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ABSTRACT 

The Moriel tJM Switching E'quir,>m1:-n t is f'l1'\ployf'd in Loran transmittin:e; 
sta.tions to correlFlPtf' t l,f.'• rnPjcr station equi pments Pnd to u~rform the 
functionl': of sf'li>ction, i !':olP-ti"n ;inr- discrimin.?tion. The Pquipment 
cent P ins t h rE'e elPctronic a il"cri.r:iinPtors ,,,ho SF uurpose is to isola.te 
thl? tirnf'r r eceivers 1t•hen the loccl pulse is bE:ing tra.nsmitted. 1;orme.lly 
only onf' aiscr imi nPtor unit is used., but if the sta.t ion is double pulsed 
snd wAve entennas are used , t wo di RcriminPtors Rre necess~ry; the thir d 
beini; used ps a. stPnd'by . ThP PquinmPnt is Rlso f'quirmed with controls 
,,,hich pPrmit th"" onf>rP-tor to connPct irny tiITJer to a.ny trf,nsmitter, 
P.nd eny diRcriMinPtor tc r:>ny timFr. 

ThF eouiry]'l')"'Dt wps inl"t ;o l} Pd P.t t h F e,:-oerirnPnte.l Lorfln St.<? tion , 
of thi !" L;:-'horl'lt'ory, Flt ChFSP".lec"kP BRy. Tests '1,lf'rf' conducted thl!'re 
unf. .-·r ,., ctur l onE>rP t ine corrc'l it ion~ to a Pt ermine its suit e.bil ity for 
L~ren Shore qt~tion us~ . 

ThP fO,uinrH'nt •••t!.s foun~ to l)P elf'ctric;;,lly suit 8½le for use at 
shore s tPtions; 1-iut tl:e rrw chpnicPl design of thP eq_ui-om~nt sh oulcl be 
i murovPd to mPke sPrvicin~ Pn0 in~tP.llFition ee.siF-r. 

It w.<is fcund thPt e lPrge> amount of noise we.s ge>ne-retPd 'by the 
discrimin~tors , tPnd in~ to de cree.~e t h e sensitivity of the> rPceivers. 
This , h owPVPr, is not serious with the nresent ~eogreuhicel sep~ration 
of t h e stttions, but if t he tese lines are to be increP-s~d , this extr~ 
noise might become obj <>ot ionP.b le. 

A summp_ry of thf' t e sts co nduct ed. is i ncluded in this r.eport as 
well e.s the shortcomings of t h f' mi>ch l".nical aesign ~ 

At thP conclusion of t h e se t f's ts, the s ubje c t equipmPnt wes sta.rted 
on P- 3000-hour life test to df't erinine thP quPl i ty of the comuonFnts. 

-b-

UtCLASSIFIEO 



TABLE OF C01JTENTS 

ABSTRACT • • • 

INTRODUCTION • 

INS'.f'ALLAT ICN OF TEE EQ,UIPMENT 

MLCEANICAL INSPECTION • • • 

ELECTRICAL ANALYSIS 

CONCLUSIONS 

RECOMMEl'H)ATIONS 

REF'ERENCES • 

JM Switch GeP.r 

UM Switch Gear 

. . . . . . . . . . 
. ... .. . ·• 
. . . . . . . . 

. . . . . . . . . . . . . 

. . . . . . . . . . . . . 
• • • t • • • • • • 

. . . . . . . . . 
PLATE 1 

PLATE 2 

PLATE 3 Entrance Box UM Switch Gea.r 

DECLASSIFIED 

-1:>­

l 

1 

1 

a 

3 

3 

4 

- c-



rn·r ROT-UCT ION 

1, A ~re-engineerin~ rnoael of t h e U!~ switchin~ equiument was Rubmitted 
to this La~oratory b~ the GP.nPral Electric Comupny on 10 J~nuPry 1945. 
Prelimi n;ary tests wE>re co nducted on thi s rnocel (referPnce 3). The 
"'Orenroauct i on model was su1-imitted 19 FE>brul'lry 1945, and tests \-1 ere carr ied 
out to determine ma.jor chan~es to be made- (reference 3). ThP "'Oroduction 
model wes receivt>d Rt the exDerimental Loran stati on of this Labora.tory 
on 10 Decenber 1945. A comnlete> e lFctricE>.1 ana mE>cha.nical e.na.lysis of 
the equi'pme-nt w~s conducted on the final model f r om 10 DecembE>r 1945 to 
31 Janue.ry 1946. · 

