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descri bes a wewsapmar atus and a ne ng the angl n-
on | oaded rotating shafts. Wen th ﬂ B“m q’(ﬁ%‘(}ﬁ(ﬁiﬂ

) I s possible
cal cul ate the torque and the power 0 mnll be known or
nmeasur ed.
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Apparatus for torque measurement on rotating shafts

This invention describes a new method for measuring the angle of
torsion on loaded rotating shafts. When the angle is known it is
possible to calculate the torque and the power as the RPFM also
will be known or measured.

The most used method for measuring the power on rotating shafts
used in various types of machinery has until now been done by the
use of strain gauges glued to the shaft. The signals measured by
the strain gauges have been transferred to the instrument
electronics and the display by means of sliprings or telemetri.
When telemetri is used it is necessary to have a transmitter
mounted on the rotating shaft and powered by a rotating battery,
or in newer systems, wireless transfer of power to the
gtraingauge electronics on the shaft.

A later system uses so called magnetic hall effect sensors. The
sensors pick up signals by means of two gearwheels which are
placed on the shaft in an adeguate distance from each other. When
the shaft is lcaded there will be a time delay between the pulses
detected by the two hall effect sensors each of which is sensing
on a gearwheel. The time delay between the pulses determine the
torsional angle of the loaded shaft. A similar system to this is
described in the publication "Antriebstechnik"” 33 (1994) No.B
page 53: "Entwicklung eines robusten berihrongslosen Drehzahl-
Drehmoment-Messystems" .

US Patent No. 4.520.681 is a system which uses a pulstrain
principle with rotating coders in an adequate internal distance
from each other and mounted to the shatft. The torsional angle

is measured by means of the time delay between electronic pulses.
Two sensors are mounted in- an adequate distance from each other,
one sensor at each rotating coder. The said time delay between
the pulses from the said sensors 18 measured 1n electronic
counting circuits. In the US Patent No. 4.520.681 either

optical or magnetic sensors are used. This system uses similar
or identical principles to the system as described at page 53 in
the publication "Antriebstechnik” 33 (1994) No.8.

The above mentioned systems have the common principle of
operation that they will have to use two electronic sensors to
make it possible to detect the torsional angle of a loaded shaft.

To achieve a sufficient accuracy in systems using two sensors
placed at a distance from each other it is necassery that the
triggerpoints of the sensors do not drift from each other.
Ageing and/or temperature variations may cause the triggerpoints
to drift from each other and possibly in opposite directions.

The invention described herein uses only one single sensorsystem
to measure the torsional angle of a rotating loaded shaft. This
eliminate that the measured time delay between the sensed pulses
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The nost used nmethod for nmeasuring the power on rotating shafts used in
various types of machinery has until now been done by the use of strain
gauges - oveogndrert he shaft. The signals neasured by the strain gauges have
been transferred to the instrument el ectronics and the di Qvgﬁﬁgﬁ@ans of

" sliprings or telemetri. When telenetri is used it is necessary to have a
transmtter nounted on the rotating shaft and powered by a rotating
battery, or in newer systens, wreless transfer of power to the strai ngauge
el ectronics on the shaft. ‘A later ~system uses so called magnetic hal

effect sensors. The sensors pick up si gnal s by neans of two gearwheel s

whi ch are placed on the shaft in an adequate di stance from each other. Wen
the shaen fxifsaand these CHUsinge 1DaGOW I ef) Tetafr e he Puises detected
by thelf¥enkarn BresentSeisqed fedéh oMekhi EYSLemsMIGhy A 2 Jetfthheel . The
time déﬁﬁyeﬁePﬁeéﬁcﬁﬁécﬁuP§€slﬁ@ﬁﬁﬂﬁﬁh@tﬁﬁélﬂéﬂ§lonal angl e of the | oaded

shaft._A sim stemto this is
These c¢ arac%er%stlcs mentloned are described in the invention

claim No.l

Apparatus for measurement of the torque of rotating shafts by
measuring the pulse width generated two vanes (3a), (3b) which are
mounted to the sharft (4) at a suitable distance from each other
and characterised by measuring the torsional angle by means of a
narrow lightbeam (2) which 18 being pulsed by the said wvanes
{3a.3b) and that all information on the said torsional angle are
in a series of width modulated light pulses which are received by
a light sensitive electronic detector producing electronic pulses
that can be stored in a computer memory in order to be processed
and that the torque of the shaft can be displayed on a monitor.

Fig.1l shows the apparatus with one lightsource as the
transmitter and a light sensitive electronic sensor as receiver.
The light source, functioning as the transmitter, may be a LASER
source or a LED (Light Emitting Diode). From the transmitter (1)
there is a narrow light beam (d) rad:ated parallel to the
rotating shaft (4).

During the shaft-rotation the xightbeam will be,interrupted'by
the vanes (3a) and (3b) which are mounted to the shaft in an
adequate distance from each other. The light pulses generated 1n
this way are received in (5) named the receiver. The

light sensitive electronics (6) generate the electronic pulses
When the shaft is loaded the vanes (3a) and (3b) will be
displaced an angle equivalent to the torsional angle.

The light/dark time increases from the timé t unloaded till

t+ At loaded. This principal 1s illustrated on fig.4 showing
the vanes (3a) and (3b) mounted to the shaft and displaced a time
At to each other.

Fig.2 shows an example using fiberoptic cabel (9). The beam from
said cable is interrupted at the vanes (3a) and (3b). The
lightbeam is transmitted from the source (l) crossing the space
at (3a) and is further picked up by the optical receiver (7),
transmitted through the fibre optical cabel (9), the optical lens
(10) and across another space at (3b) to the optical receiver
{(11) which is connected to the light sensitive receiver (6) with
internal pulsgenerating electronic circuits. By using fiberoptic
cable for the light transmission, obstructions like bearings etc.
fig.2 (8) can be passed. This make it possible to enlarge the
distance between the interrupting vanes and to increase the
accuracy of the measurement.
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descrlbed In the publication "Antrlebstechnlk" .33 (1994) No. 8 page 53:
"Entw ckl ung ei nes robusten beruhronglesen Dr ehzahl - Dr ehnoment -

Messyst ens" . WOUS10Fent No. 4.520.681 is a systemwhich uses PaNNG5/08i78
principle with rotating coders in an adequate internal distance from each
ot her and nmounted to the shaft. The torsional angle is neasured by neans of
the tinme delay between el ectronic pulses. Two sensors are nounted in an
adequat e di stance from each other, one sepsor at each rotating coder. The
said time delay between the pul ses fromthe said sensors is neasured in

el ectronic counting circuits. In the US Patent No. 4.520.681 either optical
or magnetic sensors are used. This systemuses simlar or identical

principl es giq ﬁ%ﬁ%% duhtift 31 1980 ddi AP G PHL | GRLE Ol wheel s

Antriebst gl i, ulation. As shown on fig.3A the lightbeam
is transmitted from a source {(12) indcated S/M through the fibre
cable (13) to the optical transmitter/lens (14). After the
lightbeam (15) has passed the rotating pulse modulating disc
(16), it is received by the optical receiver (17) which in turn
transmits the puls modulated lightbeam through the connected
optical fibre (18) and further through the lens (19). The
lightbeam (20) passes through .the rotating disc (21) and is
received by the optical receiver (22) from which it is
retransmitted through the optical fibre (23) to a light sensitve
sensor {(12) indicated as 8/M. In this way the lightbheam is pulsed
into a great number of pulses each turn of the shaft. The

" displacement between the teeth of the two coding discs (16) and

{21) determines the pulse width which 1s a measure on the
torsional angle, the torque and the shaft power.

