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Lunar Exploration by Polar Orbiter

Hajime KOSHIISHI, Koichi MATSUSHIMA,
Toru SHIHO, Agsushi NAKAJIMA, Takeo KIMURA,
Katsutoshi SAITO and Masato KOYAMA

ABSTRACT

A system study of lunar exploration by polar orbiter is presented and a polar

orbiter mission using a remote sensing technique is proposed. The objectives of this

mission are to make a complete global survey of the moon’s physical and chemical

properties and also develop the technical side of deep space exploration. This study was
conducted by NAL and NASDA from 1979 to 1981, focussing on the technical capability
of the mission, because we have had no deep-space program in our country.

The global survey of the moon’s surface is very important as the next step in lunar
exploration not only from the viewpoint of lunar science but lunar resources as well.
This lunar exploration mission will be conducted by a single polar orbiter of 650 kg,
launched by the H-IA vehicle, using remote sensning techniques. The chemical and

physical“mapping of the entire lunar surface by gamma ray spectrometer, fluorescent

X-ray spectrometer, reflectance spectrometer, spectro-stereo imager and so forth,

is expected to provide much information on these subjects.
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105, RBEESTERKEOKR REEIKET K
XY s vOFRICREBKRAODN Tk S, FIAE, 19
824EIC, ) TEMH B IBEIAF I B TH, NASA
BREFL 7 International Solar System Explora-
tion SET AR OPIL, AOBRPEBEILLAE
EVEEHHO—2DOTA 7T LELTERD EFoH
Tl b,

3 — O 5 3 ERIC 19794612 POLO (Polar Orbiter
Lunar Observatoy ) &£ -7, BB ETBEIIL LS
FEHELIREL ro CHIREED THEAWE T —
BEERY THT 74 bhoRb (K128 ),

%£1.1 ¥EOCLPOOBRBHRLIBH: v v

Experiment

P.1. & Institution

Objectives

GAMMA RAY J. Arnold UucCsD Global map of elemental compo-
sition (including Th, U, K, Fe,
Ti, Mg, Al, H) with resolution
of ~ 50-75 km.

X-RAY

FLUORESCENCE J. Trombka GS¥FC Global map of elemental compo-
sition for Mg, Al, Si. During
high solar activity K, Ca, Ti,
and Fe may also be detected.
Resolution 5-10 lam.

REFLECTANCE T. B. McCord MIT Global map of mineralogical

SPECTROSCOPY composition, Resolution ~0.5 km.’

HEAT FLOW/ D. Muhleman CIT Global map of internal heat flow

INFRARED with resolution ~50 km, global

MAPPING maps of surface thermal
emission.

SPECTRO- M. Davies RAND’ Global multispectral map, high

STEREO : resolution and stereo images of

IMAGER selected areas and moderate
resolution ground track images.

MAGNETOMETER C. Russell UCLA Map lunar surface field, deter-
mine permanent dipole and
multipole moments and sound
the deep interior.

ELECTRON R. Lin UcCB Obtain a detailed description

REFLECTION of the lunar surface magnetic
fields.

GEOPHYSICAL R. Phillips JPL Map the figure and gravity field

ALTIMETRY of the moon. Determine the

AND GRAVITY moment of inertia tensor and the

EXPERIMENT center-of-figure offset.
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ENFEEIC L > TSN BOBEEDORD R
ELUTHBLUERR, CORUEREEESE000

