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Various cultivator sweeps and thei r manner of movuant in tha

soil were studied by measuring the soil reacting forces'in three
different field soils.l A split plot factorial design w‘ith the soils
in main plots and. the other. factors n subplots was used. A multi- »»
¢ onponent sensor was used for the acquisition ”of the data which was |
statistically analyzed “The results indicated that lift height and Vo |
_-edge tirl ctness of the sweeps affected the draft and vertical force.
The. effect of lift height was associated uith the changes in the '.
. angle of shear surface. whereas. the response of edge thickness was SR
attributed to the con'pactio'effects. A lw lift sweep uith thin'

‘edge was considered beneficial ",_"‘ ..ard to energy and operation.

“The zone, of influence or mass of sofl’ ti lled and disturbed. was
of travel and’ whether -

N "found to be dependent oh depth of cut, sp '_"i
E © or.not the sweep was overlapped. The increase in the force acceler-“'
_ ating the sofl with an increase in the\tool velocity. partially ‘
o accounted for the increase in the draft ahd iihe decrease in the

»v,'-_vertical force with the increasing tool velocity. The magnitude

of lateral react.ing force of the over’l apped sweeps was found to be

o function of depth of cut and speed of travel. n general the
| , resultant of all the soil reacting forces passed near the tip of
' sweep ihdicatim the area of maximuu presswe. l‘he resultant fgr a '. ‘

| shallow dep'th d ndt intercept the sweep ahd no lnecha
advanced t% account for this. C |
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| ~'to increasing yields and improving the quality of agricultural foods

PR CHAPTER'$: \ o

| B xmoougxou - |
Throughout - history advances 1n tillage technology have contributed

Plowing’ is a very ancient practice which 1s still considered

-fundamental for seedbod preparation The most popular.implement for .
\ cultivation is the mold board plou Improvements in tillage implements
'.fhave continued’ ‘and today. in addition to mold board plows. one can = -
purchase several types of cultivators each designed for specific field/b'
| conditions and requirements. A cultivator equipped with sweeps 1is an
example. , . B

" The importance of - optimizing tillage oﬁ.bations for improving
.tillage tool design is illustrated by the large volume of soil tilled ‘i
each year For example, in the United States more than 250 billion -
“tons of sof? are stirred or turned each year. “Ta. plow this volume of

',soil reguires 500 million gallons of petroleum costing over SlOO

1’ million (18). If improved tool design and operation could decrease the |

' draft by ‘ewen awsmall fraction “the saving would be appreciable. ‘
. Increasing 1 fuel costs dictate that efforts be continued to improve |
'"VVtillage efficiency " A ' S

The" cultivator with sueeps is a widely used implement in the

prairie provinces of Canada Consequently. an investigation of the
’effects of. certain variables. such as the shape of the! tool and its
'”_orientation. on the soil reacting forces. is of great importance., An
:‘investigation of soil-sweep forces will contribute to improvement in .

.design and operation of_thehcultivator....Tf,f‘ '

e le

/



T dnd pulverizes the soil iik&a mold. board p'lou. L
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“CHAPTER 2
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2.1 il’lag_e_ Objectives. A R S L

More than a century ago dethro Tu]1 an English farner made the ‘\S
gross assumption tha,t ti'l'lagye in'proved soil productivity by breaking n
the individual soil particies into.small fractions. Today. a more o

' vrigorous concept of til]age nbjectives is required. Kepner et al (15)

)

list many. the most important being to: o |
| - forn;ra desi rab1e soil structure for a seedbed.
- contro] weeds, .. L e o
- manage plant residues. " . .. ff _' : :
, .7' ' '. L minimize soi 1 erosioh py altering surface conditions. .

The sweep causes 'Iittle soil inversion\which is an ndvantage :

when trash shou1d be left nns the surface. or mixed with the top few o

s Q

‘~_inches of soil to: reduce ernsion. This too‘l cuts the rooiis of weeds ‘, ‘

2. 2 Soi I-Iool RélationshiL. o _ .
. 111 and Vanden Berg (8) suggest a geherali zed force equation

which aids in c'lassifying the variables invo'lved in 2 soil-too] .. “\_
re‘lationship. that 1s, . _ ' o
P (s TS . o T 2,1/
where F= forces on too'l to cause movement ; B
Ts =" tool shape AR .
Tn nlanner of tooi movenent v '

'Si . initial soil condition. o

The three factors. initia'l soi'l condit‘lon. too'l shape and manner
, \ .

