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SUMMARY

The development of the wvarious typzs of slip ring are cutlined in
the text and the desagn of & brush and raing 1ype ol slip ring as discussed
ul desatl,

Tt a8 shown fhat 2 glip ring unat of thas type can be pade suifici~
ertly robust o t: a permanent part of the instrumentotion of any rig. A
hisnly slelle contact poleptzzl ag obtained 10 thas desipgn mokzag possible
gnress measurorerts helow % tor/am,in, in gizel and temperature measurcments

: Al el
with crrors oi' logs vhan 150 sy chron. l-alumel thermocouples.



-2 -

CONTFRNIS

1.0 Tntroduction

2,0 G ner-l
Za1 Dhoe and trush tyne
2e2 ¥Marrcoury slip raings
2.3 Coupled stelionary :

A
Y
O

Discugssion

=
.
O

Desion cf a brash and ring

gl.p rinzs

and rotary circunta

tye slam ring

TILUS RATTCONS

bat Materizals
Ya? Lrush d7a'gn
b3 R-tor design
doais Ceneral assembly
5.0 Porformance
6.0 Conclasions
R fercnccs
Figr. "0,
1 Sivp rang lypes
2 Bouen detanl

itle

e i

\n

(o] D e oo ~f O [an

Sect.on thwo.gh slip ring

£ (Y]
N
|. |
i_.
o
]
2
i
Q

rotor agsaibly

Siin rin~ general arvarpement

[oA Tt

~J

w o 2L JLAN :L’:'f..l, LOTL
Tust scoumanzl oong

Octave analysis of resistaace vartal.ions



1.0 Irtroduction

The temperatures of parta of rotaling wachines such as turbine roior
blades can be measured by using tem wwrasure scusitive paintes, 1nseried
relleds of hardsied steel or by oviicel pyromelcis, Yhile such devices
are roderately accurate, either the maznine mist be stripred in order that
the temperab wes reached may be determined or exisnsive modi®ication of the
machine 18 requared. Thermocouples and slip rings con give accurate
xnstantaseous measurements of temperature wnd con be rade a permarent part
of the rastrumentation of any instaliation., Similsrly wire strain paug*s
ond 8iip rings may be used to measure stzady and dynamic stresses in rotat-
ing parts.

In general only the stoady or fairly long ferm variaticn of ftempera-

ture ig regquired so that the ilnstantanecus valuss of the resistance of tho

smission system are not of intercst, whereas the measirement of dynamic
gs Jeménds a slip rang havang a Ilow and 3”able contacl resistance.
aalficulty in achieving and mainteining such a ronbact over long per da
with a conventionzl brush type 2lip ring bas Jed %o the development of otner
types of transmission systome., The three main sysiems are descrihed an
the tcxt to Juslily the choice of the cenventiomal ftype for develowment as
a ganeral purpose instrument for stress and temperature messurement on rotor
tlades xn gas turbines,

[

«J General

An outline of the hisloricel development of the various types of
transmiszion gystams 1o givea in the following paragraphs,

21 Disc and brush {ype siip rings

Slip rings conziating of a metal disc and a stabicnary collector
have be.:n much used for measurewents of temperature in parts of rotating
schinery.  Knohlnach' 1n 1332 measured the tenperatures reached in brale
drumg and shoes of motor vehicles with an accuracy of 19C. The slip rings
ased wers of copper with rodinl sprinpg-loaded carboa brushes ol a maximum
rotary spoed of (50 rev/min the corrouperding rubping, speed of the contact-
1ng aurfaces was 50 £i/min.

