PROTECTI ON FOR HYDRAULI C MACHINES 5 Thi's invention relates to protéﬁﬂ?ﬁﬁ\ﬁiﬁg%;
for hydraulic machines, that is to say protection'for punps, notors,

turpFAss and the like, 10 Protection is to be understood to mean .
guard for the hydraulic machine so that it may function according. i“
to it._te5|gn performance linmts and not nove outsi'de of said limts-into

mal f tlion without giving a marnlng_té an.engi neer in charge of 15

[ peratlon It has been known since c.1914 that the efficiency of a

hydras#i ¢ machi ne may be estimated by a determ nation of the smal

differences in the fluid tenperature between the inlet and the outlet 20

of the nmachine in rel atPROTECTIOE FORIi BvDRROLDet MEeRIRBEd inlet and said
outlet. This is generalTy expressed mathematicalty rn the convenient form
enunC|ated by:- WLLM G and CAMPMAS.P. in an article entltled 2

This invention relates to protection for
hydraulic machines, that is to say protection for
pumps, motors, turbines and the iike. o : @
10. ' Protection is to be understood to me;n a safe- )
guard for the hydraulic machine so that it may
function according to its design performance liﬁits
and not move outside of said limits into malfunction
without giving a warning to an engineer in charge of
15 its operation. | _ | -
It has been known since c.1914 ;hat the
efficiency of a hydraulic machine may be estimated
by a determination of the small differences in the -ﬁi%
£luid temperature between the inlet and the outlet |
20 of the machine in relation to the fluid head between
said inlet and said outlet.
This is genérélly expressed mathematically in
the convenient form enunciated by:-

WILLM. G. and CAMPMAS.P. in an article entitled



Efficfency;neasurenents for hydraulic turbines by the Poirson Thernonetric
met hod translated into English in Supplement No.6/1956 fromLa Houille
Br anche- 9+( 1954) p449/ 550, and from BARBILLION. L. 5 Met hode

therﬂvnetrlque de sresure du.renderient des turbines hydraul i ques Revue
Genéral e del' el ectricite 26 (1929) p487-497. The theory of the thernoy

or thermodynanmic method is as foll ows: - 0 Efficiency in 3
hydraul i ¢ punp for exanple may be expPESsed'as [err] but Werr] = Wierr]
+ Losses. 15 . R.is the punp
ef ficiency thus provi e ~ I RTE -{ RF hydrauldic tuxbines by

may be cal cul ated. So Fe O : unpln oto
drai n through gl and wate $°' iutrPW€1 egaﬁpg°of it

i s dissipated as heaﬁnu‘iéﬂﬂ P%Hﬁiéﬂéﬂt%oz%/lsss FIaCRE" Bbudhge! Pated as

heat is defined as _
- Blanche 9 (1954) p449/550, and from BARBILLION.L.

-5 Méthode thermometrique de mesure du rendement

des turbines hydrauliques Revue Generale

del dlectricitd 26 (1929) p487-497.
The theéry of the thermometric or thermodynamic
méthod is as féllows--
ﬁﬁ/' 10 o Eff1c1ency in a. hydrau11c pump for example
may be expressed as _ _ =

Work Done or Wo

Effort W‘

but wi = W; + Losses.

15. _77 = 1 where » p is the pump efficiency
P 1 + Losses

Yo

thus providing one can determine the term Losses ’

SR | | o
20 ;z; may be calcu;atgq. |
Some éf the ehergy that is lost in pumping may go
-to'drain tﬁrouéh,éland water or bearing cooling water
bﬁt thé.majqrity of it is dissipated as heat in the
pumped fluid. . -

25 - The energy dissipated as heat is defined as

A AERL e e



Cp QAT where

i st e -al

Cp is the Specific heat of the Fluid Qﬁis,the Flow [err] T
nperature rise across the punp Hence Losses - [err] where H
[err]

generated head in nmetres. Therefore:- [err] an

‘expressi; that is totally independent of flow, taking Cp.as 4186 and g as-
A have 7p . ~[err] The apgye_equatron issinplified as it
s

fass_rre~ onstant thernodynam c properti

for the punped fluid. The full

el

equatien .is given by Foord.T.R et al. cpghgafometric Method of Measuring.

