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Information contained in this leaflet affecting
safe overhaul and repair has been verified and
approved by the Air Registration Board in
accordance with Chapter A6-2 of British Clivil
Airworthiness Requirements.

Amendments to this publication invalidate the approval
statement unless issued by the manufacturers with the
concurrence of the Air Registration Board.
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OVERHAUL AND REPATR MANUAL
DIRECT READING CAPILLARY TRANSMITTING GAUGES
CHAPTER 1
PRESSURE GAUGES
INTRODUCTIN
1s These gauges are of the Bourdon tube type and have either single, triple

or quadruple movements in one case. The triple and quadruple instruments are
similar in construction to ore another but differ fram the single movement
instruments. The instructions for single movement instruments are given first
followed by the instructions for triple and quadruple gauges.

SINGIE MOVEMENT GAUGES

2, An instrument of this type is illustrated in fig. 1. In these instruct-
ions the term "mechanism" refers to the Bourdon tube and bracket assembly
camplete with the movement, to avoid confusion between the main assembly and

\l
[
{

FIG.1.
PRESSURE  GAUGE

DSGAviation
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the movement itself, which is a subsidiary unit. The instrument described ‘has
the glass retained by a spring retaining ring, but apart from this feature the
instructions are equally applicable to instruments having a split bezel or

removable front plate, DSGAviation
www.dsgaviation.co.uk

REMOVING THE MECHANISM FROM THE CASE Ml @ingaitacion.coak

3 Op. 1. Insert a piece of wire in the hole drilled in the rim of the

case and remove the spring ring (1) from its groove. With-
draw the glass using a suction disc, and remove the rubber
ring (2).

Op. 2. Remove the 2 B,A, countersunk screws securing the Bourdon tube
assembly, and withdraw the mechanism from the case,

4. This is a convenient point at which to test the Bourdon tube for free-
dwr from leakage. Air pressure should preferably be applied to the tube but

if an air supply is not availsble hydraulic pressure can be used, The sequence
to be followed is :-

(2) Air Test, Remove the movement as detailed in para. 5, then test
as detailed in para, 6.

(b) Hydraulic Test. The test must be carried out before the mechanism
is dismantled, Therefore, proceed with the test as detailed in
paraz. 7, and then dismantle the mecharism as detailed in para

£,
- -0

5. Ope 1. Remove the pointer, using a pointer extractor (fig. 2) to
avoid damage to the pointer staff. Remove the two 10 B,A.
screws securing the dial and remove the dial,

Ops 2. Remove the dial place (4) from the bracket; it is secured by
two 10 B.A. screws,
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Op. 3. Unsweat and remove the lirk screw (9) securing the link to
the Bourdon tube arm,

Op. 4. Withdraw the two 8 B,A, screws and 1lift the camplete movement
and overload stop (6) from the bracket, '

NOTE. A brass washer is fitted on each of these screws, between the overload
stop and the movement base plate,

6. Leakage Test of Bourdon tube, Air test method (see para, 4a)

Immerse the tube in water with the overload stop in position, Since
the movement must not be immersed provide a temporary fastening to hold the

overload stop to the bracket assembly, using a packing piece between the two
faces. To test :- '

Op. 1. 2pply a pressure equal to the normal full scale reading of the
instrument and secure the overload stop in this position to
prevent any further movement of the Bourdon tube,

Op. 2. Immerse the tube, bracket assembly and overload stop in water
and increase the pressure to the overload pressure (see para,
50) of the instrument. Maintain the pressure for 5 minutes.

Op. 3. Examine the tubes and joints for signs of leakage whilst this
pressure is maintained,

If' satisfactory, the bracket, overload stop and Bourdon tube assembly must be

thoroughly cleaned prior to inspection (see para, 9). If a lesk is found renew
the sub-assembly,

7. Leakage test of Bourdon tube, Hydraulic test method (para. Lb).

For this method a hydraulic test rig as described in para. 20 will be
required. Test by applying a pressure equal to the normal full secale reading
of the instrument (ensuring that the overload stop prevents any further move-
ment of the Bourdon tube) and then increase the pressure to the overload
pressure for the instrument (see para. 50). The tubes and Jjoints should be
examined for signs of leakage whilst this pressure is maintained. On complet-

ion, dismantle the mechanism as described in para. 5. If the tube is unser-
viceable renew the sub-assembly,

8. Dismantling the movement DSGAviation

To dismantle the movement :-

Ope 1. Remove the inertia disc (if fitted) fram the pointer spindle,
using pointer extractors.,

Op. 2. Remove the two cheesehead screws which retain the movement top
plate (7) on the shoulders of the pillars.

Op. 3. Remove the sector (8) (and the link (5), if attached). If it
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is necessary to remove the pointer spindle, first withdraw the
taper pin which secures the outer end of the hairspring in the
movement frame pillar,

Any further dismantling is self-evident and calls for no special comment.

CLEANING AND INSPECTION DSGAviation

i www.dsgaviation.co.uk
.g.him_:'-_IE mail@dsgaviation.co.uk
9. The instrument case should be cleaned by means of a soft brush or fluff-

free cloth and finally blown out with an air jet. The bracket and Bourdon tube
assembly should be brushed clean with trichlorethylene, and the link screw hole
in the Bourdon tube link arm cleared of solder by means of an International
Metric Fine Thread 1,2 mm. tap or 13 B.A, tap. The teeth of the movement sect-
or and pinion may be cleaned with a glass-fibre brush,

10; Clean the movement components in watch-cleaning fluid snd afterwards
dry by means of an air jet, Care must be taken to ensure that the more fragile
carponents are not damaged during the cleaning process, e.,g. by mixing with
heavier items. The bearings in the movement plate should be thoroughly cleaned
with pegwood.

