Whither goest thou, America,
in thy shiny car in the night?

—Jack Kerouac, On the Road (1957)



The Apollo Lunar Roving Vehicle



The Apollo Lunar Roving Vehicle

a Boeing joint
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Welcome to the moon
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https://airandspace.si.edu/collection-objects/lunar-roving-vehicle-qualification-test-unit/nasm_A19760746000
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https://airandspace.si.edu/collection-objects/plaque-lunar-module-apollo-17/nasm_A19751405000
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https://www.hq.nasa.gov/alsj/a17/ap17-S72-55830.jpg
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Explorer’s Club Annual Dinner, 16 March 2019
L-R: Charles Duke (Apollo 16), Buzz Aldrin (Apollo 11), Walter Cunningham (Apollo 7), Al Worden (Apollo 15), Rusty Schweickart (Apollo 9), Harrison Schmitt (Apollo 17), Michael Collins (Apollo 11), Fred Haise (Apollo 13)
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https://www.hq.nasa.gov/alsj/a16/ap16-71-HC-1452HR.jpg


To help get

man to the moon,
we’re bringing

the-moon to Kent

When the Boeing space flight laboratory
moves into the new Kent research center
next year, it will, in effect, bring the moon
to Kent. ’

The space flight facilities, which have
already helped train Air Force astronauts,
include a simulator which projects television
pictures of the moon’s surface onto a bowl- ‘
shaped screen in, front of the pilot’s cabin.

The pﬂot_. using controls operating through
a computer, can direct his craft on a life-
'like trip through space. The space-flight
simulator is used to perform realistic lunar
landings, lunar take-offs and re-entry into
the earth’s atmosphere. g

Other Boeing space-research facilities
destined for the Kent center include a space
docking simulator, in which pilots practice
orbital’ rendezvous techniques, The cabin

is mounted on an air bearing which permits
angular motion in any direction, making it
passible to practice controlling a spacecraft
in simulated-fiight.

These and other advanced space-oriented
research programs will be underway in Kent
next year, to help the nation put man on
the moon and explore the universe of space.

BOEING
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Building 18-24
https://www.kentwa.gov/home/showpublisheddocument/14146/637178776659230000 


iDISCLAIMER OF SORTS!

Not a Boeing presentation
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https://svs.gsfc.nasa.gov/4302
Mare Serenitatis and Mare Tranquillitatis
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Montes Taurus
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Littrow Crater
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Plinius, Dawes, Vitruvius
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https://doi.org/10.1029/2018EA000408
Haase, Isabel, et al. "Coordinates and maps of the Apollo 17 landing site." Earth and Space Science 6.1 (2019): 59-95.
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https://www.lpi.usra.edu/publications/slidesets/apollolanding/ApolloLanding/apollolanding_index.shtml
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Distance (km)| Samples (kg)

Apollo 11 0.9 21.6
2.2 34.4
Apollo 13 0.0 0.0
Apollo 14 4.1 42.3
28.0 77.3

26.9 95.7

| Apollo 17 | 35.7 110.5

* Apollo 17
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NASA SP-2000-4029
Apollo by the Numbers: A Statistical Reference
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Competitors and precursors
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https://nsarchive2.gwu.edu/NSAEBB/NSAEBB479/
https://nsarchive2.gwu.edu/NSAEBB/NSAEBB479/docs/EBB-Moon01A_sm.pdf
https://www.smithsonianmag.com/air-space-magazine/forgotten-plans-reach-moon-apollo-180972695/
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Boeing, Lunar Exploration Systems for Apollo
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Lockheed, Lunar Exploration Systems for Apollo
https://www.lpi.usra.edu/lunar/documents/LMSC-665606.pdf
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Bendix
Lunar surface mobility systems comparison and evolution study /MOBEV/ Final report
https://ntrs.nasa.gov/citations/19680006032




Presenter Notes
Presentation Notes
Bendix
https://archive.org/details/MSFC-6640863
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Lunar Logistics System, Grumman (Project 344)
https://archive.org/details/MSFC-0401768
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https://www.hemmings.com/stories/article/a-corvair-the-moon-and-mars
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https://www.al.com/news/huntsville/2015/10/a_member_of_werner_brauns_rock.html
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Grumman
https://archive.org/details/MSFC-0401754
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Bendix
https://archive.org/details/MSFC-0401758


LUNAR ROVING VEHICLE
MANNED MODE
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Chrysler
https://archive.org/details/MSFC-0401761
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https://airandspace.si.edu/collection-objects/lunar-roving-vehicle-qualification-test-unit/nasm_A19760746000


Congratulations on winning the contract.

You have 17 months to deliver LRV-1 for Apollo 15.

You bid $S19M cost-plus.

Good luck.






You are behind schedule and over budget.

