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Abstract 
 
Unlike conventional spring‑based stage separation systems, the energetic nature of Linear Shaped Charge 
(LSC) separation systems significantly complicates separation kinematics analysis. For many stage 
separation applications, engineers focus simply on preventing recontact between the separating bodies, 
because continuing stage attitude control systems can correct any gross disturbances introduced during 
the separation event. The Mars Ascent Vehicle (MAV) planned to use an unguided continuing stage, making 
it especially sensitive to stage separation kinematics; any pointing errors introduced at this time propagate 
throughout second‑stage flight and threaten the ability to achieve the required orbit. Development testing 
of the MAV LSC would dramatically reduce uncertainty in the resulting separation kinematics after stage 
separation. As a precursor to development testing, and to demonstrate LSC viability before expending effort 
on a test campaign, we developed and executed the analysis approach described herein, leveraging 
heritage test data and institutional expertise in energetics modeling and rigid‑body separation analysis. The 
success of this analytical campaign significantly reduced separation kinematics uncertainty and confirmed 
the viability of the LSC separation system within the MAV architecture and mission. 
 

Introduction 
 
The MAV is a two-stage launch vehicle designed to deliver samples gathered by the Perseverance rover 
from the surface of Mars into orbit for eventual return to Earth for scientific investigation. Motivated by the 
simplicity and low mass of LSC systems, we investigated a LSC stage separation solution for potential 
inclusion into the MAV architecture. LSC systems are simple, reliable, and lightweight, making them an 
ideal choice for many spaceflight separation events. Specifically, LSC separation systems have excelled in 
launch vehicle stage and fairing separation applications for decades.  
 
A commonly cited drawback of LSC systems is the high shock environment they produce, but the main 
challenge of incorporating LSC into the MAV was the uncertainty of continuing (second) stage 
post‑separation velocity and transverse body rates. Because the MAV architecture features an unguided, 
spin‑stabilized continuing stage, it has a uniquely high sensitivity to any pointing errors that result from the 
stage separation event. Specifically, any transverse body rates that result from asymmetry in the separation 
impulse create an off‑nominal pointing angle. This total pointing angle error equals the product of the 
transverse body rate magnitude and the time delay between stage separation and spin‑up. At spin‑up, the 
MAV’s attitude is effectively frozen. Thereafter, the second‑stage solid‑rocket motor (SRM) ignites, and 
MAV stage 2 powered flight begins.  

 
* Lockheed Martin Space, Littleton CO 
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Figure 1. MAV Pointing Error from Stage Separation 

 
We can modulate event timing in this sequence to minimize accumulated error. This is achieved by 
minimizing the duration over which resulting transverse body rates cause MAV to accumulate pointing error. 
However, spin‑up timing constraints (e.g., clearing the SRM second stage nozzle from within the interstage) 
demand a precise understanding of the expected separation kinematics. During initial evaluation of the 
LSC, the lack of precise separation kinematics prediction capability emerged as the primary threat to the 
system’s inclusion on the MAV, outweighing even the extreme shock environment generated by the 
explosive separation system. We recognized that development testing would be required to fully address 
LSC risks, but before authorizing such activity, we needed an analytical demonstration of LSC viability from 
a separation kinematics perspective. 
 
To provide a precise understanding of expected separation kinematics before any development testing, we 
initiated an analysis effort. Collaboration between analysts who modelled LSC detonation energetics and 
analysts with expertise in rigid‑body separation analysis produced a comprehensive separation model that 
incorporated the two primary physical phenomena contributing to separation impulse. Heritage ground test 
data validated the analysis approaches before we applied them to the MAV flight separation event. 
Ultimately, the predicted separation kinematics—particularly second‑stage velocity and transverse body 
rates—demonstrated LSC viability within the MAV architecture. 
 

LSC Separation Physics 
 
When we consider the resulting kinematics of separated bodies after an LSC staging event, the driving 
physical phenomena that contribute to separation impulse and relative velocity between the two stages are 
not immediately intuitive. Critically, LSC systems produce a separation impulse due to the energetics of the 
separation event without any supplemental kickoff springs or other mechanical energy storage devices. 
LSC is composed of a high explosive compound which is formed into a chevron cross‑section. The chevron 
shape exploits the Monroe effect, which concentrates explosive energy, forming a jet in the radial direction 
following detonation. This behavior is distinctly different from detonation cord systems, whose circular 
cross-section results in an unconcentrated dispersion of detonation energy. For LSC stage separation 
systems, the resulting jet of energy points radially outward, normal to the vehicle’s long axis. Upon 
detonation, the high‑energy jet severs the vehicle’s structural skin, enabling separation of the two stages. 
As the jet cuts the structural skin, it imparts axial momentum to both halves of the severed structure, 
effectively pushing the two stages apart about their circumferences. The integrated time history of the force 
applied over the second-stage circumference produces the total impulse due to the cutting action. 
Engineers call this contribution the cut impulse. 
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Figure 2. Illustration of Cut Impulse (Red) and Pressure Impulse (Blue) on Continuing Stage (Departing 