Inspection

1. When all the components have been cleaned carefully inspect to ensure
serviceability, paying particular attention to the following :-

(1) A1l parts must be free from demage, distortion or corrosion. The
capillary should be free from kinks, dents or acute bends and its
ends should be securely soldered. The Bourdon tube on low reading
gauges should be carefully inspected to ensure that there has been
no damage to the thin edges, The teeth of the pinion and sector
should be examined for correctness of mesh,

(i1) The sector and pinion staffs should operate in their bearings with
the minimum radial clearance that will permit free movement. The
backlash between the sector and pinion teeth should also be the
minimum compatible with free operation,

(iii) The coils of the hairspring should be evenly disposed about the
pinion staff and should lie in a plane at right angles to the
staff,

(iv) If still attached to either the sector or Bourdon tube, the link
should be checked for complete freedom of movement and slight side
clearance at the attachment point (see alsc para., 16, Op. 2), A
new link screw should be obtained to replace the one removed during
dismantling,

12. New components or sub-assemblies must be obtained to replace any con-
sidered suspect or found unserviceable, Such parts must be thoroughly inspected
before fitting to the instrument. Provision must be made for protecting all
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compenents against contamination by
dust or other foreign matter, and
against damage, whilst awaiting re-
assembly,

ASSEMBLING THE MECHANISM

General

13 At an intermediate stage in the
assembly operations the instrument is
initially calibrated and the overload
stop setting adjusted, since the heads
of the two & B.A, screws which secure
the movement and the overload stop are
not accessible after the dial plate and
dial have been fitted. To provide datum
points for the limits of pointer move- Fig. 3

ment, and, at the same time,| to allow

access to the securing screws, use a ranging sector as shown in fig. 3 having
an included angle of 60°, equal to that of the uncalibrated portion of the
instrument dial, At the appropriate stage in the assembly operation (see para,
16, Op. 3), secure the sector to the bracket, inserting a 10 B.A. screw in the
tapped hole in the lower pillar of the bracket, such that the radial edges of
the segtor establish the minimum and meximum scale reading positions (see

fig, 5l '

14, For clarity and to avoid repetition, the assembly and calibration operat-
ions ere described separately in successive paragraphs, the appropriate cross-
references being given in the assembly sequence,

Assembling the movement

15 The movement should first be assembled as a separate unit in the follow-
ing sequence :-

Op. 1. Assemble the pointer staff, with the hairspring fitted, in its
bearing in the movement base plate, and anchor the outer end
of the hairspring in the frame pillar, pressing the taper pin
fully home., If a counterweight is fitted adjust its position
so that its right hand edge is about 10° left of the centre
of the sector, viewed from above, The weight is a press fit
on the spindle,

Op. 2, Fit the pointer to its staff and rotate until the spring is
tightened 1% revolutions anti-clockwise, Assemble the sector
in the base plate with the first tooth at the left hand end
engaging the pinion, such that the initial movement of the
Bourdon tube in operation will unwind the spring. Remove the
pointer and, maintaining the engagement of the sector and
pinion assembly, fit the top plate of the movement on the
shoulders of the frame pillars, at the same time entering the
upper end of the sector staff in its bearing in the plate,

DSGAviation

ww.dsga\daﬁon.co.t.k
mail @dsgaviation.co.uk
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Secure the top plate by means of the two cheesehead screws.
Op. 3. Fit the inertia disc on the pointer staff (if applicable).

Op. 4.  Check the movement for freedom of operation, DSGAviation ‘"“

www.dsgaviation.co.uk

Assenbly and initial calibration mail@dsgaviation.co.uk

16. Op. 1. With the bracket and Bourdon tube assembly supported on the
inverted case, or in some other suitable stand, place the
overload stop (6, fig. 1) in position on the bracket, locate
the two large brass washers above the slots in the stop and
fit and secure the movement, passing the two 8 B,A. cheese-
head retaining screws through the washers and slots,

Op. 2.  Attach the link to the Bourdon tube and/or sector (according
to the extent of dismantling), and, after tightening the link
Screws, check the link to ensure that it has free movement at
each attachment point. (It may be necessary to twist the link
very slightly to achieve this condition),

Op. 3. Secure the ranging sector (see para. 13) to the lower pillar
of the bracket, fit the pointer at the minimum scale reading
setting, i,e. aligned with the left-hand edge of the sector,
then check the hairspring setting by moving the pointer towards

a high scale reading and ascertain that it returns to zero when
released,

17, Setting the Overload Stop, Before this can be done the mechanism must
be connected to the appropriate test rig (paras. 19 to 22) and initially cali-
brated (paras. 23, 24 and 27, Ops. 1 to 3 inclusive), Then :-

Op. 1. Slacken the two cheesehead screws securing the overload stop,

+ 2. Apply pressure until the pointer indicates approx. one small
pr P
scale division beyond the maximum reading of the instrument
under repsir.

Op. 3. Set the overload stop so that stop arm contacts the end of the
Bourdon tube and tighten the securing screws.,

Op. 4. Reduce the pressure to max, scale indication, check that there
is clearance between the end of the Bourdon tube and the stop
arm, and release the pressure, )

Op. 5. Repeat Op., 2, applying the correct overload pressure (see
para. 5003, to ensure that the pointer is arrested at approx.
one small scale division beyond the max, reading of the indi-
cator, then release the pressure,

NOTE :- During the foregoing operations check that the stop arm does not foul
the tube and that the curvature of the tube is not altered,
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18. Remove the pointer and ranging sector, then proceed with the assembly
as follows :-

Op. 1.  Secure the dial plate to the bracket by meens of the two
10 B.A. countersunk screws, ensuring that the aperture in the
plate is concentric with the pointer staff. Fit and secure
the dial. (The base of the dial must be aligned with the
pillar on the bracket in which the Bourdon tube is mounted ),

Op. 2. Fit the pointer to its staff to indicate zero. Again check
the hairspring setting by moving the pointer towards a high
scale reading and ascertain that it returns to zero when
released,

The mechanism should now be finally calibrated in the mamner described in
para., 27, Ops. 4 to 6.

