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I N T R O D U C T I O N

In support of the Apollo mission to put a m a n  on the 

m o o n  and return him safely to earth, a complex network 

is being built to monitor, control and communicate with 

the spacecraft. Part of this network will include three 

instrumentation ships built by General Dynamics at their 

Quincy, Massachusetts shipyard. These three tracking 

ships were converted from World W a r  II T-2 tankers by 

cutting the mid-body section of each ship free of its b o w  

and stern and replacing it with a new, larger mid-body 

(see Picture 1 in the Appendix). This method m a d e  pos­

sible salvage of the sterns which contain the propulsion, 

steering and other machinery, and saved the time and 

expense of building n e w  b o w  sections.

The converted ships are 595-feet long, 75-feet at the 

beam, and carry over 455 tons of electronic equipment 

(see Picture 2 in the Appendix). The n e w  mid-body sec­

tions provide space for the electronic equipment and 

living quarters for the instrumentation crew; each ship 

carries a complement of 85 marine and 108 instrumenta­

tion personnel.

Conversion of the ships was a joint venture by several 

divisions of the General Dynamics Corporation. The 

electromagnetic compatibility (EMC) tasks were a c c o m ­

plished by the Convair division. Before E M C  problems 

can be discussed it is necessary to identify the 11 major 

systems within the instrumentation complex and to des­

cribe their functions.

1. The Ship's Position and Attitude Measurement Sys­

tem provides data relative to the ship's location on 

the earth's surface, converts deck-referenced co­

ordinates into earth-referenced coordinates, and 

includes an inertial navigational system.

2. The Mission Control Center System includes the 

aeromedical and space vehicle monitor consoles 

and the flight dynamics officer consoles. All the 

information needed to m a k e  any decision regarding 

the spacecraft and the mission is available in this 

control center.

3. The Operations Control Center System provides 

ship's operations control and instrumentation sys­

tems monitor and control.

4. The Central Data Processing System contains dig­

ital computers and peripheral equipment for c o m ­

puting antenna pointing data, and spacecraft 

position data. It supplies decision-making infor­

mation to the Mission Control Center.

5. The Acquisition and Stabilization Network furnishes 

the target acquisition and antenna stabilization sig­

nals required to interconnect position and stabilize 

the various tracking antennas.

6. The Timing System provides accurate time to the 

instrumentation complex and contains frequency 

standards, a W W V  receiver, buffers, and digital 

readouts.

7. The C-B a n d  Tracking Radar System contains an 

FPS-16 radar and operates in the 5.4 to 5. 8 G H z  

range with a peak power of one megawatt. The C- 

Band system employs a 16-foot parabolic antenna, 

the primary function of which is to track the space­

craft and provide information to the Acquisition 

Stabilization Network which, in turn, provides ac­

curate pointing of the other antennas.

8. The Unified S-Band System is a tracking, ranging 

and communications system. Its 30-foot antenna 

transmits and receives data simultaneously in the 

2.0 to 2.2 G H z  region, and is capable of handling 

a 20 K W  output.

9. The C o m m a n d  Control System employs a 10 K W  

400 to 500 M H z  transmitter and helical antenna to 

send digital data to the spacecraft.

10. The Telemetry System provides data separation and 

decommutation, data distribution, data recording 

and processing. Associated with this system are 

two antennas which provide reception in the follow­

ing frequency ranges:

105 - 140 M H z

216 - 260 M H z

2,200 - 2,300 M H z
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The T e le m e tr y  S y s tem  h a s  track in g  capab ility ,  

usin g  a  3 0 -fo o t  parabo lic  antenna in the 216 to 260 

MHz and 2. 2 to 2 .3  GHz bands, and e m p lo y s  the 

m o st  se n s it iv e  r e c e iv e r s  on the sh ip  (-127  db).

