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','h.i s t cs t ,10.3 ::..utl-:c.,::-.:. z e1 
ref~rence ~ert!nent to t~ls 

•;·J rc.t' ea·:mct: (fl / l:l.Id 

proble~ ls llsteJ c ~ 

:.:;rjft!rer.ce; (a) :";u..:;i:~.:..et • .3C5- 5/ ... s ,: 11 -::~, js J cf ( 
t:ove~!l;er 1 SJ%. 

(b) I:u.vy Je::,c.rt::1er. t s :Jccific~tion:.; 
3~j(65jl0 er 15 ~: rll 193~. 

2. ~ho object of thi3 tcct ~~3 tc Jcter~ine tho suitability 
o: tho ii:::.t::.nte:r:eo:.1:.1 t:;-1.Je shn.i't r~v:, h ·tion in-1 ::. c;:;tor s :;~te::: for tl-"!e 
: .c.val 3erv~ ce e.n::l cc!!:pl5.ance ·;;:.. th :-;c.·,y Jeuc.rtr:~er.t s pecifi cations ..JG 3 
(65 ) 10 of 15 ~pril 1S~4. 

3. The sy:;te::-. ·:1~s set i.:.p e.t this La::ic-ratory t::.n<J its operc.t ion 
closel y cbservE::d ·.,hile under test for endure.nee, i.:.ccu:·i.:.cy ar:d shc,ck 
i nte::;rj t y . At the sto.rt ~rd i'i~::..sh of the 5,JO }:our s ei:dura:",t:e test, 
tl-1e reccrdod revc lution::i on the port an:i starboard tran3r::i tter 
,:.ech:.).!',ic:.:.l counters anl the pert and st.::.rboard and averaging counters 
;,ere lossetl ■ ,;hi l e under endurance, the syster.i \/as operated at an 
, vcrage speed of 317 ;'{p:_: a.n.:i the iirect _ion of rcte.tion of the trarist.:it-tcr 
sh~fts m1s reverse1 fer one houi· in every twer>t:;-four. At the (;onclusion 
e,f ttis test, tr:~ syste!!': -..·1as operate:i for ~ccurr.icy. Then or.c cf the 
sl:c.ft. tr·ar.s::.i t ters wa:;; subj ected to shock and the s:,::;to:,; af;e.1 n o:1erut0d 
l<.Jl' !';.~curoc"]o 
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Concl usions 

(a ; The rcaster trans:r:::.tter under test prcved tc be rucged in 
design and accurate in operation. llo'::ever, the equipment 
suL~itted is not a i"inished product and ,1as submitted for 
preliminary tests to dete~mine the suit ability of the 
instrument design and its practicability . 

(b) The systeo as subr:i.itted requires tte master tr~nsoitter 
instruments to be located at the shafts and repeater 1nstru­
~ents at all other stations . A syste~ of this type depends 
entirely on the friction drive, as described in paragraphs 
8 to 13 inclusive, for positioning the selsyn t rans~itter 
motor which drives the selsyn indicator motors in the re­
peater instrumentso 

(c) In the event that one or more of the selsyn indicator 
motors beco~es sluggish or stuck, the accuracy of the 
entire system would be affected. False RPll indications 
would be given at tho gauge board (throttle stations) where 
accuracy is cost desired. Also, in a systeo of this type, 
should a I:linor repair on the master transmitter become 
necessary while the syst eJ:t is under operation, it ,1ould 
be r.ecessary to de-energize the entire circuit from that 
transmitter. Further~ore, troubles such as sluggishness 
of motor, damage, high resistance grounds, etc., in any 
other repeater on the s8.I:le circuit {and in some casoa in 
any repeaters in the system) ~ill imoediately destroy the 
accuracy of the gauge board i nstruments. In order for 
the throttlema..~ to be sure cf the accur acy of the gauge 
board instruuents, he \'iould have tc clock total revolu­
tior.s frequently. 

