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MAINTENANCE MANUAL

MODEL S.149 FORM 1 RATIOMETER

Description and operation

Description

Model S.149 Form 1 is a ratiometer type indicator housed in a 2 in
diameter metal case. The case which is flangeless, acts as a
magnetic shield and is either sealed or semi-sealed. Sealed
indicators are exhausted of air and fitted with dry nitrogen. A
sealing vent to which an earthing tag is attached, is situated on
the end plate. g

Connection to the indicator is by means of a 3 or 7 pin Cannon plug or

a terminal block situated at the rear of the case. When indicators are
fitted with a terminal block, the evacuating and nitrogen-filling process
is omitted; indicators of this type are referred to as 'semi-sealed
indicators'l.

Operation
The indicator deflection is a function of the ratio between currents

passing through the two coils of the moving element pivoted in permanent
but unequal mnagnetic fields.

Unpacking

Self-evident.

Acceptance checks

Indicators sent to temperate areas

On receipt from the manufacturer the indicator should be removed from
its packing and examined,. through the polythene bag, for any signs of
damage. '

Indicators sent to tropical areas

The indicator should be retained in its packing until required for
installation.

Storage instructions

Conditions

(1) It is recommended that the indicator be retained in its original
packing throughout the storage period and stored remote from any
process emitting fumes which might cause damage to the packing
materials or to the indicator.
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(2) The indicator -should be stored under conditions where the
humidity does not exceed 50% and the temperature is within the
range -20°c. to +50°C.

B. Limiting period

Provided that the storage conditions have been fulfilled, the shelf
life of the indicator is five years. After this period the indicator
should be checked as detailed in the Overhaul manual and, if proved

satisfactory, returned to storage.
5. Checks before installation

The following checks must be made before the indicator is installed.

Proceed as follows:
(1) Examine the indicator case for any signs of damage.
(2) Ensure that the glass is clean, secure and undamaged.

(3) Lightly tap the indicator and observe that the pointer is free to

move.

(4) Check the calibration of the indicator as detailed in the

relevant addendum.

NOTE: The resistance values for temperature
indicators given in the calibration
table in the addendum include an
additional 0.4 ohm which allows for
the working conditions of the indicatér
and its associated transducer. This
additional value includes 0.2 ohm for
lead resistance. When calibrating an
indicator use connecting leads of

negligible resistance.

(5) If the indicator is suspect, it must be checked as detailed in

the Overhaul manual.
6. Installation

The indicator should be installed as detailed in the Aircraft manual.
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Checks before installation

The checks described in the Aircraft manual should be undertaxen after
the indicator 1is installed.

Maintenance

The following maintenuznce checks should be made whenever the equipment
associated with the indicator is inspected.

(1) Exanmine the indicator for cleanness , security of mounting and
tightness of electrical conneciions.

(2) Examine the scale for discolouration, flaking

o

etc.
(3) Examine the glass for cleanness , security and damage.

(4) Actuate the equipment associated with the indicator and check
that a correct indication is obtaincd.

Trouble shooting

Reference should be made to paragraph 9 (TROUBLE SHOOTING) of the
Overhaul manual.

Removal
The indicator should be removed as detailed in the Aircraft manual.
Overhaul Period "ON CONDITION"
NOTE: The term "On Condition" is applicable to systems/components
on which airworthiness is determined by inspections,
measurements and tests, or by other means specified, without

extensive disassembly or renewal.

Inspections or checks of the aircraft indicator are scheduled at

intervals shown in the aircraft maintenance schedule which will determine
the repairs, replacements and refinishing needed to maintain the required

airworthiness standard.

Return to manufacturer or base
When the indicator is returned to the manufacturer or base, a short
history of the unit, with special reference to any components that
have had to be renewed during service, should be included in the
package.
vision 9 5.149,1
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MAINTENANCE MANUAL

ADDENDUM

MODEL S.149.1.222 - INDICATOR, PRESSURE 0-33.5 p.s.i.

The information contained in the main section of the Maintenance Manual for
Model S.149 Form 1 is also applicable to this Variant. Additional details,
applicable to Model S.149.1.222 only, are given in this addendum.
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MAINTENANCE MANUAL
ADDENDUM

'MODEL S.149.1.222 - INDICATOR, PRESSURE 0-33.5 p.s.i. .

sagi222C ]
Ne

Fig.1 Model S.149.1.222

Description

Model‘S.149.1.222 is a pressure indicator with a ratiometer type movement
and is designed for use in conjunction with a SANGAMO WESTON Model S.122
pressure transmitter (range 0-40 p.s.i.). The scale presentation is shown
in Fig.1. The caption %, numerals, cardinals, division lines and lance
type pointer are finished in photogenic white. The scale background is
matt black with coloured bands as follows: a yellow band extending from

95 to 100% and a red band from 100 to 110%.

Connection to the indicator is made by means of a 3-pin Cannon plug fitted
to the end plate. A pointer pull-off spring fitted to the indicator carries

the pointer beyond the 110% cardinal when the indicator is unenergised.

January 1967 : ' S.149.1.222
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Fig.2 Calibration circuit diagram

(1) Connect the indicator inte the circuit given in Fig.2.

'

values given in the accompanying ¢

January 1967

(2) Check the calibration at an amb

Indicator Scale

0
20
40
60
80
95

110

Calibration Table
R1 (ohms)

490
848

- 1204

1546
1902
2148
2402

alibration table.

R2 (ohms)

3010
2652
2296
1954
1598
1352
1098

ient temperature of 20°C, using the




MAINTENANCE MANUAL

ADDENDUM

Accuracy

The accuracy of the indicator is #2% of full scale deflection, i.e. 2.2%

on indicator scale.

January 1967




MAINTENANCE MANUAL

ADDENDUM

MODEL S.149.1.302 - INDICATOR, TEMPERATURE -50°C/+150°C

The information contained in the main section of the Maintenance manual
fogr Model S.149 Form 1 is also applicable to this Variant. Additional
details, applicable to Model S5.149.1.302 only, are given in this addendum.

