i t y  as 
i f  they were being i l luminated.  The per iods  were roughly T+140 t o  
146 seconds, 162 t o  170 seconds, and 185 t o  198 seconds, etc. ,  randomly 
f o r  a t o t a l  of 10 times u n t i l  r een t ry .  The IDT showed minor co inc i -  
d e n t a l  response i n  some ins t ances ,  and none i n  o the r s .  These ind ica-  
t i o n s  could be in t e rp re t ed  as SPARCS maneuvering near  t he  edge of t h e  
sun without ever  locking onto it .  
te lemetry magnetometer showed continuous changes i n  a t t i t u d e  wi th  
r e spec t  t o  t h e  e a r t h ' s  magnetic f i e l d .  

Throughout t h i s  e n t i r e  per iod  t h e  

P o s t f l i g h t  inspec t ion  and ana lyses  i n d i c a t e  t h a t  t h e  SPARCS f a i l -  
ure  w a s  caused by an undetected wir ing  e r r o r  i n  SPARCS. One of the  
sun cel ls  i n  the  SPARCS coarse sun sensor  w a s  wired in to  an open p in  
r e s u l t i n g  i n  no output  s i g n a l  e r r o r  when o f f  the  sun. Thus SPARCS 
s t a b i l i z e d  near t he  sun but not  within,  t he  normal Fine Sun Sensor (FSS) 
a c q u i s i t i o n  f i e l d  of view (+loo) .  A t  t h i s  po in t  i n  the CALROC p r o j e c t ,  
SPARCS d id  not  include the  h t e r m e d i a t e  sun sensor located i n  t h e  
S c i e n t i f i c  Instrument near  t h e  f i n e  sun sensor.  A s  a r e s u l t  of t h i s  
f a i l u r e ,  an intermediate  sun sensor  w a s  incorporated in to  a l l  CALROC 
SPARCS . 

F a i l u r e  of SPARCS t o  achieve sun a c q u i s i t i o n  precluded ob ta in ing  
test c a l i b r a t i o n  d a t a  with t h e  NRL S c i e n t i f i c  Instrument. The Sc ien t i -  
f i c  Instrument w a s  v i r t u a l l y  destroyed when the main parachute f a i l e d  
t o  open and t h e  payload impacted on the  WSMR with only drogue chu te  reco- 
very. 

The cause of t he  Recovery system f a i l u r e  w a s  immediately apparent  
upon examination of t he  parachute assembly as it l a y  on t h e  d e s e r t  
(Figure 4-9); The main parachute w a s  contained i n  a canvas bag which 
w a s  c losed by four f l a p s  and secured by a bight  ( loop) of one of t he  
main risers. Excessive f r i c t i o n  between the  main r i s e r  b igh t  and the  
mouth lock  r e t a i n i n g  loop pu l l ed '  t h e  innermost mouth f lap  through ho le s  
i n  the  o the r  t h r e e  f l a p s ,  re locking  t h e  mouth lock  a f t e r  t h e  riser l i n e  
bight  had f i n a l l y  pul led f r ee .  
w a s  never deployed, and the  only dece le ra t ing  fo rce ,  which w a s  too 
small t o  be e f fec t ive , .came from t h e  cap t ive  drogue c h u t e .  

A s  a consequence, t h e  main parachute  
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Because of damage t o  t h e  fou r  main risers on previous Black Brant  
f l i g h t s  due t o  sha rp  edges of a r a p i d l y  r o t a t i n g  c a n i s t e r  assembly, 
p r o t e c t i v e  l e a t h e r  cha f f ing  s t r i p s  had been sewed t o  the  main risers. 
This  mod i f i ca t ion  had been s u c c e s s f u l l y  demonstrated i n  a drop tes t ,  
and dur ing  t h e  f l i g h t  of CALROC test. f l i g h t  21.009. This NRL CALROC 
f l i g h t  w a s  t h e  t h i r d  a p p l i c a t i o n  of t h i s  mod i f i ca t ion ,  and proved i t  
t o  be u n r e l i a b l e .  The a d d i t i o n a l  bu lk  of t h e  l e a t h e r  on t h e  b i g h t ,  
coupled wi th  inc reased  f r i c t i o n ,  and h o l e s  too  l a r g e  i n  t h e  o t h e r  
t h r e e  mouth f l a p s ,  d i s t o r t e d  the.mouth l o c k  assembly and caused t h e  
bottom f l a p  t o  be  p u l l e d  through t h e  o t h e r  t h r e e  f l a p s  and r e l o c k  
t h e  main parachute  bag. Impact damage throughout  t h e  payload w a s  so 
ex tens ive  t h a t  refurbishment  w a s  no t  p o s s i b l e .  The payload w a s  d i s -  
assembled and p a r t s  used f o r  test purposes .  

Severa l  s i g n i f i c a n t  changes t o  t h e  CALROC Recovery subsystem w e r e  
implemented as a r e s u l t  of t h e  21.011 f a i l u r e .  They were: 

a. Change t h e  main parachute  mouth l o c k s  from four t o  e i g h t .  

b. Add a mouth lock  cord f ed  through a loop on each f l a p  and 
t i e d .  

c. Add two k n i f e  c u t t e r s  s t i t c h e d  t o  two risers f o r  c u t t i n g  
t h e  t ie  cord.  

d. Replace l e a t h e r  s cu f f  guards wi th  less bulky aluminized 
a sbes tos  on both  main risers and drogue b r i d l e .  

e. Accordian f o l d  t h e  drogue tow l i n e .  

These changes were proven through f i v e  drop tests p r io r  t o  any f l i g h t  
t e s t i n g  and f u r t h e r  t e s t e d  on CALROC test f l i g h t  21.019 and a Canadian 
rocke t  f l i g h t  a t  Church i l l ,  Canada on May 7 ,  1973. The drop tests 
cons i s t ed  of dropping a l i g h t  payload (325 pounds) using only  a drogue,  
a heavy payload (850 pounds) wi th  bo th  drogue and m a i n  pa rachu te  de- 
ployment and t h r e e  drops of c y l i n d r i c a l  body conf igu ra t ions  s imula t ing  
t h e  NRL and HCO CALROC payload weights .  
c e s s f u l .  

These tests were a l l  suc- 

Except f o r  two minor d i sc repanc ie s  which w e r e  known be fo re  launch ,  
t h e  payload Instrumentation/Telemetry system performed nominal ly  i n  
f l i g h t ,  wi thput  any f a i l u r e s .  Two d i s c r e p a n c i e s  involved instrumenta-  
t i o n  magnetometers, which had i n a d v e r t e n t l y  been wired 180 degrees  ou t  
of phase,  and a vacuum door monitor which w a s  found inope ra t ive  i n  t h e  
v e r t i c a l  checks.  

RF s i g n a l  s t r e n g t h s  f o r  bo th  the  S-band FM/M telemetry system 
and t h e  wide band S-band t e l e v i s i o n  system w e r e  w e l l  above t h r e s h o l d  
levels a t  a l l  r e c e i v i n g  s t a t i o n s ,  producing h igh  q u a l i t y  d a t a  w i t h  no 
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drop-outs. 
system due t o  l a c k  of po in t ing ,  t h e  sync s i g n a l s  received through t h e  
microwave r e l a y  system a t  t h e  P I  van ind ica ted  t h a t  the p i c t u r e  q u a l i t y  
would have been of acceptab le  qua l i t y .  

Although no s o l a r  image w a s  produced by the t e l e v i s i o n  

4.6 F l i g h t  .21.016. Black Brant VC test f l i g h t  21.016, a r e f l y  of 
t h e  payload 21.008 S c i e n t i f i c  Instrument weighing 656 pounds, w a s  laun- 
ched a t  WSMR on February 10, 1973, a t  04:08:1.7 GMT. Performance of 
t h e  Rocket Motor and payload subsystems appeared t o  be  normal u n t i l  
t i m e  f o r  parachute deployment. 
causing a canopy inversion.19 A s  a r e s u l t  of t h i s  f a i l u r e ,  i t  w a s  
decided t o  increase  t h e  canopy attachment s t r eng th  with a d d i t i o n a l  
s t i t c h i n g  of t h e  mouth lock f l a p s  and t o  reef t h e  main parachute. It 
should be noted t h a t ,  although t h i s  payload w a s  56 pounds over t h e  
parachute design l i m i t  (600 pounds), a 683 pound payload w a s  success- 
f u l l y  recovered on f l i g h t  21.008 on June 9, 1972. 

The niain parachute deployed improperly 

4.7 F l igh t  21.019. CALROC tes t  f l i g h t  21.019, a r e f l y  of t h e  
payload 21.009 S c i e n t i f i c  Instrument, weighing 519 pounds, w a s  t h e  
t h i r d  HCO payload conf igura t ion  launched a t  WSMR. It w a s  launched 
May 18, 1973, a t  16:00:0.055 GMT wi th  26 thermocouples and a CALROC 
Nosecone, Recovery system, Nosecone Separation system, Payload Separa- 
t i o n  system, I g n i t e r  Housing, NRL SPARCS and a University of Colorado 
experiment. The primary ob jec t ives  of t h i s  rocket f l i g h t  w e r e  t o  
f l i g h t  test the  modified recovery and SPARCS subsystems. Secondary 
ob jec t ives  were: 

a. F l igh t  test t h e  CALROC Nosecone ( four th  f l i g h t ) .  

b. F l igh t  test the  CALROC Separation systems ( t h i r d  f l i g h t ) .  

c. F l igh t  test t h e  CALROC I g n i t e r  Housing ( th i rd  f l i g h t ) .  

d. F l i g h t  test t h e  Black Brant Rocket (eleventh NASA f l i g h t ) .  

e. Obtain add i t iona l  temperature da t a  on CALROC type  payloads. 

f .  Further test  CALROC ground s t a t i o n s ,  communications, and TV 
l i n k .  

Data i n  Table 4-2 and Figures 4-10, 4-11 and 4-12 i n d i c a t e  t h a t  
booster and payload performances were near t h e  p re f l igh t  p red ic t ed  
values.20 Booster burnout occurred 1.4 seconds early, r e s u l t i n g  i n  a 

19. F. Col l ins ,  Memorandum, "Pio'neer Parachute Company, Inc .  , Analysis 
of Parachute on NASA 21.016," NASA, Goddard Space F l i g h t  Center, 
Sounding Rocket Division, March 9, 1973. 
"BBVC F l igh t  21.019 P o s t f l i g h t  Analysis and Instrumentation and 
Cal ibra t ion  Report," AVCO Systems Division, 10210 Greenbelt Road, 
Seabrook, Maryland, Ju ly  25, 1973. 

20. 
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Table 4-2. BBVC F l i g h t  21.019 F l i g h t  P r o f i l e  

EvENT/CONDITION 

L i f t o f f  t i m e ,  T (GMT) 

Tower e x i t .  v e l o c i t y '  ( f p s )  

ACTUAL PREDICTED 

16 :OO: 0.055 c--- 

198.5 207.8 

Tower e x i t  t i m e  (sec) T+1.51 T+1.508 

Peak th rus t - ax i s  a c c e l e r a t i o n  (g ' s )  12.80 11.22 

Burnout @ ( sed  T+31.0 T+32.4 

Burnout v e l o c i t y  ( fps )  6955 7015.9 

Burnout a l t i t u d e  ( f t )  

Burnout r o l l  rate ( r p s )  

Nosecone eject @ (sec) 

Despin @ (sec) 

Post-despin r o l l  rate (rps)  

Payload sepa ra t ion  @ ( sec)  

SPARCS enable  @ (sec) 

SPARCS a c q u i s i t i o n  @ (see)' 

Apogee @ (sec) 

Apogee a l t i t u d e  (stat  mi) 

Heat s h i e l d  deployment @ (sec) 

A l t i t u d e  a t  hea t  s h i e l d  deployment 
(ft) 

Payload impact @ (sec) 

96,000 

3.93 

T+54.33 

T+56.73 

0.0393 

T+60.18 

T+63.1 

T+95 

T+259.0 

165.83 

T+556.34 

18,310 

T+957.5 

107,000 

4.0 

T+54.1 

~ + 5 7 . 0  

0 

T+60.4 

T+63 

~ + 1 0 3  

T+261.9 

168.80 

T+533.9 

20,000 

T+1,010 
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Figure .4-11. BBVC Flight 21.019 Velocity History , 
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lower than expected burnout velocity, burnout altitude, apogee time 
and apogee altitude. 
predicted, which was well within the three-sigma apogee dispersion 
(+ 6 percent).21 
tions and a better than expected time for sun acquisition (95 seconds 
versus 103 seconds predicted). 

The apogee altitude was within 1.79 percent of 

Table 4-2 and Figure 4-13 indicate timely separa- 

This was the first successful flight of SPARCS since the failure 
on 21.011 April 3, 1973. 
commands failed to execute. Review of telemetry data and bench test- 
ing of the recovered receiver/decoder indicated several commands, 
transmitted at T+177 seconds and T+214 through T+400 seconds failed to 
execute because of intermittently faulty receiver operation. 

During the 21.019 flight, several SPARCS 

This anomaly was found, through bench testing, t o  be caused by 
intermittent received "squegging" (a variation in input receiver 
sensitivity) which, in turn, was the result of a component failure in 
the receiver voltage regulator. Functional testing of the 21.019 
receiver indicated tfiat when "squegging" the receiver operated abnor- 
mally in two respects. One, the receiver produced a faulty signal 
strength indication which was independent of input signal level 
and second, the receiver required an input signal of -60 dbm (decibels 
in millivolts) to operate. When not "squegging" the receiver operated 
within specification (i.e., a threshold of -102 dbm) and also the 
signal strength measurement was found to be an accurate indication of 
input signal level. 

Records of flight telemetry indicated that during periods of 
command failure the signal strength measurement was equivalent to -86 
dbm input, and consequently, the failures were not due to inadequate 
signal but could be attributed to "squegging." 
functionally verified through bench testing. 

This conclusion was 

The receiver was returned to GSFC for removal and failure analy- 
sis of the failed component. The input transistor was found to be 
shorted and probable cause of failure was a large voltage transient 
on the rocket +28 volt supply. 

Although SPARCS had the above anomaly, it successfully acquired 
the sun, in less than predicted time, and maintained a pitch/yaw point- 
ing accuracy of better than 1 arc second (design goal 20 arc sec- 
onds).22 This payload was using SPARCS intermediate sun sensors 

21. Memorandum 17865, "NASA Black Brant VC (BBVC) 21.019 Preliminary 
Flight Report," Goddard Space Flight Center, Space Applications 
and Technology Directorate, Sounding Rocket Division, Gteenbelt, 
Maryland, June 13, 1973. 
"Preliminary SPARCS Flight Summary for 21.019 , I 1  LMSC/D346773 ,Lock- 
heed Missile and Space Company, Sunnyvale, Calif., July 27, 1973. 

22. 
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( loca t ed  n e a r  t h e  f i n e  sun sensor )  and rate gyros f o r  t h e  f i r s t  t i m e .  
Prev ious  f l i g h t s  used wyros r a t h e r  t h a n  gyros f o r  r a t e  s ens ing .  

Tables 4-3 and 4-4 summarize and compare 21.009 and 21.019 thermo- 
couple  temperature  da t a .  Since f l i g h t  21.019 was  e s s e n t i a l l y  a r e f l y  
of t h e  21.009 payload, i t  should be  ‘noted t h a t  t h e  higher  tempera tures  
on 21.019 w e r e  due t o  a s l i g h t l y  h i g h e r  burnout v e l o c i t y  f o r  f l i g h t  
21.019. The CALROC parachute  recovery system recovered payload 21.019 
i n  e x c e l l e n t  cond i t ion ,  as shown i n  F i g u r e  4-14. The SPARCS u n i t  w a s  
r e fu rb i shed  and later flown s u c c e s s f u l l y  as p a r t  of t h e  21.013 pay- 
load  on September 4, 1973. 

