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SMITHS RATIOMETER TYPE THERMOMETERS 
AND COMBINED TEMPERATURE AND 

PRESSURE INDICATORS 
DSGAviation 
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Note: This publication cancels leafiet D.M.12 Part 1, Issue 1, which is now obsolete 
and should be removed from all Manuals. 

GENERAL DESCRIPTION 
1, Smiths Ratiometer Indicators are remote reading, 
moving coil instruments used for the measurement of 
temperature or pressure. ‘The moving element of each 
indicator consists of two opposed windings pivoted in s 
non-uniform magnetic field. The arrangement of the 
windings is such that the position taken up by the moving 
clement, to which the pointer is attached (or mechanically 
linked), is dependent upon the ratio of the current flowing 
in one of the windings to that flowing in the other, The 
construction of the indicator movement is described in 
para. 6. 

2. The circuit is best explained by reference to Fig. 3A 
in which A is a limiting resistance and B and B, the wind- 
ings of the moving element. These, with their associated 
calibrating resistances C and C,, form the two arms of 2 
bridge, the adjustment of which is controlled by an 
external variable resistance D. The values of the cali- 
brating resistances C and C, are set initially so that when 
equal currents flow through beth windings (B and BD 
the pointer takes up a mid-scale position. Any change 
in the value of D airers the values of rhe currents flowing 
in the windings B and B,, and, due to the graded magnetic 
field and the crossed windings, the strength of the 
magnetic eld influencing B will difler from that influencing 
B,. The moving clement therefore takes up a position 
at which the magnetic torque of B x field strength is 
equal to the magactic torque of B, x field strength and 
the system is in a state of equilibrium. ‘The system is 
designed sv as to provide an approximately lincar scale 
and since the movement of the element is dependent on 
the ratio of the currents flowing in B and B,, the system 
is theoretically independent of battery voltage, A light 
control spring is fitted to the movement to bring the 
pointer «ff scale in the event of voltage failuce. This 
spring makes the instrument slightly voltage-sensitive. 

3. For the measurement of temperatures the external 
resistance consists of a thermometer bulb with a winding, 
the electrical resistance of which varies with temperature 
and it is primarily with this application of the ratiometer 
instrument that this publication is concerned. 

ratiometer may, however, also be used for the measure- 
ment of pressures. In this case the pressure medium is 
made to operate a hydraulic unit mechanically coupled 
to the brushes of a potentiometer unit. The potentiometer 
unit is introduced into a slightly modified circuit as shown 
in Fig. 3B. To conserve panel space ratiometer indicators 
are frequently made with two separate movements in a 
single case of international standard dimensions. Both 
movements may be operated by thermometer bulbs and 
the dials marked in terms of temperature but dual instru- 
ments are also made as combined temperature and pressure 
gauges with the movements cunnected, one to a thermo- 
meter bulb and the other to a pressure transmitter. For 
the purposes of description, installation and testing, dual 
instruments should be regarded as two separate instru- 
ments, Information concerning the characteristics and 
testing of pressure indicating movements of combined 
instruments and the transmitters with which they arc used 
will be found in publication D.M. 20. 

The Thermometer Bulb (Fig. 2) 
4, The bulb itself consists of a length of brass tubing 
closed at one end by a plug carrving a pin projecting inte 
the bore of the tube. ‘The other end is soldered into a 
hexagonal union nut threaded $" B.S.P., and terminating 
in a threaded portion on which a moulded top-cap is 
fitted, The resistance element is wound on a thin steel 
tube surrounding the pin in the end of the bulb with 
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a layer of braided glass sleeving interposed. This element 

is carried at the end of a metal body containing a 2-pin 

socket. Two contact strips are taken from the sockets 

and carried down the central former to mect the ends of 

the resistor winding, a short calibrating resistance being 

incorporated between one end of the winding and the 

appropriate contact strip. This calibrating resistance is 

of Eureka wire, insensitive to temperature changes, and 

is used to adjust the characteristics of the bulb to a standard 

law to ensure the interchangeability of units in service. 

