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BOSCOLEE DOV

An Agsesosment of the Wilitary Flight System
Compags Installation in the Vulcan B. Mk. 2

Presented by

FLELE. B, S, Williams R, AF,
Havigation Section

Ao & AEE, Ref: AR 25/014

Summary

The Hilitary Flight on‘an Compass installation in the Vulecan B. Mk. 2
provides a satisfactory gyro-magnetic compass system for navigational use.,
The Track Control Unit provides a useful and accurate navigation aid., The
large amplitude Northerly phugoid instability, and the loss of gyro datum in
turns, reduces the usefulness of the system and could degrade weapons system
accuracy. Modifications to overcome these deficiencies are recommended.
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1.  Inbteodvetion

During Wavigation Azcessment trisls carvied out at this Establishment
on Villean B, Mk, 2 7E.5%6, the opporbunity was taken to investigate the
performenee of the Military Flizht Systew (¥.7.2.) compase installation,
This report sumpzrises the results of that irwvestigation,

The irial incluvded assessment of the ollowing aspscisi-
(2) A magnetic suwrvey of Hhe airveraft.

{(b) 24 sround calibration of ihe ¥,¥.5. compasses,

(¢} 4Ap afr edlibration of *he M.¥.3. compaszes.

(d) 2in asseaswent of Aubc-Pilst/Compass stability,

(2) An zssesement of the performence of the Aziputh gyro used in the
tPrest pode,

() 2= essessuent of t

;4

re performence of the Prack Control Unit,

Muck of the informatior cbiazined during these trials has been progressively
reporied in letter reports fros this Bstablishment.

2o Magmetic Survey

The following coe 3
measured deviztions cbieinsd fro:
the compzss deteciors replaced by direct
restlts zre within the limits spscified

obtained from a2 Pourier analysis of the
oint swing of the zirecraft with

reading survey compasscs, These

¥ Ay .P.9T0.

TIRIE 4

50°7 Errors
Compass Dzizclor Pegition Coefficisnis
Deviagtion |B ~ B
B s T oA
Port detzcior po .35 | =02 | - | - O .Eet2 2.CLS
Sterboard dstector positicn {78 | :.47 Dy =06 +.07 2.029

Mo significant sffec
the airecraft engimes or
either singly or in coobiz
detector rositions sat
aecentabls for

2t the detector vcsitions from rs :
tior. of controls and slecirical ssrvices,
n. It iz comecluded thet the N.P.3. compass
regdremenis of Av.F.970, Chapter 747 and are

L)

pse in the Vylcan B, Uz, 2.

3. Ground Calibrafion of the Tompass Systems

During the iniiial ground cslibration of the comrass sysiems
Tound thet significant errors were introduced by the arplicaiion o viation
corrections at the compass resolver units., Subszyuvent investigation at this
Establishoent showed that this effect was due to the large 2,400 cycle ripple
coutent of the aircrafi D.C. swuly to the deviation corrector circuiis.
Capacitive coupling between the corrector circuits and the detector outoput
lesds produced = false signel at the comrass resolvers which was manifested as

/an incorrect ...
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an incorrest heading, A modification was subscquently introduced to overcoms
thiz defisiency by sersering the detector output leads between the compass
detectors and the resolver units (Vulcsrn mod, 1572). 1line compass zalibrations
wers carrvied out on 74,536 aftcr the incorporation of this modification and
the guality wac found o v good, the mean 507 deviation error being +0,08",

An aoeurats ~zlibration of the B and € deviation correstor after liod, 1072
was incorporated, still showed some departure from lincarity and it was corncluded
-

=

that this was croducsd by 2 smell anourt of irductive coupling between the
deviation corrector coils and the sarth inductor coils within the dstector units,
The compass manulscivrars proposed a modification to -overcome this effect by
introducire some <xira circuiiry in the compass amplificrs to smooth and
stabilise %he L.7, suorly to the deviation corrzctor circuits, A prototype
modification was cxemired al this Tstablishment and was found to be completely

.

e
[

effezctive in elirirziirg 211 rosidusl cross coupling effects betwesn the
deviatiorn corrsctor cirevits and thz rest of the compass system., It was
vecomrended that tris meodificstior should be aprlied to all U.F,S. compass
applificrs ! P. O Tth Ja refers). It is hoped that action
is now ir Lar s ticn.