’ 4.8 F l i g h t  21.020. CALROC test f l i g h t  21.020, weighing 468 
pounds, w a s  t h e  f i r s t  HCO payload c o n f i g u r a t i o n  launched a t  WSMR. It 
was launched October 24, 1972, a t  16:20;2.609 GMT f o r  t h e  purpose  o f :  

a. Obtaining a d d i t i o n a l  d a t a  on t h e  Black Brant VC motor. 

b. F l i g h t  t e s t ’ t h e  CALROC Nosecone (second f l i g h t ) .  

c. F l i g h t  test t h e  CALROC Nosecone Separa t ion  s y s t e m  (f irst  
f l i g h t ) .  

d. F l i g h t  test t h e  CALROC Payload Separa t ion  s y s t e m  ( f i r s t  
f l i g h t ) .  

e. F l i g h t  test t h e  CALROC I g n i t e r  Housing us ing  t e n s i o n  j o i n t s  
( f i r s t  f l i g h t ) .  

f .  Obtain temperature  d a t a  on an HCO type  payload. 

Since t h i s  w a s  a test f l i g h t  we.ighted to an HCO conf igu ra t ion  and n o t  
r e q u i r i n g  sun po in t ing  o r  recovery no Cont ro l  s y s t e m ,  Recovery system 
o r  S c i e n t i f i c  Instrument w a s  inc luded  i n  the  payload. An HCO payload 
conf igu ra t ion  was chosen over  an NRL payload because t h e  HCO payload 
w a s  some 100 pounds l i g h t e r  and would t h e r e f o r e  have a h ighe r  atmos- 
p h e r i c  ex i t  v e l o c i t y  r e s u l t i n g  i n  maximum temperatures throughout  t h e  
payload. Table 4-5 i l l u s t r a t e s  some of t h e  more important e v e n t s  
dur ing  t h e  21.020 f l i g h t .  F igures  4-15, 4-16, and 4-17 i n d i c a t e  
t h a t  v e h i c l e  r o l l  rate, payload a l t i t u d e  and payload v e l o c i t y  w e r e  
very nea r  des ign  o r  expected va lues .  

Veh ic l e  r o l l  rate increased  s t e a d i l y  during t h e  f i r s t  30 seconds 
of f l i g h t  then  remained cons t an t  a t  o r  near  t h e  design rate of 4 revo- 
l u t i o n s  p e r  second. A t  56.6 seconds,  payload despin  (yo-yo) w a s  i n i -  
t i a t e d  reducing t h e  s p i n  rate t o  approximately .9 rps  w i t h i n  1 second 
(see F igure  4-15). Figure  4-17 shows t h e  v e l o c i t y  h i s t o r y  of payload 
21.020 and is  t y p i c a l  of Black Brant  VC type payloads. The payload 
v e l o c i t y  increased  t o  a maximum a t  b o o s t e r  burnout decreased t o  some 
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Table 4-3. SPARCS Commutator Number 2 Peak Temperatures 

MAXIMUM 
SPARCS ENABLE SPARCS ACQUIRE TEMPERATURES 

TEMPERATURE (OF) 

(OF) EXITREENTRY 
STATION !a* LOCATION TEMPERATURE 

DESIGNATION (in. 1 degrees D E S C R I P m  (OF) 

Thermocouple 59 67.5 On'CSS chip 68 
No. 1 (copper 

housing) 

Thermocouple 
No. 2 59 34 9 On CSS chip 

(Aluminum 
housing) 

260 

Skin 102 105 Near aft CSS 390 
Thermistor 

Block 102 105 CSS block 95 
Thermistor 

Connector 94 0 
Thermistor 

80 

68 90 140 

245 

353 

115 

81 

335 310 

402 380 

95 210 

80 94 

*@ measured clockwise looking aft from 0" (North) 



Table 4-4. Thermocouple Commutator Peak Temperatures and.Comparisons 

GAGE TUX EXIT TUX (OF) REENTRY TmX (OF) 
21.009 21.019 21.009 21.019 ( F) 0 

DESIG- STATION LOCAT ION 
NATION (in.) 6* DESCRIPTION 

TC-3 49 124' Skin - lower ORSA 1100 660 685 769 796 

TC -4 54.6 281' Skin - telemetry 1100 420 450 360 390 
extension 

TC -5 8 4  101O Skin - upper ex- 1100 435 * 47 5 505 577 
periment bay 

TC -6 100 124' Skin - upper ex- 1100 420 450 490 568 

TC -7 120 ' 124' Skin - lower ex- 1100 425 460 545 620 

periment bay 

periment bay 

TC -8 39.5 105' SPARCS valve- 800 145 155 37 1 402 
insulation 

TC-9 39.5 7 5O SPARCS valve body 600 63  67 --- 105 

TC-10 40.5 105O SPARCS valve block 6 00 60 80 --- 112 

TC-11 37.5 75O Drogue gun s k l n  (No. 1) 800 250 295 750 (400) 645 (345) 

TC-12 37.5 7 5O Drogue gun body (No. 1) 600 --- 100 275 280 

TC-13 37.5 255O Drogue gun skin (No. 2 )  800 220 275 545 ( 3 5 0 )  619 (330 )  

TC-14 37.5 255' Drogue gun body (No. 2 )  600 --- 85 230 263 

* 
Q, 
VI 

Measured clockwise looking aft from 0' (North) 
( At heat shield release 



Table 4-4. Thermocouple Commutator Peak Temperatures and Comparisons (Continued) 

DESIG- 
NATION 

TC-15 

TC-16 

TC-17 

TC-18 

TC-19 

TC -20 

TC -2 1 

TC -22 

TC-23 

TC -24 

TC -25 

TC -26 

House- 
% keeping 

STAT I O N  
(in.) 

35.7 

35.7 

37.5 

37.5 

36.7 

138.8 

140.4 

14 1 

58.5 

60 

59 

59 

thermistor 

0* - 
--- 
--- 
7 50 

225' 

135' 

118' 

118' 

118' 

67.5' 

67. So 

67.5' 

349O 

LOCATION 
DESCRIPTION 

Heat sh i e ld  sk in  

Heat sh i e ld  cork 

Drogue gun squib 
housing (No. 1) 

Drogue gun squib 
housing (No. 2 ) .  

Forward manacle r i n g  
flange 
Aft manacle f ron t  
f lange 

Aft manacle r ing  

Aft manacle adapter 
f 1 ange 

Skin - SPARCS exten- 
s ion  

SPARCS section rear 
flange 

SPARCS - copper eye 
block 

SPARCS aluminum eye 
block 

Reference 
temperature 

GAGE TMX 
(OF> 

6 00 

600 

800 

800 

800 

600 

600 

600 

600 

600 

600 

6 00 

160 

EXIT TUX (OF) 

21.019 

80 

80 

84 

82 

280 

206 

2 12 

186 

--- 
2 14 

105 

200 

78 

REENTRY TMx (9) 
21.009 21.019 

196 . 236 

145 188 

166 --- 

--- 156 

685 (400) 680 (400) 

305 3 10 

* Measured clockwise looking aft from Oo (North) 
( ) At heat s h i e l d  release 





Table 4-5. Payload 21.020 Flight  Profi le  ’ 

EVENT 

Launch 

Tower e x i t  

Burnout 

Nose t i p  eject 

Despin 

Payload 
Separation 

Apogee 

Impact (Motor) 

ACTUAL 

O* 

1.52 

33.1 

53.5 

56.6 

60.1 

267.2 

-- 

VELOCITY 
( f t/ sec) 

PREDICTED ACTUAL PREDICTED 

-2.609 0 0 

1.55 198 200 

32.4 7170 7234 

54 6480 6541 

57 6380 6447 

60 6250 6354 

270 700 561 

522 -c- 5877 

(Pay l o  ad) 603 610 --- 330 

ACTUAL 

4050 

4 200 

109400 

247100 

266300 

288900 

926600 
(175.5 
st mi) 

--- 

PREDICTED ACTUAL PREDICTED 

4050 , --- c-- 

4200 --- -c- 

105298 10000 7435 

253916 25000 19763 

273324 27000 21449 

292435 30000 23132 

946219 179000 143280 
(179.2 
st mi) 

4000 333400 286388 
(63.1 (54.2 
st mi) st m i )  

c-- 4000 --- 
00 
00 

*Launch T i m e  16 hours, 20 minutes, 2.609 seconds (GMT) 
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minimum value  a t  apogee, then increased t o  a maximum again  j u s t  p r i o r  
t o  en te r ing  the  e a r t h ' s  atmosphere. 
e a r t h ' s  atmosphere, its v e l o c i t y  g r e a t l y  decreased. A l l  mission objec-  
t i v e s  were m e t ,  including t h e  a c q u i s i t i o n  of temperature d a t a  i n  Table  
4-6, thus qua l i fy ing  21.020 as a success fu l  mission.23 

A s  t h e  payload entered the  

23. Memorandum 14966, "Black Brant VC 21.020 F l i g h t  Report ,'I Goddard 
Space F l i g h t  Center,  Space Applicat ions and Technology Direc- 
t o r a t e ,  Sounding Rocket Divis ion,  Greenbel t ,  Maryland, A p r i l  16 ,  
1973. 
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Table 4-6. Maximum Temperature Data, Flight 21.020 

IEASlJREFENT 

TIC-1 
TIC-2 
TIC-3 
TIC-4 
TIC-5 
T/C-6 
TIC-7 
T / C-8 
TIC-9 
T/C-10 
TIC-11 
TIC-12 
T/C-13 
TIC-14 
TIC-15 
TIC-16 
TIC-17 
TIC-18 
TIC-19 
TIC-20 
TIC-21 
TIC-22 
TIC-23 
TIC-24 
TIC-25 
TIC-26 

EXIT 
(OF) 

980 
820 
294 

Failed 
243 
798 
650 
263 , 

241 
368 
503 
122 
62 

186 
125 
445 
355 
234 
225 
234 
343 
72 
335 
209 
214 
189 

RE-ENTRY 
(OF) 

STATION NO. 
(inches 1 LOCATION 

--- 
--- 
-P- 

Failed 

844 
660 
402 
338 
415 
474 
539 
562 
274 
688 
457 
388 
319 
294 
334 
393 
6 31 
404 
306 

-*- 

28.7 
33.5 
35 .o. 
36.7 
35.7 
38.3 
49.3 
51.0 
62.0 
63.6 
68.6 
39.0 
40.5 
77.3 
39.0 
90.5 
104.8 
106.2 
107.6 
109.1 
110.8 
40.5 
137.1 
138.8 
140.4 
141.0 

Nose tip-skin 
Nose tip-skin 
Nose tip-flange 
Lower ORSA-flange 
Forward manacle ring 
Lower ORSA-skin 
Lower OXSA-skin 
Lower ORSA-flange 
Telemetry bay - f lange 
Telemetry bay-skin 
Telemetry b ay-skin 
Lower ORSA-valve block 
Lower ORSA-valve block 
Forward exp. bay-f lange 
Lower ORSA-valve block 
Forward exp. bay-skin 
Forward exp. bay -skin 
Forward exp. bay-f lange 
Center ring 
Aft exp. bay-f lange 
Aft exp. bay-skin 
Lower ORSA-v'alve block 
Aft exp. bay-skin 
Aft exp. bay-f lange 
Manacle ring 
Adapter ring-f lange 



MEASUREMENT 

Table 4-6. Maximum Temperature Data, F l i g h t  21.020 (Continued) 

SPARCS Therm. 1 (ST-1) 
ST -2 
ST -3 

ST -4 
ST-5 
ST-6 
ST -7 
ST-8 
ST-9 (Not used) 
ST-10 (Not used)  
ST-11 (Reference temp.) 
ST-12 

EXIT 
(OF1 

251 
229 
257 

- 
3 36 
327 
288 
3 12 - 
- 
60 
80 

RE -ENTRY 
0 

37 5 
330 
345 

- 
420 
404 
364 
357 - 
- 
80 
237 

STATION NO. 
( inches)  

59.0 
59.0 
59.0 

59.0' 
59.0 
59.0 
59.0 
59.0 
59.0 
59.0 
59.0 
59.0 

LOCAT I O N  

SPARCS-quartz sun sensor  
SPARCS-standard sun sensor  
SPARCS-quartz sun sensor  
(180' .fr'om ST-1) 

SPAR-CS (180° from ST-2) ' 

SPARCS-skin near  ST-1 
SPARCS-skin near  ST-3 . 
SPARCS-skin near  ST-2 
SPARCS-skin near  ST-4 

SPARCS TM p l a t e  
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SECTION 5 

SKYLAB CALROC FLIGHT SUMMARY 

The Skylab ATM Ca l ib ra t ion  Rocket Pro jec t  had a minimum success 
c r i t e r i a  of one successfu l  HCO f l i g h t  and one successful NRL f l i g h t  
during the  o v e r a l l  Skylab mission. The CALROC pro jec t  was approved 
by NASA headquarters based on t h e  concept t h a t  it was more economical 
t o  bu i ld ,  tes t  and launch s i x  c a l i b r a t i o n  rockets using minimum docu- 
mentation, standard sound rocket design, q u a l i t y  and r e l i a b i l i t y  con- 
t r o l  and minimum change board con t ro l  while permitting up t o  fou r  
f a i l u r e s  than t o  r equ i r e  Skylab type de ta i l ed  ana lys i s ,  design, docu- 
mentation, q u a l i t y ,  r e l i a b i l i t y  and change board cont ro l  on only two 
rockets  which would r equ i r e  100% success. 
w a s  expected t h a t  some f a i l u r e s  would be encountered. Five successes 
out of s i x  launches f a r  exceed ' the  minimum success c r i t e r i a  e s t a b -  
l i shed  by NASA headquarters. 

Based on t h i s  concept i t  

Six c a l i b r a t i o n  Rockets were flown during the  overa l l  Skylab 
mission; two each during Skylab 1/2, Skylab 3 and Skylab 4. Five  of 
t he  s i x  f l i g h t s  were successfu l ,  as  shown i n  Table 5-1, i n  obta in ing  
good c a l i b r a t i o n  da ta  f o r  use i n  c a l i b r a t i n g  t h e  Skylab ATM SO55 
Ul t r av io l e t  Scanning Polychromator Spectroheliometer and SO82 Extreme 
Ul t r av io l e t  Spectroheliograph and Spectrograph Experiment da ta .  A l l  
payloads were recovered i n  re furb ishable  condition and some hardware 
was i n  f a c t  refurbished and reflown. 

The one and only f a i l u r e  was HCO f l i g h t  21.021, launched June 4 ,  
1973, which was terminated e a r l y  (2.2 seconds p r i o r  to Motor burnout) 
by t h e  WSMR sa fe ty  o f f i c e r .  
r e s u l t  of radar i nd ica t ions  t h a t  t he  payload would land o f f  t h e  WSMR 
i f  t he  Motor was allowed t o  continue th rus t ing .  Pos t - f l igh t  analyses 
ind ica ted  a normal Rocket Motor performance and t h a t  t he  WSMR boundary 
overshoot was due t o  some confusion among the  WSMR aerodynamic launch 
personnel who provided an inco r rec t  launch tower s e t t i n g  t o  t h e  U. S. 
Navy launch crew. Early t h r u s t  termination r e s u l t e d  i n  no c a l i b r a -  
t i o n  da ta ,  however, many of t he  subsystems performed a s  designed. 
The payload was recovered, refurbished and reflown on HCO f l i g h t  21.023 
December 10, 1973. 

