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In 1962, R.B. Lindsay vemariod,

Messess if history shows anything at all,
it is that man has 2lways striven to
anlarge the score of his exrerianca"

never contant with what he already knows,

this nioece of work demonstratas that his remark is =2quslly
valid in 1980,
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SIMMARY.

The objective of the study was to investigate the possibility
of using the Inertia. Force as a basis for propulsion rather than the
conventional ground/fluid traction.

A modd inertia equipment consisting of contra-rotating
m?3es mechanism was developed and tested.

The modd dragged itself on different surfaces and also
pulled external load demonstrating that the concept of inertia propulsion
is feasible.

However, the analysis of the system performance indicates need for
further investigatory study on the concept before designing bigger
scale model for studying its application.
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1, IN[RODUC? ICN

In terms of the concept of energy, what the growth of
Science and Technology has done is to increase the rmumber of different
trangformations of energy available te man in the usable state and place,
-These have involved the development cof both conversion and transmission

aystem of energy of which propulsion devices form only 2 part.

Normally, propulsion devices react against media such as
goil, watsr, air in order te produce work or motion to vehicle. For
example an aeroplane or boat is moved by a propeller by traction in a
fluid medium, while an automobile is propelled by traction between the
vheels and the ground; most of the agricultural rropulsion devices
belong %o this latter group. The Draw Bar Pull is dependent on the
wheel sliopage, Lower wheel slip wvalues reduce the pull developed,
whilg higher values lead to higher pull wut reduced traction
efficiency,. Generally, the maximm Draw Bar Power developed for an
average conventional tractor eccurs at slip value of 15 — 20 per cent
(DWYER, 1974). Unfortunstely, farming operations are often carried
out in conditiong of high slip values, so high that only half of the
available engine power is converted to Praw Bar Power, Several
methods are in use in order %o inorease the traction efficiency such
as ballasting i.e, adding weights espacially in frictional soils.
This wethod like others has ite limitations such as:

i) the mamfacturer's recommended tyre/whesl load
which must net be exceeded,

ii) The physical soil conditions after the operations
nay be undesirable for ovtimum plamt grewth and
development,

Addition of weights incresses soil compaction which may
result in poor aeration, lower water infiltration and drainage rates,

roduced vwater holding cavacity and greater mechanical impedance to



plamts, (HENDRICK et al 1963), On the other hand it may not be
economical to acquire a bigger tractor with larger wheels so as to

avoid the aboveproblems arising from ballasting.

Another alternative method of vower transmission te seil
engaging tool such as vibratory and rotary tools ies via the power-take-
off shaft of the tractor. Works done on thege powered tools so far
indicatad that although there was reduction ir beth seil compaction
and draw bar oull, the total energy retcuirements wers sither identiecal
or higher than with nen-vibrating tools. Vertor (1968) reported that
reducticrns in draw bar pull of up to 80 ver cemt were vessible but that
the total energy retuirements could be increased by s mch as 300 per
cernt,

In view of the seriocus limitations of these existing propulsien
devices, the benfits of 2 more efficient means of provulsion can tbe

appreciated, Ona such device is the Inertia Propulsien system.

The Irertia Propulsion device does not use the traditional
media for i%ts prepulsion thereby elimineting wheel slippage loss. In
this deviece a repesated force is produced for vrorulsion through the
production of a force betwsesn the inertiz member and the body and the
inertia member reacts directly with the body,

Available literatures indiecate that although some works
had been done on inertia prepulsion system (FARRALL 196%, 1966, LAWYER 1973,
CEANCELIOR 1974) there is still more work %o be done on the topic befora
the conceot is either rejected or commercinlised.

Therefore, this vrojact wag concerned with investigating the
vessibility of using the force of inertia as a basis for prepulsion
systemn,

Thisg invelved corstTucting an inertia vropulsion device whieh
would be simple in construction, positive in operation and ecoromical in

mam facture,
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In order to effectively carry out this study the work has
been dore in the folleowing sequencet

i) a eritical appraisal of the works already dore on
the subject,

ii) design and corstruction of model rrorulsion equipment,

iii) testing of the equipment,



2, REVIEW OF LITERATURES

Since the ratency of Inertia Propulsion by Firrell (1566)
some efforts have been made to arprly the concert on soil engaging
implemerts (LAWYER 1973, and CHANCELIOR 1974), Brief summary of the
works by these authors is given below,

2.1 Invention of Tnertiz Propul aicn Device

Parrall, (1966), one of the irvenmters of Inertia Propulsion
Device; termed his inventdon "Reaction Impulse Device". He
demonstrated 1% with a heavy pendulum as the inertia mass connected to
the main body by springs in which enerzy was intermittently stored by
tension/conpreasion when the nendulum was moved from the vertical

position, Figure 2.1.

