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ABSTRACT

In December 2015, the driver of a 2006 Ford Ranger 
pickup truck was killed after colliding with an object 
in the road. The truck’s airbag module had deployed, 
and a subsequent autopsy revealed what appeared 
to be a gunshot wound in the driver’s neck. The sus-
pected source of the wound was a metal fragment 
slug from the driver’s side airbag module located in 
the steering wheel of the truck. MVA Scientific Con-
sultants was asked by the coroner’s office to determine 
the composition of the slug recovered from the driver 
and to determine the source of the slug. 

Examination of the components of the airbag 
module revealed that the airbag inflator had ruptured 
from excessive pressure and that the metal initiator in-
side of the airbag inflator had fractured into two large 
pieces. One of the pieces penetrated the driver’s neck, 
and the other piece was found pressed onto the steer-
ing wheel mounting nut. 

The types of materials analyzed include labels 
on the inflator, adhesive, and fracture patterns. Fluo-
rescence microscopy, scanning electron microscopy 
coupled with energy-dispersive X-ray spectrometry 
(SEM-EDS), Fourier-transform infrared microspec-
troscopy (FT-IR), calipers, and a microchemical test for 
ammonium ions were used during the investigation. 
The investigation was supplemented by examining an 
exemplar airbag inflator using 3-D computed X-ray  
tomography. The airbag inflator, containing ammo-
nium nitrate (NH4NO3), was a product of the Takata 
Corporation, whose defective airbag inflators are 

linked to at least 16 deaths and more than 100 injuries, 
resulting in the largest recall in automotive history.
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light microscopy (PLM), computed X-ray tomogra-
phy, forensic investigation

METHOD

A metal fragment slug was reportedly recovered 
from the deceased driver in an autopsy following a 
traffic accident in which the driver’s side airbag de-
ployed. The metal slug, an airbag module (without the 
airbag cushion), and one additional metal fragment 
from the steering wheel nut of the driver’s truck were 
sent to MVA Scientific for analysis. We were asked to 
determine the source of the slug. We purchased an ex-
emplar airbag module for a Ford Ranger (model years 
2004–2006) for comparison.

Typical steering wheel airbag modules are com-
posed of a decorative cover, cushion pack, housing, 
and inflator; an initiator is inside the inflator (Figure 1).  
The decorative cover is part of the steering wheel 
that faces the driver. The cushion, or airbag, deploys 
through the cover. Beneath the cushion is the inflator; 
when activated, it produces the rapid release of inert 
gas that fills the airbag. The initiator, which is inside 
the inflator, receives an electrical signal to begin the 
gas-generation process.
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An exemplar airbag module was deployed and 
disassembled (Figure 2). Labels identifying the man-
ufacturer were observed on the base of the inflator 
housing (Figure 3). Examination of the inflator hous-
ing from the deceased driver’s truck and from the 
exemplar revealed gross differences in shape (Figure 
4). The inflator from the pickup truck was distorted 
transversely from its center toward and away from the 
driver (Figure 5). Labels that were previously affixed 
to the inflator from the truck had been blown away 
during the rapid expansion of the module. The labels 
were later recovered from inside the truck (Figure 6). 

Examination of the metal slug recovered from 
the driver revealed a fractured steel cylinder with  
internal layers of sheet aluminum. The fractures had 
occurred near the midline of vent holes around the 
circumference of the cylinder (Figure 7). Examina-
tion and comparison of adhesive residue observed  
on the inflator with adhesive from the slug revealed 

that the residue on the inflator was similar to the resi-
due on the slug. Residues from each were consistent 
in width and in chemical composition as determined 
by FT-IR analysis (Figure 8) and visible fluorescence 
under long-wave UV excitation using a 365 nm 
source (Figure 9). 

Figure 1. Components of a typical airbag module. The initiator is 
located inside the inflator housing.

Figure 2. Deployed exemplar airbag module. The view is from the 
steering wheel side (base) of the module, away from the driver.

Figure 3. Deployed exemplar airbag inflator module. The label 
on the base identifies the manufacturer. Figure 4. Airbag inflator module from driver’s truck (left) and 

deployed exemplar module (right). The view of both images is 
from the top of the module facing the driver. Note: The exemplar 
module top is solid steel.

Figure 5. Deployed inflator module from the driver’s truck (left) 
and deployed exemplar inflator module (right). The holes are 
where the gas discharges to fill the airbag cushion.
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At this point in the investigation, we decided to 
focus on evidence that would support the hypoth-
esis that the slug recovered from the driver shared a 
common origin with the inflator’s initiator from the 
driver’s side airbag module. Dimensional analysis of 
the exemplar inflator indicated that there should be 
additional slug fragments that could be matched to 
the fracture pattern on the metal slug recovered from 
the deceased. 

