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A Brief History of TiME 

Proposed to DSMCE call in 2007 for ASRG-enabled missions
Concept refined, proposed to Discovery 2010 (with 27 others.)

One of 3 missions selected for Phase A. 
Start July 2011, CSR due in March 2012

TiME Site visit June 2012
ASRG failed FDR June 2012

MSL lands in triumph, selection of InSight as next Discovery 
flight program announced August 2012
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Dimensionless similarity 
parameter for Gravity-Inertial 
motions is the Froude 
Number

F =  V / (gD)0.5

Can match Titan gravity (1/7 
Earth’s) by having a 1/7-
scale model.  3-D printed.



Test Video 1





Peak deceleration captured (just) 
by 512Hz sampling.  Close 
inspection shows structural 
ringing at ~100Hz



About 75% of impact velocity is 
removed at impulsive contact.

Using Hirano-Miura scaling  (Peak 
load proportional to F^2 and relative 
density m^-0.66 allowed estimation 
of impact loads at Titan in liquid 
ethane. Validated with a few CFD 
spot runs.  Safely below ASRG limits.

CFD runs can take days.  Scale 
model test turnaround ~10 minutes.



Kinematics  video 2



Results in December 2011
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2 necessary conditions for capsize :
• resurging jet must have enough energy to overturn capsule
• jet timing must be right, to catch edge of capsule 





Conclusions

Attention in splashdown has traditionally focussed on the first 
milliseconds after contact.   This is an analytically appealing 
problem with a rich pedigree, and is when the peak deceleration is 
generated.

The late stages are computationally-demanding and complex. They 
are, however, critical in the stability of the vehicle. While complex, 
the phenomena are deterministic. A simple physical mechanism 
has been proposed, with a critical horizontal velocity range which 
defines where capsize may occur.  This mechanism, curiously, does 
not appear to have been discussed in the literature to date.  Orion?

Scale model testing remains an important element of development 
(and can be much more efficient than CFD for some tasks). 
Demonstrated safe conditions for TiME. 





Review of Apollo flights (9 
capsizes out of 19) indicated 
threshold horizontal speed, 
related to resurge timescale  
(Lorenz, IPPW-9 and JBIS 2012)
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