ffST.ALLATION OF THE EQ,UIPMENT 

2, Sorne difficulties were encountered when the Model UM Switching gee.r 
was inste.llE'd at thP ex-oerimentel Lore.n Sta.ticn. It W?.S found that good 
cont a ct could not be me.de between the i nner screen cf t h e shielded room 
~nd the flange of t h e entrance box. Thi s would be ~voided if the inner 
flPnges wPr"' nrovided with slotte c1 mouatin,,: holPs, which woul~- pe rmit 
Pnough e.djustment to obt1:1in gooa ccntact age.i nst the inner screen. 

3 . It was fcund excessivPly difficult to cennect the co- exiP.l cab l es 
leading from ' thf. timers. This l'lituatir.n ,.,as due ti' thP croi.•din.e; of the 
j?cks en TB:3701. Thf' t e rminPh on TB3705 wnP found tc 'l:>e tco clo se tcgether 
fC"r e?sy cc.nnect irn rf the !l0wer le;:,ds . 

MECHANICAL I:NSPECTION 

4. The secrn~ d iscriminPt 0r cr ul~ net b e slia i n Pnd out cf the- cabinet 
withrut usin~ a e;reP.t e"le>unt nf f "rce.. This we. s due t o a ncor fi t between 
the runne>rs a.na the sides r f th"' CPbinf't. l'i'"' P.djustment hPs "been u rovided 
tc corre>ct thi~ binding, 

5 • . The switches en t h P nn~er c0ntrcl n?nPl c0 ne t w0rk nrcuerly. The 
sl~t through ~hich the switches fit i s ne>t wide enough to oermi t n r cuer 
0-oeretir:-n. 

6. The crv er r-n the r ear 0 f t he nower cr.ntrcl penel i s very fl imsy, e.nd 
the res11lt is 1'1. norr fit. 

7. The l Pad.s tc, t hP tPrmina.l br-P.rd en the first attentlfl t r:r s tage e re t c- o 
short. Since t hese lee,ds have t c be rem~ved to re:olace the t ub €' , the 
stret ching necessary to reconnect them mi$t cause- failure in t i me . 

8 . The- Etntenna switch shc-uld. be reloc?.ted. tC' nermit the "1'.>erator to check 
.its s etting more rf!adily. 

9. The cut'Out 1'ower terrnin~ls ere not cc~ered. This mij2;ht result in injury 
tc -oersr-nnel. Thf' sDe.ce heaters also sh0uL'l be i:>r<'vided with a.n adeque.te 
guard t c- nrevent i.njur ;v . 
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ELECTRICAL ANALYSIS 

10. The e.t tenuat i 0 n ch~ ra.ct eris ti cs cf thF equi nrnent were Measured using 
the lc,c2l transmittecl Lrre.n si?nRl es the high volt?ge> scurce. While the 
trensmitter we.s n.n, the pfff'·ct r,f ~rcun~s was ~tuaied. It we s f()una that 
neither the l!'cati,..,n r-f the d iscrir.1inat0r units in the cabinet nor the 
T)0Siticn ,:,f th€'- reflr d0rr h?d P.ny e.nnrt=>ci?ble effect r-n the attenuation. 

ll. ThP. Attenu?t i"n bE>tween the in,,..,ut cf the d.iscrim in8.tcrs e.M their 
"Ut"0ut 1•'?S me;;.sured c1urin,'? thP hl.<mkE-0 rierir.-0. ThE' at t enuAt·icn w.<is as 
follC'"''!:;: 

1 
2 
3 

AT'rEFUATION 

> 137 <'lb 
> 107 c'lb 

1 c-7 d'l:) 

TnP c-iscrimina.tr.,r return.,a to n0rm1:1 l ½?-in in 300 micrc-seccnas efter uassing 
C'f the blanking ryulse. The receivP<l s i ~nal sufferea no ~reethin~. (rver 
shcot ), during this return tr- norrn/'ll ,,:Hin. Bece.usE' 0f th':' la.ck bf breethine: , 
thFre will be no harmful effPcts c-n the timer synchronizer. The gain of 
the discriminr-itor units aurinP.'. a n unbl~nkE'd -oeri"c" was 6±;.5 db f,::r all 
three d iscriminatt.rs. 