. o . o R - 2 -’ '_ ) ) /v‘ : ) R - -
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of its movhment. define the sfil mnipuiatidn. Of t three i'ectors. 1

_ the«desi‘gner is iargeiy concernod with tnoTboi snaoc‘ ’Fhe user—*‘*- B
¥ -howwer. mey vary the depth or speed of opgration and ni’il use the‘ tooi . }_',,"

i

. ina veriety of initial soi} conditions. .. _'«,-;:'ru ey BUPHEE :
R 2 actors gfge'cting So(keactigLForces. e ’4
2.3.0° Soil Gindtttony .0 1 _4‘-..];'»'??&9;%1:.,; \
" (a) “Bulk densig"" and rofsture content. ; o
’ oo ‘ -seneraily dry bulk densit,v is considered to be an indicatibn

‘ of the soi 1 strength anq therefor:,e the drai't The 4017 strength ako
| fdepends on‘ thé moisture content oi' the soi'l., Barnard a’nd Cooper 03) v“:;;;,"
; report a direct re'iationship between the cfraft and bulk density of i . .‘
'4“.‘/' _sofl and the same re'lationship has been confimed b,y others (27 29). ‘, " \ '
| whereas. the effegt of misture obntent on the sof 1 strength)ﬁ un'like ﬁt x
of bulk density on soil strength is not a sinp'le reiotionship. :F.on.,_-.-:y T
. exanpie. Vomocii and Chhnceilor (28) report that. for 2 soil vith m’
| lnoisture cohte’nts greater izhan pemneni: wilting percentagﬁ. the ¥ ‘
L strength, as ihdicated by the angle of internai friction. increases to e
mximum and then qecreases es the soil* dries. Sini-ieﬂynnrinyestigation
| by Fox et al (7) indicwes that the energy require@ to break a given c'lod

size was a cmpliéated func on of moistune content. N The emrgy required

WS’ minimum at 17% and 24% "o ture contents It appears &i&t the ;.5.. .
prtncipai rq'ie of water in soi'l strength changes uith %e moisture T '

:  The. effpcts of moisture content end bhslk:density on the strength of

| * a sofl, however.ﬁgare interdependent. .For example, Penwar end Sienlens 5
(18) report thci:. at a density pi‘-87 'i les)‘ft the shear strength

was 26 5 psi at 16 51 moisture cpnteht decréasin; to ] '

~ za iz misgfe content uhere\as. at the deqsity o{ 74 5] s7etd




the shear strength changed only slightly at variqus moisture contents.

(b) Soil texture and other factors

Texture is onouof the important soil factors affecting the
soil reactingvforces of tillage tools. Gordon (9) indicates that the
energy requirement for._tillage is less for pulling plow.disks in a
, sandy loam soil as compared to that in a clay soil and a similar )
'Aobservation has been reported by Rowe and Barnes (21). ‘The reason
~given by ‘these authors is that a sandy Toam soil is low in shear
strength ‘as compared to that of a clay soil. Telischi et al (27)
~ describe that the draft of a tillage tool 14 a power function of the
clay content of a soil Telischi et al, conclude that the clay =~
content of a 501l is the main textural element causing resistance to
.;the motion of-a tillage tool. They advocate, however,‘that the effect
of clay content on the draft depends on the amount of moisture in the .
soil that is, there is an interaction between the clay and moisture

contents with respect to the draft. “
| In addition to the clay and moisture contents, other factors affect
the 5011 reacting forces in a field soil. For example, Baver et al (2)
| cite a study by Keen and Haines that, an annual application of 14 tons
of manure per- acre caused a reduction in draft They also obtained a :
-lreduction of 6 to 13 percent in draft with a heavy application of chalk..
Further, Baver et al (2) advocate that roots of live vegetation increase
jthe draft during plowing because of the force required to cut the roots.
- Telishci et al (27) conclude that, fn addition to clay content, the
chemical composition of colloids, apparent specific gravity, organic

matter and live vegetation are pertinent soil factors in tillage studies.



2.3.2 Tool Shage. _ ,
Tool shape is characterized by the macro, micro and edge

shapes. The configuration of macro shape (gross surface) includes
" suction (1).vand 1ift height. Lift height is the vertical
.displacement of’the rear edge of the tool relative to the leading
edge. Sirohi and Reaves (23) suggest that the energy requirement for
a tillage tool varies direct]y with the 1ift height.. Krause (16)
ca]culated that 12% of the total energy is required to Jift the soil, ._-
however, he did not indicate his method. Gill and Vanden Berg (8)
~ report studies by Soehne and Kawamura who have shown direct
relationships between draft and lift height of simpie tools.
_Kawamura (8) suggests that the increase of 1ift decreases the ang]e
of the failure plane with the horizontal. The decreased angle results
in a 1arger fai]ure surface and hence a greater force to cause failure.
- Soehne and Kawamura (8) suggest further work to anaiyze the effect of
1ift height on soil forces. ) ' ~

The roughness or microshape of a surface over which soil s]ides
influences frictional forces and hence the scouring The microshape

depénds on the degree of polish, the number and- depth of scratches and

| - other irregularities.v Gi11 and Vanden Berg (8) indicate that the.

frictiona] resistance at the soil-tool interface may be such a small
portion of the tota] draft, that even with~iarge changes in microshape
or friction. only sma]l changes in total draft wii] occur. Microshape
may affect scouring which in turn alters the macroshape of the tool,

that is, consideration of microshape of a tool is 1imited t2 whether

4

-the tool scours or not.



w-The thickness of the leading edge of a tool affects the total |
draft for the reasons not obvious. Gf11 and Vanden Berg (8) quote
Soehne who believes that the 1eading edge of tool cuts the soil and |
the cutting resistance of soil‘is small becoming important only whenk
stones or roots are present. In the absence of such situations. the
cutting component of the total force might be considered negligib]e;
On the other hand, Gupta and Pandya (10) developed equations directly.
re]ating draft and thickness of a tool ' ‘The direct reiationship

. without any mention of the cutting phenomenon, suggests that there 1s

- some reason other’ than outting. responsible for the relationship.

