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Indicator Dial Diameter: 
Dial face to be 4 inches in 
diam13t er . 

Arc of Dial Graduations : 
Di~l graduations to cover an 
3rc of a t least 315°. 

Width of Dial Gr aduations: 

Weights: 
Not s pscified. 

Rate of response: 
Not specified. 

Electrical Characteristics: 
Not spscified . 

Mounting space : 
Not s pecified. 

Complied, 

Complied. 

* Failed to comply. The five foot 
graduations a r e not wider than the 
one foot graduations . 

Volts 
Cycl es 
Amps 
Watts 
P.F. 

Transmitter 51 lbs . 8 ozs. 
IndicatOT 6:U lbs. 15 ozs. 
Above weights do not agree with 
esti~ated weights in r eference (h). 

Approx:imately 1.1 feet of indicated 
draft per s econd. 

Pointer a t r est 
115 

Pointer in rnoti on 
115 

60 
0 . 441 
4.45 
0 .087 

Transmitter (Including 
Height: 13 inches. 
Width : 11 inches . 
Depth : 11 inches. 

Indicator 
Height: 
Width : 
Depth : 

6 inches. 
6 inches. 
5 inches. 

60 
0.443 
7.79 
0.155 

shock mounts) 

Note: * - Indicates failure to comply with requirements. 

Comments on Results of Tests 

16. The pr eliminary accuracy test was .made after the Transmitter 
had been calibrat ed to read correctly at 5 f eet and at 45 f eet, as recommend­
ed by the instruction book, r efer ence (h). In this test a.,d in all followi ng 
tests the zero water l evel was maintained at the level of the cock, part 24, 
ref er •::mce (i ) . • 

17. During the preliminary accuracy t est, it was noticed t hat the 
follow-up pointer had a t endency t o lag behind the motion of the t rue pointer 
from one to three inches of draft before it would move back into alignment 
with the true pointer. 

18. I t was noted, during the voltage and frequency variation t ests 
that the follow-up pointer had a t endency to uhuntH·, that is, to oscillat e 
back and forth on eithe r s ide of the true pointer . This hunti ng w.1s noti ced 
..L..11 !lr.;d,J..J.3 <...L..L.~ \.,,,L .t,V ..l. -h-&A--4•-"t:) ._. _ _ _ ._. - - - ~ 

while t he indicated draft was qeing increas ed , 
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19 . In c~nducting the temperature tests, the case was ~losed at 
an ambient t emperature of 75°F. and the t emperature was then brought down 
to 40°F. After a six hour saturating period at 40°F. accuracy readings were 
t~ken . Upon completion of the tests at 40°F. the ambient temperature was 
.:tllowed to r ,3turn overnight to 75°F., and the t emperature w3.s then raised 
to 125°F. After a six hour saturating period at this temperature, accuracy 
r eadings were again taken . 

20. Since the case of the transmitter had been closed at the start of tr. 
t est with an ambient temperatur e of 75°F., it was decided upon completion 
of the normal tests to open the case and take readings, to determine (by 
contrast) the effect upon the accuracy due to increased pres sure i n the 
case of the transmitter when the ambi ent temperature was increased to 125°F, 
Although the accuracy of indications was greatly improved by opening the case, 
the errors permitted were still exceeded at several points. Upon allowing 
the t31npera ture to r e.turn to 75°F., and with the case open the accuracy 
of"indications was within the specified limit s, except at one point, namely 
5 foot with decraasing draft. 

21. While shock testing the Draft Indicator, it was noted that· on the 
third blow from the left, the Indicator would no longer follow the Transmitter 
correctly. Upon examination, it was f ound that the pointer set screws had 
loosened and the pointer was slipping on the hub , After tightening the 
screws the Indicator operated satisfa9torily for the remainder of the tests. 

22. While shock testing the Transmitter, it was noted that, after 
the fourth blow from the back, the follow-up pointer would f oilow the true 
pointer in the direction of increasing draft, but would not follow in the 
direction of decreasing draft . Upon examination it was found that, at each 
blow the true pointer shaft, which also carries the trip disc that operates 
the follow-up motor contacts would move slightly toward the front of the 
case. "This slight movement was such that, even though the pin (which is 
attached to the moveable contact) was out of the slot in the trip disc, it was 
not sufficient t o bring the moveable contact into contact with the stationary 
contact and consequently the follow-up motor could not run in the direction 
of decreasing draft . This trouble occurred on every blow and was temporarily 
corrected by opening the case after each blow and pushing t he true pointer 
shaft back into its correct position. 

25. During the vibration test of the Draft Indicator , after several 
minutes of operation, it was noted that the Indicator pointer was not 
following the transmitter properly. Upon exami.Mtion, it v1as found that 
the pointer hub set screw had loosened. The screw was tightened and the 
t est resumed, At the completion of the test, it was found that the three 
screws, part 18, reference (j), which pass through the spider, part 20, and 
secure t he dial mounting posts, part 25, had loosened and that one screw 
had f allen completely out . This allowed the dial to drop slightly and 
bind against the pointer hub, thus causing sluggish operation . Also, one of 
the nuts which secure the plugs of the separable connectors, had loosened 
and f~ll en off. 

