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VICTOR KANICKY

€K D Blansko, Czechoslovakia

Some Results of Shear Pin Stress Measurements on the Zamqwiec
Pump-Turbine

Field test measurements aimed at determining actual operating loads of shear pins of the Zarnowiec
sump-turbine guide vane linkage are described. The procedure of dimensioning the shear pin with
mspect to fatigue using thus obtained experimental data is outlined.

1. Introduction

The guide vane linkages of pump-turbines are frequently protected against over-
oads caused by closure on debris by some properly designed rupture elements, such
us pull rods or shear pins included in guide vane operating levers. However, it is well
tmown that in some pump-turbines extensive problems occurred due to failure of these
sements during steady-state operation, see e.g.. [1]=-[5]. This could be referred to the
et that in dimensioning these elements a design procedure customary for classical
urbines has been applied. In pump-turbines, the dynamic loads of guide vanes during
ransient operations may be many times higher than the steady loads obtained from
twdraulically scaled model tests [1]- Thus, the quasistatic dimensioning procedure
“ses not correspond to the actual conditions [7]. Since the maximum dynamic loads
W guide vane linkage appear at some particular transients even the results obtained
“om tests with special dynamically oriented models (rigorous hydroelastically scaled
models cannot be realized) should be converted to the real machines with extreme
sution. Some important effects, cither general (e.g. hydraulic system resonances [1])
w particular (e.g. actual clearances [6] or misalignments of distributor elements [8])
wmmot be realistically estimated through model tests at all.

The manufacturer of Francis-type pump-turbines for Zarnowiec Power Plant
was fully aware of the above mentioned facts and therefore the problem of dimen-
waming the shear pins was solved not only by computations.

2 Preliminary Design of the Shear Pin

‘a designing a shear pin for the guide vane linkage of the 180 MW pump-turbine
Wil strength computations were performed. The data defining the design loading
weme derived from the tests on the corresponding model turbine and from the results
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Fig. 1. Shear pin modified for measuring purposes

1 — strain gauges indicating the shear loading (full-bridge

connection used), 2 — strain gauges indicating bending
(two half-bridge connections used)

of field measurements on similar, already operating machines. The design strength
was derived from standard shear strength validated for the applied shear pin material
(a cast iron type). The preliminary design resulted in a 100 mm diameter pin with
a'15 mm notch depth (see the basic outline in Fig. 1). Thereafter, the accepted basic
shear resistance was verified experimentally. Two sets of produced shear pins (each
set comprising seven pins selected at random) were tested using a special jig adopted
for a conventional testiig machine. The mean value of the total shear resistance
force (900 kN) obtained in such a way corresponds well to that used in the prelimi-
nary design. With respect to uncertainties in theoretically predicting the actual
guide vane linkage dynamic loads, refining fatigue strength analysis required for final
dimensioning of the shear pin notch was postponed until some rehable data from
field test measurements on the machines were available.

o4

3, Field Test Measurements

The operating loads of shear pins were investigated within the scope of mea-
surements carried out during the comissioning tests. Four specially adapted sheas
pins were used at guide vanes equally circumterentially spaced mn order to get a e
liable estimation of the shear pin design loads. These shear pins (Fig. 1) were provi-
ded with cylindrically shaped recesses for the installation of three strain gauge sy
stems, namely one for sensing the shear deformations and two for checking the leve!




Some Results of Shear Pin Stress Measurements... 87

of bending. For signal conditioning 5 kHz carrier frequency measuring amplifiers
with low-pass filters were used. Four of 18 channels of the UV-oscillograph engaged
= commissioning test measurements were reserved to record the signals.

The shear pin loads were investigated in a broad range of operating conditions,
=ven outside the normal range of steady state operation. Measurements were carried
et at partial loads in turbining for 11 values of distributor openings (from 40 to 100
percent) and in pumping for 9 openings (from 40 to 90 percent). With few exceptions,
‘e whole set of possible mode changes was investigated. All tests were run at ti 2
maximum, mean and minimum heads.

4. Analysis of the Results of Measurements

L

The records of strain gauge output signals were divided in- an adequate number
W sections, with the aim to make it possible to analyze signals in each section
5 guasi-stationary processes with eliminated trends in mean values. In each section,
sovering a certain, well defined phase of unit operation, the average mean values
wad predominant fluctuating components of signals were evaluated. Thus, for each
anzse of the unit operation, steady mean stresses in shear pins and the numbers of
sredominant load cycles with the respective peak-to-peak stresses were determined.
#ur each phase, the set of obtained on the instrumented shear pin with the overall
m,.heat load intensity was selected as representative for the final estimation of the

flesign loads.

