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Load Control Solution
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Load Control Failures

Elasto-perfectly plastic material.
Plane Strain conditions. Von-mises yield condition
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Displacement Control Solution
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Displacement Control Solution
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The Riks Method:
Iterate in the Load - Displacement Space

'K AU{:‘) — f+Ar‘1 R — r+mF(;—l}

K AU®Y = (r+ﬁf,\(i-1) 4+ A A(‘))R — ARG

and an additional equation i1s employed to constrain
the length of the load step

FAAD, AUD) =
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The Riks Method: Arc Length

We use the spherical constant arc-length in the response regions far from the
critical points

I(:+.a_'..-i-ra—lli_fi}_l_ﬁi{:}}E_l_U[:}T Um= Al° {?)
[ = rraqu g

where Al is the arc-length.
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The Riks Method: Constant Increment of
External Work

The scheme of constant increment of external work
is used near the cntical points. In this case eqn (6) is
for the first iteration,

(A + 1 AADRT AU® = W (8a)

and for the next iterations,

(FApACD L LAAORTAUY =0 i=2,3,... (8b)
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The Riks Method:Practical Implementation

(1) The user inputs the reference load distribution, which corresponds to the vector R. This load

distribution is varied proportionally during the analysis and can be due to distributed and
concentrated loads.

(2) The user specifies the displacement at a node corresponding to the first load level (i.e.
corresponding to A'A ). We denote this displacement as tU,* . Here it is deemed that to start the
incremental solution it is easier to specify the displacement at a node, that the user selects, than
the intensity (A ) of the loads.

(3) The displacements corresponding to time At determined by the specified displacement 2tU, * also

limit the size of any subsequent load change per step, because the user specifies a constant o and
the algorithm assures that

IU] <o Ut (9)

where U 1s the displacement increment in any load
step and “U are the displacements corresponding to
time At.
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The Riks Method:Practical Implementation

First step
DK AU{:] — (Arl(:— 1} 4 Ai“')R . ArFu - 1) UK AU“’ =R
. Argil) AIU’? Arp () — A (1) (1
A1210) _ (): AFO) — A =W; U =24 AU
1=2,3,....
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www.simytec.com .



N~ SIM&TE

Simulacion y Tecnologia

«

The Riks Method:Practical Implementation

2At; 3At; ... (arc length)

ﬁ‘f:ﬁ\fUTU-I-ll U=U="J:. 4=, =""4}]
‘KAUV =" R—F AUY = ATD 4+ AL ADD
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AU AUY + (ALY = A, select one of the roots for AA
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The Riks Method:Practical Implementation
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The Riks Method:Practical Implementation

2At; 3At; ... (constant increment of external work)

!+41|‘W =Br "W

(A +1ALRT AU = W

((FAID L L AAMRT AU =0
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Examples
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Examples
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Examples

Thick-walled elastic perfectly plastic cylinder ¢ :**
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Examples

Nonlinear spherical shell (MITC4)
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Examples

CoIIapse Sample 4: Pressure vs. Volume
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lterative Methods

We have plenty of freedom to select the matrix

because we just have to get,
‘] ['F],_, < RTOL

independently of the iteration path.

lterative methods: full Newton, modified Newton, BFGS.
Combine with line searches.
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lteration Tolerances

A fundamental decision:
» If too restrictive we may not get a solution

» If too ample we may get a very bad solution

'R] — ['F] < RTOL

(k—1)

AT H < UTOL

(1821))" (IB] - [F,y)) < ETOL
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lteration Tolerances

Examples:
P .
Softening problem
‘R] = ['F],_,) < BTOL  Alone is not enough
JAN
Stiffening problem
P
H[&E].;mH < UTOL Alone is not enough
JAN
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