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Off-the-Road Locomotion

By R. M, OGORKIEWICE, M.Sc (Eng), AM.IMechE
Mo T Cancluded fram page 62, Sudy 14)

The First fnternational Conferenice on the Mechanics of Soil-Vehiele Systems

held last month in ftaly covered a wide range of subjects related to loid lopco-

matlon.  Several of lts papers were reviewed in the fiest two parts of this srries,

and the concluding part of the review, which follows, Is concerned chicfly with
sew vehicles and componenis.

EVERAL of the papers presented at
the Conference on the Mechonics of

Soil-Vehicle Systems  dealt  specifically
with problems related to wheels and
tyres, Those of particular interest referred
to measurements of forees anid deforma-
tions which oceur when wheels roll over
gofi surfnces, A considerable  amount
of work has already been done In
this feld but much more remaing to be done,
particularty on the mmportant problem of
siresz distribution at the tyre-ground inlee-
fuce, and on systematising the information
obtained about the interaction betweon
wheels or tyres and the soil.

Apart from the paper by Janosl, men-
tioned in the sccond part of this review,*
which cutlined the work accomplished at the
Land Locomotion Laboratory of the LLS.
Army Ordoance Tank Automotive Com-
mand, other intercsting work in (his ficld
was reported, among others, by E.
Vincent, of the University of Michigan, in
4 Prgssirn Disteibition on and  Flow. of
dfathe wheel fofdmnl $Bveal ol Tand alear
falling mto the rut behind thewheel. Thiss,
the motion of o wheel in spnd I8 accom-
panied by n flow proocess, an well s coni-
paction, Wwhich alone is insufficient 1o
avcount for the sinkage of a wheel in sand.

Fig. 1—Yarkation of loadel srea and pressore under
confre of whesd, 12+5in ml-ilr.' dipmeter pmil & 8in
withe,

In fact; he concluded that, except for lightly
loaded wheels with small sinkage, compuc-
tion effects were small and the sand Aow
predominated, Work which led to this
conclusion included measurements of pres-
sures at the wheel-sand interfiice by means of
a small pressure fransducer consisting of &
T =T Evciom, Vel 212, by 5, 1960, page 99,

in diameter plunger fitted into the surface
of the wheel and attsched to a differentinl
transformer with approprinte circuit whose
output gave a trace proportional to the
variation of the load on the plunger, Results
obtuined at the face centrg of 4 124in dia-
meter, 64in wide wheel are shown in Fig. 13
they illustrate a change in Lhe stress patlern
between the Hehi, 10 b and 20 1k loads, when
the soil might be considered to behnve as an
elastic meditm, and the heavier loads when
the soil po lonper pppears clastic to any
great. extent, i A

Behaviour of wheels in purely cohesive soil
was reporied by F. L. Ulfelmann, of the
Fighting Vehicles Research and Develop-
ment Establishment. In this case a simple
compaction theory based on plastic deforma-
tion without necovery, fe rut ﬁ}nnuﬂu_n
eijual 1o the instuntanecus sinkage, and uni-
form nermal pressure over the are of wheel-
3ol contact, gave reasonahle agreement with
experimentnl observations ot small sinkage.
Simple thepry alse pave ncceplable results
T Uit rasiar e dlad el am s sbesd A
the possibility of & St dianieter wheel with s
rigid 140 wide rim, nidged side plates and
scllinjecting apuis which would be capable
of carrying a load of 3 tons to 5 tons off the
road. Such.u wheel would be resilient by
means of rubber pods between the tim and the
hub. and would have cavity cushion 1yres in
segments around the rim for hard grownd
running,

A related development of o * Forceds
Slip Wheel and Track Tester ™' was described

A. R Resce and B. M. D, Willis, of
King's Collepe, University of Dusghan.
This is n special purpose machine Tor field
measurements of tractive effort, Tolling
resistance and slip based on the forced slip
principle, in which the test wheel, or Lruck,
is obliged to rointe at o controlled slip 1
the unwinding of & 1 from a drum whic
15 penred (o wheel under test.  The input
tongue and owtput thrust ane simply measured
a9 they are a function of the forces exoried
by the towing tractor and the cable, which is
anchored 1o the ground, and the whole
npparatus has the virlwe of simplicity and
low cost.