Fig.3B shows the complementary arrangement to fig.3A. In fig.3A
is the lightbeam (15), (20) transmitted through the fiber
arranged in a serial configuration as it will have to pass the
two spaces at (16) and (21). ln the arrangement shown in fig.3B
the lightbeam transmitted from the source (12) is splitted

in two parallel beams. The light which is transmitted through the
fibre (24a) rasses the gap (26) and the disc (l16a). A second
similar lightbeam passes the gap (30) and the disc (21a). Both
lightbeams (26) and (30) are pulsed by the discs (16a) and {21a)
respectively. The discs (l6a) and (2la) are

inverted compared to the discs (16) and (21) fig.3A. The discs
(16a) og (21a) are identical and have narrow light openings and
wider vanes. An adequate relation between openings and vanes is
1:4. The puls modulated light 1s transmitted through the fibres
(28a) and (28b). The two pulsed lightbeams are added in the
optical summing unit (32). The resulting output from (32) will be
a puls width modulated lightbeam which in turn is transmitted to
the light sensitive electronic receiver {12) named S/M on fig.3B.

Both the arrangements as shown in the fig.3A and 3B will in
priniciple give identical information to the light sensitive
receiver and detector in (12).The arrangement £ig.3B is preferred
because of the lower damping of the light. compared to the
arrangement in fig.3A. The lightbeam i1s splitted in two parallel
paths, each beam will have only one space of air to pass.

In addition it is preferable to use narrow light openings and
wider vanes as shown on fig.3B to avoid an offset signal in the
light pulses out of the adder (33) arter the summation of the
pulses from (28a) and (28b).
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The above nentioned systens have the common principle of operation that

t hey w Iwohlgneisto use two el ectronic sensors to nmake it pﬁ,ﬁ&%mgg’ det ect
the torsional angle of a | oaded shaft. . To achieve a sufficien 8uracy
In systenms using two sensors placed at a distance fromeach other it is
necassery that the triggerpoints of the sensors

-4 -

. Pig.5 (343 and (35} illilustrate the lightpulses after having
passed the disc vanes 1nd1cated as Al....An and Bl....Bn on the
_two discs fig.3A (16) and (21). As will be seen from fig.3B the
discs/gearwheels (16a) and (21a) are the inverted mode of (16)

and (21).

Both discs/gearwheels attached to the same shaft are congruent
and spaced an adequate distance from each other.

The mutual position of the discs/gearwheels (16) and (21) are
uncritical with unlocaded shait. They are nomaly mounted in a
position with Bl....Bn falling in between Al....An and in a way
that overlapping ig avoided during loading of the shaft. This
" situation 1s 1llustrated on fig.5 (34) and (35). When the shaft
rotates the light sensitive sensor (12) will receive lightpulses
as shown on fig.% (36). If the shaft 12 unloaded, there will be a
time displacement indicated t between the teeth A and B of the
two discs/gearwheeis. When loaded this time displacement will
increase to t+ At, where At expresses the rate of loading.

The lightsignals received by the light sensitive sensor/receiver

(12) fig.3A or fig.3B generate width modulated electronic pulses.
The pulse width meodulation are generated by measuring the

time between the raising pulse edges and similarly alsoc the time -
between the falling pulse edges. :

Fig.5 (37) illustrates pulses generated by the raising edges

of A and B. Fig.5 (38) illustrates similarly the falling edge
pulses. This mode of pulsegeneration doubles the number of pulses
each turn of the shatt and will be exactly twice the number of
teeth on the discs/gearwheels.

Both series of width modulated pulses (37) and (38) are
accumulated in the fasgt electronic registers.

The sum of the time duration is averaged and updated at
suitable number of turns ¢f the shaft or time intervals.

When the offset time t. which is the time displacement unloaded,
is zeroced, the displacement time At is calculated by averaging
the accumulated content in the registers after suitable time
intervals. The updating of the time At:can be done to selectable -
intervals.

Calculation of the RPM is carried out by counting the clockpulses
of one turn of the shaft. As a rather high clockfrequency is used
to drive the counters the measurement of the RPM has a high
degree of resolution and accuracy.
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do not drift from each other. Ageing and/ or fénperature vari ati ons may
cause the triggerpoints to drift fromeach other and possibly in opposite
di rections. wdbgidigyention described herein uses only one singg, (”5 0rm
sensorsysten1to measure the torsional angle of a rotating | oade

This elimnate that the neasured tine delay between the sensed pulses can
drift and thus causing inaccuraties to occure. This invention presents
itself as a new system which has a high degree of accuracy and | ongtine
stability. These characteristics of the @pparatus are obtained as
described in the special part.. of the invention's patent clain11 and W th
the nmethod described in the independent claim4. Fig
apparatus\Mh¢1Qﬁﬁ¥49%ﬂn%$mﬁc%l%glﬁﬁ%m?FEnthttEPeaﬁﬁaﬁurP% Bpgeﬁ§PtF9§
el ectroni ¢ KRGEHRAIR Q%CEh%eﬁteq%%aT?ﬁﬁFegﬁuPEethPuﬁEPFBn BeaéttHBSSI le to
transmitterc iyl afe® LRASER T¥or3RA ot e ERBFEPPYRY ‘Enitting Diode). From

A practical arrangement of this invention can be carrled out as
‘illustrated on fi1g.6. The light is transmitted from the source S
(45) through the splitted fibres (24a) and (24b). The two beams
pass through the U formed spacings (39) and (40). The airgaps in
the spacings are in the order of 5 — 10 mms. Similarly to the
arrangement as shown on the figures 3A and 3B the said lightbeam
is pulsed by the rotating discs which are supplied with suitable
teeth/vanes passing the gap in the U-shaped sensors.