(V)
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1-G Trainer
https://archive.org/details/S71-23843
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https://www.hq.nasa.gov/alsj/a17/ap17-72-H-1190HR.jpg
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Grover
https://astrogeology.usgs.gov/rpif/photos/grover-photo-collection
https://astrogeology.usgs.gov/rpif/videos/grover
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Act Il
A spacecraft on wheels



Requirements

Configuration: four wheels, batteries, electric motor
Weight: max 400 Ibm (including stowage)

Cargo: 100 Ibm experiments + two astronauts (370
lbm each)

Range: four 30 km traverses

Life: 78 hours

Stowage: stowed in one LM bay
Speed: max 16 km/hr fully loaded
Deployment: by one astronaut



Requirements

Obstacles: 30 cm high, crevasse 70 cm wide at zero
velocity

Slope: climb and descend 25 deg fully loaded

Failures: no single-point failure aborts the mission;
no second failure endangers crew

Reverse: yes

Clearance: 35 cm on flat surface

Static stability: 45 deg pitch and roll fully loaded
Turn radius: one vehicle length



Mobility
Electrical power
Thermal control

Control and display
Navigation

Crew station
Payload

Support equipment


Presenter Notes
Presentation Notes
Wheels
Traction drive
Suspension
Steering
Hand controller
Drive control electronics (DCE)
Chassis
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https://airandspace.si.edu/collection-objects/wheel-lunar-rover/nasm_A19750830000

Zinc-coated piano wire, 0.84 mm (0.033 in) diameter
81.8 cm (32 in) diameter
22.9 cm (9 in) wide
5.48 kg

Titanium cleats, 50%
50% via testing, low power number, high pull coefficient


Mobility
Electrical power
Thermal control

Control and display
Navigation

Crew station
Payload

Support equipment
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https://airandspace.si.edu/collection-objects/wheel-lunar-rover/nasm_A19750830000

Zinc-coated piano wire, 0.84 mm (0.033 in) diameter
81.8 cm (32 in) diameter
22.9 cm (9 in) wide
5.48 kg

Titanium cleats, 50%
50% via testing, low power number, high pull coefficient
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Mobility
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Thermal control
Control and display
Navigation

Crew station
Payload

Support equipment
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190W (0.25 hp)
10,000 rpm
Brushed DC
Two pins attaching motor to wheel




Presenter Notes
Presentation Notes
https://www.rrauction.com/auctions/lot-detail/343028305882201--lunar-rover-harmonic-drive-unit/?cat=0
https://www.bostonglobe.com/business/2019/01/13/this-company-gears-went-moon-and-they-still-going-places/VUlxXuKbIpcb68NDxFeD3O/story.html
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https://en.wikipedia.org/wiki/Strain_wave_gearing
Example: 42:40 (20:1)
LRV: 160:158 (80:1)
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https://www.smithsonianmag.com/air-space-magazine/the-spacecraft-on-wheels-180963200/
Promethium-147





Batteries
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Batteries
Distribution and monitoring system
Caution and warning system

Silver-zinc plates in potassium hydroxide electrolyte
23 cells
115 amp-hours
Installed in LRV on launch pad ~2 days before launch
Temp/voltage monitored until T-18 hours


Dust brush

Mobility

Electrical power

Thermal control
Control and display
Navigation

Crew station

Payload

Support equipment
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Temp (A17): 111degC to -71degC
Atmosphere: 

Heat sinks
Radiators
Insulation blankets
Surface coatings
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https://www.hq.nasa.gov/alsj/a15/AS15-88-11891HR.jpg
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https://www.hq.nasa.gov/alsj/a17/a17.sta2.html#1424834
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Integrated position indicator (IPI): heading, bearing, range, distance
Speed indicator
Attitude indicator: pitch, roll
Sun shadow device

https://archive.org/details/MSFC-7021041
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Signal processing unit (SPU)
Directional gyro unit (DGU)

http://www.glenswanson.space/uploads/1/2/5/7/125738648/on_course_to_tomorrow.pdf


Handholds

Footrest
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Surface Gravity: 1.62 m/s2

Seats and seatbelts
Footrests
Inboard and outboard handholds
Armrest
Floor panels
Fenders
Toeholds
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https://www.hq.nasa.gov/alsj/a17/ap17-KSC-72PC-415BW.jpg
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https://www.hq.nasa.gov/alsj/a17/ap17-72-H-314.jpg
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https://www.hq.nasa.gov/alsj/a17/ap17-KSC-72P-363.jpg
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https://www.hq.nasa.gov/alsj/a17/AS17-134-20452HR.jpg


Crew station KC-135
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https://youtu.be/Bnku-Ed_38k?t=447


Intermission



Intermission

Rover repair
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https://airandspace.si.edu/collection-objects/extension-fender-lunar-roving-vehicle-apollo17/nasm_A19760009000
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https://www.hq.nasa.gov/alsj/a17/AS17-143-21933HR.jpg




