_____________________________________________________________ ————— 02

PNC TN9410 95-284
1.

REER L UTOMIEh O HEBNEE OB

(201 : BEfEIET 2 MIEh o ERTFEORE)

1995 411A4

BIIF - RE B R E R
ANtk L% € v 5% —




BRUUIZDOEEDAFIZONTIE, FRICBREWEhELES,
T311-13  REIRFKIAR R BEET i FH BT 4002
B 0 - iR BR R
RETFEEF— VAT LBRBEELR B EEE

Enquires about copyright and reproduction should be addressed to: Technology
Management Section O-arai Engineering Center, Power Reactor and Nuclear Fuel
Development Corporation 4002 Narita—cho, O-arai-machi, Higashi-Ibaraki,

Ibaraki—ken, 311-13, Japan

B 4F R R BA S E 3 (Power Reactor and Nuclear Fuel Development

Corporation)




PNC TN9410 95-284
1995 411 A

REEZ L TOMERD RO

(201 : BE#HEICHT 5 IidR O e FEO R

% B

[REBKFRBEMIREE L, CHICBE VRNV TOLETREBEMEHOEEZIETTS Y
PERDIRERBEERTS]) CEAEBBILBLARBLETRBOVRICEWLT, TH
FREBL—RFBBEBWT 2 LBR 5 7HE (220 Ty F) £, FREOBY TH
BEFAOGAROABMITREAOCARRBERTLETHMAICARBIFHT 5] HEOHS T A
HU. ZORAIHEORBLERTVS, COLIUMEDERIFEDI N DNDORED
ILAMTIE. ABEHRE LTHVAIREMERO N ENHHOREZ1TE > T, UTIC
TTHMRERBI

(1) FEMBIRICL > TIMIXRMBRICKET ZIENSHERET LR, SRR
FEAWFEATH, MR —F—HAEENEELBE I EEMR L,

(2) JIS MIRWINTWARHLARNIE, <7 0MIcH 3 & HETF T4 2 M0 H
T-7bHBEROEREERCRBICRETIAFAEHOBMIC>VWTRIMSA
TWA M, B RE TR AR Rt R G KE FAic 1% F EMBE
LORESFMT2EMICH S, COBAEITDANLETT2IELE, FLMBFROHE
HRINEOETIVIEEHXR LML S,

(3) £&Q) KRLABAZMETA7.DICRHARNOUBRERFAXNFHIILE->TD
REZRET S LiIckhBE L. 2 oW BASBEH TSN 2 MIXRDHEFENR
PLOBERBSERTE60THS I EEMRA L,

(4) MIFRFEREFHICHT 3/55 A =7 BT 2T BRKRH LRI 4 7 5 @IS % RE
U, MR ETHOBEEHEICHT 2 HMEHHN. WIERONFMNFHEZR
ETHRENIBREFTHE I ELWON &N -7z,

O EABONTARE  ME - MM BWIDI S E




PNC TN9410 95-284
November, 1993

INVESTIGATION OF MECHANICAL CHARACTERISTIC
OF CONED DISH SPRING AS A VERTICAL ISOLATION DEVICE

(Part 1 : Investigation of structual analysis method of coned dish spring to axial load)

T. Sakai* , K. Tsukimori* and M. Morishita*

Abstract

If one can combine a vertical seismic isolation at equipment level with base isolation, the plant may be
three dimensionally freed from seismic load, which will substantially enhance plant safety and
economy. From this point of view, a structural concept of vertical isolation system has been pursucd.
Up to now, a structural concept has been created in which the reactor vessel and the major primary
components are suspended from a large common deck. This common deck is then supported by a
couple of isolation devices consisted of large bore coned dish springs around each component. Among
several issues left for realization of such a structure, this report is concerned with mechanical
characteristic of coned dish spring as vertical isolation devices. The results of the study are
summarized as below.

(1) It was confirmed from FEM analysis that the bending hoop stress is dominant in an axially
compressed dish spring. This stress takes its peak value at the coners of the dish spring.

