


	 A T Kearsley  et al. / Procedia Engineering 204 (2017) 492–499� 493
 

Available online at www.sciencedirect.com 

ScienceDirect 

Procedia Engineering 00 (2017) 000–000  

  www.elsevier.com/locate/procedia 

 

1877-7058 © 2017 The Authors. Published by Elsevier Ltd. 

Peer-review under responsibility of the scientific committee of the 14th Hypervelocity Impact Symposium 2017.  

14th Hypervelocity Impact Symposium 2017, HVIS2017, 24-28 April 2017, Canterbury, Kent, 
UK 

Hypervelocity impact in low earth orbit: finding subtle 

impactor signatures on the Hubble Space Telescope. 

 

A T Kearsley
a,b,c*

, J L Colaux
d,† D K Ross

e
, P J Wozniakiewicz

b,c
, L Gerlach

f
, 

P Anz-Meador
g
, T Griffin

h
, B Reed

h
, J Opiela

g
, V V Palitsin

d
, G W Grime

d
, R P Webb

d
,  

C Jeynes
d
, J Spratt

b
, T Salge

b
, M J Cole

c
, M C Price

c
 and M J Burchell

c
. 

 
a Dunholme, Raven Hall Road, Ravenscar, YO13 0NA, UK; 

b Natural History Museum (NHM, retired), Cromwell Road, London, UK. 
c School of Physical Sciences, University of Kent, Canterbury, Kent, UK. 

d Ion Beam Centre (IBC), University of Surrey, Guildford, UK. 
e  UTEP, Jacobs-JETS, and NASA Johnson Space Center (NASA-JSC), Houston, TX, USA. 

f European Space Agency (ESA, retired), Noordwijk, The Netherlands. 
g NASA Goddard Space Flight Center (GSFC), Greenbelt, Maryland, USA. 

Abstract 

Return of materials from the Hubble Space Telescope (HST) during shuttle orbiter service missions has allowed 

inspection of large numbers of hypervelocity impact features from long exposure at about 615 km altitude in low 

Earth orbit (LEO) [1,2]. Here we describe the application of advanced X-ray microanalysis techniques on scanning 

electron microscopes (SEM), microprobes and a 2 MV Tandetron, to nearly 400 impacts on the painted metal 

surface of the Wide Field and Planetary Camera 2 (WFPC2) radiator shield [3,4]. We identified artificial Orbital 

Debris (OD) and natural Micrometeoroid (MM) origins for small [5] and even for larger particles [6], which usually 

may leave little or no detectable trace on HST solar arrays, as they penetrate through the full cell thickness [2,7].  
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1. Introduction 

 

SEM and energy dispersive X-ray microanalysis (EDX) have long been used to try to find LEO impact residues 

[e.g. 8]. Recent advances in high count rate silicon drift (SDD) and annular pole-piece detectors now allow rapid 

mapping, and identification of impactors using SEM and particle induced X-ray emission (PIXE) [9, 10]. 

 

2. Methods 

 

2.1 Sample preparation, analytical instruments and techniques 

 

Core samples were cut from the 0.8 x 2.2 m radiator shield [4] and examined in two SEM instruments: Zeiss EVO 

15LS at the Natural History Museum (NHM) and JEOL 7600F (field emission) at NASA-JSC, both fitted with 

inclined SDD EDX detectors. A Cameca SX100 wavelength dispersive (WDX) microprobe, and a large-area SDD 

detector pole-piece mounted on FEI Quanta 650 field emission SEM at NHM were also used. If no unambiguous 

chemical contribution was revealed, the Ion Beam Centre (IBC) 2.5 MeV proton beam was employed for PIXE [10]. 

At NHM we collected EDX spectra for 200 seconds, with accelerating voltage of 20 kV and electron beam current 

of 3 nA. Oxford Instruments INCA software separated peak and background X-ray counts for K emission lines. 

