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VICTOR KAMCKf
ćkD Blan§ką czechoslovakia

some Results of §hear pin §tress Measurernent§ on the Żarnowiec
Pump-Turbine

Field test measurement§ aimsd at determining actual operating loads of shear pins of the Żarnowiec
;'lrPturbine guide vane linkage are descńbed. The procedurę of dimęnsioning the shear pin with
,::śpect to fatigue using thu§ obtained experimental data is outlined"

l. Introduction

The guide vane linkages of pump-turbines are frequently protected against over-
r]::id§ cau§ed by closure on debris by some properly designed rupture elements, such
al lull rods or shear pins included in guide vane operating levers, However, it is węll
lil_:,]\łT} that in §orne pumpturbines extęnsive problems occurred due to failure of these
tcnents during steady-state operation, see e.9 [1] + [5]. This could be referred to the
;u:: that in dimensioning these elements a design procedure customary for classical
i-.:lines has been applied. In pump-turbines, the dynamic loads of guide vanes during
l*;.:sient operations may be many times higher than the steady loads obtained from
: ,:raulically scaled model tests [1]; Thus, the quasistatic dimensioning procedure
i,:*s not correspond to the actual conditions [7]. Since the maxirnum dynamic loads
n zuide vane linkage appear at some particular transients even the results obtained
]:;Ę tests with special dynamically oriented models (ńgorous hydroelastically scaled
ii:,iels cannot be realized) should be converted io the real machines rvith extreme
u;uon. Some important effects, either general (e.g. hydraulic system resonanes [1])
- :anicular (e.g. actual clęarances [6] or misalignments of distributor elements [8]}
ll!,[-l't be realistically estimated through rnodel tests at all.

The manufacturer of Francis-type pump-turbines fot Żarnowiec Power Plant
lił{Łi l]l]y aware of the above mentioned facts and therefore the problem of dimen_
]łiuiĘr!,$ the shear pins was solved not only by computations. i

2. Preliminary Design of the §hear Pin

, designing a shear pin for the guide vane linkage of the 180 Mw pump-turbine
,lllu1l1,1,i,t_ §trength computations were performed. The data defining the design loading
łtłltrt jerived from the test§ on the corresponding model turbine and from the results
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Fig. 1. Shear pin modified for measuńng purpos€s

' - §train gauges indiceting the shear lodding (fu[-brideF

@nn€tion u*d), 2 - §train gauge§ indicating bending

(two half-bridge mnnmtions u*d)

of field measurements on similar, already operatmg machines. The design strength

was derivęd from standard shear strength validated for the applied shear pin matęrial

(a cast iron type). The preliminary design resulted in a 100 mm diameter pin with

a 15 mrn nońń depth (see the basic outline in Fig. 1). Thereafter, the accepted basic

shear resistancę was verified experimentally.,Two set§ of produced shear Pins (each

sęt comprising seven pins selected at random) were tested u§ing a special jig adoPted

for a cónventional testirtg machine. The mean value of the total shea1 resistane

force'(900 kN) obtained in such a way corresponds well to tlrat used in the prelimi,

nary design. With re§pect to unccrtainties in &eoretlcally predlctmg the actuat

guióe vanó tnkage clynamic loads, refining fatigue strength analysis required for linal

Óimensioning of the shear pin notch was postponed until somę relrable data from

field test measurements on the machines were available. '

3. Field Test Measurement§

The operatirrg loads of shear pins were investigated within the scope of meł
surements carried out during the comissioning tests, Four specially adapted shear

pins were used at guide vanes equally circumterentially spaced m order to get a re
liable estimation of the shear pin d".ign loads. These shear pins (Fig. 1) wóre Proń
ded with cylindrically shaped rece§§es for the installation of three strain gauge s1-

§tems, namely one for sensing the shear deformations and two for checking the levd]

l
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§orne Re§ult§ of shear.pin §t

:d bending. For signal conditloning 5 k}lz carrier frequency measuring amplifiers
m:ń low-pass filters were used, Four of 18 channels of the UV-oscillograph engaged
:r. commissioning test measurements were re§erved to record the signals;

The shear pin loads were investigated in a broad range of operating conditions,
ri,,sn outside the normal range of steady state operation. Measurements were carried
:i;t at partialloads in turbining for 11 values of distributor openings (from 40 to 100
rr---ent) and in pumping for 9 opening§ (from 40 to 90 percent). Wii.h few exceptions,
,ne whole set of possible mode change§ was investigated. All tests wefe run at t: :
mrtimum, mean and minimum'heads.