L, Air
4 cgli e n the air in order
to asszss & it ve thirty-minute
legs wers T1 an A ca 30 simultaneous
photographic otser = rade of the Surn's relative bearing and ths
c EY v 4 ooszrvations mean flizht leg deviations
ca ax i e s
orat st

It

was assezsed
manceuvre

a summary of

Llations of the

Directiorn Compass™ MoGe Hdg. Stability
Morth | 4D,2CT! (tzgretic Compass Steering) +230
[ 50 3001 0 n : n 2310
n gl NGO " " 1 n 2,30
South L, N0t n n 1 " +__;O
n S0 D00 H " 1 i .1.-1:0
Bast LD,700! o i W "
Vest 50 ’C(‘f)l 1 1" it} "
South co,c00r | nagnetic (Track) Steering)
" LC,C00! " (Gyro Compass Steering)
! .
u . 5‘:\ ’O(\Oi Hl .} 1t i 1)

/This table ...
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This Table clearly illustrates the megnitude of the phugoid instability
experienced or. a heading of Hagnetic North, and it also indicates that this
oscillation increases in amplitude with increase of altitude. This effect
is attributed to slackening of the aerodynamic response to control, with
reduction of indicated airspeed, as altitude is increased. The period of
this oscillation is aprroximately 4 minutes at 40,000 £t. increasing to
5 minutes at 54,000 f't.

To illustrate the compass error dvue to Northerly instability
Appendix 'B' shows the oscillabtion of compass deviation obtained by comparing
the oscillation of K.F.S. heading with that of a high grade free gyro. This
graph indicates the probably accuracy of" instantaneous compass heading during
this condition of instability. Tt is concluded from these results that the Auto~
Pilot/1i.F.3. compass combination provides an unstable platform response on a
heading of Magnetic North. This instability will seriously degrade the accuracy
of astro sighting and of radar bombing, particularly when long range offsets
are being employed, It is recommended as an interim measure that, for astro
sight taking or bombing, the free gyro mode of the ¥.F.S. compass system is
employed on headings within 15° of Mégnetic North.

. .In an attempt to overcome the problem of instability on Northerly
headings, the compass menufacturer has produced a prototype partial-integrating
amplifier, the function of which is to sffectively increase the compass monitoring
time constant on susceptible headin=s, This prototype amplifier is currently
undergoing assessment at this Establishment and a separate report on the results
will be issued in the near future, Preliminary results indicate that this
amplifier produces a marked improvemsnt in compass performance on headings about
North. If this finding is confirmed in detailed snalysis a recommendation will
be made to introduce the modified amplifier for use in Vulcern and Victor aircraft.

6. Performance of the Azimuth Gyro in the Free Mode

Two sorties were flown to assess the drift of the unmonitored compass
gyro on a straight flight leg of three hours duration, The results were
obtained by comparing sumultaneous photographic resords of the relative
bearing of the Sun and the compass resolver dials, with the compass selected
to free gyro mode, The resulis are shown at Appendix 'C' as the resultant
drift rate after correction has been made for transport rabte and the difference
of Barth rate from the latitude of mass balance compensation (57°N). The results
indicate that the compensated free gyro drift rate did not exceed 5% per hour
and this supports other evidence which suggests that the mean free gyro drift
rate is apppoximately L° per hour at the one sigma level. The drift rates
shown at Aopendix 'C' were measured over twenty minute intervals as the
condition of the trial 4id not allow the rates over a shorter period to be
assessed, Thus it is possible that thers may be short period drift rates
considerably exceeding 5%hr. but no evidence was found to support this
suggestion when the aircraft was flving a constant heading.

