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INTRODUCTION 

A discussion of the Loran-C system a s  a means for  the djsscmination of precise 
time and time intervnl (PTTI) js contained in the proceedings*, as is Loran-C 
time and frequency adjustment**. 

This paper discusses existing Loran-C ground station equipment and the new 
time-monitor equipment groups being assembled and tested a t  the Coast Guard's 
Washington Radio Station. Current and future improvements in the navigation 
system will enhance tho use of Loran-C for  dissemination of PTTI. 

Let us  f i r s t  take a look a t  a typical transmittjng station a s  shown in form of a 
block diagram in Figure 1. The basic element of the system js the Loran-C 
t imer set. Two t imers a r e  installed a t  each station. The t imer performs the 
following functions. 

Generates Loran repetition ra te  from frequency standard input. 

Generates transmitter t r iggers and phase coding. 

Monitors Loran time difference between master-secondary pairs.  

Corrects the transmitted signal for propagation changes at the trans-  
mitting site. 

Provides a larms in event of system malfunctions o r  navigational tol- 
eranco er rors .  

m Providcs a means of making phase adjustments to the transmitted signal 
to correc t  the navigation grid as dirccted by the control station. 

The Control Indicator Group (CIG) provides operatc/standby mode selection 
and signal routing. The  Transmitter Control Group (TCG) generates low level 
Loran-C pulses from thc tr iggers generated by thc operate t imer and provides 
operate/standby transmitter mode selection. 

The transmitter then shapes and amplifies the Loran-C pulse to the rated power 
output. Peak output powcr is in the range of 160 to 3000 kw depending upon the 
equipment type and transmitting tower at thcparticular station. All t ransmit ters  

*C'. h. Potts, "Prccise Ttrric and Tirlic Intel.val (P'I'TI) Dtsscminatiorl via I,o~an-(' Systenl", Proc. PTTI 
Strategic Plaiiiit~lg Meeting, Decerubcr 1070, pp. 32-54. 

**C. li. Potts, "'Jime and Frecluellcy Adiuslment on tlic Loran-C Systenl", Proc. PTTI Strategic Planning 
Mceting, November 1971, pp. 60-84. 





presently in service a r e  vacuum tube dcviccs. A solid statc high power trans- 
mitter is bcing developed under contract and, if successful, should be a sub- 
stantial improvement i n  system rcliability. The transmittcr has traditionally 
been the weak link in thc system. 

Until recellt years, thc master-secondary time diffcrcnce was controlled by 
electro-mechanical scrvo systems in tlie timers. The servo jn the soconclary- 
s t ~ t i o n  timer activcly tracked the m:tster signal to maintain the prescribed 
timc diffcrcncc. This mode of operation, called "synchronized operation", re-  
sultcd in thc servo noise being transmjtted on thc secondary signal. 

With the advent of atomic frcqucncy standards,' it was founcl that the timer 
servos could be turncd off with a substantial improvemcnt in stability of the 
time differencc. This mode is called "free-running opcration" and is now cm- 
ployetf jn a1 l Loran-C chains. All transmitting stations nr'c presently ecluipperl 
with c ~ s j u r n  beam frequency standards. 

Tn the late 19601s, the stability and wide coverage of thc Idoran-C system werc 
recognized a s  excellent qu:~lifications for brond-scnlc disscnlination of P'I'TI. 
Through cooperation of the U. S. Nttv:tl Observxtory and thc Coast Guard, 
several b r a n - C  chain transmissions have been synchronized to UTC (USNO). 
In ordcr to initially implcmcnt the program, additional equipment was devclopcd 
alnd installed at  the master  stations for the East Coast, Nomvcgian Sea, Central 
Pacific and Northwest Pacific Loran-C Chains. 

The equipment addcd was n unit callecl a U T  Synchronizer which interlaces 
with the st:ition equipment and provides a local time reference. The U?' 
Synchronizer ut i l jzes  the station frequency standard and performs the following 
functions. 

Generates and displays time of [lay. 

a Generates and displays time of coincidence ol UTC with the fjrst master 
radiated pulse. 

Provides alarms in event of timing crror .  

Provides I~ran-C:  timer rese t  crtp:tbility. 

Generates n 1-PPS transmitter trigger (13iscontinued in 1972). 

