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A comparative analysis of errors between three analytical methods and finite

element method for D-shaped flanged convex head structures

LI Chao, CHEN Yongdong, WU Xiaohong
(Institute of Heat Transfer Technology and Equipment , Hefei General Machinery Research Institute Co., Ltd., Hefei 230031, China)

Abstract:For the mechanical analysis of the D-shaped flanged convex head structure , three analytical methods are adopted in this
paper: GB 150/ASME VI[-1 (Method 1) , the method from ASME VI[-2 based on the improved approximate solution theory for
spherical shells approximated as cylindrical shells (Method 2) , and the proposed method based on the approximate solution
theory for spherical shells approximated as shallow shells (Method 3). A comparative study is carried out among the three
analytical solutions and the finite element analysis (FEA) results. The results show that for flange stress, the errors between
Method 1 and FEA range from 82.32% to 130.73%, those between Method 2 and FEA range from 3.99% to 5.19% and those
between Method 3 and FEA range from 7.09% to 9.21%.For the edge stress of the spherical head (not calculated by Method 1),
the errors relative to FEA range from 3.16% to 7.73% for Method 2 and from 0.4% to 6.24% for Method 3.

Key words: flanged convex spherical head ; improved approximate solution of cylindrical shell theory ; approximate solution of

shallow shell theory ; flange stress ; the edge stress of the spherical head
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M"-M,/(=D;)]  (54)

+

{(Do+D; )[AE;In(K)o} |

R} sinfp, P (55)

D,Cy—Cy Dy
M= ——F7"——= (56)
Ci1Cy—CrC;
CiD,—C;5D,
= ——= o (57
0 CiCy—CyC5
PR
Opn = 2, <[o]) (58)
_ PR Qcos(B1) ‘
on= 25, S < 1.5[c]x (59)
op=0ontom=0on
PR QeosB) , 6M | o (60)
-5 5 <1
©"-01+0) (K*+D) _
Ofin= <[o 61
! o kiop b
AM”~QL,—M~M,/(=D;)|K+1)
op=1
” In(K)0?
(CINENSEP) (62)
or=0mtop<1.5[c]; (63)
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Fig.3 Distribution of radial stress in the head and hoop

stress in the flange with an internal radius R=2 000 mm
3L 0] N7 B KA 321.8 MPa, £ B 7E 4 3k
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VR AL BT U IEAT SR A B 15 3 3 Sk
53 22 T b vE 2 0 B S A S 1 cnD M =
My=—2.753654x 10° N-mm. A8 H_{F ] 5 4% 1)
F1:nD; (—0+0)=7.754 72x10°N. Hrf,nD; 0= 4, =
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(B SkHEVE ).
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A EAE B4R ST D (-0+0,)=1.452 674 x
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(B SkhE ).

NODAL SOLUTION
STEP=1

SUB =1

TIME=1

SY (AVG)
RSYS=1

DMX =0.967 427
SMN =16.176 7
SMX =225.338

MX
202.098 (MPa)

16.176 7 62.657 109.137 155.618

39.4169 55.897 2 132.378 178.858 225.338
(a)EfkZmp; f
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EZHEN IS

Fig.4 Distribution of radial stress in the head and hoop

stress in the flange with an internal radius R=3 000 mm
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NODAL SOLUTION
STEP=1

SUB =1

TIME=1

Sz (AVG)
RSYS=0

DMX =2.079 46
SMN =-128.554
SMNB=-143.482
SMX=412.806
SMXB=430.957

MN

X
-128.554  -8.25183 122.05 232.353 352.655 (MPa)

-68.4029 51.899 3 172.201 292.504 412.806
(a) 3tk Zefm 1 7
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Fig.5 Distribution of radial stress in the head and hoop

stress in the flange with an internal radius R=4 000 mm
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Fig.6  Distribution of radial stress in the head and hoop

stress in the flange with an internal radius R=5 000 mm
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B s Mo N IE 3 35 Sk 2P A2 B AR BRI , Vg, ZEXHE
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(38 0 Cp Sk 2 TR N ), 3k 5k 2 i b
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AINTULEIGFHER, 5 0L EAR AR . 8 X
GB 150(ASME VI -1 #W ¥ THE I EN T,
ASME V-2 # TH 55773 R 71 2, AR SCHEH 1)
TWEITERITES, ARG E T E N T 4.

#=1 MBI E A ASERTH L SAZEREL

LI ZENENLERRIRE
Tab.1  Comparison of theoretical versus Finite Element

results for moments and forces at the head—flange junction

it DM (Mg, )/ D0V 4o )
R/mm = (KN - mm) kN
P e RE g R
1 — _ _ _
2000 2 -228881 169 -547.0 243
(5821) 3 247927 100 -636.2 446
4 275365 0 -439.9 0
| _ _ _ _
3000 2 805620 479 25520 3.1
(3452) 3 711004 305  2586.0 1.9
4 544907 0 2633.8 0
1 _ _ _ _
4000 2 3054460 11.8 59473 1.1
(25.15) 3 299879.0 9.8 6 068.7 1.0
4 2731768 0 6011.5 0
| _ _ _ _
5000 2 499050 85 9659.3 0.5
(19.88) 3 494917 76 9855.8 1.6
4 459879 0 9705.2 0

33 N 242 R=2 000~5 000mm (2 T £ 1=
58.21°~19.88") , #k Gk =B A L H k2 5
T 4R ZE N 8.529%~47 9%, %2 1] 117512 5
J7 1 AT HAR 2N 0.5%~24.3%. Ff 3k 5k E
B TE3 5 4 AR E N 7.6%~30.5%,
B 175152 57718 4T AR 22N 1%~44.6% .