Presenter Notes
Presentation Notes
https://www.hq.nasa.gov/alsj/a17/ap17-S72-55170HR.jpg
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https://www.hq.nasa.gov/alsj/a17/a17.outcam.html#1411056
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https://airandspace.si.edu/collection-objects/maps-fender-extension-lunar-roving-vehicle-apollo-17/nasm_A19760010000
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https://airandspace.si.edu/collection-objects/maps-fender-extension-lunar-roving-vehicle-apollo-17/nasm_A19760010000
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Lunar Communications Relay Unit (LCRU)
Ground Control TV Camera Assembly (GCTA)
High-gain antenna
Low-gain antenna
Under-seat stowage
Pallet
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https://www.hq.nasa.gov/alsj/a17/video17.html
https://content.time.com/time/subscriber/article/0,33009,903039,00.html
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Lunar Communications Relay Unit (LCRU)
Ground Control TV Camera Assembly (GCTA)
High-gain antenna
Low-gain antenna
Under-seat stowage
Pallet
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Structural support
Deployment hardware
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Act IV

Deployment



LUNAR ROVING VEHICLE Initial Deployment Sequence
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https://www.wired.com/2013/07/unpacking-a-moon-car/
https://www.wired.com/images_blogs/wiredscience/2013/07/LRV-deployment-MSFC-1.jpg
https://www.wired.com/images_blogs/wiredscience/2013/07/LRV-deployment-MSFC-2.jpg
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https://archive.org/details/MSFC-7021099
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https://archive.org/details/MSFC-7021100
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https://archive.org/details/MSFC-7021097
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https://archive.org/details/MSFC-7021102
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https://archive.org/details/MSFC-7021103
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https://archive.org/details/MSFC-7021104
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https://archive.org/details/MSFC-7021092
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https://archive.org/details/MSFC-7021093
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https://www.hq.nasa.gov/alsj/a17/ap17-KSC-72P-202.jpg
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https://archive.org/details/MSFC-7018892
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https://archive.org/details/MSFC-7020219
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https://archive.org/details/MSFC-7020222
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https://www.hq.nasa.gov/alsj/a15/ap15-S71-31409HR.jpg
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https://www.hq.nasa.gov/alsj/a15/ap15-KSC-71PC-415HR.jpg
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Act V
On your mark
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https://www.rrauction.com/auctions/lot-detail/li/343459706193433/
https://www.smithsonianmag.com/air-space-magazine/the-fourth-crewmember-37046329/
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https://www.hq.nasa.gov/alsj/a17/cuff17.html
CDR-8, CDR-9

Geopost
Rear fender extend
Seat erect
Lower armrest
Lower console
Raise handhold
Remove tripod
Erect footrest
Front fender
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CDR-10, CDR-11
LCRU
LGA
HGA


EVAT COR-15

11-1-72

T+35

1+37

Remove MESA brkis, L. sice
Li0H Cann. to middle of MESA
Fidy MESA Blankets

LRV Equip Ck

o LCRY = Binkts 100% open
® TV/Sunshada

e SEP RCVR/ant - nav cahle
e EP fptr (4,5,6,7) on LRY
« TGE ({3 meas. complete)

-« Drill, bag, N. Flux

ALSEP TRAV

TV cam; Mode sw =T-(PiM] /U3
Drive to ALSEP site, 300 f& N
Park 60 ft NE of C/S, H = 1&n
j]S VEC Sy - OFF - -
tode sw - 3 - (TV RMT)

Dust TV, TCU & LCRU

HGA
TGE - GRAY -

-

A1
A5

EVAT

3+57

Lay Ay IX3T [HQLK
Fode sWo- 1 - (PMI/WE) EH
TV cam

+15 vde sw - PRIM -

i ] il |
Urive to LM - Rpt:
« Bearing, Gist., Range

DEPLOY
SITE

o {(3100m E)

Bearing, Dist., Range,
Amp Hrs &

l
T

diid 029

-
.
o —— P

TERENEE

1
1



Presenter Notes
Presentation Notes
https://www.hq.nasa.gov/alsj/a17/cuff17.html
CDR-15, CDR-25


|||||

HEADING by i _SPEED NAV
: __. POWER
. ﬁsm'ﬁmg
\tunn &
o Viado d l ﬂ
» . . : /
VERICLE / 3] . X o
ATTITUDE | :
‘ mu:un Vo s
L Reil

AL

Ll 3 00k 00,8 GYRO SYSTEM
\ TORQUING RESET
S | LEFT A RIGHT -

o OFF

POWER/TEMPERATURE MONITOR
rAMP-HR = ~ VOLTS 9 SELECT rFBATTERY= r MOTOR =
[ 2 | AMPS 2 MOTORTEMP | “F 2 L °*F R -



Presenter Notes
Presentation Notes
https://archive.org/details/MSFC-7021041
Operations Handbook pages 1-39 and 1-40 explain all switches
Init starts at page 2-22
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Act VI

Hit it
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https://www.youtube.com/watch?v=X30z82aeSHw
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11:30/141:27:42
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https://doi.org/10.1029/2018EA000408
Haase, Isabel, et al. "Coordinates and maps of the Apollo 17 landing site." Earth and Space Science 6.1 (2019): 59-95.
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