The assembly is completed by a two-pin plug carrying the 

leads to the indicator, retained in position by the moulded 

top-cap. 

Fig. + Details of the movement o 

5. Two types of bulb are available, #e., 40 M.V., having 
a range up to 140° C., and 43 M.V., having a range up 
to 200°C. All Smiths Thermometer Bulbs are inter- 
changeable and are suitable for use with 12 volt or 24 volt 
indicators, but obviously it is unnecessary to use a 200° C. 
bulb with an indicator reading only to 140°C, and 
similarly, the low-range bulb is unsuitable for the measure- 
ment of temperatures beyond its range. 

f 
i 

The Indicator (Figs. 4 & 1) 

6. The movements fitted in instruments in large and 

small cases are similar, and have a permanent magnet with 

circular-shaped pole pieces. The mechanism frame is 

attached to the magnet and has two jewelled bearings in 

which the pivots of the moviag coil are carried. Project- 

ing from this frame are two short pillars carrying a soft 

iron core situated in the centre of the coils. The core, 

as shown in the illustration, is specially shaped to provide 

a non-uniform magnetic field. Fig. 4 shows the two 

coils of the moving element at an angle to one another 

and wound in opposite directions. One end of cach coil 
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a single-pointer Ratiomeser Indicator. 

is brought out to a common hairspring which, in addition 

to returning the pointer off-scale when the windings are 
not energised, serves as an electrical conductor. The 

other ends of the coils are connected to the shaped liga- 
ments shown in the illustration. These ligaments are 
insulated from each other and from the frame, and term- 
inate in tags to which the ends of the calibrating resistances 
are soldered. The dual instrument (Ig. 1) has two 
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movements each similar to that 
shown ia Fig. 4, mounted on a | 

common frame with a common | 
magnetic circuit. The instrument 
pointers, however, are not con- 

nected directly to the moving 
elements, but are operated through 
linkage mechanisms which magnify 
the movements of the twin coil 
assemblies so that the pointers each | “%e 
travel over approx. 180°, 

‘+ In the original circuit as shown 

CALIBRATING 
RESISTOR 

fame 
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ad 

ADOSD RESIRTANCE 
of .ONS LEADS 
WARNINGS wiTit 
TEMP 

{po - = () (C 
in Fig. 5A the D.C, supply is taken Fig. 5. 
to the indicator ; the therrmometer 

bulb and the leads between the 
bulb and the indicator are included in one arm of the 
bridge. This arrangement has been used for many types 
of ratiometer temperature indicator but it has been found 
that on large aircraft where the bulb leads exceed some 
20 ft., errors may arise due to changes of the resistance 
of the leads with varying ambicnt temperature, as shown 
diagrammatically in Fig, 5B. To overcome this error, 
one of the D.C. leads was taken to a point near the bulb, 
instead of to the indicator (Fig. 5C). In this way, the 

leads to the bulb appear in two adjacent arms of the 
bridge and variations in lead resistance due to temperature, 
being approximately equal in each line, automatically 
cancel out and do not affect the accuracy of indication. 
This arrangement (Fig. 5C) has been standardised for the 
latest types of dual instruments since it is found in practice 
that dual indicators are most frequently uséd with long 
leads. Most of the single instruments are connected as 
Fig. 5A, but certain single indicators designed for use 
with long leads are intended for connection as Fig. 5C. 
A further point regarding dual instruments is that with 
the combined special instrument code 125 M.¥. the D.C. 
negative lead is taken to the bulb but on later standardised 
dual types, the positive D.C. supply is taken to the bulb 
(or transmitter). 

8. From the foregoing it will be appreciated that differ- 
ences exist in the electrical values, the internal wiring and 
the magnet polarity of ratiometer indicators of different 
codes and it is important to ensure that when testing and 

STELLERJSSER WASHER ruse Fon Tor cae 
1 ASSEVSLY M177. CABLE GAD 

CABLE GRE MOLLDNG 
Ehermometer Bulb (exploded view showing bulb connections | Fig. 6. 