1

A: Vehicle camtre of zravity,

W: TInertia membar

3: Spring or Hydraulic device for rapidly moving
W toward A,

C: Cam for moving W away from A

B: Smubber for decellerating movement of W toward A

a3

iz, 2.1 An Inertia Prooulsion System, (Farrall 1966)




dny means could be provided for moving the Inertia membar,
and Farrall oroposed the use of trigger mechanism operated by either of
the following:

i) an eleoctrio motor through a cam system
44) presmuTised fiuid in a cylinder on to a piston.

iii) or energy rroduced from an exloding gas using

compression ignition system,

When the pendulum was relsased the weight of it became a free body
go that energy in the epring could react betwaen the pendulum and the body
to provide force in the whole body. By this arrangement, any object could
be moved in any dirsction through the inertia force on the pendum which woull
be substantially independert of the susport of the body. The amount of %the
work which the device could perform demended on the weizht of the irertia
momber, the weight of the body and the veloolty and acc2leration of the
inertia member to preduce a sharp impulss of short duratieon to the bhody,

The usge af plurality of pendulums, sevarally released would producs a2
relatively amooth forece in the direction of, or opposite to the movememnt
of the released pandum,

Farrall's demonstration ghowed that Inertia Propulsion would
work, Hea did not suggest the device as a subatitute for converntional
propnlsion systems when they could be uased sffectively; however, the
inertia propulgion device could be used 25 a auxilliary unit, providing
provulsive effort under conditions of poer traction for wheel wvehiclas,

Later works by Lawyer et 2l (1973) indicated that the efficiency
of energy transfer that could be expected with such a system was in the range

of 20 %o 40 par cemt.

2,2 Asplication of Inertia Prorulsjion System.

The application of Inertia Propulgion gystem directly to soil-
engaging imolement was dense by Bodine (Lawyar at al 1973), followed by lawyer



et al (1973). The design used by the latter author consisted of a
hammer, mountad on one leg of a tuning fork and an oscillator on the
other gide, Fig., 2.2, The tuning fork was then attached to the soil-
angaging blade assembly with the hammer bisged against an anvil mounted
on the rear of the blade just above the level reached by the seil surfaoce
during operation, ' '

The operation of the system ig similar to a system in whieh
a person stands on a block of wood using a heavy hammer, hammers the
block aleng the floor. The propulsien force/torque was generated by -
the oscillatory moetion of the osecillator, Aslivering repezted impulses

at frequemt inbtervals on the subsoiler via the hammer,

With the aszembly, Fig 2.2, mounted on tractor; itse
perfornance tests indicated that a very large proportion of the motion
of the goil emiting blade involved movememt back and forth in previously
out seil. The system, therefore, functioned as an oseillating tillage

150l rather than a purse inertia propulsieon tool,

Later Chancellor (1974) modified the above Lawyer's design
and used it as both 3 ' o

1) a Tegonant c¢goillating tool system and
1i) an inertia propelled tool system,

He then did commarative performance and efficiency studies
of these two modified forms as against a non-oscillating tool system.
Chancellor's conoluding remarks includad the following:

v Under circumstances in which the oscillator power applied
were squal or higher than non oscillating draughtpower, the
inertia propulsion system achieved greater draughtreduction
and slightly higher power =fficiency than the resonant tool
system. These were atiributed to the fact that the portion
of the procortion of the period of sach cycle during which



0: oscillator
9: Hammer
S: Subsoiler

Fig, 2,2, Sketch of the subsciler blade
and inertia propulsion drive
(La.uyer et al 1973)

soil cutting was actually taking place, tended to be smaller

in the inertia propulsion system than resonant oscillating
system because of the very high tool velocities achisved by
hammer impact by the former, Also the inertia propulsion
tool did not waste any power in any rearward movement into

the previously cut soil., The energy lost due %o impact by
the inertia system seemed to be less than the frictional energy
lost by the oscillating tocl in its rearward movement”,



However the inertia propulsion system was more complex
|

in construction and was more subject to fracture

A1l the above works indicated that _iner’tia propulsion
concept ia workable. The aystem achieved greater d‘rﬂngh‘l‘ reduction
and power efficiency than both non.oscillating and osgcillating tools,
tut there was no information on the soil physieal conditiens afber
the operstions and the eventual effects on plant growth, develovment
and yields - |

The abeova were the relevant publications on Inertia
Preopulsicn Concept that could be retrieved using all the college
faoilities with the able assistance of the Librarian; and from the
references quoted by the various authors, it seemed that at least

most of the important relevant paper were obtained,

Therafore from this rather limited information on inertia
propulsion concept and from Chanceller's concluding remark, it wag o
apparent that more works should be done on both invegtigation and

application of Inertia Propulsion Concept,

This litereture review, therefore, further strengthe.
the purvose for vwhich this projeet was set up, i.e. o investigate the
poasibility of uging inertia asm a basis for propulsion system, through
construction of a simple economical, and positive acting model equipment,
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3, DESION PROCEDURE,
3.1 THEORY
3. 1.1 Definition of the basig desisn conoent,

The basic design conoept involved a propulsion system
mourted in a simple wehiocle, The propulsion would oconsist of mass
which oscillate but oconstrained in such a way that the acoceleration
over part of a cycle wuld greatly exceed that in the remaining part
of the oyole - See fig, 3.1.

In this way a large inertia foroe capable of driving the
wvehiole forward in one direction only would be developed,
| i

ﬁccblc?nﬁin

NV o~/ 0 l

Fig. 3.1 Hynothetical Required Accelaration

anvye form

- . — -




3.1.2 Mtarmative Systems Considered,

dith the above basic design conecent in mindgy the following

gvatama were considered:

1) Triszor Machanism, This ocould be in different forms
such as a eam onerated oompression/tamion soring loaded inertia
member, which whan released would beccme 2 frea body; vroviding the
recuirad inartia force. Alternatively the inertia member could be
rroralled by air rrassure te rroduc? the same required inertia foree,
Parrall (1966) adonted this system, Fig. 2.1.