At the other éxieeme in elaboration one
LY ?Inm the test equipment nvailable at
the ULS, A Engincer Waterways Experi-
ment Station and bed by W, J, Turbull
and DR, Freitng in * Influence of Soil
Factors and Tyre Geomelry on the Perfor-
mance of Poesmatic Tyres in Sand." The
equipment s bagsed on a sqoil hin, which can
be built up to a leagth of 1650 and a dyna-
moemeter carriage which travels on carefully
aligned rails and which is inked to the wheel
under test.  The avachment is such that the
wheel con bo lojded and powered and yet
be free to move up or down as the soil con-
ditions dictate ; wvertical loads™ of up to
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3000 1b may be applied and the dimensions
of the apparntus permit the testing of wheels
up to 32in diameter and 16in wide, Normal
test procedure consisty of towing the curriage,
and with it the wheel which is being testedd,
at a welocity which increases lmearly o a
maxdmum st the mid-distance along the soil
bin and then decreases, while the speed of
rotation of the wheel is held constant, In
this way a complete drawbar pull » slip
curve is obtained in cach pass. Typical
curves of drawbar pull and torque v slip
are shown in Fig. 2, where three poinis of
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Initial tests had ‘heen performed with three
different sizes of tyres of approximately the
same overnll diameter and without o tread,
to eliminate the effect of trend pattern which
is to be studied later. Test resules, based
largely on 4-50-18 tyres, indicated that the
varous nspects of tyre performance can he
related 1o tyre sinkage but the authors slated
that none ol the existing methods of predict-
ing sinkage was satisfactory.  The last
comment =rems a little surprising in view of
the success in predicting wheel performance
achieved at the d Locomotion Laboratory
ond: the University of Michipan, unless an
exceptionally high degree of accuracy is
expected, here 15 no doubt, however, that
the auiliors’ well instrumenied Iaboritory
should produce valuable experimental data
on wheel and t;ra performance and it is only
to be hoped that at some foturo doute they
will be able to synthesise their resulis.

Extensive testing facilities are also avails
able at the National Tillﬂfgc Laboratory of
the U5 Department of Agnoulture, ot
Auburn, Alabama,  They include soil bins
200t wide and 2506 long and well instru-
mented dynamometer carrlages, which were
eutlined by G, E. Vandenberg, 1. F. Recd
and A, W, Cooper in * Evalunting and
Improving Performance of Traction Devices,"'
Unfortunately, no resilts obliined with
these elnborate facilities were givon, in apite
of mearly twenty-five years' experience io
which the authors themselves refer.

WaLKiNG MacHings

Walking machines have long existed in
science-fiction but more recently they have
also attracted more serioos inlerest, arowsed
partly by the hope that under some conditions
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thelr performance might be superior to that
of wheeled or irecked wehicles, A conse-
quent investigntion sponspred by (he Land
Lecomaotion Labomtory wis describad by
I. E. Shigley, of the University of Michigan,
in ” The Mechanics of Walking Machines.”
Starting with the requirements of an ideal
walking maching, the author estoblished what
he considered the most promising locus of the
foot s it moves relative 1o the vehicle. Thas
consists of pamllel, horizontal stride and
cetirn parts of the ¢ycle, relatively long
compared with the height of the step, joined
by a semi=circular 1M phose and a similar
phiase during which the foot is lowered. The
proposed Togus promised to give mindmim
nocelsration and offered the possibility of
balancing the incrtia forces and torques by
properly  phasing o number  of  wilking
mechanisms on ke paths, To make inertia
torgue renctions on the wvehicle small, the
author considered that o minimum  of
sixleen legs was necessary, four at cach
corner of the vehicle,
Svnthess of 1 pessible mechanical linkage
driven by o romimg source of power wis
hased on the Hrones-MNelson method?, 1t
revenled that only & few Binkages will generate
i path nprrmim:lﬁnn tir the desired lociis und,
in general, the author concluded thal none af
the walking mechanising driven hy a mlutm%
erank win very satisfactory,  None Dalfilled
the requirement of unilorm velogity, ynless
pairs of non=ciroular driving gears were used,
and none gave a siride which was long
compared with the total space roquired by
the mechanism, Maorgover, fariher annlysig
revenled that, while it was possible in several
cates to halonce the inerti i
[ e T e I R Wy e -||!u e,
prosible solutions, the. authar did not rule
oput the possibility of findimg a mechanism
which could be balineed,