(d) A system with the ffiB.ster instrur:1ent in::;te.lled on the gauge 
board wlll allow for better inste.llation, accessibili ty e.nd 
!!laintenance ~han a systerr~such as the subject syst e~, having 
the master instruments locate~ at their respective shafts 
~here space is often li~ited. 

(e; 'fhe r..c.ster instruments should inclu le t ·,;o pointers , one 
indicating hundrels, the oti1er units. ':'ids feature gives 
great er accuracy. 

tr) The ~veraee RP~ indicator, as described in peragraph 19, is 
not satisfactory due to the Gearine of the differential 
motor to the nointer (1 to 2 ratio) o It has the fcllo,1ing 

.:disadvantage: If the system is set up properly and then de­
enertized and the average ~p~ indicator pointer displaced 
rno0 , or one transl:".1.tter t:1otor di splaced 360° , th'::l pointer 
rrill ''lock in" 180° out :)f its proper position when the 
system is again energizedo 
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' Ci ·n c- r-:!cr to ov ~r r:c::i.e t hs- ~c 1 ~t1.lt-L : r; ·.~ 1°':f"' ( j: - !...,1 ··
1 :S ~..:~ :_:.~.hi~j t~l ~ 

it ~s re 1Jor:ir.1e nded tha t the .:H l l '?f~u [; t v i!.~~ t :1 1:) ::-.a.;· ~.i f r:ct\.~ .. ·.-::r 

ia reiag! gn tho e~~i~~ent , e~bodyi~G t t e us, of c~st cr 
t rn..nsr:-d tter i n~ t r 1).r: cr.: 5 f o r loc1;.,iion f:!. t tl'i e :~!'.Ct:li boe.?·d.s . 
. :.:.~ description of su~~: instru~~e nts ~s r;!v e!'l in !;:.,~L £,\e :--, r•r t 

2-108?, of 10 Cct ober 1934. 

:{e cor:tr.:enda t i ons 

l a; It i s recorr.!:1ended th~.t t he r:-ianufa.cturer be given t e:--:po:re.r y 
~0~r oval and final a; proval be hel d in abe1ance pendine 
further tests on a complete system of fin ished equipment , 
including e. constant. f'requeni:;;y control uni t and e:r.bodying 
the use of master transmj t ter ir.dicat cr i nst ruments for 
location at the ge.uie boardso 
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4. 'ihe t" ..:bi ect s:.,.·ste!"'. , e ::; submi tteJ, is incO!!l!,lete anr.l nas 
submitted fer a ?reli r::·~nary test in order tc study the design and 
d9terr:ine its ru~Eedne'3 :J and accur1..:.cy cf oreration in confc!"!':1e.nce 
·:,,i th > evy )epa rtment s !'.'ecif-icstions 3G:5( 65)10. The r:1a nufectu!·er sub~ 
:::itted t-he folloYring equi;,r::1ent: 

1 star~oard shaft trans:.1i tter 
1 port shaft trans~itter 
1 ;{PL indicate;r •.·,i th direction of ::-ctat5 on siznal 
1 averaze RPM i ndicator 
l t ·:10 shaft averc.ge counter tre.n!:lr.:itter - indicator 

:>. '"he shaft transr:iitter is enclosed in a •:ratertizht case 
J"1av1ni 9-r; e:.::-fJer1dod ste.ft provided v;ith t\~'°O ball bearings and a 
stu!'fing box. '!'he case cont9.ins the following equipment: 

1 constant speed motor 
2 selsyn transr:>.i tters 
1 mechan1cal six digit counter 
1 uni-directional gear r::1eche.nisrn 
l posi tionins rol l er and friction di$C r-.::ser:!bly 

6. '.i.'he operation of the transmitter 'is as i'ollo·:,s: ·The 
tro.n:wHter drive shaft is driven at three times the speed of the 
propeller shaft and drives, through uni-directional gearing ha.vine; 
o. total reduction ratio of 8:1, a master sere·.-; shaft. 

~t e uni~directional 6ear an::-. operates b~cr.ing si6n~1 contacts 
f or C!1eratior, of the be.ct:ing signals located in the indicators. 