After having passed the two air spacings (39), (40) the pulsed
lightbeams are collected in the light adding element (32). The
sum of the beams are transmitted through the fibre (33) to the
light sensitive receiver (41). The shape of the lightpulses are
-illustrated in fig. 5 (36). The receiver is a light sensitive
detector with a very short rast response. The electronic output
pulses from the detector are signals at TTL level. These realtime
signals are processed 1n the eXtremly fast PLD counting: '

~ circuits (47) in which the information is preliminary stored and
used for the averaging and updating of the measured torsional
angle. This process is controlled via a duplex RS485
communication line by a standard PC (49).

To eliminate inaccuracies caused by periodic movements

like vibrations etc., the signals expressing the torsional angle
are summed and averaged atter a selected number of turns of the
shaft.

The data measured and calculated in the way described above are
sufficient for an accurate calculation of RPM, torque and power.

RPM, torque and power are presented both graphically and
digitally on the FC monitor (50) and/or on a LCD display.

The great advantage of this invention is its use of one light
source and a single light sensitive electronic detector only. In
the arrangements shown on fig. 3B and fig.6 two independent light
sources may be used to feed light into the optical fibres (24a)
and (24b). The use of one or two light sources is a question of
. convenience. An outstanding feature of this invention is the use
of optical fibres to feed light from the transmitters to the
single light sensitive electronic receivers/detector. The said
- arrangement has the great advantage that the coding discs may be
mounted to the shaft at the most convenient distance from each
other.
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the transmtter (1) there is a narrow light beam (2) radiated parallel to
the rotating shaft (4). During the shaft rotation the |lightbeamw || be

i nt er r upixesogisidse vanes (3a) and (3b) which are nounted tgg%{Ne shaft in an
adequat e di stance from each other. The |ight pul ses genera PSRATY way
are received in (5) named the receiver. The |light sensitive electronics (6)
generate the el ectronic pul ses. Wen the shaft is | oaded the vanes (3a) and

(3b) will be displaced an angle equivalent to the torsional angle. The
light/dark tinme increases fromthe t+#ne - unloaded till t+ [err] t |oaded.
This principal is illustrated on.fig.4 show ng the vanes (3a) and (3b)

mounted to the shaft and displaced a tine t to each other. Fig.2 shows an -
exanpl eAgsiggcriibetopboyec e LD senfleRRIntenbaf d Lhel ¥¥es interrupted
at the ﬂaﬁ§§/€§&rwaﬁ61@3§ﬁn'hﬁeWQQFRQQ%ﬁﬁ|%hQr%#%h§tQ%daf§6ﬁ¢t

distance from each other by the use of fibre for the signal
transmission to one single detector only

In this way more bearings and bulkheads can be bypassed and the
distance between the sensing points, i.e. between the
discs/gearwheels can be made as great as possible in order to
increase the accuracy. Fig.3A, 3B and fig.6 show a shaft
arrangement with only one’ bearlng ts) bypassed by the optical
fibre.

Fig.7 (51) and (52) illustrate two different versions of the
discs/gearwheels. The design (52) is an inverted version of (51). ‘
The version (51) senses the dark pulses. The version (52) senses
‘the bright pulses. Princippally both méthodes can be used. The
displayed series of light/dark pulses which hit the light
" sensitive detector after having passed the two disc/gearwheel
coders (51A), (51B) or (524), (52B) respectively,

are indicated as Al.Bl.......Al12.Bl12. The number of vanes/teeth
on the coding disce shown are 12 and as a result
the pulsetrain Al...... Bl2z corresponds to one turn of the shaft.

The circle (53) indicates a pessible place for mounting of the
lightsource. As already described the spacings between the pulses
Al, Bl etc. express the toreion and accord:nglv the torque of the
rotating shaft. :
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Substltute sheet - 7 Cctober 1997 a 3
the source (1) crossing the space at (3a) and is further picked up by the
optical recWQe¥101¢3)  transnitted through the fibre optical cpoeNnoeSHo17é he
optical lens (10) and across another space at (3b) to the optical receiver

(11) which is connected to the light sensitive receiver (6)
pul sgenerating electronic circuits. By using fiberoptic cabl g for %ﬁﬁﬂv

transm ssi on, whsﬂmuehsnaﬁRTi%eibearln setc. fig.2 (8) can | naqseJ‘ hi s

i

CLAIMS

1. Apparatus rfor measuring the torque of rotating shafts
by measuring the pulse width generated by two vanes
characterised by measuring the torsional angle
by means of a narrow lightbeam (2) which is beeing pulsed by
the said vanes (3a.3b)., and which are mounted to the shatt (4)
at a suitable distance from each other, and that all
information on the said torsional angle are in a series signal
of width modulated light pulses which are received by a light
sensitive electronic detector producing electronic signals in
a form that can be stored in a computer memory in order to be
processed and that the torque of the shaft can be displaved on
a monitor.

2. Measurement of the torque of rotating shafts according to
claiml and characterised Dby transmitting the
light from the source (1) and through an optical fibre (9)
enabling the light to bypass obstructlons like shaft bearings
(8). bulkheads etc. _

3. Measurement of the toque of rotating shafts according to the
claims 1 and 2 characterised by using coding
discs or wheelgears (16,21) containing a large number of teeth
resulting in a large number of light pulses (34,35) each turn
of the shaft and that the sum (36) of the light pulses (34,35)
contains all the information that are transmitted through the
fibre (23) to the receiver (1l2) which contains one single
light sensitive detector that tranfer the light pulses into
electronic pulses in order to measure the time between the

- rising edges and the time between the falling edges
respectively for the purpose of calculating the torsional
angle and consequently the torque.

4. Measurement of the torque of rotating shafts according to the
claims 1, 2 and 3 character ised by the method
of transmitting laight through optical fibres across two air
gaps (26,30) with coding discs/gearwheels (16a,2la) mounted
to the shaft in suitable distance from each other and that the
lightbeams are pulsed in the air gaps after which the light

pulses are summed in the light collector (32) and then
transmitted by the fibre (33} to a light sensitive electronic
detector (12).
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make it possible to enlarge the distance between the interrupting vanes and
to increase the accuracy of the .ﬁSULS#BHP““”ﬁﬁ?'3A shows an arrangenent

Wi th t wowio 6@y di scs or gearV\hniti‘hs aHeeT HPASBER g‘ht beam nodul ati on. As
shown on fig.3A the |ightbeamis tiransRERASEPTromla source FI&V”&WH@&ted
S/M through the fibre cable (13) tle—he—optiTcal tranau.ttc.,.cua \¢4)

After the |ightbeam (15) has passed the rotating puls Pagete duI b R
(16), it is received by the optical receiver (17) whic j ﬁ]tS

the pul s nodul ated |ightbeam through& ke connected opti and
further through the lens (19). The |ightbeam (20) pass

rotating disc (21) and is received by the optical receiver (22) fronlmhlch
it is retransmtted through the optical fibre (23) to a light sensitve
sensor5(1¥§aﬁHHP@&Pédoéstg MEORAUEhic Wt atiiad igfifenmecondd nedo mive a
great nunBeépiBp Ses JeibH t"*uPﬁ‘doF ﬁh@ Jha¥ (€ TTHe WlikpF e cher® Yetaween the
teeth of ’L"ﬁ@hf’% gdgengrgisad PZ'l}‘i)edd(éteer‘%ﬁF’rfésﬁtlrﬁ,s plAS A dehat
which is Eeﬁﬁé¥ﬁr5°8ﬁt H% ét 19 QF 424k anhf t pover .

