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Abstract. In LISA Pathfinder, the injection of the test mass (TM) into a geodesic or-
bit represents a possible single-point failure of the wholemission. In this critical phase
the Grabbing, Positioning and Release Mechanism (GPRM) releases the test mass from
the caged condition to free-fall by means of a fast retraction of two opposite tips. A
momentum transfer from the tips to the TM occurs due to adhesive bonds and possible
asymmetry of the system. Since the electrostatic control authority is limited, the re-
leased TM may be captured only if its residual velocity afterrelease is below 5µm/s. A
combined experimental-analytical strategy has been conceived to test this phase. The
compliance of the resulting injection with the requirements is here presented and dis-
cussed.

1. Introduction

The release of a test mass to free-fall constitutes a missionsingle point failure both for LISA
Pathfinder and other projects, (Bortoluzzi et al. 2010b). Adhesion between TM and release
mechanism may determine an excessive TM velocity. In order to asses the risk, the momen-
tum transfer from an actuator to a test mass is measured by means of a dedicated experiment
(Transferred Momentum Measurement Facility, TMMF) characterizing the adhesion force-to-
elongation law under dynamic failure. Then, a physical model of the GPRM mechanism is
proposed and used to extrapolate these results to the in-flight conditions. Finally, the test mass
state after injection is estimated by means of a Monte Carlo analysis.

2. Adhesion and Injection Mechanism Models

With the TMMF, the injection of the TM into a geodesic is studied in an experimental envi-
ronment which is representative of the in-flight conditions(Bortoluzzi et al. 2010a, 2011). In
this experiment, the residual velocity of a suspended TM mock-up is measured after the quick
retraction of a release tip. The measured motion profiles of the TM mock-up and of the actuator
of the release tip mock-up are used to estimate the adhesion force-to-elongation profile. The
acceleration of the TM mock-up reflects the adhesive pull anddescribes the behaviour of adhe-
sion as a function of elongation. Exponential functions have been already adopted to describe
the adhesion force to elongation profile (Bortoluzzi et al. 2011):

Fad (∆l) =
∑

i

Xi∆l e−i ∆l
τ (1)

where∆l is the elongationXi andτ are the parameters to be estimated. The GPRM retraction
tip is driven by a piezo-stack actuator. Following (Adriaens et al. 2000) and (IEEE 1988), the
equations governing the mechanism are written as:

RCa q̇(t) + q(t) − TemxT (t) = CaE(t) mẍT(t) + bẋT(t) +
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Figure 1. Probability density function of the TM residual velocity.

whose parametersR, Ca, m, k, b andTem have been identified.

3. Results and Conclusion

Both the parameters of adhesion and of the GPRM are identified. Their values are then associ-
ated to an uncertainty derived from the residuals of the identification process. The uncertainty
allows a randomization process and the execution of many simulations (Monte Carlo approach).
The outcome of this process is a probability density function of the residual TM velocity. The
simulations show a reduced margin (about 3) between the 3σ release velocity and the maximum
allowable velocity (5µm/s). Hence, this aspect needs to be further tested and understood. More
details are described in (Bortoluzzi et al. 2012).
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