T the standard disc and »rush slip raing the contact 1s made bLetwzen
the brush and the cylirdrical surface of the disc, variations have been
made 1in wnich the contoct is made on the fece of the rotaling disc or
anmular ring. An anterssting compination of both t,pes was used by Leist
ard Frntrnschild? in measurements of disc and blade terperaturss oca a gas
turktine. Copper discs wers spoced axzally along the siip raing shaft and
contoot was made on the foces of the discs by covper-grorhite bruches
attached to spring loaded longs, These slip rings gave a salisfactory
performence for short periods of time at sovecds up to 20,000 rev/min or
rubbing speeds of approximitely 5,000 ft/ﬁ:n. A.multlﬁuhanﬂv] slip ring
was developed My Mackenzic. r'or the sawe purpose ard to cperute over awproxi-
mately the same spoed range.  Mackenzie uscd phosphor bronze rings and
radial spring loaded brushes of silver graphate. The highest rotational
speed at which incse rings wore oporated was 18,500 rev/inin the equivalent
rubbing speed being 6, OOu Ct/min.  The brush dismeter was C,12%5 in, and
with a brush pressure of 80 1b/sq.in, the r:sistance of a charmel was about
Oy otme, The maxirm steady poteatial meusured between the ring and the
brush terminel vas shont 60 x 10 volts which rith a chromel-slumel thermo-
couple 18 equivaleri So & temperature crror of 1.55C,
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In orler to eliminate the ralatavely high resistance of the carbon
brush, Fleisner and Wiehmannl used a collecting brush of compers sirands
rubbiag on & copper ring. An auvxalaiary brush of oilled graphite tracscing
with the stranded cclliecting brush was intreducsd, ithe purpose of thas
brash was to clean the disc surface so that only a small pressure was
required on the collecting brush, It also provided lubrication for the
contacting surfaces and contained some 5 per cent of ol by weight. The
brushes were large, roughly & x & 1n. cross section grvang a low contact
regaintance but 2 bulky slip raing arsembly., With a collecting brush pres-
sure of 2 1b/sq.in. and pressure of 10 1b/sq.in, on the auxiiiary brush
the contact resistance wes only ©.004 olms. TFleisner and Wiehmann were
able to run for several days without any apprecisble change in cortact
resistance {rubbing specd 2,000 £%/min).

= . -
Dovelomment has continuad”s® to obtain reduced rubbing speeds by

wmmprovaments 1n mechanical design and 4c obitain lower ad morve stable con-

tact resistance by the use of more suitable materials for rings and brushes.

2.2 Mercury slip rings

S8lip rings 1n which mercury is used 2s the connecting material
vetween rotating discs and stetionary rings have been in use for some time,
ideally tne contact Tormed in this way s steble and of very low vesisiance.
A reveury slip rang assembly due to Graft, Petrick and Smath! is sketched
zn Figure 1, the rotor discs are made from electrolytic copper and ars
ansulated from each other Ty spacer rings of lamznated phonolic resin,

The discs and spacer rings are mountcd on an insulated hollow steel shaf'i,
ne insulating tube surrounding the shaft is made of phenolic tresin with a
fibre glass filler. The stationary collector rings are also of electro-
Iytic ceoprer and are held in a "burit-up" assembly of plastic sheets.
Thers 18 a mercury reservoir for eacn ring, the applicatzon of s1r pressurc
to a reservoir forces the mpercury through a hole in the ring into the space
between the ring and the disc so making the contacs, Cold air 1s paosed
through tutes in the mercury reserveir for cooling purposes.

The users claim that toe parasaitic electramotive force developed 1n
tnese rings 1s less then 30 x 10~% volts at 20,000 rcv/in, This voltage
1s egulvalent to a temperaturs error of 19T with the copper consteantan
thermocouplzs which they are using. The dclicacy and bulk of thas slap
rang makes it mere suztable for laboratory use than for direct attachment
to compresscrs or turbinss, Mercury slip rings have heen used for such
appllcatlonss with considcralble success beoth on the test bed and in 1'light.
In theze the mercury reserveir 18 normally omitted and a known guantity of
mercury is introduced into each scction. Cocling is obtained by the circu-
lating cold air around the outcr surface of the stator ring.

2e3 Coupled stationary and rotary circusts

If rmtual courling exists between two circuirts then changer cccourring
< the impedanre of one cireutt wall be reproduced in the second circuit,
Tlexsner and Wiehmamn= refer to Gnam and Tuehl as having mcasured the temper-
atur: of a pigton an an inbternal combustion congince by using the electro-
notrve {orce developed by a therrccouple to produce a maghetic field in a
robeting coil and hence a proportionate electeomotive force zn a linked
svotionary coil.
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More recently the rotzt g transformer system has been used for
strain measuremsnis on compressor and Lurbine rolor blades. An instialla-
tion consastiny of tws charmels 1: seetched im lagure 1, the sirain consi-
tive element on the blode 1s commected to the oute=r cotl whach rotates with
the shaft, the inner stationary coil 1s connectad to lhe measaring
arparatus, The sysi m 1s fod from « hirn Prageency ozczlilator ard al the
mmpecance of the strain elemert chanses there vall te a corresponding changs
1n the current 1a tne stat_onary <oil. This corrent chongs can be
detected ond amplifa-d in the wsual way.,  Altcrastavely, b 1s posainle
to use a freyuency modulated systor by making iroe complet. channsl ol
stataorery and roisting civewats povern lhe frocwelsy of an ose llater,

The corls must bo cpeced a sufficient distance spart teo reduce the
couclirg betwe n zdjacamy channels o an asccepterle value, the varing rast
be of low copacity to avond shunfting she sonsitive elemont and to rcduce
stray cowplings.

