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Development of Thermomechanical Design Methods for Smooth Structures
(3) Development Structural Analysis Nethods
Naoto Kasahara* , Kazuteru Garatani*¥

ABSTRACT

Temperature dependency of material properties for structural analysis
and strain concentration evaluation methods have influences on thermal
transient strength evaluation result, and those effects were investigated.

It appeared that temperature dependency of material properties has
small influences. On the strain concentration evaluation method, effects
of (1) thermal peak stress, (2) Poisson's ratio , and (3) Nonlinearity of
materials on strain concentration, a degee of which is described by
eliastic follow-up parameters, were evaluated as follws.

(1) Relations between thermal peak stresses and elastic fol low-up

| parameters ‘
peak stress index v =0.499 v=0.3
Tn=1. 5 1. 48 1. 04
Tn=2. 0 1. 54 1. 08
Tn=2. 5 1. 57 1. 11
Tn=3. 0 1. 58 1. 12
Tn=5. 0 1. 58 1. 12
(2) An elastic follow-up parameter for Poison's ratio
qv=1. 4 ' :
(3) Relations between nonlinearity of materials and elastic follow-up
parameters
stress-strain index elastic follow-up parameter
N = 1. 539
N=5 1. 578
N=T7 1. 603

(4) If peak stress and Poison's ratio effect are overlapped, elastic
follow-up parameters are multiplied. ' '

The following strain concentration factor is proposed, though this
study.

et=Ke (en+eF) :

Ke=1+ (q=1) {1-0y/ (Sn+SP }, a=5/3
where en+ eF: elastic analysis result, et: slastic-plastic strain
K € : strain concentration factor.

% Oarai Engineering Center, Structural Engineering Section
%% Qarai Engineering Center, Structural Engineering Section , Presently
CRC Research Institute Inc.
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Fig. 1.2 Thermal Transient Condition of a Primary Circuit
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Table 9.1 Effects of Temperature Dependency of Material Properties
on Thermal Transient Stress

Sp(BEWKTE) | SpG00°C—5&)| S p(400°C—5E)] S n(BE#E)| Sn(500°C—x) Sn(400°C—5%)
58 X 30. 6407332 30. 1063388 30. 5394262 19. 044952 18. 9383551  19.2107692|
2 (%) , -1. 744065315] -0. 330628511 -0. 559712096] 0. 87066221
Table 2.2 Dependency of Thermal Material Properties on Temperature
EREER A He# C ®BE 0 BEEEE L S
BECC) (kcal/mmsec’C) |{(kcal/kg°C)  {(kg/mm”3) C o (nm*/sec) |ZAkEIE%)
350 4. 53E-06 0.131 7.83] 4.41637E-06 0
400 4. T0E-06 0.132 7.8{ 4.56488E-06 3. 362779605
450 4. 86E-06 0.133} 7.78] 4.69683E-06] 2.890601771]
500 5. 02E-06 0.134 7.76] 4.82767E-06 2. 185574166
550 5. 18E-06 0. 136 7. 741 4. 92096E-06 1. 932504062
Table 2.3 Dependency of Mehanical Material Properties on Temperature
, YV IUHEE HMEERE a | | |
BECC) (kg/mm™2) (1/°C) E a (kg/mn*+°C) |Z{t&]|4 (%)
350 1. T6E+04 1. 92E-05 0. 337744 0
400 1. T2E+04 1. 96E-05 0. 336604 -0. 337533753
450 1. 67E+04 1. 99E-05 0. 332831} -1. 120901712
500 1. 62E+04 2. 03E-05 0. 328536 -1. 2904447
550 1. 57E+04 2. 06E-05 0. 32342 -1.557211386}

¥8L-€6 OLY6NL ONd




3. 50E+01

3. 00E+01

2. 50E+01

2 00E+01

o 1. 50E+01

» 1. 00E+01

R‘»ﬁ?ﬁéfﬁﬁﬁ(kg/mm?)