REVISION RECORD

llo;{i: on Dl::“o g h:::'po rated Date Remarks
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MAINTENANCE MANUAL
ADDENDUM

MODEL S.149.1.302 - INDICATOR, TEMPERATURE -50°C/+150°C

S0

Bi49 ) 30210 )
W I

Fig.1 Scale presentation

Description

Model

5.149,1.302 is a ratiometer type indicator used in conjunction with a

SANGAMO WESTON platinum law resistance bulb to indicate temperature over the

range
suppl
to th
termi

The i

-50°C to +150°C. The indicator, which operates from a 24 volts d.c.

¥, 18 accommodated in a semi-sealed 2 in diameter steel case. Connections

e indicator are by three of four No.6-32 U.N.C. screw terminals on a

nal block fitted to the end plate. Terminal D is not connected internally.

ndicator incorporates a pointer return unit, which returns the pointer

below| the -50°C cardinal when the indicator is not energised.

The slcale presentation is illustrated in Fig.1. The scale markings,

cardi

numerals,
nals, division lines, + and - signs, the caption % and the lance pointer

are flinished in photogenic white against a matt black background.
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i Calibration

(1) |Connect the indicator into the circuit shown in Fig.2,

(2) |[Check the calibration of the indicator against the values given in the
following Calibration Table.

Calibration Table

Indicator (°C) R1 (ohms)
=50 104.5
0 130.4
! 50 155.9
100 181,1
150 205.9

NOTE: The resistance values given in the Calibration Table
include an additional amount to simulate the conditions
under which the indicatof will work; they are not merely

the standard platinum law values.

| RESISTOR
: A POINTER
| RETURN UNIT
|
\
\
|
o+ | 5149-1302
V. de. I
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OECADE RESISTOR
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Fig.2 Calibration circuit diagram

Accuracy

The accuracy of the indicator is *2% of full range span (i.e. 4°C).

Revision 1 S.149.1.302
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INDICATOR PRESSURE 0-120 P.S.I.
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SAINTENANCE MANULL

ADDENDUM

Jije information contained in the main part of tl.: Maintenance manual

o¢

r Model 5.149 Form 1 is also applicable to this variant. Additional

tails applicable to Model S.149,.1.316 only, arc given in thiz sddendum,

Fig.1 Scale presentation

scription

«gdel 8.149,1.316 1s a pressure indicator with a raiiomzier move.ont used

im conjunction with a Sangamo Weston pressure transmitter §.122 (range

04120 p.s.i.) and designed to indicate pressure oveor wie renge ol 0-1248

>4S.1. The indicator is calibrated in increments of 20 ».s.i. marked

T (B B ] . e T ~ C L] £ - > - F o . = i, SO

with cardinal lines every 20 p.s.i, and figured cvery 40 p.s.i. The
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druinals, Ligd0Cs 4nu sCaac arce markinis, .aoe L.AA_,JT.I.OH r.5.1. and the
mea tvoa mointer.oye sirished in nhotorenice white. th Laclzrround

JiCe Ly ocC DULNLEr S LTC L1 ne in paotogLnl Whnitc, lae Lac.orround

o¢lap matt black. Conneetion to the aireraft wiring is via three ¢I four

ipternally. he scalie presentation is shown in Fig... Pointer pull-oif

i to the right, beyond the 120 marlk, when the movement Is uncnergiscd.

chlibration check

(%=
—

Connect the indicator in the circuit shown in L .2

wuw L. o -

Tjk
~-

Checi calibration by setting Ri and R2 to tae values given in

ko
e

~

accompanying table and checking the pressure values zgairn:t the

readings on the indicator.
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Fig.2 Calibration check circuit diazram
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Calibration Table

PoeiSie 1o R1 ohms R2 ohms

0] 4950 3G10
20 €80 2620
40 1265 2235
60 1645 1835
80 2020 1480
100 2390 1110
120 2760 740

Accuracy

The accuracy of the indicator is 2% of full scale deflectiodi.
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MAINTENANCE MANUAL
ADDENDUM

MODEL S,149.1.320 INDICATOR PRESSURE 0-2000 P.S.I.

de information contained in the main part of the Maintenance manual for

Mgdel 5,149 Form 1 is applicable to this variant with the exception that

terminal block, having 4 unified thread terminals, is fitted instead

ofl a Cannon plug and the indicator is semi-sealed.

Dgscription

Mgdel S.,149.1.320 is a pressure indicator with a raticmeter movement used
in conjunction with a Sangamo Weston pressure transmitter §5.122 (0-2000

Js.1i. range) and designed to indicate pressure over a range of 0-2000 p.s.i.

e indicator is calibrated in increments of 250 p.s.i. and is scaled with

cardinal lines every 250 p.s.i. and figured every 500 p.s.i. The figured

cardinals, figurcs and scale arc markings, the captions P.S.I. and X100

4

and the lance type pointer arc finished in photogenic white, the background
Laing matt black. Connection to the aircraft wiring is via three of four

unified thread terminals (No. 6-32 U.N.C.) on the end plate. Terminal D

i 15 notconnected internally. The scale presentation is shown in Fig. 1

Cdlibration check

¢4

(1) Connect the indicator as shown in Fig.2.

(3) Check the calibration by setting R1 and R2 to the values given in

the raccompanying table and check the pressure values given in the

table against the readings on the indicator,

p.s.i. X100 R1 ohms R2 ohms
0 490 2760
2.5 785 ' 2465
5 1075 2175
7.5 1360 1890
10 1645 1605
13,5 1930 1320
15 2210 1040
17.5 2485 765
20 2760 X:Te)

cvision 1 5.149.1.320
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Apcuracy

¢y

anuary 1963

The accuracy of the indicator is + 2% of full scale deflection.
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Fig.1 Scale presentation
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Fig.2 Test and calibration diagram
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SANGAMO WESTON LTD.