Final Calibration

19. The calibration and testing of pressure gauges having a maximum reading
below 20 1lb, per sq.in, should preferably be done in conjunction with a mercury
column as illustrated in fig, 4, Where a mercury colunn is not available a
dead-weight test rig, as described in para. 20, may be used, The instrument
undergoing test and a U-tube or mercury column are jointly connected, through
a capacity chamber, to a pressure system with an inlet valve, a release valve
and & restrictor or choke tube in the circuit, The release valve should be
open to atmosphere, and the inlet valve should be a needle valve permitting
fine adjustment of pressure, The restrictor is included to damp out surge
pressures and so reduce oscillation of the mercury should the valves be opened
toc suddenly. The capacity
chamber damps out the trans-
mission of pressure pulsat-
ions from the pressure system GAUGE
to the U-tube and instrument, UNDER TEST-"

20, With the exception of
those gauges for embodiment
in oxygen or high-pressure
air systems, pressure gauges
having a maximm reading of —L -
20 1b. per sq. inch and over ‘
should be tested by means of
a dead-weight test rig, such STANDARD

as that illustrated in fig. ==, MERCURY 1 T0RE
5 using approved hydraulic
fluid or anti-freeze oil,
0il must not be used when
testing or calibrating
oxygen or HP, air gauges,
Such gauges should be tested
either by means of an air
pressure system or by means

RESTRICTOR

CAPACITY FROM
CHAMBER SOURCE OF

RELEASE INLET
VALVE VALVE

Fig. 4 OPEN TO ATMOSPHERE
-

DSGAviation g
www.dsgaviation.co.uk 3

mail @dsgaviation.co.uk
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of a water ram, Should the water ram be employed, the gauge must be thoroughly
dried out after test,

21. For initial calibration and normal testing, the instrument should be
supported in its normal attitude, with the dial vertical. The supporting
fixture should, however, permit rotation of the instrument in any plane, to
permit testing for position errors,

22. Erratic movement of a pointer, e.g. hesitancy or sluggishness, as opp-
osed to sticking caused by mechanical faults, will probably be due to air locks
in, or partial blockage of, a capillary tube. Such a defect will normally
necessitate renewal of the frame and Bourdon tube assembly.

23, Adjustments. Variation of the pointer rate and the scale shape is
effected by two adjustments, namely :-

(1) By b the tail of the movement sector so as to vary the dis-
tance BC (see fig. 6), and

(ii) By increasing or decreasing the length of the link CD (fig. 6).

2. The first adjustment controls the degree of magnification of movement
by increasing or decreasing the effective radius of leverage. Thus, if the
tail is bent so that the distance BC is reduced, the rate of pointer movement
will be increased, and vice versa,

25, The second adjustment will move the sector from its previous datum
(ABC, fig., 6), and, by altering the angular setting of the line BC, will affect
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the scale shape. For instance, if
the 1link is bent so that the dist-
ance CD is increased, the sector
will be rotated clockwise fram its
existing datum, and the rate of
operation will be increased over

the lower range of the instrument
scale. (Such an adjustment will,

of course, necessitate correction

of the zero setting of the pointer),
The opposite effect will be obtained
by reducing the length of the link,
On some later models the length CD
is altered by fitting links of vary-
ing length,

SOURCE OF SUPPLY
26, If these adjustments' are Fig. 6

necessary during calibration, it mst
subsequently be ensured that the hairspring returns the pointer positively to
the zero setting.

Procedure

o7 Connect the irstrument to the appropriate test rig (see paras. 19 and
20) in its normal attitude with the dial vertical. Light tapping is permiss-
ible before taking readings, Tests should be effeected at room temperature.
Where a dead-weight test rig is employed, the ram should be rotated to ensure
that it is free in its guide before each test observation is made,

Op. 1. Check that the pointer is fitted to give a true zero indicat-
ion,

Op. 2. Gradually apply pressure equivalent t6 the maximum scale read-
ing of the instrument and observe the pointer for free and
regular movement throughout its range, Should there be any
hesitancy of movement or sticking of the pointer, the teeth
of the sector and pinion should be re-examined, and all link-
age points in the movement checked for freedam, If the com-
ponents are satisfactory, and the fault persists, partial
obstruction of the capillary should be suspected., Obstruction
of the capillary will normally necessitate renewal of the
Bourdon tube. Ascertain that the Bourdon tube does not foul
the overload stop at, or before, the maximum scale position.

Op. 3. If the rate of movement is incorrect, adjust by bending the
sector tail (see paras, 23 and 24), Check the adjustment by
releasing the pressure and, after checking the zero setting
of the pointer re-applying the full-scale load.

Op. 4  Check the intermediate readings at each cardinal point of the
Scale by applying the appropriate test pressures. Should it
be necessary to adjust the rate over the lower ranges of the

DSGAviation
www.dsgaviation.co.uk
mail @dsgaviation.co.uk
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scale, lengthen or shorten the link by bending it at the V-
shaped portion, or by fitting a link of a different length

(see paras, 23 and 25 ). After each adjustment, correct the
zero setting of the pointer and re-check the pointer indication
under maximum scale pressure, If necessary correct any vari-
ation by bending the sector tail (see Op., 3).