RN 7 5k 4 EARE N
173.29%~215.2%, 2220 [ 25 B ) 192 1 57154
THAAR 25 N-0.4%~T77.2% , 132 22 FK [ JE 25 il 3
HTTE NV 5771 4 1 HAR 28 82.3%~130.7% . J7
VT EE IR I N e A PR G T B T
AR RN il N 7 2 A BR o S R A A
Fo FEHWTTMIRE, — %A% EIE2ER
P52 s 77 51 2 RN ) 5 — A 3 25 FE VR =2 R
B SLAR T, DRV 22 R ) AR T , Skt i 22
ENOETMAPN Y AN P A R S o INE ey e
N BE R ZE K
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Tab.2  Comparison of theoretical versus Finite Element Methods for flange stress calculation

R/mm . . ofin/MPa op/MPa a/MPa
gy HEIE S % e % R %
1 -47.0 173.2 -86.0 61.4 133.0 88.4
2 000 2 -19.3 12.2 -55.9 4.9 75.2 6.5
(58.21) 3 -19.6 14.0 -59.6 11.8 79.3 12.3
4 -17.2 0 -53.3 0 70.6 0
1 -110.4 177.6 42.2 -0.4 152.6 82.3
3 000 2 -40.9 2.8 44.6 2.1 85.4 4.0
(34.52) 3 -40.7 2.5 48.9 11.3 89.6 7.1
4 -39.8 0 43.9 0 83.7 0
1 -161.7 196.7 8.6 -77.2 170.2 84.7
4 000 2 -56.1 3.0 39.8 6.5 96.0 4.1
(25.15) 3 -55.7 2.3 44.6 18.3 100.3 8.8
4 -54.5 0 37.7 0 92.2 0
1 -209.9 215.2 22.6 -334 232.5 130.7
5 000 2 -68.9 3.4 36.9 8.7 105.7 5.2
(19.88) 3 -68.2 2.4 41.9 22.5 110.1 9.2
4 -66.6 0 34.2 0 100.8 0

#3 LMIEBRHEAESAERTITEH NI GAN DR RIRE

Tab.3  Comparison of theoretical versus Finite Element Methods for stresses at the head edge

R/mm N . onm/MPa o/MPa o,/MPa
(gucy) IR % A % A %
. — — — — — —
2 000 2 33.2 0.6 80.4 16.9 113.6 12.4
(58.21) 3 33.3 0.9 87.0 10.0 120.3 7.2
4 33.0 0 96.7 0 129.7 0
| . _ . -~ - -~
3000 2 43.8 13.7 28.3 47.8 72.1 32
(34.52) 3 43.8 13.8 25.0 30.5 68.7 0.4
4 50.8 0 19.1 0 69.9 0
X _ _ _ -~ N N
4 000 2 52.4 0.3 107.2 11.8 159.6 7.7
(25.15 3 52.1 0.3 105.3 9.8 157.4 6.2
4 52.3 0 95.9 0 148.2 0
X _ _ . -~ N -~
5 000 2 56.0 0.2 175.2 8.5 235.2 6.3
(19.88) 3 59.6 0.5 173.8 7.6 233.3 5.4
4 59.9 0 161.5 0 221.3 0

WREIR[A N )55 2 5O VR A AR ZE N
2.8%~12.2% % > ¥ ) 25 W B 3 07k 2 507184
THEAR 22N 2.19%~8.7% » 132 25 34 1] B N 25 iy )32 7
TE2 5715 4T RORE N 4%~6.5% . TN
BN 771 2 557 4 AR 2N 0.2%~13.7%,
B gam s N 172 5k AT R E
98.5%~47.8% , £ KNG A I NS ith R /) 751% 2

ST AT AR ZE N 3.2%~12.4%. 72 1HE
VR LRI N g VS R 7 S i . ) 5 A PR
T A PR ZE R ARAE 12.2% LI .

RN N /17753 5k 4R EN
2.3%~14% 1% =30 )35 f N ) 7753 574 01
AR ZE N 11.3%~22.5% , 15 25 38 [ J I 25 il 52 77
TE3 S LA FARZENT 1%~12.3%. Tl
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I EAE R LT A 20°~35° Y Bl A , 16 22 3 A
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72, — MG DUAE LAY 2 ks FE T 5 1P R SR .
R FZ a5 4, ME Sk T 75 39.14°~51.18°3
] BRI I, s Sk 59k 22 T B Ab ()30 % 7 RS A L
BN AR Z BN (GBIT 151—2014 #1438 4 28 )
R T-445 H I EE AT X R B

(2) ASME V-2 A 5 T 4 76 e gk i AL A 1 5
— W AT B AR LA E R
SN IRSIATNEREBUES & VAN % i AR bl
R FE o FLAEVE 22 BR [m) i 5 0 25 2 7 777 T R k45
R 22N 4%~6.5% , 35 S 10 2 J5y H S I R 22
N 3.1%~12.4% , ¥I1E 12.4% LA« %735 06 35 3k
0 KT 20° I SR I R 4 1 AR 3 4 (s
Ut B ASME I o s S id VG Bl A # R, B
M5 PN A B HE R AN R AR SR

ARSI T i e AR B2 B B AT 7 v O
5 3D ZITIRAEEERAETIA /N T 60° I R R (1)
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MR 2AERL, Hat s RS AR ua e R
UF <38 25 3 ) BE I A ff . R E R
71%~123%, B 3k 1 % J5 N J7 03w %2 A
0.4%~7.2%, FIt 6 N 77 T ) 70l i 22 35 4% i) 78
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