(2) The design formulas described in JIS can depict non-linear load-deflection relation and hoop stress
of a dish spring due to an axial load with reasonable accuracy. However, it was revealed from a close
investigation that the design formulas give a large stitfness and maximum hoop stresses. This tendency
becomes significant when the deflection is large and the height of dish spring is large.

(3) A set of modified formulae was developed in order to inprove the tendency described above. And it
was confirmed that the inproved equations can accurately express mechanical characteristic of dish
spring to vertical direction loading.

(4) A parametric survey was also carried out on the bundary condition of dish spring. Accoding to
investigation of maximum load and hoop stress, it has been clarified that the rotation as degree of
freedom at the upper and lower ends of the dish spring is a ruling factor of mechanical characteristic of
the dish spring.

*  Structure and Material Research Section, O-arai Engineering Center
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3.5 MARHOBOITL S HE

RIVEOHY 7 7L REFINTHS Nodel 1-0 (h/t=0.175) -(:")L\T\ B3.5.1 iIZ/R9
SHMOBAGHZHREL. BRFE 0. GhHETOLMMBEICLAWERBETC 2L E
TVICEDREBEI 2135720 v 7 ICElmLAERERLS] . RUKILS 2 ~H
35 1IBRRY o HAKHICL BRI A~ BTRHELREREHENIZAZ L (K352 R
R3.5.3 2R) \ EAMICRWKEEHEEYPTE. A—0rbSRBICH T AHERIZ
RESED, WHIKRETIRAAAABAOHEOREL L > T3, Fh. HAKMK
L NMIERBUEDHBEROEE. RUMBEADIENSHEORBORAL->TL 3, UTK
0.75h (h : BEHES) Db AOMHE. RCMIEREEHR THRA LMtk SUp
10 CRERIS AT - #9149.0 kgf/mn? ) 2ZERUDD, EHAKMOERIC O THEBNICHN
1790

* : Nodel 1-0 ICKWA Yz /VROBAKLE DT, 3.3 OV Y v FEFIVERE Y
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COBERFHE. MZRAZZOEFRICES., IWEEMAEHALTHY., BHLAK
DDHERFUEBEITHBINLBDTH S, LbBR0. 750 OREICH T B BE
WEMIZT. 68 t. ZORHORAFAIIEHIZ. MIFRNEO LR TRAEHME 74.3 kef/
mn? | MLIERAAO FHTRASIRDIEH 56.06 kef/miliL> T3, S0 BRK
RARRBARDOOTRBREAOHESLUTTH . SOLOSEEIZHE O TIEHHEIG
HALEEZ S0 HREEIKOWTRAOMDOK 1600kef/mm D S7cbibDHEFTEE HITW
BRMNMIEAD U, BREMEMTH 800kel /mn& 7l » T3,
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lcbAh 0. TShORBICH T A HAMEMIT 362 tTHRyY—RXRLRUEr—X 212k
NBE DA = — B E R T, Ui L E OB EH RIS 1 Rk EA IS 75
151.2 kef/nn® « BAFIED AL 1517 kef/miC MAAEHDIC LY . B
BURAL U BBREN T B, ST 25— 2L E4 0. SELBRUAETH
CESET. A LSR5 E TRICIED BAME U RAESSH. BA5IED S
HEHICIMIETRDOTFH (BE) MITEL TS, EhREEicEL TR zbisDHIAPIC
54000 kgf/mnTH O, FOHD-bLADETICHESIBEDOBIRIINEIL, bAR
0.75h DEESEIZHWTIE. # 49500 kgf/mm & ->Thb, Tbés-HE] BFEOS
S7%hbE BIBIENHBRENL > TV,