'"(. rJ.'he master sere,: shaft is fitted v,ith a coarse pitch male 
thrc~ad :·1hich carries the friction roller carriage and, throu~h a 
2=1/2 :l e;earinE;, operates a r:1cchar.i cal total revolution counter and 
total revolution selsyn transmitter r:iotor . 

8 . 'J.'he friction roller carriage •,-,hich is positioned by the 
::1&.ster sere;.,, carries the friction roller ( 3'!141 diameter) and a finely 
p ~tche1 re.cl:: •;:hich engaf:;eS a steel pinion i:,.nd positions the R?t-; 
~elsyn trans~itter ~otcr. 

9 o ;._ 3urf_;ess micro- s,·:itch , nor!!l!l.lly closed, is ?:1cunted on one 
end of the carrfo.3e rack which is provided with a. slot suita.Ll e for 
the bu1 l bear i ng e;uide of the frj ct ion roller 8 ssembly. An o.dj us table 
device is prcvided on the carriage for operat~ng the Burgess switch 
,"fhen t he friction roller is at t he center of the friction disc. 

10. 'l'he friction roller i::; secured to the bronze nut, located 
in the carriage, by means of fc ur screws, one cf which extends approxi­
!!:e.tely 5/16'' so as to engage e. r.ieche.nical .3top on the master screw. 
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11. ?he sy~chronous ::1otor ,l3CC R.=' at exi:,.ctly 6G c:;,cles) Jr.:.ves 
the friction disc through si..:i table gearir;.~ at exact ly 100 ?.Ft:. 

12 . i-.s the fri•~t i ,:,n d' i c.- ·;_:3 d r i.v•.m at ~ rrmstsnt :'J])Cod of 100 
~{?~~:, t;1e r..iaster scro·,7, O"Jer-ati n3 t~t a vati·1bl e :;:1ccd. c~.1.u;:>es the 
fri..~tion roller to seek~ positi,m on t i'1e frict iot: d ~$('. ·1i'v~re: 
'fo.ri 1:i.ble ::tPr.· x 3'!141 "' 100 r\P!.'. x e.r-':i7e d :i 9.rr,eter 1Jf t i1e fr.:.cti -.:n 
.iisc, 

13. The tra::smltte1· i.;, s-:.:i desigi:e,l the.t, ,,;iti'l a prOf)el1,,n· speed 
of "'..00 :\PL, tl1e transinitte::- s lw.ft rota tes at '!,:~oo :t?::: o.n.i the :nast e:r 
sct·e,; shaft 1200/8 or 150 :iPt'.. '::'hu,; '-Yith the f'r-i.ction disc rota+.ing 
at 100 ~Pt: cc:n:.ta.nt s peed ; 150 x 3'!14 l. :: 100 x 4-'!712. T~1e 1)..¢7, "i. i,re 
:l:i:~r:1eter of the t'ri,~tion disc is 4•;712 an,J the rLsp1 acer:1ent of t he 
friction roll~r fro~ zero is 2:356. 

l e. .. 7he ?.FU se1syn tr<tnsmitter !)ini.on ha.s 36 teeth - 48 :1itch 
a.nd rotates 360° wh,_rn the fricti..0n roller is d :. splB.ced ~'!355 tr,:,rn 7ero. 

1.50 A r:1ech:1. n·i ·~~] rl~vice, i n the .for1:1 of a. ratchet, is located 
,_n the ~ear a:rne::ibly of the friction ,iisc dri ve. This safety device 
is operated whe:!1 the c1ech,cnica1. stop, secured to tho n~ster 3cre0.1 

shaft, engages the projecting scre\7 provided on the friction roller. 
·:ii"ien the shaft speed exGeeds its maximum s peed (450 RPl.~) , with or 
\75. thout failure of the con3ta.nt s_:",eod motor, the sc1~ev1 head on the 
friction roller enEages the atop , causing the friciion roller tu drive 
-:he friction disc. The fr·i.ction disc, .-1hich is nor1:1al ly driven throulh 
a l'atchet mechani sr1 , :i.s thtn1 ,ki•1qn at a S!)ecd sreat,Jr thP..n nc.c-r;ial 
.:,peed and t he friction roller takes cont rol , caus1ng tl1e rat chet t~ 
funct i on as a s~fety Jevi~e. 