Thrust termination w a s  commanded a s  a 

The f i r s t  launching of an NRL CALROC payload (21.012) during t h e  
Skylab mission occurred June 13, 1973. A l l  subsystems, except t h e  
SPARCS and S c i e n t i f i c  Instrument performed as designed. The SPARCS 
design goal was t o  provide pointing accuracies of l e s s  than 20 a r c  
seconds e r r o r  i n  p i t ch  and yaw and 1.2 degrees i n  r o l l .  Except f o r  
a 100 second period where unexplained motions of approximately 60 a rc  
seconds occurred, SPARCS maintained pointing accuracies of less than 
0.25 a rc  seconds e r r o r  i n  p i tch ,  0.5 a rc  seconds i n  yaw and 72 a r c  
seconds i n  r o l l .  T h e . t o t a l  s o l a r  observing o r  c a l i b r a t i o n  da ta  t i m e  
was approximately 318 seconds (108 t o  426 seconds f l i g h t  t ime),  pro- 
viding approximately 218 seconds of good c a l i b r a t i o n  data.  The 
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Table 5-1. CALROC F l i g h t  Sumar.y 

F l i gh t  
number 

HCO 
21.021 

NRL 
21.012 

HCO 
21 .022 

NRL 
21.013 

HCO 
21.023 

NRL 
21.014 

Launch 
date 

6-4-73 

6-1 3-73 

8-9-73 

9-4-73 

12-1 0- 73 

1-1 5-74 

A l l  systems 
successful 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Remarks 

F l i g h t  was terminated early by WSMR safety o f f i c e r  
because i t  appeared t o  be going o f f  range. 
load Telemetry , Nosecone Separation and payload 
Recovery systems worked properly. The I g n i t e r  
Housing , Payload Separation , S c i e n t i f i c  Instrument 
and SPARCS could no t  perform proper ly due to  ex- 
cessive tumbling, contamination and e l e c t r i c a l  
malfunctions as a resu l t  of termination. No c a l i -  
brat ion data were obtained. See section 6 o f  t ex t  
f o r  more de ta i l s .  

The pay- 

~~ ~~ ~ 

A l l  subsystems, except the SPARCS and S c i e n t i f i c  
Instrument, performed as expected. 
large excursions causing some loss  of ca l i b ra t i on  
data. Ca l ib ra t ion  data was somewhat degraded b.v 
f i l m  fogging, overexposure and s t ray  l i g h t  w i t h i n  the  
S c i e n t i f i c  Instrument. Adequate data was ob- 
tained t o  ca l i b ra te  the Skylab 2 Mission SO82 data. 

SPARCS had some 

A1 1 subsystems performed as expected. SPARCS provided 
excel lent  po in t ing  and the payload was recovered i n  
very good condit ion. Excellent ca l i b ra t i on  data were 
obtained even w i th  the Sc ien t i f i c  Instrument power 
supply 12 inoperative. This caused a loss o f  f i r s t  
order data i n  the wavelength range below 800 R' 
order data was obtained down t o  419 R. Cal ib ra t ion  
data v ia  telemetry was excellent. 

Second 

A l l  subsystems performed adequately t o  obtain s u f f i -  
c i en t  data f o r  a good cal ibrat ion.  Except f o r  a few 
minor "jumps" o f  5-10 arc seconds, SPARCS provided 
excel lent  point ing. These ''jumps'' had a minimal 
e f f e c t  on c a l i b r a t i o n  data. One-half o f  the "A" 
camera subsystem f i l t e r  shu t te r  f a i l e d  i n  f l i g h t  
causing a minor e f f e c t  on ca l i b ra t i on  data. Ex- 
cept f o r  some minor dents during impact, t!e pay- 
load was recovered i n  excel l e n t  condit ion. 

The f l i g h t  was a complete success. Excel lent c a l i -  
b ra t ion  data were obtained with a l l  subsystems per- 
forming i n  excel lent  fashion. 
recovered i n  very good condition. 

Except f o r  a small SPARCS r o l l  d r i f t  during ear ly  f l i g h t  
a l l  systems performed as designed. The r o l l  d r i f t  caused 
a s l i g h t  smearing o f  the f i r s t  exposure.on the  "A" camera 
subsystem. A l l  remaining "A", "B", "C", "H" and H-a 
camera exposures were very good, thus providing very good 
ca l i b ra t i on  data during the Skylab-4 Mission. 

The payload was 
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S c i e n t i f i c  Instrument operated success fu l ly  obta in ing  adequate ca l ib ra -  
t i o n  d a t a  even with some minor problems such as background f i l m  fogging, 
overexposure and s t r a y  l i g h t .  

The second HCO CALROC launch (21.022) occurred during Skylab 3. 
This launch w a s  successfu l  i n  every'way, except f o r  one high vo l t age  
power supply which t r ipped  out and caused a l o s s  of f i r s t  o rder  cali- 
b r a t i o n  d a t a  through t h e  7702 t o  2968 range and second order  ca l ib ra -  
t i o n  d a t a  through t h e  4192 t o  2962 range. 
d a t a  w a s  obtained through t h e  13402 t o  
s p e c t r a l  l i n e s  of 4998, 5372, 5842, 625 H and 6298. The SPARCS main- 
ta ined  poin t ing  accuracies of less than 0.3 arc seconds peak-to-peak 
e r r o r  i n  p i t c h  and yaw and less than 0.1 degree peak-to-peak e r r o r  i n  
r o l l  throughout t he  c a l i b r a t i o n  d a t a  tak ing  period (109 seconds t o  472 
seconds). Except f o r  t h e  non-operation of power supply #2 t h i s  w a s  a 
completely successfu l  c a l i b r a t i o n  f l i g h t .  

F i r s t  order c a l i b r a t i o n  
708 range and second order  

The second NRL CALROC payload (21.013) launched during t h e  Skylab 
mission w a s  launched September 4, 1973. A l l  payload subsystems per- 
formed s a t i s f a c t o r i l y .  Good c a l i b r a t i o n  d a t a  w a s  obtained wi th  each 
camera subsystem, however, t h e  d a t a  w a s  somewhat d i f f e r e n t  from t h e  
d a t a  obtained on t h e  f i r s t  NRL c a l i b r a t i o n  f l i g h t  (21.012). This 
d i f f e rence  w a s  resolved with t h e  t h i r d  NRL CALROC f l i g h t  (21.014) 
January 15, 1974. 

The t h i r d  HCO CALROC launch (21.023) occurred December 10, 1973. 
A l l  payload Subsystems performed i n  exce l l en t  fashion, The f l i g h t  w a s  
a complete success. Excellent c a l i b r a t i o n  da ta  were obtained from a l l  
t h ree  d e t e c t o r s  with t h e  CALROC and Skylab ATM S c i e n t i f i c  Instruments 
observing t h e  same region of t h e  s o l a r  d i sc .  

The t h i r d  NRL CALROC payload (21.014) launched during t h e  Skylab 
mission w a s  launched January 15, 1974. A l l  payload subsystems per- 
formed as designed. Except f o r  a s l i g h t  smearing of t h e  f irst  f i l m  
exposure, caused by an unexplained SPARCS r o l l  d r i f t ,  c a l i b r a t i o n  d a t a  
(photographs) w e r e  exce l len t .  
c a l i b r a t i o n  da ta  t o  be taken over a sun fi lament,  which w a s  planned as 
an area of avoidance, however, through c l o s e  coordination wi th  t h e  
Skylab f l i g h t  c o n t r o l l e r s  and a s t ronau t s  t h e  Skylab ATM Experiments 
were pointed t o  t h e  same filament.  

The SPARCS r o l l  d r i f t  caused some 

I n  summary, adequate t o  exce l l en t  c a l i b r a t i o n  data were obtained 
on th ree  NRL CALROC f l i g h t s  and two HCO CALROC f l i g h t s .  The ca l ib ra -  
t i o n  d a t a  are s t i l l  being reduced, analyzed and compiled i n t o  a form 
such t h a t  c a l i b r a t i o n  curves can be  developed f o r  t h e  Skylab ATM 
Experiments data.  NRL and HCO s c i e n t i f i c  personnel have s t a t e d  t h a t  
t h e  c a l i b r a t i o n  curves w i l l  be t ransmi t ted  t o  Marshall Space F l i g h t  
Center i n  late 1974 o r  e a r l y  1975. 
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SECTION 6 

PERFORMANCE - SJCYJAB 1/2 CALROC FLIGHTS 

The Skylab mission began on May 14, 1973, with t h e  launching of 
Skylab a t  Kennedy Space Center, F lor ida .  Skylab w a s  designated as 
Skylab 1 and t h e  f i r s t  c r e w  of as t ronauts ,  launched on May 25, 1973, 
w a s  designated as Skylab 2. Thus, t h e  Skylab 1 / 2  mission began on 
May 14, 1973, and terminated with the  splashdown of t h e  Skylab 2 c r e w  
on June 22, 1973. During t h i s  period, two Skylab ATM Cal ib ra t ion  
Rockets were launched a t  WSMR. The f i r s t  w a s  HCO f l i g h t  number 21.021 
which obtained no c a l i b r a t i o n  da ta  and w a s ,  thereby, c l a s s i f i e d  as a 
f a i l u r e .  The second was NRL f l i g h t  number 21.012 which did ob ta in  
c a l i b r a t i o n  da ta  and was thereby c l a s s i f i e d  as  a success. 

6.1 F l i g h t  21.021. HCO f l i g h t  21.021 w a s  launched a t  WSMR on 
June 4, 1973, a t  approximately 17:lO GMT. The payload weighed 497.3 
pounds and w a s  launched f o r  t h e  purpose of ob ta in ing  data t o  c a l i -  
b r a t e  the  HCO SO55 ATM Experiment da ta  taken onboard Skylab 2. T h e  
f l i g h t  w a s  t e r m i n a t e d  by t h e  WSMR sa fe ty  o f f i c e r  30.2 seconds a f t e r  
l i f t o f f  and approximately 2.2 seconds p r i o r  t o  Motor burnout because 
the  vehic le  w a s  on a t r a j e c t o r y  
t h e  northern boundary of WSMR. " Post- f l igh t  analyses ind ica t e  t h a t  
t h e  Rocket Motor w a s  performing i n  a normal manner j u s t  p'rior t o  t h r u s t  
termination. The ana lys i s  has revealed t h a t  due t o  some confusion 
among the  WSMR aerodynamic (wind-weighting) launch personnel , 
an inco r rec t  launch tower s e t t i n g  (approximately one degree i n  launch 
e leva t ion)  w a s  provided t o  the  U. S. Navy launch crew which r e s u l t e d  
i n  the  vehic le  overshooting t h e  northern range boundary. New launch 
procedures and t h r u s t  termination cri teria were adopted immediately 
which solved t h i s  type problem on fu tu re  launches. 

hich,  i f  continued, would v i o l a t e  

Some of t he  payload damage r e s u l t i n g  from t h r u s t  termination can 
be seen i n  Figures 6-1, 6-2, and 6-3. The degree of subnominal 

24. J. Lane, Memorandum, "Preliminary Post-Flight Evaluation of 
Black Brant VC NASA 21.021,"' NASA, Goddard Space F l i g h t  Center,  
Sounding Rocket Division, Greenbelt , Maryland, June 26, 1973. 
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Figure 6-3. Post-Flight HCO CALROC 21.021 P a y l o a d ,  Carbon Deposit Seen 103 
t h r u  Vacuum Door 



performance is i l l u s t r a t e d  *in Figure 6-4 which presents  t h e  planned 
( t h e o r e t i c a l l y  pred ic ted)  and a c t u a l  (from smoothed 113 r a d a r )  
a l t i t u d e  t i m e  p ro f i l e s .25  The planned t r a j e c t o r y  had an apogee 
a l t i t u d e  of 899,000 f e e t  whereas t h e  a c t u a l  apogee was only 432,000 
f e e t  (see Table 6-1). No c a l i b r a t i o n  d a t a  w a s  obtained, however, 
the  f l i g h t  w a s  no t  a t o t a l  f a i l u r e .  'Many of t he  subsystems performed 
i n  f l i g h t  as designed and t h e  payload w a s  recovered i n  r e f u r b i s h a b l e  
condi t ion  as shown in,  Figure 6-5. 
w a s  shown i n  Figures 6-6 and 6-7 t o  be  performing as designed u n t i l  
t h r u s t  termination. Vehicle v e l o c i t y  and r o l l  rate (spin) w e r e  almost 
i d e n t i c a l  t o  the  design o r  t h e o r e t i c a l  values.  The damaged I g n i t e r  
Housing shown at tached t o  the  recovered payload i n  Figure 6-5, d i d  
not  g e t  a chance t o  prove a l l  i t s  subsystems on f l i g h t  21.021. 
Obviously, one system i n  the  I g n i t e r  Housing worked pe r fec t ly ;  t h e  
t h r u s t  terminat ion system. When t h r u s t  w a s  terminated t h e  shaped 
charge exploded t h e  I g n i t e r  Housing and imploded t h e  S c i e n t i f i c  
Instrument vacuum dome (Figure 6-2). Shor t ly  a f t e r  t h rus t  t e rmina t ion  
the  despin mechanism w a s  a c t i v a t e d ;  however, due t o  excessive tumbling, 
as a r e s u l t  of t h rus t ' t e rmina t ion ,  payload despin could not  be 
v e r i f i e d .  

The Black Br,ant VC Rocket Motor 

The SPARCS w a s  enabled a t  approximately 63 seconds and immediately 
t r i e d  t o  acqui re  the  sun. Sun a c q u i s i t i o n  w a s  no t  poss ib le  due t o  
l a r g e  lateral  rates (lOOO/second compared t o  a design l i m i t  of l o o  
/second) as a r e s u l t  of t h r u s t  termination.26 Attempts a t  sun 
a c q u i s i t i o n  were continued by SPARCS u n t i l  i t s  gas pressure reached 
zero a t  260 seconds. 
f i n e  poin t ing  w a s  impossible due t o  smoke and f i r e  damage of t h e  
in te rmedia te  and f i n e  sun sensors  a t  t h r u s t  termination. 

Even i f  sun a c q u i s i t i o n  had been success fu l ,  

With SPARCS unable t o  f i n e  po in t  the  payload a t  t h e  sun, 
a c q u i s i t i o n  of s o l a r  c a l i b r a t i o n  d a t a  w a s  impossible. Even i f  SPARCS 
had been a b l e  t o  f i n e  point  t he  payload, ob ta in ing  c a l i b r a t i o n  d a t a  
w a s  s t i l l  impossible due t o  carbon d e p o s i t s  throughout t h e  S c i e n t i f i c  
Instrument which r e su l t ed  from t h r u s t  termination and imploding t h e  
instrument vacuum bulkhead (See Figure 6 - 3 ) .  The S c i e n t i f i c  
Instrument w a s  turned on and success fu l ly  run through its program. 
Many func t iona l  aspec ts  of t he  hardware were v e r i f i e d  i n  f l i g h t .  

25. "Final Report f o r  NASA F l i g h t  21.021, "Computer Science 
Corporation, S i lve r  Springs,  Maryland, August 1973. 

26. E. Bissell, Memorandum, "NASA Black Brant VC (BBVC) 21.021 
Preliminary F l ight  Report," NASA, Goddard Space Fl ight  Center ,  
Sounding Rocket Divis ion,  Greenbel t ,  Maryland, July 5 ,  1973. 
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Table 6-1. F l igh t  21.021 Sequence of Events 

EVENT. - 

Ign i t ion  

L i f t o f f  

Tower e x i t  

PREDICTED TIME ACTUAL TIME HEIGHT VELOCITY 
(seconds) (seconds) ( f e e t )  (feet/second) 

- 0 4079 0 
(17:10:1.50 GMT) 

- 0 4079 0 
(17:10:1.64 GMT) 

1.51 1.51 4208 213 

Max. dynamic 
pressure - 20 35,983 3620 

Vehicle des t ruc t  - 30.23 88,400 6730 

Booster burnout 32.4 - - - 
Nosecone 
separa t ion  56 55 203,500 3870 

Despin 58 30.3 88,400 6730 

Payload 
Separation 61  30.3 88,400 6 730 

Vacuum dome 
separa t ion  

Instrument "ON" 109.5 30.3 - - 
Apogee 270 177 432,000 763 

Instrument "OFF" 460 394 - - 
Heat sh ie ld  & 
drogue deploy 508 438 20,250 305 

Main chute 
deploy 580 455 17,497 72 

Payload impact 990 86 7 

(DID NOT SEPARATE DUE TO DAMAGE AT THRUST TERMINATION) 

- - 
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Following 1ns.trument turn-of f , t h e  drogue and main pa rachu tes  
w e r e  deployed and s u c c e s s f u l l y  recovered t h e  payload a s  shown i n  
F igure  6-5. This payload w a s  r e fu rb i shed  and later flown on 
f l i g h t  21.023. 