() ¥—24 (MEFREGOr, z, B (B OLHAMERFMIERALETD r FHEH

FEEMH) : K35 13~K3.5.15

feb &t 0. 10hDREIH T 2 BBBEMIE 1440 t TYr—X3 LD bALA—-F—
DOHETHEMIENMEERT. BAFREAIKBELTI -+ —IcRET 2 EHIEHRY
BIRDISHDOMBBEFERyr—A3LRALTH, €05 BRAEHISHIE 161.8 kgf/mn?
RARBIEDIGAIE 78.97 kgf/mnPE i ->TH D ¥ —R 3 L ODJ/KRKEMEHSLENMNIK
&Y (BASIRIGARBMUTHBIr —A30HESEN>TND) | UHER
RHEUCATENHMTE S, (TRAEICEHL TR, 72bA0HYTH 150000 kgf/onT
TebADOM#EFTEEBICAESHEA UL 0.75h ORKADARBICEOTIREMIALY
0. 0.75h D=bAOHEMICEWT. BT LHESNRP T 5 LcbaBETT 5 REH
HEULTWAI ENbh b,
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#£3.5.1 BREHNRSA-IRNHEROELD
BREZH BAmES (kgf/nn?)
CASE No. B E (AT
(kgf) r| z ARICIn) S+ C0ut)
28.420 -74. 300
L (Top) | O | O
5ok FEH#E (max
1 7.68E+03
56. 060 -17. 740
T (Low) | O | x
?l[‘}ﬁ(max) Bzﬁ:ﬁ'
2. 537 -100. 400
L% (Top) | O | O
6‘6& E:ﬁil' (max)
2 9. 94E403 ‘
35. 180 -38. 510
T (Low) | X | X
] glgﬁ(max) Em
33. 870 -119. 700
k¥ (Top) | O | O
5ok E ##
3 3.62Et05
-154.700 151. 200
Tt (Low) | X | X
Eﬁa(max) glﬂﬁ(max)
29. 880 -130. 700
L (Top) | X [ O
AL IE #
| 3. 90E+05
-161.800 78. 970
T (Low) | X | X
EEH‘Q' (max) g”& (max)
292.800 -396. 500
L (Top) | X | O
GI%’( (max) Ezﬁl' (max)
5 1. 44E406
-330. 300 243. 800
TF# (Low) | x | %
IE % 510
() BREMICHIFBEST (O FREE | X 1 FIX)
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4.1 V2 WEZILLIBZ3EFIN{EORE

WIE IMICHT, RBEERE L TCOMIEROMERITICM A 2 VEHIZLEE
TIULOERBORHEZTILD. VY y FBEV 7 7Ly RELTY Y v RlEEY 2
BOLBETE 7o TOBRAABIO/NSOIERIKE LI, Y2 VEFIVICL B R
iz, FREBRCRERAAGHIDOELSIZ2VT LY Y v FREE B LA UEEN
Boh, Y2 VERCLAMERDOET LIRS THE LRSI H, HRHEINK
SVMEFRIRKELUTR. Y2 VBREERFWENICOOTIRYY v FEE—FT 325,
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WHERCHRMBEDETIEOBOFELSONS, Kb 1.1 KFRTLIR. Yo VEF
VIIUER ETFHOMERRMME (WEFL) KEhTNMBEMEREFOOMEE T
B3I EIBZDIHU. VY y FEFIZLEEAMO 3 —F+ —SI0EMER. FTHAW
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E—AVIMIERREAZEELO0N 5, B4 1.2 ~K4. 1.4 13, COEREMET S
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MEZRERFMIUTHEFT LCHER (LT, HIIEYVY v FR) LWEROY 2 VRRU VY
v KEER—727TRLAbDTHS, CHoDOEMS, RBEHEELTOMITRDEHF
HUEABEEEZONZBREEYIGECIEE (TREENED S HICERT 282K
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TTTTTTTPNG TN9410 95-284 Tt T T T T T s e e

%?ﬁb\E&%é@%mmwmuy;»%%%ﬁmiéuﬁtarm\:@ﬁt%?%
HENLTEENL B,

Al = 1 shett - 1 sorid

t+sind

l shett

B4 L1 Y2 VEFWREY Y v KEFMCEYEE—A Y b7 — 4



TTTTTTPNGC TN9410 95-284 T T T T T T T T T T T T T T T T T T T T e e e s e e e e
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4.2 BEAAOHEMIZK ZUE (REIL2RNOWARKOER)

