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CONSIDERING NON-LINEAR CUMULATIVE DAMAGE
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Abstract Aiming at the fatigue problem of casting cranes in service process, considering the actual service load spectrum,
the fatigue performance of casting cranes was analyzed based on the non-linear cumulative damage principle. Firstly, the stress
time history of the key fatigue hot spots of the in-service casting crane in a steel plant was measured. Then, the one-dimensional
load spectrum was compiled based on the two-parameter rain flow counting method and Goodman equal life equation. In addition,
the commonly used linear cumulative damage model and low-high and high-low non-linear cumulative damage model were used to
calculate and analyze the damage and life characteristics of the key parts. The results show that the fatigue load spectrum of
casting cranes is closely related to the location of fatigue calculation point and the actual service process. Compared with the
commonly used linear cumulative damage model, the non-linear cumulative damage model has higher prediction accuracy, and
more conservative life prediction results can be obtained by using the high-low load loading sequence.
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Tab.1 Description of measuring points
ST o 250 2 . ) N
WS PHEKEL PR it 4%
Number of . . -
. . Section Location Surface Classification
measuring points
RS B T B TR A TR LR R B ]
1 Middle span section of the Inside corner of Upper surface of upper ShEZET ﬂg)qu:%:—é%
east outer main beam T-shaped steel flange of T-shaped steel 5 0 a5
o Measuring point of T-shaped
. - " s, .
Eﬁl\féﬁ%rh&m,zfx T V4R P 45 £ A T RN 3L R steel upper flange mid span of
2 Middle span section of the Upper surface of upper the external main beam

Inside corner of T-shaped steel

west outer main beam flange of T-shaped steel

REFHHE T 540 5 LR AR

s Mﬁﬁﬁi%%*ﬂﬁjbﬁﬁﬁﬂ SIS R A ﬂ‘iﬁﬁﬁil)\lfmﬂﬁﬁ
iddle north bay of the west Inner surface of
. Below the butt weld between T-shaped . R
outer main beam steel and the main web near the bulkhead the main web S LR LA
A DX
oh R X T BV S T AR Measuring point in the north
PEANF2 2205 AL R ] X ESRLE T FRAL SR AR P9 2 of the middle span of the main
4 Middle north bay of the west Below the butt weld between Inner surface of web of the outer main beam
outer main beam T-shaped steel and the main the main web
web in the middle section area
ZRANFERALM I
PG5 1 DX B bR AR AR R A AL b bR
5 Northwest corner of hatch Fillet weld between upper the cover plate Upper surface of the
above the north side of the east and the vertical edging plate upper cover plate ) )
outer main beam HPAEBE E AR DX B A
Measuring point in hatch area
PEAN 22 5 He of the upper cover plate of the outer
ARAcEifa X B A R E AR A AR SRR AL b R main beam
6 Northeast corner of hatch Fillet weld between the upper cover Upper surface of the

above the north side of the west plate and the vertical edging plate upper cover plate

outer main beam

PR A A0 K THT

Outer surface

b i 2% G 00032 4 5 X B
7 Connecting hinge at west side
of the north end beam

b SR 0 e B X BE
8 Connecting hinge at west side
of the north end beam

Jesm BRI 5 7

B VE AL
West part of the hinge center SR A3 i 3 X SR

Measuring point of the end beam

of the inner web

SMU IR RS bR T

Outer surface of

hinge connection area

Berbun v AR AL

West part of the hinge center
P 8 the outer web

HEARBLIX B AR EI L HMUREAR S 3K 1
9 Connecting hinge of balance Upper part of the east Outer surface of

hinge center the outer web S 3 T e D B A

Measuring point of the hinge

trolley on the east side of
the north end beam
oA M- & 4

connection area of the

end beam trolley

HEAEEIX B PaEE L B HMUREAR S K 1
10 Connecting hinge of balance Upper part of the west Outer surface of

trolley on the east side of hinge center the outer web

the north end beam

AhERRTRIN ERGES b 5

Measuring point of T-shaped .