·: Pi . ,.n e lP.•~tri c1;:.1 i':lv'i. :o u:, p r ovided, so that v1hen the pro-
pelle r sha.f''t is st o;Y:)ed v1(l j lP, t:1e r;oni, tant speed motor ·is e n erg/2""1 , 
the f riction nillc~ ·.;ill s c ,)(: t he cente r- of the f.dc"':-ion ti'tsc tzi:;r,.; j 
cous tng the adjustahle devir;~ nn the cnrriage to open the contant~ of 
the 3urgesa nicro-awl tch, the~eby de - energizing the constant s p9ed mo t or. 

1'7 . 'i'he fJynchronous ,:10trH' i 3 of the s pl it yihusP. type, and has 
a 3 .75 /.::FD c<mdenser- connec+,ed. i..n SP,i" ' .:is ·,1-l. th one of 'i ts s tat '.):!' ·;1:i.ndj n1,;s, . 

l8o :1he ~-{PC.: ind·t~;at.or , -e 1;~~os:3d i n an ulur:inurn alloy ca.se, 
consists of one sclsyn ind i ce.to-:- motor -:,i th u sii·: ta.b1'5 j i ~1 , rioint-? r anrl 
u bacl: i n:,- ,~( ',miJ.: 'l'h,3 d io.1 i <i rw:..-}:e:i '.'"'r-om Oto 400 ·qp!.'. in one :=-tPlA 

..; --
v ·ad uat ions. 3ix a.r:::;on l~-l!:}iS ar~1 9:rovided for Jfa.l i. l lur:d.nat i.on . 

l 9 • ' t'he c-. V<:H' t::._-;e '=<.?!.'. ; nrl i. ce.t or is also 0n cl o ~rnd i n a n 'i 1 u•1i num 
a!LOY case and cons ists of one di ffere~t i al t y9e selsyn moto r provjied 
•h+h a d·ial ~.nd ~ [l '.)in-t er. '!'he ,t:::al i.s r1arked t'1·om O t o 400 RPE in 
r:1·c...i.uation~ of one HP?:l. ! he v1in•l ine;s <Jf the d'ifferential s e l s ;/n r:1,:) t or 
a r~ on9- iliej by tl~ 9ort and starboar d ~rans~i tter motors a nd are so 
conne cted as to udd the totd ?.Pi.:'. of tile shafts• The pol.nter is con­
:necte<l t c, t. i1e di fr' erential s1;l syn motor through a ieu'." -:- •.:d.uction !.:-f' i ;2 
sn t hu.-: +.~1e reJu:ti.ng t~.'.].;_cati.. or. '-:r! 1 l sho;; th'9 D."✓rJrar;c ~?t.: of the t\·to 



:·~a. :-ne "t-,10 si1aft revoluticr. c•:-unter e..11.d average ccunter an:l 
'l.vcra1::,;e transrr:itter" consists of tr,o se1syn i ~dicatcr :iotor:3, one selsyn 
t !'!Ul'Jt~i tter no tor- S.."1:i three ·foe:ler tyr,e ~otmters. 'rhene count~n·s l"ocord 
the !)Ort shaft total re·rclutions, ste!'boar,1 she.ft t::- 'te.: ~e•rrJl1.1t ·i0ns 1.rnd 
r.i.yerat:e total rev('] uticns. ';:"he total revclution counte r s e.re d riven by 
ti'1'9ir resnective sels:rn motors. J.:he total avera,~e revolution counter i s 
irivcn th~ough a .l!!echanical differential which also drives a total 
average solsyn transmitter m,::itor. \ 'his instrur.:ent \7as subr.iitted ,J ithout 
an enclosing case . 

21. i'io tell-ta.le ir.dicator or constant frequency control unit 
'aas s'.lbr.-.-: tted ,1i th thi s equi pr.ient .. 