Op. 5. When the readings at all cardinal points of the scale have
been brought within the prescribed tolerance (see para. 28)
by appropriate combination of the two adjustments, lock the
link screws (if this has not already been done) by the appli-
cation of solder to the end of each screw and the surrounding
metal, Check the linkage for freedom of movement after this
operation. On pressure gauges having & maximm scale reading
in excess of 10 1b, per sq.in., the V-shaped portion of the
link should be filled with solder to rrevent subsequent dis-
tortion, The instrument should then be re-checked for accur—
acy of calibration.

Op. €, Check readings at each cardinal point must then be taken on
low reading gauges fitted with a balance weight, with the dial
vertical but orientated 90° either way. For tolerances see
para. 52, If any position error is evident this may be removed
by careful adjustment of the sector balance weight,

28. Calibration Tolerances, Readings taken with increasing and decreasing
Pressure at each point must be within the following limits :=-

Codes up to 600 PG eoe cees ece cee oee ees + 2-5%

Code 600 PG Maximum pressure not exceeding 15 p.s.i, + 2%
and above " . exceeding 15 p,.s.i, + 1.5%

The permissible tolerances on readings taken under conditions other than those
specified in this para, are given in the relevant paragraphs, e,g. "Tests at
high and low temperatures", "Tests in abnormal attitudes", etc,, in that part
of this c)hapter dealing with final tests on the completed instrument (see
para. 47).

DSGAviation 3%
LOCKING ww dsgavitoneodk 8
mail@dsgaviation.co,uk &
29, Before refitting the movement in the case ensure that all screws for ‘

which no other form of locking is provided sre secured by the application of
Paripan lacquer GB,2556, The lacquer must be spplied sparingly, care being
taken not to foul any moving part,

REPLACING THE MECHANISM IN THE CASE

30. Op. 1, If damaged, replace the two paper discs inside the case cover-
ing the two vent holes using Paripan lacquer for adhesive, In
split bezel cases check that the blow-off vent functions
satisfactorily,
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the top of the dial is
el in the case, and secure

i Fy sce

Op. 2, Place the mechanism in th= -ase s
aligned with the identification lsu
the movement by means of the two 2 B,A. countersunk screws,

the threads of which should be lightly coated with Paripan
lacquer, GB,.2556, Ascertain that there has been no zero shift
= 3

of the pointer,

Op. 3. Place the rubber ring and glass in position in the mouth of
the case and fit the spring ring in its groove, ensuring that
the ring gap is at the top of the dial, or secure the bezel,
as applicable,

Op. 4. Fit a protector to the union,
Refer to para. 47 for final tests on completed instrument,

MULITPLE MOVEMENT GAUGES

A, The information in the paragraphs which follow relates o instruments
ig. 7 illustrates an

which have either three or four independent movements, Fig.
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instrument having four movements and although the instructions relate to this
type of instrument they may also be taken to be generally applicable to triple

movement instruments. Although the operation of each of these instruments is

the same as that of the single-pointer type of gauge, the differences in con-
struction necessitate separate treatment of the dismantling, assembling and
calibration operations, Note the reading of the instrument lubber pointer to
ensure correct positioning during assembly,

REMOVING THE MECHANISM FROM THE CASE

52, Op. 1. Slacken the eight bezel screws uniformly, working from screw
to screw diametrically across the dial until all are loose,
Remove the screws, nuts, bezel and packing washer. Withdraw
the glass by meéans of a suction disc, and remove the rubber
tubing (1), spacer ring (2) and lubber ring (3) from the
mouth of the case,

Op. 2. Remove the four 10 B,A. countersunk screws retaining the back
plate (9), and remove the plate. Remove the clamping ring (10)
from the resr of the case after removing the six 6 B,A, secur-
ing screws,

Op. 3. Withdraw the mecm fram the case, DSGAviation -g
Www.d 1ation.co.uk
33, Dismantling the movement mw@f;;zn.i:ﬂ

The inverted case provides a suitable stand for the movement during this

operation and the subsequent reassembly, The following dismantling sequence
should be observed :-

Op. 1. Using a pointer extractor (fig, 2) carefully remove the
pointers, identifying the brake pointers so that they can be
reasserbled on their original pinions, Remove the two 10 B. A,
screws retaining the dial, and remove the dial,

Op. 2. Test the Bourdon tubes for freedom from leakage by means of a
hydraulic test rig as described in para, 7, Test by applying
a pressure equal to the normal full scale reading of each move-
ment and ensure that the overload stops prevent any further
movement of the sectors, Then apply an increased pressure
equal fo the overload pressure for the instrument l(jsee para,
50). The edges of the Bourdon tubes, connections and capill-
aries should be examined for signs of leakage whilst the press-
ure is maintained,

Op. 3. Disconnect each link ((8) fig. 7) from the Bourdon tube link
arm, If the link screw =t that end should be inaccessible,
disconnect at the sector gear link armi,

Op. 4.  Remove the three L B.A, cheesehead screws (7) and spring
washers, securing the movement frame to the Bourdon tube
bracket, and remove the movement, One of these screws is sit-
uated immediately under a sector gear link arm and this screw
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must be removed last, When slackening the screw care must be
taken to raise the movement frame to prevent distortion of
the link arm,

Op. 5. TUnsweat and remove the locking strips on the Bourdon tube link
arms,

3k, The movement should be thoroughly cleaned in watch-cleaning fluid, and
subjected to a preliminary inspection before dismantling, Particular attention
should be given to the freedom of operation of the various pinions, and espec-
ially to that of the right-hand supply pointer gear and intermediate pinion,
Any defects observed during this inspection or the subsequent dismantling op-
eration should be recorded for further investigation or remedial action when
the final inspection is made, The movement should be dismantled in the follow-
ing sequence :-

Cp. 1. Quadruple movement gauges only. Remove the three 10 B.A,
countersunk screws which secure the dial plate (4) to the top
plate (5). Mark the engaging teeth of the right-hand supply
pointer gear (11) and the intermediate gear (12) to facilitate
assembly, then remove the gears from the pinions. (Since these
gears are not fitted to triple-movement gauges, the dial plate
need not be removed from such meo}mdsms%.