Examination of photographs taken during the 
coroner’s investigation of the driver’s truck revealed 
the presence of a cylindrical metal object impaled on 

the steering wheel mounting nut located underneath 
the airbag module (Figures 10–12). Examination and 
comparison of the fracture surfaces of the metal slug 
from the driver and of the cylindrical object removed 
from the steering wheel nut of the truck revealed that 
both objects share a common origin (Figure 13). 

The exemplar inflator was examined with com-
puted X-ray tomography, which is an imaging proce-
dure that allows areas inside of an object to be sec-
tioned into thin slices. The images are processed into 
a 3-D reconstruction that allows the internal structure 
of an object to be viewed in any direction. It revealed 

Figure 6. Airbag inflator module labels recovered from inside the  
driver’s pickup truck.

Figure 7. Metal fragment slug projectile 
recovered from the driver’s neck.

Figure 8. FT-IR spectra of the adhesive residue on the surface of the metal slug (red trace), the 
adhesive residue on front surface of the airbag inflator (blue trace), and an acrylate reference 
(green trace).
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the internal structure of the exemplar inflator and the 
initiator (Figure 14). A rectangular structure at the 
base of the initiator fragment from the steering wheel 
is seen in Figure 11. A similar rectangular structure is 
also observed in the cross-sectional view of the exem-
plar tomography image (Figure 14, upper right). 

At the beginning of our investigation, we knew 
that the airbag module contained a Takata airbag in-
flator that used ammonium nitrate (NH4NO3) as the 
gas-generating compound. Polarized light microsco-
py (PLM) analysis of selected residues from the airbag 
module cover from the truck tested positive for am-
monium ions (NH4+) (Figure 15). 

SEM-EDS data was collected from multiple resi-
dues and components of the inflator, the initiator frag-

Figure 9. Left: Brightfield reflected-light images of the airbag 
inflator module from the pickup truck and the metal slug (inset 
photo) recovered from driver’s neck. Right: Visible fluorescence 
of the adhesive from the label using an 365 nm excitation. Figure 10. Pickup truck steering wheel after the airbag module 

was removed. The arrow denotes the base of the initiator.

Figure 11. Detail of the initiator fragment shown in Figure 10. 
The arrow denotes the rectangular structure at the base.

ments (the metal slug from the driver and the initiator 
fragment collected from the steering wheel nut of the 
truck), and the cover. Strontium and zirconium were 
detected by SEM-EDS in the initiator fragment from 
the steering wheel and on the metal slug that penetrat-
ed the driver’s neck (Figure 16). 

DISCUSSION AND CONCLUSION

The initiator, located inside the inflator compo-
nent of the airbag module from the pickup truck, frac-
tured during detonation and deployment of the air-
bag. One of two large fragments, described as a metal 
slug, originated from the initiator and was propelled 
through the inflator’s steel casing, penetrating the air-

Figure 12. Detail of the initiator fragment shown in 
Figure 10.
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bag and striking the driver. A second large fragment 
of the airbag initiator was ejected from the base of the 
inflator (away from the driver) and was impaled on 
the steering wheel nut. The pressure resulting from 
the detonation of the inflator deformed its steel casing. 
The initiator from the truck’s airbag module inflator 
was the source of the metal fragment slug recovered 
from the deceased and was also the source of the ini-
tiator fragment recovered from the steering wheel nut. 
The residues found on the truck’s airbag module were 
consistent with ammonium nitrate. The most con-
clusive evidence in this investigation came from the 

13A

13C 13D

13B

comparison of metal fracture surfaces of the initiator 
fragment from the truck’s steering wheel nut with the 
metal fragment slug recovered from the driver.
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Figure 13. The metal initiator inside the pickup truck’s airbag inflator ruptured into two pieces from the excessive detonation pressure. 
The fragment found impaled on the steering wheel mounting nut (left) and the slug recovered from the driver’s neck (right) are shown at 
a 12 o’clock position (13A), 3 o’clock position (13B), 6 o’clock position (13C), and 9 o’clock position (13D).

See Figures 14–16 on pages 104–105.
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Figure 14. Computed X-ray tomography of the exemplar airbag inflator shows transverse views of the initiator in the upper left and 
lower left images. The upper right image is a cross-sectional view of the airbag initiator (central cylinder) within the inflator housing 
shown in the lower right image. The arrow denotes the rectangular structure at the initiator base seen in Figure 11. 
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Figure 15. PLM photomicrographs of a positive test for ammonium (NH4+) using chloroplatinic acid with an ammonium nitrate reference 
(15A) and chloroplatinic acid with residue from the airbag module from the driver’s pickup truck (15B).

Figure 16. EDS spectra of the residue on the slug recovered 
from the driver (top) and of the residue on the initiator fragment 
impaled on the steering wheel nut (bottom).
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