Stage Hidden for Clarity) 
 
In addition to cut impulse, a second physical phenomenon—pressure impulse—adds significantly to the 
total separation impulse. High temperature gas is a byproduct of LSC detonation. A fraction of this gas 
flows inboard, building pressure within the interstage cavity. This pressure acts over the second-stage 
cross‑section, producing additional impulse beyond the cut impulse. The accumulation and venting of these 
gaseous products behave dynamically, because inboard gas accumulation depends on deflection of the 
backup ring (the metal component that positions the LSC), and pressure venting increases as the stages 
separate, creating a growing vent area through the annular gap between the stages. We can model this 
dynamic venting behavior as a function of time but must first predict the initial inboard gas conditions 
immediately after LSC actuation for the overall pressure‑impulse prediction to be accurate. Overall, we 
must calculate both cut impulse and pressure impulse to accurately predict the resulting separation 
kinematics of the LSC stage separation event. 
 

Analysis Approach 
CTH Analysis 
CTH is a shock and detonation physics hydrocode developed and supported by Sandia National 
Laboratories that models high strain rate, large deformation, and failure response of materials. In this effort, 
we leveraged CTH modelling and analyst expertise to gain insight into the cut impulse and pressure impulse 
factors described above. First, we used CTH to generate force time history line loads in the axial and radial 
directions. The structural skin of the first and second stages—referred to as fly‑away parts within the CTH 
context—produces total momentum per circumference versus time that yields line loads in the axial and 
radial directions. For separation analysis, we focus on the axial component of the line load, because the 
radial component and its associated momentum act normal to the vehicle axis and therefore produce no 
net effect on rigid‑body motion. We integrate the axial line load with respect to time to obtain the total cut 
impulse imparted to the vehicle. Because the cut occurs over a timescale that is small relative to the rigid 
body motion following stage separation, we approximate the total impulse magnitude as a square wave for 
the subsequent ADAMS rigid‑body analysis. 
 

 
Figure 3. CTH-Predicted Axial and Radial Line Loads due to LSC Functioning 
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CTH also predicts key inputs to the pressure impulse that results from LSC detonation. A critical factor is 
how much of the gaseous detonation products flow inboard into the interstage region. To track this, we 
placed equally spaced tracers in the inboard region of the CTH simulation, which recorded pressure as a 
function of time. We averaged these pressure histories and saved them for comparison against heritage 
test data to validate the model. In addition to pressure, the CTH simulation captured the total mass of 
explosive products in the inboard region. 
 

 
 

Figure 4. 2D CTH Simulation of Gaseous Detonation Products (Blue) to Inform Resulting Inboard Mass of 
Detonation Products 

 
JWL Equation of State 
The Jones‑Wilkins‑Lee (JWL) Equation Of State (EOS) (1) provides an industry‑standard relationship that 
predicts the pressure‑volume‑energy behavior of explosive detonation products. Using the CTH‑predicted 
mass of explosive products within the interstage region, along with other parameters specific to the LSC 
explosive composition and vehicle geometry (e.g., interstage cavity volume), we generated a pressure vs 
time curve with the JWL EOS. This relationship describes the rapid, transient behavior of the detonation 
event over the microseconds following initiation. We produced JWL‑EOS relationships for both the heritage 
ground test conditions and the MAV flight conditions. Satisfactory agreement appeared between 
pressure‑transducer data from heritage testing and JWL‑EOS‑predicted pressure, effectively validating the 
modelling approach. This correlation to heritage test data is elaborated upon in the Test Correlation section. 
Table 1 lists the explosive composition inputs to the JWL EOS. 
 