Slip rires, ir vhaich the gapaclty belween < relelang and a statzo -

ary ring 1o need Lo couple the rotary ang stabtionsly clooults,iove te.n
made.  The same consid.rations apply, namﬂiy tr csietld spacinge of the

rings mist be lares comparced to ths racicl clesrance wnd the wiring rost
be of low nopacity.

3.0 Meoursion

When tomperature moasuromenis oa rolatine parts are undertaken, in
- j3d »
general enly the steasdy or Lhe foarly long term vorctions of tomperature
are required o tnod only the mean potenfizl scrors the rirg 1s of antirost,

& “a
shance
-

2
I a polentometor car be usca thoen the varaoticon of 1he contaczt res.

ce be nogzlecled provided Shat ol romasns fin_te, Tre measvraronr o
yﬁdﬁlw stress on o rolztang pert Uslrg v1re rielsbtance gausm. s ICLiarcs A
slap ring with 2 low and stehle contass res_starce, a5 lhe instontoneocas
value of the resistance of the gaage rust be mez surwd Honee tiz roguirs-

i
ments for & slivp ring Tor strass measuremcents are usaally more aeovore tnna
for tempesraturs measurenent,

TNaw&tgucmestobeuwm51tfdtmmwh1:9 slip rines e Of

the some order in the tvo casug. Uhe el-clromotive lorce per unxt torgpora-
ture da0fer-ace 18 about LO x 10-% volis/“C for a chromel-alum:l and about

Yo% 1078 wolts/ C for an iron~constanisn thermosoupl.. For o conven~

t" nal sare ceuse of 107 ohms resistance attached 1o o steel mpoeimen, the

dlstdLUb caruope for a changs za strezs of tcnf%q.ln. 18 approxtmately
O.J15 olms, 1f the gouge s carryins he normcl current of C.0M0 Lapores
tlve corresnonts to a VOluth charge of 450 < 10-% wvolts,

Cne of ike couses of error in the neastrement of stress or LTwwnors-
ture through slap vings is the tnormo—<lcctric pOthtlaLS Qe weralea by
tormeracure differenccs watnir the slin rinc Terperatues difforeonc:es
guch oo thet corenc the sl .dirp cortact cennot Te avorded in el*heﬂ conven-
tzonal or yovrcery nlip ravgs bui ar: absens from the ccupled civcurt lype.
The therr o= lectric eviocts can be rrouced by reducing the tonrerzture
daffer-nees witown the slvo wine, Ly the choiee of materals ora by the
siting of termairals cto.

A

] 4

The rasor Aigadvar taoe of woe brsh and rone type elop rons 1L ie

. n i, .

nasure ol sthe contacy befween ke ring ard tne hruro.  Tho rsg.stonce

across Lhe conbast surficcs 1s .ot of the £.ln bevworn them, tnis f1im

consists o) exlides, sraunlic scel.s, ol and veber. The thickness 0.3
= - ‘4
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compesiiion of the film are variabls as the filr a3 being continuously worn
down by abrasion and reformed Ty oxidaloon, brush wear ard by fresh deposi-
Tions. The current pesses through this Iilm with waterrurtions simelnar 4o
those 10 the electrical breakdonn of insulators, the electrical "noage"
genernfed 1n the weasuring circuit by thesc anterruntions must he ricrc omoll
in comparason with the s1mmal woltage f accurate insitantarsous measurems.iis
are desired, The thiclmess of the film is denendent on the brush pros .ure,
ring and crush materials and opsrating temmerctucs, To maintain a steady
brush pressure the rings must be made concentric to fane liumalsg and the
inertza of the brush reduced to o wiaima.