OVERHAUL MANUAL 31-09-101

MODEL S149 FORM 1 - INDICATOR

LETTER OF TRANSMITTAL
FOR
REVISION No. 6

Issued April 19 74
by
Sangamo Weston Ltd., Enfield, Middlesex, England

ACTION REASON
!
1. emove and destroy Pages 27/28 Special Tools, fixtures and equipment
nd substitute pages 27/28 in- List revised.
orporating Revision 6.
2. ecord the incorporation of this
evision on the Revision Record
heet on page 3.
3. Retain this Letter of Transmittal. This certifies compliance with Section A,
‘ Chapter A6-2, of British Civil Airwor-
‘ Thiness Requirements.
|
|
This revision complies with British Civil Air-
worthiness Requirements, Section A, Chapter A6-2.
The technical accuracy of this revision has been
verified and is certified accurate.
- .
Signed: °* T P
Date: 2nd April 1974
C.A.A. Design Approval No. AD/1147/47
April 1974 Letter of Transmittal No. 6
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November

SANGAMO WESTON LTD.
MODEL S.149 FORM 1 - INDICATOR
OVERHAUL MANUAL 31-09-101

LETTER OF TRANSMITTAL
FOR

REVISION No. 5

Issued November 19 72
by
Sangamo Weston Ltd., Enfield, Middlesex, England

ACTION REASON
Remove and destroy Pages 7/8, 9/10, Description & Operation
15/16, 21/22, 23/24 and 29/30. Delete reference to Mod.J & T.
Substitute new pages, numbered as Key to Fig.1. Delete parts 4 & 19.

above, incorpo

rating Revision 5. Fig.1 Delete parts 4 & 19.
Disassembly: Modify sub-paras (4) & (6).
Assembly: Delete sub-para.(3).

Re¢ord the incorporation of this Procedure: Delete heading of sub-para (4).
reyision on the Revision Record Modify sub-para. (13).
Sheet on Page 3. Testing: C. Adjustment - change supply voltage.

D. Sealing Test - Modify (5) Note
Illustrated Parts List:

Retain this Letter of Transmittal. Modify dwg:- Delete parts 4 & 19.

Parts List: Revise.

This certifies compliance with Section A,
Chapter A6-2, of British Civil
Airworthiness Requirements.

This revision complies with British Civil Air-
worthiness Requirements, Section A, Chapter A6-2.
The technical accuracy of this revision has been
verified and is certified accurate.

/;? 7 7 P g
Signed: //:z?i;ﬁéja;cziz;éfcz;“"*“’ézi“

Date:

23rd November 1972

A.R.B. Design Approval No. AD/1147/47

1972

Letter of Transmittal No. 5
Page 1 of 1







MODEL S.149 FORM 1

REVISION RECORD SHEET

Revision Date of Incorporated
No. Lamio by: Date Remarks

1 Oct. 1963 | Sangamo Weston Ltd.| Oct. 1963 Parts List revised.

2 June 1965 | Sangamo Weston Ltd.| June 1965 | Reyision of Page 1, paragraphs 8E. 1048, and

3 Nov. 1966 | Sangamo Weston Ltd.| Nov. 1966 Paragraphs 8B, 8D, 10 and 11 revised.
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The introduction of any amendment or revision not certified in accordance
with British Civil Airworthiness Requirements Chapter A6-2 will invalidate
the statement of certification on MODEL S.149 FORM 1.

Amendments or revisions embodied in this manual, which have been certified
under an approval authorisation other than that applicable to the initial
certification must be recorded on separate record sheets.
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OVERHAUL MANUAL

MODEL S.149 FORM 1 - INDICATOR RATIOMETER

The oyerhaul procedure contained in this manual is applicable, in general, Lo_all S. 149 Eorm
1 indicators. The addenda at the rear of the manual contain details of partlculaf versions
of this indicator together with reference to the applicable information in the main part of
the mgnual.

1. Ddscription and operation
A. |General

Model S.149 Form 1 is a ratiometer-type indicator fitted in a sealed flangeless case,
g¢gonnection to the aircraft wiring being via the end plate. As there are several vari-
ations of end plate, the details of each are contained in the appropriate addendum.

B. |Detail (Refer to Fig.1.)

he movement (15) consists of two coils of fine copper wire wound on axially-connected,
ut separate, aluminium frames, one end of each coil being joined to a common connect-
on; the two coils thus form a single unit, pivoted in adjustable jewelled bearings
hich are inset into the top and bottom bridges. The coil unit is free to rotate in
he gap between two cores and a pole piece. Three fine ligaments, which connect the
0ils in circuit, are anchored to the pivot bases, two being at the bottom and the third
t the top; the upper pivot also carries a pointer and balance arms. In indicators
hich do not incorporate a pointer return unit, the third ligament is replaced by a con-
rol spring. A T-shaped spacer is assembled in the gap of the pole piece, the stem of
he ‘I" fitting into a slot machined in the cores. A block permanent magnet of Alcomax
ests on the flat top surface of the spacer, a yoke being assembled over, and enclosing,
he magnet and pole piece. Two pointer stops, secured to the upper bridge of the move-
ent, limit the arc of movement of the pointer. The lower scale (8) is secured to three
illars on the top mounting plate of the movement. A clip on the underside of the scale
ngages in a groove on one of the pillars whereas two screws (5) are used to secure the
cale to the other two pillars; the screws (5) are also used to secure the upper scale
7) to the lower scale. Some indicators are fitted with a pointer return unit (14)
hich is secured to the movement (15) by two screws (12). The pointer return unit con-
ists of an electromagnet having two coils, either in series or in parallel, wound over
ron cores and connected in the positive supply lead of the indicator. A small, spring-
ensioned ferrous vane is pivoted between the poles of the electromagnet: the vane car-
rfes an arm with a toothed segment which engages a pinion fitted with acurved wiper arm.
e purpose of the arm is to return the pointer off-scale when the indicator is unener-
ized. Resistance spools (28) are fitted to a spool mounting plate (24) secured to

illars on the end plate (33). The complete assembly is retained in the case (3) by a
spaling wire (1) which is soldered into position to provide a sealed indicator.

ct H U E A~ 0T 8 oM ot E o O oo oy

= ogg ="
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OVERHAUL MANUAL

C. Operation

The indicator shows the ratio between the currents passing through two moving coils
pivoted in permanent and unequal magnetic fields. When used as a temperature indica-
tor, the current in one coil is relatively constant whilst that in the other is varied
by changes in the resistance of the associated bulb, the changes resulting from tempera-
ture variations in the vicinity of the bulb. Alternatively, the current in both coils
may be varied; the choice of circuit arrangement is governed by the temperature range
to be covered. In either application, however, the indicator will show the ratio of
currents passing through the coils, this ratio being shown as temperature on a suitably
calibrated scale. For calibration purposes, the indicator cover is marked Pt. Law or
Ni. Law to signify the resistive component (which may be platinum or nickel) of the bulb
with which the indicator is used.