Table 1. JWL EOS Parameters for PBXN-5 Explosive [1] 
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𝑃 = 𝐴 (1 −
𝜔

𝑅1𝑉
) 𝑒−𝑅1𝑉 + 𝐵 (1 −

𝜔

𝑅2𝑉
) 𝑒−𝑅2𝑉 +

𝜔𝐸

𝑉
 (1) 

 
Where: 
𝐴,  𝐵 are linear coefficients [units: pressure] 
𝑅1,  𝑅2,  𝜔 are unitless coefficients 
𝑉 ≔ 𝑣/𝑣0 is the specific volume of detonation products / initial specific volume of undetonated HE  
𝑄 is the detonation energy per unit mass 
𝐸 is the detonation energy per unit volume, where 𝐸 = 𝜌0𝑄 
 
Using the above approach, we generated a curve that predicts inboard pressure versus time for the MAV 
LSC detonation. The purpose of this curve is to identify the initial gas conditions for the ADAMS 

rigid‑body simulation of pressure impulse. We selected a point in time along the curve to represent the 

initial conditions, then propagate them iteratively in ADAMS. We determined the best‑representative time 

by referencing heritage test data. This is elaborated upon in the Test Correlation section. 

 

 
 

Figure 5. MAV JWL EOS Pressure and Mass Curves 
 
Asymmetries 
We summed the cut impulse and pressure impulse to predict the total impulse imparted to the second-
stage when LSC actuates. Assuming an axisymmetric vehicle, both phenomena produce net force vectors 
directly aligned with the vehicle’s central axis. While a properly sourced LSC delivers an extremely 
repeatable and reliable result, several important factors introduce system asymmetries that can generate 
non-trivial transverse body rates. These factors are discussed in Table 2. 
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Table 2. Asymmetry Contributing Factors 

Factor Description 

Stage 2 offset center of 
gravity 

Although the LSC impulse acts along the vehicle centerline, the stage 2 center 
of gravity may be offset from that centerline. In this case, the LSC impulse, 
whose line of action does not pass through the CG, creates an overturning 
moment that produces transverse body rates. The magnitude of these rates 
scales linearly with both the CG offset and the LSC impulse. 

Initiation manifold lack 
of cut impulse 

While the LSC cord wraps continuously around the vehicle circumference, the 
region near the initiation manifold produces no cut impulse because the local 
structural skin is omitted to let the detonation fully develop. This single location 
shifts the net cut‑impulse force vector away from the vehicle centerline. 
Designers can nullify this effect by adding corresponding cuts in the primary 
structure opposite the initiation manifold that realign the net force vector with 
the centerline. Our initial analysis did not use this design option; the 
subsequent “as‑presented” analysis did, thereby eliminating the initiation 
manifold contribution to cut impulse asymmetry. 

Mechanical Tolerances 

As‑built hardware always deviates from the as‑designed condition to the 
extent permitted by part tolerancing. Perpendicularity of the LSC assembly 
relative to the vehicle centerline and tolerances on the cuts in the structural 
skin introduce slight asymmetries in the separation force vectors. To consider 
these possible contributions, we conducted a sensitivity study on cut‑impulse 
offset (see “Analysis Results”). 

LSC core load variation 
over length 

Although the explosive core load can in principle vary along its length, past 
experience with reputable vendors demonstrates that core load variability is 
not a primary factor. Consequently, we excluded this potential asymmetry 
from the as‑presented analysis, though we included it in the sensitivity study 
on cut impulse offset. 

Fixed venting 
asymmetry 

The total vent area within the interstage equals the sum of fixed vents and the 
variable annular vent created by the LSC cut. The annular LSC cut vent 
remains axisymmetric, but fixed vent paths could produce asymmetry in gas 
escape. For this evaluation, we ignored this contribution because the MAV 
configuration does not include any significant asymmetries in interstage vent 
placement. 

 

ADAMS Modeling 
We used the ADAMS Multi‑Body Simulation tool to run a Monte Carlo simulation of 1500 cases of the 
separation event and predict the resulting separation kinematics. The initial gas conditions informed by 
CTH and the JWL EOS served as key inputs, together with relevant vehicle parameters and solid geometry. 
The separation distance between stages informed the vent area and internal volume at each time step. 
Ideal gas equations tracked mass flow, energy flow, temperature, and pressure at each instant. We applied 
an equal‑and‑opposite force for the pressure impulse to both stages at every time step. We also applied an 
equal‑and‑opposite force for the cut impulse, modeled as a short‑duration square wave. Numerous other 
vehicle, mission, and LSC parameters received 3‑sigma dispersions to capture potential variation from 
nominal values. The parameter list is included but the values and dispersions are omitted. 
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Table 3. Stage 1 Mass Properties Parameters 

Parameter 

Mass (kg) 

CGX (mm) 

Lateral CG Radius (mm) 