ansmit the a nar oﬁ beam acr ss the airgaprs o©
the u-profiles (39,40) in which the beams are pulsed by the
rotating discs/gearwheels (16) and (21) and whereafter the
pulsed lightbeams are transmitted through the fibres (28a) and
(28b) and added in the the light collector (32) from which the
resulting light pulses are transmitted by the fibre (33) to
the light sensitive electronic detector (41) in which the
light pulses (36) generate electronic pulses that are
transmitted by the datacable (46) to be processed by the ' :
electronic counters (47) in which all the information on the
tareilonal angle are stored and further transferred by the
duplex communication line (48) to the computer (49) in which
the RPM, the torque and the power are calculated and
displavyed.

6. Measurement of the torque of rotating shafts according to the
claims 1 throush S5and characterised by the
time displacement between the vanes on the discs (16a,2la) and
the resulting generated light pulses with the - shape (36) in
the fibre (33) through which the pulses are fed to the light
sensitive electronic unit (12) and converted to the shape (37)
and (38) respectively which said pulse shape (37) is generated
by detecting the rising edges of the light pulses and (38) is
generated by detecting the falling edges of the light pulses
thus generating a double set of electronic width modulated
pPulses each turn of the shaft with a total number twice the
number of vanes on the discs (l16a,2la).

7. Measurement of the torque or rotating sharfts according to the
claims 1 through 6 and characterised by adding
and storang both the width modulated pulses generated by the
rising edges (37) and the width modulated pulses generated by
the talling edges (38) in the computer memory over a selected
time or a number of turns of the shaft before averageing the
summed time displacements atfter which the tors1ona1 angle are
calculated as the RPM of the shaft is known. :

8. Measurement of the torque of rotating shafts;according to the
claims 1 through 7 and characterised by the
use of inverted sighals in the way that light pulses are
replaced by dark pulses and vice verca according to the coding
discs (51) and (52) respectively.
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Fi g. 3B shows the conplenentary arrangenent to fig.3A In fig.3A is the

| i ght beam (15), (20) transnmitted through the fiber arranged in a serial
configurati ¢péold7 W |1 have to pass the two spaces at (16) mwiNoSlabizel N
t he arrangement shown in fig.3B the |ightbeamtransmtted fromthe source
(12) is splitted in two parallel beans. The light which is transmtted

t hrough the fibre (24a) passes the gap/g26) and the disc (16a). A second
simlar |ightbeam passes the gap (30) and the disc (21a). Both |ightbeans
(26) and (30) are pulsed by the discs (16a) and (2la) respectively. The
discs (16a) and (2la) are inverted conpared to the discs (16) and (21)
fig.3A. The discs (16a) og (21 a) are identical and have narrow | i ght
openi ngs and wi der vanes. An adequate relation between openi ngs and vanes
is 1:4. The puls nodulated light is transmtted through the fibres (28a)
and (28b). The two pul sed |ightbeans are added in the optical summ ng unit
(32). The resulting out put

SUBSTITUTE SHEET
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from(32) wll be a puls wdth nodul ated |ightbeamwhich in turnis
tyansm tt edwo6tines?l i ght sensitive el ectronic receiver (12) PETENDISOMTEN
fig.3B. Both the arrangenments as shown in the fig.3A and 3B wll in
principle give identical informationgtp the |ight sensitive receiver and
detector in (12).The

SUBSTITUTE SHEET
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arrangenment fig.3B is preferred because of the | ower danping of the |ight,
conpared to the arrangenent in fig.3A The lightbeamis splitted in two
pafal | el pat [FEO9¥HHA7 beam wi | | have only one space of air to Nobdoo170
addition it is preferable to use narrow |ight openings and w der vanes as
shown on fig.3B to avoid an offset signal in the light pulses out of the
adder (33) after the summation of the x4l ses from (28a) and (28b). Fig.5
(34) and (35) illustrate the |ightpul ses after having passed the disc vanes
indicated as Al....An and Bl....Bn on the two discs fig.3A (16) and (21).
As wi'll be seen fromfig.3B the discs/gearwheels (16a) and (2la) are the
inverted node of (16) and (21):. Both discs/gearwheels attached to the sane
shaft are congruent and spaced an adequate di stance from each other. The
mut ual position of the discs/gearwheels (16) and (21) are
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uncritical w th unl oaded shaft. They are nonmaly nmounted in a position with
B1.... .Bn fih}&ﬂﬂu%ﬁ between Al... .An and in a way that overlapping is
avoi ded during Toading of the shaft. This situation is iIIustrg&g%ion ftﬂ.S
(34) and (35). Wen the shaft rotates the |ight sensitive sensor 00170,
recei ve |lightpul ses as shown on fig.5 (36). If the shaft is unloaded, there
wll be a tine displacenent indicated t4fgtween the teeth A and B of the
two di scs/ gearwheels. When | oaded this tine displacenent will increase to
t+[err] t, where At expresses the rate of loading. The lightsignals
received by the |light sensitive sensor/receiver (12) fig.3A or fig.3B
generate wi dth nodul ated el ectroni c pul ses. The pul se w dth nodul ation are

generated by neasuring the tine between the raising pul se edges and
simlarly also the tine between the falling pul se edges.

45

24b

24q
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Fig.5 (37) illustrates pul ses generated by the raising edges of A and B.
Firg. 5 (38) iwbesnomvres simlarly the falling edge pul ses. Thi §’&Rgf95}%l 0
pul segenerati on doubl es the nunber of pul ses each turn of the shart an
will be exactly twi ce the nunber of teeth on the discs/gearwheels. Both
series of wi dth nodul ated pul ses (37P/2and (38) are accunulated in the fast
el ectroni c registers. :

Fig. 7
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(57) Abstract

Apparatus  intended
for measuring of the torque
of rotating shafts for the
purpose of caiculating the
shaft power without using
sensors mounted or glued
to the shaft. The long
time accuracy is increased
by using only one single
optical electronic sensor
in the pulse receiver.
Alteration  of  sensor
data due to temperature
variations and ageing do
not -affect the accuracy. The
light is transmitted from the
source/transmitter  through
optical fibre, The lightbeam
is pulsed in two air gaps
by coding discs/gearwheels
mounted to the shaft at a

284
39

(54) Title: APPARATUS FOR TORQUE MEASUREMENT ON ROTATING SHAFTS

40
28b

S0

convenient distance from
each other (16 and 21).