24. Examine. tion of the Transmitter aft er the vibration test dis closed 
that one of the nuts, p~rt 6, reference (i), had loosened and f allen off . Also, 
the same trouble that had been noted in the shock test (the lateral shift of 
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the true pointer shaft ) had occurred and the follow-up motor would not run 
in the direct ion of decreasing draft until the true pointer shaft had been 
pushed b~ck to its original position. 

25 . In order to complete the remaining 450 hour endurance test, i t 
w~~ decided to adjust the follow-up contacts so th~t the follow-up motor 
would operate regardless of any shift of the true pointer shaft . This was 
done but no 2.ttempt was me.de to re-calibrate the instrument to correct the 
errors which h1.d occurred during the preced:j.ng tests. 

26. During all tests (with the exception of the temperature t est) t he 
case of the Indicator-Transmitter was open and the Bourdon tube exposed to 
t he atmosphere so that atmos pheric pressure changes had no effect on the 
indications. However, during the temperature tests the case was sealed at 
75°F. and the ambient tem_perature was brought down to 40°F. Readings were 
t aken and the ambi ent tem_perature was then raised to 125°F . and readings 
again taken. These tests covered a period of several days , an::l. some· 
portion of t.he err ors noted may have been caused by change in atmospheric 
pressure. Any atmospheric change woul d not affect the Bourdon tube 
(pressure in the case) due to the seal ed case, but would directly affect 
the draft head on the instrument . 

Conclusi ons 

27. From the results of the accuracy tests t aken during ambi ent 
temperatures of 40°F., and 125°F. (the case was closed at an ambient 
temperature of 75°F.) it appears that the r eadings of this instrument 
can not be relied upon if changes in the ambient temperature occur . If 
the case had been closed at a lower t emperature it would appear that the 
errors at 125°F. would have been even greater. These errors are due mostly 
to increase in pressure within the case of the i nstrument as can be readily 
seen by comp'.lring the r esults of the tests taken at 125°F. with the case closed 
and with the case open. Barometric pressures at the times of several test 
runs were not noted; t hey could have operated to accentuate or diminish the 
errors. 

28. That this undesirable operation could be eli.minated i f some 
means were provided to automatically vent the case. Since the instrument 
was intended to operate even though completely submerged in a flooded 
compartment, the case is completely watertight and the only means of venting 
is to remove the cover . An automatic venting sys tern that could be used, 
would be t o provide a vent tube from the case of the instrument up to free 
atmospher e . 

29. This, in conjunction with a ceramic disk (par agraph 5, Recommen-
dations) would el .irninate the errors due to increased case pressur e caused by 

b • t .;.e;n ,:,e. 1r ... +11-Re... d 1 · 'dit· 1· • t th d am i en pr8-$S:are cnanges an wou d m aa 1.on, e i nuna e e errors cause 
by barometric pressure variations . The ceramic disk would permit the 
equalization of pressures and, at the same time , prevent moistur e from 
entering the c ~.se . 

30. Since no means are provided of venting the 
accumulated ~ir, errors v;ill occur Lf air accumulates. 
eliminated by providing a v enting valve just below the 
r eference (i) . 

pressure line of any 
This could be 

cock, part 24, 



31. Regardless of whether the instrument is mounted upon~ f or e-
:;.nd...aft bulkhead or an athwartship bulkhead, errors will be introduced by 
any roll or pi tch of the· ship, This Gould be compensated for 1 at l east 
parti~llY, by mounting the instrument on gimbals, This method qowever, 
would r equire more mounting s ~ce, and would not be entirely satisfoctory. 

' 
32. The loosening of the screws and nuts which occurred dur ing the 

shock and vibr;:1.tion t ests may have been caused by insufficient tightening 
at assembly. 

33~ With the present amount of end play in the true pointer shaft, 
great care is necessary in adjusting the follow- up contacts in order to s et 
the contacts sufficiently close to give r eliable operation and yet not so 
close as to produce pointer hunting. 

34. The erTors noted following the endur3nce t est were probably 
due to wear of various component parts. This occurrence, in actual ship­
bo?.rd operation, would necessitate a recalibr2tion of the .instrument and 
would r equire the simulating of pressures corresponding to 5 and 45 f eet draft. 
How the manufacturer proposes that the two pressures necessary for calibra.- • 
tion work could be reproduced accurately aboard a Naval vessel, is not 
known. 

35 , T-he flexible tubing furnished with the instrument, but not 
listed or shown in the instruction book or any of the drawings, is not 
satisfactory. Even though the equipment was received directly from the 
manufgcturer , the tubing could not be used in any tests due to leakage at the 
flared tubing fitting. Since the design is such that these flared fittings 
cannot be remade or replaced, the tubing should be discarded and other 
means provided, 

36. The dial face of the transmitter does not ·comply with the con-
tr-:ict, being l/81~ smaller than specifi ed, 

37, The pointer of the Draft Indicator is not satisfactory as t he 
pointer tip covers a space on the dia 1 corresponding to approximately 
4 i nches of draf t . 