In (he meantime, the limitations of

—
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Flg. VThe panioyraph mechanbim for o walking
mizchilne,

mechanically operated machines led him 1o
consider hvidraulic operation with two cylin-
ders per leg. One of the two hydraulic
culinders would be uscd for driving and the
ckher for liNing, and by suitably programming
the Now o them the ool could be made o
penerate the desired locus. Further, to make
the it and deving motions independent of
ench other, a pantograph mechanism shown
in Fig, 3 was adopted 11 which the centre O

T H 1. A and Nalsan, G, L, = Azulpss of the Foursgar
fuinkape,"

ihey, Plaw Yok, FREL,

war driven up ond down by the 1l eylinder
while a second cyvlinder drove the slider.9 in
the horzontal direction, With this arrange-
ment o slngle fow progmmme is suflicient
For each evlinder, regardless of the valves
sl Tor siride or U, and using & mimmam of
sinteen legs it is possible w balonee the
inertin forces and torques. ;

A aimilir iF less searching [nvestigation
has been carried out in Iialy by 5. Muraton,
with the object of devising a mechanical
hovse which could be wsed in undeveloped
arens on 1rails of mountain paths.  In this
case o fourdepged machine was ¢onsiderel
feasible, possibly becapse only slow. speed
operation was onvistged, but it s inleresi-
ing 1o note thit, as o the above-mentionod
paper. hydraulic actustion of the leg in
siride wos alvo supgented, with hydraihe or
miechanical control of foot lift.

Another scheme hos heen investignted a0
the Munieh Technionl Callege wnd reported
by H. von Sybel and F. Grose-Scharman in
thele paper * On Inerensing the Troetive
Effort of Of-the-Rowd Velueles," In this
case the vehicle was wheelsd but the wheels
wierd mounbed on arms which could be swung
to and fro about their pivols, as indicated in
Fig, &, which shows i sinawheeled version,
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Flg. dDdaprnmemitle arvaigemanl of & sloewheld
walking machine.
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With such an arrangement motion of the
vghicle could be obtolned by alternniely
braking some of the sheels and poshing the
vehicle against them by means of o suitable
hydrailic  mechanism while othar  wheels
rolled forward underdittle or no load. In
this way :|dvinte|guémlld be mken of the

(et that growter thriist can bo obtained with

i glafionary wheel than a rotating one, and

the system was sugpested for uwse unider
particolarly difficult terrain conditions.

All three investigations indicated that any
wilking machine would be relatively com.
plex and none showed to what extent their
overall performonce would be betier than

B3

that of other vehicles, [ is diffleuli, there-
fore, to assess whether the imvestigations
point 1o useful vehicles or whether they are
merely an exerclse In the theory of machines,

Prrvsanic Tiacks

In addition 1o the technical sessions, one
praciical  demonstrafion  alvwo ook place
during the course of the Conference ot the
Regional Adrport of Aosta, Tis subjects were
an wirernft with proumate rack Tnndim
gear and tractors fitted with ponesmatic anﬁ
roller  teacks, all developed in DIuly by
G, Banimariin.

