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Abstrak

This paper presents experimentaland numerical analysis of dummy neck forcrashworthiness
assessment. The dummy neck was developed using flexible material, silicone rubber and rigid
body material, mild steel. The design of the dummy neck is based on the measurement data on
neck length and neck circumference that has been taken from Asia child and statistical
analysis has been done to obtain the desired measurement. The dummy neck is connected with
load cell at the upper and lower neck to simulate the force acting on child neck at CO and C7
bone. Comparison has been made between the experimental and numerical simulation
analysis for static load condition on dummy neck. Results from numerical simulation and
experimental showed a good agreement.
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1 Introduction

Approximately 500 000 people are killed and 20 imiillinjured in vehicle crashes in the world
every year. Among that numbers, 291 000 injuriesevievolved children between the ages 0 to 14 and
7810 were fatal crashes [1]. Neck injuries were ohehe leading cause for most of the injuries in
vehicles crashes throughout the world. A studydedeal world frontal impacts show that the necthis
most currently injured anatomical segment othen tinead.

In a rear-end crash, even at low speed the he#lieadccupants of the struck vehicle normally
suffers a motion related to the torso that prodwetden distortion of the neck. Although in the mos
severe cases this movement can produce the fraafteervical vertebrae, the commonest related fessio
are only classified as minor injuries. Nevertheldélsse lesions, known as whiplash associateddsisor
(WAD) or simply whiplash, produce painful and ofteng term or even chronic symptoms.

During the last few years a certain number of erpental procedures have appeared trying to
evaluate and understand neck injuries mechanism]. [ZEven though several theories have been
proposed, it is still difficult to accurately estite and evaluate neck injuries. During time, maagkn
injury evaluations have appeared trying to evalumgmy types of neck injury criteria and there’dl sti
doubt which criteria should be used. As for thiglgt a static load experiment was performed in orole
evaluate the stress, displacement and load actinigeoneck during crash condition.

2. Design of Child Dummy Neck.

The child dummy neck generally is developed uflexjble component and rigid body. In study,
the biofidelic dummy neck is designed and a nuraéricodel is developed. The dummy neck segment
consist of 9 parts, load cell, rubber puck, rubtneck disc, steel wire, steel wire holder, head ntiogn
and accelerometer housing disc. The assembly desitpe biofidelic dummy neck is presented in Hig.
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Figure 1, Assembly design of biofidelicdummy neck.

In the experimental part, biofidelic dummy neckmade as a silicone rubber column with the upper and
lower end is attached with discs. The load cellssed to convert force applied to it into electrisignal

and it placed at two places, on the upper neckamthe lower neck to measure the compression and
tension load. At the center of the column therasssteel wire as reinforcement for the molded aikc
rubber. Steel wire is used to retract back theidédit dummy neck during movement. At the top,
mounting blocks were installed to attach the dummegk and the head. Figure 2 shows the silicone
rubber mold, rubber puck disc, mounting block aratllcell used in developing biofidelic dummy neck.

(@) (b) (d) ()

Figure 2, Parts of biofidelic dummy neck (a) siliconerubber mold, (b) rubber puck disk, (©
steel wire, (d) load cell and (€) mounting block.

In the numerical analysis, the assembly drawing e@s/erted as mesh with solid and shell elements.
Two necks models were developed, single layer nubbek (biofidelic) and multiple layer rubber neck
(hybrid 1). For hybrid Il dummy neck, the rubberas stacked with steel and center of the neckgras
the single layer rubber neck, it consists of alsimgbber. Most of the parts were meshed usingl soli
except for the head. The head was assumed aglanagerial and meshed using shell element with 2mm
of thickness. For biofidelic neck, it consists 28Xhell elements and 1350 of solid elements. Agte
hybrid 11l neck, it consists 282 of shell elementsd 1285 of solid elements. Both neck models use
viscoelastic material properties for the silicoblyar. The mechanical properties of each compormnt f
both models are presented in Table 1.
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Figure 3Finite element modds of dummy neck, (a) biofidelic model, (b) hybrid |11 model.

3. Static Load Test

In static load test, a vertical load is appliedhtat forehead of the biofidelic dummy neck. Two
different loads that have been used in this expgartravhich is 10 N and 20 N. The load will be rekeas
10 mm height to create a shock condition to th&knBg using LMS SCADAS Mobile as the DAQ, the
tension and compression load during the experitnasteen obtained.

The magnitude of tension load is measured fromupipger neck load cell while themagnitude of
compression load is measured from the lower neatt &ell. In numerical simulation, the same conditio
is applied to verify the experimental result. Th®{ograph of experiment setup and numerical sinmunat
on static load condition is shown in Fig. 4.

Table 1 Mechanical properties of dummy neck for each component

Componer E [GPa Mass density [kg/m?] Poisson’s rao
Heac 21C 7.85x1(° 0.2
Rubbe 0.01 1.22x1(° 0.4¢
Plate 21C 7.85x1(° 0.3
Neck cente 0.01 1.22x1(° 0.4¢
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Table 2. Comparison result of static load test
10 N Loac 20 N loac
Experimente  Simulatior Experimente Simulatior
Max. displacement [mr 32.0¢ 27.1¢ 40.9: 42.11]
Stress [MPe¢ 0.7z 0.6: 1.01 0.9¢

4. Result and Discussion

For biofidelic dummy neck, the summary of compamigsesult of experimental and numerical
tests is shown in Table 2. The load cell responsthé experimental test for 10 N and 20 N loads are
shown in Fig. 5. The simulation and experimentaladshows minimal variation value in maximum
flexion and extension of the neck. The only vadiatis the time during transition from flexion to
extension. These occur due to many factors in é@xgetal setup such as the friction of the pullegd
sensor readings and other. Other than that, eroon the simulation may also occur and the most
common is the contact definition and the materiralpprties inserted. A slight differ in these vaksn
cause variation compared to the experimental resutirder to minimize all this error, every detaihs
inserted carefully in the simulation scheme andfierexperimental setup, it was performed sevires
to confirm the result.

The numerical simulation is extended to observeattheantage of multiple layers in hybrid I
neck model. The comparison of neck displacemenvdmat the hybrid 1ll neck and biofidelic dummy
neck for 20N applied load is presented in Fig. Bufe 6(a) shows that biofidelicneck gives more
displacement which is 42.11 mm compared to the idybl neck which gives 35 mm displacement.
However, Hybrid 1ll neck model oscillate morecongmrto biofidelic neck. Peak A was the maximum
flexion and peak B was the maximum extension ofhihek. Stress occurred at the center of both neck
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Figure 6 Comparison between Biofidelic and Hybrid 111 model.

6. Conclusion

Biofidelic Dummy neck wassuccessfully developed amdidated with two types of finite
element neck models. In the experiment during cstiatad the neck has givenoutput for maximum
compression 142.1 N whilefor tension 10.8 N. Theximam tension isvery low it might be because of
the design needto be revised. For the analysis thettexperimental andnumerical displacements has
beencompared. The result shows a good correlat&ween experimentaland numerical where the
maximum displacementat each analysis closes toaheh
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