12. The clelPy throue?:h the c1iscrimin;:,t0.r units was mee.surec'l by E'- mr:c el 
UJ timer which had t'-'O P.Jicrcs-ec"nC' f,'!Brke rs . This aeley we.s founil t o be 
l ess tha.n 0.25 microseccn<'ls. The f.elay through the filters w2.s 1.75 micrr:­
seccnds. This ler?;e c1elvy is net s P.ricus, s ince when c'\. filter is us ec1 
it is ' alwe.ys comrnrn tc- brth lr,cel ?UC remote chrnnels , rnd the tHfference 
in delRy rem?.ins less thP.n 0.85 mi crr.s ec~nas. 

13. The 2.ttenuat frn bet"1ePn the innut 0f the c1 i ste.nt si~nel branch e.nd 
the terminate~ out-r:,ut of·. the locel sip;nel 1:Jrnnch we.s found to b e 143 ilb. 
The s~ecifice.tions require P.n Pttenuati'"'n gre:>ter than 130 nb ( reference 4). 

lA . A si£;n?.1 imr.iresseo on the loca.l s1.;,;nP_l in~ut was e.ttenustea 137 db 
to thE" rem0te cutnut . In this cas,e a.lsr, the snecifi C?.tions require not 
less thPn 130 db ettenuPtion (reference 4). 

15. Th€' P-ttenuf'ti,:,n between the imiut remot e ch1'nnel anr the i nuut le-cal 
cha.nnel W?..S 43 <'lb . The S"'l€CificF,t irns req_ui re 40 ao. 

16 . The 8ttenuP.ti"n bet1,•ppn the lrcP.l ?nc'l r em0te secti0ns "f thF timer 
!'\electi,..n switch w?.s ?;re?.ter th<"n thi: s-rircific<"tion l imit cf 60 ob 
(ref<>rence 4). 

17. The l@P-kP..i;f' 1:ietween the 100 kc h?rmonics P.t the 100 kc selector switch 
is insufficient tr cP.use int erfi:,rence between chPnnt> l s when checkin~ 0ne 
0f the timer frequencies ? 1?,?.inst the 1·TWV st;:,ndP.rd fre quency broA,<'ce-st. 

-?.-

DECLASSIFIED 



18 . It wcs f0unr thPt enou~h ncise wes R:PnFr?te<1 in thf <'iscriminatcr 
units t ~ increase thP nnise "Ut~ut ~f t h e t i mer rfceiv F-rS by Pbr.ut 13 db . 
This w,::is suffici1mt tn rP<'uce thP r~ceivPr sensitivity by P-bout 10 ob . 
This reducti<'n is n0t SF-ri0us with t he 1'resent stFitfrn se-of.'.rRti"n cs the 
si.=mal strengths "'ill s t ill be Abnve the nr- i sP. , ')ut if e, a:reater statinn 
se"Oe.re.ticn is usec,_, tr<' u'ble mi;,-..ht be f'ncr-unte r e:d . 

19. The e quiryment was founc t 0 ove rat e sP-tisfectr.rily ovP.r a temuerature 
r a n,e:e from 0°C tc ulus 50°C an« with rela.tive humidities u-o tc 95 ~er cent . 

C0ECLUS.IONS 

20 . The subject equiT)fTlent wes f r-una tn be electricelly sP.tisfPctcry fnr 
N:w e.l use in Le-ra n shnre stPticns. Hci,•E'VE'r , e rnechi:m ic.cu insni:-cti<'n 
sug~e sted the ~esirebility cf minor chen~E'S t0 insure cl0ser c 0mnliance 
with N~val s-oecificPtic ns. 

R3CO!-fNENDATIONS 

21. The fdl<rwin2; ch('nZE"S 2re r eccml"!enaE'<' in the Mr<! el UM switch inF.: equi~­
men t t,:, make it mor e suitebl P f"r LC'ran Shrre Statir-n use! 

