»2:17 2025/4/30 Seat belt analysis of a simplified crash dummy - 2025 - dssimulia_established

2 © 1995-2025 Dassault Systéemes SE. All rights reserved.

Seat belt analysis of a simplified crash dummy

This example shows the use of Abaqus in analyzing a simplified crash dummy restrained by a complete seat belt system as a moving vehicle
comes to a sudden stop.

This page discusses:

o Geometry and materials

o Models

o Results and discussion

o Input files

o Figures

Products: Abaqus/Explicit

Automotive seat belts dramatically reduce the risk of vehicle occupant injury in the case of collision. The seat belt system includes:
o the webbing sliding through D-rings attached to the car frame;
o one retractor that models spool locking, tension preloading, and spool effects; and

o one pretensioner that tightens the seat belt.

Several SLIPRING connectors strung together are used to model the belt webbing passing through the rings. The RETRACTOR and HINGE
connection types are used to model the retractor and pretensioner.

Geometry and materials

As shown in Figure 1, the model consists of several distinct entities: the dummy, the seat belt, the retractor, and the seat. The modeling
strategy consists of applying an initial velocity for the dummy of approximately 45 miles per hour while the seat and the seat belt attachment
points to the car frame are held fixed with boundary conditions, thus emulating a vehicle that comes to a sudden stop.

Dummy

A very simple dummy model is used (none of the limbs are modeled). The dummy model has two distinct parts, the lower torso and the upper
torso, that are connected together through a rigid connector. The lower torso is modeled with rigid surface elements. The upper torso is
modeled in the same fashion except in the chest area. The human body compliance is modeled approximately by meshing a region in the chest
area using deformable shell elements. In addition, four CARTESIAN and CARDAN connectors with nonlinear elastic and damping behavior are
inserted between four nodes around the chest area and four nodes belonging to the rigid back of the upper torso. The upper and lower torsos
overlap over a small region around the waist area, but contact is excluded to avoid the interaction between them. The approximate mass of the
dummy is 35 kilograms.

Seat

The seat modeling is minimal since the focus of this example is to illustrate the seat belt modeling technique. Only one solid element with
crushable foam material properties is used to model the lower part of the seat. The back support is not modeled.

Seat belt webbing passing through rings

The seat belt is modeled primarily using several SLIPRING connectors strung together. To model the contact interactions between the belt and
the chest and lap areas accurately, membrane elements are used to model short portions of the belt in these regions. Figure 2 shows the seat
belt arrangement. The node numbers associated with the connector elements are also illustrated. The seat belt is defined starting from the right
side of the figure (adjacent to the B-pillar in the car) and moving to the chest area, the waist-level click-in buckle, the lap area, and finally the
attachment to the car bottom floor, as follows:

o Three SLIPRING connectors are used between nodes 8300228, 8300237, 8300243, and 8300247. In this order, the four nodes correspond to
the exit point from the retractor at the bottom of the B-pillar, the trim exit point along the B-pillar, the shoulder-level ring at the top of the
B-pillar, and the connection point with the membrane-mesh region of the belt at the top of the chest area.

The three SLIPRING connectors model the belt as it flows and stretches through these points. As outlined in Connector Element Library, the
SLIPRING connection type activates the nodal material flow degree of freedom (10) at these four nodes. Material can flow freely between
the three elements but cannot flow through the connection point with the membrane-meshed area at node 8300247. Hence, a boundary
condition on this degree of freedom is specified at this node.

o The membrane-meshed area between nodes 8300247 and 8300248 models the contact with the chest area of the dummy accurately.

o Two SLIPRING connectors are used between nodes 8300248, 8300251, and 8300253. In this order, the three nodes correspond to the
connection point with the membrane-mesh region of the belt at the bottom of the chest area, the ring of the waist-level click-in buckle, and
the connection point with the membrane-meshed region of the belt at the left side of the lap area.
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Since no material flow occurs at the connection points with the membrane-meshed regions, boundary conditions on degree of freedom 10
are specified at nodes 8300248 and 8300253.
o The membrane-meshed area between nodes 8300253 and 8300254 models the contact with the lap area of the dummy accurately.

o One SLIPRING connector is used between nodes 8300254 and 8301398. These two nodes correspond to the connection point with the
membrane-mesh region of the belt at the right side of the lap area and the attachment point to the car frame.

Boundary conditions on degree of freedom 10 are specified at both nodes.

The stretching of the belt is governed by the specified nonlinear elastic connector behavior.
Retractor

The retractor device is located at the bottom of the B-pillar. It is modeled using a RETRACTOR connector in parallel with several HINGE
connectors as illustrated in Figure 3. The connections are as follows:

o The RETRACTOR connector is connected to the first SLIPRING connector along the B-pillar at node 8300228. It converts the material flow at
this node into a rotation about a local axis oriented along the longitudinal direction of the car.

o Several HINGE connectors model the various mechanisms in the retractor device. Their axes are all parallel to each other and are oriented
along the longitudinal direction of the car.

= The preload HINGE applies a small pretension elastic force typically given by a weak torsional elastic spring. Its purpose is to eliminate the
slack in the belt.

= The spool lock HINGE uses a connector lock definition to lock the almost-free rotation of the spool's axle if the velocity of the belt material
exiting the retractor exceeds a certain threshold.