When used as either a pressure indicator or a position indicator, the current in both
coils is varied in opposite senses, an increase in one coil being accompanied by a de-
crease in the other.

KEY TO FIG. 1.

1. Sealing Wire 21. 6 B.A. Lockwasher
2, Seating Ring 22. Moulded Ring
3. Case 23. Special 6.B.A. Nut

24, Spool Mounting Plate

5. 10 B.A. Screw 25. 10 B.A. Screw

6. 10 B.A. Lockwasher 26. 10 B.A. Lockwasher

7. Upper Scale 27. 10 B.A. Stud

8. Lower Scale 28. Spools

9. 6 B.A. Nut 29. Washer 6 B.A.
10. 6 B.A. Lockwasher 30. 6 B.A. Lockwasher

11. 6 B.A. Tag, Terminal 31, 6 B.A. Nut

12. 10 B.A. Screw 32. Sleeve
13. 10 B. A. Lockwasher 33. End Plate

14. Pointer Return Unit 34. Screw and Washer Assembly
15. Movement Complete 35. Label

16. L.H. Pointer Stop 36. 4 B.A. Nut

17. R.H. Pointer Stop 37. 4 B.A. Washer .
18. Spacer 38. 4 B.A. Tag, Terminal

39. 4 B.A. Washer

20. 6 B.A. Round Nut

31-09-101
Page 8
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OVERHAUL MANUAL

S.149 Form 1, Exploded view of indicator
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OVERHAUL MANUAL

MODEL S.149 FORM 1

2. Disassembly

A. Checks before Dismantling

Ascertain whether the indicator has been returned with a history sheet which may high-
light any parts needing particular attention.

B. Preparation

Ensure that workbench and tools are free from dirt and dust.

C. Procedure

MITE: All lockwashers disturbed during disassembly must be discarded.

(1)
(2)

(3)

(4)

(5)

e
e

(M

31-09-101
Page 10

Hold the indicator, and, using pliers, remove the sealing wire (1).

Withdraw the main assembly until it is possible to prise out the seating ring (2)
from the case (3); withdraw the main assembly completely.

Remove screws (5) and lockwashers 6 (2 off - each item), and remove the upper scale
(7) and lower scale (8) taking care not to damage pointer.

NOTE: The upper scale has a locating clip which is in engagement with
a groove in the top pillar of the front mounting plate.

Remove nuts (9) lockwashers 10 (4 off - each item) and terminal tag (11). Remove
screws (12) and lockwashers 13 (2 off - each item) and remove P.R.U. (14).

NOTE: The P.R.U. is still attached to the indicator by its leads
and undue strain must not be exerted upon them.

Lift the movement gently until it is possible to unsolder the leads connected to
the ligaments. Record which lead is connected to which terminal.

CAUTION: THE SOLDERING IRON MUST NOT BE BROUGHT CLOSE TO THE MOVEMENT OR
LIGAMENTS. THESE ITEMS CAN BE PERMANENTLY DAMAGED BY EXCESS
HEAT.

NOTE: Further disassembly of the movement (15) is not permitted, special
techniques being required for assembly. If defective, the move-
ment must be replaced as a complete unit.

Collect spacers 18 (4 off), and remove nuts (20) and washers 21 (3 off- each
item); remove the moulded ring (22).

Remove special nuts 23 (3 off) securing the spool mounting plate (24); remove
screws (25) and lockwashers (26) and withdraw the spool mounting plate (24). The
spools are still attached to the end plate terminals by their leads. To remove
the spools, ease back the sleeves (32) and unsolder the connecting wires. Record
the sequence of connections.

Revision 5
November 1972
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Inspection

General Procedure

Examine all metal components for corrosion; check screws, nuts and threaded holes for
good condition and serviceability of threads.

Detail Procedure

(D

(2)

(3)

(4)

(5)
(6)

1962

Use a 10x magnifier to examine the gap, in which the moving coil swings, for ob-
structions: small particles adhering to the core or pole piece must be removed
with a shaped piece of wood or celluloid.

CAUTION: UNDER NO CIRCUMSTANCES MAY A METALLIC NEEDLE BE USED FOR THIS
PURPOSE. AVOID DAMAGE TO THE LIGAMENTS.

Examine the case (3) and end plate (33) for distortion, scoring, cracks, bent pins
on terminals, and for broken or loose glass.

Ascertain that the resistance of the moving coils is within the limits quoted in
the appropriate addendum (the connection on the top bridge of the movement (15) is
common to both coils).

Check the insulation on all wires and on the spools.

Check that the moving coil swings freely in the bearings.

Check the pointer return unit (14), if fitted, for mechanical action and for the
resistance value of the field coils.

31-09-101
Page 13
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5. Repair (Refer to Fig.1).
A. Movement complete (15)

As special techniques are required for the assembly of the movement, the complete assem-
bly must be renewed if any parts are defective.

B. Case (3) and End Plate (33)
If either part is defective, it must be renewed.
. Glass

The glass is an integral part of the case (3) and if damaged the case complete must be
replaced.

D. Pointer Stops (16 and 17)

If the glass beads on the stops are damaged remove the associated nuts and lockwashers
and fit new pointer stops.

E. Terminal Tag (38)

If this tag has been damaged remove nut (36), lockwashers (37) and fit new terminal
tag (38).

31-09-101 July 1962
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MODEL S.149 FORM 1

Assembly

During assembly, apply a spot of B.S.104 to all threaded holes, nuts and screw threads to
lock these items against vibration. Cement jewel screws and coat all soldered joints
with Red Thermolene Lacquer. These finishes, to SANGAMO WESTON B.S. Specification, may
be obtained from Messrs. SANGAMO WESTON LTD., ENFIELD, MIDDLESEX, ENGLAND, or may be ob

tained directly from the suppliers.

B.S. 104 BOSTIK No. 772 thinned with acetone
to a brushable consistency.

A.| Procedure (Refer to Fig.1)

(1) Fit nuts (31), lockwashers (30) and washers 29 (3 off - each item) to the pillars
on the end plate (33).

(2) Place the spool mounting plate (24) in position on the pillars and solder the wires
to their respective pins on the end plate.