: The leading edge compacts soil upwards, ahead and downwards contributing

to the draft and vertical reaction. The compaction ahead and downwards

~ will increase with the thickness of the leading edge, increasing the

0

draft and- decreasing the vertical reaction.downwards.“

2.3.3 Manner of Tool Movement. | | S Lo -

‘The manner of tool movement refers to variables such as depth

of cut, speed of trave1 and extent of overiap. Reed (20) reports that

, increasing the depth of tillage from 6 to 8 inches increased the draft

 draft..

by 14 to 16 percent A direct depth-draft relationship has been .

reported hy Harrison and Reed (11) and Shankar (22). Reason being that'
the area of shear~surface.increases_with the depth" of.cut and'hence thef

|

.The_effect of speed on draft*has been of great interest to

|-

' researchers. Reed (20) cites a study by Ashby and G]aves. who reported

an increase of 8. 6 percent in draft with an increase of speed fron o

, 255 to 3.25 mph. Telischi et al (27) advocate that as speed increases



: jiwith the increase in speed but there is some. disagreement as to

o ‘ .- \\ : ‘ 7

\\
\

L \
‘ the draft also increases depending on ‘the moisture content\of the
' soil Though there are some investigations (5,13) in which d{:ft
was independent of speed the speeds were too low to have any

t.iprgctical significance. In general the draft - of a tool increa‘ s

cause Rowe and Barnes (2l) ‘concluded that the increase: in the draft
1with an increase in speed was primarily due to increased shear y |
strength of soil, whereas, Krause (16) advocates that acceleration of
soil is responsible for the increase in power with speed Hendrick
and Gill (l4) advocate that soil acceleration. can account for only a

rfraction of the increased draft. and that the increase s mainly due

that soil strength is rate dependent unless clay and moisture contents

are low.

Some researchers have studied the effect of speed on the vertical |

| reaction. Gordon (9) and Hismer and Luth (29) report that a tool tends

~ to penetrate more readily with an increase in speed. indicating that

o .vertical reaction increases (downwards) as the speed increases The

authors do not account for the - relationship indicating a need for

| further investigation. . 'f

o Hhen two tools are operated in the proximity to one another.

"interference may occur,’ that is, the operation of at least one of . the 1/

tools is influenced by the presence of the other. The effect of tool |
interference or overlap was studied by Chisholm et al (4). The

results indicate that the draft of an overlapped tool is decreased..

The authors discuss that the decrease in draft appears to be due, at

\

to changes in soil strength with speed. Hendrick and Gill (14) coriclude .



. : o - h y .
Ieast partly, to formation of.a trench behind the overlapping todl.

: This trench facilitates the flow of soil around the overlapped tool

| and therefore the draft is decreased It _seems: more lik ly that the i
decrease in the draft of the. overlapped tool is Jsiociated with the
simple fact that the overlapped tool encounters a portion of tilled
sofl having a lower soil strength. | '
2.4 Sumary,

| The literature review indicates two points clearly. Firstly.

o

| researchers were mainlx interested in the draft measurements and they
eignored that the. vertical and lateral forces have their individual
effects on the operation of tillage tools and implements Secondly.
the soil-sueep system has not been studied in detail and would benefit
‘by the measurement of the three soil forcés for common variations in

the shape of the tools. o '-1_ I,

5 S R ' N



CHAPTER 3
EXPERIMENTAL DESIGN AND PROCEDURE

3.1 Factors—amtTheir Levels: e — A -

Equation (2 l) was considered in the selection of pertinent -
variables. namel,y, initial soil condition, ol shape and manner -
of tool movement, for_their effects on_the soi.l reacting,i_’_o‘rces of

| (a) Soil conditions. | .,, .