The Telemetry system used on f l i g h t  21.021 was composed o f  t h r e e  
l i n k s  ( l i n k  #1 - PCM ill, l i n k  #2 - PCM #2, l i n k  #3 - FM/FM) which 
performed f l awles s ly ,  Link 81 c a r r i e d  SPARCS, S c i e n t i f i c  Instrument  
and housekeeping d a t a ,  whereas l i n k  112 c a r r i e d  on ly  redundant o r  
backup S c i e n t i f i c  Instrument  d a t a .  
and housekeeping da ta .  
#1 and #2 could n o t  be v e r i f i e d  due t o  an i n o p e r a t i v e  S c i e n t i f i c  
1;s t rumen t . 

Link 113 c a r r i e d  only SPARCS 
Proper  ope ra t ion  of some channels  of l i n k s  

6.2 F l i g h t  21.012. Payload 21.012, weighing approximately 590 
pounds, w a s  launched a t  WSMR June 13, 1973 a t  approximately 17:38 
GMT f o r  t h e  purpose of o b t a i n i n g  d a t a  t o  c a l i b r a t e  the NRL SO82 
Experiment d a t a  taken onboard Skylab 2. Vehic le  performance 
parameters  such as s p i n  rat'e, v e l o c i t y  and a l t i t u d e  were n e a r  
p red ic t ed  va lues  as shown i n  F igures  6-8, 6-9, and 6-10. Vehic le  
s p i n  rate increased  l i n e a r l y  from zero  a t  tower ex i t  t o  3.5 
revolut ions/second (design goa l  4 +O. 6) at 30 seconds,  remained 
approximately cons t an t  t o  desp in  a c t i v a t i o n  a t  60.5 seconds, then  
dropped t o  zero wi th in  1 second as t h e  despin weights  were r e l e a s e d .  
I n  Figure 6-10 t h e  payload a l t i t u d e  a t  apogee was  approximately 
20,000 f e e t  lower than  p red ic t ed  d e t o  a f l i g h t  p a t h  a n g l e  some 
1.24 degrees  lower than  p red ic t ed .  Y7 

A l i s t i n g  of t h e  major even t s  dur ing  t h e  f l i g h t  o f  21.012 is 
shown i n  Table 6-2. A l l  c r i t i c a l  even t s  such a s  nosecone s e p a r a t i o n ,  
desp in ,  payload s e p a r a t i o n ,  vacuum dome s e p a r a t i o n  and SPARCS f i n e  
po in t ing  occurred s u c c e s s f u l l y  on o r  near  p r e d i c t e d  t i m e s .  

SPARCS w a s  enabled a t  67.0 seconds and 27.4 seconds l a te r  had 
acqui red  t h e  sun and w a s  i n  t h e  f i n e  po in t ing  mode. 
per iod 100 - 200 seconds SPARCS experienced some random, d i s c r e t e  
and unexplained motions of approximately 60 arc seconds magnitude 
which had de t r imen ta l  e f f e c t s  on t h e  c a l i b r a t i o n  d a t a .  This  w i l l  be  
d iscussed  i n  more d e t a i l  i n  t h e  fo l lowing  paragraphs  o f  t h i s  r e p o r t .  
From 200 seconds to  t h e  S c i e n t i f i c  Instrument s h u t t e r  c l o s i n g  over  
t h e  f i n e  sun sensor  a t  413.7 seconds,  SPARCS maintained p o i n t i n g  
accu rac i e s  of less than 0.25 arc seconds e r r o r  i n  p i t c h ,  0.5 arc 

During t h e  

27. F ina l  Report f o r  NASA F l i g h t  21.012, Computer Sciences Corpora t ion ,  
S i l v e r  Springs,  Maryland, September 1973. 
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Table 6-2. 21.012 F l igh t  P ro f i l e  

EVENT/CONDITION 

Li f tof f  Time TW (GMT) 

Tower exit  veloci ty  ( fps)  

Tower exit  t i m e  (sec) 

Peak accelerat ion (g 's)  

Burnout time (sec) 

Burnout ve loc i ty  ( fps)  

Burnout a l t i t u d e  ( f t )  

Burnout r o l l  rate (rps)  

Nosecone eject time (sec) 

Despin t i m e  (sec) 

Post despin r o l l  rate (rps)  

Payload separation t i m e  (sec) 

SPARCS enable (sec) 

Sun acquis i t ion  (sec) 

Instrument "ON" t i m e  (sec) 

Apogee t i m e  (sec) 

Apogee a l t i t u d e  ( s t a t  m i )  

Instrument "OFF" t i m e  (sec) 

Heat sh ie ld  deployment (sec @ f t )  

Velocity at heat  shield deployment ( fps)  

Parachute deployment (sec) 

Payload impact (sec) 

ACTUAL PREDICTED 

17: 38: 29.2 

193 

1.54 

13 

31.8 

6,800 

99,000 

3.6 

57.5 ' 

61.5 

0 

63.2 

67 .O 

94.4 

108 

246 

149.7 

426 

530.3 @ 20,000 

300 

542 

840 

192.5 

1.54 

13 

32.4 

6,700 

99,570 

4.W.6 

58.5 

61 .O 

0 

64.5 

68 

107 

107 

250.3 

154.2 

427 

20,000 

494 

900 
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seconds i n  yaw and 72 arc seconds i n  The design goa l  w a s  
less than 20 arc seconds error i n  p i t c h  and yaw and 1.2 degrees i n  
r o l l .  This SPARCS w a s  recovered, refurbished and l a t e r  flown as 
p a r t  of payload 21.014 on January 15, 1974. 

The S c i e n t i f i c  Instrument w a s  enabled a t  approximately 100 
seconds and obtained adequate d a t a  t o  c a l i b r a t e  t h e  Skylab SO82 
d a t a  during the  Skylab 2 mission. 
random motion with SPARCS, background f i l m  fogging, overexposure 
and s t r a y  l i g h t  some 'degradation of d a t a  was present .  
acqu i s i t i on  by the  "A", "Brr, rrC'r and ''€if' camera subsystems are 
discussed i n  the  following paragraphs. 

However, due t o  the aforementioned 

Data 

One set (4  frames) of exce l l en t  s p a t i a l  r e so lu t ion  
spectroheliograms i n  both the  s h o r t  and t h e  long wavelength pos i t i ons  
were obtained with'  the "A" c a l i b r a t i o n  spectrograph during moments of 
s t a b l e  pointing. 
degraded because of 'the aforementioned SPARCS i n s t a b i l i t i e s .  

The remaining 12 on limb frames were s e r i o u s l y  

Three major problems occurred with t h e  "A" c a l i b r a t i o n  
spectrograph. 

a. The speed of the  "A" c a l i b r a t i o n  spectrograph w a s  much 
f a s t e r  than expected, t he re fo re ,  many of the  frames were overexposed. 
This w a s  a t t r i b u t e d  t o  payload evacuation p r i o r  t o  launch and less 
atmospheric absorption because of high rocket a l t i t u d e .  This problem 
was corrected by using 104 ins tead  of 101 f i lm  on fu ture  CALROC 
f l i g h t s .  

b. An excess of f i lm  fogging caused damage to  the s o l a r  images. 
This r e su l t ed  i n  a reduct ion  of c a l i b r a t i o n  accuracy s i n c e  the  
laboratory spec t r a  were not  placed onto t h e  f l i g h t  film. This 
problem was minimized on f l i g h t  21.013 by using 104 instead of 101 
f i lm  and placing labora tory  spec t r a  on the  f l i g h t  film. 

c. The q u a l i t y  of t h e  spectroheliograms suffered from s t r a y  

A new g r a t i n g  is 
l i g h t ,  caused hy the  g ra t ing  used i n  t h i s  instrument. The g r a t i n g  
used was  an old r u l i n g  with some imperfections. 
being produced and may be implemented i n t o  t h e  refurbished payload 
t o  be flown on 21.014 during Skylab 4. 

The "B" c a l i b r a t i o n  spectrograph (1175 t o  212051) obtained 2 3  
exposures. The spectrograph and telescope w e r e  i n  good focus. 

128. "Preliminary SPARCS F l i g h t  Summary f o r  21.012," LMSC/D346729, 
Lockheed Missile and Space Company, Sunnyvale, Ca l i fo rn ia ,  
Ju ly  18, 1973. . 
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Solar  i n t e n s i t i e s , . d e r i v e d  from one f i l m  s t r i p  i nd ica t e ,  that t h e  
c a l i b r a t i o n  w a s  proper.  29 
t he  accuracy of t h e  c a l i b r a t i o n .  

Two major problems occurred, which reduced 

a. Because of  l a r g e  unexplained d i s c r e t e  jumps (approximately 
60 arc seconds) of t h e  SPARCS poin t ing  system, approximately one-half 
of t he  exposures d i d  n o t  have t h e  pre-programmed pos i t ion  on t h e  solar 
disk.  
po in t ing  re ference  system, b u i l t  i n t o  the  te lescope .  Therefore,  t hese  
exposures were of on ly  l imi t ed  value when used f o r  comparison with the  
ATM exposures. 

The SPARCS jumps were too  l a r g e  t o  be compensated f o r  by the  

b. The 101 W f i lm ,  used f o r  the  s h o r t  wavelength po r t ion  of t he  
spectrograph showed an  unexpected l a r g e  amount of background fogging 
(dens i ty  0.6). Because the  c a l i b r a t i o n  s p e c t r a  were placed onto  these  
f l i g h t  f i lms ,  c o r r e c t i o n s  were der ived,  bu t  t he  accuracy of t h e  cali-  
b ra t ion  w a s  less than expected. Film fogging i s  believed t o  be caused 
by ion iza t ion  which w a s  reduced by keeping the  ion  gauge o f f  as much as 
poss ib l e  and using 104 r a t h e r  than 101 W fi lm. 

A l l  sets of "C" c a l i b r a t i o n  spectrograph exposures were usable  
s ince  t h i s  instrument d id  no t  r equ i r e  f i n e  point ing.  F i l m  fogging 
w a s  p resent  on a l l  101  f i lms ,  but the  104 f i lm  exposures came out  good. 

Because of SPARCS poin t ing  i n s t a b i l i t i e s ,  four  of t he  twelve "H" 
heliograph exposures were ruined. Film fogging was present on a l l  
e igh t  of t he  101 f i l m  exposures. 
were f r e e  from fogging showed exce l l en t  r e so lu t ion .  

Three of the  104 film exposures which 

Five instrument anomalies which were de tec t ed  and r e q u i r e  correc-  
t i v e  a c t i o n  were: 

a. An excess amount of d i r t  w a s  p re sen t  on t h e  s l i t  of "B" 
spectrograph a f t e r  launch, which w a s  not  seen d u r i n g  the las t  t e s t i n g .  
It w a s  assumed t h a t  t h i s  d i r t  w a s  shaken loose  dur ing  l i f t o f f  and. f e l l  
onto the  s l i t  p l a t e .  Two ca ta s t roph ic  f a i l u r e s  were possible  under 
those condi t ions ;  a p iece  of d i r t  could block t h e  s l i t  o r  a p i ece  of 
d i r t  could make the  poin t ing  re ference  system inoperat ive.  Correc t ive  
a c t i o n  has been taken. A cover has been b u i l t  which w i l l  p r o t e c t  the  
slit  p l a t e  during t h e  powered por t ion  of t h e  f l i g h t  and w i l l  be 
re leased  toge ther  wi th  a l l  o the r  launch locks.  
given t o  payload c leaning  p r i o r  t o  launch. 

More a t t e n t i o n  w i l l  be 

29. D r .  G.  Brueckner, Letter 7419-189, Naval Research Laboratory,  
Washington, D. C . ,  June 29, 1973. 
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b. Small dust  p a r t i c l e s  apparently punched numerous s m a l l  h o l e s  

One l a rge  hole  w a s  present i n  t h e  second f i l -  
(less than 1 P )  i n t o  a l l  t h ree  f i l t e r s .  
ing  l i f t o f f  o r  impact. 
ter  of t h e  "H" camera subsystem, which probably w a s  caused by t h e  
impact of a pa r t i c l e .  Fortunately,. t h i s  ho le  did not develop i n  t h e  . 

image a rea  of t h e  sun which would have been catastrophic.  
covers have been designed f o r  a l l  t h r e e  t h i n  f i lm f i l t e r s  t o  prevent  
any damage during l i f t o f f .  

This could have happened dur- 

P ro tec t ive  

c. The S i l i con  I n t e n s i f i e d  Target (SIT) t e l ev i s ion  camera showed 
s igns  of s a t u r a t i o n  during the  por t ion  of t h e  f l i g h t ,  when pointed 
a t  t h e  sun center. The SIT t e l e v i s i o n  camera Automatic Gain Control 
(AGC) was set inco r rec t ly  p r i o r  t o  f l i g h t .  

d. The H-alpha photographic p i c tu re s  of the slit p l a t e  were 
smeared because of. "B" camera subsystem main mirror v ib ra t ion  induced 
during s h u t t e r  motion of t he  H-alpha camera. This w a s  caused by a 
mechanical resonance i n  the  "zero-G" environment. 
was not removed on f l i g h t s  21.013 and 21.014, but i t s  e f f e c t s  were 
eliminated by including a neu t r a l  dens i ty  f i l t e r  and increas ing  t h e  
H-alpha f i l m  exposure t i m e .  

The resonance 

e. Upon impact, t h e  S c i e n t i f i c  Instrument f ront  doors d i d  not 
remain closed and as  a consequence, dus t  entered i n t o  t h e  payload. 
The door mechanism r e l i e d  on a d i f f e r e n t i a l  pressure between ambient 
and t h e  i n s i d e  of the  payload. This d i f f e r e n t i a l  pressure was most 
l i k e l y  not maintained because.of t h e  impact shock. Future CALROC 
f l i g h t s  used la tches  which kept t he  doors closed during impact. 

Following S c i e n t i f i c  Instrument t u r n o f f ,  the drogue and main 
parachutes were deployed and success fu l ly  recovered the payload. This 
payload was refurbished and reflown on f l i g h t  21.014. 

The NRL Telemetry records i n d i c a t e  t h a t  the  system flown on 
21.012 performed wi th in  t h e  design acceptance c r i t e r i a  and no changes 
were350nsidered necessary on components, c i r c u i t r y ,  hardware, antennas,  
etc. Review of telemetry records i n d i c a t e  the systems performance 
was a s  expected. The Telemetry system was recovered and re furb ished  
f o r  use on payload 21.014. 

Summarizing the  r e s u l t s  of t h i s  f l i g h t ,  i t  can b e  s t a t e d  t h a t  
enough information was gathered t o  c a l i b r a t e  the Skylab SO82 da ta  
taken during the  Skylab 2 mission. 

30. John Cameron, Memorandum t o  E. E. Bissell, "Preliminary Post- 
f l i g h t  Report on CALROC 21.012 (NRL)," NASA, Goddard Space 
F l i g h t  Center, Sounding Rocket Division, Greenbelt, Maryland, 
June 21, 1973. 
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SECTION 7 

PERFORMANCE - SKYLAB 3 CALROC FLIGHTS 

The Skylab 3 Mission began on June 22, 1973 following the  
undocking.and splashdown of t he  Skylab 2 crew. 
June 22, 1973 t o  J u l y  28, 1973, preceded the  launching of the Skylab 
3 crew on J u l y  28, 1973. Thus, t h e  Skylab 3 Manned Mission began on 
Ju ly  28, 1973 and terminated with the  splashdown of the Skylab 3 crew 
on September 25, 1973. During t h i s  per iod ,  two Skylab ATM Ca l ib ra t ion  
Rockets were launched a t  WSMR.  The f i r s t  was HCO f l i g h t  number 21.022 
and the  second NRL f l i g h t  number 21.013. Both f l i g h t s  obtained 
s u f f i c i e n t  d a t a  t o  properly c a l i b r a t e  the  Skylab da ta ,  thus qua l i fy ing  
as successful missions. 