T3 S AMDBR/CS A — 5 BAFICH 1 B RFARBE Y ) v FEFVKEBIRO WK
OHTBARIES K. WERAOBYERCRABFAGHREDLOEORBIRENTbE
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Appendix B MEROTFEE—IcbHEEROEE

(1 =v2)Ma?
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J.0. Almen and A. Laszlo, "The Uniform-Section Disk Spring”, Trans ASME, 58,
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(@) WEELZEE
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ERFAMEMICLIBELEFTHOTS - EHDFHE
M OM/NES dx © (BAEm) EXiL;

li = df[c—axcosp]

2l

lo = df[c—xcos(B—¢)]

BRI DRI

I =l = df[—xcosB(l—cos¢) + xsinBsing]

MEBR, ¢HBBNTHBELT,

cosB =1, sinf = B, sing= ¢, 1 — cos¢p =

=RAT B L&,

h =1y = dox¢(B8— ¢/2)

ERBNS, HERFMOTAHITEHUMIZKRNTEREN S,

h-l _ xp(B-¢/2)

& =

l1 c—X
FEHRAMIS NI
. E
g = 1= (2 + ver)

THHH, FFRAMGHIZMREEZERELTHE20 5,

By, _ Exp(B-9/2)
(1-102) (1-v¥)(c—-x)

0’2' =

2 ¢

2sin“L =

(B.

.1

oo
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BERAEMAICLZE0BMYDERFAE—L Y FDEHE

dM, = o3'tdxdfxsin(B—¢) [B. 8]
sin(B—¢) = B—¢ &= [B. 7] 2ZhiTRALT,

Etd6s(B — ¢)(B — ¢/2)x*dx

dM, =
A-v)(c-x) 3. 9]

ch%E, x=c-adb x=c-b TFTHHTHE&,

My = Etd9¢(ﬁ‘“¢)(ﬂ—¢/2) [—é—(az—bz)-Zc(a—b)+c210g~9—]

1 -2
’ 8. 10]
MO FHIC L B ERFTEST DM
M RSN oERARIBITE—A Y M
1\’12 = D(I‘Cz +2}K1) [B.ll]

MRS E2RMU A HAICERT B4 RMBOE(RETHS L, EXSIELL
%, FrmAmmEnothy EERlT s L, BN dx 1220,

3
Et z

My, = Drydx = ————
dM, KodX 12(1—u2),€ 121

%596 1l O WLYE 42 O B2 4 5 T il 3R (AL 094

sin B . B
c—zcosf  c-x (B.13]
EiEkid;
sin(B8 — ¢) L B¢ (B.14]
c—zxcos(B—¢) c—x

B—-4
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- THROEIL;

Ky = B—(B—¢) _ ¢ [B.15]
c—x c—x
T—A VM
M, = Et3¢dx
12(1 = v2)(c — x) (B. 16]

W R T DEM ST MG I

» L _ 6d1u2 - E¢ 14 B.17
0" = (dMy/Z) = 7= = T T2 [B.17]

PN SEEEE vy ICH 5T

. Eg (B.18]
R T Y

BUNRM dOIcBFAE—AY N dl; OFFHBEREKS T,

aM. = oqn, 38— _ Et'¢dedx [B.19]
‘ 2T T(1-)(c-z)

%, x=c-abho x=cb TTHLTELE,

3 c-b 3
My = _EEdS [ dr_ _ _Etgds | o
12(1=02) e 12(1-12) b [B. 20!
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M, = My + M" (B.21]
_ Eedo [[1, 5, 40 o, g al . ¢ £ a
Y {[7012 b*) —2c(a—-b)+c 10g3‘](ﬁ ¢)(ﬂ 5-)t+-1—2—10g3
RILE ¢ ORRE