b) Sujck Return Mechanism, It was initially thought that

the Puick Return Mechanism would give the remired inevtia forece.
However a detailed analysis of this mechanism revealed that the system
would gz<iva aenual aceeloration force in orrosita directions and it would
not mest the recuirement,

e) Contra-Rotat ing Magses Mechanism, This mechanism would

consist of series of rairs of eccenmtric masses; 2ach vair rotated

at game snead tut ornosite dirschtion, whila tha asreed of aach pair were
in the ratios 1 ¢ 2: 3t 4 2t Analysis indicated that the
contimued net centrifugal force of the system would produce tha remmired
inertia forece,

Out of the above altaeprnatives, the author used tha Contra-
Rotating asses system for desiening the model arparatus, The datails

of thig systam now follows,



3.1.3 Fourier Analvsis of bazig design conecent,

From section 3.1.1, the basie dosisn required that the
accelemtion/foroe ovey taTt of 2 oyecla gshould greatly omceed that
in the remaining vart of the c¢ycles such that a large fores capable
of driving the whole vehidle in one direction only would be develeped,

in hypothetical required wave form is 23 shown on figz, 3.1,

- ﬁcc.fﬁjice P({')

] 'tlrne

M f
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5 '
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—_— L w

Fig, 3,2, Hynothetical FPoree/Acceleration Wave Form,

. Now any wave form can by Fourier analysis be represented as the

summation of a seoriss of Cosine and sine waves. Bassed on tha above
design oriteria, consider an hynothetical force/acceleration wave form
ghowm in fig, 3.2, ' '

From the above wave form

P{%) = E for "ﬂg & téd’% - {1
P(4) = -h for d—:-: £ ’cé(g—wE - %) (2)

The Fourisr equation of the above wave for and as defined by equotions (1)

and (2) is



o(H+h) Sin (nAK ) Coarwt
n =) . nX

P(t) =

rfo
+

25 4+ o (d +n) Sin(AM ) Cos wh
b o

mlo

+  AE+h) Sin {2M) Cos 2 Wb

27
+  2(Hsh) Sin (34%) Cos 3 wb
EYS
+ 2(B+h) 3in !4/\7”.[ Cog 4 wh
F ;
+ m e emmem_m.mm——=a=- o (4}

_ See Arvandix A1 for alculation of above fourier ceefficisrts,
¥ow for the above Fourier aguation to e convergeant, one ¢f the oonditians
that should be satisfied is that P(%) should be periodic with peried 2 7
(Spencer, 1977) i.2. the net disnlacement of a mass suffering force P(t) |
over one aycls should be zere. The aceceleration is pronortiora] to the '
force P(4) in the sbsence of external force, =lthough this is no% true
in practice, Howsver, under zesro external force; the conditions for zero

net displacement iss
How 1o o - cm e e e e oo oo (s
h d . K
See detail of derivation of (5) in Appendix A2,

Then (4) becomes : ' - S |
a

P(t) « = ﬁ%— Sin (AT ) Cos wh + S_inpf?.f\ni Cos 2 wt

2 )
+Sin£5/\ﬁ } Cos 3wt + Sing.d(u[) Cos 4 wt
4

Assigning different values to A, the valus of A  that gave the best

waveform wag 0.NA4, 2nd its corresvonding Fourisr ecmation from (b) was

P(t) =52 *};—(0.199 Cos wh + 0,195 Cos 2 wh + 0,188 Cos 3 wh

+ 0u179 Co8 4 W 4+ = o o = m - = .- Y0

And
ds

s
O
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1,1.4, Aralysis of system of Contra-Rotating Masses Mechanism

Fig. 3.4 Pair of Cortra-Hotating Magses,

1 ! Wi g(%_g/%_.

Fig, 3,5 3Serieg of Cortra-Rotating Mngses,

Congidar a rair of eccentric masses of aeoval mnagy eounrl accentrie distanee r;
and atual but crrositas angular velocity w, rotating =as shown in Fig, .4
If the nxis remnin stationary, the combired effect of the rotating rair of

masses will generate n nat force siven by
2 ¥ Cos ©

whera

3
1l
3
3
a



b

The direction of this force acting on the bearings will be nerpendicular
to the 1line joining the shafts if masses are in line when perpendicular
to it,

Now sonsider a series of pairs of somtra~rotating masses as shownm
in fig, 1.8, If the angular speed of the pairs are in the ratio
12 22 3t 43 ———- then the combine net force at any time t will be

ANt) = m, T, we Cos wh + n, T, (‘Zw)?‘ Cos 2 wh

* m3 r3 (3w)2 Cos 3 wt + m4 r4 (4w)2 Cos 4 wtl + ...... - (8)

Ht) - m, T, w2 Cos wt + A m, T, W2 Cos 2 Wb + 9m3 1_-3 wgc_o'sgwt

+16m4r4w20094w+.+___...._-_--I__. (8)
" Commaring (4) and {8) then the net force of a system of series

of maipr of comtra-rotating masses can, therefore, be reprasented by a

Fourier equation of the form in (4), Then using (7) and {8) and

eqating the coefficients : - .

m, T, W = Kx 0,199 ;
5 ;
4m2 r, v = K =x 0,195 % (9)
9m3 Ty we = Kx 0,188 %
16m, r4w’ - Ex 0,179 )
from (9)
m, T, = 0, 245 m, T, g |
)
ru3 r3 = 0,105 m, T, ) | (10)
my Ty = 0,07 m, *, }
3.2 VESTGN OF WODEL TNZIRD IA SQUIPMEN, ,
3.2.1. Agsurrtions and material selection ?