An unmanned per iod  

7.1 F l igh t  21.022. HCO payload 21.022, weighing 495 pounds, w a s  
launched a t  WSMR August 9,  1973 a t  17:30:58.42 GMT fo r  t h e  purpose of 
obtaining da ta  t o  c a l i b r a t e  the  HCO SO55 experiment data taken onboard 
Skylab 3. Vehicle performance parameters such as vehicle r o l l  rate,  
acce lera t ion ,  ve loc i ty  and a l t i t u d e  are shown i n  Figures 7-1, 7-2, 
7-3 and 7-4. Additional f l i g h t  performance d a t a  a r e  shown i n  Table 
7-1. The vehic le  burnout v e l o c i t y  was s l i g h t l y  less than p red ic t ed ,  
r e s u l t i n g  i n  a lower than predicted payload apogee. TheBBVC Rocket 
Motor performance was s l i g h t l y  under p red ic t ion ,  however, each of the  
above parameters were wi th in  design s p e c i f i c a t i o n s  indicating t h a t  t h e  
rocke t  motor performed as designed. 
separa t ion  occurred successfu l ly  and on t i m e .  

Vehicle desp in  and payload 

Following successfu l  despin and payload separa t ion ,  SPARCS w a s  
enabled a t  64.0 seconds. Th i r ty  seconds later SPARCS had acquired 
the  sun and was i n  the  f i n e  pointing mode. SPARCS maintained f i n e  
pointing accuracies of less than 0.3 a r c  seconds peak-to-peak e r r o r  
i n  p i t c h  and yaw and less than 0.1 degree peak-to-peak e r r o r  i n . r o l 1  
throughout t he  c a l i b r a t i o n  d a t a  taking period (109 t o  472.4 seconds) .31 
The design goal was less than 20 arc seconds e r r o r  in p i t c h  and yaw 
and less than 1.2 degrees e r r o r  i n  r o l l .  This SPARCS w a s  recovered 
i n  exce l l en t  condition, with no apparent damage. 

A l l  S c i e n t i f i c  Instrument subsystems functioned c o r r e c t l y  wi th  
the exception of high vol tage  power supply #2 (HVPS) which t r ipped  

31. "Preliminary SPARCS F l i g h t  Summary f o r  21.022" IMSC/D338306, 
Lockheed Missile and Space,Company, Sunnyvale, Ca l i fo rn ia ,  
August 27, 1973. 
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Table 7-1. 21.022 Flight Performance 

Tower exit 
Time (sec) 
Velocity (ft/sec) 

Vehicle burnout 
Time (sec) 
Altitude (ft) 
Velocity (ft/sec) 

Nosecone eject 
Time (sec) 
Altitude (ft) 

Vehicle despin (YO-YO) 
Time (sec) 
Altitude (ft) 

Payload separation 
Time (sec) 
Altitude (ft) 

SPARCS enable 
Time (sec) 
Altitude (ft) 

Sun acquisition 
Time (sec) 
Altitude (ft) 

Instrument "ON" 
Time (sec) 
Altitude (ft) 

Apogee (Payload) 
Time (sec) 
Altitude (stat mi) 

PREDICTED 

1.53 
196.5 . 

32.42 
103,848 
7 104 

56 --- 

58 --- 

61 
294,000 

64 --- 

100 --- 

109.5 --- 

265.1 
172.8 

ACTUAL 

1.49 - 

32.6 
102,919 
6979 

56.0 
255,000 

58.8 
774,000 

61.0 
287,000 

64 
315,000 

94.2 
470,000 

109 
551,000 

261.6 

COMMENTS 

Approx time based on magne- 
tometers and lateral accel- 
e r ome t er s 

Time of max velocity from 
radar. Chamber pressure 
shows 32.9 seconds. Tone 
ranging shows 6978 ft/sec. 

Time from Telemetry. Approx- 
imate altitude from radar 

Time from Telemetry. Approx- 
imate altitude from radar 

Time from Telemetry. Approx- 
imate altitude from radar 

Time from radar. Apogee 
167.4 was 3.1% low 
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Table 7-1. 21.022 Flight Performance 

PREDICTED 

Instrument' "OFF" 
Time (sec) ' 460 
Altitude (ft) --- 

(Continued) 

Top hat off 
-Time (sec) --- 
Altitude (ft) --- 

Heat shield deployment 
Time (sec) 56 5 
Altitude (ft) 20,000 
Velocity (ft/sec) . --- 

Drogue deploy shock 
Time (sec) --- 

Drogue disreef shock 
Time (sec) 569 

Main chute deploy shock 
Time (sec) 577 

Main chute disreef shock 
Time (sec) 58 1 

Vehicle impact 
Time (sec) 652 

Payload impact 
Time (sec) 990 

FOOTNOTE : 

ACTUAL 

472.4 
225,000 

487.2 
120,000 

546.87 
20,000 
310 

547.9 

551 

558.8 

563.5 

--- 

980 

COMMENTS 

Time from Telemetry. Approx- 
imate altitude from radar. 
Approximate velocity from 
radar 

Time from Telemetry 

Time from Telemetry 

Time from Telemetry 

Time from Telemetry 

Approximate loss of Tele- 
metry signals 

1. Measured altitude and velocity are from "Quick-Look" #112 radar 
data. 
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out due t o  the  lack of an over r ide  c i r cu i t . 32  
development u n i t  which d id  not have an over r ide  for  the corona pro tec-  
t i o n  t r i p  c i r c u i t  and was mistakenly used as a f l i g h t  u n i t  following 
refurbishment from the  Skylab ATM Program. The HVPS apparently t r ipped  
out e i t h e r  a f t e r  the las t  high vol tage  func t iona l  p r io r  t o  f l i g h t  o r  
a t  t he  i n s t a n t  of l i f t o f f .  The HVPS operated co r rec t ly  dur ing  pos t -  
f l i g h t  UV base l ine  tests and has s ince  been removed from the  instrument. 
Only Murphy's l a w  can expla in  why t h i s  supply never tripped ou t  dur ing  
the  f i v e  high vol tage  func t iona l  tests p r i o r  t o  f l i g h t .  The loss of 
HVPS #2 r e s u l t e d  i n  a loss of de t ec to r  #2 with a r e s u l t a n t  loss of 
f i r s t  order c a l i b r a t i o n  d a t a  through t h e  range 770g t o  296g 
second order c a l i b r a t i o n  d a t a  through t h e  4192 t o  29661 range. 
Detector #1 recorded 28 s p e c t r a l  scans providing f i r s t  o rder  cali-  
b ra t ion  d a t a  through he134 t o  77 x r nge and s cond order 

( ion iza t ion  chamber) recorded the peak i n t e n s i t y  of the s t rong  Hydro- 
gen Lyman Alpha l i n e  a t  1216A0 ( sa tu ra t ed  on the  photomultiplier 
de tec tor  #l). 
fac tory  i n  a l l  respec ts .  
moved back t o  the  foca l  plane t o  sharpen the  output pulse f o r  t he  
21.023 f l i g h t .  

T h i s  un i t  w a s  a 

and 

s p e c t r a l  l i n e s  of 4998 , 5 3 g  , 584f , 62562 and 629 f . Detector #3 

These s p e c t r a l  d a t a  were apparently completely satis- 
The ape r tu re  on de tec to r  #3 was, however 

The temperature sensor on the spectrometer exit  s l i t  f a i l e d  
during f i n a l  i n t eg ra t ion  of the payload, and a decision w a s  taken t o  
f l y  without t h i s  non-c r i t i ca l  monitor. 
with the  remaining f i v e  sensors during the  f l i g h t  are shown i n  
Figures 7-5 and 7-6. It can be seen t h a t  although the  S c i e n t i f i c  
Instrument mounting r i n g  reached a temperature of about 100°C a t  
apogee, the  thermal i s o l a t i o n  of the o p t i c a l  system was completely 
s a t i s f a c t o r y ,  maintaining a temperature of about 16OC during the  d a t a  
taking p a r t  of t he  f l i g h t .  Furthermore, the  shu t t e r  and hea t  s h i e l d  
protected the  o p t i c a l  system from thermal damage during re -en t ry .  
S ign i f i can t  heating of t he  S c i e n t i f i c  Instrument d i d ,  however, occur 
while the payload was suspended from t h e  parachute and w a s  ly ing  i n  
the  d e s e r t  p r i o r  t o  recovery. During t h i s  period t h e  S c i e n t i f i c  
Instrument w a s  no longer under vacuum and hence no longer  thermally 
i so l a t ed  from the rocket skin.  The temperature of t h e  poin t ing  r e f e r -  
ence camera r o s e  t o  a level a t  which the  emulsion of the  H - a  f i l m  
became s o f t ,  posing a t h r e a t  t o  t h e  image qua l i ty .  
the overheated f i lm  was d i f f i c u l t  t he  photographs taken during the  
CALROC 21.022 f l i g h t  were s a t i s f a c t o r y .  

The temperature d a t a  obtained 

Although processing 

32. Dr. J. G. Timothy, Memorandum, "Temperature and Pressure Data 
from the  CALROC I1 Fl ight , "  Harvard College Observatory, Boston, 
Massachusetts, October 31, 1973. 
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The S c i e n t i f i c  Instrument s e c t i o n  of t h e  payload was evacuated f o r  
a period of approximately 40 hours p r i o r  t o  launch. 
i n  t h e  rocket sk in  was closed and the  cryogenic pumping system r e t r a c t e d  
a t  T m i  us 120 seconds with the  spectrometer pressure s t a b i l i z e d  a t  
7 x 10 t o r r  a s  measured on the  i n t e r n a l  cold cathode i o n i z a t i o n  gauge. 
Following . the i s o l a t i o n  of t he  Scientt2fic Instrument t h e  pressure rose  
asymptotically t o  a value of 1.4 x 10 
meter pressure p r o f i l e  up t o  the  t i m e  of gauge turnoff (T p lus  110 sec- 
onds) is shown i n  Figure 7-7. 
seen immediately following l i f t o f f  with a sharp r ise t o  about 9 x 10 
t o r r  during t h e  period of maximum v i b r a t i o n  and th rus t  acce le ra t ion .  
A S  an i d e n t i c a l  pressure rise was observed on the f i r s t  CALROC f l i g h t  
(21.021) i t  can be a t t r i b u t e d  t o  the  combined e f f e c t s  of outgassing 
from t h e  heated sk in  and r e l ease  of trapped gas by v ib ra t iona l  forces .  
Unfortunately, no data were obtained from the  pressure gauge f o r  t h e  
t i m e  period T plus 30 seconds t o  T plus 65 seconds due t o  overloading 
of t h e  electrometer ampl i f ie r  used t o  d e t e c t  t he  i o n  cur ren t .  
overloading was a d i r e c t  r e s u l t  of v i b r a t i o n  induced microphony a t  t h e  
amplifier input .  However, payload separa t ion  occurred a t  T plus 60 sec- 
onds and t h e  spectrometer would be expected t o  b a c k f i l i  t o  some f r a c t i o n  
of t h e  ambient atmospheric pressure (approximately 10- 
t i m e .  It can be seen from Figure 7-7 t h a t  when the  gauge s t a r t e d  oper- 
a t ing  c o r r e c t l y  a t  T plus 65 seconds t h e  spectrometer pressure and t h e  
t h e o r e t i c a l  average atmospheric pressure were i n  agreement t o  wi th in  a 
f a c t o r  of two. Following paytoad separa t ion  the  spectrometer pressure  
f e l l  r ap id ly  t o  about 5 x 10- t o r r .  t o r r  
before f a l l i n g  again t o  a value of 1.9 x 10- 
de tec to r  high vol tage  turn-on. The r ise i n  pressure was co inc ident  
with the  period of coarse acqu i s i t i on ,  and hence maximum gas emission, 
by the  SPARCS pointing cont ro l  subsystem. It i s  therefore  c l e a r  t h a t  
the  SPARCS subsystem had a major e f f e c t  on the  pressure environmenf 
of t h e  payload a t  t he  t i m e  of coarse acquis i t ion .  However, a f t e r  SPARCS 
entered t h e  f i n e  pointing mode and SPARCS gas pressure was reduced no 
f u r t h e r  pressure e f f e c t s  were observed, and t h e  system had no adverse 
e f f e c t  on t h e  q u a l i t y  of t h e  s o l a r  EW measurements. 
pressure p r o f i l e  beyond T plus 110 secgnds ind ica ted  t h a t  t h e  spec t ro-  
meter pressure was less than 1.0 x 10- 
par t  of t he  f l i gh t ' .  No e f f e c t s  of r e s i d u a l  gas ins ide  t h e  spectrometer 
were observed i n  the EW data  and i t  was thus concluded t h a t  t h e  opera- 
t i o n  of t h e  payload pumping system was completely s a t i s f a c t o r y  i n  a l l  
respects. 

The pumping por t  

-8 

t o r r  a t  launch. The spec t ro-  

A'small per turba t ion  i n  pressure can b -8 

This 

t o r r )  a t  t h a t  

-4 It the8  rose t o  6 x 10 
t o r r  a t  t h e  t i m e  of 

Ext rapola t ing  t h e  

t o r r  f o r  most of t h e  da ta  tak ing  

Reca l ibra t ion  of t he  telescope mir ror  ind ica ted  a maximum s h i f t  i n  
For most'wave- 

Operation of t h e  
the  r e f l ec t ance  of about 10% from the  p r e f l i g h t  values. 
lengths t h e  s h i f t  was of t he  order of 9% o r  l e s s .  33 

33. D r .  G. Timothy, Memorandum, "Quick-Look Report on HCO Instrument 
Subsystem Performance 21.022", Harvard College Observatory 
Boston, Massachusetts, August 9, 1973. 
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spectrometer during the  p o s t f l i g h t  W base l ine  t e s t s  was completely 
s a t i s f a c t o r y  . 

Measurement of t he  po in t ing  re ference  camera photographs have been 
The des i red  coord ina tes  bf t h e  cen te r  of the  raster p a t t e r n  completed. 

were 100 arc seconds North of c e n t r a l  meridian and 445 a r c  seconds 
West of c e n t r a l  longi tude.  The average coord ina tes  of t h e  c e n t e r  o f  
t he  CALROC raster w e r e  116.5 arc seconds North and 405 arc seconds West 
f o r  the  scan centered a t  apogee. .Although a 10 a r c  second s t r i p  w a s  
thus  East and ou t s ide  of t h e  ATM raster p a t t e r n ,  t h e  poin t ing  w a s  
e s s e n t i a l l y  s a t i s f a c t o r y .  Payload poin t ing  can be improved by: 

a. Rotat ing t h e  payload dur ing  the  Carson tests using t h e  
BBRC coe los t a t .  The SPARCS coe los t a t  a t  WSMR was completely 
unsa t i s f ac to ry  f o r  those tests. 

b. Se t t ing  t o  electrical n u l l  from t h e  SPARCS FSS and compensat- 
ing f o r  FSS dark cu r ren t  using the  o f f s e t  potentiometers.  

Except f o r  t he  non-operation of  de t ec to r  #2 t h i s  w a s  a completely 
successfu l  c a l i b r a t i o n  f l i g h t .  

34 
The Telemetry system provided adequate s i g n a l  s t r eng th  throughout 

f l i g h t  with a l l  events  occur r ing  and monitors funct ioning as predic ted .  
During the  Booster Motor burn por t ion  of t he  f l i g h t  there  w a s  i n t e r -  
mi t t en t  housekeeping commutator da t a  due t o  aerodynamic hea t ing  of t he  
wiring/connectors i n  t h e  Nosecone and Recovery a r e a  which may have 
caused shor t ing  of the  Telemetry 5-volt regula tor .  The system w a s  
modified t o  provide be t t e r . t he rma1  i n s u l a t i o n  and another  5-volt 
regula tor  added p r i o r  to t h e  21.023 f l i g h t .  
w a s  recovered i n  s a t i s f a c t o r y  condi t ion.  