- Three sites were selegted to ascertain the effect. of soi 1

- condi tions with respect to the soil reacting forces of a sweep. . ’
._,'Additional sites were not included because of the time limitatiomand
" the doubtful gain of information. Soil sanples were collected from
_ the sites and analyzed using the hydrometer method.. The textures of .

|  the three sites/soils were silty clay loam. clay loam and clay

_ ~During the experiment bulk densi ties and moisture contents were g - .
'- 'determined to futher define the condition of the soils The moisture
-'contents were calculated according to American Society of Agricultural

- Engineers Standards S-358 The buik densi ties were measured using

T 'ganlna ray- transmission equipment as detailed by Soane et al (24). The

| ,' depths for the neasurelnents of bulk densities and niois:ure .contents :
: coincided uith the depths of tillage in the experilnent.- T

| A'.(b) Tool Shape. . . i

| . l’he shape*bf a sueep shovel is charactei'i zed by nany variables

, ,such as approach angle. suction, width lift height and edge shape

of these variables were included in’ the stucly as noted below. -

Gill and Vanden Berg (8) indicate that the thickness of thc

leading edge of a tool affects both the draft and vertical reaction. S



To investigate the qpture»and magnitude of the effect on soil

reacting forces ‘of a sweep, edge thickness was inc uded at tuo

levels of ll4".and 5/16“ These thicknesses were S lected!because ;_AMJ,

of their common use indihe Hestern Canada and Alber L, Additional
llevels of the edge thickness éould not be included bec use they
‘were not available commercially with the other facto

As noted previously in section 2. 3. 2, Soehne and : wamura have

10

reported a direct relationship between draft and lift height of a L

simp)e tool. however, the available literature does fiot indicate

" the effect of 1ift height on, either the vertical or the laterala

reaction of a tillage tool,_ Therefore. lift height was includ
 two. levels to investigate its effects on all the three soil reacting

Tt forces of 2 sweep. The lift heights selected were l l/64' and

'

l l/4"' The reaso for the selection of only tuo lift heights uas S

: their availability with the two thicknesses selected earlier.;‘

Two sets of 16 inch wide sueeps. each set with the above selected

edge thicknesses and the lift heights uere purchased and identified :

aifmakes-»as each make was sold by a different company. The purpose h




e
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ﬂof speed on: the draft of a tool has been studied. while the effect on
the vertical and lateral reactions to the’ tool is not clear.“bfor
investigating the effect of - speed on all the three soil reacting

forces of.a,sweep. “the speed was included at two_levels. As,the normal
travel rates are between three and sis mph these two speeds were
_included. Only one previous investigation (4) included the effect of
overlap on soil reacting forces. therefore. overlap was included at

two levels, that iss without overlap and with’ overlap An overlap of :
Vtwo inches was used because of the common practice of using 16 fnch ”

sweeps on 12 inch centres

3.2 Experimental Desig_. o

l A split plot factorial design was considered appropriate because‘
| of virtual impossibility of randomizing soils/sites._ Soils were in

B the main plots uith the other six factors (Table l) randomized in the

subplots.,.Considering the limitation of,time.and a suggestion by .y.'

McKibben'et’al (l7);'three replicates werefconsidered“appropriate | The

' order of experiment and‘the fonm of the analysis may be noted in the
Appendices 2 and 3. S

3.3 Facilities and Equipment.

The experiment was conducted using the workshop and field

;, facilities of the Department of Agricultural Engineering. University :
'of Alberta The equipment used can be seen inxvlate 1. The multi-

| component sensor (Plate 2) has been described,in detail by

Harrison (12) The sensor was mounted on a tractor (HF-l35)

-equipment in the van (Plate 3) is the data acquisition equipment.

3 4 General Arrangements. ,",f‘ ‘; S _‘,T“

- A sueep. having the ‘same size as those of the sweeps used for

# ‘ ) N R TN
e
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TABLE 1: FACTORS AND‘LEVELS'SELECTED FOR THE STUDY. -

Factor/Level = . - Description—""
So{l 1 . - - Silty ﬁlay loam
‘Soi1 2" . ; clay loam |
Soil 3 S cli} o
Make 1 : ' - | -
Make 2. - :"
Low 19ft I S I 1/ L
High 1t RV
Thin C o
Thick ' . 516
Depth- of cut’ | B 35
' Depth of cut'. o o o
Velocity of travel = B  l,-' 3 mph
| Veioéity’dfﬁﬁravel . 6mh-
| withqut'OVetlap - - 4j
FHffhbvér]ap'? R :_ ' Né"_OVérTap '




PLATE 1: GENERAL SETUP OF THE EQUIPMENT. -
| A: VAN WITH DATA ACQUISITION EQUIPMENT.
'B:  TRACTOR WITH MULTI-COMPONENT SENSOR.

PLATE 2: MULTI-COMPONENT SENSOR.
"« ° A:  ACTIVE FRAME OF THE SENSOR.
© B:; PASSIVE FRAME OF THE SENSOR.
C: OVERLAPPED SWEEP.
D: OVERLAPPING SWEEP.

13



PLATE 3:

- DATA ‘ACQUISITION SYSTEM.

A:" ULTRA-VIOLET RECORDER. . -
B . ANALOG COMPUTER. i
“SPAPER TAPE PUNCH.

' D: GENERATOR AS A SOURCE OF POMER.

PLATE 4:1

GAUGE NHEEL
‘A: SMALL D-C GENERATOR FOR SPEED MEASUREMENTS.