A draf; sketch »nd ealeulation on the modal inertia emuipmert
indicated that, the greater the mass of the medel, the greater would bte



the aize of the rotating masses and alse the rowar required to drive
the rotating masses. The mass of the model equirment exoluding the
rotating masses wag estimataed as 25 kg, The eccertrio distance », as

comtained in (8) - (10) were estimated to be as Tollowing?

r1-1‘2-1'3 -TOR'ITH)

T4 -.4mm

e e e e e (1)

Thne detail of calculation of the accentria distance is

contained in Aprendix B, |

then from (10) and (11)

m .- 0. 245 m 1

2 % : C

m3 = 0,105 m1 % (12)

m4 = Gu.14 m1 )

and the total rotating masses interm of m, would be 1
_ b
mg (150,245 + 0,105 + 0.14) = 1.49m,

arnd tha total mage of the medel becama :
me {25+ 149 m) = - mmmm e oo (13) |

Based on the available electric motor and reduction gear box;

the cgtimated range of the erarsting rolating apeed {w) was 7 = 15 revs
near sacond,

The coafficient of friction of the soil in the nrovosed test
site was estimeted to be 0.414, :

The following factors wers considered in materinl selection,

(1) WEIGHT the two materials used were mild-stesl nnd nluminiums

aluminium genarally orafarred whera strensth nermitted.



ii) JTREMOTH as much as system analysis permitted, the selected

materialas had sufficient marein of safety, See Section 3.72.1%.

iii) CCST To reduce costs available materials were always first
conaidered, e.g, the 2varilable electric motor was nsed; =2nd

the most economical rethods of mamf=cture were srecified,

3.2.2 Egtimation of the gize of the Zgcentric Masses,
i 2
T

MMy
S dr o 4 B 5 SR [ S LY I S U VA A M7 AN S L A

Ms
f direction of motion
P (t): TInertia Forece
Yz1  Weight of model Inertia esuinment
p¥z:  Frictional Resistance
R:  Reaction

Fig. 3.6 Yodel Inertia Exuirment in Motion,

Consider a modsel Inertia emuirment shown in Fig. 3.6 of total
mass M, sufferirg inertia fores P(t) and frictioral resistance ple. Fig,

3.3 is the wave®orm of the axtarnsl forece P(4) and
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New for motion to occur in one direction only,

Prax = P, D> pmg -~ - - -~ -~~~ (15)

Pmin = P? L POg - = - = - - - e - = o (16)

From (8), (10, (19 and (12)

” "
"max wm, v, ¥ + 9m, r. W + 15 m

> >
1 %y 3 My g Tp W *amrw - - - (17)

-m T, w2 (1 + 0.98 + 0,945 + 0,896)

e Pmax -?1 - 0,03821 LY \‘2 ------- - = (17)

Using (13), (15) and (17)

2
0.03821 2, w° > p(25 + 1.49 m) x 9.81
Using pu = 0,4143 and w = 45 rad/sec.
than rn1) 1.37 kg

Similarly using (13), (14), (16) and (17)

Then 1/3 (0,03821 =, w?) % (0.,414) (25 + 1.49m,) 9,81

m & 5.4 kg

1

‘e 1.7 kg£m1 & 5,40 ¥z

within the 1imits of the svace available, the chosen reotating masses
were as follows @

m - 9.884 ke
- 0,105 t'n1 - 0,3078 kg

- 0,14 m, - N,403% kg

Each of these rotating masses were divided into 4 ecual narts i,e. ? nairs.
Tha detail of aach of the four roteting maasses are as cormtained on drawing
mimbar IPC - 1‘5/'?. Tha arrangemant of thase m2isses are 2s shown on general
agsembly drawing mimber TPC - 1?/1 and rlates 2 and 13,



.23 Degerivtion of the Model Trertis Bouimment

Plates 1, ? and 3 show the different wviews of the model inertia
ecuipment, The datails of the orthogonel views are on the

ngnombly drawing mwber PO - 12/1, vwhile the nart-drawing of the
workshop marmfacturered parts are comtained on drawings FC - 12/2.9,

Refarring to IFC - 1?/1, the mede]l aauivmernt had a 'hé.aa
nlzte 1, bracketa 6, for earryirg the vertical mounting nlates 3,
on the bage nlate, The mouming vlates 3, carried both the Drive
Unit and Tnartia membars, :

The Drive Units oconsisted of a Universal elsctrie motor.
17, of maximum woltage 110V at eveed of 13,000 r.D.m., 3 Teduction gear
box 19, of ratic 1 : 15 and a train of svur gears 18 (A-E) of ratios
11212 3: 4,

The inertia unit consisted o¢f B pairs of acoentric masses
A A-D mounted at the ends of shaftas 5 A.D, This arrangsment of the
eccent ric maases should give better gtability to the systenm.

When the elactric motor was energised, the sha,fts.dréve
the accantiric masees so as to set up mlirmlity of contrifugnl foree
as deseribad in sectien 3.1,4. The net foroce immarted metien to
the vwhole equipmert. As long a3 the motor Was energised, contirmal
immulses wara ammlied to tha whole unit and the equirment was nrovaellad,

|

The totsl mass of the equirment was 24, 289ke.

The souivment is self contained and comld be attached to any
other equipmant e,2. a soil engaging implement; which is Yo raceive the immulses

for performing work witheut the use of any substantial cortast medium such
ag tha grourd.