(4)

(a) Fit the special nuts 23 (3 off), moulded ring (22), lockwashers 21 (3 off) and
round nuts 20 (3 off) to the end plate mounting pillars.

(b) Adjust special nuts 23 (3 off) and round nuts 20 (3 off) to give a spacing be-
tween the outer surface of the end plate and the base of the yoke of 1.725 in.

(¢) Adjust niits 31 (3 off) to bring the spool mounting plate (24) hard against the
special nuts (23).

(5) Fit the spacers 18 (4 off) to the pillars on the moulded ring (22).

(6) Check that the moving coil of the movement (15) is centred and turn the jewel
screws clockwise in increments of approx. 1/10th of a turn until ‘pointer flop’
(the movement of the pointer due to the pivots being able to move laterally between
the jewels) is just eliminated. Back-off the jewel screws by 1/10th to 1/8th of a
turn until slight ‘pointer flop’ is just perceptible. Apply Red Thermolene Lac-
quer to the threads of the jewelled bearings.

(7) Place the movement complete (15) on the pillars of the moulded ring (22) and solder
the wires to the appropriate ligament terminals.

Revision 5 31-09-101
Novegmber 1972 Page 15
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CAUTION: DO NOT BRING THE SOLDERING IRON CLOSE TO THE LIGAMENTS OR
MOVING COILS. PERMANENT DAMAGE TO THESE ITEMS MAY RESULT
FROM EXPOSURE TO EXCESSIVE HEAT.

(8) Secure the pointer return unit (14) to the movement complete (15) by screws (12)
and lockwashers 13 (2 off - each item).

NOTE: If the sector element of the pointer return unit is in the
correct position, the sweep arm will return the pointer to its
normal rest position.

(9) Fit the terminal tag (11) over the pillar of the moulded ring and secure the move-
ment complete (15) by the lockwashers (10) and nuts 9 (4 off - each item).

(10) Slide the lower scale (8) under the pointer and position it on the three supporting
pillars.

(11) Fit the upper scale (7) in position over lower scale (8) and ensure that the clip
on the underside of the upper scale engages in the groove of the top pillar. Se-
cure both scales in position by screws (5) and lockwashers 6 (2 off - each item).
CAUTION: AVIOD DAMAGE TO POINTER DURING THESE OPERATIONS.

(12) Carry out the checks listed in sub-para. B.

(13) Pass the seating ring (2) over the end plate (33). Insert the indicator into its

case (3) and fit the seating ring against therear face of the insulator. Place
the sealing wire (1) in position.

(14) Make all the tests listed in Paragraph 8 (Testing).

(15) Seal the indicator, as described in sub-para. C.

(16) Carry out the Sealing Test listed in Paragraph 8.
B. Checks after Assembly

(1) Check that the adjustment of the jewelled bearings is correct, and then connect
the indicator into a test circuit as shown at Fig.9 .

CAUTION. IF NOMINAL VALUES OF RESISTANCES ARE BEING USED TAKE CARE
NOT TO EXCEED THE NORMAL WORKING CURRENT OF THE INDICATOR.

(2) Apply 26 volts d.c. to the indicator circuit and adjust resistance boxes to deflect
the pointer to mid-scale, .

31-09-101 Revision 5
Page 16 November 1972
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(3) Adjust the balance weights in the following manner to maintain the pointer within
the permissible limits:-

NOTE: After balancing, pointer error must not exceed 0.5% of the full
scale range value.

(a) With the indicator scale horizontal, turn the indicator until one of the bal-
ance arms is parallel to the table edge, pointer to the left of the operator.

(b) Raise the indicator slowly until the scale is vertical; the pointer deviation
should be within the permissible limits. If it is not, adjust the balance
weights on the horizontal arm.

(¢) Lower the indicator until the scale is horizontal and turn it until the second
balance arm is parallel to the table edge. Raise the indicator slowly until
the scale is vertical with the pointer to the right of the operator and check
that the pointer deviation is within limits. If it is not, adjust the weights
on the second balance arm.

(d) Repeat operations (a), (b) and (c) and check pointer deviation; adjust the
appropriate balance weights until the required balance is achieved.

(4) Check that the pointer stops are correctly positioned.
(5) Check that all the required finishes have been applied.
(6) Refer to paragraph 6A, sub-para. (13) to (16).

(7) The indicator is now ready to be adjusted as set down in Testing (8) and adjustments
must be made before the indicator is sealed.

Case-to-End Plate Sealing Procedure

Prior to sealing the indicator, check that the rim of the case is free from excess sol-
der. Insert the indicator into its case until approximately 0.5 inch remains exposed
and place the complete indicator in an oven; ‘dry-out’ for eight hours at a temperature
of 70 deg. C. The indicator must be sealed within one hour of removal from the drying
oven, if this isnot possible, the indicator must be placed ina dry atmosphere. Failure
to comply with these requirements will necessitate a further drying period as specified
above.

(1) Place the indicator in the case (3) with the end plate (33) resting on the seating
ring (2).

(2) Fit the sealing wire (1) into the gap between the end plate (33) and case (3); the
sealing wire must fit snugly into this.gap without leaving spaces.

(3) Solder the sealing wire (1) into position and ensure that the end plate (33) is com-
pletely sealed to the case (3). The wire must overlap at the split and the soldered
join must be flat and level with the end plate; the projecting end of the wire
must be free from solder.

1962 31-09-101
Page 17
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For ease of reference, the test procedures are sub-divided into the following: -

Test Procedures for a Pressure Indicator
Test Procedures for a Temperature Indicator
Test Procedures for a Position Indicator

A. Spool Adjustment Procedure for a Pressure Indicator

The Pressure Indicator is for use with a SANGAMO WESTON S.122 pressure transmitter:; for
spool adjustment purposes, two decade resistance boxes, R1 and R2, aresubstituted for the
transmitter. Adjustments are made with 26 volts d.c. applied to the circuit.

(1) Preparation

(a)

(b)

For circuits and values refer to the appropriate addendum for the variant.
To determine the correct scale length for a required pressure range, spools

listed as unadjusted must be adjusted; all other spools (if any) are pre-
determined.

Connect the spools of pre-determined value in circuit, substitute decade resi-
stance boxes R3 and R4 for unadjusted spools, and resistance boxes R1 and R2
for the pressure transmitter (see Fig.2).