11. The C om m unications S y stem  in c lu d es  HF, VHF,  

and UHF radio  co m m u n ica tio n s  equipm ent, in 

addition to the m a r in e  radio equipm ent. The s y s ­

tem  p ro v id es  v o ice  and high sp ee d  data co m m u n i­

ca tion s  — s h ip - to -sp a c e c r a f t ,  sh ip - to - sh ip ,  and  

s h ip - to - s h o r e .  The sy s te m  includes:

Six  10 KW P E P ,  2 to 20 MHz tr a n sm it te r s  

Four 100 W UHF tr a n s c e iv e r s

A r e c e iv in g  capability  is  provided  a s  fo llow s:

One 15 KHz to 30 MHz g e n e ra l  purpose  r e c e iv e r

T h ree  200 KHz to 30 MHz g e n e r a l  purpose  

r e c e iv e r s

E ight 2 to 30 MHz sta b le  r e c e iv e r s

HF radiation  is  v ia  two lo g  per iod ic  antennas lo ­

cated  atop the B a lloon  R oom  and on the King P o s t s ,  

and three  h e l ic a l  antennas — two on the m ain  deck  

and one atop the B a lloon  R oom . One req u irem en t  

of the C om m unications S y stem  is  to r e la y  te le m e tr y  

data to o ther  s ta tions  in r e a l  t im e .  We do not have  

the p rero g a tiv e  o f  reco rd in g  data a s  it i s  r e c e iv e d  

and re la y in g  it at a  la ter  t im e .

DOCKSIDE EMC PROBLEMS

Having b r ie f ly  touched upon the m akeup o f  the m a jo r  

s y s t e m s  in the in strum entation  co m p lex , it i s  now p o s s i ­

b le  to d is c u s s  so m e  of the EMC p r o b le m s a s s o c ia te d  with  

the s y s t e m s .  M ost of th e se  p ro b lem s o c c u r r e d  during  

operation  o f  the HF tr a n sm it te r s  due to the high output 

pow er o f  th e se  tr a n sm itter s ;  m o r e  s p e c i f ic a l ly ,  they  

w ere  due to the i llum ination  of a num ber o f  potentia l  

in te r fe re n c e  g e n e r a to r s  on the w eather  d e c k s .

The f ir s t  ind ication  o f  the s e v e r i ty  o f  the topsid e  i l lu ­

m ination  o c c u r r e d  when the HF tr a n sm it te r s  w ere  o p e r ­

a ted  into the m a in  deck h e l ic a l  antennas. S im ultan eou sly  

with th is  operation , one o f  the w atertigh t m e ta l  doors  b e ­

c a m e  a  sh ock  h azard , r e su lt in g  in  two in s ta n c e s  o f  shock .  

The m e ta l  h in g es  did not m ake adequate e le c tr ic a l  contact  

betw een  the door and the r e s t  o f  the s tru c tu re  throughout 

the d o o r 's  co m p lete  sw ing . To preven t r e c u r r e n c e , ground  

s tr a p s  w ere  in sta l led  on a l l  tops id e  d o o rs ,  h a tc h c o v e rs ,  

and n ea r ly  a l l  o ther  hinged d e v ic e s .  (F ig u r e s  1, 2, and 3).

A seco n d  prob lem  o c c u r r e d  when a sa fe ty  guide ca b le ,  

extending from  the aft su p ers tru ctu re  to  a forw ard  deck  

h o u se , absorb ed  enough e n erg y  from  the h e l ic a l  t r a n s ­

m ittin g  antenna to  b e c o m e  heated  and m e lt  a  p ie c e  o f  n y ­

lon rope that w as lying o v e r  it. The ca b le ,  a  m a r in e  

sa fe ty  req u irem en t,  w as fo r  the purpose  o f  guiding s a i l ­

o r s  on deck during rough s e a s .  F o llow ing  the r o p e -  

m eltin g  inc id en t, the req u irem en t for a  sa fe ty  ca b le  w as  

r e -e x a m in e d ,  and the ca b le  rem o v ed  (F igu re  4).