km 2B ENAUT) TREYT SHEEREAOTO,

JE— bV YV IBFITBOCLAEOEETH
5, TLTZDEMIZ, BHENBEE LFRRICEME
BELTRI-BOEANEERTH S, TOZDODM

%12 POLOOBREELIBR:I v vs v
EXPERIMENT MEASUREMENT SCIENTIFIC OBJECTIVES WEIGHT | POWER § DATA RATE
{kg) (W) (kbps)
*
l.X-ray Spectrometer Measures the K-lines Determine the major 7 10 0.3
of Hg, Al and Si eiement chemistry of the
lunar surface
- .
2.Gamma-ray Spectrometer| Measures the gamma- Determine K, Th, U, 0O, Mg, 16 5 2
rays produced in Al, Si, Ca, Ti and Fe in
about the upper 30 the lunar surface rocks
cm of the Moon
*
3.Multi-spectral stereo Produces multi- Determines surface 4.5 5
imaging system spectral images morphology and gives approx.
information on composition
(mineralogy) 100 M
. .
4.Reflectance Measures the Determines mineralogic 6.5 9 per orbit
Spectrometer reflectance spect- composition
rum in the range
0.3 to 2.5 um
*
S5.Altimater Altitude measure- Topographic maps. Shape 7 20 0.165
ments of the Moon. Non hydrost-
atic equilibrium. Upper
crust structure
-
6.Alpha-Particle Alpha-particle time locate sources of transient 1.8 1 0.1
Detector and space distribut- release of ges -
ion moonquakes ?
*
7.Magnetometer Magnetic fields 0.1 Remnant lunar magnetism 2 2.5 0.1
+ 1000y to 1 Hz 5 10 xm scale range;
conductivity profile
-
8.Tracking Experiment Doppler observable From analysis of orbital - - -
from Earth: direct- perturbations: gravity
ly, or via the field (especially far-
Relay. side); density models;
lithospheric structure
9.Electron Reflection Reflected flux of Surface magnitude of 8 4 1.5
Detector solar electrons lunar field
10.Infrared Telescope Black body radia- Determination of 5 1 0.3
tion from the surface temperature
surface
1ll.Microwave Detector Black body radia- With measurment of (10) 13 12 0.2
tion from small the determination of the
depths in the temperature gradient and
regolith heat flow : global mapping
12. Dust Detector Velocity and mass The study of interplanet- 5 3 0.01
of dust particles ary dust and dust levitat-
above the lunar ing from the lunar surface
surface
13.Mass Spectromater Measurment of gases Study of generation and 7.5 3.5 b1
in translant loss processes of the
atmosphere and lunar atmosphere
alpha particles

*

indicates core payload
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(38) BRKBROEHTES icth, HBRICH
wEhit,
— “Wife " & %1 i3 “Capture theory "—
ZLT, 19574, A7 — b=/ DT LT RIhIC &
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(1) APEE, RESEOFALSERGYWEIL
CHEELLE,

(il HEROLSiL, HALEBOEWHBEL 1-
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1.1.2 RAICBBT 2BEDTRE

ACBUTHETIBRERERKHL LT L
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1.1.2.1 BOERELER

ROERLFEMICBEBL TR, 4FTOHEAT
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hv vk, FAUVEETH S, BTRUHTED
DoltHFLOEDL N O0H s, BOERLE
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> T, REDERKINSDOTESBEI N & E
2o TS, KERERDBEL L &itid =7 =iC
BEINPTL, =V bADSHBBERENS L
SIBHBOERACBEINS LV >EEBB AL
TEEIKRHZ-HT, COLHIKBOERADILEE
B KIS B 78 & DB D LVERA A% THEL
TW5ET5L, TRBEHABROARE ROT
ZOREML ML LIISL,

AOBOERBHIRD KL S T B85
RRAET, KBEADOKERE, BORETRFEL
EOBRAICHTEEL.bDEBDA TS, —
H, BOBGHOERAL KBETH S, Cal Al
ES, RIERA2EZ{SATAHASIZVEELTEY,
BOBOERIKENTILEFEMAB b NITVRY, £R
bhe ADBHOHEITASBERICBEINIC
EDS, BRHERMTRICLZBELS DR T3,

This document is provided by JAXA.



- ri LB RBOBHE 7

SBVBIECLER, ARLKRDILFEMARE LUK
WRBD < » €V %47, BOBBOMABIH%E
P Litic, ABERINITBOWEE ROV
BCETHB, TMIRAITALE DEREWHELY
FHELTWAENE I Db, BESHOHEBETH %,

1.1.2.2 BO#E

BORBEECDOHTIiIT 1000kmDEX ETiCES
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Element Weight fractions
Nonfuel Apello 15 Enhancement
demandite mare (low titanium) required?
Silicon 0.2444 0.2158 1.13
Oxygen .4547 .4130 1.10
iron .0479 .1535 .3
Aluninum .0023 .0546 .042
Magnes ium .0017 .0681 .025
Copper, zinc,
and lead .0020 .000022 90.
(b) .0030 .0189 .16
Calcium 1417 . 0696 2.0
Sodium .0085 .0023 4.1
Sulfur .0058 0006 9.7
Potassium .002) .0008 2.6
Phosphorus .0019 . 0005 3.8
Chlorine .0147 0000076 1934,
Nitrogen .0083 .00008 103.
Carbon .0574 000095 604.
Hydrogen .0025 . 000070 350.
Total 0.9999 1.0000

3Required to meet terrestrial demandite fractionms.
anganese, titanivm, chromium, barium, fluorine, nickel,
argon, tin, bromine, zirconium, and boron.

