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Introduction: The effect of impact angle (θ) on the 

morphology of craters has been well studied, both ex-

perimentally [e.g. 1, 2] and with numerical modelling 

[e.g. 3]. These studies find that for impact angles close 

to normal incidence (defined here as 0° - Fig. 1) the 

craters produced are approximately symmetrical, how-

ever beyond some threshold angle (θe), craters become 

elliptical in the direction of impact (i.e. the ratio of 

their length to width becomes >1.1). This suggests that 

for impacts at angles greater than θe, details of the im-

pactor’s trajectory may be determined by assessing the 

morphology of the resultant crater. However, to date, 

such studies have focused on impactors larger than 1 

mm. This is much larger than typical micrometeoroid 

impacts on dedicated collectors and spacecraft surfaces 

in low Earth orbit (LEO), or the cometary and interstel-

lar grains impacting the Stardust collector, where such 

directional information may be useful in determining 

impactor trajectories. Accordingly, we have carried out 

experimental shots and have begun complementary 

hydrocode modelling to study the effects of impact 

angle on crater morphology for sub-mm projectiles. 

Methodology: Experimental shots were performed 

using the two stage light gas gun at the University of 

Kent [4]. Monodisperse projectiles of 2 µm silica and 

22 µm glass were fired into Al 1100 foil targets at ~5 

km s
-1

. The target foils were wrapped over a curved 

former (described in [5]) such that impacts would oc-

cur over the entire range of angles between 0° (normal 

incidence) and ~90° (a grazing incidence impact). Cra-

ters corresponding to impact angles of 0°, 5°, 15°, 25°, 

35°, 45°, 55°, 65°, 75° and, where possible, 85° were 

identified and imaged by scanning electron microscopy 

(SEM). Stereopair images were obtained to enable ac-

curate analyses of crater morphology from 3D recon-

structions and 2D profiles processed using Alicona’s 

MeX software [6].  

Results and discussion: To calculate the ellipticity 

of the impact craters, the diameter measurements were 

taken from the pre-impact target surface (referred to as 

the ‘ambient plane’, Fig. 1). The ellipticities of the 

craters of both 2 µm silica and 22 µm glass projectiles 

as a function of angle are shown in Fig. 2. We note that 

for the 2 µm silica projectiles, θe is lower (~29°) than it 

is for 22 µm glass (~43°). Additionally, 2 µm silica 

craters exhibit higher ellipticities than those produced 

by 22 µm glass craters for the same impact angle. 

These results suggest that θe and the degree of elliptici-

ty is dependent on the size of the impactor. 

 
Fig. 1: Measurements used to quantify oblique impact angles 

and craters. All crater dimensions are measured from the pre-

impact surface (‘ambient plane’). 
 

 
Fig. 2: Crater ellipticity as a function of impact angle (θ). θe 

represents the impact angle above which craters begin to 

exhibit ellipticity (length/width > 1.1) in the direction of 

impact. The value of θe varies for different impactor sizes. 

 

Sample craters for the two projectile sizes at differ-

ent impact angles are shown in Fig. 3. For the 2 µm 

silica craters, it appears that as the impact angle is in-

creased above θe, ellipticity arises as a result of an in-

crease in the crater’s length and modest decrease in 

width. In contrast, for the 22 µm projectiles, ellipticity 

appears to arise as a result of a decrease in the width, 

with length remaining approximately constant. This 
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results in the overall planform area of the crater de-

creasing much more for the 22 µm projectiles than for 

the 2 µm projectile (see 55, 65 and 75° examples in 

Fig. 3). This indicates a fundamental difference in the 

behaviour of the target for the two different sizes. 

A further morphological change in the impact cra-

ters was the lack of crater rim on the incoming side of 

the crater. This becomes apparent at impact angles 

below θe and at different angles for the two different 

projectile sizes (angles above ~15° for 2 µm silica and 

~35° for 22 µm glass – Fig. 3). The occurrence or ab-

sence of a rim can therefore constrain the angle of im-

pact for those craters produced at angles below θe. 

Differences in resulting crater morphology relating 

to the size scale of the impactor could be attributed to 

i) surface strain hardening of the top ~µm of the tar-

get’s surface due to the rolling process, where the 

harder top surface would control the crater morphology 

for the smaller projectiles; ii) yield strength increases 

due to high strain rates (10
9
 s

-1
) experienced within the 

target [7-9] produced during the smaller impacts. 

Hydrocode modelling: Using Ansys’ AUTODYN 

hydrocode [10], modelling is being undertaken to test 

whether increases in the strain rate and consequently 

yield strength of the target can account for the morpho-

logical differences reported here. The results of simula-

tions using conventional and modified strength models 

will be presented. 

Conclusions: Information regarding the angle of 

impact can be inferred from the crater ellipticity and 

the occurrence, or lack, of a rim on the incoming side 

of the crater. We find that both the value of θe and the 

angle at which the incoming rim is absent is dependent 

on the impactor’s size. The results suggest that for the 

2 µm impactors (in the size range more applicable to 

interstellar grains [11]), impact angles between 0° and 

~90° can be estimated from crater morphology. These 

relationships could therefore be used to provide prelim-

inary identifications of interstellar vs. secondary ejecta 

or interplanetary particles captured on the foils of 

NASA’s Stardust collectors, although effects of grain 

sphericity should be explored. In addition, these find-

ings may also be useful when planning for future dedi-

cated collectors of interstellar and interplanetary dust. 
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Fig. 3: SEM images showing the craters produced by 2 µm 

silica (left panel) and 22 µm glass (right panel) as a function 

of impact angle θ. Note the onset of ellipticity and absence of 

incoming rim occurs at different angles for the different sized 

projectiles. 
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