F ig u re  1. Ground Strap on Hatch C over

F igu re  2. Ground Strap on W ater T ight Door

The p r o b le m s d is c u s s e d  thus fa r  o c cu rr ed  while the 

sh ip  w as docked in the Quincy Shipyard. H ow ever , the 

m o s t  s e v e r e  p r o b le m s did not o c cu r  w hile  the sh ip  w as  

docked. T here  a r e  s e v e r a l  r e a s o n s  for  th is .  F ir s t ,  

the in te r fe re n c e  l e v e l s  in the ya rd  w ere  quite high due 

to y a rd  a c t iv ity  (w elding, cran e  and pow er too l o p e r a ­

t io n s ,  e t c . ) .  Ignition n o ise  from  autos us in g  a nearby  

highway bridge  w as another in te r fe re n c e  so u r c e .  The  

seco n d  fa c to r  l im it in g  in te r fe re n c e  detection  in the yard  

w as the a b sen ce  o f  the v ibration  and ro ll in g  that o c c u r s  

when a  sh ip  i s  underw ay. A th ird  l im ita t io n  im peding
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F ig u re  3 .  Ground Strap on Hinged Side Light

F igu re  4. Rough Sea Safety Cable R em o v ed  After

A bsorbing HF E nergy  F ro m  H elica l  Antenna

EMC evaluation  w as the r e s tr ic te d  freq uency  au th o riza ­

tion  for  tr a n sm it te r s  w h ile  at dock. B e c a u se  o f  th e se  

three  l im ita t io n s ,  the m o s t  se r io u s  p r o b le m s did not 

appear until the sh ip  put to se a .

SEA TRIAL EMC PROBLEMS

The f i r s t  problem  encountered  at s e a  w as so  s e r io u s  

that that sh ipboard r e c e iv e r s  cou ld  not be u sed  during

HF tr a n sm is s io n .  When the HF tr a n sm it te r s  w ere  put 

on the a ir  the n o ise  le v e l  in the t e le m e tr y  r e c e iv e r s  

in c r e a se d  about 20 to 30 db — a r e su lt  o f  the sa fe ty  

b a r r ie r  ch a in s  in sta l led  on the w eather  d eck s  to p r e ­

vent c re w  m e m b e r s  from  b e ing  w ashed  overb oard .  

G en era lly  the sa fe ty  b a r r ie r s  a r e  perm anent guard  

r a i l s ,  w elded  in p la ce .  H ow ever , w here  the r a i l s  m ust  

be rem o v a b le  to provide  n o rm a l sh ip o p era t io n s ,  a 

chain  i s  r eq u ired . Another req u irem en t i s  that at 

le a s t  so m e  o f  the chains m u s t  be qu ickly rem o v a b le  to 

p e r m it  l ifeboat a c c e s s  in event o f  an e m er g en cy .  M ost  

of  th e se  chains a r e  attached to an e y e le t  at one end and 

have a c lip  at the opposite  end. B e in g  s la c k ,  the chains  

sw ayed  with the r o l l  o f  the ship; in addition , th o se  in 

the a fter  p arts  o f  the sh ip  v ibrated  e x c e s s iv e ly  due to 

the v ibration  ca u sed  by the sh ip 's  sc r e w .

The m otion  o f  the cha ins c re a ted ,  in e f fec t ,  a sm a l l  

"switch" at ea ch  lin k -to - l in k  connection . E a ch  of th e se  

"sw itch es"  o perated  for the m o s t  part, independently of 

the o th ers  in t im e .  W here the chains w ere  illum inated  

with R F  ea ch  link b e c a m e  an in te r fe re n c e  g en era to r ,  

providing (1) broad band in ter feren ce  d e te c te d  in the  

200 to 400 MHz reg io n , and (2) strong  h a r m o n ic s  of the 

im pinged R F , d etected  a s  high a s  S -B and. If two f r e ­
q u en cies  s im u lta n eo u s ly  e x c ited  the chain  then b road ­

band n o ise  p lus an en tire  fa m ily  o f  in term odulation  p r o ­
ducts w ere  gen era ted  (F igu re  5).

