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Evaluation of an Elastic Stiffness Sensitivity of Leaf Type HDS
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Abstract

The previous elastic stiffness formulas of leaf type holddown spring assemblies(HDSs) have
been corrected and extended to be able to consider the point of taper runout for the TT-HDS and
all the strain energies for both the TT-HDS and the TW-HDS based on Euler beam theory and
Castigliano’s theorem. The elastic stiffness sensitivity of the leaf type holddown spring assemblies
was analyzed using the derived elastic stiffness formulas and their gradient vectors obtained from
the mid-point formula. As a result of the sensitivity analysis, the elastic stiffness sensitivity at
each design variable is quantified and design variables having remarkable sensitivity are
identified. Among the design variables, leaf thickness is identified as that of having the most
remarkable sensitivity of the elastic stiffness. In addition, it was found that the sensitivity of the
leaf type HDS’s elastic stiffness is exponentially correlated to the leaf thickness.
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Fig. 2 Design varibles for each leaf of TW-HDS
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Table 1 Comparisons of the elastic stiffness of 14x14 type KOFA TT-HDS

Elastic stiffness(N/mm)

Percent ratio (%)

Present study

. In ca.lse f)f only | In ca.se of considering the W's Test (A-B) (C-D) (D-B)

Specimen | considering the | bending moment, shear -

. . formula | result B D D
bending moment | and axial force
(A) (B) (€ (D)

Test #1 185.213 184.948 271.043 170 0.14 59.44 ~8.79
Test #2 191.727 191.447 280.617 173 0.15 62.21 | —10.66
Test #3 192.357 192.075 281.640 185 0.15 52.24 -3.82
Test #4 195.304 195.015 286.390 175 0.15 63.65 | —11.44
Test #5 186.879 ’ 186.610 274.812 175 0.14 57.04 —6.63
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Table 2 Comparisons of the elastic stiffness of 17 x17 type KOFA TT-HDS
Elastic stiffness (N/mm) Percent ratio (%)
Present study
' In c.iise f)f only | In ca'se of considering the Ws Test (A-B) (C-D) (D-B)
Specimen | considering the | bending moment, shear —
. ; formula | Result B D D
bending moment | and axial force
(A) (B) (C (D)
Test #1 146.018 145.872 232.974 135 0.10 72.57 | —8.05
Test #2 146.615 146.469 234.403 136 0.10 72.36 | —7.70
Test #3 143.611 143.470 229.105 131 0.10 74.89 —9.52
Test #4 144.085 143.943 229.184 135 0.10 69.77 —6.62
Test #5 139.114 138.980 222 .660 132 0.10 68.68 | —5.29
# o Feel o3| TT-HDSe| W&o/t  TT-HDSSl w74t Aol a3y geede
Fohetol ) melshEe Amawszh Zobsbsl W o] J”lebn 2leS HolEoh Alm, X dFolA
Teleh &, Hcked ml Zelo] TT-HDSe| ®h4] o b EAle g FHrulel e EESe TT
Azl vl a2k 0.10~0.15% Y ald, -HDS 54418 Asss A4 dAsta o W
IR el FAL Folol vish ohe AL A% Ao AA % wHes HAY SHPHESH
o, & Agulsk F Afol, dbeidel FUWE  TT-HDS Z4Ag Arbeb o 60~75% %=
off vl Al #holal= Feky o &3 FA I A F zeo]E Mol: ¢l ol AL £ ATl &l

o, whebd TT-HDSell4 #wtel o Zelo] 2%

w4 74w b

0.10~0.15% 4 =

R u] o} o}
ooz TAY uwee,  hgye

AR E HohAlo KOFA TT- HDSe} eba) 74l s
Hotel & ALH 4 glovt Wakel Ag4] o o
KOFA TT-HDS®| &b4l7h4d s =

Table 3 Comparisons of the elastic stiffness of W type TT-HDS

Elastic stiffness (N/mm) Percent ratio (%)
Present study
In case of only |1 f idering the
. n . .0 nly | In ca}se of considering Ws (A-B) (C_B)
Specimen considering the | bending moment, shear and —
. . formula B B
bending moment | axial force
(A) (B) (©
14 x14 Type®? 137.289 137.074 139.790 0.16 1.98
14x 14 Type® 104.227 104.094 105.140 0.13 1.00
16 x16 Type® 156.964 156,757 164.566 0.13 4.98
17x17 Type® 100.121 100.025 102 .887 0.10 2.86

(1) 2 leaves with leaf’s base thickness(t,)
(2) 2 leaves with leaf’s base thickness(t,) of 3.94 mm
(3) 3 leaves with leaf’s base thickness(t,)
(4) 3 leaves with leaf’s base thickness (t,)

of 4.318 mm

of 3.94 mm
of 3.94 mm
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Table 4 Sensitivities of KOFA TT-HDS at design variables

Design variables, b, Sensitivity of elastic stiffness, K (N/mm)

i Notations 14X 14 type 17 X 17 type

1 Qo —.12855E—01 —.92150E—02
2 Ro .17410E—01 .10815E—01
3 L .11460E—01 _71900E—02
4 Wo .10310E+00 .78490E—01
5 to .10601E+4-01 .79146E+00
6 Le —.75055E—01 —.46135E—-01
7 Ler — .65650E—02 ~—.51950E—02
8 c .00000E 400 -00000E +00
9 R: —.39500E —03 — . 22500E—03
10 R> ~—.61000E—03 —.47000E-03
11 @ —.10000E—04 —.15000E—04
12 R4 .00000E + 00 .00000E+00
13 t .60859E+ 00 .49544E4-00
14 Wa .00000E + 00 .000000E +00
15 L-L* .39675E—01 .26940E—01
16 d — .81000E—03 — .41500E-03
17 e .00000E +00 .00000E+00
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Table 5 Sensitivities of KOFA TW —HDS at design variables

Design variables, b, Sensitivity of elastic stiffness, SK (N/mm)

i Notations 14 X 14 type 17 <17 type

1 o .21750E—01 .15925E—01
2 Ro —.32470E—-01 —.18825E—01
3 L —.70065E—01 —.44525E—-01
4 Wo .10175E+00 LT4970E—01
5 t .16150E+01 J12247E401
6 a —.69140E—01 ~— .43680E 01
7 b .00000E +00 .00000E +-00
8 c — .45450E — 02 —.29750E —02
9 Ry .00000E +00 _00000E+00
10 R, — .98500E—03 —.92500E—03
11 @ —.20000E~04 — . 15000E —04
12 R, .45000E—02 .28900E—02
13 W .40260E - 01 .34410E-01
14 W2 —.10000E —04 —.50000E—05
15 lo .00000E+00 _00000E+00
16 d —.11750E—02 — .96500E —03
17 e —.10000E — 04 ~.50000E--05
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