Efficiency \Water Power. Oct (1964) p432-434. [err]

S pressure; gheb@nper at gpeisVe el speéyti@oheat Dpriss Fuighuge
hei ght; Cp specific heat of water at constant pressure;

[err] the specific

~ volume of water at 4[err]C, 760gmisigthé Fhewnechani cal equival ent of heat. .

2 v

10

15

20

25

AT is the Temperature rise across the pump

Hence ;ggggg = Cp_QaT where H 1is the total
Wo gQH -genérated head in metres.
Theréfore:Q/?/ p =~ ___1___
| | | 1 + Cpar
"gH

an expréssion that is tbtally independent of flow,"
iaking Cp as 4186
and g as 9.8l ve haﬁe,;,ﬁ - N Y

| ‘ 1 + 426.787

H.

The above equation is simplified as it assumes
constant thermodynamic_propérties for the pumped
fluid. The full gquation,is given by Foord.T.R. et

al. Thermometric_Method of Measuring Hydraulic

moosmmmsSsSsoSSsSSmosmooTSTEmEmTETTTTTTTTTT
Vo ‘31‘91"1“'*3°pa(txftu’*EF(Y;‘Vn’*‘zz‘z|}

~shere P is pressure; t temperature; V velocity:

[



The suffixes 1 and 2 refer to the inlet and outlet 5 , respectively.
[err] "and. {err] are thernodynam c factors ‘based on the chosen val ue for
[err] and.are obtained from published charts. The value of [err] for wat
is xerg at 4.Crising to about 0.044 at 15 C. In practice, is usually/f
‘smaPY-and ean be negl ected. 10 Under < he fall owi ng conditions the above|
equation may be sinplified whilst still, retaining a high degree of '
accuracy. Conditi o@s pressuriegadge (hlighco d i opsider
punmp in which: Qthe flowis 400%3%/ hr -S@SHegc?fif%Ol?r%aE???gi ggégg[%?r]
i.s 80% Tenper at ur ecohsitianitd preskhr@; V, the specific volume of water at

4°C, -7'60mxlﬁ Bg; J the mechanical equivalent of heat.
The suffixes .l and 2 refer to the inlet and outlet
5 . respectively. déné ﬂ are thermodynamic factors
based on the chosen value for V; and are obta_ined
from published charts. The v..alﬁe of ¢ for water is
. Zero at 4._'C rising to about 0.044 at 15.C. Iz-a.
.practice,,? is usually small and can be negleéted.
10 '
Under the following conditions the above equation @
-may be simplified whilst still retaining a high
degree of accuracy. | . |
.Cdgditions _
SO S T SRy
10 Ct,K50 € '

2
Formula (;) becomes

. _ - o 1
P -
+ 425.751' (2) :

d 1.0189-0.0041¢,
20 )

Rt

1: we consider a pump in which:
Q the flow is 400m>/hr



# Then from equation (2) above the tenperature rise 5 ?
/ [err] is 0.065[err]C that is 65 niIrPdegrees Celsius. It ichgachggaP;np:-
Ivvlth this estimation of efficiency to know the flow characteristics of the &~
machj ??. 10 _ | According to the invention there is provided a -
‘¢ machine protection nethod conprising; - selecting an unacceptaﬁk%
in efficiency froman ideal Zﬁlciency for the hydraul i c machi ne;
eval uating a protectlon vdl ue for the sel ected unacceptable

d|ffﬂ-'nce AT across a flurd |nlet and f|UId outl et of the hyd
raulic
machi ne,. [err] being evalmmﬁxhiunuydrﬁb 897‘edetermned go

formul a; nonitoring said input and output tenperaturges of the hyd |
raulic
machi ne and devel opi ng an Témperatume|of rf#‘é‘gd@eut & the prot e>c/t ion value --

falling outside a range extendi ng between the prot
i deal efficiency andther frem M‘?W%l () fﬁof%éhee(:ttle%%e\@altuu%ef Py dae 25

5 across the pump,AT is 0.065 °C that is 65 millxdegrees
Celsius.