The pneumitic wibular track has been
under developmeni singe 1949, when the first
one was made by Bonmartini in collabori-
tion with the Superga company of the Pirelli
ﬂmlp' Its first mirceatt apphcation was ma

iper light aircrall and the subsequent use
of the Bonmarting 2-380-[11 preumatle track
landing gear 1 the more moedern Paper 18A

wined for it in 1959 the approval of the
tegisire Aeronautico ltaliano, the [alian
zir registration authority, During the trials
which lad 1o the approval ecertificate, the
whrerall exccuted 147 take-offs and lindings
on prounds such as mesdows with ditches
upp o 120 or L6in wide, cultivated fields with
surface depressions not more than 6in desp
and 20in wide, and sandy benches. The
smne ype of aircralt, used for pgrleuliurm

imsecticicle speaving and shown i Fig. 5

wig  demonsimted ot the Aosia  alrmeld

where it oo successfully  crossed sl
ditches which wouold heve been disastrous
for alrcralt with the normal single wheel
landing gear.
The prewmatic teack ftsell is essentinlly an
Lngs o 0N i g g ol H& dlugeall
the cables and u naioral robber compound
is wsed for the side walls and the tread, The
track is made in two sizes, 13023740 and
[0 2130 with nvlon and rayon plics res-
welively, the weght of one Irn.l:E ol the
lLus: kind being around 2416 to 26 1b and
of the second 151k 1o 171k in both cates
the operating pressure s 35-5 b per square
inch, The track is intended to be used with
bogi wheels having o dinmeler three times s
own And so shaped that the bead cables run
vory close to the wheel rim, ns illustrated in
Fig. 6, which ghows the two-wheel 2-550-111
lnnding gear wsed with the Piper 18A air-
graft. Tha inner surfice of the wrack is
lubricated with castor ofl by mesns of a
small pump driven off one of the wheels,
and the icuck pear has been designed [or &
static load of 100 to 15300101h. During
the rough ground approval trials the ol

Fig. 3 _Piper light aicraft with the Bonmarfini track tnxying noross o ploaghed feld



Fig. G=Adreralt Innding
Pl

H:Il’ with the Bommirtin
track

weight of the Piper aircraft was 1500 b
and meximum vertieal and horlzontal accel-
eratlons of 2-S5p and 2 respectively were
fecorded. The heaviest aireraft in which
this type of landing gear has heen tried so

far appenrs to be the Dornier Do, 27,
which weighed 3340 b when tested in 1938,

The attractions of the pacomatic track
londing gear for aireraft which have to
operate off unprepared grounds are Inirly
obvious, for it can distribule their weight
over o larger area and ilus enable them to
tmverse sofl surfaces.  In conmection with
thig, it ls sald thal the track pear can be
used where w surfice prassure of 31 Th per
square inch dees not produce o penetration
ol mope than 2in to 2hin, ie nol more
than the radivs of the vack tube. This type
of linding gear hai the advantage of reducal
froninl nrea, dnd mni.:qu:nﬂl.r lower drag
in the air and smaller bulldozing resjstance
on the ground, over the wide single lows
pressure Lyre type of landing pear tried on
epsighprier i for.saf ground opcration.
indicated. At the sdme time, it his the
advantage of far greater resilience over the
end less-rubber-band fruck uvied experiment-
ally on some hesavy aorerafl.

Application of -the pncumatie track has
now been extended o tractors, as indleated
in Fig. 7, which shows o Lombardini Castora
light troctor demonstrated ot Acsta,  The
truck drive of this experimenial vehicle relies
on [rietion hetween bars connecting  the
Nanges of the rear driving wheals, which
imposes: limitations on  (rction, but  the
pneumatic track has undoubted apriculturs)
possebalities, particularly where & minimum
disturbonce of the s0il s important ; in
addition to tractor applications, it could also

2

be used to advantage in some cases with
trailers:

Bonmartini has alse developed another
and emirely different (ype of fraek for
tragtors and  tracked  trailers, shown
Fig. 8. This is more conventionil in thut it
conssts of pin-Jelnted track links, but each
link has two rubber-fuced rollers free fo
rotute about pins set in (he links at:a small
angle (o the longitudinal axis of the vehiela.
As o resill, resistanee to Iateral track moves
ment is greathy reducod and n smaller moment
iz mecesuiry (o ium the tractor, on hard
surfees ab any rate, Oa solt ground, how-
ever, where consideribla track sinknge tnkea
plice, the rollers lose their advaniage and
the track could not be vsed (o desipn vehicles
with o greater length ta.width ratio because
they waould be ns unstecrable in soft ground
as similar vehicles with conventional tracks.
The most fruiiful field of application of the
roller trick would appear to be in tractors
which hove to operite frequently on roads
and which they could then do without the
usual tearing up of the rond surfaces when
slocnng,