CFor use in plastics; does not include water.
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Material Representative Source Source material Beneficiation and Abundance and
uses concemtration processing occurrence
considerations
Regolith, not Reaction mass, radiation Regolith 100 percent of surface Handling of dust, Wiquitous
chemically or shielding, thermal saterial excavating
mechanically shielding, spun glass,
separated sintered building
material
Basalt, not Cast dasalt for Basaltic flows 100 percent of subrego- Hard rock Abundant i meria
chesically construction into maria 1ith and scattered
separated fragments
Normetallics Construction materials, Flagioclase 70 to 95 percent of Use anorthositic rego- Abundant in
special uses and process- highlands anortho- 11th or crush friadle highlands
ing by- sitic rocks; 10 to 40 anorthosite; basalt
products percent in mare is generally tough
basalts
AY, Al203, Ca, Metals for construction, Plagioclase 70 to 95 percent of Use arorthositic rego- Abundant in
Ca0, Ma, ceramics, solar cells, highlands anortho- Tith or crush friable highlands
Na20, St, reactants for chemical sitic rocks; 10 to 40 anorthosite; basalt
510z, 0z processing, life percent in mare fs generally tough
support basalts
Fe, FeO, TH, Metals, pigments, life [imenite 2 to 20 percent in mare Size separstion of rego- Awndant in saria
Iioz. 02 support, special uses basalt and mare lith to concentrate
regolith fimenite
Mg, M0, Fe, Metals, ceramics, solar Olivine 0 to 20 percent in mare Oifficult to separate Dunite is rare in
FeQ, Si, cells basalt; 95 percent in from basalt sasple collection,
S0z, 0z dunite as breccia clasts
Hy, Ho0 Life support, fuels Cold-trapped Urknown Significant technologi- Occurrence has not
volatiles at cal development been demonstrated
Tunar poles required
Ha, C, N Life support, organics Solar wind 100 ppw in mature reqo- Direct therwal extrac- Ubiquitous, but low
trapped in lith and soil dreccia tion; concentration of grade
regolith and "Imentite or <60-pm
soil breccra fraction enhances
and buried yleld
possibly in
polar cold
traps
In, Pb, O, S, Industrial materials Surface 5 to 100 ppm concen- Requires technique Two known sources;
F, other deposits on trated at surfaces; development for low- others possible
volatile volcanic may be higher locally grade extraction
elements spherules
and regolith
fines
P, Ir, F, Q1, Major compo- Minerals present in Exceedingly difficult to Mo keown
Y, Cr nents in abundance <1 percent concentrate from dis- concentrations
accessory of rock; elements are persed source
minerals in substantially lower in
KREEP, abundance; local con-

basalts, etc.

centrations are
conceivable
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42211 HoBBREEABCLEL SRS
B & o Mg
Experiment Applicability
Gamma ray Chemical compositional variability on

regional basis
X-Ray fluorescence Chemical compositional variability on
regional basis
Ref lectance spectroscopy Mineralogical variability and concentratiqn
Surface and near-surface texture (boulder
distribution), thermal gradient in
subsurface

Heat flow/infrared mapping

Spectrostereographic imager Imagery of selected areas; survey of polar
regions compliements several experiments;

selenodesy net improvement

(Mot a survey tool for magnetic minerals)
Age of surfaces (related to maturity of
soil} and evidence of magnetic history
and crustal evolution

Magnetometer }

Electron reflection

Altimetry/qravity Surface morphology; crustal thickness
(relates to geochemical models), mascons,
etc., on far side; selenodesy net

improvement
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RITEEA (deg) 0.000
RiTHIAE (deg) 136.240
Rl (deg). 88646
WL ERE (Vo) (ka/s ec) 0917
|B|  (ka) 5146.141
BT (ka) -~ 1036.587
B-R () 5040661
BEAEE (U T.) 19874 1A 218 1688 51454 50.9 28
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#344 7EVIBEOLASNV L o v—F VR