It is unnecessary with thié estimation of
efficiency to know the flow characteristics of the
machine.

10 _ ' Accnrding tn the invention there is proéided:a \‘)_
| ‘hydraulic machine protection method comprising:; -
selecting an unacceptable deviation in
effidiency from an ideal efficiency for thé hydrauliq
machine.
% 15 .evaluating a protection value for the selected
| unacceptable efficiency._wherein the protection value
comprises the temperatuz‘e dift‘erenc.e AT across a
fluid inlet and fluid outlet of the hydraulic machine, .
_ AT _heing evaluated according to a predetermined.
‘20 formula; o - o
monitoring said input and output temperatures of
the hydraulic machine and developxng an alarnm signal
in response to the protection value falling outside a
range extending be:ween the protection value for the

25 : ideal efficiency and the protection value for the



unacceptable eff|C|ency I n one enbodi ment of the |nvent|on the tenperature
difference T is eval uated according to the formula [err] where 3p is the
efficiency His the head in netres and. t2 the output tenperature of t}T

flurd.t- are” known. 10 T According to another aspect of the. -
|nvén1|on there is provided a hydraulic machine protection nethod [g
conprising: selecting an unaccept ab) e deviation  in efficie cy
froman ideal efficiency for the hydraUIﬁc 15 machi ne; eval uati /

rotection value for e tabl efficienc wherein ths
Brotectlon val ue conp%?ggéstﬁgag hﬁg g?ﬁ f?ﬁ?eﬁ@%é%ﬁ???tdIVIdEd )
fluid inlet and fl ui 0] L ne

the value ~of the q(?'gﬁ’lérﬂe)ﬁt Fg% gemégéﬁglékgcggggefﬁﬁcﬁyd";a{ﬁ i ?ﬂd‘lﬁ'ﬁer%
[err] being eval uat edcese@iflgndot ehe P6eAEE S’ M ned fornula; nonitoring said
I'nput and out put tenperatures of the hydraulic machi ne and devel opi ng an

al arm si gnal 1

Tp= 1.0189-0.0041t,+426 3t

_ . B
where'bp.is the efficiencz H is the head in metres and
t2 “the output temperature of the fluid t are known.

" According to anothér aspect of the invention
there is provided a hydraulic machine protection
method comprising:

selecting an unacceptable deviation in

efficiency from an ideal efficiency for the hydraulic
15 '~ machine; ' |

. evaluating a protection value for the selected

unacceptable éfficiéncy; wherein the ptoteétion value

coﬁprises.the tempefature  difference,ll T across a

U ' fluid inlet and fluid outlet of the.hydraulic machine

20 - divided by the value of the differential pressure

' across fhe hydraulic machiﬁe, A T being evaluated

according to a predetermined formula;

i Aeeemtma s -

monitoring said input and output temperatures of

the hydraulic machine and developing an alarm signal



in response to the protection value falling outside a rrange extending
en the protection value for the ideal efficiency and the protection :

I | deal ly el ectri cal L
ﬁg Fs fromtwo probes are electrically substracted and t.he resultant - -
signall fed into a mcro-processor to evaluate the protection val ue and i
el'ate it with the value range. The signal so produced is then depl oyed as
.a protection value 10 whi ch, deggneing upon its value, wll show when
thevhydraulic machine is working within the correct limits of its_ddesiqgn..
The protection vajye, dgysheestanthé aprosegriaon toakurirtrlhing SHWSni ch
of f the hydraulic nmachine once that value is above or Del OWfafe an%%eS
correct working cegdei oggténdinge betweer. theProramtich V#1Ye vt
fully understood fromthe foll ow ng description given. by. of a
only with referentdead efifitigne¥sand tﬁﬁeacEBﬂB§ﬁ§+%ﬁ dY%g%%gs:$§ |€h:-
20 Figure 1 is a circuit diagramof a differential tenperature
measur enent neansUﬁeccapﬁﬁbﬂécFﬁSﬁCHEVFgé using two termnal integrated
cireutt t%nperature Ideally electrical signals from two probes are’

electrically_substracted and the resultant signal fed
into a micro-processor to evaluate the protection
value and relate it with the value range. The signal
so produced is then deployed as a pro;ection value