The contact an a meorcury slip ring is also comvlex in chavacter, the
copper dise s coated with zmalgam of varzable thickness and rune an a
turbulent anrular pool of mercvry,  lhe advantage lies an the fact that
wheee materials are very good conductors and “herefore, the absolute value
of the resistance variztion 1s =mall, The rotating disc gives risc $o a
spray of mercury dreplees, thore must be an erffrrient scal between adjacent
rings to prevent the passare of 1h1s sproy. If thio 18 not prevenled 4
conslderabile amount of elschrical roise wili he generatcd and finally a
complste short circult betveen the ranss. Efficient seals umply sccurate
mochinine of both stator and rotor assemblies ard ire meaantenince of concen-
trieity in the rotor, othorwiss vrubbing wiil “ake ploce at tne scals and
hot snovs will develop with locel dxstortions.

The coupled circurt type of transmission system avoads the dalfi-
culiies of detsricrsdasn of the contocting surfaces and of achieving and
matnt2ining rotor conc.ntricity.

stem arc that the bullk and spacing of
r ol channels that can be accormodated,
d the mzosuring avparatus are not at

gach corl severzly lamits the numb
and the streain sensitiv elew.nt
rresent available commercially.

The disadvantages of lhis sy
@
gdal

For the recasons obove the mechanically simplie and robust convencional
slip ring was chogen for develcprent.

batl Degign of a brush and rang tps slan ring

Thz dcsign detaills of a general purgoss glip ring desirned to operate
at speeds up to 10,000 rev/min and an a low ambisnt temperature are gaven
1n wne following paragrophs.

b1 Matrraals

Begcouse of the £1lr betwecn the contacting surfaces 1t 12 essentiral
i use a metal for th: raings which Goes not form a hard and stable owxade
mmmedantely after exposure. Silver fulfils thoes requurement and has ihe
advantages of berag choap, easily maochined and of low resistivity. A cub-
stantial tyre of sterling salver allove for machining aficr assembly srd
for resurfacang of the ring affter usc.  To reduce the rubbing axeced of wery
bagh rotational spseds & silver ring ray be p;int6d9 on to an mnsulated
ghaft, making possible a smalicr overall dicmeter,

Develomment of metal-graph:ite conductors with silver or coppesy form-
anz 80 Lo 90 per cent (by wongnt) of the whole has »nrodaced brushes of vory
hagh conchuctivity. The sraphaite ain these brushes acts ¢33 & blnder and
Iubricant., The proporitiens of salver to rraphite in the brush must be

selected on the basis of rubvbing specd, thz higher the rubbing sre-d the



greater must be lhe provori-on of graphite ctherwise The wsar will be
CXCEIL1IVE,

The choice of an.ulating mabsrials 1s governed by the ambient
temperature 1n wmich the rairgs aie to operate, and by the mechanical
sirength requared. Tor lagh tempsratures porcelain, "svmtox' or steatite
can ve ground tc shape alter firing, Tor lower temperatures steatite in
the "green" state 1s easily macmined and for femperatures belcw about 70°¢
2 vhenoliec resin with a fabric filler 1g8 adequate.

q

botd Brush desapn

To maintaln a constan® fLlm thickness between the rubbliug sufaces
a constant brush pressurs i3 necessary. The surface of the ring will not
e itruly caircular or concentric so that the brush will be forcad fto coscil-
late radially 1f contact 1s maintainsd vetwsen irush and ring.  Consider
& brush-ring combination wath the fellowing propertics.

Ring speed = 12,000 rev/min

Fecentriciiy = 0,701 in,
rash weight = 1 oz.

Cross sectional arsa = O0.0AZ5 scoun,

The radial ascocleration of <he brush zf contact

185 maintaincd = Hie appreximately,

Bauivalent veriation in brush pressure =  i41b/sg,.1n,
4! e 3

To reduce this variation, brush weight and ring eccentricity must
be small.

Prushes operated by ccmpresesd air reed only be in conbact with the
rings when measuremsnts are re-usred, thus reducing the guentity of conduct-
1y dust produced at the rubtang faces.  ALL brushes in use are at the
game pressure vhich is vortually independent of brush wear and the pressure
can be adjusted to surt the stale of lhe ring surlace.