4

A

14



. trials was installed on the passive frame of the multi-component |
sensor (Pldte 2). The sweep was so )ocated as to provide the
overTap of 2. inches “For -the meas rqu’gs of ‘without overlap, the .
_.sweep was raised above the surface of soil ST . IQ

A small d -c generator (Plate 4) was driven by one of the gauge ]
' whéels of the sensor to measure the speed of travel R
| The transducers of the sensor were calibrated USing lOO
- pound weight By repeating the calibration an error of + 2% was
indicated‘ | |
3. 5 'Field Procedures

If soil was . tillable on the site for trials, soil samples were
collected for the determination of moisture cpntents at the depths
of 3 and 4 inches. The number of samples was four for each of the ,i'
depths and ‘the samples were collected from’ differenttlocations within
the subplot The bulk densities were determined using the gamma ray ‘
transmission equipment referred to earlier The depths. locations and
the number of observations for the bulk densities were the same as- [s'
| those of'moisture contents The appropriate sweep was’ mounted on the
sensor and the soil reacting forces and moments were retorded on a
paper tape with the help ‘of the data acquisition equipment All the !
' treatments of a subplot uere to be completed in a single day. otherwise_?‘
the whole procedure might have to be repeated because of rain the next
day In case of error. trials were to be repeated at the same site |

before maving the equipment to the next site.al, o L o,

3.6 Data Acquisition and Processing |

g The data consisted of the soil reacting forces (L S and V) and ‘}v
the sofl reacting moments, namely. pitching, rolling and yawini The

| forces have been defined by ﬁepner et al (lS) andéthe muments by :
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Taylor (26). The centre pf‘the}act1Ve-fraﬁ§ 6f,the:mult1-éomponent

sensor, was chosen as 6r191n.fo? calculations of the momé?ff. Dgta

~~pﬁ6§éss1n9 was-a¢eompljshgd as~suggeste¢nhyeﬂgrrfson (12)1”»Th§ dat§i~ e

on soil reabtihg'forces was statistically anﬁ]y;ed, whiie‘the forces
and moments were used to‘calchlate'the‘10cation of ‘the wrench or

“screw axis 2§ ngCfibed by Harrison and/ThivaVarﬁvohgs (13)."
~ & o e

16



A decrease in- this angle results in a; lafger failure surface'and

[N

v . \ - S | . ‘ ) ¥ '
N CﬂA‘PTtR 4 . A . Wl
N - . h . - . 'lu ‘

RESULTS AND DISCUSST M - &

The values of the soil reacting forces (L S and V) obtained

: from the experimental work are given in Appendices 5, 6 and 7.
“'Analyses of~variance (Appendix 3) were carried out in accordance
. with the model noted in sectiqn 3.2, using an MTS program (ANOVAR +
' S$PLIB) from the University of Alberta cOmputing Services Library

Table 2 (abbreviated from Appendix 3) includes main effects and the
first order interactions which are at least significant for gge of
the soil reacting forces. The means of the soil reacting forces for

each ﬁictor (main effects) are given in Tables 3 and 5 The: mogature |

"._content and bulk density of the soil at the time of determfning the .'

I’ . . .‘Q.

B soil reactlpg forces are given in Table 4,

4l General I ;, o S ‘ j
- The pressure applied by a tillage tool normally causes soil to ‘

| fail in shgar along a plane in longitudinal direction as indicated
“by Soehne (25) The. inclination of the plane with the direction of

travel (3. Figure l) ¢s known as angle of the failure surface (25).

hence 2 larger force to cause failure '
. e l@ . )
The term‘ zone -of. influence" as used here means “the mass of

T el tilled and disturbed“ by the tool: The ¢ disturbed soil includes

: .the particles which are displaced from their positions near the

'ﬁ"sides ofvthe tool. Amnng ‘the factors affectiog the zone of influence

7‘;
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~~Figure 1. A section of soil moving on an inclined tool (Soehne, (25)).
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are the depth of cut, width of cut and tne extent of overlap. As
the penetration of a tool may increase with that of speed. (Gordon.
- /(1 9), Wismer and Luth (29)), the depth of cut and therefore the
' zone of influence may also increase. | 7

It was observed that the width of soil being tiTled extended
beyond the edge of the sweep when not overlapped with the extension
increasing with an increase in velocity and depth; that is. the
_overlap, velocity and depth alter:the zone of influence. It 1§ worth
noting that; an increase in the zone of influence.will increase the
mass of soil disturbed'as well as the area of shear surface.