A selection of representative shear pin stresses, which may be considered as being

=xireme for some typical operating conditions of the pump-turbine at the maximum,
mean 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 based on a simplified fatigue
wrength analysis. For each investigated phase of pump-turbine operation, from the
liree representative stress data sets obtained at characteristic heads, that one was
wiected as the respective design stress data set, which was estimated as the most
senificant in the fatigue life prediction (e.g. see Tab. 1). This approach was used
seczuse no reliable prediction of the time extent of operation at various heads could
% made.

For the theoretical shear in fatigue hte prediction, the real loading spectrum has
w %e appropriately described. In the problem under consideration a block spectrum
weding representation was used with individual load blocks deduced from the design
smess data sets (with certain simplifications). Based on the experience, a compound
wsding block spectrum (M) with the following structure was used to simulate the
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Table 1
Some Results of Measurements
Characteristic operating Measured stresses (mean o,,, peak-to-peak 20,) Assumed design values

conditions . = Biock

T — turbining O 20, O 20, o 2e, O o, number of | type

P — pumping [MPa] | [MPa] | [MPa] | [MPa] | [MPa] | [MPa] | [MPa} | [MPa} cycles

T — start-up 48 34 28 14 42 26 48 17 120 OoT

T — stationary 44 3 42 0 42 2 44 1 cont. T
T — shut-down 39 6 43 4 34 18 34 9 520 TO1
T — shut-down 18 12 23 10 16 12 18 6 810 T02
T — load rejection 38 50 20 62 26 70 26 35 14 TR
T — emergency shut-down 30 70 15 78 24 86 24 43 9 TE
P — start-up 25 22 28 34 37 44 37 22 41 OP

P — stationary 22 2 27 2 31 2 31 1 cont. P
P — shut-down 48 79 55 70 50 56 48 39 5 PO
P — emergency 66 86 50 84 45 72 66 43 8 PE1
shut-down 42 40 40 28 38 .26 42 20 21 PE2

P— T direct 58 88 57 83 57 74 58 44 3 PT1
change-over 44 35 52- 37 49 kit] 52 18 68 PT2

unit monthly operatibn:
M=1284+112B+16C + 2D + 2E + 2 F.

Here -
A=Y (0T)+ 2 (T) + ). (TO),
B =) (OP).+ ). (P) + ). (PO),
C= Z(OP)k+Z(P)k+Z(PT)k+Z(T)k+Z(TO)k
D =Y (0T)+ X (T)+)(TR)
E=Y(0T)+X (Th+2(TE)
F =Y (OP),+ Y. (P). + X.(PE),

denote the loading block spectra corresponding to normal turbining cycle (AL
normal pumping cycle (B), operation cycle involving direct pumping-turbining mode
change (C), turbining cycles involving full load rejection (D) or emergency shut-dows
(E) and pumping cycle with emergency shut-down (F). The notation of individual
load steps, e.g. (OT),, or individual load blocks, e.g. Y (OT),, is obvious from Table

The fatigue limits for the shear pin material were estimated to be at lm

= + 80 MPa (symmetrical cycle) and o, = 52+ 52 MPa (pulsating cycle).

fatlgue limits for the shear pin, taking into account the size and surface quali
effects and stress concentration were determined to be at least 6. * = +44 MPa — fi
a symmetrical loading cycle, o.* = +29 MPa — for a pulsating loading cycle. F
estimation of the influence of the load-cycle asymmetry the Haigh’s diagram
constructed (Fig. 2). Here the points representing the load steps specified in Table &
are indicated by dots.

In predlctmg the fatigue life, the Miner’s rule of cumulative damage was appli
However, it is assumed [9] that only those loading cycles contribute to fati
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10 The zone of wemtim
: o1 conditions not considered .

102 in determination of life
i P T expectancy by the Miner's rule
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Fig. 2. Haigh’s diagram

sumage whose dynamic stress component amputude exceeds 80 percent of the fatigue
Lt at the respective load cycle asymmetry (see Fig. 2). The damage D, for n; cycles
W e i-th stress amplitude level is given by

whess N, is the number of loading cycles to shear pin fracture at this level. The
weticted fatigue life expressed through the number of compound loading blocks
B = given by

l , AM=[ZijDi]f1.

‘n the case under consideration the computations resulted in
Ay = 158.

s corresponded to a shear pin fatigue life prediction of about 16 months of the
Juemp-turbine continuous operation.

Therefore the depth of the notch was decreased in order to decrease the stress
mets and calculations were repeated. For a notch depth of 12 mm, a reasonable
e life

Ay =133

j about 11 years, was obtained. In Haigh’s diagram (Fig. 2), the points, representing
M mew load steps are indicated by crosses.