22 . The selsyn motors sub1:ri. tted ,1ith the equipr:ient are na.nu-
i'act•.ired by the Arma Snzineering Gorpo.c-ation; the constant speod (at 
exactly 60 cycles) motors by Holtzer ::abot. 

23 . The syster!l c:1s subrni t ted was interconnected electrically 
to a 115 volt, o. . c., 60 cycle frequency controlled supply. 'i.:,10 constant 
s:::,ee:i motors, connected to the sa!'ne sup~ly, were used .to drive the 
shafts of the transmit ters t hrouBh reduction gears of suitable ratios. 

24. The system ~us first tested for endurance by operating it 
for 500 hours at an e.V'3rage speed of 317 RPl.~; the direction of rotation 
of .the transmitter shaft3 being reversed for one hour in every t~onty­
four. For t he period of this teflt, t he total revolutions on the port 
and starboard tran$~itter mechanical counters were comrared with the 
total revolutions recorded by the t~o shaft revolution counter and 
averaging counter. 

25. Next, the accuracy of the syoter.i was ascertained by 
operating t he system at speeds corresponding to shart s,eeds of 80, 
1 33.33, 200, 266.66, 333.33 and 400 RPE for periods cf two houra each. 
The total revolutions of the port and starboard ~~chanical counters and 
the tr(Ulsmitted total revolut ions 1,ere compared to determine the ac­
curacy of t his part ot tho system. The RPU indicated on the ~PH 
indicator and on t he avere.z;e ?.PM indicator were logeed • 

26. ?er deterinininr; the accuracy of the systeri, it was neces-
se_r•y to drive the port and starboard shaft transr.1i tters at kno\·m s peeds. 
Ji'or chec!~ing each spaod, readings of the shaft transmitter counters 
'.'!ere ta:,;en at intervals of t ,10 hours, ·,;hile· the system ·:;ras under opera­
tion, using a chronometer as a standard. The speed was computed by 
dividing the tct ~l revolut ions of each counter by the time elapsed 
between readings. 

27. The shock integrity of the shaft trans:r.i tter vras deter-
mined by placing the unit on n Navy s t andard shock machine in the 
hori1ental position and subjecting it to 20 • 250 foot pound bloi,,rs 
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::h; le cor.nccted in the 3,Jstom a.ud !1nde:- o per-z::~i on. 
observers \lfere stgti.one,i a.t each o f -+:.he rer:1~ 1.:.. ~r.e 

r:,ight cccur J1ie :.o the ohock. 

Ju r i rl,G WGL· :::; t eat, 
i n5:.r~~Jnt ~ :. o n 0~~ 

28. :~ the conclusion of the shock test, tho sy$t8~ ~a3 a~ain 
check,d for accuracy a-:;. e.. kno·,m shaft s 9eed of 200 RP:.:. 'l"h i s te:;t.. i7as 
the sa.,ne as outlined in '.)a:-ae;re.ph 25. 

29. In viea of the syste□ nnt being suhnitted as a finished 
product, but for preliminary tests only, the te:opcratur-e CO::'l})SJ,so.tion 
test o.t ambient temperature of 135° ? • and the in:mlat ion resistance, 
,:iielectric, and ,7atertight inteeri ty tests were omitted. 

20. '.i.'he total revolutior.s trans:r,i. t tej by the 9ort and star-
board she.ft transmitters, during the endurance test, ·,7a.s 9,510,000 
revolutionso This checked ·aith the r-evolutions recorded on the two 
shaft revolution counter and average countero . 

Accuracy Test 

31. There wn.s no difference between the transmHted revolu-
tions and the recorded revolutions that could not be attributed to 
the human error in reading the counters v1hile they •;1ere operating. 