Lateral CG Azimuth (deg) 

IXX (kg-mm^2) 

IYY (kg-mm^2) 

IZZ (kg-mm^2) 

 
 

Table 4. Stage 2 Mass Properties Parameters 

Parameter 

Mass (kg) 

CGX (mm) 

Lateral CG Radius (mm) 

Lateral CG Azimuth (deg) 

IXX (kg-mm^2) 

IYY (kg-mm^2) 

IZZ (kg-mm^2) 

 
 

Table 5. Pre-Separation Body Rate Parameters 

Parameter 

Roll Rate (deg/s) 

Pitch Rate (deg/s) 

Yaw Rate (deg/s) 

 

 

Table 6. ADAMS Simulation Parameters 

Parameter Comments 

Pinit (Pa) Initial cavity pressure (absolute) 

Pext (Pa) External pressure (absolute) 

Vinit (m3) Initial cavity volume 

minit (kg) Initial cavity gas mass 

Ainit (m2) Initial vent area, placeholder 

rlsc (m) LSC radius (impacts vent area/projected area) 

cp (J/kg/K) Specific heat at constant pressure 

cv (J/kg/K) Specific heat at constant volume 

R (J/kg/K) Gas constant, from specific heats 

γ Ratio of specific heats 

Cd Vent area discharge coefficient 

Icut (N-s) Cut impulse magnitude (square wave pulse) 

tcut (s) Cut impulse duration 
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To determine the vehicle state at each instant, we utilized the equations shown in Table 7. 
 

Table 7. ADAMS Simulation Equations 

Parameter Units Equation Notes 

Vent Area m2 𝐴 = 𝐴𝑖𝑛𝑖𝑡 + 𝑥𝑠𝑒𝑝(2𝜋𝑟𝑙𝑠𝑐)  
Where 𝑥𝑠𝑒𝑝is the separation between 

stages, updated at each instance. 

Cavity Volume m3/s 𝑉̇ = 𝑥̇𝑠𝑒𝑝(𝜋𝑟𝑙𝑠𝑐
2)   

Mass Flow Rate kg/s 

𝑚̇𝑜𝑢𝑡

= 𝐶𝑑𝐴
√𝛾

𝑚

𝑉
𝑃 (

2

𝛾 + 1
)

𝛾+1
𝛾−1

  

Choked flow to reflect MAV 
exoatmospheric environment (Pext = 0). 
Heritage test ADAMS model transitioned 
from choked to unchoked flow when 
cavity pressure (P) dropped below critical 
ratio of Pext (earth atmospheric pressure, 
ground test conditions). 

Energy, initial J 𝐸𝑖𝑛𝑖𝑡 = 𝑚𝑖𝑛𝑖𝑡𝑐𝑣𝑇𝑖𝑛𝑖𝑡  

Energy Flow J/s 

𝐸̇ = Q̇ − 𝑊̇ − 𝑚̇𝑜𝑢𝑡ℎ𝑜𝑢𝑡
= −(𝑃 − 𝑃𝑒𝑥𝑡)𝑉̇ − 𝑚̇𝑜𝑢𝑡ℎ𝑜𝑢𝑡

=  −(𝑃 − 𝑃𝑒𝑥𝑡)𝑉̇ − 𝑚̇𝑜𝑢𝑡𝑐𝑝𝑇  

First law for open system, assuming 
isentropic 

Temperature, 
initial 

K 𝑇𝑖𝑛𝑖𝑡 =
𝑃𝑖𝑛𝑖𝑡
𝑚𝑖𝑛𝑖𝑡

𝑉𝑖𝑛𝑖𝑡
𝑅

  

Temperature K 𝑇 =
𝐸

𝑚 ∗ 𝑐𝑣
  

Pressure  Pa 𝑃 =
𝑚

𝑉
𝑅𝑇  Ideal gas law, absolute cavity pressure 

Pressure Force N 
𝐹𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 = (𝑃 − 𝑃𝑒𝑥𝑡)𝐴𝑝𝑟𝑜𝑗

= (𝑃 − 𝑃𝑒𝑥𝑡)(𝜋𝑟𝑙𝑠𝑐
2)  

Equal and opposite acting on both stages 
at separation plane 
Y, Z location: (0mm, 0mm) 

Cut Force N 𝐹𝑐𝑢𝑡 =
𝐼𝑐𝑢𝑡
𝑡𝑐𝑢𝑡

 

Force from LSC cut impulse (equal and 
opposite acting on both stages at 
separation plane): 
Assumption: Pre-cut regions of the 
primary structure at +/-120deg from 
ordnance manifold do not provide a cut 
impulse contribution, which balances the 
asymmetry from the ordnance manifold 
cutout in the LSC. 
Total cut impulse has been reduced due 
to cutout regions. 
Y, Z location:  (0mm, 0mm) 
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Test Correlation 
 
To ensure the analysis approach reflected reality, we compared several key results to existing heritage test 
data for a similar LSC system.  
 