Fipprc 2 is  a block diagram of the UT Synchronizer. Thc frequency standard 
input to each timer is independently controllable by a. ph:tse shifter to permit 
accurately positioning the transmittcr triggcr. This cnablcs a fine adjustment 





to ensure that the f i rs t  master pulse occurs at  precisely the proper relationship 
:it thc time of coincidcncc (TOC). A third phasc shiftcr controls thc phase of 
the Irequcncy standard input to two Loran rate generators. Thcsc indcpcndent 
ra te  generators a r e  then compared to cach other and the t imers by the Loran 
Rate Generator Monitor. This unit also provides the capability of instantaneously 
resetting the timer to the U T  Synchronizer. The remainder of the circuitry still  
in use comprises TOD cloclrs and the generation and monitoring of TOC. The 
UTC Gate was used to initiate a single pulse transmission cach second. The 1- 
PPS transmission was discontinued in 1972, after the conversion of time scale 
to improved UTC. 

The f irst  U T  Synchronizer was dcvcloped at  the Coast Guard Electronics En- 
gineering Centcr under project W-340 and was installed at  Carolina Beach, the 
East Coast master station. This unit was subsequently installed at  the master 
station in the Ccntral Pacific chain aftcr three improved modcls were construc- 
ted under projcct W-425. The major disadvantages of these UT Synchronizer 
equipments are. 

Cost 

Spccial operator training requircd 

Complex circuitry with no ability for  "hands ont1 technician training. 

Requires timer modifications, thcrefore results in non-standard ground 
statjon equipment. 

Timer interfacc uvlit would rcquire further modification for compati- 
bility with future h r a n - C  timers. 

No timc rcference external to station. 

Current developments a r e  directed toward rcplacement of thc agjng timer equip- 
rncnts. A new gcncration timer has been developed for use a t  either L o r a n 4  o r  
Loran-A stations, and is commonly called "COLAC" for Combined @ran A and 
C. The Loran-C version, the AN/E'PN-54 perlorms all of the basic functions - 
of the older equipments with one exception. The design is based on the free- 
running mode of operation, hcncc it does not have a time diffcrcncc monitoring 
capability. A computer controlled monitor/control receivcr is being developed 
under contract, and should be avilable in approximately three years. 

Figure 3 shows thc basic block diagram of the COLAC timer set. Except for 
operate/standby control and cross-timer comparison, all of the circuitry is 





contained on fourteen plug-in printed circuit cards. The functions of the two 
l '~-989/FPN-54 t imers are: 

Taran Timing Rcference 

a Three independent digital ratc generators (DRRG) 

a Concensus voting of the nRRG's 

a Timer status indication 

a Cross-timer agreement monitor and reset  

Programmable phase ntljustrnent (Cycle timing adjustmemt) 

Control Waveform Generator 

@ Transmitter control 

Envelopc adjustmcnt 

Blink control 

a Transmitter Interface 

a Power amplification for transmitter drive 

a Transmitter drive correction 

Sampling drive signal 

The operate-timer contains a digital scrvo loop to compensate for chrtnges i n  
tho local propagation characteristics. 

The dcsign of the COJAC timer is geared toward simplicity of operation and 
maintenance. Provisions have been madc for remotely controlling many of the 
functions via co~nmunications link. This will eventually lead to reduced mantling 
levels a t  the stations. 

The initial CO1,AC installntion a t  Fstnrtit, Spain, has been in operation for over 
three ycars and has a remarkable record of only two failures, both in the powcr 
supply, during that period. The new-generation timers have been installed for 
some time a t  Bo and Jan Mayon in  the Norwegian Sex chain, and recently a t  
Carolina Reach, Nantucket, Jupiter and Dana of the East Coast chain. For  an 



~ a aggregate of over seven equipment-years of operation, there has been a total 
of about thirty minutes bad signal timc directly attributable to COLAC. Most 
remaining stations will be COLAC-equipped within the next two years. 

Of particular interest to all users  of Lortin-C js  the clcvclopment of a new trttns- 
mittcr control unit. This cquipnlcnt permits indivit1u:tl control of each half- 
cycle of the transmitter drive signal hy 1iter:tlly "l~uilcling" the Loran pulse. 
Thus we will have pulse shape control tn n precisjnn heretofore unnttainablc. 
Thesc new units have just bccn inst:tlled at Danrt, Nantuolret and Caro1in:i Beach 
with futurc instal1:ttions planned wl~crc  pulse shape :idjustrncnt i s  particularly 
difficult due to transmitter type. 