Fheoretical circuit diagrams showing the development of Temperature 

Compensated Icads. 

installing instruments, the code is ascertained and the 
instrument connected accordingly. Wiring diagrams for 
instruments of all current codes are given on pages 8, 9 and 
10. 

INSPECTION PRIOR TO 

INSTALLATION 
9. Ratiometer type indicators are delicate instruments 
and liable to damage by carelessness in storage and transit, 
and it is recommended therefore, that Indicators and 

Thermometer Bulbs are functionally tested immediately 
before installing in aircraft. 

TO. Tt is preferable to test the indicator separately for 
calibration, as described in paras. 19-23 and then carry out 
a combined check of the indicator and bulb. In this way, 
any defect which may be encountered may be traced 
immediately to the appropriate part of the system. If, 
however, the necessary equipment is not available a 
satisfactory combined test, as described in paras. 24-26, 
will suffice. Aviation 

www.dsgaviation.co.uk 

mail @dsgaviation.co.uk INSTALLATION 
IT. All connections between the D.C. supply, the indi- 
cator and the thermometer bulb should be in accordance 
with the appropriate wiring diagram for the indicator code 
given on pages 8 and 9, Wiring diagrams for combined 
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instruments are given on page 10, The order of assembiy 
of the components of the thermometer bulb is shown in 
Fig. 6, the ends of the cable being suldered ty the two 
contact pins. It is recommended that the rubber washer 
(Part No. MV. 183) is fixed to the moulding by means of 
a suitable cement. When the cables have been installed 
they should be tested for continuity and for good insulation 
from the aircraft frame. 

12. The thermometer bulb is screwed onto the appropriate 
connection on the engine interposing a washer A.G.S. 839 
as shown in Vig. 6 and, after iightening, secured ia 
position with locking wie passing through the drilled 
hole in the hexagon and round a suitable projection on 
the engine. Air thermometer bulbs are usually contained 
in an aluminium plate bolted to the side of the fuselage, 
but are connected up in a manner similar to that previously 
described. Details of the installation of pressure teans- 
mitters, used in conjunction with combined instruments, 
will be found in publication D.M.20. 

13. Fitting the indicator to the instrument panel necessi- 
tates a panel cut-out and four drilled holes as shown in 
the Instellation drawings (pages 11 and 12} and the 
instrument is secured to the panel, after connecting up 
the leads, with four 4 B.A. screws which engage the 
self-locking nuts on the instrument flange. 

14. On installation but before the D.C. supply is switched 
on, the pointer should be off-scale below zero. When the 
supply is switched on and before starting engines, the 
pointer should take up a position on the scale according 
to the temperature of the bulb. Pressure indicators 
under these conditions should read zero. Oil and Fuel 
temperature indicators and pressure transmitters should 
be checked for correct operation during the preliminary 
engine run. 

MAINTENANCE 
15. tis recommended that the indicator, the thermometer 
bulb and, in the case of combined instruments, the pressure 
transmitter be removed for bench testing at overhaul 

Fig. 7. Circuit ro be used when testing Rativmeter 
Indicators tested in Group 1 (Para. 18 } 

periods applicable to the engine(s} or airframe. The 
inspection of single and double pointer thermometer 
instruments and of the temperature side of combined 
instruments at this stage should include insulation 
resistance tests and calibration checks on both the indicator 
and the resistance bulb. ‘Ihe tests recommended for the 
pressure side of combined instruments and methods of 
testing are given under the heading of Maintenance, in 
publication D.M. 20. 

Insulation Resistance Tests. 

16. For these tests, a suitable insulation resistance tester 
is required (e.g, a “ Menger” limited to 390 volts). 
Applied between either of the two sockets of the thermo- 
meter bulb and the metal sheath of the bulb, the resistance 
at room tempezature must not be less than 20 m2gohms 
at 500 volts D.C. 

