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Abstract

A general method is proposed for elastic stiffness analysis of the leaf type holddown springs us-
ing only the geometric data and Young’s modulus of the springs. In this method, an engineering
beamn theory and Castigliano’s theory are applied to elastic stiff analysis of the leaf type holddown
springs. To show reliability and effectiveness of this method, the elastic stiffness from the proposed
method is compared with test results and from the comparison, the proposed method has been
proven to be effective for estimating the elastic stiffness of the leaf springs.
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1. Introduction which is stuck to the top of the fuel assembly. First, it
prevents perpendicular drag upon the fuel assembly
There are two functions of the holddown spring which is caused by coolant flow in reactor core dur-
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ing plant operation. Second, it can receive thermal
expansion difference between reactor and fuel as-
sembly structure and neutron irradiation growth of
the fuel assembly. The holddown spring should be
designed for possessing enough stiffness and force of
restitution to maintain spring function during the lif-
ecycle. It is of very important consideration in spring
design to understand elastic stiffness of the leaf type
holddown spring because elastic stiffness is one of
the basic parameters affecting the characteristic curve
of the holddown spring. However, it has not been
easy to analytically obtain the elastic stiffness of leaf
type holddown spring because its shape and struc-
ture for most fuel vendors is not geometrically arran-
ged as shown in Fig. 1, and it is composed of 3 or 4
leaf springs. So Westinghouse company') developed
experimental correlations on the elastic stiffness of
each leaf spring from much experience of designing
and manufacturing, and they applied it to designing
of their own leaf type spring. The KWU company in
Germany?) each considered the leaf spring as a sim-
ple cantilever, obtained elastic stiffness of each leaf
spring, and then they used this analysis in the pri-
mary design of leaf type holddown spring. Recently
some researchers®’) have studied stiffness analysis of
leaf type holddown by using finite element method.
But these methods are so simple and difficult for
predicting the characteristics of holddown spring
when spring design change is requested that a gen-
eral method to enable prediction of the elastic stiff-
ness of leaf type holddown springs is required. In this
paper, considering the comparatively large slender-
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Fig. 1. Leaf Holddown Spring

ness ratio of leaf spring, the general method enabling
the prediction of elastic stiffness for assembled leaf
spring and each leaf spring was proposed. This met-
hod is based on the engineering beam theory and
Castigliano’s theorem.

2. Theory

2.1. Each Leaf Total Strain Energy by the Bend-
ing Moment

Assuming frictionless contact on each leaf, loads
acting on each leaf are like Fig 2. and elastic strain
energy{U) due to bending moment on each leaf can

be obtained as follows.
Urorar = U, +Un';Um+ Un
v .
% f 7%["5 m
Here, 1, II, I, IV represent the region in Fig 2.
2.1.1. Bending Moment and Inertia Moment at

Each Region
Bending moment and inertia moment at each re-
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Fig. 2. Reaction Force Acting on the Each Spring
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gion of leaf spring can be obtained from equilibrium
condition in the freebody diagrams. (refer Fig.
3—Fig. 8).

(a) Region |

M, = {(L+a)cosa
+ Rsina + Rsin(8 —a)}F
—{(L+c¢)cos a +Rsina
+Rsin(6 —a)}Fp (0S0=5a) (2)
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Fig. 3. Variables Used in the Analysis model
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Fig. 4. Bending Moment M for Region |
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{b) Region 1[I
Bending moment and inertia moment in tapered
region are as follows. (Refer Fig. 5)

My = (a+x)Fcose —(c+x)Frcos a

4

Iy = —glgbh3(1+%)3 3)
Mg
%fl*%)({ j‘{g
X {T

Fig. 5. Bending Moment Mj for Region Il

(c) Region [l
Bending moment and inertia moment in region Il

are as follows. (Refer Fig. 6)