_mmseguently, it was recommended to manufacture the shear pms with this notch
#ad to ensure regular replacements of shear pins in all units in ten-year periods.
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6. Conclusion

Proper notch dlmensmns of shear pins of the guidevane lmkage for pump-turbines
of the Zarnowiec Power Plant were determined using a fatigue strength analysis,
based on operating load spectra obtained in field test measurements. It can be con-
cluded that only such a procedure (preferably refined) ensures a reasonable com-
promised between the static and fatigue shear pin strengths needed for safe pro-
tection of the guide vane. :

. References

[1] Swift W. L., Whippen W. G., 4 Study of the Effects of Dynamic Loads in Reversible Pump/Turbine.
Proc. of the Eight Symp. IAHR, Leningrad 1976.

[2] Fujisaki M., Large Pump-Turbines in Japan Achieved by Toshiba. In: Toshiba Pump Storage Power
Plants — Spec. Ed. for Symposium at Leipzig Messe, 1976.

[3]1 Beducci G. at al, Commissioning and Efficiency Measurement in Modern Hydro-Electric Generating
and Pumping Units: Comparison with Laboratory Measurements. In: Proc. Symposium IAHR —
Operating Problems of Pump Stations and Power Plants, Amsterdam 1982.

[4] Schmidt J, Sondermann K., Erste Erfahrungen im Pumpenspeicherwerk Ronkhausen. Elektrizitits-
wirtschaft, Jg. 69 (1970). Heft 10.

[5] O’Brien J. T, Swift W. L., Field Investigation and Reduction of Wicket Gate Vibration in a Francis-
-Type Reversible Pump-Turbine. Journal of Fluids Engineering, Trans. ASME, March 1974, pp. 16—20.

[6] Fischer G., Raithel F., Paper on vibration phenomena during change-over from one mode of operation
of pump turbines to another. In: Joint Symposium on Design and Operation of Fluid Machiners.
Proc. Vol. 11, Colorado State Univ. Fort Collins, 1978.

[7] Grein H.,, Baumann K. M., Commissioning problems of a large pump-turbine. In: Water Power
and Dam Construction, December 1975.

[8] Ginalski J, Rolinski Z., Influence of guide-vane-setting on the dynamic behaviour of pump-Turbines
(in Polish). In: Conference Proc. — Hydroforum’80, Part I, Porabka-Kozubnik 1980.

[9] Bily M. et al., Strength of Structural Components and Materials Dynamically Loaded (in Czech.),
VEDA, Bratislava 1976.

Nigktore wyniki pomiaréw naprezen w kolkach Scinanych
pompoturbiny dla elektrowni w Zarnowcu

Streszczenie

Jest rzecza znang, ze niektére pompoturbiny ulegly powaznym uszkodzeniom na skutek zlamania
jednego po drugim, kilku kotkow bezpiecznikowych Scinanych. Kolki cinane maja za zadanie chromis
rozdzielacz przed przeciazeniem, spowodowanym dostaniem si¢ obcych ciat pomiedzy topatki kierownicy:
Jednakze w pompoturbinach, gdzie wystepuja duze obciazenia dynamiczne, kolki te moga byé przyczyne
powaznych awarii. Powodem jest to, ze przy ich wymiarowaniu stosuje si¢ metody projektowania takie
jak dla klasycznych turbin. W pompoturbinach dynamiczne skladowe obciazenia moga byé'w stanach
nieustalonych nawet kilkakrotnie wigksze niz ustalone obcigZenia otrzymane z prob modelowych prze-
prowadzonych w odpowiedniej skali hydraulicznej. Tak wigc procedura quasi-statycznego wymiarowanis
nie odpowada warunkom rzeczywistym. Poniewaz maksymalne obciazenia dynamiczne pojawiaja s
w niektorych stanach przejSciowych nie da si¢ ich wyznaczy¢ z moziiwa do przyjecia doktadnoscia za
pomoca hydraulicznego modelowania w skali.
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Producent pompoturbiny Francisa dla elektrowni w Zarnowcu byt w pelni §wiadom tych faktow.
Z tego wzgledu problem wymiarowania kotkow $cinanych rozwiazano nie tylko przez obliczenia, ale
-5wniez za pomoca pomiardw w warunkach normalnego uzytkowania. Pomiary naprezen w kotkach
sezpiecznikowych $cinanych przeprowadzono w calym zakresie warunkow pracy wiacznie ze stanami
przejéciowymi. Ostatecznego ich wymiarowania dokonano opierajac si¢ na zmierzonych wartosciach
=aprezen i wlasnosciach zmeczeniowych zastosowanego materiatu.