I

240 24b

The light is transmitted by
optical fibres (24a, 24b)
from the source/transmitter
(45) and via the optical
U-shaped elements (39, 40)
where the nghtbeams are

rising and falling pulse edges in order to double the number of puls

45 45

pulsed and added in the light collector (32), The time dlspla(:cment between the vanes/teeth on the two dxscslgearwheels is a measure on
the shaft torque, enabling the shaft power to be calculated in the computer (50). To increase the accuracy in case of shaft vibrations, the
width modulated pulses are accumulated and averaged at convenient numbers of shaft turns. The accuracy is increased by detecting both

es each shaft turn,




A practical arrangenent of this invention can be carried out as illustrated
on fig.6. The light is transmtted fromthe source S (45) through the
splitted fibres (24a) and (24b). The two beans pass through the U forned
spacings (39) and (40). The airgaps in the spacings are in the order of 5 -
10 ms. Simlarly to the arrangenent as shown on the figures 3A and 3B the
said |ightbeamis pul sed by the rotating discs which are supplied wth
suitabl e teeth/.vanes passing the gap in the U shaped sensors. After having
passed the two air spacings (39), (40) the pul sed |ightbeans are coll ected
in the Iight adding el enent.(32). The sum of the beans are transnitted
through the fibre (33) to the light sensitive receiver (41). The
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shape of the |ightpul ses 5 (36). The Yeceiverads a
L ight sensitive detector _response. The el ectronfc
out put pul ses fromthe det ector are signals at TTL tevel—These realti ne

signals are processed in the extrenmly fast PLD counthi&hgét SlebSReébfdel 1 N

which the information is prelimnary stored and use | ng and

updating of the neasured torsional angle._This proces mﬂ) umm& via a

dupl ex RS485 communi cation line by a standard PC (49

I naccur aciegiiggused by periodic novenents
1. Apparatus intended tor measuring the torque deveioped 1n
rotating shatts (4) by calculating the time between the passage
of vanes (lo,21) cnharacteri1zed 1in the use o two
optical ribres (Z4a,24b; for transmission of light signals to two
airgaps (39,40) where the vanes (16,21) as well as the airgaps
are located at a suitable distance from each other lengthwise on
the sharft (4), one adder element (32) for summation of the
lightpulses from the airgaps, and further one optical fibre (33)

tor laight transmission. and one single light sensitive sensor
(41) tor processing the light siygnhals.

PCT/ N0 95/0017 g

2. Apparatus according to claim 1 characteriized
i n that airgaps are implemented as optical forks (39,40).

3. Apparatus according to c¢laim 1 characterized

i n the use ot eiectronic pulse counter circuits (47} to store
information about the shaft torgue, and turther a computer (49)
ror processing said stored information.

4. Method for the measurement of torque developed 1n a rotating
shatt (4) by calculating the time between the passage ot vanes
(16,21) mounted on the shatt ¢ haracteri1zed in

the use of two light beams that are trasmatted through optical
fibres (24a,24b) to two alrgaps, where the vanes (16,21) as well
as the airgaps (39,40) are located at a suitable dastance from
each other lengthwise on the shatt (4), and the iightbeams that
are pulse modulated in the airgaps are summed together .in a light
adder element (32), and further 1n that said puise modulated
iight signals are transmitted through an optical fibre (33) to a
light sensitive sensor (41).

5. Method according to claim4 ¢ h ar acterized in
that the airgaps are implemented as optical forks (39,40) and
that one single light sensitive sensor (41) is used to convert
the light signals into electronic pulses that are transterred to
electronic counter circuits (47) where the information 1s stored
and further transmitted via duplex communication (48) to a
computer {(49) where the signhals are processed and the shaft
torque, angular velocity and the power developed in the shatt are
calcuiated.

6. Method according to claim4 c¢c haracter i12zed in
the use of a light sensitive sensor (41) for conversion of light
signals into electronic pulises representing both the time between
the rising edges and the time between the ralling edges '
respectively, this sensor allowing thus the accumulation of twice
the number of width modulated puises for a selectablie number of
shatft turns.
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i ke vibrations etc., the §Ti &wwiaxpé’éf‘ﬁéfﬁgéth t or si onal angl/eNOa?g/s‘UWd

and averaged after a seleci o the shaft. TR€ dat.a -«

reasured and cal culated in the way described above are sufficient for an

accurate cal culation of RPM torque and power. RPM torque and power are
presented both graphically and digitally on the PC nonitor ‘
LCD di splay. The great advantage of this invention is its ($BISHHEEHEASBEEN

source and a single light sensitive elegtronic detector onl | nREALACED

arrangenments shown on fig. 3B and fig.6 two independent Iight SOUr ces nay

be used to feed light into the optical fibres (24a) and (24b). The use of

one or two, IN&tod 0 €65 1By at SlUeB4 imng of c conyeni gneer A outstangi ng n

feat ure ofcddring:dtwent bern i shé hermserofwoph i Cind FidHies édudeeshd i ghé € 1men

t he transmivwess tioethel 5imgl @ddéghtesoast iveby et@ctd opr€setable number of

recei ver /sred £ct onr nd hens at lde ar cahgehent ndashs heegm ead Llue of said time
petween the rising edges and the ralling edges respectively to
obtaln an expression representinyg the shatft torsion when the
angular velocity 1s khown.

8. Method accoraing to claim4 c¢c haracter ized in
the use of inverted signals in such a way that light pulses are
replaced by dark pulses and vice versa.

This Sheet Has Been R.e[ilaced
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tadvant age that the coding discs may be nmounted to the shaft at the npst
rconvenrent distance fromeach other. As described above the two sensing
'gpl ?ts |.fe. t he t\r/1vo dihscs{)gearV\heeI s can be nmounted to the shaft at a great

i stance fromeach other by the use of fibresfor.the sigpal Ll I S§&oNn to
one single detector only. In this way nore ﬁﬁgﬂ'w&% sgﬁpbgl Qﬁg%%’[ép ﬁ%%?be
bypassed and the di stance between the sensing points, i.e. between the .
di scs/ gearwheel s can be made as great as possible in order to increase the
accuracy. Fig.3A, 3B and fig.6 show a shdf t arrangenment with only one
bearing (8) bypassed by the optical fibre.

* Apparatus for torque measurement on rotating shafts

This invention describes a new apparatus and a method for measuring the
angle of torsion on loaded rotating shafts. When the angle is known it is
possible to calculate the torque and the power as the RPM also will be known
or measured.