38. The tubing whi ch connects the bracket end of t he Bourdon tube to 
the pressure l ine is a potential source of trouble. Over :a P3riod of 
several years the coupling will have been t aken ap;>....rt a number of times and 
the f lared tubing will become worn enough for l eakage to occur . In its pre­
sent form, the tubing is extremely difficult to replace due to the soldered 
connection at the bracket end of the Bourdon tube . If the soldered connection 
were r eplaced by a f l ared tubing fitting, tube replacement could be made 
quickly and easily. 

39. On page 7, line 34, Section V, Adjustments, of the Instruction 
Book, the instructions r e2.d, !•'Turning the screw clockwise will caus e the 
pointer to rotate counter-clockwise':. This stat ement is incorrect inasmuch 
as, turning t he screw clockwise a ctually causes the pointer to also rotat e 
clock.vise . 

40. Further, on pcge 9, 'line 6, Section V, Adjustments, the Instruc-
tion Book states t hat, '' I f it is out of t olerance , l oosen capstan screw 

• • ~ ~ • I 
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nigh or out_if ~tis too low". '.l'his statement i s also incorrect because , 
if t he reading is t oo high, pushing the pivot t oward the center Will 
cause t he r eading to become still higher. 

41. Due to t he f~ct th~t onl y one Indicator was furnished for 
t est, t he s ui tabilit y of t he .electrical transmission sys t em could not 
be deter mi ned by t esting of the act 1,1-':il instruments, How,w er, it has been 
determined f rom previ ous t as ts r eference k, of t ype 14NH s e l f -synchronous 
motors, t hat when using a type 11•N:1 synchro as a generator, it cap position 
only two type 11Ntt synchros and mainta in the specified degree of a ccuracy of 
+ 1 .s0

• Since three inches of draft on the dial of the Draf t Indicator covers 
; space of L55° , it may be assumed t hat if mor e t -hafi two I ndi cators ar e 
positioned by a Transmitter, the .(addit ional) error in ,the electrical 
tr~nsmiss ion system will exceed the allowabl e er r or at the subj ect equi pment 
(0 - 30 feet, ±. 5 in<?he~). •• This defect in the system ~ould r eadi }y be 
improved by r eplacing !,l:i e ·+ype N ~elf-synchronous mo'tor used as a genera tor 
in the Transil'.itter with a type A self-synchronous generator. 

Recommendations 

42 . That the subject Friez Draf,t Indica~i ng ,Equipment be approved 
f or use aboard Naval vess~i~, subject t o modifications t o prevent errors 
in accuracy of indications due .to shock, vibration~ .in.cli!:lation, temperature 
changes barometric pres.sure cha'.nges and cori~~·eci operation, a s noted in 
comments and conclusi~ns. • • ••• 

43. rhat the flexible tubing now s~pplied with the instrume~~ be not 
approved for Naval .use and that ordµia:ry rupber .hose be used in its · place 
for connecting the T.ransmitter to 'the · permanent pr essure t ubing. 

. . . . . ' . -· ' 

44~ That some means of calib:rating t he instrumen.t be furnished by 
the manufactur er in the spare parts box, A poss ible means of calibrati on 
would be either to furnish a Bourdon tube type ·press~re gage t ester with 
special weights corresponding to the pressures of 5 and 45 f oot heads of 
s ea wat er, or to furnish such special weig~ts f or the gage t esters now supplied 
Na'.ral vessels. 

45. That t he errors noted in the instruction book under comments and 
conclusions be corrected. 

46., Tha t t ests be ma.d~ '\.lpon a ceramic disk, developed by Bell 
Labor at ories and used by the U. S. Marine Corps in 11l ip11 microphones, to 
det ermine i t s suitability for use as a means of vent ing inst rument cases ~ 
I t is cl aimed t hat this disk will p~ss air but exclude wat er . If proven 
satisfactory, this disk would not only be appl i cable in connection wi th a 
moans of venting the cas e of the subject equipment, but might also provide 
a direct means o~ venting other I. C. equipment. 

47. That the tr~smitter be equipped with plug and jack connectors 
f or quick and easy removal of the instrument from the case during routine 
maintenance and repair. 

48. That i n order to allow for future additions of Indic~t ors t o 
the system, the type N self-synchr onous motor, used as a gener~tor, in the 
transmitter be r epla ced by a Type A self-synchronous generat or. 

- 9 -



49 . That complete tests be c onducted on the subject equ ipment 
after madificat i uns t o correct the def ects noted herein have been completed. 