W pracy opisano przeprowadzone pomiary, przedstawiono niektére z otrzymanych wynikow, pro-
s=dur¢ wymiarowania kolkow $cinanych oraz wnioski co do ich konstrukgji.

HekoTopbie Pe3yJIbTaThl E3Mepennii HanpsuKeHuii B CPe3bIBAEMBIX mrudTax
HACOCOTYPGHHLI 115 JieKTpocTanmun B JKapHoBie

Pesrome

SBNSeTCS M3BECTHBIM, 4TO HEKOTOPBIE HACOCOTYPOMHBI MOABEPIajHCh 3HAYMTEILHBIM TOBPE-
SIcHESM BBUZY CJIOMJICHHS, OJIAH 32 IPYTOM, HECKOJIBKHX CPE3bIBAEMBIX IIPEAOXPAHUTENIBHBIX wtTHdTOB.
Jzmaueil CPe3BIBAEMBIX LITH(TOB ABJIACTCSH MPESOXPAHEHHE PACHPENCIMTENA NPOTHUB neperpyske, Bbl-
JsamEHOM MOTAJAHMEM HYKHX T MEXAY JIONATKA HANPABISIOWICrO anmapara. OnHaxo B HacoCOTyp-
fw=ax, TI€ BhICTYNAOT OONbIUME MMHAMMYECKUC HATPY3KH, 3TH WTH@THI MOTYT GBITH IPUUMHO CEPHEIHBIX
wszpuit. [TOBOJIOM ABJISETCA TO, YTO ONpENEAs MX PA3MEPHI IIPHMCHAIOTCA MPOCKTHRIC METOIbI TaKHe
sir [UIS KIACCHYECKHX TypOmH. B HacocoTypOMHAX AWHAMHYECKHE COCTABJSIOIIME HArPY3KH MOTYT
w23aThC B HEYCTAHOBMBIIMXCS COCTOSHMSIX [aX€ HECKOJIBKO pa3 GOJBIIMMH YEM YCTAHOBHUBILIAACS
sarpy3ka, ONpeAeEHHAd MOJENbHBIMM HCIBITAHUAMY, NPOBEIEHHBIMUA B COOTBETCTBYIOIIEM TIHA-
e=tueckoM MacinTabe. Takum 06pa3oM MpoUEAYPA KBa3MCTATHYECKOTO ONPEACTICHUS PasMEpOB He
—seqaeT NeHCTBHTENbHBIM ycaoBmsaM. Tak Kak MakcUMaibHad IWHAMHAYECKAs HArpy3Ka TOSBISETCH
4 =XOTOPBIX NEPEXO/IHBIX COCTOSHUAX, HET BOSMOXHOCTH HX ONPENEIICHHS C BO3MCXHOH Ui MpuEMa
SI=HOCTBIO IPH TIOMOIIH THAPABJIMYECKOr0 MOJCIMPOBAHUA B maciirtale.

TTpou3BOAMTENb HACOCOTYPOHHBI PPEHCHCA /ils NICKTPOCTAHIIAH B XKapHosue ObL1 BNOJIHE CO3HA-
wemem 5TEx ¢akTos. ITo sToMy moBoxy mpobiema ONpencseHus pasMcpoB cpe3biBaeMbIX WTHPTOB
pemanach He TOJBKO MyTEM Pacu€ToB, HO TaKKe C MOMOIIBIO HIMEPEHHH B YCIOBHSAX HOPMAJIBHOTO
soTpebnenus. VisMepenns HanpAKeHUH B NPCAOXPAHUTENBHBIX CPESRIBACMBIX HITA(TaX TPOU3BOINIINCH

) pEToM JUana3’oHHue yCJ'[OBHﬁ paﬁo‘rm, BKJIFOYAs NMEPEXOHBIC COCTOSHUS. OKOHYATENBHOE OINPCACIICHHE

#% pasMepoB TIPOH3OLLIO HA OCHOBE H3MEPEHHBIX 3HAUCHEH HANPSHKEHUH W YCTAJOCTHBIX CBOMCTB HpH-
ME=SSMOTO MaTepHaia. .

B pa6oTe ONMCAHE! POM3BE/EHHBIE H3IMEPEHHs, TIPEICTAB/ICHB! HEKOTOPLIC H3 MOJTYHCHHBIX pesyJib-
“s708, IPOLEAYPA ONPENENEHNs PAa3MEPOB CPE3BIBAEMBIX IITH(HTOB, & TAKKE BBIBOALI OTHOCHTEJILHO
W8 FOECTPYKIMM. -