The improvcd stability and reliability of the navig:ltion systcm suggests a po- 
tential for upgrading the PTTI capabiljty ;;ts well. I)OD has provided thc f i rs t  
of two increments of funding lo implement inlprovecl Prl'TI on all Loran-C chains. 
Under thc improvement program, all master  stations will bc cquippetl for 
greater precision of adjustnicnt of trequency nncl :L self-monitoring ca13ability. 
Where rcquired, an adtlitional time monitor will bc cstnblished at  a Tmrnn-C 
transmitting site to pprovidc the recluisitc trnceability to UTC (USNO). 

Thc following stations a r e  in thc program. 

Phase I 

a Carolina Beach 

Simcri Crichi, Italy 

Targabarun, Turkcy 

Johnston Island 

a Upolo Point, Hawaii 

a Gesashi, Okinawa 

SS7 Mnster 

S T J  blaster 

SLI Time lLIonitor 

S1 Mastc:r 

Sl 'l'lme Monitor 

SS:< Timc Monitor 

Training Centcr, New York 

Cape Racc, Newfoundland SS7/STA7 Cross chain  monitor 

a Angissoq, Greenland SL7 Master 



Ejde, Faeroe Islcs SL3 Master & S L ~ / S L ~  monitor 

a St. Paul, Pribilof Is. SII7 Master 

Attu, Aleutian Is. SH7 Time monitor 

Iwo Jima SSX Master 

Sattahip, Thailand SH3 Master 8t Time monitor 

Figure 4 depicts the scheme that will be employed in most chains to monitor the 
timing 01 the chain. Satellite time transfer will establish the relationship be- 
tween the SATCOM-terminal clock and UTC (USNO). Thc secondary trans- 
mitting station (Time monitor station) is then updated using passive television 
time transfer with the SATCOM terminal. The time monitor receives and com- 
pares  the master  transmitted signal to its updatcd clock. 

The master station will also be equipped with timing receivers. Onc rccciver 
will track the time monitor signal, while the othcr will traclc thc master 's  own 
radjated pulse. Thus, should the mastcr station havc a failure of both t imers,  
o r  some other such catastrophic fajlure, i t  will have the capability of re- 
establishing the relationship to UTC without cxtcrnal assistance. 

Thc block diagram for the time monitor station is shown in Figure 5, and com- 

e 
prises the following major elements. 

Local signal switched attenuator/blanker. Prevents overdriving timing 
receivers during local transmitting interval. 

Timing receivers. Provides phase-shifted I MHz and 1-PPS which a r e  
coherent with the signal being received. 

a Multicoupler. Signal conditioning and interference rejection. 

Recorders. Provide perm,ancnt record of local frequcncy standard minus 
received signal. 

Time interval counter. Provides means of comparing various frequcncy 
and signal sources. 

a Control unit. Selccts source for time interval counter. Provides alarm 
in event of timing error.  Visual display and monitor of TOC. 
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Digital printer & Ton clock. Provides pernlancnt record of timc in- 
terval counter reading and corresponding time of tl:iy. 

Television time monitor. Provides :in output coincitlent with a specific 
T V  synchronization pulse for pnssivc T V  time I;r:insfcr with SATCOM 
terminal. 

Experience has shown that the fine f rcqu~ncy  control (C-field adjust) of thc 
cesium beam frequency standard is ralhcr coarse when atternptjng to maintain 
tight control of lhc frequency offset of Loran with respect to UTC (USNO). To 
obtain an improved mcans of adjusting frcquency offset, cach master station will 
be furnished with two phase microsteppcrs*. Thcsc units enable adjusting the 

I 4  lrecluency offsel in incrcmcnts of one part  in 10  . 

The hjgh resolution available with the phase microstepper has givcn r i se  to a 
technique which will be evaluated in the near future. The COLAC timer con- 
tains circuitry which monitors cross-timer ngreerncnt and alarm s if the dif- 
ference bctwccn t imers exceeds twenty nanoscconcls. Thc schcmc which will he 
studied is shown i n  Figure 6,  aiid imay bc the configuration in the Iuturc. The 
prirnary-frequency-standnrd/phnse-microsteppcr coml-,inntion is used a s  thc in- 
put to the l'operatc" TD-9891FPN-54. Thc standby tlmer, however, uscs the 
backup frequency standard-m icrostepper. This configuration woultl provide 
continual comparison o l  the two frcquency sources within tho twenty nanosecond 
window. Shoulcl the on-ljne equipment lail, the station would simply changc 
t imers (a single pushbulton operation) and resume tr:tnsmitting without loss of 
time. 