MmO DS, MSWHEICHERATIEENORMNE O TELIEZEN SR
S0 MIFICKBIEHIBERARBELBEANS, ¥BFARMICLIBRIGOAZEINER
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b
foz’tdx =0 (B.22]
A [B. 7] ERATEL,
b xdr (B. 23]
Sz =0
ThHbh, v,
o = &b [B.24)
log
R A
HARDE—AV/PEDHAVWK I AME~ZMBFEOHE L
# (B.24] % [B.21] It AT B &,
. _ Epde ([1,, ., _(a=b)} {a-b)*
My = l—vz{[f(a b%) -2 log & - log &
@ t3 a
(B—) B~ t+—log——}
(o= iod 8. 25]
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RNEH d6 TONE— AV MNT;

P(a—-b)do [B. 26]
2
INAAAE-—AVMZHELLD S,
_ _2zM, (B.217]
P (a—b)d8
2T,
- _"h = 9 a _ (B. 28]
k a-b’ ¢ a=-b’' b *
EL, &oic M o ([B.25]) 2tkAT B L,
_ E§ a+l 2 a \i,, o, O
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RKB.2 IZRgLHICEAMZMBTN & N OIZITFHELLHS,

P = E:—%;[(h—d)(h—%)wﬁ] (8.31]
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- oot = 4]

(B.32]
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HhERDRE
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Appendix C MERFHFARXOHBOHN

O¥BFMEMIr LB FHFMARE—A Y MM OHY
cERTEOT S

L=l _ xsinBsing — xcosB(1 — cosg)
I, ¢ — xcosp

& =

- ERTAIEA

o = Eey - Ex[sinBsing — cosB(1 — cosg)]
: (1—v?) (1 = v?)(c = xcosB)

s BUNKE dx KBTI AH o @Y DEREHE—A B

Etdgsin(B — ¢)[sinBsing — cosB(1 ~ cos¢) 1xdx

dM, = oy'tdzddzsin(B — ¢) = (1 —12)(c — zcosB)

cHEMARMAIRLAE oMY DERAEME—-A Vb

e=b
My = [FFF dM\dx

__ EtdBsin(B — ¢){sinBsing — cosB(1l —cos¢)}
(1 - v2)cosp

o {b2—2c(b—a)-—a2_ A(b—a) +A21nc—b-—Acos(ﬂ-—¢)}

2c0sX(B8— @) cos(8— @) ¢ —a— Acos(8— ¢)
. _ C
A= cosp

QHECIZLZHEMFMOT AN SDFFMAERE—L Y PM "D
s fNES dx DEEMRERMFE—=-£A Vb

Eg? |: sinB_ sin(8—¢)

dM, = Drydx = 12(1—2) Lc—xcosB c—xcos(B—¢) |

X

OB e-SnE___sin(B-9)

T c—xzcosB  c—zxcos(B— @)
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- EREACOHERFTAGA O

g "= _..__dluz = g&
2 Z tldx

E [ sinB_ sin(B—¢) ]t

=l—u2 c—xcosB c¢—xcos(B—¢) )

RS yILH B EIBOTIE.
) E [ sinB sin(8-4) ]-y

00 ST F| c—zcosB  ¢—xzcos(B— )

- WUNEMd ikt BdEe— A v bdNDFFBAAKS AN,

_ de _  Et*d6 sinB_ sin(B—¢)
M = ZszT - 12(1 - 12) [c —xcosB ¢ —2xcos(B—¢)

cEEOICLAFFRAEAME—L Vb

My = [TEF dMdz

cos(A-9)
_ Et’do c—b—-Acos(B—¢) _ _ b
T 12(1-02) 8 [tanﬁldc—a*AcoS(ﬁ“ﬁ) tan(8 ¢)lna]
. _ ¢
A= cosB

OFFMAmDaE—24 b
A[l = 1”1’ + A’Il”

__ Ed6 [t- sin(B — ¢){sinBsing — cosB(1 — cosd))
T1-2 [ cosp

b2-2c(b—a)-a® _ Aw—a)+Aan_b—Aw“ﬂ—¢q
2c0s%(B — ¢) cos(8— ¢) c—a— Acos(8— ¢)

t3 C—-b—ACOS(Ig—¢) - - _b_
N "jz'{tan'glnc—a—Acos(ﬁ“W tan(B ¢)1na}]
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ORBE—AL PEOBHD AL ATHE -ZHMFEOH L
- MNKBld g TOHAE-A VD