10 which, depending ﬁpon its value, will show when the : o/
hydraulic machiné is working within the correct limiés-
of its design. The protection valug develops an alarm
signal to sound an alarm or switch off the hydtaulig
machiné once that value is above-or below safe and

15 correct wo:king‘conditions for the machine.

The invention will be more fully'understood from
the following,description given by way of example only
-w;th reference to the figures of the accompahying
‘drawings in which:-

20 - Figure 1 is a circuit diagram of a differential
'temperéture measurement means for a protection device
using two terminal integrated circuit.témperature
transducer; and _

Figure 2 is a block diagram of a hydraulic

25



J

: hydraullc 25 machi ne
transducer; and Figure 2 is a bl ock di agram of a ’
protectiaon deV|ce gF@ferang now to Figure 1 there is: shown:- The two AD590.

' ture t ransducers *
es shown are two termnal integrated circuit tenpera .
g:égiby 5. °° anal pg dévices P. 0. Box 280 Norwood Massachusetts 02062

duce an output current

Uni ®etd States of Anerica. These transducers pro

proportional to absolute tenperature. F?r supply vol t ages between +4y ap
+30V these. 10 - devi ces act as a”hi gh Tnpedance, constant curren

regul at or passing &ag%gﬁgaggégggggg?$§IS|us The circuit of Figure 1

' it ] Fentral tenperature neasurenents 0@
denonstrates one net
be ngde. 15 [ﬁéféramg[ 6] £8( #1Y ggd 3 Pé?'é?aﬁgg ?,;,f;.“é' Xg'go

anplifier to take into accoeunt nanufac urrn f
thensel ves. - The rmdusmaee\'v\edp.nshtEsv%é_subizohﬁ 8P’ 246 tetminal

integrated circuit temperature transducers made by
5 -  épa1og devices P.0. Box 280 Norwood Massachusetts
02062 United States of America.
- These transducers produce an output current .
- Proportional to absolute-temperature.
| For supply voltages between +4V and +30V these.
Y 10 = devices act as a high impedance, constant currenf
| regulator passing 1 microamp/degtee celsius.
- The circuit of Figure 1 demonsfr;tes one method
by which diffe:ential temperature measurements can
be made. | .
15. . Rl and R2 are used to trim the operational
amplifler to take into account any manufacturing
‘tolerance in the AD590 themselves. -

The modus operandi of the circuit is as follows.

i,/ o - T1 résponds to the fluid outlet temperatuée and
| 20 . T2 respdnds to the fluid inlet temperature of the
machine. - )

.The configuration of T1 and T2 shown produces a
'small current which is a combination of the absolute
temperature difference between T1 and T2 and the

25 unavoidable manufacturing tolerances between AD590



T1 responds to the fluid outlet tenperature and 20 T2 responds.to the
NUi d-inlet tenperature of the machine. The configuration of T1 and T2
produces a small current which is a conbination of the absolute
enper at ure difference between T1 and T2 and the 25 unavoi dabl' e

acturing t.olerances between AD590 -8- (T1) and "AD590 (T2). The ﬁ*ﬁ
-acturing tolerance is corrected by neans of RL and R2. The resulting
‘curpent signal is then converted 5 - 8 into a voltage signal by way of

t He operational anplifier AD741. The device of Figure 2 may be enpl oyed in
t he neasurenent of fgjaﬁhaeamggdcummmce of hydraulic machi nes and rel ated

to their overall protectlon 10 Consi der the exanple of a punp as

referred to above whi chrhe ﬁmmufagﬁuwﬁmg tnﬁegﬁnqgitﬁrqq;mﬁﬁt%g Bferr]C

then it generates at a hydraulic head of 100 netres and an eff|C|ency of

80% a tenperature meamsobf Rl and R2. _

The resulting current ‘'signal is then converted

5 - into a voltage signal by way of the operatlonal

| amplifier AD741. |
The device of Figure 2 ﬁay be employed in the
measurement of relative'performance'of hydraulic
machines and related to their overall proteqtion;