When it w as f i r s t  e s ta b l ish e d  there  could  be no s i m ­

ultaneous operation  o f  tr a n sm it te r s  and r e c e iv e r s  due 

to th is  c h a in -g en era ted  in te r fe re n c e ,  the ch a in s  w ere  

m ade taut by t ie in g  them  with c o r d s ,  thus preventing  

the in term itten t contact betw een  lin k s .  The r e s u l t s  

w ere  am a zin g . The env iron m en ta lly  g en era ted  n o ise  

w as red u ced  to a le v e l  that perm itted  continuation o f  the 

t e s t s  be ing  conducted at that t im e .

F igu re  5. B a r r ie r  Chains on O utside o f  Ship P roducing

H arm on ics and Interm odulation P ro d u cts .
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The fina l so lu tion  to th is  chain  gen era ted  in te r fe r ­

en ce  problem  w a s  se c u r a n c e  o f  an app roval by the C oast  

Guard to r ep la c e  the cha ins with a  c h e m ic a l  l ine s im i la r  

to D acron (F igu re  6).

F ig u re  7 . F le x ib le  Vent H ose Stowed T opside  w as  

R e lo ca te d  for  Storage Inside.

F ig u re  6. D acron  R ope R e p la c ed  the Safety B a r r ie r

Chains to P rev en t  the P rod uction  o f  H arm on­

i c s  and Interm odulation P ro d u c ts .

It should be pointed out that en v iro n m en ta lly  gen era ted  

n o ise  m is le a d s  e n g in e er s  and tech n ic ia n s  to conclude  that 

the o ffender  is  the tr a n sm itter  s in c e  n o ise  at fr eq u e n c ie s  

h a r m o n ic a lly  r e la ted  to the tr a n sm itter  fr eq u e n c ie s  i s  

co n s id era b ly  in c re a se d .  Often the t r a n sm it te r  can be 

e lim in a ted  a s  the so u rce  o f  the p ro b lem , h o w ev er , s in c e  

tr a n sm it te r  h a rm o n ics  a r e  u su a lly  constan t in am plitude,  

at  l e a s t  if  the tr a n sm itter  output i s  constan t.  On the  

Apollo sh ip s  the v a r ia t io n s  o f  the in te r fe re n c e  am plitud es  

w ere  c o r r e la te d  w ith the sh ip 's  m otion  and the in te r fe r ­

e n ce  o r ig in  w as thus tr a ce d  to  the sa fe ty  b a r r ie r  ch a in s .

In addition to rem oving  the tops id e  ch a in s  m any  o ther  

i t e m s  stow ed  on w eather  decks w ere  r e lo c a te d  inboard. 

I tem s that cou ld  not be r e lo c a te d  o r  r em o v e d  w e r e  s e ­

c ured  aga in st  in term ittant contact with hand l in e s .  P r o ­

c ed u r e s  w e r e  docum ented in a Ship's M arine C rew  M an­

ual for  preven tion  of in te r fe re n c e  g en era tio n  through  

p ro p er  m aintenance  (F ig u re s  7 and 8).

A fter  the tops id e  en v iron m en ta lly  g en era ted  in te r fe r ­

e n c e  w a s  red u ced  to an a ccep ta b le  le v e l ,  it w a s  p o s s ib le  

to  again p r o c ee d  with the sch ed u led  s y s t e m s  eva lu ation s .  

The next s e r io u s  prob lem  o c c u r r e d  when operation  o f  the  

HF tr a n sm it te r s  in the 3. 5 to 7 .0  MHz reg io n  c a u se d  the  

K ly stro n  read y  l ig h ts  in  a  T e le m e tr y  M onitor C onso le  

lo ca ted  be low  d eck s to go out. The prob lem  w as tra ced  

to HF saturation  o f  a Z ener  diode in the K lystron  fi la m en t  

supply . T he m alfunction  w a s  r em e d ied  by in sta l l in g  an R F  

b y p a ss  ca p a c ito r  on the input p ow er  lin e .