ARTICULATED TRACKLAYERS

Limitations . imposed on  ihe  lengih-to-
widtly ratio of tracked wehicles by convens
tional sivering methods have led to o signi-
ficant revival of interest in articulnted ek
vehicls, porticslarly m the United Stales
and  Chanads,  The conkeguent  develops
ments  were - oatlined  in ¢ Sreoring of
Tracked Velicles by Arricularisn, ]:E. GO R
Nuttall, of Wilson, Mutiall, Rulmond Engln-
eets, [ng, o company which his construgted
soversl such vehicles simce 1he mid-ffties.
pfs i puthor poimed ont, with, copvep-
one Irick and, i posable, incréasing that of
the other, Where the soil is already stressed
close (o fuilure, an indeeuse in thrust i not
poeible e steering B dccompanied by a
reduction tn the total lorwsrd threst.  Insoft
sl this may tend 10 o complete immobiliss:
tion of the vehdele, and it 15 interesting to note
that the Mimistry of Supply committee which
[nvestigated the bogging down ol tanks m
the end af the 1938945 war reported that
this occuivred most frequently when tanks
were attempling 1o seer.

Difficulties associated with conventlonal
steering methods muy be eliminuted by using
priioulated vehicles, which may be mude to
follow a curved path by changing the -

July 21, 1961 THE ENGINEER

tude of one hall® of the vehicle relative tp the
other in the sicering pline. Three mun
tvped. ol artsoulinted \-uﬁielr configurations,
which ate in use todny, are shown dingram-
matically in Fig. 9; the fourth, which &
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attributed o fBekber, lis nol been tried so

Driindt L RS il il sugiesied Bl fhe i
type lined with o heavy damper across the
jounl in the pitching plane offered & more
promising compromise,

Judging by hin review of developmoents
which preceded present-day  vehicles, the
author knew of B, J. Diplock, who ploneered
articulated tracked vehicles in this country
ahortly before the 1914-18 war, but appeared
unawire of experiments made during the
conflict and again dunng the early ‘thirtics.
In wview of the ignorance about the warly
history of articulated vehicles, even among
those who have studied them for many
years; it may be worth notlag that Diplock's
first articulnted tepcked velicle wis exhibited
at Olympia in 1913 and was fully described

Fig=, 7 and # (Lefiy—Lomlrdini Castore tractor with: the Bonnerfind posomatic track ¢ the trek hubrical b b it Wried whviel.  {Righty—Fiag
i i 2250 tractor mid draller with tbe Bonmuriinl eoller hﬁ" ki oy s s ol
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on these paged ot the time.f The present
revival of Interest siarted, ns deseribed by
the author, during the late "fortics with the
conatruction of the Tucker * Sno-Cot™
and Bekker's work on modeds. The four-
track ** Sno-Cat ' was evolved from experi-
ence with several small hall=track and half-ski
machines and has been wsed since on some
seale For  pverssmow  opecabion, Among
athers, four * Sno-Cats * were vsed by the
I957-58 Aritish Trans-Antarctic Expedition.
Another pioneer vehicle was  the  amall
belly-less ** Rat ™' evolved by the Canadian

surfice gravitntional force roughly one-tixth
of that on encth, more extreme surface
temperature ¢hanges, exposure (o greater
solur electromagnetic ux, direct axposine Lo
corpisculir jation, and the absence of
prafection against the impact of meteorites,
S0 (ur as the current Ideas on the nature of the
lumiar soil were concerned, there were Iwo
}winuip.ﬂ theorios on the arigin of the lunar
catures, namely meteoric impiet and de-
fluidisation and wvolcamic action, Lumar
surfnee moterial was most |ikely in powder
form and from both the voleanic and meteoric.