17. When making an insulation resistance test on a 
double pointer indicator, che resistance becween any 
external metallic compoaznt and terminal 3 or 4 (plag 
pin C or D) shuld first be measured and subsequently 
berween the metallic component aad terminal 3 or 6 
(pluz pin E or F). Single pointer instruments may be 
tested using any terminal (or any plug pin other than pin B) 
and the outer magnetic shield. The resistance valuc in 
all cases must not be less than 29 meghoms at 500 volts 
D.C, 

Calibration Checks. 

18, The introduction of temperature compensated leads 
and standardised wiring (see paras. 7 and 8) has necessitated 
the use of two different procedures for testing the cali- 
bration of temperature indicators, Indicators can be 
grouped for testing under their respective codes as 
follows :— 

GROUP 1 
(Codes: 50 MV., 51. MV., 52 MV., 

: ; 53 MV., 54 MV., 59 MV., G1 MV. 5 ? = Ly ) * 
er ie! yand subsequent single indicators 

other than those given in group 2 
below. 

Fe ; 

<e Codes: 85 MV. and 88 MV. 

*Combined Pressure 
and Temperature 
Indicators (Temp. 

Side only) 

* NOTE.—Wihen testing the pressure side of the combined 
instruments or either side of the double temperature indicators 
listed above it is essential to connect a thermometer bulb or an 
equivalent resistance to the other side of the instrument. Unless 
this is done, current will flow through one coil only of the mavement 

DSGAviation 
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\Codes : 56 MV., 136 MV., 145 MV, 
and 147 MV. 

— mail@dsgaviation.co.uk



not under fest, causing violent full scale deflection of the pointer 
which is obviously undesirable. 

GROUP 2 

Single pointer \Codes 124 MV. and 127 MV. indicators | 

{Codes 125 MV., 149 MV., 157 MV., 
Double pointer }158 MV., 176 MV. and subsequent 
indicators double pointer temperature indi- 

cators. espana \ 
eee [ Codes 155 MV., 156 MV., 168 MV,, and temperature | 

171 MY., and subsequent combine: 
aneicatrare-( Temp: ratiometer indicators. Side only) 

19, During the tests, indicators should be mounted in 
the normal pesition with the dial vertical and should be 
lightly tapped betore taking each reading. 

20. Indicatars in Croup 1 (para. 18) may be checked 
separately by using a stud resistance box, preferably 
calibrated in terms of temperature, permitting a series of Fig. 8. Circuit for testing indica- 
check readings to be obtained from temperatures well 
below 0° C. up to the maximum readings on the indicator 
scale, the whole test procedure being carried out at room 
temperature. If an accurate stud resistance box is not 
available, a series of fixed calibrating resistances equivalent 
to @ representative variety of temperatures may be made 
up and used in turn, The diagram of connections is 
given in Fig. 7 from which it will he seen that a fixed 
resistance of 0.2 ohms is placed in series with the stud 
resistance box or calibrating resistance to fepresent the 
average resistance of the twin leads between the bulb and 
the indicator when installed in aircraft. This fixed 
fesistance may be omitted if the resistance box values or 
the fixed calibrating resistances employed are increased by 
an equivalent amount, 

21. Instruments in Group 2 (para. 18) may be checked 
separately in the same manner as that described in para. 20 
above, but using a circuit incorporating three separate 
fixed resistors as shown in Fig. 8. 

22. Any thermometer bulb may be checked separately 
for temperature/resistance characteristics by means of a 
reference ratiometer indicator (2e., a master indicator the 
calibration of which is known) and proceeding as described 
in paras. 24-26). 

23. The table (Fig. 9) gives the resistance valuc of 
thermometer bulbs (Codes 40 M.V. and 43 M.V.) at varying 
temperatures. These values may be used when testing 
indicators against a resistance box or against fixed 
resistances. 