Remove the three € B.A, cheeschead screws and spring washers
which secure the top plate, and raise the plate carefully from
the shoulders of the bottom plate posts (613. Take care to
avold damage to any of the hairsprings by holding the central
pinion and top plate, to which one hairspring is anchored
during the removal operation, while the remaining pinions are
retained in position in their bearings in the bottom plate,

uonenyosqa
i
&

Hn'oxuoneedspd)|rew
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Op. 3. Remove the sector gears and the pinions after withdrawing the
taper pins which secure the outer ends of the hairsprings,

CLEANING AND INSPECTIN

354 The cleaning procedure and inspectional requirements are identical to
those for single-pointer gauges as detailed in paras, 9-12 of this chapter,

to which reference should be made, Each capillary tube should be inspected to
ensure that the end nearer the union has not been twisted, and the soldered
Joint affected, by over-tightening of the union nut in service (see para., 36).

To clean the pinion teeth thoroughly, move the hairsprings along the pinions
by means of the split collets,

36, In early models the risk of the union being dislodged and the capillary
tube twisted by excessive tightening of the union nut, was obviated by locking
the union in the frame by two stainless steel pins, This was not classed as

a modification, If the unions of the instrument undergoing repair are not
already locked in this mammer, and provided that the frame and Bourdon tube
assembly is not unserviceable, the locking pins should be fitted before assembl-—
ing the movement, Details of the operation are given overleaf,



sl
ISSUE 2
SHEET 16

%c 1e

‘7/#\-06227-0027

185"% 005"

Make up a fixture in which
to support the frame and
Bourdon tube assembly while
drilling the hexagonal flange
of each union and pressing
home the locking pins. The
design of the fixture must
be such that no strain is
imposed on the Bourdon tubes
or capillary tubing during
the operation,

Using a No. 53 drill, drill
two holes each 0,0595 in,
diameter through the hexag—
onal flange of each union,
These holes must be diamet-
rically opposite each other
on a pitch circle of 0.460
in, + 0,005 in. diameter and
must be drilled to a depth

of 3/16 in. (see fig. 8). Do not exceed this depth, or the

capillary tubes may be damaged,

Op. 3. Ream the drilled holes to 0.0615 in./0.0620 in, diameter.

Op. 4. Insert in each hole a stainless steel pin of the dimensions
shown in fig. 8, ensuring that each is a press fit, (The
sharp edges of each pin must be bevelled slightly before

assembly ). 5
DSGAviation 4
ASSEMBLING THE MOVEMENT wwwdsgaviaton.couk
mail@dsgaviation.co.uk
e The inverted case, or the unserviceable case from a similar instrument,

forms a suitable stand on which to support the frame and Bourdon tube assembly
during the reassembly. Referring to fig., 7, proceed as follows :-

Op. 1. If any of the hairsprings or counterweights have been removed,
or new ones obtained, fit these to their pinions, ensuring
that they are correctly positioned, i.e. in their correct axial
location and having regard to the direction of winding and the
relative positions of the end of the spring and the counter-

weight, fig. 9.
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STBD. BRAKE
(ONE COUNTERWEIGHT)

PORT BRAKE
(ONE COUNTERWEIGHT)

PORT SUPPLY

(TRIPLE GAUGES-TWO COUNTERWEIGHTS)
(QUAD GAUGES-FOUR COUNTERWEIGHTS)

STBD. SUPPLY

(NO COUNTERWEIGHT)

Fig. 9
.- Ao uonemeds,
Axial locations are : ’l""oa'uoneuessl;%m
TABLE 1 uonenyysq
TRTPLE GAUGES
Front shoulder on
: Port Starboard
pinion spindle to Supply
Pront of g= Brake Brake
Bairspring Collet « 400" 038"
Counterweight

Rear shoulder on
pinion spindle to

rear of :=-
Hairspring Collet + 272" Flush against Plush against
Counterweight BLO"/, 530" sector pinion sector pinion

rear face.

front face,
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TABLE 2

QUADRUPLE GAUGES

Front shoulder on
pinion spindle to
front of :-

Port
Brake

Starboard
Brake

Port
Supply

Starboard

Supply

Hairspring Collet

Counterweight

.205"/. 195"

. 310"/, 300"

040"
.680"/, 670"

Rear shoulder on
pinion spindle to
rear of :-

Hairspring Collet

436"

. 940"

- 214-8"

Op. 2.

Opo J-G-o

Opo 5.

Op. 7.

Assemble all pinions, except the central pinion, in their
bearings in the bottom plate of the movement frame and anchor
the outer end of each hairspring in the appropriate post,
pressing the taper pins fully home,

If the links were detached completely coat the threads of each
link screw with Paripan lacquer and attach the links to the
sector gear link arms and /or Bourdon Tube link arm, as app-
licable (see para. 33, Op. 4). Ensure that the lacquer does
not foul the bearing portion of the screw,

Locate the sector gear assemblies in their correct bearings in
the bottom plate,

Assemble the central pinion in its bearing in the top plate
and anchor the outer end of its hairspring in the post, ensur-
ing that the taper pin is finally pressed home,

Fit the top plate on to the bottom plate posts, by holding the
top plate in the left hand and, after carefully pressing the
central pinion downwards (see fig. 10), offering up the top
plate to the bottom plate, When the lower end of the central
pinion has been entered into its bearing in the bottom plate,
the top plate should be lowered gradually while the upper ends
of the sector gear spindles and the remaining pinions are
guided into their bearings in the top plate, as shown in the
illustration, Care must be taken during this operatian not to
damage or distort any of the hairsprings.