- 10 -



(a) 
(b) 
(c) 
(d) 

(e) 

(f) 

(g) 

(h) 
(i) 

(j) 

(k) 
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Table No . 1 

Results of ,Accuracy Tests-Draft Indicating System 

Indicated Error in Feet Tru l 

Dra ~t 
in 

Preliminary Accuracy 103.5 v· - 57 crcles 103,5 v - 60 cycles 
Pointers Pointers Pointers 

Fee j .1.•"'"' ... -....,...L. ..... v,,-~t:' .1.1."'t::'-'l,,A,,""'"""'... • .. -- • ----·· -r:: ·~--,------ --~~ ... 'l'r11r-, li'nl 1 nw-un 'Reneater True Follow-uo Reoeater True Follow-up 

5 
10 
15 
20 
25 
3C 
35 
40 
45 
SC 
4E 
4C 
35 
5C 
25 
2C 
lE 
lC 

C 
~ 

0 
0 
0 

-0 .1 
-0.l 
0 

- 0 .l 
0 

- 0 .1 
0 ' 

-0.l 
0 

-0.2 
0 
0 
0 
0 
0 
0 

0 
0 
0 

:.:0 .1 
- OJ? 
-0.l 
-0.2 
0 

-0.2 
0 

-0 .2 
+0 ,l 
-0.2 
0 

• +0 .l 
+0 ,1 
+0,25 
+0 .25 
0 

0 -0.l 
0 - 0 ,l 
0 - 0.1 

-0 .1 0 
:.:0.2 ..:0.2 
-0,l -0.1 
-0.25 -0·.2 
- 0 . 2 -0.2 
-0.25 0 
0 0 

-0,2 0 
+0,l 0 
-0,2 -0.1 
0 0 

+0,1 0 
+0,l 0 
+0 .25 0 
+0 .25 -0.1 
0 0 ' 

-0,l 0 0 0 
-0,l ...:o .1 -0.1 -0.l 
-0.2 -0.? 0 -0.l 
0 0 -0.l -0.25 

-0 . 2 -0.2 -0 .25 -0.l 
- 0 .1 -0.1 -0 .1 -0.2 
-0.3 -0 .3 - 0.2 -0 . l 
-0.2 -0.4 -0.l -0.2 
-0.l -0,l 0 0 
-0.1 -0.2 0 0 
0 Q 0 0 
0 0 -0.l -0.2 
0 0 0 0 
0 0 -0 .1 -0.2 

+0.l +0.1 -· ~'. 0 0 
0 n 0 +0,2 
0 +.0.1 0 0 

+0 . l +0.l 0 +0.2 
0 +0.l 0 +0.25 

Repeater 

0 
-0 .l 
-0.l 
-0.25 
-0.1 
- 0 . 25 
-0 .1 
-0.2 
0 

-0.1 
0 

- 0 .2 
0 

-0.2 
0 

.0.2 
0 

+0 .2 
+0.25 

103 . 5 v ~ 63 cycles 

True 

0 
0 

-0.1 
- 0 .2 
-0.1 
0 

-0.2 
- 0.4 

0 
0 
0 

- 0 . 2 
0 
0 

- 0.1 
0 
0 
0 
0 

Pointers 
FolloW-UJ) Repenter 

- 0 .l 
0 

-0 .1 
-0.25 
-0.1 
0 

-0 . 25 
-0.5 
0 

-0.1 
0 

-0.2 
0 

-0.1 
- 0 .1 

0 
-0,l 
0 

+0.2 

0 
0 

-0,l 
- 0~25 
-0.1 
0 

-0 .25 
- 0.5 
0 

-0.1 
0 

-0.2 
0 

-0.l 
- 0.1 
0 

-0 .1 
0 

+0. 2 
•·:.:;.,,.,; ,, 

~ :n 
\ •. , 

a,J.-:.,.., 

sr ': 
.I:,., 

-;, 
~ 

ITi 
0 
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126:5 v - 65 cycles 
Pointers 

Table No. 2 

Results of Accurac;y: Tests - Dr.,).ft Indicating System 

Indicated Error in Feet 
126.5 v - 60 crcles 126.5 v - 57 cycles 

Pointers Pointers 
Fe ·t .L..1.11.4~ ,L·u••v ,, -11,,4t' J..1,. ..... t'-'-""'V'-"'+ ··-- · ---- ·· -c ... ._.,;: ..... -•--.-. C 'rl'll P Fnl 7 nw-up Repeater True Follow-up Repeater True Follow-up Repeater 