Heritage Test Data Pedigree 
The heritage ground test that was used to validate the analysis approach was a full-scale vehicle-level 
separation test. The test used mass simulator components and was executed as an inverted drop test at 
ambient conditions. The test featured a flight-like LSC separation system with similar energetic loading to 
the MAV LSC. Four pressure transducers were mounted within the interstage region of the test vehicle and 
were used to collect high resolution pressure vs time data during the separation event. The heritage test 
vehicle had a different internal volume, diameter, mass, and venting configuration compared to MAV. These 
differences were addressed by comparing the heritage test results to CTH and ADAMS models specific to 
the heritage test configuration. These models were constructed using identical methodologies to the MAV 
models, such that demonstrating agreement between them and the heritage test data also validated the 
MAV analysis approaches. 
 

 
Figure 6. Heritage Test Graphic 
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Correlation to Heritage Test Data 
In order to validate the accuracy of the MAV CTH model, we re‑examined an existing CTH model of the 
LSC system used in the heritage ground test. The same team built the heritage CTH model with the same 
methodology as the MAV LSC model, making the comparison appropriate for validating the overall analysis 
approach. Table 8 summarizes the key comparisons. 
 

Table 8. Correlation to Heritage Summary 

Analysis Validation Agreement? 

Heritage LSC CTH Model 
Heritage Pressure Transducer Data 

vs 
Heritage LSC CTH Tracer Pressure 

Yes 

Heritage LSC JWL EOS 
Heritage Pressure Transducer Data 

vs 
Heritage LSC JWL EOS Pressure 

Yes 

Heritage LSC ADAMS 
Heritage Pressure Transducer Data 

vs 
Heritage ADAMS Interstage Pressure 

Yes 

 
 
The first comparison examined measured gauge pressure within the interstage from the heritage test 
against CTH tracer pressure data for the heritage LSC CTH model. Ignoring early transients, which are 
understood to be chaotic due to the detonation event, we observed close agreement, particularly in the time 
range immediately following the early transients to the start of the decaying ramp down. Notably, in this 
region, both the heritage test data and CTH-predicted pressures are around 50 kPa. The presence and 
timing of the pressure ramp down are additional key similarities, and both cross through 25 kPa around 5 
ms. The CTH-predicted pressure behavior approaching 10 ms is understood to be inaccurate due to the 
modeling assumptions that break down in this regime. Overall, the noted similarities between the test data 
and CTH-predicted pressures built confidence that the CTH model appropriately models the gas behavior.  
 

 
Figure 7. Heritage Pressure Transducer Data vs Heritage LSC CTH Tracer Pressure 

 
The second comparison matched the heritage test gauge pressure against the pressure‑time history 
predicted by the JWL EOS for the heritage LSC. To derive the pressure history, we divided the mass at 
each instant by the total inboard volume to obtain specific volume v, the independent variable in the JWL 
EOS. Again, acceptable agreement appeared between test and analysis pressure outputs. Similar to the 
CTH pressure comparison, the focus here is on the intermediate time regime after the early gas dynamic 
and pressure transients and before the decaying ramp down. Again, we see that both pressure curves are 
around 50 kPa in this time regime. The JWL EOS is not expected to properly account for pressure behavior 
past the first few milliseconds of the event, as it was evaluated using the detonation product mass remaining 
in the defined simulation domain with a constant interstage volume. This is an understood limitation of the 
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JWL EOS which tends to over predict late-time gas pressures. Accordingly, the value of this comparison is 
focused on the intermediate time domain, within which acceptable agreement was observed.  
 

  
Figure 8. Heritage Pressure Transducer Data vs Heritage LSC JWL EOS Pressure 

 
Because we knew two state variables (specific volume v and JWL‑derived pressure P), we were able to 
derive all other gas product state variables for any time state in the separation dynamics simulations. 
 
