For starters, the truth is, that the ultimate results of a 
lack of voltage depends on several different factors 
including available amperage, starter type, actual voltage, 
amplitude etc. Low voltage does not, in and of itself, 
always result in starter damage. In some cases the starter 
will melt down like a birthday candle. 

Consider the resistance of most starter armature windings. 
Most windings are short, fairly stout conductors. If you 
measure the static resistance it's not unusual to find less 
than .01 ohms of resistance, basically a short to ground if 
you consider the current path from the positive starter 
terminal through the armature and brushes to ground. 

Imagine the current flow through a 10 inch piece of wire 
connected to source voltage and ground. It's gonna be pretty 
high depending on the source amperage (current) available. 
Probably gonna be relatively close to the CCA rating of the 
battery. Now this is of course a static conductor. The 
armature winding behaves exactly the same way until the 
motor starts to rotate. You have probably witnessed in-rush 
current peaks when testing starter draw. 

As the armature RPM increases the windings behave less like 
a static conductor and more like a resistance due to 
increases in counter EMF. 

Anything that reduces starter RPM reduces counter EMF and 
causes the windings to behave more like a direct current 
path to ground. In addition, the slower the armature rotates 
the more time current has the ability to flow through the 
individual windings to ground. 

Now, that being said it is possible to have low voltage 
allow a starter to rotate, yet due to a lack of available 
current, never create sufficient current flow to damage the 
starter, brushes or windings. It's all a bit of a balancing 
act with some starter types more susceptible to damage 
operating at reduced voltages and RPMs. We've all seen cars 
come in with partially discharged batteries that cranked 
slowly yet showed no evidence of starter damage following 
the battery replacement. 

So does low voltage kill starters? It depends, if you have 
enough current available and the armature speeds slow to the 
point where it allows and high current flow for extended 
periods of time, then definitely. If you don't have enough 
available current for a long enough period then no.