2.2 NARERES

steel upper flange middle span of &
the external maig beam ‘?

SRR L AR No< 4 , 2
DX 33 R : § St

Measuring point in
the hatch area of
theupper cover
plate of the outer
main beam 1

W £ B
X 330
Measuring point of the 3
hinge connection o 5 e I A 2
area of the end beam Measuring point of the

trolley end beam hinge
connection area

Measuring poin
in the north of
the middle span
of the main web
of the outer main
beam
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Fig. 1 Distribution diagram of measuring points
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Fig. 2 Stress curve of lyplcal measuring points
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Tab.2 One dimensional load spectrum of measuring points
M W1 W2 W 3 W W s
point Measuring point 1 Measuring point 2 Measuring point 3 Measuring point 4 Measuring point 5
oy fﬂgfﬁ vk fﬂaﬁi ik 'FEalﬁfl ik 'I]%'ﬁi Witk fﬂaﬁ ik
Grade Amplitude/ Frequency Amplitude/ Frequency Amplitude/ Frequency Amplitude/ Frequency Amplitude/ Frequency
MPa ’ MPa MPa MPa MPa
1 27.7 1 29.9 1 20.9 1 27.3 1 22.5 1
2 24.6 21 26.5 24 18.5 6 24.2 3 19.9 0
3 21.4 32 23.2 27 16.2 19 21.2 21 17.4 25
4 18.3 0 19.8 0 13.8 20 18.1 23 14.9 28
5 15.2 40 16.4 34 11.5 51 15 28 12.3 55
6 12.1 62 13.1 53 9.1 86 12 32 9.8 42
7 8.9 101 9.7 89 6.8 93 8.9 63 7.3 132
8 5.8 272 6.3 293 4.4 322 5.9 362 4.8 351
A5 M6 M7 M8 M9 A 10
Measuring point Measuring point 6 Measuring point 7 Measuring point 8 Measuring point 9 Measuring point 10
; Wi ‘ Wi , Wi ‘ W Wi ‘
jr: fd&; Amplitude/ Frffu{zicv Amplitude/ Frfu(z;cy Amplitude/ Frfu(ﬁlcy Amplitude/ Frfjﬁcy Amplitude/ Frj(;ﬁu{ﬁcy
MPa ; MPa MPa MPa MPa
1 25.6 1 55.7 81.5 1 78.7 1 74.5
2 22.7 2 49.4 0 72.3 0 69.5 0 66. 1 0
3 19.9 19 43.2 37 63.2 25 60. 3 4 57.7 6
4 17 24 37 36 27 511 16 49.3 25
5 14.1 26 30.7 52 44.8 38 41.9 32 41 28
6 11.2 53 24.5 71 35.7 96 32.7 43 32.6 34
7 8.4 115 18.2 94 26.5 117 23.5 105 24.2 143
8 5.5 325 12 387 17.4 342 14.3 310 15.8 269
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Tab.3 Fatigue grade of each measuring point and its

S-N curve parameters

s /i
. . FAT m c
Type of measuring point Notes
ShEZET A E
FLLZRE I R

WA 1.2
90 3 1.458x10" Measuring
point 1.2

Measuring point of T-shaped
steel upper flange middle
span of the external
main beam
HhETE R AR
AL DA £

M 3.4
Measuring point in the north Wri3,

12 [
of the middle span of the 80 3 1.024x10 Me.d:sunng
. point 3 4
main web of the outer
main beam
ShER AR H
PRI 15 Mri 5.6
Measuring point in the hatch 71 3 7.158x10" Measuring
area of the upper cover plate point 5.6

of the outer main beam

S T 2 DA

WA 7.8
Measuring point of the end W

160 5 2.097x10" Measuring

beam hinge

. point 7.8
connection area
PRI L T fvz"; )(Ailw S 5

Uiy 9< 1 liF!f)U\_T%[ i()\'J‘m W 910

Measuring point of the hinge 17 .
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connection area of the end .

point 9,10

beam trolley
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Fig.3 Radar chart of cumulative damage of measured data
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