My = Fla—x)cos a —Fglc—x)cos a

3
I = —lljib{ y{l—cos &) + —2~} (4)
0=eséy)

x = 7rsiné

Fig. 6. Bending Moment My for Region [l

(d) Region IV
First leaf:Bending moment and inertia moment
are as follows. (Refer Fig. 7)

MN’ = FRRlb{l‘*'Sin(eg - 9)}
- FR“,sin(Gg—@)
MN‘ = FRR“,(I‘—COSB)
1 ,.3 (5)
Iy = =5 bh
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Fig. 7. Bending Moment My for Region IV

Second leaf : Bending moment and inertia moment
are as follows. (Refer Fig. 8)

My = Fgecosal(c—x)
Iy 5 b

el b y sin & o {x<{(7 siné +d),
{ b—bg, (7’ Sinéo + dg)(XSC }
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Fig. 8. Bending Moment My for Region [V

2.1.2. Total Strain Energy in First Leaf

Total strain energy in first leaf is as follows, from
equation (1), {2), {3), (4), (5)

U,z =

6Ra

Ebh (CIF - CZFR)
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_ BR (| o a) (F—Fp) (CLF~CyFy)
E_bhg Ccos a R 1 2R

+ —%%; cos 2a { C(F2—2FF p)+ CsF% — CyF-Fy)
i Sresta ey oppL g, Ry
Here 7)

¢1= LEO (a— 7 sin € )(¢c— 7 sin & )% cos &

Oy (I—wos E) ko %

_ * (c—y siné)%cos £ d (9)
b2 = fO {7 (1 —cos &) +h/2}* d

- “ (g—ysin£)tcos € d (10)
R N o sy SR
C; = (L+a)cos a+Rsina (11)
C, = (L+ c¢)cos a +Rstna (12)
Cy = g sm42ar (13)
Cy = —§P+——+(1 2—3 ) (14)

— 3() _Cc_ _ 1
Cy = —é—g‘+ 41 +(In2 ) (15)
Gy = —'z“(—gza‘Jrl) (16)

2.1.3. Total Strain Energy in the n+1 th Leaf

Unsr.1e = Ebh3 (C\F — GFp)? - _lﬁ‘zb%
(1-cosa) (F—Fg) (C\F — Cy)Fp)
+BB o - Ry

+ ?I,th costal (Cy(F?

—2F-Fg) + csﬁ%? ~ CyFFpl

[ (c—rsiné€y)® — (c—rsin€,y — dp)’)
2cos?a Fp

— 17
+W(C y sin & do) {17)
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2.2. Vertical Displacement for Each Leaf Spring ~ (c—rsinéy — dp)° + ; _bb0 (c

2.2.1. Vertical Displacement of First Leaf Spring
by Reaction Force. — rsiny — do)a] (22)
P aU, 1e
1R aFp 2.2.3. Vertical Displacement of First Leaf Spring
Due to External Force, F
- 1
T (AA,F + BB,Fy) (18) s = aU, 15
Here as ™ oF
1
AA, = = W[ CCIF + AAIFR] (23)
—12RaC,C, + 12R*- (1—cos @) (C, + C;) Here,
—12R® - C3 — 48L%0s%a (2C, + Cy) G =
127 Beosla-g — 12R, (19) 12Re G2 — 24R* - (1—cos a)C, + 12R'Gy
i + 96L3cos a-Cy + 12vh%cos®a-¢
(l+-ﬂ—c0560— sm200) 4 3
2 4 3 ) 0 sin2 @ 0
+ 12Ry, - ( 5 1 ) (24)

BBI =

32 2
%L cos®a-Cs + R[ 122G 2.3. Constraint Conditions on the Vertical Displac-

—24R (1—cosa) - G ements
When the assembled leaf spring is deformed by
sin 26 ](20) load, vertical displacements must be equal on the

4 contact point between leaves, so constraint condi-

tions on the vertical displacements are as follows.