This gyro performance is adequatc for use in a compass system utilising
magnetic mopitoring, but would be inadequate in conditions where magnetic
monitoring was not available and freguent astro heading checks unobtainable,
The maximum observed gvro wander rate could produce a hang-off error in a
monitored compass system of 0,12°, :

The trial also included an assessment of free gyro performance during
.and after turns, In these cases gyro heading before and alter the manoeuvre was
compared with true heading obtained from agtronomical observations. The
accuracy of this method is assessed at 0,2° (S.D.). In all cases the turn
was carried out at 25° bank at an altitude of 38,000 ft. and an indicated
Mach Number of 0.85, The results are shown in Table 3 which demonstrates a
marked tendency for the gyro to lose datum during a turn.

/TABIE 3 ...
SEGRET
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TABLE 7 ~ ZFFECT OF TURN3 ON FREE 1i,F.S. GYRO DATUM

Direction and ‘mount of Shift of Datum ‘
Turn - Diff of Datum shift
Port Gyro Starhoard Gyro

180°% 6.0% ".5% 3.5°

3.5% 7.4% 6.6°p ‘ .8°

405%p" 9% 1,3% £°

3,0% ‘ 7.5% 6.4% | 1

160% 2.8% 3.8% 1.0°
90°s 0 1.8% | 1.8°

180% L% 1.5% 2.9°

270% 7.7% | 5.3p ' 2.°

100% 1.6 2,6% 1.0°

370% - 7.0% 6.7°P .3°

175% 3.9 2.5% .90

390% 8.7% | 7.4% &4°

360% 6.3% 6.5% .3°

This teble shows that the !.F.3. gyro tends to lose datum in the direction
of a turn by an amount which varies with the amount of turn. This result is
clearlv demonstrated by Appendix 'D' which presents these results in graphical
form by plotting the amount and direction of datum shift, against the amount
and direction of turn. An anglysis of the data from which these results were
compiled indicates that there is no tendency for the gyro to precess bvack to
its pre-turn detum when the turn is completed. Further experiments have
shown that the defum shiftv appears to be related only to the amount of turn
and is not affected by altitude, speed, or rate of turn,

No explanation can b offcred for the systematic nature of these errors.
Nutation drift, caus-d by vibraticn when the gyrbal axes are not orthogonal,
does not apiear to satisfv the obvious symmetry of the findings. It is under-
stood that the compaze manufacturcr is cuwrrertly investigating this cffect in
ar. attcempt to provide = physicel cxplanation and to determine what remedial
astion mirht be possidle, The loss of gyro datum during turns iz a serious
limitation of the M.F.3. comrass systen and is likely to deprade weanons system
accuracy, rerticularly whon offsct bombine techiniours arc employed. Tt is
recommended that this offet should be fully investigated, and appropriate
modification action taker to climinate this sowee of error.

T Assessment ot the Track Control Unit (0.C.0.)

The Track Control Unit provides an output of true track to the W,F.S.
Beam Compass, wher 'RENMOTE' is sclected at the pilot's M.F.S. selector, and
thus controls the auto-pilot wher this is engaged, Tirue heading is also
provided both to M.B,S. and to th Grourd Fosition Indicator. Currcent values
of drift and vorlation may be set in cither menually or automatically, from
Green Satin in the case or Arift, and from a cam in the Navigation Panel Mk, 44
(N.P.1.A)in the case of variation, A divcoet meesuvement of true heading
accuracy is Aifficgult to make as no suiteble weans of presenting the information
is normally available, but the orrer in this quantity must be the sum of the
error in the basic compass loop, the error inhe application of variation and
residual deviation, and the accumulated transmission errors between the compass
resolver and the output, Teaking the known valuce of these quantitics it can

/be shown ...
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be shown that the instantansous true heading accuracy over the U K., or an
area where variation is known to a similar accuracy, ic 1. 5° the one
sigma level, This figure is supported by measurements made durlng this trial
which also indicated that the mean true headlng accuracy over a period of
approximately three minutes was about +1 at the same level of probability.