Knowing likely OD and MM signature elements/assemblages [2], and pristine WFPC paint and alloy compositions 

(Fig. 1), we extracted data for: Mg, Al, Si, S, K, Ca, Ti, Cr, Mn, Fe, Ni, Cu and Zn. Recognition of each element in 

the spectra was by the accepted microanalysis convention, i.e. the element was ‘detected’ when characteristic X-ray 

peak area exceeded variation in background X-ray counts by a factor of 3. Complex surface shape in the impact 

features, and variability of porosity and matrix composition in frozen impact melt prevented quantitative correction 

for secondary X-ray fluorescence and absorption, and weight percentage values were therefore not calculated.  

Depth models and profiles were made from stereo-pair Backscattered Electron Images (BEI) of impact features. 

 

2.2 Experimental analogues 

 

A light gas gun (LGG) shot at White Sands Test Facility fired projectiles onto a surface similar to that of WFPC2. 

Melted residue was located quickly by BEI and SEM-EDX mapping, validating this combination of techniques. 

Further shots at the University of Kent [11] used ‘buck-shot’ of olivine, pyrrhotite, iron, aluminium and corundum at 

~ 6 km/s. These MM and OD analogues let us test appropriate imaging and analysis protocols for WFPC2 data. 

 

3. Results 
 

A polished cross section revealed complex composition of the surface paint (Fig. 1), penetration through this 

layer might mobilize Al alloy (including Mg and Fe-bearing inclusions), if shallower it would only sample paint.  

 
Fig. 1. SEM-EDX of section through WFPC2 paint: a) maps; b) 10 spectra, note that Mg and Fe are not seen. 
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In > 50% of the small craters analysed at NHM [5], frothy impact melt immediately showed elements from paint 

(O, Si, S, K, Ti and Zn), and a clear excess of Mg and Fe, with little or no Al (e.g. Fig. 2). A few also contained:   

Ca (with Mg and Fe); Cr (with Fe and S) or Ni (with Fe). One contained excess Al without Fe or Mg (Fig. 3).  

 

 

 
 

 

Fig. 2. Small impact feature WFPC2-11: a) stereo BEI anaglyph; b) depth model; c) profile; d) BEI and e) WDX 

maps of a polished vertical section, revealing Mg and Fe-rich residue (arrowed); f) SEM-EDX spectrum (orange) 

from arrowed location in maps (e), shows high Mg/Al when compared to spectrum of neighbouring paint area 

(grey), Mg therefore cannot be derived from the underlying alloy, and must (with Fe) be from the impacted particle. 
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Fig. 3. Small impact WFPC2-380: a) BEI and SEM-EDX maps show Al and Cu around crater; b) spectrum of frothy 

melt lining the crater (red, arrowed) shows Al enrichment compared to surrounding area of paint (grey spectrum). 

 

Larger impact features [6] showed detachment of paint and a bowl-shaped pit or overlapping pits in exposed 

alloy – with a variable quantity of frothy paint-rich and metal-rich frozen melt. Repeated long duration (200 secs) 

SEM-EDX spectra were required to find subtle signs of extraneous elements in many features, both large and small. 

PIXE and WDX mapping showed patches with obvious extraneous elements, including Fe, Ni metal. 

 

3.1 Subtle impactor traces 

 

3.1.1 Smaller impacts, restricted to the paint layer (e.g. Fig. 4).  

 

Clean zinc orthotitanate (ZOT) paint shows very low Mg and Fe (Fig. 1b), usually below or close to detection 

limit. To recognize low concentrations of Mg and/or Fe in small features, we plotted their X-ray counts as a function 

of their detection limits [9], with a threshold of Al < 6 % of total X-ray counts to separate spectra that might contain 

contamination from alloy. LGG test shots of olivine [11], gave spectra with Mg and Fe residue across a wide range 

of impactor concentration (Fig. 4, open squares), clearly higher than clean ZOT paint (Fig. 4, blue points). This type 

of plot gave a positive identification of impactor composition in over 40 WFPC2 features (e.g. WFPC2-339, Fig. 4). 

 

             
 

Fig. 4. Small impact WFPC2-339: a) BEI and SEM-EDX maps show Mg-rich residue concentrated in thin frozen 

frothy paint melt, lining the impact pit ; b) plot shows higher Mg and Fe levels in spectra of impact melt (red circles) 

than in clean ZOT paint (blue diamonds); and similar to residue from LGG of olivine grains (open black squares). 
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