‘A moving tillage tool accelerates the soil mass in a plane |
parallelato the failure surface (25), and the accelerating force
increases with that of speed of the tool.v | |

According to Soehnev(ZS)-
| 2

B=ybtyv Sin & | S
| g Sin(B+8) - - | ,;\,/,f
' Hnere B = accelerating force o T '
| Y = wet bulk density of soil
g = aCceleration due to gravity
t = working depth -
v = forward speed
T 8= lift angle of the tool
é/% inclination of the failure surface.
.‘b = working width : «_'

)

Using the following from the present study
| y-mlWﬁ Lo
b =1.33 ft | o

- 19



| 20
T t=0.3ft |
v = 4.4 Ft/seé
&= 18.2°
e = 34° (This vaiue was calculated from (6 18))
the components of' acceierating force added to the draft and downward

- vertical force are only 6.5 and 4.4 pounds respective]y. S

4.2 Draft (L)

The main effect of soil* did not test significant for the soii
reacting forces (Table 2), whereas similar variations in the clay
contents of the soils (Table 4) caused significant differences in the
soii'reacting forces in‘the?investigations by Gordon (9) and Taylor
v(26) One reason'for the.iack of response. in spite of large differ-
’ ences in the means (Table -3), can be attributed to the position of
the factor ‘in the experimenta] design, that is, the soils are in the
main plots and as a consequence are tested with less. precision tham
_the factors in the sub-plots. - S P /

o The effect of 1ift height is such that, the draft increases

'with increasing 1ift (Tab]e 3). AS'noted in section 2.3.2; the
increase in Tift height resu]ts in a larger failure surface and

: hence a larger force to cause faiiure. |
B i The draft increased with the thickness of the leading edge as -
iwell (Table 3) As indicated in section 2:3.2, the ieading edge ‘

| disp]aces some soil ahead and downwards. ‘to achieve a passageway

* Soil represents “the effects of texture, moisture content and
" bulk density., TR _ . ‘ (

3
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TABLE 3:

S

T e

"MEANS OF THE SOIL-REACTING FORCES.

- Factors

Levels

D ft (L
Y

Vertical reaction (V)
(lb)

Soi1

'Clqy.]ogm

Clay

Silty clay Toam

- 176.2

231.3
L 199.6

-
o -".'.23:"7 .

 Make

Make 1
Make 2 .

2081

1969

w00 -
00

Lift

 Low Tift 1 3-}'
| f._-'_-mgh nt 11- |

1974
'207.‘.6{, o

-33.3
- -26.7

R S ]-
e _Thin
. 'Thickn’gssw ) 3

S5u

2 7 RN

-"Thickﬁ o

.24

- ‘Depth -

 bethr
 Depth 4%

 116Q;5i?‘} ‘:

EER T N
;jf;‘ggé' '( :2 :

e

SRR R f;Velocity
~ Velocfty = -~
TSRS ,_;VeIocity

3 lPh
5 lPh

177 4 ,

227a

=

e o ,'Hithout overlap
© ‘Overlap - .
g ‘P*z S {a;Hiyh overlap

171 2

233.8

ST
L ame e

T



TABLE 4 SOIL CONDITIONS

(a) Soﬂ Texture

Sonzcuy  %Sad. LSt sofi

,501111. T I 25" | f_fy % - *silty clay lbeﬁ to.
o L L clay Toam "
Coosell2 30 o3 .39  Clay Toam
I A S T

N (b).'Moistdfe.Cohtents,"

N '<f'fhe§;:;' Moisture contents S Moisture contents =
Sofl. .. 14~ ~-on dry basis (%) at | on wet basis (%) at
e C . C,‘te o 3‘ 40: S 3n .

[

Sty clay loam 1 . 383 i40.'-,:4' o 276 288 .
T2 s ms ,_27.2-3_.. 78 RARR
3 ®s . w9 2.0 %3

C Owlem "1 2a o ms w3 we

’
{

a9 . R 27 '1,24 2 .
Sz s w4 ms om é_. |
3w '20.1] 80 15,5 o

o Clay

- ‘ B o ".Cﬂb_t_‘d.f |
FERR & un\ be referred to 8 sﬂt.v tlwlou L |

\‘



' mmE4 Continued
t(c) Bblk Densities (1b/ft3)

. B " Wet bulk
Soi1l S Replicate density at

' Dry bulk
density a

) 3II

4" ,

T 23 2.3
B ,S11ty clay loau | 2 64-%v ‘nr
ST s md me

Means  71.7 ‘75 8

5.3
© 45.4
8.9
. 52.2.

514

51.8

62.4
55.2

) | | { o B 98;5_'1 94,2.'

: Clay ;oam o "2,  . 848 1,61,1,_"

R X 65.5
Means  83.6 80.3

80.5 -
5.5
52.5
662

76.3

62.3
50.5 -

% Means .- 80,0 946

R AR NS ¥ YN -

6.6
616
' 65.3

.8

64,2

70.7 -

. 88.2

74;4'
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The amount of displacement increases‘with an increase in the thi K=
ness of the leading edge thereby increasing both the draft and the
vertical reaction. The reason for the draft for one make of sweepsp
to be greater than the other cannot be clearly stated. The width
of cut. Tift and edge thickness of ‘the sweep with greater draft. are
larger but there are. also small differences in the length and
‘approach angle which may als° affect the draft.

