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Abstract

LS-971 has severa new features to model the hot stamping process. A thick thermal shell
formulation allows modeling a temperature gradient through the thickness of the shell. The new
keyword, *MAT_ADD_THERMAL_EXPANSION, alows cal culating thermal strains for al the
mechanical material models. A new feature has been added to thermal contact which turns off
thermal boundary conditions when surfaces come in contact. A new thermal one-way contact
algorithm has been added which more accurately models heat transfer between a blank and die.
New features have been added to thermal-mechanical contact which allows modeling the
coefficients of friction as afunction of temperature and thermal contact resistance as a function
of interface pressure.

Units

A consistent set of units must be used in performing a coupled thermal-mechanical analysis.
Problems arise due to a mismatch between the mechanical unit for work and the thermal unit for
energy. Sl presents a consistent set of unitsto perform a coupled thermal mechanical analysis.
However, units are typically chosen based on historical practicein the industry. Table 1 presents
typical units used for metal stamping. There are 2 approaches that can be taken to satisfy the
requirement of a consistent set of units.
1. Convert the thermal unitsinto the base units being used for the mechanical problem. This
isdonefor unit sets1 and 2 in Table 1. The mechanical unitsfor Unit Set 1 are defined in
away that the thermal units arein joules and watts. Thisis not the case for Unit Set 2.
Although Unit Set 2 is consistent, the thermal units are not familiar.
2. Usethe Sl unit for thermal energy, the joule, and define the mechanical equivalent of
heat to convert the mechanical work unit into joules. Thisisdone for Unit Set 3. The
mechanical equivalent of heat is entered in the* CONTROL_THERMAL_SOLVER

keyword.

Hot Forming Process

The hot forming process has 5 steps[1]:

1. Austenization - The blank is heated and held at the austenization temperature of 950C.

2. Transfer > The blank cools by convection and radiation during transfer from the oven to
the forming press.

3. Positioning = The blank is placed on the lower die and begins to cool due to contact with
the colder die.

4. Forming - The blank is formed.

5. Quenching - The blank isheld in the press and cooled to induce a solid-solid phase
transition from austenite to martensite.
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1. Austenization 2. Transfer 3. Positioning 4. Forming 5. Quenching

Thick Thermal Shell
The blank is modeled by athin mechanical shell and flagged to be treated as a thick thermal shell
by the parameter TSHELL on the* CONTROL_SHELL keyword. The thick thermal shell isa 12
node element — 4 nodes in the plane of the shell and 3 nodes through the thickness. The 3 nodes
through the thickness allow the use of quadratic shape functions to more accurately calculate the
through thickness temperature gradient. LS-PrePost can display temperatures on the mid-plane,
bottom surface, and top surface of the shell.

*MAT_ADD_THERMAL_EXPANSION

The coefficient of thermal expansion as a function of temperature can be defined using the
*MAT_ADD_THERMAL_EXPANSION keyword. This allows the calculation of thermal
strains for any of the mechanical material modelsin LS-DYNA. LS-DY NA requires the tangent
value of the coefficient of expansion as defined in the following figure.

— Tangent coefficient of thermal

expansion is used by LS-DYNA

thermal

strain .

= ALIL, Secant coefficient of thermal expansion
requires a reference temperature

T T temperature Ty

Thermal M echanical Contact

Two new features have been added to the * CONTACT _option THERMAL keyword.

1. bc _flag - During the transfer operation from the oven to the press both surfaces of the
blank lose heat to the environment. However, once the blank is positioned on the lower
die, only the top surface of the blank transfers heat to the environment. Setting bc_flag=1
turns off thermal boundary conditions for those surfaces that are in contact.

2. 1 way - Inthe mechanical definition of the problem, the dies are typically modeled
using arigid material. Therefore, the dies do not deform. Analogously for the thermal
definition of the problem, the dies do not change temperature because their massis much

12-18



9" International LS-DYNA Users Conference Metal Forming (1)

greater than that of the blank. The parameter 1_way invokes this modeling assumption —
only the blank can change temperature due to contact.

The suffix FRICTION added to the keyword * CONTACT _option THERMAL_FRICTION adds
the capability to model the mechanical coefficients of friction as afunction of temperature and
the thermal contact resistance as a function of interface pressure. There are currently 4 formulas
to calculate the contact resistance, h, as a function of interface pressure, P:

1. load curve h(P) is defined by aload curve

2. polynomial h(p) = a+ bP + cP? + dP®

7Zk P 0.8
3. Shvetsformula[2] h(P) = —2=2 1,+85[_j
42 o

4. Sellersformula[3] h(P) = a{l. - exp[— b%ﬂ

Other formulas will be added in the future.

MAT _113[4] and Thermal User Subroutine

Material type 113 applies to shell elements only. It features a specia hardening law aimed at
modeling the temperature dependent hardening behavior of TRIP-steels. TRIP stands for
Transformation Induced Plasticity. The material gains ultra high strength through the hot
forming process. In this material, a phase transformation from austenite to martensite occurs
during forming, an effect which is sensitive not only to the stain level, but also to strain rate and
temperature. The material model is composed of 2 basic equations:

(1+B)/B
1. TRIP kinetics rate equation WMoy :Eexp(gj 1=V \VAY 1(1— tanh(C + DT))
de A TAV, 2
2. yield stress equation o, = B« — (B — Aus)expl— me" [(K, + K,T)+AH YA

The user subroutine alows the creation of more sophisticated material models with the
interchange of material history variables between the mechanical material user subroutine and
the thermal material user subroutine.
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