5 0 0 0 0 0 0 0 -0.2 -0.2 
10 0 0 0 -0.1 0 0 0 0 0 
15 0 0 0 -0.1 -0.25 -0.,25 -0.l -0 .l -0.1 
2C - 0.1 - 0 .1 -0.1 -0,1 -0.25 -0.25 -0.l -0.l -0.l 
25 0 -0.1 -0.l 0 -0.2 -0.2 0 - 0.2 -0.25 
30 0 -0.l -0.l 0 -0.2 -0.2 0 -0 .2 - 0.2 
35 -0.l -0.2 -0.25 -0.2 -0,4 -0.4 0 -0.25 -0.3 
40 -0 .2 -0 . 5 -0.S -0.25 -0.5 -0.5 -0,1 -0.:3 -0.5 
45 0 - 0.5 -0.:3 0 0 0 0 -0.l - 0.2 
SC 0 0 -0,1 0 0 0 0 0 -0,l 
45 -0.l -0,1 -0.l 0 0 0 0 0 0 
4C -Or2 -0.2 -0 .2 0 -0.2 -0.2 -0.1 0 0 
35 - 0 . 2 -0.2 -0.25 -0.l -0.1 - 0.l -0.1 - 0.1 -0.1 
50 0 - 0 .1 -0.l 0 -0,2 -0.2 +0.2 +0,2 +0.2 
25 0 -0.1 -0.l 0 0 0 0 +0.1 +0,1 
2C -0.1 -0.1 -0.1 0 0 0 0 +0.1 +O,l 
15 0 0 0 0 0 +O.l 0 +0.1 +0,2 
10 0 0 0 0 +O.l +O,l ' 0 +0. 2 +0 . 2 

5 0 0 0 0 +O.l +0.1 0 +0.2 +0.2 

Note: ,,~ -- Denotes non-compliance. 

40°F. Ambient 
Pointers 

True Follow-up 

+0.2 +0,2 
+0.2 ➔~+o .4 
+0 ,1 0 
0 -0.1 
0 -0.2 
0 -0.25 

-0.2 -0.3 
-0.4 - 0,S 
-0.2 -0.2 
- 0 .2 -0.2 
-0.2 0 
-0.l -0 .1 
-0.1 0 
0 0 
0 +0.2 
'O +0,1 

+0.1 +0 . 25 
+0.1 +0,25 
+0.2 ,~+o .4 

Repeater 

+0.25 
,,~+o .4 

0 
-0.1 
-0.2 
-0.25 
-0 .4 
-0.5 
- 0 .2 
-0.2 
0 

-0.l 
0 
0 

•0.2 
.0.1 
+0.25 
+O 25 -J 

,,~+o: s \ .. . ~: 
.......... 
"'41 .> 
.,.. ..... ~~ 
11 

"'("'-., . 
.,.t"' ~ 

-m 
0 



Table No . 5 

Resul ts of Accur acy Tests - Draft Indicating System 

Ti ue Indicat ed Error i n Feet 
D: aft 125°F, Ambient 125°F, - case open 75°F. Ambient Inclined 25° backward 
i : Pointers Pointers Pointers Pointers 
F, et True Follow-up Repeater True Follow-up Repeater True Follow-up Repeater True Follow-up Repeater 

5 ➔~-1.0 ➔~-1.0 ➔~~o. 9 *+0 .5 *:!-0 ,5 *t 0.4 +0.2 +0 .2 +0.2 +0 .2 -0 .2 0 
·o ➔f-1, S -1:--l.S *-1.5 0 0 0 +0,1 +0,1 +O,l 0 *-0 .4 *-0.4 
• r.: . o ➔:--1 . 4 ➔,..:.1 . 5 ➔:--1 . 5 0 0 0 0 +0 ,1 +0 ,1 -0,.1 ,:--0 .4 ➔:--0 .4 
·o >,:--1.4 *-1 .5 *- 1 .5 0 0 0 0 0 0 -0.1 ,:-- 0.4 -i:--0 .4 
: 5 ➔:--1.2 {:--1 .. 2 ➔:--1. 2 0 -0.1 - 0.1 0 0 0 0 *-0 .4 ➔:--0 .4 
:o ➔:--1.1 J,(·-1.25 *-1.25 0 () -0 .1 +O.l +O. l +O ,l +O. l ➔,--0. 3 ➔:--0 .3 
. 5 -1:--1.2· -i:--1.4 ~:--1. 5 0 0 -0.2 -0 .25 -0 .4 ~o .5 0 - 0.5 -0 . 5 
, o *- 1 .2 *-1.2. -::--1.2 +0.1 +0.1 ... 0.1 -0 .5 -0 .4 -0.4 +O. l - 0 . 25 -0.25 
. 5 ➔:--1. 25 *-1.5 -'A--1.5 . 0 .2 +O.l 0 -0.l -0.5 - 0.4 0 - 0.4 -0.5 
,0 ➔:--1.25 -!~-1.25 ➔:--1.4 +0.2 +0.25 +0.2 -0.1 -0 . 3 -0,4 0 -0.2 - 0 .5 
5 J,}-0 .8 ➔:--0 .8 -~- 0 .8 +0 .4 +o.5 +0,5 0 +O,l +0,.1 +0 ,25 0 0 