24, To carry out a combined test of ratiometer tempera- 
ture indicators listed in group 1 (para. 18) connect as shown 
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in Fig, 7 but substituting the 
thermometer bulb for the 
stud resistance box and pro- 
ceed in the masiner described 
in pata. 25 below, To carry 
out a combined test of instru- 
ments in group 2 (para. 18) 
connect as shown in Fig. 8, 
and proceed in the manner 
described in para. 23, In all 
cases reicrence should first 

INDIS ATOR 
Unoga 
Test 

> 
Fixeo &2 

cnms 

= be made to the appropriate 
Wiring diagram for the in- 

| i dicator ende for the actual 
Roe connections ta the indicator 

- terminals. 
STUD RESISTANCE 

fea } 25. Immerse the bulb in a 
heated water or oil bath in 
which an accurate mercury- 
in-glass thermometer is in- 
serted ta measure the temper 
ature. .\s the instruments are 

independent of voltage Huctuation, there is no necessity 
ta use a battery giving the exact voltage marked on the 
indicator case. 12 volt instruments may be tested, using 
a battery giving between 1 and 14 volts, and similarly, 
a battery giving between 20 and 28 vynits may be used for 
testing 24 volc instruments. 

. 

26. ‘The test is made by heating the water or oil bath to 
a steady temperature and comparing the indicator readings 
with those of the mercury thermometer in the bath. It is 
only necessary for the purpose of pre-installation and 
serviceability tests, to take readings at two widely spaced 
points on the indicator scale and the indicator readings 
should agree with those of the mercury thermometer 

FIXED 
RESISTANCE 
S-4S ces 

tors in Group 2 (Para. 18) 

TemP- Ohms. a Ohms. Ohms. 

-80 5880] 10 94441} 110 145.44 -70 62.28 | 20 99.00 | 120 151.20 -60 65.88 | 30 10368 | 130 157.08 ~50 69.60 | 40 108.48 | 140 16308 -40 73441 50 11340 | 150 169.20 -30 77.40 | 60 118.44 | 160 175.44 -20 81.48 | 70 12360] 170 181.80 ~10 85.68 | 80 128.88 | 180 —igg.28 0 90.00} 90 13428 | 190 19488 
100 139.80 | 200 201.60 

Fig. 9. Table of Temperature/Resistance equivalent for 
Ratiometer Thermometers Indicators and Bulbs. 
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within the tolerance quoted in para. 27. The indicator 
should be mounted with the dial vertical during the test, 
and the instrument should be lightly tapped before readings 
atetaken. ‘The mercury thermometer should be suspended 
in the bath as close as possible to the thermometer bulb 
under test. The heated liquid must be constantly stirred 
to ensure that the temperature measured is equal to that 
applied to the bulb. The temperature must be maintained 
at a constant figure for at least ten minutes before a 
satisfactory check can be made. 

TOLERANCES 
A . 

27. Indicators must be tested at room temperature and 
at all points on the scale must indicate accurately to within 
+ 2%, of the total scale range. 

28. The Specification requires the resistance of the bulb 
to be in accordance with the table (Fig. 9) within + 0.5 
ohms, the checks to be carried out at points between 
15° C.-30° C. and between 90° C.-110° C. when passing a 
current of 5 Ma. ‘The most practical method of carrying 
out this test is by comparison with a certified substandard 
bulb and the use of a Wheatstone Bridge circuit. It is 
found, however, that the temperature ‘resistance character- 
istics of thermometer bulbs are not likely to vary from 
the original calibration unless damage or deterioration has 
occurred, in which case the error would be of some 

magnitude, 

29. In these circumstances thermometer bulbs may be 
adequately tested for serviceability by the use of a master 
indicator (see para. 22). ‘The master indicator should be 
checked from time to time as described in para. 20. 