- 5. 00E+00

0. 00B+00 »%a

60 Fkwk v b L ZEE AR (E=T0mn) B ITRER

—— Sp(BEKF) . o o
—o— Sp(500°C—%x)

- Al

—— SpU400°C—3E) | o - e [

—o— Sn(BEKE)

| —+— Sn(500°C—E) |- LT TR

Sn(400°C—2x&)

— M OO~ D A MW DA A MW~ D r—A ML~ — N W~
— o o o NI N NI NI OO M oD <<
BARICHFEE RS F TOMT AT v 7

Fig. 2.1 Elastic Analysis Results with and without consideration of
Dependency of Material Properties to Temperature
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Table 3.2 Parameters to Define Non-linearity of Temperature Distribution
Across Thickness -

n RAMRENRES B SEREEREL. 5

v =(. 499 n"=1. 5

v =(). 499 n"=2. 0 n FARENBES 41k 1) 5 BEEFEED. 0

v =(. 499 n"'=2. 5 n FERIRERNBEI B DB 5

v =(. 499 n"=3. 0 n JERIMREPIBIE 21231 B IR BEFEHS. 0

v =(. 499 n"=5. 0 n FRIRENBEI 2B D BEHEHG. (
v =0.3 n'=1. 5 n FRKERNRE SIS E1 5 REEREE. S
v =0.3 n"=2. 0 n FRIRENEESHId ) DR 0
v =0.3 n'=2. 5 n FARERNBEM AR DB 5
v =0.3 n'=3. 0 n EAIARERERE Gk D BEEES. 0
v=0.3 n'=5. 0 n FRIRERNEES ISR D REREG. 0

OFAHERDK X XEWHBR/ ST A —F DRE TR,

BB/ S5 A — F DEHBERAFIORT L5110, n RRSH - O HHGHE
B oA A . BT IS & B O AICH T B n BAIO O A0MINEA E LT
FBEXNBIH. SHISHEVEE L, |

Fig. 3. 11 42 v =0.499 OBADMMBR/ ST A — ¥ DFFEIC& 5 BIEE.
Fig. 3.12 I2v =0.3 DBEOWHEER/ ST A — 7 DBEEFRT,

R S5 580 B/ NS A — F I EREFEMI LA ELC,
Table 3.3 IZRTIELE S,
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Table 3.4 Elastic Follow- up Parameters for Poisson’s Ratio Effect (N=5)

Ff*é}ﬁ?f‘“ﬁ qv=q(v=0.499)/q(v=0.3)
n"=1. 5 1. 41
n —-2. 0 1. 42
n'=2. 5 1. 41
n"=3. 0 1. 41
n'=5. 0 1. 41
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MRHEBEHORE AL HIZ, 3. 28IIH VL TUT AEPFHNRK
ICETZEEEYN =3, 0 nRRIRENBESFWEEREL. n FELl
5 = O AHMBEOE S *Table 3.5 DX IICEAIRIEHZEESD. VT HE
BTN, KT R0, 499&7 5,

Table 8.5 Analysis Parameters for Non-linearity of Stress-Strain
Relationship(Tn=3. 0, v =0.499)
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LA & &3 Table 3.6 IZRTEE B I ENGH B,

Table 3.6 Elastic Follow-up Parameters for Non-linearity of Stress-Strain
Relationship(Tn=3. 0, v =0(.499)

n EAIG I FEEL WPEEE/ ST A —F
N=3 1. 539
N=5 1. 578
N=7 1. 603
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Table 3.7 Analysis Cases to Investigate Interaction of Strain Concentration
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S 1 2e(1+v) . —e(l+v)
€en =e~§(e—ue—ue)=———§-—— N ezz=—_3—=eaa
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6 82704 4.135  5.105

- 77 -




PNC TN9410 93-184

U591 - 0¥ B RO ET)

BECHBRIEETOHE D X REOEEL SN D, S, H#D e =0
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£ = (e +de} e ={¢}
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