(2) Procedure

(a)
(b)

(c)

(d)

(e)

(f)

(g)

31-09-101
Page 18

Set resistance boxes R3 and R4 to the nominal values of these spools.

Set the resistance boxes R1 and R2, which simulate the pressure transmitter,
to the values corresponding to the full scale pressure of the indicator.

Apply 26 volts d.c. to the appropriate connecting pins and note the position
of the pointer.

Re-set resistance boxes R1 and R2 tothe values corresponding to the zero pres-

sure reading and note the position of the pointer.

If the indicated scale length is too short, decrease equally the values of

resistance boxes R3 and R4; if the indicated scale length is too long, in-
crease the values.

Repeat this sequence until the correct scale length is obtained. On comple-
tion, adjust the unadjusted spools to the values of the appropriate boxes.
Fit the spools to the spool mounting plate, and connect into circuit.

NOTE: As the centre-to-end scale ratios may not be identical, it may
not be possible to change equally the resistance of the boxes
which simulate the unadjusted spools when making the final ad-
justment.

The indicator is now ready for calibration; full details of the procedure are
contained in the appropriate addendum to this manual.
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Fig. 2. Test circuit diagram. Pressure Indicator

Spool Adjustment Procedure for a Temperature Indicator

The temperature indicator is for use with a resistance bulb, the resistive component of
which may be either platinum or nickel; the case of the indicator is marked Pt. law or
Ni. law to signify with which bulb the indicator is to be used. For spool adjustment
purposes, the bulb is replaced by a resistance box R1. Adjustments are made with 26
volts d.c. applied to the circuit.

(1) Preparation

(a) For circuits and values, refer to the appropriate addendum for the variant.
To determine the correct scale length for a required temperature range, spools
listed as unadjusted will require adjustment; the values of all other spools
are pre-determined.

(b) Connect the pre-determined spools in circuit and insert the two decade resist-
ance boxes, R2 and R3, in place of the unadjusted spools, with a further de-
cade resistance box, R1, in place of the resistance bulb (see Fig. 3).

31-09-101
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(2) Procedure

(a) Set resistance box R2 to the nominal value of the spool, and R1 to the equiva-
lent resistance of the resistance bulb mid-scale value. Apply 26 volts d.c.
between the +ve and -ve terminals and adjust resistance box R3 to give a .
pointer indication of approx. mid-scale.

PE T e e e e e e e e et e e T e e T [
| |
|
| A AAAS RESISTANCE SPOOLS |
. |
| RESISTOR ~Y T l !
l A POINTER 83 {
I RETURN UNIT |
I B t
| |
| a
I |
o+ S.14G9 .| BOTTOM

: 9 colL F
2Vde. | . :

| MOVING COILS
1 | R2) S '
| ( ) E {
! |
\ C B )
T B g g s <>________/

DECADE RESISTOR

WyAN—

RI

Fig. 3. Test circuit diagram. Temperature Indicator.

(b) Adjust the bulb resistance box to the lowest range value and then to the high-
est range value; record the indications.

(c) If the scale length is too great, reduce box R3 in value; if the scale length
is too small, increase box R3 in value. Alteration of the value of this box
will tend to move the arc covered by the pointer to the left or right, but
this effect may be rectified by re-adjusting the value of box R2. An increase
in the value of R2 shifts the scale length to the left.

(d) All further adjustments may now be made from the lowest temperature indication
scale mark. Set the bulb box, R1, for the lowest temperature reading and ad-
just box R2 to obtain the correct pointer indication.

31-09-101 July 1962
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Re-check the full scale mark with the resistance box, R1, set to the correct
value; ifthe indication is incorrect, reset R1 for the lowest temperature reading
before making any further adjustment. Correct the scale length as described in (c¢).

Repeat (d) and (e) to obtain the correct scale length. When the adjustments
are complete, remove the decade resistance boxes which simulate the spools and
adjust the spools to the values of the boxes.

Connect the spools in circuit and make a final check for lowest and highest
temperature values.

The indicator is now ready for calibration; full details of the procedure are
contained in the appropriate addendum to this manual.

NOTE: The resistance values for temperature indicators, given in the cali-
bration table in the addendum include an additional 0.4 ohm whuch

allows for the working conditions of the indicator and its assoctiated

transducer. This additional value includes 0.2 ohm for lead resistance.
When calibrating the indicator use connecting leads of negligihle
resistance.
l/ ———————— )
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— A |
1 " I
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| D |
I |
: |
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| ¢ |
| |
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R3 DECADE
a6\ dx. P RESISTANCES
: e
Fig. 4. Test circuit diagram. Position indicator.

Spool Adjustment Procedure for a Position Indicator

The position indicator is for use with a SANGAMO WESTON S.132 position transmitter; for
spool adjustment purposes the transmitter is replaced by three decade resistance boxes
R2 and R3.

The adjustments are made with 26 volts d.c. applied to the circuit.

31-09-101
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(1) Preparation

(a) For circuits and values, refer to the appropriate addendum for the variant. To
determine the correct scale length for a required movement range, spools listed
as unadjusted will require adjustment, the values of all spools are pre-determined.

(b) Connect the pre—determined spools in circuit, insert two decade resistance boxes,
R4 and R5, in place of the unadjusted spools, and decade resistance boxes R1, R2
and R3 in place of the position transmitter (see Fig. 4).

(2) Procedure

(8) Set resistance boxes R4 and R5 to the nominal values of spools B and C as given
in the relevant addendum, these boxes when adjusted, must always be of equal
value, if this is not possible a shunt spool R6 will have to be used as described
in (c).

(b) Set R3 to 25 ohms, R1 and R2 each to 500 ohms, apply 40 volts d.c. to the circuit
input.

(c) If the pointer deflects to the right of mid-scale (towards full scale position
when indicator is viewed from the front) connect a decade resistance R6 across
the top moving coil, between the top ligament and the lower of the two bottom
ligaments. If deflection 1is to the left of mid-scale, connect box R6 across the
bottom moving coil, between top ligament and the upper of the two bottom ligaments.

(d) Set R1to 1000 ohms and R2 to zero, adjust R3 tobring the pointer over the cardinal
indicating full scale position.

NOTE: The value of R3 must be kept within zero and 50 ohms for all adjust-
ments required in (b), (c) and (d), otherwise the associated position
transmitter S.132 will not be adjustable to the indicator.

