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Abstract: This paper presents a way of approaching the modeling of multibody systems. The proposed 

model tries to reproduce as closely as possible the driver’s skeletal system when a series of commands 

are activated on board the vehicle. Elements of this model were imported into the AutoCAD computer 

graphics program as polyface mesh entities. We transformed the entities into solid with the Inventor 

program by exporting from AutoCAD with the extension .iges and importing them into the Inventor 

program. The solid model made with the help of the Inventor program was exported again with the 

extension .dwg in AutoCAD. The result was 222 solid elements (corresponding to each human bone) 

for which the import procedures were followed in the MSC ADAMS software. With the help of STEP 

motion laws, we simulated changing the gears of the vehicle on the virtual model. The verification 

analysis at the end of the simulation showed that the created model has 104 degrees of freedom, 53 

moving elements, 20 simple rotational couplings, 2 spherical rotational couplings, 15 fixed joints, 18 

imposed movements and that all the kinematic restrictions introduced are valid. The virtual model 

created can be a tool for analyzing the biomechanical system of the driver for car manufacturers in 

order to improve the ergonomics of the seat. 
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1. Introduction 

For a more accurate modeling of the driver’s bone system, we imported a geometric 

model made using the 3D StudioMax program, which can be found in the 3Dlancer 

virtual library. Elements of this model were imported into the AutoCAD computer 

graphics program as polyface mesh entities. We transformed the entities into a solid 

with the Inventor program by exporting from AutoCAD with the extension .iges and 

importing them into the Inventor program. The solid model made with the help of 

the Inventor program was exported again with the .dwg extension in AutoCAD. I 

preferred the transformation into solid by the Inventor program due to the smaller 

file size compared to the one transformed by AutoCAD. The result was 222 solid 

elements (corresponding to each human bone) for which the import procedures were 

followed in the MSC ADAMS software, figure 1. 

    
(a) (b) (c) (d) 

Figure 1. Stages of modeling the driver’s biomechanical system 

(a) polyface mesh model (b) Inventor solid model (c) AutoCAD solid model (d) 

MSC ADAMS virtual model 

 

2. Related Work 

The solid kinematic elements of the virtual model, imported into MSC Adams, were 

connected via the kinematic torques provided by the program. Depending on the 

number of degrees of freedom allowed by the anatomical structure, spherical, 

rotational, or translational kinematic couplings were used, figure 2. 
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(a) (b) (c) 

Figure 2. Data of the virtual model of the driver 

(a) rigid kinematic elements (b) kinematic couplings (c) imposed laws of motion 

In order for the kinematic subassemblies of the driver created to have a kinematic 

behavior as close as possible to the real behavior of the driver, during the operation 

of different devices, we assigned to the models solid movements that reproduce as 

accurately as possible the human movement. The kinematic constraints were applied 

to the sagittal movements, movements defined by laws of motion that represent the 

variations in time of the articular parameters of the kinematic torques of rotation. 

With the help of STEP motion laws we simulated changing the gears of the vehicle 

on the virtual model. The general form of the STEP function offered by MSC Adams 

is: 

𝑆𝑇𝐸𝑃(𝐴, 𝑥0, ℎ0, 𝑥1, ℎ1) (1) 

where: 

A - defines the set of values of the variable x; 

x0 - the initial value of the set A for the initial angular value h0; 

x1 - the value of the variable x in which the angular variation h1 is reached. 

For simulation, we considered the independent variable, x, the time required for the 

movement, and as a dependent variable the angular variation, h. The interval A is 

between the initial time which has the value 0 seconds and the final time 5 seconds 

(maximum time measured for changing gears). 

The verification analysis at the end of the simulation showed that the created model 

has 104 degrees of freedom, 53 moving elements, 20 simple rotational couplings, 2 
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spherical rotational couplings, 15 fixed joints, 18 imposed movements and that all 

the kinematic restrictions introduced are valid. 