Let us now talcc a look at  the control problem. Statjons which a r e  presently 
contributing to the Loran timing control function a r e  listcd I~clow. 

SS7 directly observed by Naval Obscrvatory 

a SS7-SL7 measurcmcnt made at Cape Race. Reported by daily message. 

SL3-SL7 measurement made at  Ejtle. Kcportcd by dajly message. 

a SL1-SL3 measurcmcnt made a t  BIII and IT/P in Geneva. l~criodic sum- 
m ary provided by message. 

"Precise Frerluency Oflset Gencrator, riiodel 2055 mfd. by Austron, Inc. 





S1 monitored by US NAVASTROGKU 1)ET "C". Reported by daily mes- 
sage. UTC (CTSNO) uptiate from SATCOM terminal a t  Helamztno and 
portable clock. 

a SS3 monitored by USCG IXIKMONSTA Fuchu. Reported by daily mes- 
sage. UTC (USNO) update by portable clock. Monitor data also provided 
to USNO by SATCOM terminal nt Futenma, Guam. 

Based upon the data from these various rcports, the Observatory computcs thc 
daily phase values, which a r c  tllcn publishetl in  Time Servicc Announccmcnts. 
Adjustnicnts of operate frequcncy standards a t  master  stations a r e  directed by 
Coast Guard Heaclcluartcrs with the concurrence of the Observatory. 

With the availability of UTC (USNO) :it tllc SATCOM tcrrninal, hence a t  the tirnc 
monitor, this rather leng-tliy proccss could be recluced to a local control function. 
In fact, local control woultl be r ecluirccl to jrnplernent the mini-stcp adjustment 
method which has bccn suggested". Although rcquirj ng some conventional opcr - 
ating technique 01 tllc navigation system, the following is coasidererl to be a 
practjcable control doctrine. This could he implemented with minimal additional 
cquiprncnt, namely, phase microsteppers at thc time monitor with additional 
1-PPS divitlers. 

l'ime monitor uses "ncw" J -PPS source for time tr,ansfcr from SATCOM 
tcrrninal. 

Time monitor adjusts own microstepper for zero offsct. 

Master adjusts microstepper lor zcro offsct with respect to time moni- 
tor as  clircctcd by the inonit;orb. 

m Remainder of secondary stations maintaixi relationship to master by 
local phase adjustments. 

The time monitor station would then report the change in frequency offset. An 
altcrnatc, and perhaps more pnl:it:ible, method would be lor  the time rrlonitor to 

ourrenee recommend the intended changc, but not enter i t  j n  the system until conY 
was received from higher cornmand. 



The All Chain PTTI Improvement Program depcnds to a large degree upon the 
traceability of the time monitor station to UTC (USNO). IC satellitc time i s  not 
available at the SATCOM terminal, o r  cannot be translerred with an acceptable 
accuracy, then we will have to continue with the burden 01 the portable clock. 
In either evcnt, I am sure that we can meet tlic goal of maintaining all Loran-C 
chains within 2.5 microscconds of UTC. 



QIJEST1C)N ANII, ANSWER PICRIOD 

T,CL)R. SHERMAN: 

Are  there any questions '? 

Your slide on the monitor system tlitln't show :~xiything for the Alask:~ chain. 1 

was just wondering, how do you curl-cntly monitor the SH-7 ? 

'She Alaskan C:hajn is not presently tirnccl. I bclicvc thnt there :ire some - I 
lcnow that there n re  several  users .  The Ohservntory has been working on the 
problem, However, the cl~njn itself is not cqujpped with :i IJT synchronizer. 

DR. REDER: 

Yes, Mr. T,nv:inccau. 