F ig u re  8. Ladder A c c e s s o r i e s  Stowed T opside  w ere  

R elo ca ted  Inside the D oor.

Another tr o u b le so m e  a r ea  in the t e le m e tr y  antenna was  

im pulse  in te r fe re n c e  a s s o c ia te d  with the r o l l  o f  the ship.  

A s it r o l le d  from  s id e  to s id e  a  h igh le v e l ,  s in g le  shot  

im pulse  w as d etected  in n e a r ly  a l l  r e c e iv e r s .  At t im e s  

the le v e l  w as high enough to u p set te le ty p e  recep tio n . At 

o th er  t im e s  the n o ise  w as not p r e se n t  at a l l .  In try in g  to 

u se  the d ir ec t io n a l qu a lit ie s  o f  the te le m e tr y  antenna to 

loca te  the so u rc e  it w as found that the in ter feren ce  was  

a function o f  the po s it io n  o f  the t e le m e tr y  antenna i t s e lf .
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T rouble sh ootin g  with a  n o is e  and f ie ld  in ten sity  m e te r  

identified  the so u rc e  a s  the pinion and s e c to r  g e a r  that p o s ­

ition  the antenna in e lev a tio n . B a ck la sh  betw een  th e se  

two g e a r s ,  n e c e s s a r y  to preven t e x c e s s iv e  w ear , w as  

allow in g  the g e a r s  to m ake in term itten t contact and  

th ereb y  g e n e ra te  a la rg e  R F  tr a n s ie n t .  W iping the s e c ­

to r  g e a r  c lea n  and m ounting a brush on the pinion g e a r  

so lv ed  the prob lem  ( se e  P ic tu r e  3 in the Appendix).

Another prob lem  in the te le m e tr y  antenna w as tr a ce d  

to  a ro ta ry  jo int a s s e m b ly  in the t e le m e tr y  antenna feed  

when the HF tr a n sm it te r s  w e r e  up. A b r u sh  and s l ip -  

r ing  a s s e m b ly  w as in sta l led  on the ro ta ry  jo int, so lv in g  

the problem  te m p o r a r ily ,  but the b ru sh  so o n  w ore  out.

A m o r e  r e l ia b le  brush  a s s e m b ly  w il l  be  in sta l led , ( se e  

P ic tu re  4 in the Appendix.)

It should  be r e s ta te d  that th e se  p r o b le m s o c cu rr ed  

only  when the H F tr a n sm it te r s  w ere  up. The H F f ie ld  

in tensity  at 25 feet  from  the h e l ic a l  antenna can  approach  

200 v o lts  p er  m e te r .

Identification  o f  y e t  another problem  o c c u r r e d  when  

the HF tr a n sm it te r s  w ere  o perated  at fr eq u e n c ie s  o f  

about 25 MHz — the C -B and track in g  radar  m alfunctioned .  

The C -B and em p lo y s  a  30 MHz IF , and enough R F  leak ed  

into the IF to  d isa b le  the rad ar . The C -B and R adar  i s  a 

go v ern m en t-fu rn ish ed  sy s te m  and the g overn m en t a c c e p ­
ted  r e sp o n s ib i l i ty  fo r  the c o r r e c t iv e  a c t io n  which i s  s t i l l  

in p r o c e s s .

Another go v ern m en t-fu rn ish ed  s y s te m  w hich req u ired  

c o r r e c t iv e  a c t io n  and fo r  w h ich the g overn m en t a c ce p te d  

r esp o n s ib i l i ty  w as the detection  o f  in te r fe re n c e  fro m  the  

U nified S-B and R e c e iv e r  L o ca l  O sc i l la to r  in the TLM  

r e c e iv e r .  C o r r ec t iv e  ac tion  i s  s t i l l  in p r o c e s s  on th is  

prob lem  a lso .