4. Analysis of the Results of lVtreasurements
t

The records of strain gauge output signals were divided in.an adequate number
m" iections, with the aim to make it possible to analyze signals in each section
is qua-si-stationary processes with ęliminated trends in rnean values. In each sectiono
;:,,,ering a cettain, well defined płrase of unit ope{ation, the average mean values
.:*i predominant fluctuating component§ of signals were evaluated. Thus, for each
nil"łse of the unit operation, steady mean stre§ses in shear pins and the numbers of
m"dominant load cycles with the respective peak-to-peak stresses were determined.
;:r each phase, the set of obtained on the instrumented shear pin with the overall
nLghest load intensity was selected as representative for the final estimation of the
lesign loads

A selection of representative shear pin §tresses, which may be considered as being"
ii!,n,reme for some typical operating conditions of the pump-turbine at the maximum,
rean and minimum heads is presented in Table 1.

5. Final Dimensioning of the Shear Pin Notch

The final dimensioning of the shear pin notch was ba,sed on a simplified fatigue
;:::ngth analysis. For each investigated phase of pump-turbine operation. from the
mrae representative stress data sets obtained at characteristic heads, that one was
;aląted as the respective design stress data set, which was estimated as the most
npificant in the fatigue life prediction (e.g. see Tab. 1). This approach rvas used
TĘi&t§e no reliable prediction of the time extent of operation at various heads coulcl
t 

=ade.For the theoretical shear in fatigue lit'e prediction, the real loading spectrum has
.J t appropriately described. In the problem under consideration a block §pectrum

''rm:łłng representation was used with individual load blocks deduced from the design
mr,,css data setś (with certain sirnplifications). Based on the experience, a compound
mru,cmg block spectrum (M) rvith the following structure was used to simulate the
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Tablę 1

some Results of Measurements

characteristic op€rating
conditions

T - turbining
P -- pumping

Measured stresss (m€an di, peak-to-peak żr"} Assumed design valum
Block
type

[MPa]
2ao

[MPa] [MPa]
2oo

[MPa] [MPa]

)a

[ti{Pa] [MPł] IMPa]
number of

cycles

T - slań-uP
T - stationary
T - shutdown
T - shutłown

48

44

39

l8

3

6
1z

28

Ą2

43

23

lą
0
4

l0

42

42

34
lU

26

2

l8
l2

48

44

34

l8

11

l
9

6

l20
rcnt.
520
8to

oT
T

T01
T02

T - losd ,€jrction
T -- emtrBency shut-down

38

30

50
70

20

t5

62
,I8

26

24

70

8ó

26

ż4
35
43

l4
9

TR
TE

P - star&up
P - §tationary
P shutdo*n

25

z?-

48

zż.

z
79

28

27

55

34

2

?0

3,1

31

50

44

z
56

37

3l
48

22

1

39

4l
6nt

5

oP
P

Po

P ,, emergency

shut-down
66

42

8ó

40

50
ln

84

28

45

38

1z
26

66

42

43
20

8

2l
PEl
PE2

P- T diffit
chang€-over

58

u
88

35

57
<,

E3

3,|

57

Ą9

?4
30

58

52

44

l8
J

ó8

PTl
PT2

unit monthly operation:

M :|28 A + Il2 B + t6 C + 2D + 2E + 2 F.

Here
A : LQT)k +' (T),. +' (ro)k
B: I(oP)o+I(Ph+I(PO)ł
C : uiJP),, + I(PL + I (.Pr)ł + I(Th + I(roh
D: 

'(oT)e+r(7)ł+I(rRhE :Z,@Ąr+r(T)k+I(?E)Ł
F : r(oP)* + I (P), + r(PE)ł

denote the loading block spectra corresponding to normal turbining cycle (,,{L

normal pumping cycle (B), operation cycle involving direct pumping-turbining modc

change (C), turbining cycle§ involving full load rejection (D) or emergency shut-doul
(E) and pumping cycle with ęmergency shut-down (Ą. The notation of individual
load steps, e.g. (OTh, or individual load block§, e"g. 