MR. LAVANCEAU: 

In regard to the Alaslian L o ~ n n - C  chain, w e  h e l i ~ v e  that in ahout two wccks from 
now we may be nble to put thnt chain on time. In othcrb words, asking thc Co:ist 
Guard to make the t ime adjustment to the chain which would resul t  in :i s tep of 
about 15 milliseconds. The monitoring will he done by threc different organiza- 
tions, s ix  stations,  locatcti a l l  over  Al:i ska. 

In rcgartl to monitoring some of the chains ns f:ir a s  the Mcclitcrrancan Lor:~n-C 
chain, your slide shows that the monitoring w:is done by the P a r i s  Ohscrv:~tol-y, 
(ETH) and through the H. P. T,:ib in  Geneva. In ncldition, wc usc monitor d:itn 
from the USNO in o r d e r  to detect the tinling variations of thc North Atlantic 
chain. Also for  the Northwest P:icific we use nlmut G o r  7 cl i f fer~nt  monitoring 
s i tes  in addition to the Fuchu silc.  

Any more  questions '? 

Mr. Smith. 



MR. SMITH: 

Thank you, Mr. Chairman. 

I do not wish to ask a question, but jf I may for  n moment speak as the Chrt' lr- 
man of the Directing Board of the BIII, may I say how dependent we a r e  upon 
the Loran-C system jn order to form the international scale of atomic time. 
We do very much greatly appreciate the cooperation of the IJ. S, Coast Guard 
organization jn trying to meet these very specialized needs of precise timing in 
order that the indcpcndcnt atomic time sc:lles may each contributc towards the 
international scale. 

Since Admiral Pearson was present at  one of the CCUS mcctings, there has 
indeed been a full understanding by the Coast Guard of this additional responsi- 
bility, and I would like to place on record our appreciation of all that has been 
done. 

Thank you. 

Dr. Smith's comments prompt me to add some comments to the discussion 
which we had yesterday and also to this paper here. 

Some users  have experienced troubles in picking up time absolutely with suffi- 
cient accuracy, and I refer  back to Dr.. Smith's comments yesterday. 

Now, one of the problems in many such cases is  that the geodetic position i s  
not known accurately enough. If you do not know your geodctic position, o r  if 
there is a question about on whjch datum that position is, you cannot expect, of 
course, to gct absolute time to within one microsecond. 

There is one good way to circumvent that. If you have cnpnble operators in the 
station, what you do i s  you determine your Loran IIyperbolic position with the 
same timing equipment which you use to piclc up time. You makc difference 
rnensurcments of time of arr ivals  from every station of the chain that you can 
get, and you compute (these programs a r e  available) your T,oran posjtion. 

If you use, then, that positjon to ccomputc your absolutc time delay, you will find 
a significantly greater agreement with portable clock ca1ibr:ttions than other- 
wise. 

Thank you. 



,Just to add a little bit to Dr. Wjnlrlerls comment therc. We have a t  headr~uarters 
several programs which will give us the all seawater transmission time, o r  
propagation time from the transmitting station to the monitoring point. 

If you know your geographic position, I would voluntccr my services - let us 
know where you a r c ,  :tnrl what station you want to rcccivc, we will not only give 
you the baseline distance in microseconds, but we will also gjve you n computer 
printout which will tell you how to correct  for the terrain between you and thc 
transmitting station. 

This additional f:ictor j s  vcry jmport:tnt. It i s  called Additional Secondary 
Ph:isc Correction, :~nd a s  n mntter of fact we have some little slidc rules, 
which, jf you don't want the whole big computcr printout, we czn send you. 

Any more questions ? 

May I ask one myself? 

You mcntioncd that reliability of the transmitter towcrs is occasionnlly some 
problem - how serious i s  that? 

CMDK. SHERMAN: 

Well, a s  with any high powcrcd transmitting equipment, you have fquipmcnts 
that you a r e  really pushing to thcir cxtreme. 

Wc frequently have troublc ;it C'npe Hnce hecause of lightcning. Now, theye i s  
not n thing we can do about that. Il'r have hccn fightjng jt f o r  years ,  static 
drain res is tors ,  other types of suppressolbs. 

IIow important i s  this ? Does it appear. wockly, &lily, xnonthly 3 

CMDR. SHERMAN: 

Again, it depends upon the conditions, thc agc of the eyuipment, the local 
conditions, the technicians that wc have :lt the station. 



Normally, our signal availability time is better than 99 percent of tlie time. 

DR. REDER: 

Another question o r  comment ? 

(No response. ) 