BT

lunar soil will be aviilable from stationery
mnatrement packages, such as the N.ASA.
“Surveyor” series, landed on the moon,

N, A, Well, of the Armour Research
Foundation, in his paper on “Probable Soil
Conditions on the Moon and Terrestial
Plangts,”  also  concluded that the lunar
surface would be covered by a layer of dust,
extept for the lunar highlands and emter rime,
but consldered ihat the thickness of the layer
would vary from the arder of centimetres in
the marins o several stenin kilometrey deep
in the lunar craters. Such considerations led

Directorute  of Vehicle Development in hypotheses the lunar soil would be expected  him to the further conclusion that lnndings
should be maude in one of the lunar marins
Generid Churseferintics of Currend Aviicwlated Trocked Pelicler and that flﬂ'l.hﬂ exploration i_hﬂlilld be made
I : i i i y 1 ——— "l' ﬂﬂ'nmll]iw |:_1n-nnﬂh:..'trm:k¢d vehiiclai. E‘Lc;]u.-n'nr.
{ | - el [P JuE several of his assumplions were challe
wibiile hnnfwmm;-%l:nun' iT)'D'I'ﬂ';::IIIIFP Mt wﬁhﬁh;mlruﬂ! IFyerait ?-r::d Mkmsimym il;ﬂl by the author of the previouws papet, il
Gt (Jupuiod ® | wpighn ooy loed f.r:l‘il:l. Inm]lh.l w falifay PO ageril FuaaE T il'l.‘-'itw' nr u“' [!EEII!IIH'H Whl‘—‘iﬂﬂlm ‘:l'lll.rlﬂl."l"
; AP o I | I I S mpb | W' of the lumir soil one may alse question the
T TR Teeher [ (M) [ e[ 300n (o e T | T suggestion that tracked velicles be used for
IRL- D\ U |G LGB (R B | 8 | B | B s cplomon hick might vell b
ranspuries ., e ) : A
e T e wauh | BB | b 36 S (3l (19|82 :% 5} ; i Anantaresting contributlon to the discus
Hofaieesy ™ M. 1. | WENE | Il | AV L3N0 | IGEE | 313 TRt | s T | 4 i ] Sil.'ﬁll Wmﬁdﬂ h_"' M. G. Bﬂkkﬂr Whl:l ID“.ﬂd
" T the size distribution of cosmic bodies derived
:_EEIEIEWIhm Hubiall Raliioesd Fogliien. from the observations of H. Brown of the
¥ Jre ey dusspr In pixching ptane Califoria Insttute of Technology, together
1955-56, Leading particulars of thesz and 109 -
other more recent vehicles ore listed in ihe “Efi = .lr fHHY|- ""-:.;E Rl ':"‘H-.[i : L"] : ]' _i_
I'{-]llnw'tng tahlml : ; AL mé.— : i AT R i\w -
n general, ihe performance of articul i ) L s oV e
:ra-:k:ﬁ vehickes built so M has shown that E_ 2ol 2 e " 5""]'., i ,h-!"' | ]'r i ||| I\'T i
by abandoning conventional steering metheds. ¥ 7 R i "'. J,T I =
it |n posmible Lo develop longoe, narrower & @[ i 011 ll\ 'i =t v 1 5 =1
vehicles with very low  groond pressures, g st 1= v | M i T
lower resistance 10 motion, higher drawbar 2 ol =it | /P | S 1 !i -4 1-&'1 .JI i i
Fj"“l!l'ﬂ 'Ej'}lﬁhl.ul_""r"'ﬁ".FJEQLE"_‘““F&._{'."":‘r;. ?'..‘Ew = | |..' h o III N.‘ ! JI|J—'=-' |-|l= R .45 M _ﬂl‘i._‘ i LY 1_\- |.; :1-1.. ]
This vehicle was buill by coupling two M2 WL '~..J|'|,_i "&.‘-‘._"J“f A ”v{"‘._ TP A
“ Wensel V' cargo carriers, which had been M Lol . )14 a8 [ ﬁ“-‘ bs [“ o 8
the U.S. Army’s principal over-snow vehicles, I [Anne I ] ] o+ &) apor oot
and on trials it prm11|md19 druw&m pall ‘ GRAD SIZE — MULLIMETRES
equal to M0 per cent that of the " Weasel ™ Eomalic
nﬁd a 40 to 50 per cenl imcretse in the oL 00 T TESHEITLL 10N R ot e