Due te the extreme accuracy of the drift output of Green Satin the true
track output of the 7.C.U. has a probable error aporoximately equal to that of
the true heading output. A smoothing time constant is intreoduced in the
application bf drift at the T.C.,U. which provides a stable output of track,
allowing accurate and simple track steering, This track steering facility
was assessed on two long {light legs between Boscombe Down and Idris., On
both occasions variation was set to 'AUTO! but the current value checked against
charted values, and reset if recessary, at 30 minute intervals., Drift was
selected to 'AUTO' except for two short periods when Green Satin unlocked,

On ecach flight two small alterations of heading were made, based on monitoring
fixes, and the maximum measured deviation from the preplanned track was 3 N.,M.
The track steering facility of the M.F.3. was found to be a most useful and
convenient aid to routine navigation and aprreciably reduced the work load

on the Navizator/Plotter.

The variation setting control of the T.C.U, can be used to apply
corrections for residual compass deviation, but accurate chacking is made
difficult by the oscillatiorn produced in the auto-variation system, At this
Establishment's suggestion the menufacturers have produced a prototype modified
T.C.U, which includes a large bcalp deviation trimmer pernitting accurate
setting of corrections up to +5 This was found to be a most useful modi~
fication providing means Tor app ying deviation corrections and also F.M,A.
corrections derived from the measured cross track ervor in the aircraft D.R.
position. It is recommended that the modified T.C.U. is introduced for service
in all Vulcan and Victor airecraflt,

3. Conclusions

The Military FPlight System compass installation in the Vul.can B, Mk, 2
rrovides a satisfactory marnetic compass system for navigation use. The track
stzering Tacility of the Track Control Unit provides a useful and accurate
means of navigating the ajreraft and reduces the work load on the Navigator/
Plotter, The basic compass systen was found to meet the roquirum@nts of
Av ,P,97C Chapter 747 erd tnu accuracy cf thu true heading and true rack

utputs was found to be approximately +1.) (8.D.) instantaneous or 41 (s8.0.)
averaged over gbout 3 minutes. The aurcrarf/uompa*v combination was found to
suffer from savere phuU01d 1nstab111ty on Northerly headings with a maximum
measured amplitude of 44\0 t 54,000 T4, at 035 T.0.H.

The yerformance of the aszimuth gyro was found to be adequate for use in a
magnetically monitored system on constant headings, bhut would be of little use
in a 'free' mode unless frejuent Astro heading checks were available, The
gyros were found to exhibit a disturbing loss of datum in turns, the magnitude
of which aprears to have a linear relationship with the amount of turn, This
effect 1s likely to degrade the weapons system accuracy when offset bombing
technioues are smployed. No explanation can be off'ered for this error.

9. Recommendations
Tha following recommendations arc made as a result of this trial:-

(i) Magnetically, the ¥,F.3, compass system is satisfactory for use in
the Vulecan B, Mk, 2.

/(1)
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A modification should be applied to all M,F.S. compass amplifiers
to improve the smoothing and stability of the D.C. supply to, the

deviation corrector circuits, :

Action should be taken to eliminate the instability of the Auto-
Pilot/Compass combinations on headings about Magnetic North.

The loss of azimuth gyro datum in turns should be Tully investigated
and action taken to eliminate this source of error.

A modified Track Control Unit incorporating a large scale deviation

trimmer should be introduced for service in all Vulcan and Victor
airecraft. .

Circulation List

A.D, Nav, 2 Copies 1 for action.
4,0, (R.AF.) B, 2 Copies (for information of D.P.0.)
Nav. 42&) 4 Copy
Nav. (b) 1"
R.D,T.3 . 1 "
LTI, 50 Copies

7.7
R.AE., TFarnborough 5 Copies
A 2 "
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