'(OT)*, 

is obvious from Table l_

The fatigue limits for the shear pin material were e§timated to be at least

o": *80MPa (symmetrical cycle) and oc:52*52MPa (pulsating cycle). Tbl
fatigue limits for the shear pin, taking into account the size and surface qualiry

effęcts and stres§ concentration were determined to be at least o"* : * M MPa - fcr,

a symmetrical loading cycle, o"* : *29 MPa - for a pulsating loading cycle. FG.
estimation of the influence of the load-cycle asymmetry. the Haigh's diagram wari

constructed (Fig. 2). Here the points representing the load steps specified in Table l!

are ihdicated by dots. 
i

In predicting the fatigue life, the Miner's rule of cumulative damage was applied-i

However, it is assumed [9] that only those loading cycles contribute to fatig!

i



Some Results of §hear Fin Stress Measurements... 89

PTl' o
PE1

+\pTl fpr 
1

oP+Ę

TtE żone ol ęeroting
conditions not consi*rtd
in delerminotion of lite
expectoncy bythe |1inel's lule

50 lm

Fig. 2, Haigh's diagram

,f,ifini,:qge whose dynamic stress component-amprlrude exceeds 80 percent of the fatigue
ilnnnrl et the respective load cycie a§ymmetry (see Fie. 2). The damage D, for n, cycles
illll :tE i-th stress amplitude level is given by

o1

m3

Dr: fl'

Ni
włLnn": _§, is the number of loading cycles to shear pin fracture at this level. The

of compound loading blocks;;mm m;led fatigue life expressed through'the number
! ,!Ą * łircn hrlW, m eiven by

, l-_ 1-1Au:I ID, l|-i J
"ur ńe case under consideration the computation§ re§ulted in

Au: 15,8,

:L-lrTesponded to a shear pin fatigue life prediction of about 16 months of the
rurbine continuous operation.

]hcn,efore the depth of the notch was decreased in order to dęcrease.the stress
łnd calculations were repeated. For a notch depth of 12 mm, a reasonable

lLife

Au: I33

,ml:ut l l years, was obtained. In Haigh's diagram (Fig. 2), the points, representing
rr* load steps are indicated by crosses.
.J*rmsequently, it was recommended to manufacture the shear pins with this notch

mł1 to ensure ręgular replacements of shear pins in all units in ten-year periods.
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Proper notch r1imensions of shear pins of the guidevane linkage for pump-turbines
of the Żarnowięc Power Plant werę determined using a fatigue strerrgtń analysĄ
based on operating load spectra obtained in field test mea§urements. It can be con_
cluded that only such a procedure (preferably refined) €nsures a reasonable com-
promised betwęen the static and fatigue shear pin strengths needed for safe pro.
tection of the guide vane,
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Nięktóre wyniki pomiarów naprężeń w kołkach ścinanych
pompoturbiny dla elektrowni w Żarnowcu

st reszczen ie

Jest rzeczą znalą, że niektóre pompoturbiny uległy poważnynr uszkodzeniom na skutek złamanił
jednego po drugim, kilku kołków bezpiecznikowych ścinanych. Kołki ścinane mają za zadanie chroni:
rozdńęlacz przed, przeciążeniem, spowodowanym dostaniem się obcych ciał pomiędzy łopatki kierownic.t.
Jednakże w pompoturbinach, gdzie występują duże obciążenia dynamiczne, kołki te mogą być ptzyczylĄ
powaŻnych awarii. Powodem jest to, że przy ich wynriarowaniu stosuje się metody projektowania taki
jak dla klasycznych turbin. W pornpoturbinach dynamiczne składowę obciążenia mogą być,w stanaó
nieustalonych nawet kilkakrotnie większe niż ustalone cbciążenia otrzymane z prób modelowych_pra
prowadzonych w odpowiedniej skali hydraulicznej. 'Iak więc procedura qua§i-§tatycznego wymiarowanir
nie odpowada warunkom rzeczywistym. Ponieważ maksymalne obciążenia dynarniczne pojawiają n;
w niektórych stanach przejściowych nie da się ich wyznaczyć z możiiwą do przyjęcia rlokładnością zł
ponlocą hydraulicznego modelowania w ska|i.
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producent pompoturbiny Francisa dla elektrowni w zarnowcu był w pełnl świadom tych faktów,

l tego względu problenr wy}iaro*ania kołków ścinanych rozwiązano nie tylko prżez obliczelia, a|e

,:ońeż,u-po*ó.ą pomiaórv w warunkach normalnego użytkowania. pomiary naprężeń w kołkach

:,ezpiecznikówych ścinanych przeprowadzgno w caĘm zakresie warunków pracy włącznie ze stanami

::zejściowymi. o§tatecznęgo ich wymiarowania dokonano opierając się na zmierzonych wartościach

::,prężeń i własnościach zmęczeniowych zastosowanego materiału,' 
w p.u"y opi§ano p.r.pio*u.lrone pomiary, przed§tawiono niektóre z otrzymanycll wyników, pro_

,,.,]urę *y,miarówania kołków ścinanych oraz wnioski co do ich konstrukcji.