RE-ASSEMBLY OF BULBS 

AFTER INSPECTION 
30, Particular care must be exercised when re-assembling 
thermometer bulbs with the engine after inspection, to 
ensure that a new rubber washer (Part No. MV.183) is 
fitted between the plug and the bulb assembly. The new 
washer should be cemented in position on the plug before 
assembly so that it will be withdrawn when the plug is 
next removed for inspection. It is also recommended 
that the copper washer A.G.S.839 between the bulb and 
the union is replaced by a new component to ensure a 
sound joint. 

NOTE.—Ratiometer indicators are very delicate instruments 

and are assembied in an air-conditioned, dust-free atmosphere. 

They must not, therefore, be dismantled for overhaul uniess 

facilities exist for reassembly in a similar dust-free atmosphere, 

In ail cases where overhaul is deemed necessary it is strongly 

recommended that the indicator be returned to the manufacturer 

or to an authorised repair depot. 

| WING DIAGRAM FOR IND CATCHS 85 Lr 
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Wiring Diagrams for Double Ratiometer Temperature Indicators. 
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WIRING DIAGRAM FUR INDICATORS 
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SNESATIVE SUPPLY CONNECTED To BULS 
MEAD NOT MORE THAN 2067 FROM BULB. 

ALL LEADS (+ 2-S AMP HAVING A RESISTANCE 
OF 43-40 OHMS PER 1000 YDS. (SINGLE Casi) 

TEST AS SHOWN IN FIG. 7.0F 
THIS PUBLICATION. 

TEST AS SHOWN IN F116. 8 OF 
THIS PUBLICATION. 

Wiring Diagrams for Single-Pointer Indicators. 

SMITHS AVIATION INSTRUMENTS SERVICE 

Smiths Aircraft Instruments Ltd. will be pleased to advise aircraft owners and operators op the equipment and procedure for the overhaul of their products and users are reminded that Smiths service facilities include mobile workshop units staffed by trained personnel which are available to visit constructors’ or operators’ premises throughout the British Isles to deal with installation or operational problems, 

A complete repair service is also available at Cricklewood, London, N.W.2, where testing and overhauling of instruments may be carried out promptly and at reasonable charges. 
Enquiries regarding installation, maintenance and performance of instruments should be addressed to the Technical Sales Dept. and instruments for overhaul or repair should be consigned to the Service Manager. 

SMITHS AIRCRAFT INSTRUMENTS LTD. 
CRICKLEWOOD WORKS, LONDON, N.W.2. 

Telephone: Gladstone 3333. Telegrams: Airspeed Phone London. 
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WIRING USED ONLY WITH STANDARDISED WIRING USED WITH 155 MY, 
INDICATORS CODES 5Sémv itemv, ISOMV, 1B MV Eo ITEMY, £9 SUBSEQUENT 

I45™MV. EF 147 Mv, COMBINED RATIOMETER INSTRUMENTS 

INDICATOR INDICATOR 
TEMPERATUR PR R TEMPERATURE 

Se : (dient) : err Coto (niet oR Bottom} 

On TanoritTers | 

B—WITHOUT WARNING | 
CONTACTS SOCKETS . 
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9 9 
Lad 

Pp PRESSURE 
Trane Fen TRANSMITTER — 

» 

4 

1 

! 
| 

| 
| 

1 | 
| 
i 

+ CONNECTION MADE To 8ULS LEAD AT A CISTANCE wot 

GREATER THAN 20%7. FROM BULB. 
ALL WIRING 2-5 ame. 
ALTERNATIVE CONNECTION FOR POSITIVE SUPPLY 
LEAD SrOWN SMPRIN SOTTES USING TERMINALS 1 in? CR 
SOCKETS AEG AS JUNCTIONS 

TEST THERMOMETER MOVEMENT TEST THERMOMETER MOVEMENT 

AS SHOWN IN FIG. T, AS SHOWN IN FIG 6 

Wiring Diagrams for Combined Ratiometer Type Temperature and Pressure Indicators. 
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