= The spool effect HINGE is attached to the car frame and uses a connector plasticity definition to model the compression effects of the
spool. This is accomplished via a tension-versus-spooled-out-material curve.

The spool effect is inactive until the spool lock connector locks; hence, the two HINGE connectors are placed in series. The preload is applied at
all times and, therefore, is placed in parallel with the two other HINGE connectors.
Pretensioner

The pretensioner device is attached to the car frame in the vicinity of the waist-level click-in buckle. It is modeled using a SLIPRING connector
and a RETRACTOR and a HINGE connector in parallel as illustrated in Figure 4. The connections are as follows:

o The pretensioner spool (HINGE) connector is attached to the car frame. It uses an amplitude-delayed connector motion definition to specify
the rate at which the belt material flows into the pretensioner device.

o The RETRACTOR connector converts the specified motion in the HINGE connector into a material flow that is expelled from the following
SLIPRING connector.

o The SLIPRING connector models the stiff cable to which the waist buckle is attached. Its length shortens as the pretensioner device is being
triggered.

o A PIN-type MPC is used to connect the node associated with the waist-level click-in ring that slides over the seat belt (node 8300251) with
the buckle it clicks into (node 8300351). By using the additional node 8300351, the material flows associated with the pretensioner
SLIPRING and the SLIPRINGSs of the adjacent seat belt segments are prevented from interacting with each other.

Models

Two analyses are studied: one analysis that considers the friction in the connector elements and one analysis without friction in the connector
elements. In addition, a comparison between isotropic and anisotropic friction in the contact interaction between the belt and the dummy is
analyzed.

Isotropic frictional model

Isotropic friction coefficient: f;sotropic = 0.3.

Anisotropic frictional model

Equivalent friction coefficients: 1 = 1.0 (the 1-direction is transverse to the belt, as shown in Figure 5) and
2 = 0.3 (the 2-direction is longitudinal to the belt).

To obtain these coefficients, the seat belt fabric is considered to contribute to the directional preference of friction
while the dummy surface does not contribute; therefore, the frictional directional preference factors € and the average
friction coefficient are set as follows:

Epelt — 05384
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€dummy = 0
Liso = 0.65

The maximum-epsilon-dominant weighting method for combining surface-based directional preferences for the
anisotropic friction model is used (*COMBINATORIAL RULE, ANISOTROPY WEIGHTING=DOMINANT).

Results and discussion

The undeformed and deformed shapes (t=0.0215 seconds) for the model are shown in Figure 6 and Figure 7, respectively. Results for belt
tensions and material flow in and out of the shoulder level slipring are shown in Figure 8 and Figure 9. At this junction SLIPRING connector
elements 8888803 and 8888804 share a common node 8300243. For the frictionless analysis, the normalized belt tensions are shown in Figure 8.
As expected, the two tension histories are the same. For the frictional case, the ratio of the belt tension in adjacent belt segments is shown in
Figure 9. For the case when the belt is slipping, the ratio of the belt tension is given by t5/t; = €#®, where ¢ and t; are the tensions in the
adjacent SLIPRING connector elements, p is the coefficient of friction, and a is the angle between the two adjacent sliprings. For the seat belt
model with friction where p=0.1 and a=1.718132 radians, the ratio of the belt tension is tz/t1 = 1.187. As shown in Figure 9, the ratio agrees
well with the analytical result. Near the end of the analysis (19 milliseconds) the ratio of the belt tension drops from this value. Figure 9 shows
that the normalized accumulated slip remains constant for the remainder of the analysis; hence, we can conclude that the ratio drops because the
belt starts sticking. Figure 10 shows that the material flows across node 8300243, which is the second node of connector element 8888803 and
the first node of connector element 8888804, are identical as expected.

As expected, activating anisotropic friction with a higher friction coefficient in the transverse direction of the belt with respect to the longitudinal
direction causes the belt to have a smaller lateral motion, as shown in Figure 11.

Input files

seatbelt_xpl.inp

Analysis of a frictionless seat belt-restrained simplified dummy using Abaqus/Explicit.

seatbelt_fric_xpl.inp

Analysis of a frictional seat belt-restrained simplified dummy using Abaqus/Explicit.

seatbelt_anisfric_xpl.inp

Analysis of a frictional seat belt-restrained simplified dummy using Abaqus/Explicit. Anisotropic friction is considered in the contact
between the belt and the dummy.

Figures

Figure 1. Seat belt and dummy arrangement.
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Figure 2. Seat belt arrangement.
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Figure 3. Retractor model.
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Figure 4. Pretensioner model.
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Figure 5. Directional preference 1 (the most resistance to slipping) for the anisotropic frictional model.
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Figure 6. Dummy and seat belt system in the undeformed configuration.

https://help.3ds.com/2025/english/dssimulia_established/SIMACAEEXARefMap/simaexa-c-seatbelt.htm?contextscope=all&id=758444b757974038979... 5/7



»2:17 2025/4/30 Seat belt analysis of a simplified crash dummy - 2025 - dssimulia_established

slipring

deformed configuration.

Figure 8. Normalized belt tension of adjacent frictionless sliprings.
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Figure 9. Ratio of belt tension of adjacent sliprings with friction and the normalized accumulated slip.
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Figure 10. Normalized material flow across node between adjacent sliprings.
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Figure 11. Position of the belt system in the deformed configuration (with anisotropic friction, left; without anisotropic
friction, right).
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