(e) Set R1 to zero and R2 to 1000 ohms, adjust shunt resistance box R6 to bring the
pointer in alignment with the left hand end-scale cardinal (nominal zero).

(f) Repeat operations (d) and (e) until pointer aligns accurately with both end scale
cardinals. Adjust value of shunt spool (if used) to the final value given by
resistance box R6.

(g) Adjust spools B and C to final values for resistance boxes R4 and R5y the value
of these two spools should always be equal.

31-09-101 July 1962
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aling test (Refer to Fig.5)
e sealing test follows the completion and checking of the calibration of the indicator.

) Connect the exhaust stud on the indicator’'s end plate of the pumping equipment in
order to remove air from the case.

) Ensure that a tight seal is made between the exhaust stud and the manifold.

CAUTION: PLACE THE INDICATOR IN A SAFETY TANK TO AVOID POSSIBLE INJURY TO
PERSONNEL IN THE EVENT OF THE CASE GLASS DISINTEGRATING..

INDICATOR

MANIFOLD TAP

VACUUM GAUGE
PRESSURE GAUGE
(PS.1)

LEAKAGE NEEDLE VALVE —

C MOISTURE TRAP

DRY NITROGEN CYLINDER ) @@

C = |
Par

VACUUM PUMP

Fig.9 Sealing Test

Check that the manifold tap connected to the indicator is closed: and also that the
dry nitrogen and admittance valve taps A and B are closed.
Start the vacuum pump motor and obtain the required degree of vacuum which is 0. 1mm
of mercury.
When the correct vacuum is indicated open valve C and the manifold tap and allow the
system to regain the required vacuum.
NOTE: If it is not possible to maintain the vacuum, close the manifold tap,
remove the indicator and check for leakage. Inspect and if necessary
reseal the indicator. Reconnect the indicator to the system, open
the manifold tap and regain the required vacuunm.
n 3 31-09-101
T 1966 Page 23
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(6) Close the valve C and open valve B to admit dry nitrogen into the indicator. Adjust
control valve A to obtain a pressure of 15 1b per square inch gauge.
(7) After a lapse of 30 seconds, manipulate control valve Aand the leakage needle valve
to reduce the indicator pressure to 10 1lb per square inch gauge.
(8) The indicator, still under pressure, must now be completely immersed in a tank con-
taining 99.5% distilled water and 0.5% wetting agent.
NMITE: A suitable wetting agent is Shell Teepol 514.
(9) Shake the indicator to remove any trapped air that may be present and then check for
any sign of leakage over a period of 5 minutes.
Leakage will be shown by the presence of bubbles leaving the case.
In the event of leakage, mark the case at the defective purt for action on removal
of the indicator from the system.
Particular care must be taken to check for leakage at the sealing join of the end
plate and the case glass.
(10) At the completion of the test for leakage, reduce the dry nitrogen pressure to zero
by operating control valve A and the needle valve.
(11) Close the manifold tap and remove the indicator from the tank and dry with a piece
of clean muslin.
(12) Disconnect the indicator from the manifold, and seal as instructed below:
(a) Indicator case fitted with a sealing tube:
Crimp the tube in a suitable fixture and seal the end of the tube with solder.
(b) Indicator case fitted with a sealing stud:
Place a sealing pin in the stud aperture and complete the sealing process by
carefully soldering the pin to the stud.
NOTE: The final sealing of the indicator must be made immediately after tts
removal,
(13) Carry out the High Voltage and Insulation Test described in sub-paragraph E.
E. High Voltage and Insulation Tests
(1) High Voltage Test
Apply a voltage of 1000 volts (r.m.s.) for one minute between all the plug pins
(or terminals) connected together and the case; there must be no breakdown.
(2) Insulation Test
The insulation test, which must follow the High Voltage test immediately, involves
measuring the insulation resistance between the connections and the case; after 15
seconds electrification at 500 volts d.c., the resistance must be 20 megohms or more.
31-09-101 Revision 3
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MODEL S.149 FORM 1

10. Storage instructions

Conditions
(1) If the original packing is not available, prepare the following:

(a) Packing for temperate areas:
(1) Oven dried silica gel.
(ii) A polythene bag; to contain the indicator together with the silica gel.
The opening of the bag must be heat sealed.
(iii) A rubberised hair mould to enclose the indicator in its polythene bag.
(iv) A cardboard box to contain the hair mould.
(v) Gummed paper strip to seal the cardboard box.
(vi) A label to be affixed to the box and giving the following information:

a - Identification, e.g. S.149.1.000

b - Modification standard

¢ - Date of removal from aircraft

d - Date of last overhaul

e - Details and date of any component change
f - Reason for return of indicator

(b) Packing for tropical areas:
(i) Water resistant paper to completely enwrap the indicator; then proceed as
described in (a) (i) to (iii)
(ii) A polythene bag large enough to hold the rubberised hair mould. Heat seal
the bag and proceed as described in (a) (iv) and (v).
(iii) A wooden box of suitable dimensions to enclose the cardboard box; secure
it and affix a label as in (a) (vi).

(2) If the original packing is available, repack the indicator and affix a label as in
(1) (a) (vi).

Storage limiting period

(1) The storage limiting period of the indicator is five years.

(2) Indicators which have been in store for five years must be subjected tothe calibration
check and the insulation resistance test detailed in paragraph 8 (Testing) and, if

found satisfactory, returned to storage.

(3) Indicators must be stored under conditions where humidity does not exceed 50% and
where the temperature is within the range -20°C to +50°C.

ion 3 31-09-101
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Special tools, fixtures and equipment

Item Description Supplier

Set of Balance weight Sangamo Weston Ltd.

1
wrenches: - 271157-11 off

13 Overhaul period ‘ON CONDITION

The term ‘On Condition’ is applicable to systems/components on which
airvorthiness is determined by inspections, measurements and tests,
or by other means specified, without extensive disassembly or renewal.

NIIE:

Inspections or checks of the aircraft indicator are scheduled at intervals shown in the
replacements and refinish-

aircraft maintenance schedule which will determine the repairs,
ing needed to maintain the required airworthiness standard.