The eauinment could be mourted so that it ceuld turn in any
direction to conform to the direction in whinh the impulses ware to be
annlied,
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The Model Inertia

Piate 1:
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Plate 3. _Side View (B) of Model Inertia Equipment
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3.72.4 Sygtem Design S-fety,

The system design was checksd for:

1) o Maximm bending stress 2t critieal vointe
ii) Maximum deflection
i11) Resonanmt frequeney,

¥

Semple caloulstion of the abova are as shown in Appendix
C. '

A11 the above were fourd to be within sufficient margin
of safaty,

Another design safety which the author considered to be of
immortance was the loading of the gear testh, The nature of tha system
made the forcs analysis on the gear teeth difficult to estimate; and this
could not be checked, Yowever, since the gears were designed to operate
for 100's of hours and the eoninment would not be run for such a long times
it was homed that no serious nroblem weuld ocour, CGeapr lubrication
would be imtermittertly hand aprlied, The cover IPC -12/2 was provided

mainly for safety purvosesy for nrotection from the rotating mnosess

" and it should therefore be on wherever the system is in operation,

3.3 INST RUMEND AT TON |

Tdeslly, the eouirment should be tested 4o show the sxtent
the exrerimental results 2greed with the theoretical wrediction as
rerragentsd by (7). It vizg therefore provosed to irstTument the enuinment
to mensure acceleration/force at varyirng rotating sneeds using in
scceleromater, However, tims did not permit this and a gimpler

ingtrunerntation waa adonted,

The behaviour of the emiinment wae cbserved undsr varying

- rotating sneed, draw bar rull, ~nd surface conditions; using n

"~ tachometer, stop watch, and Tule to measure gpeaed of rotatien of the

ecoentric masses, time ~nd distance moved by the equivment respectively.
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A . PRRFCRMANCE OF MODEL IMEIT TA EOUIPMEN

4.1 Exrerimental Procsdure

The refsrence system performsnce r2r-metasr against which
other narameters were measured was the shsad of rotation of the rotating
massas (W), This sreed was controlled by repgulating the irmut voltsge
using a rotary megavolts and sach position on it's disl corresponded
to a rarticular speed of rotetion. In order to facilitate the
measmirment of the smeed of rotation, it was calibrated against the

megavelt nosition,

In order %o find the sywtem linear welocity, the test
rrocedure adorted wereg teo vlace the eguipment on the selected surface,
aprly the recuired Araw bar pull, set the speed of retation and measure
tha time taken to traval a measured distance, Tests were run on three
differant surfaces (conorete, Tooge soil a2nd wood) 2t gare draw bar ™all
and also at differewnt draw bar pully +the latter on the wood surface
enly, '

_ Similarly, to measure the maximm pull, the equipmemt was
- Placed on tho selected surface, and at set speed, and loaded through a
~. pulley system dynamometer until a point of no-motion was resched.

Tasts with draw bar null could only be nerformed on the .
vwood surfaecs since time 4id not rermit the construction of dyrnsamomeber
system at differemt test sites for different surfaces, Successful
tests could not bte verformed on loose sand available in the soil dbin
vhere the dynamemeter systam is zvailable because of the hull-dozing
affeots 28 explained tvelow.

The coefficient of friction of the different surfaces was me.asuréd
with tho 2id of spring dynarometer. The dynamometer was attached to the
equiprment on one snd; and handwpulled at the other end of the dynamometen,
The indicated mull at the noint of limiting friction was noted. The
results obbtained by this simple methed amvroxirataly agread with those
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obtained by other more sophisticated method.

411 measurememnts were raplicated and average velues Wers

used for final calculations,

4,2. Exveriemental Results,

Tyvical test results are presented in Anpendix D, and aleo

figure Dil’ daly 40?’ and 4.3,

Tt was found that the relationghip betwsen the megavold
rogition (‘i?:\ irmut voltage) and the sveed of rotation (w) was linear

Fig. D.1, The operating rangs of the speed was found to be:
7 = 15 revolutions ver see¢s.

Por each of the surfaces, the relationshin between the Linear Velocity
(v) and the sreed of rotation (w) was apvroximately varabelic Fig. 4.1; and

the maximum Linear velocity ooccured at aprroximetely the game epeed,

Bimilarly for the different draw bar vulls, the relationship
bhetween the Linear velocity and speed of rotatien was anrvroximately
rarabolic but maximum Lineer velocity occured at difforent velues of
rotating sveed, Fig. 4.7, The lighter loazd occured at higher sreed.

It wny sounlly noted that the equirment exhibited orly forward
motion i.a, one wzy motion, for rotating sreed less than the maximum Linear
veleooity rotating aresds and it exhibited beth forward and resarward motion;
i,e, two-wny motion at other higher eneed snd the resrward sresd incrensad

with sneed,

The transition frem one~way motion to twe-way motion seemed

to coineide with the voirt of maximum Linear velority.