The most used method for measuring the power on rotating shafts used in
various types of machinery has until now been done by the use of strain
gauges glued to the shaft. The signals measured by the strain gauges have
been transferred to the instrument electronics and the display by means of
sliprings or telemetri. When telemetri is used it is necessary to have a
transmitter mounted on the rotating shaft and powered by a rotating battery,
or in newer systems, wireless transfer of power to the straingauge electronics
on the shaft. '

A later system uses so called magnetic hall effect sensors. The sensors pick
up signals by means of two gearwheels which are placed on the shaft in an
adequate distance from each other. When the shaft is loaded there will be a
time delay between the pulses detected by the two hall effect sensors each of
which is sensing on a gearwheel. The time delay between the pulses
determine the torsional angle of the loaded shaft. A similar system to this is
described in the publication "Antriebstechnik" 33 (1994) No.8 page 53:
"Entwicklung eines robusten beriihrongslosen Drehzahl-Drehmoment-
Messystems". |

US Patent No. 4.520.681 is a system which uses a pulstrain principle with
rotating coders in an adequate internal distance from each other and mounted
to the shaft. The torsional angle is measured by means of the time delay
between electronic pulses. Two sensors are mounted in an adequate distance
- from each other, one sensor at each rotating coder. The said time delay
between the pulses from the said sensors is measured in electronic counting
circuits. In the US Patent No. 4.520.681 either optical or magnetic sensors
are used. This system uses similar or identical principles to the system as
described at page 53 in the publication "Antriebstechnik” 33 (1994) No.8.
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7 Fig.7 (51) and (52) illustrate two different versions of the

di scs/ gearwheel s. The design (52) is an inverted version of (5 1). The
version (51) senses the dark pul ses. The version (52) senses the bright
pul ses. Princippally both nmethodes can be used, The displ ayed series of
li ght/dark pul ses which hit the |ight sensiti Rukeiitete sheeaf+ &/0¢tabpnd 997
passed the two di sc/ gearwheel coders (5 1A), (51B) or (52A), (52B)
respectively, are indicated as Al, Bl ... g Al2, B 12. The nunber of
vanes/teeth on the coding discs shown

The above mentioned systems have the common principle of operation that
they will have to use two electronic sensors to make it possible to detect the
torsional angle of a loaded shaft.

. To achieve a sufficient accuracy in systems using two sensors placed at a
distance from each other it is necassery that the triggerpoints of the sensors
do not drift from each other. Ageing and/or temperature variations may cause
the triggerpoints to drift from each other and possibly in opposite directions.

The invention described herein uses only one single sensorsystem to measure
the torsional angle of a rotating loaded shaft. This eliminate that the
measured time delay between the sensed pulses can drift and thus causing
inaccuraties to occure. This invention presents itself as a new system which
has a high degree of accuracy and longtime stability.

These characteristics of the apparatus are obtained as described in the special
part of the invention's patent claim 1, and with the method described in the
independent claim 4.

. Fig.1 shows the apparatus with one lightsource as the transmitter and a light
sensitive electronic sensor as receiver. The light source, functioning as the
transmitter, may be a LASER source or a LED (Light Emitting Diode). From
the transmitter (1) there is a narrow light beam (2) radiated parallel to the
rotating shaft (4). During the shaft rotation the lightbeam will be interrupted
by the vanes (3a) and (3b) which are mounted to the shaft in an adequate
distance from each other. The light pulses generated in this way are received
in (5) named the receiver. The light sensitive electronics (6) generate the
electronic pulses. When the shaft is loaded the vanes (3a) and (3b) will be
displaced an angle equivalent to the torsional angle.

The light/dark time increases from the time t unloaded till
t+ At loaded. This principal is illustrated on fig.4 showing the vanes (3a)
and (3b) mounted to the shaft and displaced a time t to each other.

_ Fig.2 shows an example using fiberoptic cabel (9). The beam from said cable
is interrupted at the vanes (3a) and (3b). The lightbeam is transmitted from

REPLACEMENT SHEET
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are 12 and as a result the ptjl setrain Al...B 12 corresponds to one turn of

t he shaft:

The circle (53) indicates a possible place for nounting of the

| i ghtsource. As already described the spacings between the pulses Al, B 1
etc. express the torsion and accordingly the tobr(%ue_ of the rotating shaft.
s
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the source (1) crossing the space at (3a) and is further picked up by the
optical receiver (7), transmitted through the fibre optical cabel (9), the
optical lens (10) and across another space at (3b) to the optical receiver (11)
which is connected to the light sensitive receiver (6) with internal
pulsgenerating electronic circuits. By using fiberoptic cable for the light
transmission, obstructions like bearings etc. fig.2 (8) can be passed. This
make it possible to enlarge the distance between the interrupting vanes and to
increase the accuracy of the measurement.

Fig.3A shows an arrangement with two o coding discs or gearwheels used for
lightbeam modulation. As shown on fig.3A the lightbeam is transmitted from
a source (12) indcated S/M through the fibre cable (13) to the optical
transmitter/lens (14). After the lightbeam (15) has passed the rotating pulse
modulating disc (16), it is received by the optical receiver (17) which in turn
transmits the puls modulated lightbeam through the connected optical fibre
(18) and further through the lens (19). The lightbeam (20) passes through the
rotating disc (21) and is received by the optical receiver (22) from which it is
retransmitted through the optical fibre (23) to a light sensitve sensor (12)
indicated as S/M. In this way the lightbeam is pulsed into a great number of
pulses each turn of the shaft. The displacement between the teeth of the two
coding discs (16) and (21) determines the pulse width which is a measure on
the torsional angle, the torque and the shaft power.

. Fig.3B shows the complementary arrangement to fig.3A. In fig.3A is the

lightbeam (15), (20) transmitted through the fiber arranged in a serial
configuration as it will have to pass the two spaces at (16) and (21). In the
arrangement shown in fig.3B the lightbeam transmitted from the source (12)
is splitted in two parallel beams. The light which is transmitted through the
fibre (24a) passes the gap (26) and the disc (16a). A second similar lightbeam
passes the gap (30) and the disc (21a). Both lightbeams (26) and (30) are
pulsed by the discs (16a) and (21a) respectively. The discs (16a) and (21a)
are inverted compared to the discs (16) and (21) fig.3A. The discs (16a) og
(21a) are identical and have narrow light openings and wider vanes. An
adequate relation between openings and vanes is 1:4. The puls modulated
light is transmitted through the fibres (28a) and (28b). The two pulsed
lightbeams are added in the optical summing unit (32). The resulting output
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PATENT CLAIMS 1. Apparatus intended for neasuring the torque devel oped
in rotating shafts (4) by calculating the tine between the passage of vanes
(16,21) located at a suitable distance fromeach other |engthw se on the

shaft (4 characteri zedi nthe use of

(24a, 24b) for transmission of light signals ¥ %ﬁlﬁ‘@% i% 36 i/ﬁ(??e
the vanes (16,21) as well as the airgaps are |located at a suitable distance
fromeach other |engthwise on the shaft-(4), one adder elenent (32) for

summation of the lightpulses fromthe airgaps, and further one optical
fibre (33) for signal transm ssion, and one single light sensitive sensor

(41) for proq?&ﬁl 39) WiR el lsshﬂﬂﬁln%dﬁratétﬁﬁ pﬂbemwmbhqmtmfﬂitgre (13) for
transm ssi on of

recei ver ( 17)tranéﬁngﬁé Q‘?e glgrsgnf %g? e %&rogxhé 5%[6:?‘@.&%?%) named Eh{,f l'i ght

fig.3B.