(a) Mechanical 
1 . Th e c'lesi 2n "f thP chPssi~ slir E' s sh~ulf hP imn r oved t c .,,ermit 

1'.lrCT)Pr ac! justmE'nt. (PAr?~ra >"lh 4 ). 

· 2. ThP mount ine r:-f thF ,,,,w"r switches shc-ulr 'l)e imnr 0v ecl t C' all0w 
m"rP reaay nnereti r.n . 

3. ThE> insi ae g r ~uni:lin.?' !lPngPs sh,..ulil be ".lrC'vicec! with sl0ts f or 
P-.il just mPnt . (PnPzra -m ?. ) • 

4 . Tht> s ize 0f thF bN,.ils "n the s crE>ws thPt securE' thE> ccver plate 
to the entrance bnY is tN·1 l arge f~r the scr ews userl. This l ?.r~e 
heea ~ives a false irnnrPsRi0n C'f strPn~th which mi ,$t result in 
the brea.kin,7. of thP screw. 

5. The cover ~n the: r ear 0f t he ~r.wer nanel is not eesily rem~ved 
Pn~ re~laceil. A C{'Ver cf hPavie r ~PtP.rial is rPccmme:ndPd. 

6 . A s r ea tPr 0 istance shculc be ~rovir.ed bet~een thP timPr j a cks 
0 n TB 3701 s ~ i n~tallati"n anc rn?.intenence wil l be l e ss difficult. 
(Pe.ra 1;;;rai:ih 3) . An i ncreas e cf -::me-half inch woula i rn'l')rove the 
situRti0n c~ns i0erably, Pnil even more w"ulc be nE'sirable. 

6 . Amr-re .,,o sitivE> rnet h" c r.f ?;'.rcuna in!?'. the rear c, f the cliscrimina.tcr 
chassis should be use a . 

7. The sryecin~ cf thF- t P:rminals ~n the ~cwPr C'Ut~ut tE'r mina l boPrcl 
shr,ulo bf' i ncreasea 1:>y e.t l east r.ne inch t c mekE' ins tal l8t i r:n 
ei:>.sier. (PP.rPe:rc>"'h 3 ). 
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(b) 

8. The antenne switch r-n th~ c1iscrimin~tcrs shrula be ma.de mere 
e.ccessible. 

9. A o;UP.r0 shculc'! bf' nl~cPC i.n fr0nt ~f the nower swi tch€s to "C\revent 
c1emc>?:P l"f these . s"ritchPs ~ue tc r,:iprAtirn by thP feet rf the 
('1')f'TAtl"rS, 

10. The leP<ts t0 thf' terminPl b0erc1 on the first i>.ttenuat("r sta.e:e 
0f the c1 iscriminat"r shl'uli1 l)e len.gthPn~c1 'by ?..t le;:ist <'.'ne-frurth 
inch. (FarPP.:r~nh 7). 

11 ~ The sne~e fuse reek shl'ulr be ma.fe tr 1'\cc0mmcaa.te sp;=;re fuses 
0f all sizes Ps well l'lS the Ylanel l.o..mus. 

1?.. Allen · set-screw wrenches shcul <'! be '!'lr0viclf'0 t o nermit removRl cf 
cr:-ntrcl kn0l)s 

13. The pi~teils cf the c0m~cnents shculc nr-t be cliupPd close to the 
lug t0 which they Are solnere<'l. A shert end ~b-:-ut one-sixteenth 
of Pn inch lcmg shruld be left ur0 t rua ing ti' rnPke removal easier. 

14. Covers shr-ulc1 'be nlP_cea nvE>r the s-ry~,ce hea.ters l:'nc'I the uower 
cut nut terminP.l b0er0 to "OrevE>nt 1?<lSsible injury tc nerscnnel. 
(Per?gre,ryh 9). 

Electridt.l 

1. The amount cf n0ise ~en~r?te~ by the fiscrimin?t0r~ shoula be 
renucecl. (Par~,::rP-.nh 18). This is nf't C"vererl by a-01'.lliCfl'ble 
snecific~tions; howevf'r, s0me a.ttemY)t shr1,1.lc'I be marle t o n •duce 
this l~rge amount cf n0is€, nr(')virea thP a.ttenusticn ch?.r acteristics 
are not ryr ejuc'licea E!~ t:>, result. 
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