The Telemetry system 

The Recovery system functioned proper ly  and success fu l ly  recovered 
the  payload as shown i n  Figure 7-8. 
a t  20,000 f e e t  ( a s  designed) wi th  t h e  drogue and main parachutes  
deploying i n  the  proper and normal manner.35 
parachutes were found t o  be i n  very good condi t ion during p o s t f l i g h t  
inspect ion.  There,was some evidence of re-entry aerodynamic hea t ing  

Heat sh i e ld  deployment occurred 

The drogue and main 

34. J. Wolff Memorandum, "NASA Black Brant 21.022 HCO CALROC F l i g h t  
Report," t o  E. Bissel l ,  NASA Goddard Space F l ight  Center,  Sounding 
Rocket Divis ion,  Greenbelt ,  Maryland, September 20, 1973. 

35. J. Lane, Memorandum, "Preliminary Post-Flight Evaluation of Black 
Brant VC (BBVC) NASA 21.022," NASA, Goddard Space F l i g h t  Center,  
Sounding Rocket Divis ion,  Greenbelt ,  Maryland, August 15,  1973. 
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on the  s t a i n l e s s  steel recbvery end of t he  payload, however, l i t t l e  o r  
no aerodynamic flow went p a s t  t h e  hea t  sh i e ld  p r i o r  to i t s  deployment. 

7.2 F l inh t  21.013. NRL f l i g h t  21.013, weighing 599.2 pounds, 
was launched a t  WSMR September 4 ,  1973 a t  16:45:0.84 GMT f o r  the pur- 
pose of obtaining a second set  of d a t a  t o  c a l i b r a t e  the NRL SO82 
experiment, d a t a  during Skylab 3. Vehicle performance parameters such 
as veh ic l e  r o l l  rate, v e l o c i t y  and a l t i t u d e  were near p red ic t ed  values 
as shown i n  Figures 7-9, 7-10, and 7-11. Additional f l i g h t  performance 
d a t a  are included i n  Table 7-2. 'Vehicle r o l l  ra te  (4.25 r p s )  w a s  
s l i g h t l y  higher than on previous f l i g h t s ,  ye t  w i th in  design l i m i t s  
(4.0 i: 0.6 r p s ) .  Vehicle v e l o c i t y  and payload a l t i t u d e  were s l i g h t l y  
less than observed on previous NRL CALROC f l i g h t s .  (Compare Tables 
6-2 and 7-2) . This w a s  due i n  p a r t ,  t o  a lower acce lera t ion  and 
s h o r t e r  burn time . 

SPARCS was enabled a t  66.7 seconds and 29.3 seconds later had 
acquired the  sun and was i n  the  f i n e  poin t ing  mode. 
f i n e  poin t ing  accurac ies ,of  less than  0.5 a r c  seconds peak-to-peak 
e r r o r  i n  p i t c h  and yaw and less than 0.01 degrees error i n  r o l l  
throughout t he  c a l i b r a t i o n  d a t a  tak ing  period.36 
was less than 20 a r c  seconds e r r o r  i n  p i t c h  and yaw and less than 1.2 
degrees e r r o r  i n  r o l l .  The 21.013 SPARCS had the  best  performance t o  
d a t e  on NRL CALROC payloads. 
n u l l  r a t h e r  than the  o p t i c a l  n u l l  f o r  primary mirror co-alignment w a s  
apparently co r rec t  as the i n i t i a l  pitch/yaw p o s i t i o n  was where i t  w a s  
expected t o  be. 
(5-10 a r c  seconds of 1 second duration.)  
were probably due t o  d i r t  p a r t i c l e s  f a l l i n g  f n  f r o n t  of t he  FSS eyes. 
This type of motion has been simulated a t  NASA Ames Research Center 
by dropping sand i n  f r o n t  of t h e  FSS. The jumps correspond t o  times 
when the  most p a r t i c l e s  were observed on t h e  H-alpha TV; t h a t  i s ,  a t  
t h e  beginning of t he  f l i g h t  and a t  each camera actuation. Af t e r  t he  
jumps, the  SPARCS returned t o  the normal pointing. T h i s  SPARCS 
was recovered i n  exce l l en t  condition. 

SPARCS maintained 

The des ign  goa l  

The dec i s ion  t o  r e l y  on the  FSS electrical 

There were some 15 unexplained "jumps" i n  SPARCS. 
It is believed the  "jumps" 

Numerous changes were incorporated i n t o  the 21.013 S c i e n t i f i c  
Instrument as a r e s u l t  of the  21.012 f l i g h t .  The changes w e r e :  

a. Baf f les  t o  enclose the  "A", "H", and "C" camera subsystems 
e l imina t ing  s t r a y  l i g h t .  

36. "Preliminary SPARCS F l igh t  Summary f o r  21.013." LMSC/D338362, 
Lockheed Missile and Space Company, Sunnyvale, Cal i forn ia ,  
September 13, 1973. 
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Table 7-2. 21.013 Fl ight  Prof i le  

EVENT CONDITION 

Li f tof f  t i m e  T+O (GMT) 

Peak accelerat ion (g ' s )  

Burnout time (sec) 

Burnout ve loc i ty  (fps) 

Burnout a l t i t u d e  (f , t )  

Burnout r o l l  r a t e  (rps) 

Nosecone e j e c t  t i m e  (sec) 

Despin time (sec) 

Post despin r o l l  rate (rps) 

Payload separation time (sec) 

SPARCS enable (sec) 

Sun acquis i t ion  (sec) 

Instrument "ON" (sec) 

Apogee time (sec) 

Apogee a l t i t u d e  ( s t a t  mi) 

Heat shield deployment (sec @ f t )  

Instrument "OFF" (sec) 

Top ha t  of f  (sec) 

Chute deployment (sec) 

Payload impact (sec) 

ACTUAL 

16:45:0.84 

11.75 

31.6 

6,520 

96 , 664 

4.25 

57.95 

61.5 

0.054 

64.0 

66.7 

96 .O 

128 

244.0 . 

146 .O 

525.43/20,000 

426 

45 1 

538.34 

840 

PREDICTED 

.13 

32.4 

6,650 

98 , 732 

4.W.6 

57.5 

61 .O 

0 .o 

64.5 

68 

127 .O 

248.4 

151.8 

20,000 

427 

N/A 

541 

890 
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b. Front aper ture  s tops .  Sheet metal cu touts  mounted on the  
aper ture  p l a t e  t o  f u r t h e r  reduce s t r a y  l i g h t .  

C. "B" s l i t  p l a t e  p ro tec to r  i n  the  form of a blade i n  f r o n t  of 
t h e  s l i t  p l a t e  t o  prevent contamination f a l l i n g  on the s l i t  p l a t e  . 
during launch. The blade was r e t r a c t e d  by a launch lock squib mechanism. 

d. 
.instrument s i d e  of t he  ape r tu re  p l a t e .  
opened when the vacuum dome came o f f .  

l!Hll primary' f i l t e r  p ro t ec to r  i n  the  form of a door on the  
The door w a s  spr ing  loaded and 

e. '8" secondary aluminum f i l t e r  p ro tec tor .  The 'TI" camera 
door was moved from j u s t  behind t o  j u s t  i n  f r o n t  of the f i l t e r  so t h a t  
t he  door would p r o t e c t  t h e  f i l t e r  during launch. 

f .  I I  r i  A aluminum f i l t e r  p ro tec tor .  A door was added i n  f r o n t  of 
t he  aluminum f i l t e r  and actuated by the  e x i s t i n g  "A" camera f i l m  
s l i d e s  launch lock. . 

g. The aper ture  p l a t e  bleedup valves were replaced because those 
on 21.012 were damaged on impact and allowed dus t  t o  be sucked i n t o  
the  Instrument. The new va lves  bleed up t o  ambient and include f i n e  
mesh f i l t e r s .  

h. Heavier bracket on t h e  "A" camera-to-grating Invar rod. 
The 21.012 bracket broke on impact. 

i. "A" zero order s h i e l d  modified t o  e l imina te  s t r a y  l i g h t  i n  
t h e  sho r t  wavelength pos i t i on .  

j .  Blackened magnesium "C" camera housing and "B" f i l m  c a s s e t t e  
t o  reduce f i lm  fogging, ( a l s o  t e f lon  f r e e  black magnesium f i l m  drums 
f o r  the  same reason). Vacuum tests show blackened magnesium t o  have 
much fewer f i l m  fogging e f f e c t s  than e i t h e r  black aluminum or  t e f l o n  
coated black magnesium. 

k. Modification of vacuum dome switch bracket.  On previous 
f l i g h t s  the  microswitch bracket became d i s t o r t e d  during f i n a l  assembly 
and f a l s e l y  indicated "dome o f f "  i n  the  tower. 

1. The balance weight w a s  mounted t o  t h e  aperture p l a t e  f r o n t  
sur face  instead of r a d i a l l y  toward the skin.  

m. The Fine Pointing System (FPS) range was increased from 
approximately 55 seconds t o  over '200 seconds enabling t h e  FPS t o  
follow the SPARCS anomalies of 21.012. 
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n. A monitor po in t  was added t o  the  H-alpha TVcamera t o  
determine the  l i g h t  l eve l  during f l i g h t .  (21.012 appeared t o  s a t u r a t e ) ,  

0 .  A new SIT tube was i n s t a l l e d  i n  t h e  H-alphaTV camera 
improving the  image qua l i ty .  

The 21.013 payload was launched with t h r e e  known anomalies. 
They were : 

a. Aperture s k i n  thermister.(channel 84) was not always reading 
properly . 

b. One e l e c t r o n i c s  launch-lock back-up squib was reading  open. 
This w a s  believed t o  be an erroneous reading as it had happened a 
few days before launch. A t  t h a t  t i m e ,  the sau ib  connector w a s  
cleaned up and it  read s a t i s f a c t o r i l y .  Even i f  it was "open" the  
primary squib would ac tua te  the  launch lock. 

C.  The FPS would s a t u r a t e  prematurely i n  one d i r ec t ion  -200 
arc seconds ins tead  of the -300 arc seconds design. Extensive t e s t i n g  
before f l i g h t  indicated proper FPS opera t ion  o the r  than premature 
sa tu ra t ion  which was not c r i t i c a l  t o  mission success.  

The following conclusions can be drawn relative to  t h e  
S c i e n t i f i c  Instrument operation during the 21.013 f l i g h t  .37 

a. H-Alpha TV Camera. The H-alpha TV video was s a t u r a t e d  o r  
near s a t u r a t i o n  on a l l  the  limb pos i t ions .  It appears t h e  TV camera 
w a s  set up a t  Westinghouse with more "average AGC" than "Peak d e t e c t i o n  
AGC". This averages the  black t o  the r i g h t  of the limb wi th  the  s o l a r  
d i s c  video, d r iv ing  up the s o l a r  d i s c  video which saturated t h e  
video amplifier . 

b. H-Alpha Film Camera. The 150 mill isecond exposures were 
s l i g h t l y  overexposed, but were usable f o r  i den t i fy ing  on-the-disc 
fea tures .  The 200 millisecond exposures were overexposed but  usable 
for  ident i fy ing  limb fea tures .  

c. Heliograph ("HI') Camera Subsystem. A l l  telemetry received 
from the  "H" camera subsystem indicated proper electro-mechanical 
operation throughout t h e  f l i g h t .  The p i c t u r e s  from t h e  "H" camera 
look exce l len t .  Some frames may have l o s t  some reso lu t ion  due t o  
SPARCS jumps. The " H l l  camera subsystem appears t o  have survived 
recovery with l i t t l e  damage except fo r  the ape r tu re  filter. 

37. R e  Schumacher, Memorandum 7149-78, "Final Report N I - 3  CALROC 
21.013, Naval Research Laboratory, Washington, D. C. March 
11, 1974. . 
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d. "C" Camera Subsystem. Telemetry indicated the  "C" camera 
subsystem worked properly electro-mechanically, with the exceptions 
of apparently a 1/2 drum movement a t  camera p u l s e .  10 (T+256 seconds) 
and skipping drum pos i t i on  number 12 a t  T+280 seconds. 
f i lm  shows good sectored spec t r a  o f . t h e  r i g h t  density.  
spec t r a  indicated the  camera drum d id  not  pos i t i on  properly. The 
o ther  21  spec t r a  show good camera drum alignment. Due t o  r e p e t i t i o u s  
exposures, i t  i s  believed no d a t a  was l o s t .  

The f l i g h t  
Two of the 

e. "B" Camera Subsystem. Telemetry indicated t h e  I'B" camera 
subsystem performed properly with the  exception of a 10 arc second 
peak t o  peak movement of the  primary mirror when t h e  €I-alpha f i l m  
camera actuated. The spectrographs ind ica ted  good da ta  on a l l  
camera pos i t i ons  except one. The 24 second exposure of t he  300 arc 
second p o s i t i o n  w a s  l o s t  when the  P r i n c i p a l  Inves t iga tor  (PI) 
inadver ten t ly  commanded the  payload i n  the  wrong d i r ec t ion .  The 
s p e c t r a l  dens i ty  was less than des i red  due t o  the use of 104 r a t h e r  
than 101 fi lm. The p r e f l i g h t ,  f l i g h t  and p o s t f l i g h t  c a l i b r a t i o n s  
c o r r e l a t i o n  seems t o  be exce l l en t .  There appears to  be some type 
of a problem with the  predicted va lues  of d e n s i t i e s  when compared 
with 21.012 da ta .  It is  hoped t h a t  f l i g h t  21.014 w i l l  r e so lve  
these d i f fe rences .  

f .  "A" Camera Subsystem. One-half of t he  new aluminum f i l t e r  
s h u t t e r  f a i l e d  t o  open when the  "A" camera launch lock was f i r e d  
(because of a loose screw). Consequently, only one-half of each 
spectroheliograph w a s  obtained. The e f f e c t  of t h i s  f a i l u r e  on t h e  
ca l ib ra t ion .  d a t a  i s  minimal. The s h o r t  wavelength frames are of 
s u f f i c i e n t  dens i ty  t o  provide a s a t i s f a c t o r y  ca l ib ra t ion .  
synchroton c a l i b r a t i o n  spectrum w a s  p resent  with no obvious l a t e n t  
image degradation. The camera double exposed one frame i n  the  s h o r t  
wavelength sequence. The long wavelength frames were weak and w i l l  
make c a l i b r a t i o n  d i f f i c u l t .  The bes t  long wavelength exposure ended 
up on a s h o r t  wavelength s l i d e  due t o  a camera double exposure. 
the  focus was not optimum and no long wavelength synchrotron c a l i b r a t i o n  
w a s  p resent .  
wavelength frames w a s  s a t i s f a c t o r y ,  bu t  t he  so l a r  d e n s i t i e s  were ve ry  
low. 
pinholes,  f i l t e r  s h u t t e r  door r e f l e c t i o n  and/or,  ba f f l e  r e f l e c t i o n .  
A t  the  present  b a f f l e  r e f l e c t i o n s  appear t o  be the most l i k e l y  cause,  
as the  s t r e a k s  move with g ra t ing  p o s i t i o n  movement. 

The 

Thus, 

The synchrotron c a l i b r a t i o n  on the rest of the  long 

There were some s t r a y  l i g h t  s t r e a k s  which could be due t o  f i l t e r  

g. Fine Pointing System. The Fine  Pointing System removed a l l  
motions of the  limb perpendicular t o  t h e  s l i t  as expected. However, 
there  were two anomalies not expected: t he  10 arc second peak t o  
peak movement of t he  primary mirror caused by the Nikon H-alpha f i l m  
camera and the  apparent 4-6 arc second absolu te  pointing e r r o r  (-2 

d i r e c t i o n ,  toward so la r  center). 
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The camera subsystems were ca l ib ra t ed  before f l i g h t  i n  a similar 
manner with the  exception of t he  "A" camera. 
f i l m  w a s  ca l ib ra t ed  a t  National Bureau of Standards (NBS) before  
f l i g h t .  Thus, t he  two primary camera subsystems, t he  "A" Spectro- 
heliograph and the  I l B "  Spectrograph; flew with ca l ibra ted  f l i g h t  f i lm. 