Time (sec) From Events
L. O MECO Vehicle
0 AK Y747
7.000 1B8B1, FL— | Bibh
(—0.874902 deg./sec)
17.0090 1Bl FLv—-1+8BT
|1BB2v.FL— M
(-0.431852 deg/sec)
30000 IBRB2C,FL—RT
IBRE3I ., FU—+ Bith
(- 0228679 deg/sec)
38.190 S. 0. B. (6X) #2Bm&T7T
39.000 S. 0. B. (3kK) HAK
45000 1BE3C,FL—tRT
1BRB4e, 50— Blits
(-0.194699 deg./sec)
60000 IBSE4iCFL—-tRT
1S5, FL— Bk
(- 0604284 deg/sec)
67.000 1BBS o FL—RT
16 v, FL— + BhAts
(- 0934233 deg/sec)
717390 S. 0. B. (3%) #maT
80000 1BB6C,FL—R&T
1BB 7, FL— B
(-0817508 deg/sec)
85000 S. 0. B. %%
90.000 IBRB T, FL— tRT
1BES ., FL— B
(-0.153148 deg/sec)
257.000 I8 vy FL— tE&T
267704 0 MECO (B|18IY s v BEKT)
273704 6.000 VECO
2751704 8000 B/ 2BM0OREL
2821704 15000 A R AR = D)
2838000 20.296 2B, FU— BRdE
(- 0132659 deg/sec)
295000 21.29 T2TY T
538.000 270.296 2By FL—RT
591421 323.723 SECO (E2Bx vy vrgElL)
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Time (sec) From Events
L. O MECO Vehicle
652973 385269 T-ZA 72— €y FL— B
(— 06114280 deg./sec)
1752973 485269 -2 72— - FUL— T
I—A b7 =2=X - a—UL— Bk
(+0018054579deg./sec)
(-00363628 deg/sec)
802973 535.269 I—=2ZAt7x—X-3—-L—}¥&T
8245189 556.815 B2/ 3BULRL
1358557 1090853 TEIG (F3RIY I VEK)
1399027 1131.323 TEBO (B3R v I VyBREKT )
*#3.4.5 TEvIBEORALRITAIBES AT A&
-
MECO SECO TEIG TEBO
1% AW R
$ @ ¥ E () 648320251 6579.91564¢ 6558047078 657878184
M (deg) 303422311 285305412 835172257 718385599
8 ® (deg) 134.089510 150665764 198907665 201553782
M # E K (m/sec) | 419286073 7765620989 7716734895 1091.86055
e (deg) 11.3378250 0.148095352 - 0141985473 -0.000255893068
REGHRA tdeg) 920685248 100984182 118355650 119491053
BN (deg) 67.1768503 846146577 939203308 907300826
UYL (deg) 92.1400792 101052947 119364697 119780688
GREEE (km) 378236218 655033650 655432836 203183580
NBRLE 000521177122 000469570696 0967621489
e LT (deg) 302559753 302861283 303995077
a3t (deg) 319239201 300619773 164530811
NE SRR (deg) 150195869 2117109089 359699479
RZAEE (deg)” | 41.1397210 409592154 408912231 408225130
SEEBELE (m/sec) | 824.289049 20.207698( - 1924837014 - 00487840125
ERARE (kn) 138055559 145408074 200639756
FYY-Y T 4 (km) 154771729 206333269 206963484 393410236
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A—Fvh—7 | BRI VY VE 2 BKES th Cl+ Cgy 1+ Coy t]
Y=y vy—
BIRu-A70s 54—} W R w2t Fls e+ Rl t1
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y B9 4 24 L
géggnmﬁ B 2 By AR AR T BN M AR IS rp Gi +Gjt, +G3t?
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W 2 By TSR KB r g Ca + G5t + Gt
H 2 BMRS THREEEELE Iy G + Gt + Gist?
BOBS =7 o b7 b A r,. GS +Glt,+ sztz«f-cfstz,
z  ®’4 +C&tt
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Np=T"N,— 6+ 47 (3.4.33)

6=cos (7p- =) (3.4.34)

Ng P =7 » b X7 bvy OREEREA
47 FTHREARBEALNE
TE2BA -y bR b (BN
)
P RITEOBLEFEE~N T b

07 & T DES DA
TEDLIND, (BT —FDEHIID3.4.98
B)FEAFBWBBLTR, Tr &Mt E2—Fy ko
7A=2LLTEHOHLUDREL, 0& 47 25E
TAECLEILLY, FB2REARGELEBRORHEER
NI P NT RRET BT O R AR D, TR
SHETRECENTEEDT, 0i2(3.4.30) X»o
HHATX %, 47 IRXEJETRAT AT it D
BBLEBTE B,