The maximum rull and sreed also arrearad to indicate a
parabolic relationship fig. 4.3. The rull initially inereased, with sveed,
before gradually decreasing with further increase in sraad.
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The followirg féatures in addition were noted during the
system operation. There was vibration which inersased with increase
in the rotating speed, and draw bar pull. Secondly the aquivment
tulldozed when it was operated in non corpacted soil, This bull-
dozirg effect was very high in loose sand so much that the equivment
verfornance test could not be performed in the soil available on the
test site, Part of the equipment got turied befere it travelled any
appreciable distance, A3 thls would permit sssy-omtrance of sand

irto ths couirment which could be trarped and cauge damege,these tests
wera dicontimied. : ' . S

S A4 the initial stage of the tesbing, the equipment exhibited

a sidaways steering effact, This was due to the centre of mass not coinciding
with the geometric cenmtre of the equiprments wheraeas the generated insrtia
force pasced through thea geomatric centre of the systems due te the
symmetrical mourting of the eccentrie masses, The electric motor and
reduction gear box caused this "out of balance effect". However,

mourting 1,82 kg, the equivalent of the total mase of the electric motor and
reduction gear boxt on the orrosite side of the electric motor restored the
system to steer in a straisght line, This additional welght was added

during the testing of the equinments to ensble 1% %o move in a ctraipght

lins,
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s, DISCUSSION

It would arpear that at the lower speed range when the
emirment exhibited one-way motion, the frictional resistance was
sufficient to prevermt motion in the orvosite direction i,e. P?Cpl"'g,
where ag the higher sneeds P?'? pMg, fig 3.3 and 3,6, and therefore
the rearward motiorn occured in addition to the forward motion, The
transition roirt corresrorded to when P _ = plfg, when the frictional
reaistance was just sufficient to nrevent motior in rearward directien,
The occurence of the maximum linear velcecity i.e., the roirt of system

ontimum nerformance is consistent,

As for the draw bar rull, fig. 4.2, the occuri'noe of the
trangitior roint =t different rotating sreed is equally significant,
During every revolution, the effect of the draw bar mmll (L) was %o
increase P, and the grester the extern2l load, the greater tke
resultant I("P,) + L) and the greater the nossibility of reaching the
trarsition ataga at which (P, + L) # Mg, and then the ocourence
of transition roint at lower wvalues of rotating smeed for higher lozds,

Also the smaller the external load, the faster the motion
of the esuirment, and therefore the results in fig., 4.2 seem consistent.

The system rerformance for the three different surfaces at zero
draw bar rull, Fig, 4.1., does not seem to follow any rredictable nattern,

If frictional resistance was the only external force acting
this would sugpgest that the lower the ccefficient the better the
parfermance. The results obtzined does not follow this nredictiorn as wood
with coefficient of friction of 0,5 gave a muich bettar rerformance than
& with coefficient of friction of 0,42, This result therefore
seems %o suggest that there were rossibly other factors affecting the
mode of operation that were not considered, Similarly the disvarity
between the ~redicted and sxrerimental meximum rull v=lues, fiz, 4.2
suggest the same thirg.

In both the introduction ard literature raview, it was
renorted th2t althowgh the vibr-tory tcols had reduction in both seil
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comacgtion and draw Bar mull comrarad with the convernticnal ron-
ribrating tools, the vibvratory tool ccnsumed rsther more nowar,

Ona of the reasons given for this high vrower consumrtion was thai
it rearvward movement irto the already cut =zoil rorstituted a
vastage of ﬂower/hnergy pEER Tt therefore followed that if the
immlement could be consté%ned to have forwnrd motion orly, the
eneTgy in this rearward movement would be aveoided, It waa in view
of this fact that the definition of the basic deaign concevt in this
study wag set as 2 mromilgion system mounted on a simrle vehicle
consisting of a moving mesa, but constraired in such a way that
asceleration over r=rt of a oycle would eresstly exeeed that in the
remaining vart of the cycle, so that the develored driving force would
movs tha vehicle in one dipsation only rrovided that the resistance

to rearward motien was sufficiently hiesh,

From the rbove remilis the develered model inertia
equipnent axhibited this nositive motion. At lower speeds the
equirment exhibvited forward motion ornly, vhile on high sneeds it
exhibited hoth forward and rearwsrd metichn. ' |

This indicates that the eouinment is canable of onerating
both as a oure inertia prevulsion system or vibrating system demerding

en the opernting speseds This mmkes the system n dual rurposo tonl,

It s usage either as A rure inertis systam or n vibratery
avetem derends on the ~nd results desiredy since vibratory tools

have their advamt=ees too.

Howsver, it should be remerbered thst the higher the
cvarating spoed, t.o, »s & vidratery avitem, the higher the nower
consumrtion, Tharafore when the sywtam onarsiea 2t lawer sreed, i,a
as = Ture ineTtia rrevulsion system, it eonmerves rowery comm-red te

whean 1% orerates as a vibratery tool,

The trensition roimt corresponds to the meint of svatem

ontimumn rerformance,



6 . CONCIUSIONS AND RECCMMENDAD TCY.

The rroject gerved to test the concent of Inertia

Propulsiony usirng a develoved comtra-rotating masses mechanism.

_ Although time 2lloved only limited study of the nerformance
of the model aouinrment, the results demonstrated that irertis provulsion

is feasible. o ' L .

o - With its capebility to pull in one direction ornly, it is
rosgible that its verformance in terms of draught reduction and power

efficiancy will exceed the verformance of vibratery system,

In view of the limited tests that had been dore on the
equipment, dve to $ime limit, ne logical conclusion can be drewn on
gome o0f tho zystem nerformance parameters, such a2c the affect of ihe
coefficient of friction on system mode of overation, and the disparity
between the pradighied rnd exprerimental values of maximn oull. It
iz therefore recommendad that further detriled extensive equipment _'
varformance tests should he carried out using more sophisticated

ingtrumentation such as accelercmeter as earlier irtended,

It iz hoped that this further investigatery study will
genorate encugh data for designine a bigger scale modcl equipmert for

studying the arrlicatiorn of the concept,
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/PPERDICES

Fourier Analysia

Caloulation of ths Fourier Conffinients,

From Fig.3,2 of Fourler Anlysis of Bagic Desgien Congent

(3.1,3) wave form P(%4)} is defined over a complote nariod

and

given by

- o 2
__.:}1 bo h& 3 %m}
 P(%) & B for 1‘23[ Lt L AWE ________ (1)

.