10 S COnsrder the example of a pump as referred to
above which is pumplng water not at 11°c but at 4° C,
then it generates at a hydraulic head of 100 metres
and an efficiency of 80% a temperature rise of
0.058°cC.

15 - If a malfunction in. this pump is such that the
pump now generates a hydraulic head of 200 metres
at an efficiency of 40% then the temperature rrse
will be ..0303°¢.

Thus whilst the head has increased by a factor

20 of two and the efficienéy-has halved the differential

| temperature has increased by a factor of 12.5.
This amplification effect of the change in
running conditions is the basic principle of m:° pump
protection unit.

25 '  Such a system may contain a cost penalty

RPN



0.058[err]C 15 . I'f a mal function in. this punp is such that the
punp . fow ‘generates a hydraulic head of 200 nmetres at an efficiency of 40@@

then the-tenperature rise will -be 0703[err]C. Thus whilst the head has
i ncegased by a factor 200 . of two and the efficiency has hal ved the
di &t ential tenperature has increased by a factor of 12.5. This _

anplification effect of the change in rungLng conditions is the basic
principle of np punp protection unit. 25 - Such a system may
contain a cost pena t he inclusion of pressure

signals into the teLB%?ﬁ?ﬂ%% '?fqagﬁég%ﬁﬁg&éﬁd°§bEEPPFB‘ﬁeﬁigeqb§tith'the
SELLirL S 0 ot A SR BB B i dion.
Provious Lormul ac with Nk ldcRiirdey WP eRd §RBLLELEBR aSPIELhEY Be°
improved by incorporating a pressure signal into the
5 device.
For example again using the previous formulae
with the following pumping conditions.
Generated head 100M efficiency 80% water
temperature 4 degrees differentialjtemperature
\./ 10 0.058%.
| - If the conditions now change such that fhe head
generated is only 50 metres but the_differehtial
temperature is unchanged then the efficiency of the
pump is 67%.
15 ' In this instance a change in pumping conditions
has not prpduced a change in differential temperature
| measurement. | -
If, however, we now incorporéte the diffefential
pressure;signal into the-equation such thét.the
20 . differential temperature signal is divided by the
differential pressufe signal then the following
resdlt is achieved. | |

Case 1

i

4



perature 4 degrees differential tenperature 10 0. 058[err]C If t he
.lfferentlal tenperature is unchanged then the efficiency of the punp

7% 15 - : In this instance a change in.punping conditions has
/. produced a- change in differential tenperature neasurement. |f, homevé?‘

P we nomllncorporate the differential prgssure signal into the equation_such

t hat- the 20 differenti al tenperat e=signal is divided by the
differential pressure signal then the follow ng Eesult is achieved. Case 1
10 - Differential pi¢gFegeatiad TemBSrEFPFErenilaﬁ—Pressure - 100 =
0.58 5 Case 2 Differential Tenperature .58 Differential Pressure
50 = '1.i6 ' ' : . .

100 .= 0.58

Differential Pressure

5 Case 2
pDifferential Temperature 58
Diffefential Pressure = 50 :l = 1,16
10

This change in signal is sufficient to operate -

the control systems.