+12R*Cy]  + 127 Kicos?a ¢, + 12R}, -

[ %(n+€0) - 2COS 00 -

2.2.2. Vertical Displacement of n+1 th Leaf Spr- s.o= &
ing Due to Reaction Force. 1R— C2FR
S = O3 25
s _ aUs1e (25)
ntlLR = oF d3r = Sur
_ 1 2.4. Spring Constant of Assembled Leaf Spring
= Epif BBrniFu (21)
The stiffness, Kass of assembled leaf spring is as

follows, from equation (18), (21), (23), (25).

Here,
BB,s; = 96L°cos’e C; + R[ 12Csa
—24C; - R- (1—cos a) Ko = SF‘m - Eb}iA%
+12R? - G351+ 127k*cos’a - ¢, cG - BB, + — 11
%2 BB g

+4cos?a [ (c— 7 sin &g)°
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3. Experimental Method

Two kinds of leaf type holddown spring have been
used in domestic nuclear power plants. One is called
a 14x14 type holddown spring which is composed

of one top leaf and two lower leaves, the other is cal-

led 17 x17, a type of holddown spring which consis-
ts of one top leaf and three lower leaves. These two
types of holddown spring have different leaf numbers
and geometric dimensions, so that the characteristics
differ from each other. On the whole the character-
istic curve has been determined by characteristic test
on the five sets of assembled holddown spring sam-
pled from commercial products®” Experimental
equipment for characteristic testing are schematically
illustrated in Fig. 9.

4. Results and Discussions

These values were compared with elastic stiffness
from characteristic testing carried out in KNFC. Table
1 shows that elastic stiffnesses of 14X 14 leaf type
holddown spring obtained from Eq.(26) are about
7.8~12% larger than those from the characteristic
test. And Table 2 shows that in the case of 17X 17
leaf type holddown spring, elastic stifnesses from

(26) is about 6.6~9.0% larger than that from the
characteristic test. Fig. 10 shows that all data are loc-
ated a little above the line of Kestmate =Kexperment. And
there are some discrepancies of elastic stiffnesses
from Eq.(26) and characteristic test. This discrepancy
may be attributed to the use the geometric dim-
ensions which do not represent the actual dimension-
s of the specimens used in the characteristic test.

Table 1. Comparison of Calculated Values With Exper-
imental Values for 14 X 14type Leaf Springs

{Domestic Products)
Using geometric dimensions of two kinds of leaf Specimen % Stiffness K (N/an)
type holddown spring, elastic stiffness of leaf type Calculated value Experimental value  * ERROR(%)
holddown spring could be obtained from Eq.(26). Ki 17467 162 78
K2 17456 161 84
F K3 17531 160 96
‘ K4 17472 156 12
g e y K5 175.16 157 12
r
% i; *———EMEX; = X 100
mm
m | m
Table 2. Comparison of Calculated Values With Experimental
'1 : }7/_ Values for 17 17type Leaf Springs (Domestic Prod-
S - ) ucts)
E:U_L— . = Stiftness K (N/mm)
Specimen #
Calculated value Experimental value  * ERROR(%)
§ K1 14396 135 6.6
K2 14438 135 70
; K3 14505 135 74
e L Ka 14384 132 90
| 2 K5 14386 132 90
Fig. 9. Experimental Equipments *QEXP_B@_ X 100
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Fig. 10. Comparison of Spring Constants with Calculated Val-
ues and Experimental Values for Domestic Leaf Sprin-
gs

5. Conclusions

A general method for estimating the elastic stiff-
ness of the leaf type holddown spring within the con-
fidence level was developed by an engineering beam
theory and Castigliano’s theorem. The comparison of
elastic stiffnesses from characteristic testing with those
estimated by the method in this study shows that the
elastic stiffness estimated by the method in this study
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agrees well with test results. Therefore, it is hoped
that the method in this study can be used effectively
in preliminary design of leaf spring, and it is estim-
ated that it can reduce cost and time for the final de-
sign of leaf spring.
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