Tr

r

T
47 = I 7dt (7T:time-to-go)
0 (3.4.35)

T RHFREH (K3 4688) L THEREILEL
5TEMTEBDT, Tp =789/ |Tpol ELTH—

a— 2z MLE)

X 3.4.9

Nr

BHEEDIEV, CO, BHERRTOHE 2ED
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FIEROREAMRFERI VTG IEET AT L
[l IR
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T/ FEDT 07 s ANSEIBELTRY
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> TWVWADT, LiEBRICLOE, BYLFAIT
ARV LRI S, UL, ThRTp% Ty it
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-7, REBALEBICIL TS, 0FEBHEERL
TrpRRET L T, 71,%¢, OEEXT
BRI OIVLBRUCEBDOEIRLTEHLEMBTE %,

BEE—= o T4V 0 -1¥7 1 —2DREICDON
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7p =5 2 BEIRITE LB BB SEE
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47 = FTRREA S AELE

DRI
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T, IGSSKKBEEN TN A/T f —ZDE 4%
BEL Tk, BICHBERLWEEZI OGNS,
(2) oV 7DRERART T oLt ADERSA
RIAGIWRLILYTNVEA L 8= 5T 4V
T N7 —BERETHLE

a) ~NJ bVETRENE T A — 8 B(Fr, Xa)
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LT IEE S L,
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10 ¢ STEBED1:HDEA NV FELOEE AR
N I

BEDIGSS TH, FMONE % (Flight mode
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ZTOHOREEE D] ( BRNCEE)
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i

T
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0 0 1
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2 DXEE Ot
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T, 85 974V IRBEOUIPHRNE1TL D0
BATICERT 57 — 21413, 198741817 BT £,
FRATEERD 108 BFHID BB ERARBHEZWHET 57
£V PE6FET D, 6FKDT vV FHEDER
BLEBRAREIREI LTI RTRADTH S, FHD
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y P TH 5B,
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TREREXERENFRALA-—FTHEIE0G, ¥
EWICR 3SROEABSHERNTELETH S L EX 5o
7oL, E2ERER TRBEIAVF —D E LD
WTRAROERBEAEEZLDOBLZE LV E
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DT, BEOLHRPICAET, BIRLEKAD
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P EOHINBT LY, RBOXERTEI>EL
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vy T4 YV FERBFEHEI vV s VBT HEY
HFETHBH EhBbh b,

3422 Iy F3—R-7:—XHFHHR

(1) 3y Fo—ZABGEBIER

BEBERE X7 bv 4V i3, BE, BERTERE
BILbESWIHREES S — IS VORES TH
BEEL, DEIRBEBLAICE STcA 4LV —Y s Y

£3.47T VTARALE—F 9T 4 VI/ENB7 v FELE

path 1. path 2 path 3. path path 5 path &6
RHNK (U T) 2: 52: 5577} 3: 9: 46.00 3: 26: 2356) 3: 42: 42.16f 3: 58: 32.32{ 4: 6: 1623
REAWK (deg) £1718325§ 90.0¢50 921634 894.28717 96411738 §7.4850
¥ [BANSL (U T) 3: 18: 2897} 3: 34: 26.17].3: 50: 1140} 4: 5: 3784 4: 20: 3941 4: 27: 59.22
B | BAREE () §574& 6578 6578 6578 6578 6578
% (& B (deg) 531898 53899 5.4567 55188 55788 560617
1 /8 X (deg) 208.3062 2054342 2016093 1978591 1942082 1924267
B | BRAEE (s /sec)) 1091686 109166 109166 109166 109166 1091865
A | RETBEM (deg) 0. 0. 0. 9 0. 0. 0.
® |RESEM (deg) 1200348 1189630 1200125 1201829 1204722 1206605
.2
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L=\4V 4| 4V +2,9,+ 2, 95+ A3 95— Min,
(3.4.39)
R G
S=1pp—(Tptm, 4V )=0  (3.4.40)
92=ip —(i,+m; 4¥V)=0 (3.4.41)
95=vpp— (vpotm, 47 ) =0  (3.4.42)
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