0 - 0 ➔:--0 ,8 ➔:--0 . 9 *-0,9 +0.4 +0 .4 +0 . 4 0 0 0 +0 . 2 · -0.2 - 0 .2 
. ·17 .5 ➔:--0 . 9 ➔:--0. 75 ,:--0. 75 +0 .25 +0 .4 +0,4 0 +0 , 2 +0.2 +0 .5 0 0 _J 
( .. \ 0 ➔:--0 . 75 ➔:--0. 7 -:t- 0 ,6 *+0,4 ➔:-+0,5 'H0 ,5 ·+0 . 2 +0.2 +0 :2 ,:-+O .4 +0 . 2 +0.2 • \ .. 5 ➔:--0 . 7 ➔:--0. 7 *- 0 .75 +0,25 *+0.5 *+0,5 +0,1 0 0 H,0,5 +0.2 +0.2 ; . 
,,,. _ _ 

·o -::-.:..o .8 ➔:--0 .6 ➔:--0. 5 +0.2 • *+0 .2 ,:-+O. 5 +O.l +0,25 +0.25 +0,25 +0 , 2 +0.2 t) I 
-~ -..... - 5 -,:-- 0. 8 ,:--0 .6 *-0.5 +0 .25 ➔:-+0 ,5 ➔:-+0 , 5 ➔,0 ~1 +O.l +0.2 ➔,+O .4 +0.2 +0 .25 r·-_,,.,., 
rA · o >.:-- 1,0 -::--0. 75 *- 0 .75 +0,2 *+0.5 *+0 ,5 +0 , 2 +0 , 25 +0.25 +0.2 0 0 ....... 
' .. 5 ➔:--0. 5 -0 .25 -0 .1 ➔:-+0 .6 ➔:-+0 .9 *+l.O ➔:-+0 ,4 ➔:-+O . 7 -::-+O . 7 ➔HO. 7 -HO . 7 -iaO, 7 

_)•,J• ' 

(
,.. <", '1"·:'J 
/ .: ' j ~41 ,; 

~loi ..... ,- .f) 
-i· 

' Note: ;~ -- Denotes non-compliance. 
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Table No. 4 

Results of AcQuracy Tests - Draft Indicating Sy~tem 

Tr, e Indicated Error in Feet 
Dr: ft Inclined 25° forward Inclined 10° right Inclined 10° left Inclined 25° l ef t 
in Poi nters Pointers Pointers Pointers 
Fe1 t True Follow-up Repeater True Follow-up Repeater True Follow-up Repeater True Follow- up Repeater 

l l 

l . 
2, 
2 
:3: 
3 
4 
4 
5 
4 , 
4· 
5, 
5 · 
2 ; 
2 1 
1 ; 
1 

+0.25 +0,25 
+0 .2 •)-

0 +0 . 5 
+0 .25 +0.2 
+0 . 25 -0.2 
+0 .25 0 

*+0.4 *+0.4 
+0.2 0 
+0 .25 +O ,25. 
+0.2 +0.2 
+0.5 +0 .4 
+0.5 ➔!·+0. 6 
+0.4 +0.4 
+0.25 +0.25 

·H0,4 ➔H0 .4 
➔H,0, 5 ,~+o. s 
4H0.4 *+0 , 5 
➔H0,5 *+0,5 
➔<+0. 5 ·H0,6· 
➔HO. 7 ➔,+0 .8 

+0 .25 
~,H0,5 

+0.2 
-0.2 

0 
·H0.4 · 
-0.l 
.+-0,1 
0 

.. o . 3 
➔r+0.6 

+0.4 
+0.25 

➔<+0 .4 
➔:•+O . 5 
*-+-0 ,5 
➔,-+-0, 5 
* -+-0.6 
H0 ,9 

+0 .2 +0.25 
+0.2 *+0 . 5 
+0,25 ·H0,5 
0 +0.1 
0 0 

+0,2 +0.2 
0 -0.1 

+0 ,1 0 
+0,2 +0,2 
+O.l +0.2 
+0.25 +0.2 
+0.3 +0.25 
+0,2 +0.2 
+0.2 +0,25 
+0.2 +0 .2 
+0,2 -i:-+0 .4 
+0 , 2 5 ➔,+0 . 6 
+0 ,25 •H0,4 

➔<+0 . 5 ),HO , 7 

Note: ➔:· -- Denotes non- compliance. 

+0 .. 25 +0,2 
' *+0.3 +O,l 
*-+-0 .:3 0 

+O.l 0 
0 0 

+0:2 +O.l 
-0 .1 -0 .1 

0 0 
+0,1 0 
+0,1 0 
+0.2 0 
+0.25· +O.l 
•0.2 +O.l 
+0.25 +0.2 
+0.2 +0 ,1 

*+0 , 4 +0,2 
➔~+o .6 +0,'2 
iH0,4 +0.2 
➔r+O. 8 ➔H0,4 

-lH·0.3 ➔<+0 .3 +O.l +0 . 2 +0 . 2 
+0 .1 +O.l' +0.1 +OJ? . 0 .2 
0 0 +O.l +0.1 •0.1 

-0.1 -0.1 -0 .1 - 0.l -0.1 
0 0 0 -0 .l -0 .1 

-0.1 -0.l 0 -0.l - 0.l 
-0.1 -0.1 -0,l -0 ,2 -0.2 · 
-0.1 -0 .l -0.2 -0 .3 -0.3 
0 -0.l 0 -0 . 2 - 0.5 
0 0 +0.2 +0 ,3 -~o .:; 
0 0 +0.2 t0.25 ~o.2s 