The virtual model created can be a tool for analyzing the biomechanical system of 

the driver for car manufacturers in order to improve the ergonomics of the seat. With 

the help of this model it is possible to study the position of the driver and to highlight 

possible movement constraints due to the devices to be operated. 

To verify the model made in the MSC Adams software, we made measurements of 

the angles of the joints and the travel times of the elements when performing the 

maneuver to change gears with mechanical clutch. The measurements were 

performed on a car stand with analog means (level - laser reporter, stopwatch). 

We obtained the obtained data in the quantification of the parameters of the STEP 

type motion laws as follows: 

1. Left ankle movement 

• STEP( time , 2.5 , 0 , 3.0 , -40d )+STEP( time , 3.1 , 0 , 3.2 , +5d )+STEP( time , 

3.2 , 0 , 4.0 , +30d ) 

2. Left knee movement 

• STEP( time , 2 , 0 , 3.0 , -40d )+STEP( time , 3.6 , 0 , 4.8 , 40d ) 

3. Left thigh movement 

• STEP(time , 1 , 0 , 2 , -5d )+STEP(time , 2 , 0 , 3.3 , 20d )+STEP(time , 3.6 , 0 , 

4.5 , -20d )+STEP(time , 4.5 , 0 , 5 , 5d ) 

4. Right leg movement 

• STEP(TIME , 3 , 0 , 3.5 , 15d )+STEP(TIME , 3.8 , 0 , 5.5 , -20d ) 

5. Straight shoulder movement 

• STEP(time , 2.5 , 0 , 3 , 20d )+STEP(time , 3.8 , 0 , 4 , 5d ) 

6. Right elbow movement 

• STEP(time , 2.1 , 0 , 2.8 , 5d ) 

7. Right hand wrist movement 

• STEP(time , 3.4 , 0 , 3.6 , -15d ) 

The kinematic constraints of the laws of motion were realized in the sagittal plane, 

figure 3. 
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(a) (b) (c) (d) 

Figure 3. Simulation of gear changes with MSC Adams 

(a) initially (b) left limb flexion (c) left lower limb extension and right leg flexion (d) 

right upper limb extension 

 

3. Result 

Following the verification simulation of the driver model, the following were found: 

• the amplitude of the displacement of the center of mass of the tibia of the left foot 

has the highest value, approximately 175 mm, while the metatarsals move the least, 

approx. 20 mm, figure 4; 

• for the upper part of the body, when actuating the gear lever, the center of mass of 

the metacarpals moves by approximately 57 mm, figure 5; 
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Figure 4. Displacement of the center of mass of the kinematic elements of the driver 

• the linear displacement speeds of the torques associated with the joints have the 

highest values for those that are positioned topographically distally (the ankle and 

wrist joint) 

• the speed of movement of the hip joint is approximately 0.12 m / s in accordance 

with the small displacement of the femur (figure 5); 

 

 

Figure 5. Linear Velocities of the Driver’s Joints 
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• the angular velocities of the kinematic elements at the bottom behave like a 

connecting rod-crank mechanism (the angular velocities are realized at the same 

time) the highest speed is achieved by the ankle due to the small angular variation in 

a short time; 

• in the case of the upper limb flexion - extension of the arm and flexion - extension 

of the forearm takes place sequentially (angular velocities are achieved at different 

times), and the angular velocity of the wrist has the highest value, about 2 rad / sec, 

figure 6. 

 

 

Figure 6. Angular Velocities of Kinematic Torques 
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4. Conclusions 

For a more accurate modeling of the driver’s biomechanical system, we excluded 

schematic modeling and imported a geometric model composed of 222 elements. 

The results of the simulation of the multibody model were obtained in the conditions 

in which the STEP type motion laws were imposed on the joints, and the data were 

obtained with the help of analog measurements and data provided by the Kinovea 

system. The multibody model created by the complexity and fidelity with which it 

was modeled, can be considered a reliable tool in the study of kinematics and 

dynamics of the driver’s biomechanical system. 
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