Finally, we built an ADAMS model for the heritage test vehicle. Uncertainty remained regarding the exact 
internal volume of the heritage vehicle, and the heritage test report provided a range of measured 
separation impulse rather than a single value. By examining the available data, we identified several 
discrete internal volume configurations and evaluated them with varying discharge coefficients and peak 
internal pressures. The combination of factors that best matched the midpoint of the heritage‑test 
separation impulse included an initial interstage pressure of 70 kPa, which agrees with the measured gauge 
pressure from the heritage test. We selected the point in time on the JWL EOS curve that corresponds to 
70 kPa and applied that same point to the MAV JWL EOS to define the initial gas conditions for the MAV 
ADAMS model. In this way, the heritage test data directly informed and anchored the modelling approach 
for the MAV LSC. 
 

  
Figure 9. Heritage Test Data 70kPa Peak Pressure Bounds Uncertainties in Heritage Vehicle 

Configuration; Informs JWL EOS Initial Conditions 
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Analysis Results 
 
The Monte Carlo ADAMS simulation produced the results shown below. Both tip‑off (transverse body rate) 
and separation velocity results meet the MAV flight profile requirements. The results incorporate the 
dispersed parameters, whose 3‑sigma values reflect present uncertainties in vehicle configuration and 
analysis inputs. Of particular interest is the distribution of separation velocities, which helps define spin‑up 
timing. As discussed earlier, we would prefer a rapid spin‑up so that any transverse body rates have less 
time to contribute to pointing error. However, that desire must be balanced against the need to wait for the 
SRM‑2 nozzle to clear the separation plane to minimize recontact risk. The separation velocity results 
represent a significant reduction in uncertainty and enable a more precise spin‑up‑timing definition. 
 

 
Figure 10. Separation Velocity Results 

 
Similar to the separation velocity results, the tip‑off rate predictions are favorable and offer a significant 
reduction in uncertainty regarding system performance. 
 

 
Figure 11. Tipoff Rate Results 
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We also conducted a sensitivity study by displacing the cut impulse centroid up to 1 mm to bound possible 
additional asymmetries and their impact on tip‑off. The P99/C95 tip‑off rate rose from 0.874 deg/s to 
0.879 deg/s [+0.005]. The overall tip‑off rate increased from 0.912 deg/s to 0.939 deg/s [+0.027]. These 
deltas are minimal, demonstrating low sensitivity of tip‑off rate to slight fluctuations in cut impulse centroid. 
 

 
Figure 12. Tipoff Rate Sensitivity Study 

 
Conclusion 

 
The successful analysis effort summarized herein reduces separation kinematics uncertainty for the MAV 
LSC separation system. Figure 13 illustrates a brief recap of the approach. 
 

 
Figure 13. Analysis Approach Summary 

 
CTH simulations modelled both the MAV LSC and a heritage system. The team directly integrated the axial 
line‑load output from CTH to quantify the cut impulse imparted by LSC. CTH also quantified the amount of 
detonation products flowing inboard, a key input to the JWL EOS, which produced pressure- and 
mass‑versus‑time curves for both the MAV LSC system and the heritage test. An ADAMS model mirroring 
the heritage test condition identified the JWL‑EOS initial condition point in time that best matched the 
available data. We then applied that point to the MAV LSC system. Those initial conditions, together with 
the MAV LSC JWL‑EOS pressure and mass curves, fed the MAV LSC ADAMS model. The model 
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propagated those conditions over the separation event to derive the pressure impulse as a function of time. 
Adding the pressure impulse to the cut impulse produced predictions of separation kinematics—namely 
tip‑off rate and separation velocity. Other relevant parameters, including vehicle mass properties, received 
3‑sigma dispersions within the Monte Carlo simulation to maintain appropriate conservatism. Overall, this 
analysis approach, anchored by heritage data, provided a major step in mitigating a significant program risk 
and demonstrated the viability of an LSC separation system within the MAV architecture. 
 

Acknowledgements 
 
This analysis would not have been possible without close collaboration with Subject Matter Experts 
including Jose Guadarrama and John Gormley.   
 
This material is based upon work supported by the Marshall Space Flight Center under Contract No. 
80MSFC22CA005. Any opinions, findings and conclusions or recommendations expressed in this material 
are those of the author(s) and do not necessarily reflect the views of the Marshall Space Flight Center. 
 

References 
 

1. Garno, J., Ouellet, F., Bae, S., Jackson, T. L., Kim, N.-H., Haftka, R., . . . Balachandar, S. (2020). 
Calibration of Reactive Burn and JWL Parameters for Simulations of a Detonation-Driven Flow 
Experiment with UQ. Gainesville, FL: Department of Mechanical and Aerospace Engineering, 
University of Florida. 