When all the sector gear assemblies and pinions are properly

DSGAviation e
www.dsgaviation.co.uk ¢
mail@dsgaviation.co.uk 7
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AL

Fig. 10

accommodated in their bearings, press the top plate firuly on
to the shoulders of the bottom plate posts and secure it by
means of the three 6 B,A. cheesehead screws and spring washers,

Op. 8. Check the sector gear assemblies and pinions for end float,
which must be the minimum which will permit free operation,
and for freedom of movement over their operating range,

Op. 9. Screw the sector stop screws into their threaded holes in the
bottam plate posts, and fit a locking nut on the outer end of
each screw, The short (") screw is the limiting stop for
the lower (rear) movement, i.e, the supply movement on triple-
pointer gauges and the left-hand supply movement on quadruple-
pointer gauges,

38. At this stage, fit the movement to the frame of the Bourdon tube sssemb-
ly in the following manrer :-

Op. 1. Position the various links so that they may be readily attached,
then assemble the movement in the Bourdon tube assembly and

secure it to the frame by means cf the three 4 B.,A. cheesehead
screws and spring washers,

Op. 2. ©Secure the free end of each link to the appropriate sector
gear link arm or Bourdon tube, as applicable (see para. 37,
Op. 3). Lock each link screw by applying Paripan lacquer
GB.2556 to the threaded end, ensuring that the lscquer does
not touch any other part of the mechenism,

Ops 3. Check the link screws for tightness and ascertain thot each
link has slight side clearance at its attachment point, and
complete freedam of movement throughout the operating range
of the sector gear, Provided the link has the requisite side
clearance, any tendency for it to bind may be rectified by
slight and careful twisting,

¥
DSGAviation 1
www, dsgaviation.co.uk 4
mail @dsgaviation.co.uk
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NOTE. In this instrument the pinion hairsprings are not tightened prior to
engaging the sector gears, It will be found that, when the gears are
entered into engagement with their pinions by connecting the links,
each pinion is rotated about one-half of a revolution in assuming its
zero setting and the hairspring is correspondingly tightened,

Op. 4.

Op. 4.

Qua: le gauges only, Mount the right-hand supply pointer
gear (11) on the staff of the left-hand supply pinion, check
that the marked teeth (para. 34, Op. 1) are in engagement, then
carefully drift the right-hand supply pointer intermediate
pinion (12) on to the staff of the right-hand supply pinion.
Ensure that the gear and pinion are meshed over the full depth
of tooth otherwise the gear may move out of engagement. (See
para, 39, Op. 1).

Fit the dial plate (4) to the top plate posts and secure it
in position by means of the three 10 B,A, countersunk sScrews,
coating the threads of the screws with Paripan lacquer, .GB.

2556 before assembly, DSGAviation k|
www.dsgaviation.co.uk ?
Fit and secure the dial, mail@dsgaviation.co.uk

39, Fitting the pointers. Two hydraulic test rigs will be required for

checking the movement of the pointers after assembly,

Op. 1.

Op. 2.

Op. 3-

Fit the two supply pointers at their zero position, Connect
one hydraulic test rig to the right-hand supply cannection
and the other test rig to the left-hand cannection. Apply
pressures to move both pointers over their camplete range,
checking that they do not foul one another at any point, Also
check the left-hand pointer to ensure that it is not likely
to foul the glass when fitted and the right-hand pointer to
ensure that it does not move so far in a vertical direction
that the pointer gear will disengage from the intermediate
Pmion. ’

Disconnect the test rig from the left-hand supply connection
and re-connect it by a twin connector to the two brake conn-
ections,

Fit the two brake pointers at their zero position and apply
pressure to move the pointers over their complete range, check-
ing for freedom of movement at all times. Again move the
right-hand supply pointer over its complete range at the same
time moving the brake pointers over their camplete range,

Check that the brake pointers do not foul the right-hsnd supply
pointer at any position,

CALIBRATING THE INSTRUMENT

40, The instructions contained in paras. 19 to 26 inclusive are, in general,
applicable to the calibration of multi-pointer gauges, The procedure to be
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adopted when calibrating each movement of quadruple-movement pressure- gauges
is identical to that detailed in para. 27, to which reference should be made,
Gauges are calibrated and tested by means of a dead-weight test rig, using
anti-freeze fluid or oil, and two such rigs as described in para, 33, Op, 2
will be required, one each to the brake and supply comnections,

L1, The method of adjusting the rate of operation is identical to that
employed on single-pointer gauges, i.e. by variation of the curvature of the
link arm on the sector gear (see paras., 23 (i) and 24). Variation of the scale
shape, which, on single-pointer instruments, is effeected by increasing or de-
creasing the length of the bent link (see paras, 23 (ii) and 25) is achieved
by altering the curvature of the link arm on the Bourdon tube, After satis-
factorily adjustment solder the locking strips to the Bourdon tube link arms
to prevent distortion when overload is applied,

L2, Should there, before overhaul, have been any tendency for the supply
pointers to stick, particular attention should be given to the right-hand
supply pointer gear and intermediate pinion, when calibrating or testing quad-
ruple-movement gauges.