?(t)... ~h for AWIIL tl_{% - -J;IE} ------- ()

Por a pariedic funetion P(1), the Fourier aouation is

T . ) .
P(4) « 2 Ao+ 2 (&n Cos nwh + b Sin nt) -~ - (3}
Tim _ o

whare Ao, An, tn ars the Fourier Corfficlents and dafined o5 Follows:

- 27)
\ X 1:;r(+\ Iy wt Ak
all o= I T - 4y <3 N -

bn = *g}) | '
n=% 1 P(t) 3in nwh a%

A

w = = (Lawden 1959)

P R P N

T

From (1) and {2} .- | A Tt
: ) - y AN
o 2=y
'\JT ho) i .
then An = X H cos b At & % L+h) Cos mit ot
W w o
Ax e T
= Tw (Sin wrt)f w wh (Sin nwt)
Mnw “ JYhm 1R Ty '
-4 — AT
d N Ty
270 (a0 o
- T (F+h)
C. A° - o
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Simiterly

47 (>.4) B

W
b = H Sin wt 3% + = (<h) Sin nwt 4t
x 7 y
-AN ANl
W W
(»-4) le
-0 + hﬁf-n“ (Cos nwt)

- ;i; (Cos nd T - CosnTFA )

than (3) becomes

N=00
of Tot)
"Mt) @« > + e —';';h" Sin (dn I¥) Cos nwt ——-- (4)

4 \
Condition Zor Convarzencs of Fourier Bemstion of P(4)

Tor tha Pouriar 2mintion to ha ronvareent, ona of the nonditions
that mict he =ati=®icd is that (%) shomld b2 ~npindia with reried 2X

: 1+
neer, 1977) i,2, tha not Aianloeament of 2 mmas mffarine P(t) over o

arala shemld ha =aro,

ot v o- Jl?"f.ﬂ 4%  ainar assealamtinon is ~rorortionad
to foren,

from Pig, 3.2 cornsidaring P(t) over 2 eycle

n . an
than v =P(t) at _512:‘1:_._7.[ - h (2_?1 S --,-Ed )
°

o243 f.l‘:".[ (1 - 4)

L
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B: TI° TMAT TON OF SCCEM'RIC DIFANCE r,

Tha ganeral formula of the Centrifugal force on a rotating

L ] m
mass oxrressed ns mr w is based on a2 nartiele mnss*at radius »,

ya

Lot p L LAY

iz, B,1 TUniform Ractanmlar Rlock,

For a uniformly distributed mass, consider a rectangular
block as aghown in Figz, B1 rotating about the x - axis, If the m=ss of

the block is my, then the mass of the eslement Sy is miven Doy

S'n = M g!

(v * 7 5)

f

where \Y; _v_,) is the length of a sids

1

Cartrifugsal fore2 on 2l ment §- - r, S.-: '..'?
2
m W
= yo2itg &y
(472

then Cantrifgal forece on whole block

(1 '-’
- LL1 N d.‘»’



- 38 =

(y, - ?,i

then from the genaral formla, r = |
* 2

dithin the 1imits of the space available for rotating mnsses

AA - C PC - 12/1
(v, - ¥,)
;9'1-30mm, y?-mmm, thanr-J";—g— = 10 mm
For rotating mags 4D

¥y = 18 mm, Vo= 10mn, thenre —F% = = 4 mm



R CHOCH T FOR SYELTM DESTIGN SAFR Y

_ With refarence to system assembly as on IFC - 1’-’/1;
the loading of tho shaf™a wore considared to be sauivalent to a
carmtilever systemy each shaft constituted = uniformly loaded
beam, and a noint lozd of thes contrifugal forece of the eccemtiric

masa,

R —

AN

NN
3
/

NS
.
R

)

T

Pig, C,1  Shaft Londing Considored ag Canbilewver Syuham,

The posaible maximm eentrifuzal force {F) that ecould be
doveloned by ssch of the neeentric mosses will ba at the maximum operatine

gnead wom 90 radi/seo.

for masa 44, F = 59N
for maas 4B, F a7l
for mesg AC, F w 558
for mass AD, P = 52N -
Ce 1 Chaclking for maximum bending stress

From Tig, 7.1 ' ' : '

Wax, Bomding roment o FL



Jaction wodnlus - _E__d_i
'l")

3ymtom berding stross O - L
¥

favy 1lowrd hording ateess (Feax) for mild shanm

2
- 290 % 1n5 Y/a”

Tap choft EY

3yutam bendine stress =

% sa=faty factor o 133

3imilarly a2ty f2otar for 5B, C and D aprn §, €, and 6 resrastivaly,

8.2 Chonkine for “byimm daflection,

‘rorn £iz, C,1.