¢ The draft increased with that of depth and the increase is
associated with the 1ncrease in the area of shear surface with the
"dépth of cut. - T
‘The draft increased by 50 pounds for an increase‘of 3 mph in
| speed (Taole‘B). As noted in section 4.1, the,horizontal component
of the accelerating force is onlv 6.5 pounds for a,change ih speed =
of 3 mph that lS, ‘the accelerating force accounts for only about 15% of.
.the increase in the draft and therefore, the increase is mainly
"due to changes in the strength properties of the_soil‘as advocated
by Hendrick and Gi11 (14), Payne (19) and, Rowe and Barnes (21).
| ”However; a part of the increase in draft with that of speed may be
associated vithvthe,increase in the zone of influence; that is, the
increase in speed increases penetration‘as'well aslthe Width of'soil
| tilled, - ER , o

i 50verlap”decreases the draft because‘the sweep encounters a
tilled portion of the soil which has less strength B
_ The zone of influence, noted previously. is- affected by the~
‘overlap. depth of cut and velocity of the tool. Therefore. the f

: ~differentia1 responseﬂof overlap.and velocity-(Figure Z)*may be
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320
. 270 _ ,
gv without overlap
. 220 o
170
o }_2@5’ S ' SW1;th overlap

'VELOCITY. (mph)

W The 'veloc'it,y-over'lap 1nterjact10'h for draft.

320

270

Awithout overlap .

220

DRAFT (LB)

17@

P

120
1523

' -with_ovérlapv .

DEPTH (in) -

Figure 3. The depth-overlap fﬁtéraéti‘on for draft. -

=
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attributedfto the change in the zone of influence with and without - 0
overlap and the two levels of velocity. In a similar way the
differential responses of depth- overlap and depth velocity (Figures
“ 3 4) are also associated with differential changes in the zone .'l
of influence. _ . | '\
| 'Figure 5 in’icates‘that‘there is little or-no'increase in draft”'
| with an increase in lift height for the sweeps that are overlapped.
but there is a substantial increase for the sweeps that are not
overlapped The reason for this response is not clear. .

" The effect of lift height on the draft is restricted to the
‘,higher speed (Figure 6) Though Gill and Vanden Berg (8) indicate '
that the angle of the failure surface with ‘the horizontal is sensi-
Ative-at the.higher tool velocity. They did not 1ndicate whether.
the angle increases or decreases. Perhaps, the -angle decreases at'a
‘higher tool veloc1ty increasing the draft, and that ‘the angle is -
| further decreased with an 1ncrea3e in the lift.

The differential responses of make-veloc1ty and make-thickness L
(Figures 7, 8). are small and like the main effect due to make noted
previously. the-reason for the respones are not clear. On'the other :
hand the change in draft for clay soil is greater for' a change in
l-depth than the other two soils (Figure 9) because the difference in‘.;
the bulk density ‘of the clay soil over the two depths (Table 4).are
B greater than for the other two soils..

4.3 Vertical Reaction (V)

" The vertical reacting force was downward (negative) for all the |
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. levels of all the factors in the study- because the force was

" affected primarily by the amount of soil in contact with the surface

of the sweep. Increasing the depth of cut increased the weight of '

’soil decreasing the vertical reaction substantia]ly (Table 3)

The vertical‘reaction increased as the Tift increased (Tabie 3).

As noted previOusiy with draft, the angle of shear surface decireases

: with a corresponding increase in the iift height and this may reduce

. the weight of soil on the surface of the sweepigsd therefore

n

increasing the vertical reaction.

To a lesser extent ‘the vertical reaction increased with an

' increase of thickness (Table 3). As. discussed under draft, the

“change is attributed to the displacement and compaction of the soil,
¢under the 1eading edge of the sweep, which is greater“for the

'_‘ thicker: sweep. which in turn, partialiy offsets the weight of the |

[+

©_soil: in contact with the top surface of the sweep. . o

nffrom3t06nphis44

K2 .

As noted in section 4.1, the increase in the acce]erating force, -

unds which is added to the weight of soil

L

‘ in contact with the top surface of sweep thereby decrea31ng the '

A‘W‘the sweep and soil piles ‘up -ahead of it.

vertical reacting force. This accounts for about 30 percent of the

decrease (Table 3). the remq ning part of the decrease may be attri-

~fbuted to the-effect of the shank because its lift ang]e differs from

) .

Nith regard to the effect of overlap, the vertical reaction
increases when the sweep is overlapped (Table 3). It may be that

the over]apping sweep was slightiy below the overlapped sweep

freducing the amount of compaction and therefore increasing the.
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vertical reaction. ‘ ‘
The differentia] response of over]ap and depth of cut (Figure
| 10) is attributed to the zone of infiuence which extends beyond the

width of sweep increasing with depth but to a lesser extent for a

!

sweep.which is over]apped. It is not clear why there is a differen-

tial response of velocity and depth of cut (Figure 11). The inter- |

action is small and therefore is of iittie interest.