The design of brush and brush nolder snovn 1o Figure 2 ieduces the
noving parts to the silver aravhite brush and toe atiached pugtall. The
brush siides in & brass erlinder which 18 pressed into the bakelite holder.
The connectlon from the brush is passed thiougn the hollow brass rod,
which forms a terminal post, zaa soldered ot the top of the post. Sulfici-
ent slack s left in “he pigt=:l Lo allow the brush to move fresly. A
nole 1s drilled From a circoamferentinl pooove anto the certral cavaty of
the holder, when the holder is f:ited intc *he stator casing, this hole
allows compresscd alr from an axial channel in the stator casing to force
the bprush on to the ring. Whon the pressurisiag chonael is open to atmos-
phere, the pressurs in the slip ring due to the cooling car 1s sufficien
to 1ifv the brush off the rin-.

To gtabilize the location of the brush a smell tretl was gaven Ly
getting the axis of the brusgh holder at 10° from the rodiel (Pigure 3).
Further stabilisation was found necessary ani brushcs of square cross
section {4 mm x 4 mm) were used.
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4ol Hotor design

The rotor assembly of tuoe slip rang 18 shewn in Fagure b, The
silver rings are pressed on 1o the wmulz insulators and, with the spacer
dizce, are pushed on to the shar't tetwcen the flingsvs ¥y and F,. F, 18
faixed to the shaft and F, scrows cn a threaded portion of the shaft to clamp
the rings together. This arrangement avexds ary disturbance of the rangs
vhen the bearangs ars renewed, The connecting leads are disposed in {wo
or more axial slots, 8. These slot’s contimie under the inser rece of the
bearing at thne drave ead, alloving the lsads te termainate on the insulated
brass screws, T, The disc ecarrying the terminal screws ond the drive pans,
P, 18 keyed to ithe slip ring shaft and locked in position by the screw B.

A driving disc of the sames dimensions 1s attasched 1o the end of the driv-
ing shalt; on assembhly the drave pins 1t snto holes lained with soft rubber
in the driving disc.  Torminals are placed at the same radius and in
simlar pesitions on the driving disc as on the draven disc, Correspond-
ing termirals are then hridged with flexable wires, thus carrying lhe slip
ring connections to the main roto:r.

As 3t 13 necessary to grind the rings while the shalt is rotabing
in 1ts own bearings, this operation is facilitated by the use of hearing
housings which are not ntegral parts of the stator casing, Co allow for
axaal growth of the rotor or sitator, the outer racc at the free end of the
shal't is made a sliding ©21 1n ithe vearing housing. The bLearings are
grease-packed on assexbly; the labyrinth seals, which are shown surplified
in the fapure, prevent movement of the grecase on to the ring surfaces,

As racial movemsnt of the slip raine shafl casrot be tolerated, heaur~
ings vithout radial clesarance are used., To obialn a reasonable lafe, the
bearang loads must he made wery small or rapid wear will result, The
machiming of the Learing bousings and of the stator cafing mast be suffica-
ently accurate Tor there to be neplagible side Joads on the bearings when
agsembled,  Axial or radial movemsnts of the drazving shaf't must be pro-
vented from placing any loads cn the alip ring heerungs by the use of a
highly fiexible coupling between the drivang shaft and the slip ring shaft.

b Gzneral asscrbly

The complete as:erbly is sketched in Miwure 5 in whach twe longi-
tudinal sectiong of tne stator casinz are shown; bthe stator casing is
aplit longrtudinally along the iine of the cooling ear e=xat holes (Fagure 3)
to allow the rotor to be inserted, The stator 18 drilled and tapped to
take the 36 brush holders in four rows of nireholders, the rows being spaced
at 90° 1ntervals arcund the casing,

Bach line of brushes 1s pressurised from an axanl compressed
alr channel;  the four channcls are fed from a coumon source turoush a moni-
fold which 1s not shown, Cooling air 1s taken from the two axial channels
shovn 1n the cross~section n Figure 3, and Jirected on to the rings throuch

1ol passages; the coolins air 13 allowed to escape to atmosphere.

Vetallic dust produced at the rutbing surfaces i1z partly carried away
by the cooliny air but some 1s deposited on the insade surface of the staton
casang and a small proportion between the silver rings., These deposits may
fom a conducting path between the brush and the casing o between adjracent
brusnes, giving rise %o spurious rcadings, The path length for such a
deposxt to become efflective is imcreasced 1n this design by ibe atiachment of
a thin sheet of wmsulating material to the inner wall of the stator casing.