" F
~¥: A2 ankior MAY - 'i..,'.[‘

» A
o Te R d

62
a ’q') - 12
)
Sop _'.;‘,.,,ﬂ; :.,1,’ ‘.,...,.,: - 5....:....:.......3...’-:.‘_7 1 -—

1ﬂﬁr1r°ﬂ?r1f‘g!ﬂx1-"d

= N,7Y mn
Similariy for 58, C, D the maximum d-flentions ~pa

1.51 »m, 1.3¥m, 0,51 prasnactivaly,



C.3 Chegking for Rrsapant Fracnency,
(i) Torsion=] Vibration,

From fig, C.1, tha matural freaiency L of tha syatenm

if eiven by

K
LA Irt 73 s (Harris 1976)
?1
whape Kt - M4
121
4L - 2 o
= %5 e (2 + B")

for shaft SA

e | Lo |
Tr w2 (.771) (8507 « 407) ¢ 1n6 - 14,78 % 10t
Iq - m t_]_ﬂd + 15 X ?R-iﬂ - -').694 s 3 10-7 (er sq--"l"!l‘
q
3?2 x 1""I
4 a 3
then % = 10" x B2, 8 n" < 10 A
& n - *1:"1 x 1r - 0.23725 ¢ 10
WxIBHx i
than un - } 0,2 3998 ¥ ]'T)d = 0,125 x 1”4 nri/aqc.

v 14,78 v 1n~4

F =
Lii) Fanding Tinrtion ,

Tha natural Preonancr of the ayshom i3 alao ziven by

——
[ =T
W_ = ——

E:
"N (=240 .73 m. )

) 9 =
. Rl  Mx 10° x35 %7840 = 215.3 x 1972 vz
oi3 - 11 6 _l
10 10



T Ld = 1"|A
&4 ~ Dt
10 " x 64

Then

0,049 x 107

9

wh :.J Elxl@? x _109_3( 0,043 x 10

(353 z (0.7475) 10°

= N,030916 x 1013

Simitarly the torsional and bending natural freuanciesy wore caloulated

for ‘B, € and D,

rad/sec,

)
)
)

8

Shaft Tdantifisation Vaximim working Magur=l fracmasreies

fraqueaenn: torgionnl Bendine
{rad/se 0‘{ (rad/see) | (rad/sec)

54 an 1250 3082

5B 180 4961 1445

5¢ 270 6945 1059

50 360 7796 7020

Tahle Cp1 Frosusnsise of Becentrio Mhsaes,




D, ' PERTCRMANCE DATA FOR MDDEL INERT IA EQUIPMENT,

Total mass of the model inertia squirment = 24,289 kg,

Table, D.1 Calibration of sreed of rotation (w) '

RognVolt Pesition

Avernze gvnsed

of Rotgjion_[ﬁf

(% Irput Voltage.) rove /min revs/sec,
20 306,79 51
25 413,13 6,9
30 530 8.8
35 633.3 10,6
a0 T20 12.0
45 813,13 13.6
50 a06.7 15.1




(revs/see).

Rotating sneed

10

Y

(=9

Ui

road Calibrotion Curm,

ReeVolt Ponitior
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rformangs Data fop diffepent frictjonn] !

—t— - ——

~
urfaces

at

b Tero Jraw

Bar Pull,

Sraad of Rotsation

imut
Voltage

/

Ve IBVS/B8C

Avaragas Tima to
trevel 1500 mn

Lineay Velocity
f
v (mm/see)

25 Ts1 105 14.3

30 8,8 61e1 24,5

15 10,4 45,0 1.3

CCICRETE 40 12.0 56.1 26,7
as 1.6 A6,2 M, 5

50 15.3 &0 25,0

05 7.1 15 12,0

30 8,8 68,3 22,0

35 10,4 62.0 24.0

SO0TL 40 12.0 1.0 25,0
45 13,6 74,5 20,0

S0 15.3 78.3 19.0

-——t

25 Te1 161.5 9.3

0 8.8 81.5 18.4

35 1N, 1 56,0 6.8

«00D ’ 40 12,0 43,0 4,9
' a5 11.A A3 .0 U.,9

! SN 15,3 13,5 M, 5

S —




Confficianmt of friction (p) or the different eurfaces,
deight of the amiirment = 24,280Kgf =« 738,3N

Ya Concreta,

aximim ml »t noimt of limitineg friction = 60N,

po= E0 - 0,25

2
.
<]
|
c

|

Maximum Tull =t roinmt of limiting friction = 100 N

- 100 _.
F o - 0,47

Maximum rull 2t noint of limiting “riction = 120N

- 120 - 0,50,



TABLE D. 3

- AT -

Syatem rerformones dat- for different Draw Bap Pulls, L

(Wood surfacs oniv.)

De~w Bapr Pull Sna=d  of rotation Averaza tima to Lineart
travel 1500 ot
v | T T | TR | e
25 Tat 161, 5 9, 21
30 8,8 81.5 15.4
0 35 10.4 36,0 26,8
A0 1.0 43,0 34,9
45 1,6 43.0 34.9
50 153 43,5 34,48
25 T 183,89 8,20
30 8.8 92,33 16,3
35 10.4 83,0 18.1
14 40 12,0 95.5 15.7
45 13:6 64,10 23.4
50 153 68,0 22,1
”5 T.1 209.C Te?
30 8.8 134.5 11.2
24 35 1.4 1535 9,8
AN 12.0 205, 0 7.3
a5 13,6 219.3 6.8




TABIE D,A ¢+ Sysbtem Data Por Moximum Pull  (Weed Surfsce Onmly. ) .'

Frictional Resistance = pMz = 120K
Sea Segtion D,2

Snead of rotation MAXIMUM PULL { M)
% RegnVelt nozition W (revs/seo) Experimemtal Prodicted
(Draw bar Pull and

e i - }IMH)
25 - B 1 B 171 - 216
7 7.8 8 ] 260
30 88 8 1 335
35 B T B e | 468
40 ' . 12,0 ] T4 | A I 694
45 13.6 | 162 - 8ot
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