10 This change in signal is sufficient to operate the control systens.
CLAI MBS 1. A hydraulic machi ne protection nmet hod
conprising:.- 5 selecting = an unaccept abl e devi ati on
ef feci'ency froman ideal "efficiency for the hydraulic machine; eval uatd ng

a fProtection value for the sel ected unacceptable efficiency, whereinfth .
protection value 10 ‘conprises the tenperature difference [err] :
a fluid inlet and fluid outlet of the ﬁyh%anlic machi ne [err] being
eval uated according to a predeterm ned formula; nonitoring said input and
output tenperatures of the hydraulic .nmachine and devel opi ng an al arm

si gnal 15 in response to the protiﬁggﬁﬁ%VaIUe falling outside a range
ext endi ng between the protection val ue —the ideal efficiency and the -
protection value for the unacceptable efficiency. 20. 2. A
hydraul i.c machi ne protection nmethod conprising: S
1. A hydraulic machine  protection method
comprisingsf |
5 ' - selecting an unacceptable deviation in

efficiency from an ideal efficiency for the hydraulic
machine; | - | . —
| ;eva;uating_ a pﬁétectipn“value for Ehe selected
&~) | B unaccepta?le efficiencg, wherein the'protection value
10 . @omprises.the teﬁperature differéncel&f across a fluid
inletland £luid outlet of:the hyd:aulic machine, A T
.being evaluated ééﬁozding‘tb-é predétermiﬁed formula;
| ' monitoring said input and output temperatures of
the hydraulic hachine and'developing an aiarm signal-
15 in rgsponée_to'the ptoteCtiqn valﬁe falling outside a
rahge .extending betwéen the p;otection value for the
ideal e:ficiency and .the protection value for the

unacéeptable efficiency.

20 2. .A hydraulié machine protection method éomprising:

selecting an ﬁnacceptable deviation in

.efficiency from an ideal efficiéncy for the hydraulic
machine; o :

evaluating a protection value for the selected

N



sel ecting an unaccept abl e devi ati on I n efficieﬁcy froman ideal
efficiency for the hydraulic machine; evaluating a protection value for
sel ect ed - 12 - unacceptable efficiency, wherein the protection

% onprises the tenperature difference [err] across a.fluid inlet and-
f N utl et of the hydraulic machine divided by the value of the Iaet
differential pressure 5 across the hydraulic nmachine, A T being

eval uated. according to a predeterm ned_forml a; monitoring said input and
- out put tenperatures of the hydraulic Tadti ne and devel opi ng an al ar m-si gnal

In response to the rotect vaI fal Yietedd tRelBrotectidRdQalue
ext endi ng. betmeen‘f rjtlonlf'?adqen r the Fdeal efficiency and the

‘protection value [gf dip \5?% ﬁéﬂﬁﬂe CigaFeerehce zﬁATnethdses a
claimed in daim1%r s Wereln sald value of [err] is evaluated
according. to the ffdﬁdﬂﬂﬁhﬂéﬁrdndﬂflu1d outlet of the hydraulic machine
dlv1ded by the value of the dlfferentlal pressure
5 | across the hydraullc machzne,tﬂ& T being evaluated
according to a predeterm;ned fo:mula;
monitoring said input and output temperatures of

the hydraulic machine and developing an alarm signal

in response to the protectlon value falling outside a -

10 range extendlng between the protection value for the
 ideal eff1c1ency and the protectlon value for the
‘unacceptable efficiency.

3. A method as claimed in Claim 1 or 2 wherein said

15 ' value-ofxﬁ}ris evaluated according to the formula

L
20 _’7? = ©1.0189-0.0041t, + 425.712
H

where 7P is the efficiency, H is the head 1in metres

_and’-t2 is the output temperature.

* c L M S *



where [err] is the‘efficiency, His the head in netres and t[err] is the
out put t enperat ure. 13 - 4. A hydraul i c machi ne protectio
net hod-substantially is herein described with reference to the acconpa
dr agtngs. 5 5., Apparatus:for carrying out the nethod of
pr ededi ng cl ai-ns, said-apparat.us being constructed and arranged
substantially as herein described ,wth reference to the acconpan
dr awi ngs. - -

4. A hydraulié - machine protection method
subStantialiy is herein described with reference to

the accompanying drawings.

S | S. Apparatus for carrying out the method of any
preceding claims, said apparatus being constructed and
arranged substantially as herein described with

reference to the accompanying drawings.

_—_—
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