+0-.:3 +0.:3 +O.l +0 .1 +O.l 
+0.:3 +-0 . :3 0 0 0 
+0.1 +O. ·-1 +0.2 ·+o .2 +0.2 
+0.1 +O.l +0.2 +0.2 +0,2 

*+0 .4 *+0 .4 +0,2 iH0 ,3 *+0.3 1 
·H0,4 ➔,+0.4 +0,2 '.~+0 .4 ➔H-0.4r/j;' 
*+0 . 4 ➔r+O . 4 i,0.2 *+0 .3 {}+0 . 3, ~ : 
•::-+O. 7 ➔HO. 7 +0 . 25 ·H0, 6 -!hr.0 ,6~ .,, 

.... .,,~-
' " t~-~. 
J • .a 'I· .. _,.., 

) ,;.~-
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Table No. 5 

Results of Accuracy Tests - Draft Indicating ~tern 

Indicated Error in Feet 
Inclined25° Right After 50 Hours Endurance After Shock Test 

Pointers Pointers Pointers 
Fee· True r·o11.ow-up ttep!:!C:1\.ot::l" u·uc; s: v.i..i.v .. - ul;::' ,H'Cl;:'C<:l V'Cl. 

n,._ ____ - T:\_,, -··· ... _ o,...,,.,,,"!'>, ,,,+o ..... rp..,..,, ci, 'li't'\11 t'\W- 111"'1 >?,=,r,r.,<1+.t=> ... True Follow-up Repeater 

\_ 

m 
.·: ,, • ~'? 
'- .,;-, ... ;,,.., . 

r 
~"'I-· 
,J~ 

I'~"' 

m 
'? 

"•" 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
45 
40 
35 
30 
25 
20 
15 
10 

5 

-IH0 ,4 
J,HQ ,4 
➔~+o . 3 

+0,2 
+0 . 2 

➔~+b .4 
+0.25 
+0.25 
+0 . 4 
+0.4 
-.o.s 
+0,3 
+0.3 

*•0.4 
-lH0,3 

+0,25 
J,H0,4 

➔:-+0 . 3 
iH0,9 

➔H0,5 ➔H0.5 ➔H0 .7 ➔~+o .s 
,c+O .4 ➔HO ,4 +O .l +0 .1 
➔HO . 3 ➔!-+O. 3 0 0 
➔,+O ,3 -IH0,5 0 0 

+O.l +O . l +O.l +0,2 
*+0.4 ➔~+o .4 +0.2 +0 , 2 

0 0 0 0 
+O.l +0.1 -0.1 -0.2 
+0 .25 +0.25 0 0 
+0.4 +0.4 +0.2 +0. 3 
+o . s +0.5 +O ,l +0.2 
+0,3 +0 ,3 +0 , 2 +0,2 
+0 . 3 +0.3 +0 ,1 +O , l 

-i,+O ,4 *+0 .4 +0,25 +0 , 25 
➔,+O . 3 H0 ,3 +0.25 +0,25 
-lHQ,5 1H0,.5 +0,2 +0 , 2 
➔r+0.6 -i,+O. 6 +O,l ➔H0,5 

~-+0 . 6 0H0,6 +0.2 ➔H·0 .. S· 
➔~+l . 2 ➔~+1.2 i~+o . 7 ➔t·+O . 8 

Note: -i:- -- Denotes non-compliance. 

➔~+o. 9 *+0.4 *+0 .. 4 ➔:-+O .4 
+0.2 *+0 .4 ➔,+O .4 ➔H0,4 

0 +0,'2 *+0 . 3 ➔H0,3 

0 +0 .2 +0.2 +0 .2 
+0,1 0 +0 . 2 +0.2 
+o·. 2 ·H0,3 *+0. 3 *+0 .3 
--0.1 +O ,l 0 0 
-0.25 +O,l +0 . 2 +0.2 
-0.1 -i<0,2 +0 , 2 +0 , 2 
+ 0.2 +0,3 +0, 4 + 0.4 
+0.3 +0.5 +0,5 +0,5 
+0,2 +0 , 25 +0,25 ➔r+O. £5 
1eO,l +0 . 2 +0 . 2 +0,2 
+0.25 *+0 . 4 ➔HQ,4 * +0.4 
+0,25 ,HO .4 ➔,+O .4 *+0.4 
+0.2 H0.4 ➔c+0,6 ➔<+0 , 6 

➔:-+O . 5 +0 . 25 +0 , 2 ➔~+o .B 
*+0 .6 ·lH0.5 *+0.6 iht-0 , 7 

*+l.O iHl,0 -:-,+1.2 -::•+l. 3 

After Vibration Test 
Pointers 

True Follow up 

-i,+O. 8 ➔,+0 .8 
+0 .25 +0.2 

➔<+O . 3 ➔H·O , 3 
J~-+0 .3 -lH•0.4 

➔,+0.4 ·lr+0,4 
+0.25 +0 . 25 
+0 , 2 +0 . 2 
+0.2 +0,25 
+0 , 2 +0 . 2 
+0 , 25 +0 . 25 