32. '~he Y:1aximu!!', error in the R?l/ ind ice.tor and the average 
RP}.'. indicator was plus O .25 :W!~ ancl minus 2 ol3 :tF1.: re:Jp,;ctively. Data 
recorded durine; the accuracy test and explanation of 'te.ble are r:;i ven 
in pa.ragra.9hs 34 o.nd 35 o 

33. The !W3.r.ir.:u'.!l ti!:'.le r-equired for the system to function 
properly and indicate true :tP;,,1 m1s 2.;:,pr-o:<.ir:1a.tely 16 seconds. This 
va.lue '.,as obtained by checkinz the time intervl;l.l betvieen the sta:-tine; 
of "the transmitter shaft and the time the itPI:. pointer had ind.i.cated 
the con·ect shaft speed ( 400 R.Pl!.). 
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31,. J;,ccuracy Te st. 

_1.lli!i£~i;_e4 __ ~~-volutions per Einute ___ 
rtevolutions Duration Average RP!!. 

of Test RPM Indicator Indicator 
Standard Actual Hours Trans?'!litted Recorded Selsyn Average Error Average Error 

RPM _RJ:!L Time Rev. Rev. Error Re~_i_}l~ .i!PlL Readings _RPU 

80.0 79.97 2 9,597 9,597 0 80 .1 + .13 78 . 2 -1.77 

133 . 3 133.40 2 16,008 16,008 0 133.5 + .10 131.7 - 1 . 70 

200 . 0 200004 2 24,005 24,005 0 200.2 +.16 198.3 -1.74 

266.6 266.62 2 31,994 31,994 0 266.8 +.18 265.4 -1.22 

333.3 333 . 73 2 40,048 40,048 0 333 . 5 - . 23 331.6 - 2.1.3 

400.0 400.20 2 48,024 48,024 0 400.2 0 398.5 - 1 .70 

*200.0 200.05 2 24,006 24,006 0 200.3 +.25 198.5 - 1 . 55 

____ ,, ____ 

l 2 3 4 5 6 7 8 9 10 

\ ...... _ - --· ---~-- -♦• ... ~ ----.. - -. . .. --------·-------·----·--·-----------·----·- ·-- ----··---··-
, ;--

* Roadingo during shock test . 



35 • 

.;olul'!ln ~ - ,;.ctua.l s rieed U'3 dete1~r.ri.r,e-l by tiivi,Jing ·r-cv,_, l ut .ions of' 
shaft by nu!"lhe!" cf minutes of test . ~he shaft trans­
~itters vere driven by synchronous motors, through 
proper gear ratios, connected to the comne:rcial 
r,o·.1er suprl~'• 'i'his gave for all pr-actice.l pur9oses, 
a cor.stan~ speed . An electric clock i n parullel 
with syr.ch~onous motor drives uus never observed to 
be ~ore than one second out ,1ith +.he standard 
chrono:neter. 

8o_ltl!"~_]. - Juration cf test. 

t.:olumn 4 - ~evolutions actually tro.nsmitted during test (r.iechanical 
counter at shaft). 

'.;olw::n 5 - ~evoh,.-tiol'ls recorded on selsyn cont rolled revolution 
counters in instru:r.ents . 

,,;olur.m 6 - Selsyn error, zero in all cases. This shous that the 
sels:,n transmitters at shaft and receivers in instru• 
_me~ts were in step at all t imes . ( Does not apply to 
selsyns connected t o RPU pointers .) 

Q9lu.r:n :!.. - Averaee of readinEs o.f RPM indicator, ta.ken at intervals 
of 15 minutes during test. These readings were practically 
constant . 

:.;ol umn 8 - Average error in R?!.1 indicator. 

Colwan 9 - Averaee readings of average RPM in1ico.tor t aken at 
intervals of 15 r.:unutes during test. 

36. The system ~~s ag~in checked for accuracy at the conpleticn 
of the shock test on the shaft transmitter, but did not sho·,1 any 
gr eater error than ~hen previously tested at t ho same speed (200 RPM). 

370 J eights and dimensions . 

Instrument 

Shaft transmitter. 

RPt : indi cator. 

Average RP!f indico.tor. 

1\-10 shaft counter and 

185 lbs. 

20 lbs. 2 oz . 

19 lb3 . 7 OZ• 

Case Jirr,ansions . 