The "A" camera f l i g h t  

The "A", "C",and "HI' camera subsystem hardware flown on t h i s  
f l i g h t  (21.013) w a s  ' refurbished from f l i g h t  21 -012. 
.returned from 21.012 i n  r e fu rb i shab le  condition and r e f l y i n g . i t  
made i t  easier t o  c o r r e l a t e  21.013 d a t a  with 21.012 data. 

This hardware 

The 21.013 f l i g h t  w a s  t h e  most successful NRL CALROC f l i g h t  t o  
da t e .  A l l  subsystems performed s a t i s f a c t o r i l y  and good c a l i b r a t i o n  
d a t a  w a s  obtained with each camera subsystem. The payload received 
a severe shock on ground impact bu t  the  damage was not ex tens ive  
enough t o  prevent good pos t  f l i g h t  c a l i b r a t i o n  of the  A and B 
camera subsystems. However, t he  d a t a  obtained from t h e  21.013 f l i g h t  
was s u f f i c i e n t l y  d i f f e r e n t  from t h e  d a t a  obtained from t h e  21.013 
f l i g h t  t o  r equ i r e  a 21.014 launch f o r  c a l i b r a t i o n  of the S082A and 
S082B Experiments during Skylab 4. 

A p o s t f l i g h t  review of t he  telemetry d a t a  and recovered 
Telemetry/instrumentation system was conducted and the r e s u l t s  
i nd ica t e  the  ove ra l l  performance of the system t o  be competely 
sat i s factory.  38 

Excellent q u a l i t y  telemetry d a t a  were obtained throughout the 
f l i g h t  i n t e rva l .  A l l  t imer - in i t i a t ed  events occurred on time, with 
b a t t e r y  supply voltages remaining nominal. A l l  s ignal cond i t ione r s ,  
tone ranging, beacon, and transducer performances were s a t i s f a c t o r y  
except fo r  a momentary abnormal ind ica t ion  on the  m o t o r  chamber 
pressure  (P,) gauge. 
output w a s  p resent  for  approximately 300 milliseconds dur ing  tower 
exi t  and again from T+12 seconds u n t i l  T+19 seconds during f l i g h t .  
During a l l  other por t ions  of t he  f l i g h t  the  Pc da t a  was normal and 
good d a t a  were obtained. 
d a t a  were believed t o  be assoc ia ted  with e i t h e r  the in t e rna l  gauge 
wiring or  the ex te rna l  wiring between the gauge and t h e  Telemetry 
input i n t e r f ace .  The abnormal ind ica t ion  w a s  believed t o  be a random 
s i t u a t i o n ,  t he re fo re ,  no Pc gauge co r rec t ive  ac t ion  on f u t u r e  CALROC 
f l i g h t s  w a s  deemed necessary. The only t e l eme t ry  subsystem change on 
f l i g h t  21.013 was the replacement of one-fourth amp fuses i n . t h e  SPARCS 

38. 

The Pc gauge d a t a  indicated a shorted d a t a  

Reasons f o r  the abnormal periods of Pc 

J. Cameron, Memorandum, "Post-Flight Report on Telemetry/ 
Instrumentation System Performance on NRL CALROC Launch 21.013," 
NASA, Goddard Space F l i g h t  Center, Sounding Rocket Div is ion ,  
Greenbelt, Maryland, September 28, 1973. 
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command rece iver  power d i s t r i b u t i o n  c i r c u i t  with one-eighth amp fuses .  
One-eighth amp fuses  were used because one-fourth amp fuses  w e r e  not 
ava i lab le .  Performance of t he  t e l e v i s i o n  s i g n a l  transmission system 
w a s  very sa t i s f ac to ry .  A continuous and good q u a l i t y  s i g n a l  was re- 
ceived throughout t h e  period of sun acquis i t ion .  A review of t h e  re- 
covered system i n d i c a t e s  no s t r u c t u r a l  o r  mecha.nica1 attachment damage 
w a s  encountered due t o  f l i g h t  and/or recovery loads. 

The Recovery system operated properly and the payload was re- 
The covered- i n  reasonably good condition a s  shown i n  Figure 7-12. 

payload landed i n  t h e  h i l l s  and on descent one edge of t h e  Instrument 
h i t  a rock r e s u l t i n g  i n  a major d i s t o r t i o n  and crumpling of t h e  o u t e r  
skin. The damage a s  such d id  not d i s t o r t  t he  S c i e n t i f i c  Instrument 
o p t i c a l  bench beyond r e p a i r .  Actually, t h e  S c i e n t i f i c  Instrument w a s  
e a s i l y  removed from the  outer  can ( sk in) .  The impact was on hard 
ground and loca l ized  on one corner of t h e  can which dislodged one of 
t h e  cameras, without-camera damage. GSFC f e e l s  t h a t  the recovery 
system design w a s  adequate t o  properly recover a 600-pound payload. 39 

39. J. Guidot t i ,  Memorandum, "NASA Black Brant VC (BBVC) 21.013 
Pre l in inary  F l i g h t  Report", NASA, Goddard Space F l i g h t  Center, 
Sounding Rocket Division, Greenbelt, Maryland, October 3, 1973 
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SECTION 8 

PERFORMANCE - SKYLAB 4 CALROC FLIGHTS 

The Skylab 4 mission began on September 25, 1973 with t h e  
undocking and splashdown of t he  Skylab 3 crew. An unmanned period 
preceding the  launching of t he  Skylab 4 crew on November 16, 1973. 
Thus, t h e  Skylab 4 manned mission began on November 16, 1973. and 

' terminated with the  splashdown of t h e  Skylab 4 crew on February 8 ,  
1974. .During t h i s  per iod ,  two Skylab ATM Calibration Rockets w e r e  
launched a t  WSMR. The f i r s t  was HCO f l i g h t  number 21.023 and t h e  
second NRL f l i g h t  number 21.014. Both f l i g h t s  obtained e x c e l l e n t  
d a t a  f o r  c a l i b r a t i n g  the  Skylab 4 d a t a  and thus w e r e  c l a s s i f i e d  as 
successful.  

8.1 F l iPh t  21.023. HCO f l i g h t  21.023, weighing 496 pounds, was 
launched a t  WSMR on.December 10, 1973 a t  19:10:0.23 GMT f o r  t h e  
purpose of obtaining a second set of d a t a  t o  c a l i b r a t e  t he  HCO SO55 
Experiment d a t a  taken onboard Sk . Rocket Motor performance and 
payload t r a j e c t o r y  were nominal ?'abP:ak a l t i t u d e  (apogee) w a s  
168.5 s t a t u t e  m i l e s  as compared t o  a predicted apogee of 172 
s t a t u t e  m i l e s .  Vehicle maximum r o l l  r a t e  w a s  3.85 revolutions/second 
as compared t o  a design r o l l  ra te  of 4 + 0.6 revolutions/second. 
The motor chamber pressure (Pc) gauge f a i l e d  a t  approximately T+27 sec- 
onds wi th  the  cause unknown. The pitch-yaw gauge became e r r a t i c  a t  T+25 
seconds and f a i l e d  a t  T+35 seconds a s  expected. This gauge has  exper- 
ienced s i m i l a r  conditions on previous Black Brant VC rocket f l i g h t s .  
A l l  mechanical functions such a s  yo-yo despin, nosecone eject ,  'payload 
separa t ion ,  heat s h i e l d  deployment, drogue and main parachute deploy- 
ments  occurred i n  a normal manner and approximately on t i m e .  A tabu- 
l a t i o n  of CALROC 21.023 f l i g h t  parameters can be found i n  Table 8-1. 

Following successful despin and payload separation, SPARCS was  
enabled a t  T+63.4 seconds. Less than 20 seconds (19.3) later, SPARCS 
had acquired the  sun and w a s  i n  t h e  f i n e  pointing mode. Except fo r  
two s h o r t  i n t e r v a l s  of t i m e ,  SPARCS maintained f i n e  pointing 
accurac ies  of iess than 0.3 arc seconds peak-to-peak e r r o r  i n  p i t c h  
and yaw and less than 0.1 degree peak-to-peak e r r o r  in  r o l l  t h x p g h o u t  
the  c a l i b r a t i o n  d a t a  taking period (T+109.0 t o  T+447 seconds). 

40. J. Wolff, Memorandum, NASA Black Brant 21.023 HCO CALROC F l i g h t  
Report ,'I NASA,Goddard Space F l i g h t  Center,  Sounding Rocket 
Division, Greenbelt, Maryland, February 5 ,  1974 
"Preliminary SPARCS F l igh t  Summary f o r  21.023," LMSC/D384859, 
Lockheed Missile and Space Company, Sunnyvale, Ca l i fo rn ia ,  
January 16, 1974. 

41. 

145 



Table 8-1. Payload 21.023 F l i g h t  Parameters 42 

EVENT - 
Launch @ (GMT) 
Burnout veloci.ty ( fps)  
Burnout @ (sec) 
Burnout r o l l  rate ( rps)  
Nosecone eject 9 (sec) 
Despin @ (sec) 
Payload separa t ion  @ (sec) 
Instrument Programmer "ON" (sec) 
SPARCS modes @ (sec) 

Coarse mode 
Intermediate mode 
Fine mode 
Intermediate mode 
Coarse mode 

Instrument "ON" @ (sec) 
Apogee a l t i t u d e  ( s ta t  m i )  
Instrument 'Y)FF" @( sec) 
Recovery i n i t i a t i o n  

Al t i tude  ( f t )  
Time (sec) 

Impact ( s t a t  mi) 

ACTUAL 

19:10:0.23 
7020 
31.8 
3.85 
55-56 
57-58 
60-61 
63-64 

63.65-77.52 
77.52-82..80 
82.80-462.05 
462.05-463.60 
463.60-IDS 
109 
168.5 
470 

22,000 
558 
70 .5  North 
23.8 West. 

PREDICATED 

7086 
32.4 
4 .O 
56 
58 
60 
63 

109.5 
172 
460 

20,000 
570 + 15 
56 North 
15 West 

,REMARKS 

R e  -en t r y  

2%. Low 

Within 2-sigma 

42. M. Nolan, Memorandum "Preliminary Post-Flight Report f o r  NASA 21.023", NASA, Goddard 
Space F l i g h t  Center, Sounding Rocket Division, Greenbelt, Maryland, January 15, 1974. 



The design goal was less than 20 arc seconds e r r o r  i n  p i t c h  and yaw 
and less than 1.2'degrees e r r o r  i n  r o l l .  
t he  sun in .  19.3 seconds following 'renablea" t h e  total  time requ i r ed  
t o  s t a b i l i z e  the  payload f o r  Instrument "turn-on" was 36 seconds. 
This s t a b i l i z i n g  t i m e  w a s  somewhat longer than the  an t ic ipa ted  25 
seconds because of a f i n a l  r o l l  maneuver o f ' 1 5 8  degrees. 
pos i t i on  was 158 :degrees from the  r o l l  n u l l  angle programmed i n t o  
the  SPARCS' r o l l  r e g i s t e r s  when the  "G" switch,  or f ine  po in t ing  
switch occurred 22 seconds a f t e r  SPARCS enable. The remaining t i m e  

'was  required t o  co r rec t  t h i s  r o l l  e r r o r .  
a f fec ted  during t h i s  time due t o  coupling of the ro l l  i n t o  t h e  
p i t c h  and yaw axis. The e f f e c t s  were less than 5 arc seconds 
e r r o r  peak t o  peak. 

Although SPARCS acquired 

The r o l l  

Pitch/yaw s t a b i l i t y  was  

The two s h o r t  i n t e r v a l s  of time mentioned e a r l i e r  when SPARCS 
exceeded the 0.3 arc second peak-to-peak e r r o r  i n  p i t ch  and yaw 
occurred a t  T+130-131 seconds and T+248.5 seconds. 
a t  T+130 caused a 6 arc second poin t ing  e r r o r  i n  p i t c h  and 12 arc 
seconds i n  yaw. The'T+248.5 disturbance caused e r r o r s  of 8.5 arc 
seconds i n  p i t c h  and 9 arc seconds i n  yaw. I n  addi t ion  a 0.2 arc 
second disturbance i n  p i t c h  fo r  approximately 0.25 seconds was 
observed each time the  S c i e n t i f i c  Instrument camera shut te r  operated.. 
The Nikon camera s h u t t e r  w a s  t r iggered  every 13.17 seconds dur ing  
the  f l i g h t  s t a r t i n g  a t  T+109.5 seconds. 
a f f e c t  the c a l i b r a t i o n  d a t a  and the source of t h e  f i r s t  two 
disturbances has  n o t ,  as y e t ,  been determined. 

The d is turbance  

These disturbances d i d  no t  

SPARCS was recovered i n  exce l l en t  condition and could be 
refurbished f o r  a f u t u r e  f l i g h t .  

From a preliminary ana lys i s  of the  S c i e n t i f i c  Instrument d a t a  
the  following conclusions can be drawn: 43 

a. The f l i g h t  w a s  a complete success. Excellent d a t a  w e r e  
obtained from a l l  t h ree  de t ec to r s  with the  CALROC and ATM S c i e n t i f i c  
Instruments observing the  same region  of t h e  solar disc.  
S c i e n t i f i c  Instrument was  recovered i n  an undamaged condition a n d . i s  
cu r ren t ly  being r e c a l i b r a t e d  i n  the  laboratory.  
r e s u l t s  w i l l  be ava i l ab le  i n . d u e  course. 

The 

D e t a i l s  of t hese  

b. There was an unexplained no r the r ly  motion of approximately 
10 arc seconds observed i n  photograph #8. The motion was real and 

43. D r .  J. G. Timothy, Memorandum, "Quick-Look Report on Third 
Harvard CALROC (21.023) ,I1 Harvard College Observatory, Boston, 
Massachusetts, January 9, 1974. 
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outs ide  the  measurement e r r o r .  The l o c a t i o n  of the r a s t e r  cen ter  was  
133 arc seconds South and 35 arc seconds West of sun center.  The 
des i red  loca t ion  w a s  150 arc seconds South and 30 arc seconds West, 
however, t he  f i e l d  of view of the  CALROC l a y  completely wi th in  t h e  
f i e l d  of view of the  ATM. The poin t ing  w a s  thus completely s a t i s f a c t o r y .  

C. ' The pressure in s ide  the  S c i e n t i f i c  Instrument w a s  7.4 x 10-5 
Torr a t  launch and 5.7 x Torr a t  t h e  time of high vo l t age  turn-on. 
This w a s  t h e  b e s t  vacuum of t h e  th ree  HCO CALROC f l i g h t s .  

d. Temperatures w e r e  cooler than those observed on the  second 
CALROC f l i g h t  (21.022) with a maximum temperature a t  the  S c i e n t i f i c  
Instrument mounting r i n g  of 106OC. No s i g n s  of thermal damage were 
observed on the  emulsion i n  the  poin t ing  re ference  camera. 
d e t a i l s  of t h e  temperature and pressure  p r o f i l e s  a r e  ava i lab le  a t  
Harvard College Observatory. 

F u l l  

The d a t a  f r o m t h e  las t  two HCO CALROC f l i g h t s  w i l l  be of 
immeasurable value i n  i n t e r p r e t i n g  the  s c i e n t i f i c  d a t a  from ATM and 
w e  have us s a t i s f i e d  the  primary requirements of the HCO CALROC 
pro jec t .  a 

Instrumentation and Telemetry performance was sa t i s f ac to ry .  40 
Two abnormalit ies were noticed. The P, gauge f a i l e d  a t  approximately 
T+27 seconds and the  pitch-yaw gauge f a i l e d  a t  T+35 seconds. S imi la r  
d i f f i c u l t i e s  have been noticed with these  gauges on previous Black 
Brant VC f l i g h t s .  The pitch-yaw gauge f a i l u r e  was believed t o  be 
caused by exi t  heating. 
and w i l l  be used u n t i l  a less hea t  s e n s i t i v e  gauge is  developed. No 
explanation i s  ava i l ab le  f o r  t he  Pc gauge f a i l u r e .  

