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Apollo Drill

A Battery powered, 450 Watt
A Rotary-Percussive (pressurized drilled head for lubrication and thermal
dissipation)
A Used on Apollo 187 for:
A Heat Flow Probe: 2.4 m depth fiberglass casings (x2)
A Problem with drilling beyond 1.5 m on A15
A Regolith Core: 3 m depth
A Problems with core extraction from 3 m depth on A15-17
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Recap: Lunar soll density vs depth

A Lunar soil becomes very dense very fast
A Dr >90% within first 10s of cm
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A Can not be compacted any more! 5 5 &
A To insert something into the regolith:

A Crush existing particles: brute force (pile driver)

A Remove existing particles
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Fig. 9.19. Plots of in situ bulk density (bottom
horizontal axis) and relative density (top horizontal
axis) as a function of depth in the lunar soil layer at
the Apollo 15 landing site (Hadley Rille), based on
data from core tube samples (Fig. 9.11) and detailed
studies of soil sample 15601,82 (Table 9.7) (after 80
Carrier et al., 1973a,b). The soil, although less dense
near the surface (<10 cm deep), quickly becomes - 12 14 16
(pmin =1.1 0)

“dense” to “very dense” with depth (>20 cm). BULK DENS'TY. P (Q/Cma)
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Heat Flow Probe Instrument
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A15 HFP: Drilling Issue

A Boron fiberglass hollow auger (low k) with full faced drill bit (allow insertion of a probe in a hollow auger)

A Flute designs at the joint was an issue on A15. Redesigned for A16 and A17 (Ti insert, science compromised)
A On A16, Astronaut tripped over the wires and damaged connector. No data.
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Al1517 Coring to 3 m depth

Drilling was not an issue
Core extraction was big issue. A4 7 used a core stem extracter with 6{(b (astronaut) force
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Pulling the drill o

A Corkscrewing causes poor chips removal
It YU -AC@ ~acCpii ¢€éCa Endpaui O ~C COE
In Scott

A A17: Throughout the core drilling and extraction, Gene's heart rate has been over
130 beats, with excursions to 145




Apollo Geotechnical Penetrometer

Self-Recording Penetrometer

A Manually pushed cones (max 200 N force) | LEEG 5
A Cone diameters: 12.8 and 20.3 mm
A An approximate depth of 26074 cm (depending on soil strength)
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WHAT WE LEARNED FROM:
FIELD DEPLOYMENTS
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Our planet has some good lunar analogs!
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AHilti 750-Watt hammer drill

Alinch coring auger- > 1 m depth

AUsed Aluminum auger (cheap/fast) with
carbide teeth

AAfter ~10 coring operations, flutes were
wearing out, teeth got lost (but still
managed to drill!)

ACohesive soil core would stay inside

AHad to use hammer tapping to get it out
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5 m drilling (not coring) on Mauna Kea

AHilti 750-Watt hammer drill

A Linch auger withchisel bit-> 5 m depth (5 x 1 m)

AVery hard work! Got stuck many times. Drill would overheat. Arm would
get twisted

AHad to ream to get cuttings out and reduce drilling torque

AHuge corkscrewing effectj had to lift the drill up (apply negative WOR)
otherwise would drill too fast and choke.

ATook ~1 hr
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