20-1/2" X 21-1/8" X 9-9/16'' 

11" dia. x 9-1/8" 

11" dia. X 9-1/8'' 

- 7-



38 . '"'he cur :. ... e r.t !'eq~ ire::i to o;~rat,e t i:o ,:;j"!;t~ ... ·::D .~ ;,~ 
t'ol lo'.1:;; 

a.wporeG 

39. 7he n:a.ster trans!':li tter ;.mJ,:, tes: p:-o·,c1 to be ruse;ed in 
dosign and a·ccu!"ate in operation. However, the equipoor.t s ub~.:.tted is 
not a. finished product and ·.'la3 subr:i•~ tted fo:- ;)rel i.:-:i.ina.ry tests t o 
determi no the sui ta.bUi ty of the instrU!r.!!nt desien and its pract ice.b i li -l;y. 

4-0 . '.i.'he systeo au submi tted r equires tho r:c.;;;tor trc.r:s:-:;:i.tter 
instruoents to be loco.tcd at tho ohc.fts e.nd ::-c:;)eo.ter i nstru:.!lents at all 
other stations. A systen of this type de~ends entirely on the friction 
drive, us described in paragraphs 8 to 13 inclusive, for positioning 
the sels :,n transmitter t:1otor which drives the selsyn i ndicator motors 
i n the repeater i nstru~ents. 

41 . In t he event t hat o~e or ~o::-e of the selsyn indicator 
cotors beco~es sluggish or stu~k, the accu:-acy of the entire s1stem 
r1ould be c.ffected . 1alse ilP}f. indice.ti ons ~:ould be given at the ge.uge 
boar d (t hrottle stati onsj \-;here accuracy is most desired. Also, in 
a syst em of this t ypo, should a minor repcir on the ~ ster transmitter 
become necessar y while the syste::i is under o:pere.t i on, it would be 
necessary to de-energize the entire circuit driv~n from that trans­
:tltter. L'°urthermore, trouble~ such as slugi;i s 1mess of motor, de.r.iage, 
high resi::lt e.nce grounds, etc.~ in any other 1 .. e !Jeater on the sane cir­
cuit (and in some cases in any repeaters in the systeo) uill irnr.;edi~te l y 
destroy the ~ cc uracy of t he eauge boa~d instr~~ents. In order for the 
throttler.ian t o be sure of the <J.ccuracy of the gauze board instrw:i,.mts, 
h~ \vould have t o clock total revolutions fre q_u'9ntly. 

4 2 . i,. sy atom \'ti th the r.::in!lter instrumet1t installed on the guuge 
board ·:till nllou for better i nstallation, accessibility and maintenance 
t hnn n ~ystem, s ueh ae the subject sy~tem, having the master i nntru­
raents l ocated at their respective shafts, \,he re s9ace i s often 1 '!.":lit ed . 

43. The r:iaster in:Jtrur.1ent3 s hould i nclude t uo pointer::i, one 
in1icat ing hundr odu, the other un i ts. 'fhi:3 feat ure eives s reator uc­
curacy. 

44 . ':he c.ve rage " PL( indi cator, as dc!lcribod in p~re.era, h 19, is 
not sat i s f actor y J ue to the JOaring of the diff'eren-:ia l motor to the 
!Joi nter ( 1 t o 2 rat i o ) . !t has the follo·:,ing disadvantaee: I f the 
~Jste~ i s s et u~ properly and then de-energized and t hs av~ r ag e aPli 
indicator poilite r di sple.ced 1.80°, or one t ransr.rl. t ter motor displa'=ed 
3500, t he pointer ,·,ili "lock in" 180° out of its proper posi tion when 
the system is a gain energized. 

45. I n orjer to overcome these faults in design and suitability, 
it i6 recomMended t hat the 3u:-eau ad7iae the Clanufacturer to rerl~~i ~n 
1.,,1~ "quipment., emooa.ying the use 01' r.iaster transmitter instruments for 
location at th'3 ~au13e board:;s. A d.esci•iption of such i nstruments is 
giv9n int~ Re9or t S-1082 of 10 October 1934. -8-
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