5.0 Performance

Two slip ring units as described except for the arrangement of the
brushes in eight rows of alternateily four ond fuive holders have been manu-
factured and tested. Prior %o running, the eccentricaty of the rings was
less than 0.0001 in. and the surface roughness was 5 micro-in.

The slap rings were put on fest at a speed of 70C0 rev/min with a

brush pressure of 15 It/ot.an. (Faaee) and coolaing air at approximately

5 b/sge1n. (gauge).  After runaang for LO hours under these conditions

the rings wevre dismentled or inspection owirng to the detericration of the
insuletion resistance betveen adjacent cnammels,  The decrease in ingula=
tion was due Lo the metallic dust deposits which are shown in Figure 7.

Tne eclentricity was ressured and found to be hebween 0.0002 nnd G,0003 .
and in the irack of the brush thnc surfzace rougbness had increased to 40O
micro-1n.  The average hrush wear was approxtmately CG.0A25 in, and the

ings had been worn dovn by approxamately 0.0004 in. in diameter.  When
tone dust Lad been removed the rings were reassembled and found satisfactory.

Over the periodl of L0 hours the potential difference across
the ring~brush contact was continuously monitored and the mean steady poten~
t1zl differcnce and the fluctuations of the mean level were recorded. At
a fixed mean currentv through ihe contact surface little change was cbserved
in cither level until the brealdown of the insulation cccurred.

The variaticn of the steady potential difference waith current density
and the variation from ring to raing at a Iixed density are tabulated below.

rCurrent Current Potential Boulvalent
deasity differcnce resistance
Qnps . ANPS /80 Le1e volis (ohms )
0 0 0.CL000k o
0,0026 0,407 0,00C0&E ©,025
0.0055 0.2722 0.000127 0,023
0.0280 0,723 0.7001E85R 0,023
G CuLhl C,.C00277 0.025
J.C22 C. 87 0,0000L5 C.0%5
0,046 .85 0,001725 0,037
! Potentzal Beuavalent
Fing No. d.fTerence resistance
volts ohms
. 1 0,C00350 0,032
| 2 CL.,000320 0.030
bh 0.00C307 0.028
P4 0,000305 0.023
2 0.000295 0.027
10 0.000255 0.023
13 0. 000248 0,023
1L, 0,020240 c.022
L4y 0.0002383 0.026
18 0,000190 0,017

| Mean 0, 000230 0,026
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The above valuse were obtalned at a speed of 70C0 rev/min with a
brush prcssure of 45 1‘/Su.1 (gauge) and a cucrent density of O.4L4 amp/
Br.1n. cxeept where stated

¥o appreciavle variation of contaect resistance could be found when
the brush pressure was varied bstween 10 and 30 1t/sc.in.  Below aboii
5 1bfsq.1J. the curtsact resistence rose ran:dly and the contuct becime
unstsbhle.

It can he seen from lhe tables that the couavalent contact resistarce
1s independent of cerrent densily cover a wice raase. I% is unlikely that
current densibtics abnve 0.5 amp/sqein would be reguired for either tempera-

-

turzs or strzun | aure worlk, The wversation of contact resistance from ring
to ring s Tairly large, say %20 per cont of the mean but  as the absolute
value of the nmcan 1s @ :’1 this varzation will aot 1nbrocduce any apprecl-

shle exvora

The fluctvations in the contact potential difference were analyscd
and are expressed in Iigure 6 1n terma of the equivalert rool mean scuare

serics resistance, This fagure shovs the mean overall level as 0,0032

ohrs, and thot the major constitusats of the Fluctuctions are tue first

and s cond rotational orders, In terms of dynamic stress measurements

using 3 100 ohms gaags atiached to o stesl specumsn, tle overall background

anige 18 caarvalent te an r.m.s. stress of +OO 1h/éq in. and, using falters,

1his lovel can be reduced 1o alt most 200 1b/Lq.JJ. over an octave span.

Purther use of the slip rings has shown that adequate I1iTe can be
obtainegd from the bearings provided that ihs precowtions mentioned are
taken, namely, *hat sufficiert flexabilaty 1z provzded in the couplang to

.

1sclate the slin ring shafl from tne main shaf*,

£.0 Corciusiors

Brush and ring iyre slap rines for the messucenent of tempereture
or stross on rol.dany oise ozn be made voih bigh pecformonce and a 1axfe
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