L3, The overload stops should be adjusted so that the movement of each
pointer is arrested at a point approximately one small scale-division beyond
the maximum reading. When setting the overload stop screws of the brake move-
ments ensure that the brake pointers do not foul the bosses of the supply
pointers, All pointer settings should be re-checked after the stop screw lock-
nuts hdve been tightened and the locknuts secured by the careful application of
Paripan lacquer GB,2556.

TOLERANCES

L. The instrument must be tested for aceuracy of callhmtlon under normal
room temperature conditions, i.e. between 10°C and 20 C and in its normal
attitude with the dial upright, FReadings taken with mcreas:mg and decreasing
pressure at each point must be within the following limits :-

Brake Scales  + 2% of maximm scale reading
Supply Scales| + 22% of maximum scale reading

The permissible tolerances on readings taken under conditions other than those
specified above are given in the relevant paragraphs, e.g. "Tests at high and
low temperatures", "Tests in abnormal attitudes", etc., in that part of this
chapter dealing with final tests on the completed instrument,

LOCKING

L5, Before replacing the movement in the case ensure that all screws for
which no other form of locking is provided are secured by the application of
Paripan lacquer., The lacquer must be applied sparingly and with great care
to aveid fouling of any moving part of the movement,

- R
DSGAviation 3
www.dsgaviation.co.uk
mail@dsgaviation.co.uk
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REPLACING THE MOVEMENT IN THE CASE

L6, Op. 1. Replace the frame and Bourdon tube assembly in the case, and
fit the clamping ring (10). The locating tongues on the frame
and ring must engage the appropriate recess in the case. After
applying a thin film of Paripan lacquer to their threads, fit
and tighten the six 6 B.A., countersunk screws which secure the
clamping ring, watching the pointer to ensure that zero shif't,
caused by uneven stressing, does not occur.

Op. 2, Apply the appropriate test pressures to check all movements
for accuracy of indication throughout their ranges,

Op. 3. Assemble the back plate, and secure it by means of the four
10 B,A, countersunk screws, Fit a protector to each of the
unions,

Op. 4. Position the lubber ring in the case at its appropriate sett-
ing (see para, 31) and then assemble the spacer ring, rubber
tubing, glass and packing washer, in that order., Assemble the
bezel and fit the eight special bezel screws and nuts., Tight-
en the bezel screws uniformly in sequence, working from screw
to screw diagonally across the bezel until all are fully tight,
to prevent uneven stressing of the glass,

FINAL TESTS ON THE COMPLETED INSTRUMENT - SINGLE AND MULTIPLE GAUGES

DSGAviation
General Www.dsgaviation.co.uk

Mail@dsgaviation.co.uk
47. The tests specified in paras. 49, 50 and 51 are routine operations

applicable to all gauges after overhaul and repair, All gauges with max. read-
ing below 20 p.s.i. and all brake gauges should have an additional routine

test as in pare., 52, as should a percentage of single gauges scaled 20 PsSeie
end over, Subject to the availability of the necessary facilities, the remain-
ing tests may be applied at the discretion of the supervising inspector, who,
in instances wher a number of similar instruments have been repaired collect-
ively, shall determine the percentage of such instruments to be tested.

48, Only anti-freeze oils or fluids shall be used for test operationms,
Under no circumstances must oil be used for testing gauges for embodiment in

oxygen or high-pressure air systems,

49, The instrument must be tested for accuracy of calibration over its full
range with increasing and decreasing pressures, All readings must lie within
the appropriate tolerances quoted in paras. 28 and L.

Overload test

50. Fach movement in the instrument must be subjected to a specified over-
load pressure for a period of 5 minutes and no leakage must occur during or
after the test. The appropriate overload pressure for pressure gauges is
quoted as a percentage of the maximum scale reading of the instrument (see
Tables 3 and 4), After applying overload take readings with decreasing

por-
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pressure at each cardinal point and ensure that all such readings lie within
the appropriate tolerance as specified,

TABLE 3

OVERLOAD TEST 'A' and 'C' (refer para. 57)

INSTRUMENT %%}m
RANGE

up to and including

LIMITS OF
PERMISSIBLE ERROR

Percentage of maximum scale reading

40O pes,i, 200% _2__% and _'w
Sm P.S.il 1?(% _2__% and +J+/3
12900 Pomaile 150% -—Qg% and +4%
2’000 P.S-i- 135% _2_% and _'J-"?'
§aD6% i 125% o o i

-~

TABLE 4 DSGAviation 1

www.dsgaviation.co.uk 3

OVERLOAD TEST 'B' (I‘efer_zara, 57) mail@dsgaviation.co.uk
STRUMENT TOTAL AFPPLIED LIMITS OF
mRANG-E PRESSURE PERMISSIBLE ERROR

up to and including

-’-&-00 Poao i. 2m -1 1 a.rld +3%
500 pes.i. 170% -1? and +2%
1,000 pes.i, 150% -1?% and +2%
2,000 p.s.i. 135% -1?% and +2%
4,000 p.s.i, 125% 2% and +2%
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Frictian

5. The difference between 'z'-eadings taken at any point in the range before
and after light tapping of the instrument must not exceed 1% of the maximm
scale reading of the instrument,

Tests in abnormal attitudes

524 'Jheoinstnment should be tested for accuracy of calibration when turned
through 90" in any direction from its normal attitude. Readings obtained dur-
ing any such test must not exceed :~

'A' and 'C' (see para. 57)
+ 3% of maximum scale reading
B! (see para, 57)
Range O - 15 p.s.i., + 3% of maximm scale reading
Range over 15 p.s.i. + 2% of maximum scale reading