➔!-+O .6 ➔HO , 7 
➔,+O, 6 ➔r+0.6 

+0.4 +0 . 4 
-!HO . 75 *+0 , 8 
-!HO . 6 ,HQ,6 

➔<+0,5 -lH0,6 
➔H0 . 5 iHO.S 
·!H0 , 5 *+o.s 
·Hl,l ➔Hl,3 

R~eater 

-lH0,8 
•0 .1 

➔~+o . 3 
➔~+o .4 
➔HO .4 

+0 . 2 
0 

+0.2 
+0,1 
+0 . 25 

➔,+O. 7 
+0.4 
+0.4 

➔HO. 7 
-lH0,6 
-:<+O. 6 
·::-+0,5 
,'H0,5 
;:-+l, 5 

'~ 

,··'; 
! _ , 

·; 
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Table No . 6 

Results of Accuracy Tests - Draft Indic£J.ting System 

Indicated Error in Feet 
After adjusting .follow-up contacts After 500 hours endurance 

Pointers Pointers 
True Follow-up Repeater True Follow-up Repeater 

·H◊,5 

➔H0.4 
➔H·O .3 

+0.2 
40.25. 
+0,25 
+0.2 
-+-0 .25 
+0.25 
+0.4 

➔r+O ~6 
+0,5 
+0.5 

·lH•O, 7 
➔H0,6 

➔:-+0,6 

-i~+O. 6 
➔r+O .6 
➔c+0. 75 

{H0,7 

•~<+0 .6 
➔HO ,3 
➔H0 ,3 

+0.25 
+0.l 
+0.25 
+O.l 
.. 0.2 
+0.5 

➔HO. 7 
+0.5 

*+0.6 
➔,+O. 7 
*+0.6 
*+0.6 
-lH0,8 
➔H·O. 9 
-:r+l,O 

➔HO. 7 
-iH·0.6 
➔H0 .5 

➔:·*O. 3 
+0.25 
+.O. 1 

+0.2 
0 

+0 . l 
+0.5 
➔r+0. 7 

+0,5 
*+0.6 
➔,+O. 7 
·H0.6 
➔H0,6 

➔H-0,8 

·H0,9 
,c+l .O 

*+0.5 
*+0 ,4 
-iH0,4 
➔c+0,5 

➔~+O ,5 
➔~+0 . 6 

+0.4 
➔H·O .6 

+0 .25 
➔i-+0. 7 
➔:-+O , 8 
➔r+0 .. 7 

+0.5 
➔,+O .6 
-iH0 .,6 
➔HO . 7 
*+0.6 
·H0,6 
➔HO, 7 

Note: -i, -- Denotes non- compliance . 

➔H0,6 
➔H0,6 

*+0.4 
,H0.7 
,H0,5 
➔H0.6 

+0.4 
-:r+0 .6 

+0.25 
·HO. '7 
*+0.9 
➔r+O .8 

+0.5 
➔r+0.75 
➔c+0 ,6 

➔r+O. 75 
➔r+0 ,6 
➔HO. 75 
-ir+l .O 

➔H0 . 6 
➔r+O .6 
0k+0 .3 
*+0.6 
➔i-+0. 5 
,H0.5 

+0.3 
+0 . 5 
+0.2 

H0 ,6 
-iH-0.8 
·HO. 7 

+0.4 
-ir+O. 7 
➔H0.6 
➔r+0 . 7 
·H0.-6 
➔r+O. 8 
➔,+1 ,0 

After 25% overpr essure 
Pointers 

True Follow-up Repeater 

➔r+O .8 ,~+o. 9 -::·+O. 9 
·X·+O. 6 *+0 ,8 -lr+O. 8 
~-+O .4 ➔r+O. 5 ➔r+O. 5 
➔H0,4 ,r+O ,4 ➔, +O . 5 
-lH-0 . 5 ➔H-0.5 -l<+O. 5 
➔r+O. 5 * +0,5 ➔r+O. ,1 

+0.3 +0.4 +0.5 
+0.4 +0,4 +0.3 
-.0 . 3 +0.2 +O .l 

➔~+O .6 ➔,+O. 6 +0 , 5 
,H-0 .8 ·H0 .8 *+0.75 
➔~+o. 75 ➔HO. 75 -:,+O. 6 

+0.4 +0.4 +0 . 3 
{H0,6 ➔HO. 7 ➔a0,6 
~-+0 . 7 ,:-+O. 75 ·HO, 75 
➔,+O . 6 3,+0. 8 ,c+O. 8 
➔<+0. 75 ➔al .O -lH·l.0 
➔HO. 7 ➔:-+O. 9 -ial.O 
➔HO, 75 ,al .O ➔,+l .O 
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