Henoropue p€3yJIbTaTLI n3MepeHtrf, HanpfxeHilfi B cpe3blBaeMbrx rIITtłOTax

HacocoTyŃxHbl g.lrff 3;reKTpocTaHqril n Xapnonqe

Petrcve

,fis;1rercg I6BecTIłbIM, qTo Hel{oTopble xacocoryp§}lHb, IIoABepI,źUIllcb 3HaqI{TęJIIHLIM noBpe-

{:-HI{JIM BBLlAy cJIoMaeHIlr, oAllH 3a .4pyroM, HecKoJIbKIłx cpe3blBaeMhlx [p€AoxpaHlłTe.nlxrrx nrrrsror,

:"uaqefi cpe3blBaeMblx rrrraQToMBJI{eTc, npeAoxpaEerrue pacnp€AexlłTen, npoTIłB Tleperpy3re, BbI,

:sć_Ęroż ilonaAaHl{eM qyx[x Tey1 MexAy noIraTKIł lłanpaBJlrloulero afinapaTa, OArraKo B HacocoTyp_

:.r::_łx, rAe BblcTynaroT 6orrrrule ALtHaMuII@Kue Harpy3KIł, aru rurnQrn r"roryr 6lrrr npułurroi cepsósrrrrx

__];pnt. f[oaoAoIrł ,BIreTc, To, qTo ollpeAeJrri ux_ pa3M§pbl npilMeHrloTc, npoeI(THBIe MeToAH Tarne

rjI ł.tff KJra@rłqec1l{x ryp6nx. B uacocoryp§fifiax AugaMuqec11ne cocTaBJr,}olłne Harpy3KIł MoryT

]{:3aTbc, B HeycTaHoBllBlltttxc, cocTof,rłIlrx Aaxe Becl(oJrb1o pa3 $olrrrruun qeM ycTaHoBIrB[Iafc,

,jj-\31a, onpe,{erćrrga, MoAeJIBIlbtMll EcnbtTaH[trMIł, npo3eAćHIrbIMIł B cooTBeTcTByrolIeM rrłA-

}ł_lTlłqec(oM uacrura§e. Taxrłu o6pasoM lrpoueAypa KBa3ucTaTlłqecxoro o[peAeJreH[, pa3MepoB rre

..;śqaeT AeficTBuTeJtbHhIM yc.jloBllrM. Tar xar MaxcnMaJIbEa, A[HaMrłqecxa, Harpy3ra IIo,B!ffeTc,

i !,e1oTopblx nep€xoAHblx cocTorgarx, HeT Bo3MoxHocTIl Iłx oup€.ĘeJlel{u, c Bo3Mcxnofi An' rrpu€Ma

- 
: u3ocTblo nplł IIoMouIrr r[lJIpaBJII{qecKoro MoIeJInpoBaB[' B MacErTa6e,_

ilporłrro4utelb lracocoT}p6ulrbl ope'cuca An, 3JręxTpocTallqnrr B XapNoaue 6rrn anolHe cosga-

-LjeH gTłlx Qaxroa. no srołry IroBoAY npo6neMa o,,p€AeneH* pa3M€poB cpe3blBaeMhlx ruTIłOToB

"fi:_i_]acb He Tojrbro nyTćM pacqćToB, Eo Taxxe c noMoulbro lł3Mepeuufi B ycJloBr{,x HopMtUIbHoro

:T,: ;pę§negnf;. łlrvepeuur fianprxe11nfi B npeAoxpaalrTeJlbgb1x cpe3blBa€MbD( uITnQTax [pol3Bo,Ęł,Ircb

ł :ć]oM Alla[a3ol{ile ycnoBrłń pa6oTBI, BxIIoqa, [epexoAHbre cocToflHlłr. oxorrqarenrHoe onpc.IleJleHfie

rl fa3MepoB npo}l3oIIIJIo,ła o;HoBe li3MepćHHbrx 3xaqennź HauprlKexufi tł ycTaJIocTEbIx cBofrcTB IIprł_

oj'--leMoro MaTep[aJra.
B paoore onrłcaHhl npoIł3BeAÓHHbIe n3MepeHlrr, upeAcTaBIelłbl H€I(oTopbIe Ił3 noJryq€rrHblx pe3ynb-

'i_:ts. flpollęAypa onp§AeJIeHIł, pa3MepoB cpe3btBaeMbtx ilITrłOToB, a TaKxe BbrBoAbl oTHocrTeIbHo

.:- rjHcTpyxulłlł.