Both the arrangements as shown in the fig.3A and 3B will in principle give
identical information to the light sensitive receiver and detector in (12).The
arrangement fig.3B is preferred because of the lower damping of the light,
compared to the arrangement in fig.3A. The lightbeam is splitted in two
parallel paths, each beam will have only one space of air to pass. In addition
it is preferable to use narrow light openings and wider vanes as shown on
fig.3B to avoid an offset signal in the light pulses out of the adder (33) after
the summation of the pulses from (28a) and (28b).

Fig.5 (34) and (35) illustrate the lightpulses after having passed the disc
vanes indicated as Al....An and B1....Bn on the two discs fig.3A (16) and
(21). As will be seen from fig.3B the discs/gearwheels (16a) and (21a) are
the inverted mode of (16) and (21).

Both discs/gearwheels attached to the same shaft are congruent and spaced an
adequate distance from each other. -

The mutual position of the discs/gearwheels (16) and (21) are
uncritical with unloaded shaft. They are nomaly mounted in a position with
Bl....Bn falling in between Al....An and in a way that overlapping is avoided
during loading of the shaft. This situation is illustrated on fig.5 (34) and (35).
When the shaft rotates the light sensitive sensor (12) will receive lightpulses
as shown on fig.5 (36). If the shaft is unloaded, there will be a time

_ displacement indicated t between the teeth A and B of the two
discs/gearwheels. When loaded this time displacement will increase to t+A t,
where A t expresses the rate of loading.

The lightsignals received by the light sensitive sensor/receiver (12) fig.3A or
fig.3B generate width modulated electronic pulses. The pulse width
modulation are generated by measuring the time between the raising pulse
edges and similarly also the time between the falling pulse edges.




transmtter (19) for transmission of light signals to a second air gap
(40), where the vanes (16,21) as well as the air gaps er located at a
sui tabl e di stance from each other |engthw se on the shaft (4), an optical

receiver (22) for receiving the light beans t pyl s l.at ed. LRt he
ai rgaps, further one optical fibre (33) for s!éaé’&?gﬁg‘fetreaﬁ%?sfrs?%tghﬂr Abg_f
single light sensitive sensor for processing the |ight signals. 2.
Apparatus according to claim1, char aSct er i zedi nthat the
airgaps are inplenented as two optical forks (39,40). 3. Appar at us
according toclaiml .char acter i zed.i,nthe use of_ electronic
pul se count er FigAd@im} ilysirages pplsesogemeraied birghe saisagadges RE Aserd B- Fig-que,
and further a(sgymiisttes4%hilbely the Giliihg RS paRkesIThis mode of

pulsegeneration doubles the number of pulses each turn of the shaft and will

be exactly twice the number of tecth on the discs/gearwheels.

Both series of width modulated pulses (37) and (38) are accumulated in the
fast electronic registers.

The sum of the time duration is averaged and updated at suitable number of
turns of the shaft or time intervals.

When the offset time t, which is the time displacement unloaded, is zeroed,
the displacement time A t is calculated by averaging the accumulated content
in the registers after suitable time intervals. The updating of the time tcan
be done to selectable intervals.

. Calculation of the RPM is carried out by counting the clockpulses
of one turn of the shaft. As a rather high clockfrequency is used to drive the
counters the measurement of the RPM has a high degree of resolution and
accuracy. '

The averaged time displacement A t, the measured RPM and the knowledge
of the steelparameters of the shaft make it possible to calculate the torque
and the shaftpower.

A practical arrangement of this invention can be carried out as illustrated on
fig.6. The light is transmitted from the source S (45) through the splitted
fibres (24a) and (24b). The two beams pass through the U formed spacings
(39) and (40). The airgaps in the spacings are in the order of 5 - 10 mms.
Similarly to the arrangement as shown on the figures 3A and 3B the said
lightbeam is pulsed by the rotating discs which are supplied with suitable

_ teeth/vanes passing the gap in the U-shaped Sensors.

After having passed the two air spacings (39), (40) the pulsed lightbeams are
collected in the light adding element (32). The sum of the beams are
transmitted through the fibre (33) to the light sensitive receiver (41). The

!
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4. Met hod for the neasurenent of torque developed in rotating shafts (4)
by caltul'ating the time between the passage of vanes (16,21) |ocated at a
sui tabl e di stance from each other |engthwi se on the shaft (4) c har act

eri zedi nthat tw light beanms are tragntted throug

fibres (24a,24b) to two airgaps (39, 40), énL?Wé‘t%ﬁ'?@g %66519b s+§§J7I as
t he airgaps (39, 40) are |l ocated at a swtabl e di stance from each ot her

*C LM 6

shape of the lightpulses are illustrated in fig. 5 (36). The receiver is a light
sensitive detector with a very short fast response. The electronic output
pulses from the detector are signals at TTL level. These realtime signals are
processed in the extremly fast PLD counting circuits (47) in which the
information is preliminary stored and used for the averaging and updating of

- the measured torsional angle. This process is controlled via a duplex RS485
communication line by a standard PC (49).

To eliminate inaccuracies caused by periodic movements
like vibrations etc., the signals expressing the torsional angle
are summed and averaged after a selected number of turns of the shaft.

The data measured and calculated in the way described above are sufficient
for an accurate calculation of RPM, torque and power.

RPM, torque and power are presented both graphically and digitally on the
PC monitor (50) and/or on a LCD display.

The great advantage of this invention is its use of one light source and a
single light sensitive electronic detector only. In the arrangements shown on

. fig. 3B and fig.6 two independent light sources may be used to feed light into
the optical fibres (242) and (24b). The use of one or two light sources is a
question of convenience. An outstanding feature of this invention is the use
of optical fibres to feed light from the transmitters to the single light
sensitive electronic receiver/detector. The said arrangement has the great
advantage that the coding discs may be mounted to the shaft at the most
convenient distance from each other.

As described above the two sensing points i.e. the two discs/gearwheels can
be mounted to the shaft at a great distance from each other by the use of fibre
for the signal transmission to one single detector only.