This gauge provides valuable d iagnos t ic  d a t a  

The recovered payload, shown i n  Figure 8-1, w a s  i n  very good 
condition, with one dent i n  the  Ogive/Recovery Separation Assembly 
(ORSA) skin.  The ORSA s k i n  d id  e x h i b i t  e f f e c t s  of a hot re -en t ry .  
The s t a i n l e s s  steel sk in  exhibited considerable a reas  of "bluing". 
One connector a t  the  f ron t  end of the ORSA had been very hot  sometime 
during f l i g h t .  The two areas of excessive heating were apparently 
caused by incomplete sea t ing  of t he  h e a t  sh i e ld  against t he  ORSA Aft  
Assembly. 
heat sh i e ld  connector and move the  o the r  connector r a d i a l l y  inboard. 
Alumninum 'lplugs" were used t o  " f i l l  in" t h e  spaces l e f t  open by t h e  
modification. 
of the  hea t  sh i e ld .  
inches) apparent allowed r a m  air  t o  flow i n t o  the  a f t  assembly 

A l l  ORSA Aft Assemblies had been modified t o  e l imina te  one 

The "plugs" d id  not exac t ly  match the mating su r face  
Two openings (approximately 0.015 inches by 3 

during re -en t ry .  tz 
44. R. Pliha1,Memorandum t o  J. Wolff, "HCO Skylab 21.023 Vehicle 

Subsystem Action I t e m  Report ,'I Goddard Space F l ight  Center,  
Sounding Rocket Division, Greenbelt ,  Maryland, January 18, 1974. 
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8.2 F l i g h t  21.014. NRL f l i g h t  21.014, weighing approximately 
590 pounds, w a s  launched a t  WSMR on January 15, 1974 at 19:OO GMT 
fo r  the  purpose of ob ta in ing  a t h i r d  set of d a t a  t o  c a l i b r a t e  the  NRL 
SO82 Experiment d a t a  taken onboard Skylab 4. 
performance w a s  s a t i s f a c t o r y ,  providing burnout 31.9 seconds a f t e r  
l i f t o f f ,  a veh ic l e  r o l l  rate of 4.25 revolutions/second and a payload 
apogee of I 4 6  s t a t u t e  m i l e s  .45 Predicted performance parameters were 
32.4 seconds f o r  burnout, 4.ofo.6 revolutions/second r o l l  ra te  and 
payload apogee of 151 s t a t u t e  m i l e s .  Payload apogee time w a s  244.4 
seconds as compared with 250 seconds predic ted .  The lower than 
predicted apogee and apogee t i m e  r e s u l t e d  from the  earlier than 
predicted .burnout which has been c h a r a c t e r i s t i c  of Black Brant VC 
Motors used on the  CALROC p ro jec t .  Telemetered d a t a  from t h e  SPARCS 
commutator ind ica ted  t h a t  the  veh ic l e  r o l l  rate w a s  reduced from 1530 
degrees/second (4.25 r p s )  t o  23.3 degrees/second wi th  the yo-yo despin 
system and t o  zero  by SPARCS 0.45 seconds a f t e r  SPARCS enable. 

TheRocket Motor 

SPARCS w a s  enabled a t  T+68.1 seconds and had achieved f i n e  
pointing of the payload 28.6 seconds later (T+96.7 seconds). I n  
another 26.3 seconds (T+123 seconds) payload po in t ing  was completely 
s t a b i l i z e d  i n  a l l  t h ree  axes and ready f o r  S c i e n t i f i c  Instrument 

approximately the  c o r r e c t  r o l l  angle of $ =  321° a t  T+117 seconds. 
By T=130 seconds SPARCS had r o l l e d  t o  4~ = 320'. SPARCS continued 
t o  d r i f h  i n  r o l l  slowly so t h a t  a t  T+240, = 316O and a t  T+340, 
$,= 314 . One consequence of t he  r o l l  d r i f t  w a s  t o  put t he  -50a rc  
second poin t ing  p o s i t i o n  of t he  "B" camera s l i t  over a fi lament.  

Filament po in t ing  had been planned as an  area of avoidance. 
t h i s  pos i t i on  w a s  relayed t o  Skylab so t h a t  t he  Skylab S082B 
Experiment w a s  pointed t o  the  same filament.  The major  consequence 
of t he  r o l l  d r i f t  w a s  a s l i g h t  smearing of t h e  f i r s t  "A" exposure 
(T+128 t o  T+184). 

turn-on." The H - a  TV tapes reveal t h a t  SPARCS i n i t i a l l y  acquired a t  11 

However, 

The SPARCS p i t c h ,  yaw poin t ing  s t a b i l i t y  was excellent.  It was 
t h e  bes t  of a l l  the  NRL CALROC f l i g h t s .  SPARCS maintained payload 
poin t ing  accuracies of less than 0.5 arc seconds e r r o r  i n  p i t c h  and 
yaw and except f o r  the aforementioned r o l l  d r i f t  maintained less than  
0.1 degrees e r r o r  i n  r o l l  from T+123 seconds t o  T+432.3 seconds wh 
the  S c i e n t i f i c  Instrument s h u t t e r  closed over t he  Fine Sun Sensor. 
The design goal w a s  the same as i n  a l l  previous CALROC f l i g h t s .  The 
SPARCS command l i n k  performed a l l  th ree  i n f l i g h t  commands f l awles s ly .  

&t! 

45. E. Bissell, Memorandum t o  L. B e l e w ,  "Quick Look Flight Report on 
NASA 21.014," NASA, Goddard 'Space F l i g h t  Center ,  Sounding Rocket 
Division, Greenbelt ,  Maryland. 

46. "Preliminary SPARCS F l igh t  Sununary f o r  21.014," MSC/D384948, 
Lockheed Missile ,and Space Company, Sunnyvale, Cal i forn ia ,  
February 8,  1974. 
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The 21.014 S c i e n t i f i c  Instrument w a s  b a s i c a l l y  a re furb ished  
21.013 f l i g h t  instrument. No major changes were incorporated i n t o  
21.014. The mino changes t h a t  w e r e  incorporated f o r  r e p a i r ,  and 
improvement were: z 7  

a. A New H - a  f i l t e r  was i n s t a l l e d  fo r  improved e f f i c i ency .  

b. New sk ins  ' (aperture end and e l e c t r o n i c  end) were f ab r i ca t ed  
to  r ep lace  the  damaged sk ins  from previous f l i g h t s .  

C .  A new vacuum dome was f ab r i ca t ed ;  t h i s  i t e m  w a s  l o s t  
with each . f l i gh t .  

d .  A new f r o n t  ape r tu re  p l a t e  w a s  f ab r i ca t ed ,  aligned and 
i n s t a l l e d  . 

e. The 21.012 f l i g h t  Fine Sun Sensor (FSS) was used. 

f .  Damage t o  the  s t r u c t u r e  mount of the ''B" camera and 
subs t ruc ture  of the  "A" Camera Subsystem w a s  r epa i r ed ;  t h i s  damage 
occurred a t  21.013 recovery impact. 

g. A neu t r a l  dens i ty  f i l t e r  w a s  added t o  t h e  H-a f i l m  
camera o p t i c s  and the H- a exposure t i m e s  were increased. This 
produced clearer H - a  p i c t u r e s  by increas ing  the  r a t i o  of exposure 
time t o  s h u t t e r  v i b r a t i o n  t i m e .  

h. The "soft" zener t h a t  caused the  premature FPS servo 
s a t u r a t i o n  on 21.013 w a s  replaced. 

i. FPS video ga in  was reduced. t o  prevent s a tu ra t ion  i n  f l i g h t .  

j .  The FPS r e l a y  lens  was replaced and sys temrea l igned .  The 
lens  w a s  broken from 21.013 recovery impact. 

k .  The "A" camera aluminum f i l t e r  p ro t ec t ion  door w a s  reworked 
t o  prevent malfunctioning. This door jannned halfway open on 
f l i g h t  21.013. 

1. Refurbished a l l  cameras. This w a s  r egu la r  maintenance 
p rac t i ce .  

m. The damaged 21.013 f l i g h t  programmer e l ec t ron ic s  cable  
connector w a s  replaced. 

47. "Final Report NI-4 CALROC 2 1  -014 ,I1 Naval Research Laboratory, 
' Washington, D. C.,  March 15, 1974 
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n. A new program plug was  designed and f a b r i c a t e d ,  which w a s  
necessary w i t h  each f l i g h t .  

0 .  The b a f f l i n g  t h a t  w a s  i n t e r f e r i n g  between t h e  s t r u c t u r e  
and t h e  s l i t  s l o t  assembly was removed. 

p. The "A" f i l m  s l i d e  ho lde r s  w e r e  modif ied to  improve t h e  
focus pos i t i on ing .  

q .  The c e n t e r  r i n g  t h a t  was deformed by the 21.013 recovery 
impact,  was r epa i r ed .  

r. A new S I T  tube  was i n s t a l l e d  i n  t h e  H- OL TV camera. 
Th i s  was needed f o r  improved H - a  TV r ecep t ion .  

S. "A" camera launch lock mechanism was reworked t o  prevent  
hanging up on "A" base  p l a t e .  

Telemetry informat ion  ind ica t ed  t h e  "A" camera subsystem 
worked proper ly  e lec t romechanica l ly .  A t  f i r s t  i t  was thought  t h e  
"Star t "  s l i d e  d id  not c y c l e ,  b u t  f u r t h e r  i n v e s t i g a t i o n  i n d i c a t e d  i t  
d i d  cyc le  and went p a s t  the magnetic swi tch  p o s i t i o n ,  The e i g h t  prime 
"A" exposures ( 1  through 4 and 6 through 9)  look ve ry  good. The 2.5 
second and 4.0 second exposures  were t o o  weak t o  b e  usable  (as  expected) .  
The b a f f l e  r e f l e c t i o n  problem of 21.013 d i d  no t  appear on 21.014 and 
t h e  g r a t i n g  s t r a y  l i g h t  was reduced. The r e s o l u t i o n  was about 5 arc 
seconds over  t h e  e n t i r e  wavelength range,  as predic ted .  The synchro t ron  
c a l i b r a t i o n  exposures were present  on each s t r i p ,  and appeared t o  b e  
of t h e  c o r r e c t  dens i ty .  The aluminum f i l t e r  w a s  s t i l l  i n  good condi -  
t i o n  and was used f o r  p o s t - f l i g h t  c a l i b r a t i o n .  A ruptured  launch lock  
squib apparent ly  d i d  not  degrade t h e  Instrument  e f f i c i e n t l y .  

The lrBll Camera Subsystem te lemet ry  d a t a  ind ica t ed  t h e  l1Br1 Camera 
Subsystem opera ted  proper ly  e lec t ro-mechanica l ly  w i t h  one except ion .  
The llBll camera door microswitch d i d  not  i n d i c a t e  c losed .  It d i d  i n d i -  
c a t e  t h e  door had l e f t  t h e  "Open" pos i t i on .  A f t e r  recovery examina- 
t i o n  showed t h e  door w e s  c losed .  
and were usab le  f o r  c a l i b r a t i o n .  The deuterium and n i t rogen  c a l i b r a -  
t i o n  spectra were p resen t ,  a t  t he  c o r r e c t  dens i ty .  The 112 second 
exposure a t  -50 a r c  seconds shows t h e  s o l a r  continuum down t o  less 
than  130061, which w a s  one of t h e  p r ime  ob jec t ives .  The "Bll camera 
cassette was designed w i t h  enough f i l m  s l o t s  t o  accommodate t h e  f a s t  
101 f i lm ,  b u t  when loaded f o r  a f u l l  program wi th  t h e  s lower 104 f i l m ,  
t h e r e  remained some f i l m  s l o t s  t h a t  were no t  u sab le  f o r  c a l i b r a t i o n .  
Those l a t e  exposures were on t h e  r e -en t ry  po r t ion  of t he  t r a j e c t o r y  
and t o o  f a r  i n t o  t h e  atmosphere f o r  "B" Spectrograph c a l i b r a t i o n .  To 
t ake  f u l l  advantage of t h e  Instrument and t h e  r o c k e t  f l i g h t ,  the l a s t  

A l l  24 exposures looked very good 
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few s l o t s  were loaded w i t h ' l 0 l  f i lm. The combination of SPARCS and 
FPS kept  t he  Instrument s l i t  pointed t o  the  sun u n t i l  program end. 
The 101 f i lm  fog level w a s  less than 0.10 which was typical f o r  t h i s  
emulsion when exposed t o  vacuum. These f a c t o r s  p l u s  the f a s t  ex- 
posures produced a bonus of good atmospheric ex t inc t ion  da ta .  

The f l i g h t  telemerry d a t a  ind ica ted  the  "C" Camera Subsystem 

The pre and pos t - f l i gh t  c a l i b r a t i o n s  agree. 
operated properly electro-mechanically. A l l  24 exposures looked very 
good. 
s i z e  w a s  c o r r e c t ,  giving the  proper range of d e n s i t i e s  over t h e  sec- 
tored  segments. 

The choice of s l i t  

The f l i g h t  telemetry d a t a  indicated t h e  "H" Camera Subsystem 
operated properly electro-mechanically. The e i g h t  (8) prime exposures 
(1 through 4 and 5 through 9) looked very good, showing a good range 
of d e n s i t i e s  and a r e s o l u t i o n  of 5 a r c  seconds or less.  

The H-a t e l e v i s i o n  camera performed properly.  The combination 
of a newly aligned H-a TV oven and the  camera adjusted f o r  100 percent 
peak de tec t ion ,  produced the  bes t  TV image of a l l  NRLCALROC f l i g h t s .  
The TV AGC came ou t  as predicted f o r  t he  f i r s t  t ime .  Details on the  
H-a photographs were the bes t  ye t  achieved, due t o  the improved 
oven alignment and t h e  longer exposure times which mask the  primary 
mirror motions caused by the  Nikon camera t r anspor t .  These photo- 
graphs w i l l  be of g r e a t  value i n  accura te ly  co r re l a t ing  t h e  po in t ing  
pos i t i ons  with the  Skylab ATM observations.  

I n  sec t ion  7-2 of t h i s  r e p o r t  i t  w a s  s t a t e d  that t h e r e  w e r e  
some d i f f e rences  between the 21.012 and 21.013 ca l ib ra t ion  d a t a  
t h a t  would be resolved on f l i g h t  21.014. 
wi th  the  21.013 d a t a ,  thus requiring,some adjustment in the  21.012 
d a t a  before i t  can be used as c a l i b r a t i o n  da ta .  

F l i g h t  21.014 d a t a  agrees  

A l l  events cont ro l led  by t i m e r s  occurred as  programmed except 
for  t he  hea t  sh i e ld  eject microswitch monitor which did not operate.  
Other payload monitors indicated hea t  sh i e ld  e j e c t i o n  occurred a t  t he  
proper time. Following heat sh i e ld  e j e c t i o n ,  drogue and main para- 
chute deployment w a s  late (approximately 3,000 f e e t ) ,  however, t he  
payload was recovered i n  exce l l en t  condition w i t h  no signs of  any 
ex te rna l  impact damage. 
I n t e r n a l l y  the  S c i e n t i f i c  Instrument "H" camera broke loose from i t s  
mounting base a t  payload impact. Some d i s t o r t i o n  of the instrument 
honeycomb s t r u c t u r e  w a s  caused by payload impact. These impact 
f a i l u r e s  were not s e r ious  enough t o  prevent pos t - f l i gh t  c a l i b r a t i o n  
of the  S c i e n t i f i c  Instrument or  a f f e c t  the  c a l i b r a t i o n  d a t a  f o r  use 
with t h e  Skylab SO82 experiment da t a .  

The recovered payload i s  shown i n  Figure 8-2. 

A l l  instrumentation performed s a t i s f a c t o r i l y  and telemetry d a t a  
was received t o  l o s s  of s igna l  (LOS) a t  710 seconds. 
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