P(a—b)d8
2r

OME-WHE-AV I (FFRE—AV D) A

_ 27[1"[1
p= (a—b)do
_ 2rE [t - sin(B — ¢){sinBsing — cosB(1 — cosg)}
(1-12)(a—b) cosf

b-2(b—a)—a® A(b-a) +A21n0~b-ACOS(B—¢)}
2cos (B —¢) cos(B— ¢) c—a— Acos(B—¢)

¢ c—b— Acos(B—¢) 3 b
T {tanﬂl = Acos(B—4) —tan(B ¢)1na}]

: ,B=arctan(afz_b), ¢=B—arcsin(h_l-6)

OlhEHLK
OP _  27E-(12-ml+Il-m2+n)

3 (1-w)(a-b)/B- (h-0)

k=

tsin(B — ¢){sinBsing — cosB(1 — cosg)}

= cosf

= _ts_ﬁ[— cos(B — ¢){sinBsing — cosB(1 — cosp))
+sin(B — ¢){sinBcosg — cos Bsing}]

(b *=2(b=a)-a® A(b--a) ) c-—b~Acos(B-—¢)}
ml = { 2c08%(B — @) cos(,B-—qS)+Alnc~a—-Acos(B—¢)

{b*—=2c(b—a) —a¥}sin2(B—¢) A(b-a)sin(B—¢)
+
2cos' (B — @) cost(8 — @)

m2 =

A3(a —~b)sin(B—¢)
{c—b Acos(B—¢)}{c—a— Acos(8—¢)}

_t (a—b) - tanB - sin(B— @) A )] 2]
n—ﬁ[{c—b—Acos(ﬁ*‘¢)]{C-a—Acos(ﬁ—¢)]+°ec(ﬁ ¢)-In—
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ORI K mit7 o
g=0y +0y"
_E [z{sinBsing — cosp(1 - cosd)} +{ sinf. sin(B—¢)
B 1—-u2|: ¢ — zcosf ¢ — zcosf c—xcos(ﬁ—q&)}'y]

- WA OLEE TR, (EEEMSH)

E [ (c—b)sec(B—¢){sinBsing —cosB(l—cos¢)}
l-uz[ ¢c—(c—b)sec(B—¢)jcosf

o=

_ { sinf _ sin(B—¢) }_t_]
c—(c—b)sec(B—¢)cosB c—(c—b)sec(B—¢d)cos(B—¢)) 2
© x=(c—b)sec(B-¢), y=--;°
- ABEOTETIE. (@EFIERIGAH)

E [(c—a)sec(B—¢){sinBsing — cosB(l —cosp)}
l—uz[ ¢—(¢c—a)sec(B—¢)cosp

J9 =

a sinf _ sin(B8—¢) . t]
{c—(c—a)sec(ﬂ-¢)cos/3 c—(c—a)sec(ﬂ-¢)c08(ﬁ—¢)} 2
©z=(c-a)sec(B-9), y=-+
- HBEOTHETIR. (BHEFIERIEH)
E [(c—a)sec(ﬁ—-¢){sinﬁsin¢-—cosﬁ(l-—cos¢)]

1-y2 ¢—(¢c—a)sec(B—¢)cosB

g3 =

N { sinfB sin(B—¢) } t:|

¢ —(c—a)sec(B— ¢)cosB T - (c~a)sec(B—¢)cos(B—¢) ‘7

v x=(c—a)sec(f—¢), y=é—

A EOLEETIE. (AEERHISH)
E [(c—b)sec(ﬁ—¢){sinﬂsin¢—cosﬁ(1—-cos¢))

gy =

1—y2 ¢—(c—b)sec(B—¢)cosp
. sinf sin(8 - ¢) }_t_]
{c—(c—b)sec(ﬁ—d))cosﬁ c—(c—b)sec(B—¢)cos(B—¢)] 2
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