In this way more bearings and bulkheads can be bypassed and the distance

between the sensing points, i.e. between the discs/gearwheels can be made as

great as possible in order to increase the accuracy. Fig.3A, 3B and fig.6 show
_ a shaft arrangement with only one bearing (8) bypassed by the optical fibre.
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Substitute sheet - 7 Cctober 1997 9
| engt hwi se on the shaft (4), and the |ightbeans that are pul se nodulated in
the airgaps (39,40) are summed together in a |ight adder elenent (32), and
that the light signals thus created are then %ran_srrjtted t hrough an opt.i cal
fibre (33) to a |ight sensitive sensor (41) tRdpstiyts sheet 1 {Ofiqher 9¥hal s
to electrical pulses or use of an optical fibre (13) for transm ssion of a
light beamto a first air gap (39), an optical light receiver (17), an

optical fibre (18) and an optical transmtter (19) for transm ssion of

light signals to a second air gap (40), where the vanes (16,21) as well as
the airgaps er located at a suitable distance fromeach other |engthw se on

the shaft (4) I-'igé.Uil (9 ﬂt zlzrf &SZr) ?ﬁ&slt}:/aetg t (Z)Zd)ifferent versions of the discs/gearwheels.

The design (52) is an inverted version of (51). The version (51) senses the
dark pulses. The version (52) senses the bright pulses. Princippally both
methodes can be used. The displayed series of light/dark pulses which hit the
light sensitive detector after having passed the two disc/gearwheel coders
(51A), (51B) or (52A), (52B) respectively, are indicated as
Al,Bl....... A12,B12. The number of vanes/teeth on the coding discs shown
are 12 and as a result the pulsetrain Al......B12 corresponds to one turn of
the shaft.

" The circle (53) indicates a possible place for mounting of the lightsource. As
already described the spacings between the pulses Al, B1 etc. express the
torsion and accordingly the torque of the rotating shaft.
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for receiving the light beans that are pul se nodul ated in the airgaps,
further -one optical fibre (33) for signal transm ssion and a single |ight
sensitive sensor that receives the signals and converts theminto

el ecfrical pulses. 5. Met hod according to i m. 4 h.a ) a4 Z
e di n use of optical forks (39,40) for shap%*‘g’salftuﬁ%%heaqtr'gzgaéﬁgrﬁl?gtf
one single light sensitive sensor (41) converts the |ight signals into

el ectronic pulses that are transmtted to &l ectronic pulse counter circuits
(47) where the information is stored and subsequently transmtted via

dupl ex comuni cation (48) to a conputer (49) that based on the received
signal s cal cul ates torque, angular velocity and the power devel oped in the

shaft. 6. Nes resfipcemig to claim4, char acteri zedi nuse
of the light sensitive sensor (41) for conversion of light signals into

el ectroni c pulses rey23604hRHALd fr RENFRE tHOtekquk HeDBloped in rotating
shafts (4) by calculating the time between the passage of vanes (16,21)
located at a suitable distance from each other lengthwise on the shaft (4)
characterized inthe use of two optical fibres (24a,24b) for
transmission of light signals to two airgaps (39,40) where the vanes (16,21)
as well as the airgaps are located at a suitable distance from each other
lengthwise on the shaft (4), one adder element (32) for summation of the
lightpulses from the airgaps, and further one optical fibre (33) for signal
transmission, and one single light sensitive sensor (41) for processing the
light signals or
use of an optical fibre (13) for transmission of light signals to a first air gap
(39), an optical light receiver (17), an optical fibre (18) and an optical

* transmitter (19) for transmission of light signals to a second air gap (40),

where the vanes (16,21) as well as the air gaps er located at a suitable
distance from each other lengthwise on the shaft (4), an optical receiver (22)
for receiving the light beams that are pulse modulated in the airgaps, further
one optical fibre (33) for signal transmission and a single light sensitive
sensor for processing the light signals.

2. Apparatus according to claim 1,
characterized in thatthe airgaps are implemented as two optical
forks (39,40).

3. Apparatus according to claim 1,

characterized in the use of electronic pulse counter circuits (47) to
store information about the shaft torque, and further a computer (49) for
signal processing.

4. Method for the measurement.of torque developed in rotating shafts (4)
by calculating the time between the passage of vanes (16,21) located at a
suitable distance from each other lengthwise on the shaft (4)
characterized in thattwo light beams are trasmitted through two
optical fibres (24a,24b) to two airgaps (39,40), where the vanes (16,21) as
well as the airgaps (39,40) are located at a suitable distance from each other
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and falling edges of the |ight pul ses respectively, this allow ng the
accunul ati on of twi ce the nunber of tine delays for a nunber of shaft

turns:

7.

Met hod according to claim4, char act er.| zed| n

accurrulatlng both the tine between the rising n
the falling edges for a presetable nunber of sﬁ‘&%tﬁ??ﬁ%% e;{ndﬁtcg‘gtﬁg
cal cul ating the nean value of said tine between the rising edges and the

falling edges respectively to obtain an e¥pression representing the shaft
torsion when the angular velocity is known.

lengthwise on the shaft (4), and the lightbeams that are pulse modulated in
the airgaps (39,40) are summed together in a light adder element (32), and
that the light signals thus created are then transmitted through an optical fibre
(33) to a light sensitive sensor (41) that converts the light signals to electrical

" pulses or

use of an optical fibre (13) for transmission of a light beam to a first air gap
(39), an optical light receiver (17), an optical fibre (18) and an optical
transmitter (19) for transmission of light signals to a second air gap (40),
where the vanes (16,21) as well as the airgaps er located at a suitable
distance from each other lengthwise on the shaft (4), an optical receiver (22)
for receiving the light beams that are pulse modulated in the airgaps, further
one optical fibre (33) for signal transmission and a single light sensitive
sensor that receives the signals and converts them into electrical pulses.

5. Method according to claim 4,

characterized inuseofoptical forks (39,40) for shaping of the
airgaps and that one single light sensitive sensor (41) converts the light
signals into electronic pulses that are transmitted to electronic pulse counter
circuits (47) where the information is stored and subsequently transmitted via

" duplex communication (48) to a computer (49) that based on the received

signals calculates torque, angular velocity and the power developed in the
shaft.

6. Method according to claim 4,

characterized inuseofthe light sensitive sensor (41) for conversion
of light signals into electronic pulses representing time between both rising
and falling edges of the light pulses respectively, this allowing the
accumulation of twice the number of time delays for a number of shaft turns.

7. Method according to claim 4,

characterized in accumulating both the time between the rising
edges and the time between the falling edges for a presetable number of
shaft turns and then calculating the mean value of said time between the
rising edges and the falling edges respectively to obtain an expression

-representing the shaft torsion when the angular velocity is known.
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Substitute sheet - 7 Cctober 1997 | 10
8. Met hod according toclaim4, char acter i zedi nthe use of
inverted signals in such a way that stop down pulses are replaced by |ight

pul ses and vice versa. Substitute sheet - 7 October 1997
10
8. Method according to claim 4,

characterized inthe use of inverted signals in such a way that stop
down pulses are replaced by light pulses and vice versa.
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