m-crug uTE:rnliﬂg speed, At the sume time,
the lite of the running genr was extended,
which the author attributed partly to the
elimination of track fension reversuls aceom-
nying normal skid-steering. Apart from
E,phur first cost, @ dimdmw of the
articulated tracked vehicles is r inability
to make very sharp or pivol turns, but this
s mot of paranmount imporianee in sevenal
fields of application. One of the latest
vehicles, the * Cobra * built beiween 1958
and 1960 for the U.S, Ay Ordiunce Tank
Automotive Command, has extended the
pringiple of articulmied consiraction [from
two to three units and there will, in all
probability, be considerable furihor deyelop
ment of this promising class of vohiches,

LA Soll

Progress towards exploratory Inndings: an
the moon makes it increasingly important (o
irv and pn:diﬂ puossible charicteristics of the
lunir soil, 1o be nble 1o amicipate some of the
problems which might arise. It was particu-
larty interesting, therefore, that the papers

resented ot the conference Included two an
unar soil,

“Some Prediciions as (o the Possible
Mature and Behiviour of the Lunar Soils *'
by 1. A, Rvan, of the Douglas Aircrafl
Company, listed six environmental factors of
mportance i relation o the lunar surfuce.
They were the absence of un atmosphere,
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contain much Ane grained material or dust,
There was, however, wide variance in [dens
on the thickness of the soil layer, which has
bean estimated from 1m or 2m 10 08 much oy
1000m or more.  In the lght of the possible
nature of the lunar soil and the environmental
ellects, the puthor concluded that lunar soll
gralns-are generally of dust size, comparable
to fine somcd, and stotistically more angular
than jn terrestlil colesionless soils,
micrnal friction of Tunar soil may be greater
or amaller depending on the porosity, which
should be higher, and on the occurrence or
otherwise of cementation,  Porosity mny be
as greal os %0 per cent, in which case there
meay beoserious locomotion problems, but
il 38 mot greater than in cohesionless terrestial
soile: there should be, in general, no loco-
mation problems,

The last comment §8 particularly interosiing
in relation  to- such B as the instri-
meited exploration vehicles of the *'Fros.
pector’ series plannsd by the LLS. National
Acronautics and Sprce Agency,  However, it
15 probable that by the time such vehieles are
landed some more definite iInformation about

with grain size  distribution of various
terreatial woils and the Tﬁurti{.\lﬂ- stz disri-
bution of cosmic dust. e curves are showi
in Flg. 10 and thelr similarily suggesis n
general law of particle size distelbuthon which,
ift it could be established, might help 1o
determing the particle size disteibution of
Junar soil.

P.LEE Pusi—~A new pump introduced by
Associates]  Elecirical Indumtres, Lo, hak all ite
working - porta  made of pble. The  clemical
inetiness nnd imperviouspess (0 corrosive action of
-II-E-I:'- nillap:d 1I|:_&“l!1.lmn I'imf rh;nm;:*. me
RTESL B [N [V]00 L W PHINED 16 O nphragEm § ik
zud i self-priming.  The disphragm and abi l.fw
other pifie. pans in confact w3l the liquid s
housesl in o cast olumindum body which iy bobled
dire¢tly 1o 0 capacitor-run &, peared motor. The
mcior gearbos provides 4 7 1 ﬂﬂl—ﬂu'm 0 give o
dinpliragm reciprocation  speed A cyelen per
minite. Pimp delivery ot & 1ft bead [s 2 lilres per
minute, and at the maximum working head of 157t
s 133 Nirew per minule) consemption i S0W, A
coupler, developed For use with the pamp, s of
ng-foaded telescopic design and 1o
fibing inscriod mi ench of [t ey, It enablos
pofie tubing to be joined 5o thot only that material
s exposed fo fiulds travelling m e tubas.