31-09-101 Revision 6
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. MODEL S.149 FORM 1 - INDICATOR

12. I1lustrated Parts List.

ALTERNATIVE END PLATE

| Revision 5 Fig.8. Model S.149 Form
[ NoveTber 1972 B 149 Form 1 31-09-101
Page 29
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This 1list to be used with Variant Parts List for Model S.149 Form 1

COMMON PARTS LIST

MODEL S.149 FORM 1

Fig. and Units
Index No. Nomenclature Part No. et
Assy.
Fig.8 Model S.149 Form 1
1 Wire, Sealing 168416 1
2 " Ring, Seating 169908 1
3 See Variant Parts
R 4 Insulator 178740 1
5-8 See Variant Parts
9 Nut, 6 B.A. 112243 4
10 Lockwasher, 6 B.A. 156976 4
11 Tag, Terminal, 6 B.A. 156456 1
12-15 See Variant Parts
16 Pointer Stop L.H. 162557 1
17 See Variant Parts
R 4
R 18 Spacer 176247 4
R 19 Plate, Bottom Mounting 168919 1
20 Nut, R-mmﬁ 6 B.A. 92356 3
21 Lockwasher, 6 B. A. See Index No. 10 3
22 Ring, Moulded 170060 1
23 Nut, Special, 6 B.A. 170056 3
24 Plate, Spool Mounting 171590 1
25-26 See Variant Parts
27 See Variant Parts
23 See Variant Parts
29 Washer, 6 B. A. 90296 3
30 Lockwasher, 6 B. A. See Index No. 10 3
31 Nut, 6 B.A. See Index No.9 3
32 See Variant Parts
33-39 See Variant Parts

NOTE: Sangamo Weston Code appears on front of Scale

The term ‘variant’ defines a particular application of the Model. The last figure
group of the Sangamo Weston Code number identifies the variant and enables the user to
select the correct variant parts list.

31-09-101 Revision 5
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13. Overhaul Period

The indicator is to be removed from an aircraft and be completely overhauled at the com-
pletion of 10,000 hours flying time.

31-09-101
July 1962 gt
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ADDENDUM

MODEL S.149.1.222 — INDICATOR, PRESSURE 0-33.5 p.s.i.

The| information contained in the main section of the Overhaul manual 31-09-101 is also applicable

to this Variant.

addendum.

Additional details, applicable to Model S. 149.1.222 only, are given in this

REVISION RECORD SHEET

Revision
No.

Date of
Issue

Incorporated Date Remarks ]
by

1

2

10

January 1967

31-09-101/222
Page 1
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ADDENDUM

MODEL S.149.1.222 — INDICATOR, PRESSURE 0-33.5 p.s.i.

Description

Model S,149.1.2922 is a pressure indicator with a ratiometer type movement and is designed for
use in ¢onjunction with a SANGAMO WESTON Model S.122 pressure transmitter (range 0-40 p.s.1.).

The scale presentation is illustrated. The caption %. numerals, cardinals, division lines and
lance type pointer are finished in photogenic white. The scale background is matt black with
coloured bands as follows: - a yellow band extending from 95 to 100% and a red band from 100
to 110%

Connection to the indicator is made by means of a 3-pin Cannon plug fitted to the end plate.

NOTE: A pcinter returnunit isnot fitted tothis indicator. A spring, fitted
to the top bridge carries the pointer beyond the 110% cardinal when
the movement 1is unenergised. The movement s fluid damped and the
colour coding for the viscosity grade of the oil used is painted on
the surface of the top bridge and quoted in the paragraph headed Data.
A replacement movement must have the same colour coding.

Data
Resistance of each moving coil 340-580 ohms (including ligaments)
Resistance of spools
A 3000 ohms +5% —0 unadjusted
B 2360 ohms +5% -0 unadjusted
Power consumption for 26V d.c. 20mA (max.)
Colour coding for viscosity grade
of damping coil Black
January 1967 31-09-101/222
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OVERHAUL MANUAL W
ADDENDUM .

Testing and Calibration
(1) Connect the indicator into the circuit given in Fig.9. .

(2) If scale end indications are incorrect after overhaul, adjust spools A and B as instructed
in paragraph 8 (Testing) of the main section.

(3) If necessary, recalibrate the indicator using the values given in the accompanying Cali-
bration Table.

Calibration Table

Indicator Scale R1 (ohms) R2 (ohms)

0 490 3010

10 670 2830

20 848 2652

30 1025 2475
40 1204 2296

50 1373 2127

60 1546 1954
70 1723 1777

80 1902 1598

90 2065 1435
95 2148 1352
100 2235 1265
110 2402 1098

31-09-101/222 January 1967
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Accuracy

OVERHAUL MANUAL

ADDENDUM
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Fig.9 Calibration circuit diagram

The accuracy of the indicator is +2%of full scale deflection, i.e. 2.2% of the indicator scale.

January 1967
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OVERHAUL MANUAL

This list to be used with Common Parts List for Model S. 149 Form 1

VARIANT PARTS LIST

S.149.1.222
Fig. and Units
Index No. Nomenclature Part No. par
Asgy.
Filg.8 Indicator, Pressure 0/33.5 p.s. 1. 5. 149. 1. 222
3 Case 168332 1
5 Screw, 10 B.A. x 0.23 in Sp.Hd. (Black) 169510 2
6 Lockwasher, 10 B.A. (Black) 159306 2
7 Scale, Upper (Blank) 168367 1
8 Scale, Lower (Blank) 168368 1
15 Movement Complete (Mod.J) 15/8. 149. 1. 222(J) 1
or 15 Movement Complete (Mod.T) 15/8. 149. 1, 222(T) 1
17 Stop, Pointer, R.H. 162558 1
25 Screw, 10 B.A. x 3/16 in 150330 2
26 Lockwasher, 10 B. A. 153367 2
28 Spool 28A/S. 149. 1. 222 1
28B/S. 149. 1. 222 1
32 Sleeve, 3mm x % in Black 171395 3
33 Plate, End 3-pin 170867 1
35 Label, 24V 171338 1
36 Nut, 4 B.A. 150174 1
87 Washer, Shakeproof, 4 B. A 150404 1
38 Tag, Terminal, 4 B. A 156746 1
B9 Washer, 4 B. A. 90031 1

January 1967

Sangamo Weston Code appears on front of Scale
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