Punctional Tests at extreme temperatures

53, The instrument should function, though not necessarily with accuracy,
at temperatures of -50°C and +85°C, When subsequently tested under standard
conditions the instrument must operate accurately within the tolerances
specified in paras. 28 and L4,

Tests at high and low temperatures

54 The instrument should be tested for accuracy of indication, under
increasing and decreasing pressures, at temperatures of -20°C and +50°C, The
instrument must be subjected to the appropriate test temperatures for at least
L5 minutes before any test reading is taken. The total error on each reading
taken during such tests shall not exceed the following :-

o DSGAviation 3
A (see para, 57) www.dsgaviation.co.uk 3
+ J..% mail@dsgaviation.co.uk ]

'B! (see para. 57)
Range O - 15 p.s.i. + 3%
Range 15 p.s.i. and over + 24%
' 'C' (see para. 57)
Brake Scales + 2% of maximm scale reading
Supply Scales + 4% of maximm scale reading

Creep Test

55 The instrument should be subjected to a pressure equivalent to 75% of
the maximmn scale reading for a period of 6 hours, after which the errors with
decreasing pressure must not exceed those specified in paras, 28 and 4k,
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Vibration Test

56, The instrument should be tested as specified in B.S,S, G.,100 (part 2,
para. 46.a), Under these conditions the indicated error must not exceed the
limit stated in paras, 28 and 44 of this chapter,

5 Appliceble Tolerances

DSGAviation ;
All Codes up to 600 P,G., = Tolerance 'A' www.dsgaviation.couk 2

mail@dsgaviation.co.uk
Code 600 P,G. and over - Tolerance 'B!

All Triple end Quedruple Brake Gauges - Tolerance 'C'

For list of code numbers see Description and Maintenance Instructions
D.M.11, latest issue,

Final

58. An instrument which has been overhauled according to the instructions
given in this msnual, and has passed the specified tests to the satisfaction
of the inspector may be sealed and sccepted for further use in aircraft.
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CHAPTER 2
VACUUM GAUGES (Including Cabin Pressure Gauges )
DSGAviation
q www.dsgaviation.co.uk 4
TNTRODUCTI(N m‘@dsmam:';m
2 [ These gauges are of the Bourdon tube type and are similar in coenstruct-

ion to the single movement pressure gauges described in Chapter 1 of this
publication. The instructions given for the pressure gauges may also be taken
to be generally applicable to vacuum gauges and only the outline of the proced-
ure and any exceptions are given in this chapter. A vacuum gauge is illustrat-
ed in fig, 1.

2, In these instructions the term "mechanism" refers to the Bourdon tube
and bracket assembly complete with the movement, to avoid confusion between
the main assembly and the movement itself, which is a subsidiary unit, The
instrument described has the glass retained by a spring retaining ring, but
apart from this feature the instructions are equally applicable to instruments
having a split bezel or removable front plate.

3e Cabin pressure gauges are included in this classification since they are
in fact vacuur gauges. Although indicating the cabin pressure in pounds per
square inch relative to the outside air, the Bourdon tube is connected to
atmosphere and the instrument is therefore indicating the pressure of the out-
side air relative to the cabin,

REMOVING THE MECHANISM FROM THE CASE

L. Proceed as detailed in para, 3 of Chapter 1, also removing the support
ring fitted below the rubber ring, Where the gauge is for use in a pressurized
cabin remove the two union locking nuts, the locking washer, two sealing washers
and the label before withdrawing the mechanism from the case, There are also
two union sealing washers inside the case (see fig. 2).

DISMANTLING THE MECHANISM

Be This is a convenient point at which to test the Bourdon tube for freedam
from leakage. A vacuum test rig will be required as described in para, 10 of
this chapter, Test by applying a negative pressure equal to the maximum scale
reading of the instrument, ensuring that the overload stop prevents any further
movement of the Bourdon tube. Then apply an increased negative pressure equal
to the permissible overload pressure for the instrument for five minutes (see
para., 17). When the pressure remains steady at the required reading shut off
the inlet valve and check that the mercury column remains steady. If the mer-
cury column beiins to rise there is a leakage in the system. When metal piping
is used, and tne connections are known to be satisfactory, this leakage can be
safely assumed to be in the Bourdon tube, When rubber piping is used and the
mercury column begins to rise the rubber tubing should be pinched close to the
connection to the instrument. If the mercury column now remains steady the
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BOURDON

UNION LOCKING
WASHER

Fig. 2

leaksge is taking place in the Bourdon tube, or at the cornection to the inst-
rument.

NOTE. Eliminate this connection as a source of leakage and repeat the test.
If leakage still takes place the Bourdon tube rust be renewed, It is
essential that both the release valve and control valve are fully
shut-off during the test,

e Dismantling the Movement

See para,8 of Chapter 1,

Te CIEANING AND INSPECTICN
See paras. 9, 10, 11 and 12 of Chapter 1. DSGAviation
Www.dsgaviation.co.uk
8. ASSEMBLING THE MECHANISM mail@dsgaviation.co,uk

See parss. 13, 14 and 15 of Chapter 1, but note with regard to paragraph
15, Obs-1; t%lat the counterweight on vacuum gauges is fitted with its right-
hand edge 90° to the right of the centre of the sector viewed from above, and
in para. 15, Op, 2, that on vacuum gauges the spring is tightened 1 revolution
clockwise and that further movement will tighten the spring,

9 ASSENBLY AND INITTAL CALIBRATION

See paras, 16, 17 and 18 of Chapter 1. The test rig for vacuum gauges
is described in para, 10 of this chapter; and the initial and final calibrat-
ion in para. 11.

CALIBRATING THE INSTRUMENT

10, The calibration and testing of vacuum gauges necessitates the use of

