During the s e a  t r ia l s  the HF tr a n s m is s io n  sy s te m  w as  

a lso  p lagued  with p r o b le m s  that had an EM I a sp e c t .  E x ­

c e s s i v e  v ibration  on the sh ip  c a u se d  a r c in g  in the antenna  

tuning d e v ic e .  Although the antenna vendor rep la c e d  the  

sh o rtin g  d e v ic e  with a  m o r e  sturdy  unit, th e r e  a r e  s t i l l  

p r o b le m s rem a in in g  to be so lv e d  in r e s p e c t  to a r c in g  in 

the h e l ic a l  antennas.

A s a r e s u l t  o f  ex p o su re  o f  the B a llo o n  D eck  Log P e r i ­

odic  Antenna to  s tack  g a s  at about 600° F  ( s e e  p ic ture  5 

in the Appendix), the insu lating  guy w ir e s  that hold  the  

e le m e n ts  p a r a l le l  m e lte d .  A lso ,  a h eavy  d ep o s it  o f  c a r ­

bon b u ild s  up on the antenna. T h ere  have b een  at le a s t  

two c a s e s  o f  a r c in g  in the B a lloon  D eck Log P er io d ic  

Antenna, p o s s ib ly  due to th e se  carbon  d e p o s it s .  N o rm a l  

m aintenance  now c a l l s  fo r  p er io d ic  c lea n in g  o f  th is  

antenna.

CONCLUSIONS

M ost o f  the m a jo r  EMC p rob lem  a r e a s  have  been  

m entioned . P r o b le m s  a r e  s t i l l  o c cu rr in g  and undoubt­

ed ly  a s  the sh ip  b e c o m e s  o ld e r  n o rm a l de ter io ra tio n  

w il l  g e n e ra te  new p ro b lem s.

At p r e se n t  the sh ip s  a r e  undergoing a  m o d ifica tion  

to include a  Sa te l li te  C om m unication  System  (SATCOM) 

a s  a  backup for  the HF co m m u n ica tio n s  s y s t e m s .  Upon 

co m p let io n  o f  the SATCOM insta l la t io n  an EMC e v a lu a ­

tion  w il l  be  again  p e r fo rm e d , ( s e e  P ic tu r e  6 in the  

Appendix).

It i s  ev id en t fro m  th is  pap er  that bonding and ground­

ing p layed  an  im portant r o le  in e s ta b l ish in g  a  co m p a ti ­

b le  track in g  sh ip . A docum ent prepared  by the Navy  

D epartm ent t i t le d  Shipboard Bonding/G rounding Sp ec i ­

f ica t io n , w i l l  so o n  b e  r e le a s e d .  The docum ent conta ins  

deta iled  in stru c tio n s  on sp e c i f ic  sh ipboard so lu tio n s  and  

should prove  v e r y  b e n e f ic ia l  to  th o se  EMC e n g in e e r s  

who a r e  r e sp o n s ib le  for  the d es ig n  o f  future track in g  

sh ip s .

In the pro cu r in g  and d es ig n  s ta g e s  o f  future in stru ­

m entation  sh ip  p r o g r a m s ,  it i s  a dv isab le  to eva luate  

the functions o f  a l l  to p s id e  hardw are  in v iew  o f  the 

a ctu a l sh ip 's  m is s io n .  In the c a s e  o f  the Apollo Instru ­
m entation  Ships, a  s ig n if ica n t  am ount o f  the deck hard ­

w are  w a s  in sta l led  to  co m p ly  w ith M arine Safety R e q u ir e ­

m e n ts  a n d /o r  g e n e r a l  sh ipbuilding p ro ced u res;  i . e . , 

the sa fe ty  b a r r ie r  ch a in s  d i s c u s s e d  in th is  pap er . In 

future p r o g r a m s ,  if  n o n -m is s io n  req u ire m en ts  m ight  

r e s u l t  in m is s io n  im p a irm en t,  the r eq u ire m en ts  should  

be r e -e v a lu a te d  fo r  optim um  m is s io n  p e r fo rm a n ce .
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