Figure 12 indicates that, for the lower iift there is 1ittle
or no responSe in the vertical reactihQN/xer the two thicknesses
- but for the higher Tift this is.not .the case. The reason for
this differehtia] response is not ciear but it indicates that the
effect of thickness is eliminated if a Tower iift sweep is used

Figures 13 and ]4 indicate that the verticai reaction is
* ‘independent of the thickness and lift for make 2, but the vertica]
reaction 1ncreases for the increases in the thickness and 1ift of
.make 1. Again it is not clear why these differentiai responses
occurred. Similarly the reason for the differential response of

soil and depth of cut,(Figure 15) is ' not apparent.

4.4 Laterai Reaction (_l

For trihedral wedge type tiiiage toois the soii usual]y fails
first in the direction of travel (primary faiiure planes) -then
perpendicuiar to the direction of trave] (second/ry failure pianes)
The lateral reacting force.is the resuit of stressing the soil
perpendicular to the direction of travel.

A sweep is a synnetricai tooi and therefore a iaterai reacting
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force to the right is equal and opposite to a lateral reacting force
to the left However. an overlapped sweep encounters a block of

" soil asymmetrical in. strength and as a consequence there is a net

7lateral reacting force acting to the left or right depending on the
location of the weakened soil. Like the draft the net lateral
I:reacting force or simply the. lateral reacting force increases with A
'depth.‘ o | ) | R
| : Some of the effects tested significant for the lateral reacting
| force (Table 2) The effects nﬁght be significant only because of g
‘overlap. In order to test the effects. a separate analysis of
'_Variancelwas condhcted for the overlapped sweeps The analysis
vindicated that depth and speed tested significant (Table 5)
ft‘doubt the reasons for the changes in the lateral force are the same
'?]as those advancéd'for the changes in the draft for these two factors
| fnamely increased shear area with depth and an increase in. the soil

\ strength with speed and the increase in the zone of influence. ,t

,_4 5 Screw Axes “'Aif :'137,Af"'"={ ,f iif.,f';~~' "‘f
The data obtained to calculate the moments of pitching. yawing

. i and rolling are given in Appendices 8 9 and 10. Using vector -;1 e

. mechanics the three moment vectors are combined with the three force .’,]
, vectors to determine the location of the wrench or screw axis. a
‘vmethod to represent the system of forces on tillage tool (8)

“'noted previously. the procedure used for the location of screu axis

e

A\
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. TABLE 5: -MEANS OF LATERAL REACTIONS WITH OVERLAP. =

" Lateral ..

kf‘etor Pr—

Sofl

Sty Clay Loam
5_c1§y Loam.lfi |

Clay

- 28.4
326

Make 1
Make 2.

- 28.2
28.3

et

 Low Lift - 1 1/64"
. High Lift 1 1/4"

ety
L8

:Tﬁiqkne§§‘vx”? B

. Thin 174"
ek se

R

L Dept

T
' Depth 4" °

e

)

|

* tested significant: (Appendix 4).

A .
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1s the sane as detaiied‘by Harrison andvThivaVarvongs'(lé)A Sd;;;>
axes were drawn for. all the main effects and the first order inter-
'f{adtions ‘but only those are presented having differences with some o
“t“practicai significance e jf;“ '
| - Except for Figure 19, the iocations and directions of the screw
vaxesfin the yawing pianes are similar for each ievel of different
fadtors The similarity 1s associated with the negﬂigibie iateral
‘reaction due to ‘the symmetriCal nature of the: sweep. In Figure 19.
'_the direction and Iocation of screw for the overiapped sweep is-
- affected because there is a laterai reaction._
| . : In the pitching plane, there is a littie differehce in the
ilocations of. the screw for each ievel of the factors of iift. thick-
ness, velocity and overiap (Figures 16 17 18 and 19)
‘directions of the screw ‘are associ%{ed with the directions and magni-
' jtudes of the draft and verticai reacting force (Tabie 3) The screw‘
i':axis passes near the tip of the sweep in the pitching plane indicat- :

, ing that the highest pressure occurs near the tip as '.n be noted by fe

. the rapid wear in this area In Figure 20, the screw ‘xis does not

j,fintercept the sweep in the pitching piane As there is no apparent
mechanism for this ‘to occury it may be assumed to be a sma]l error o

| ;rather than of an actual effect. e .
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Wy lift

v lift

/,’.

7

Fibqré 16. Locations of screw axes for the two leveIs of lift ‘

v without ove?]ap
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ey Thin-

@ Thick

Figure 17. ‘Locations gf screw axes for the‘t'wo 1evél$ of thickness

without overlap.
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&> Velocity 3 mph

oo Velocity 6 mph -

“Figure 18. Locations of screw axes for the two Tevels pf‘Qeloc1gy

without overlap.
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o
A -———-—0-» ui.th‘o_ut ov&fl ap
: ______..» With ove'r'laﬁ

\
-

Figure 19. ‘Locations of s'Créﬁ_axgs‘far,'the two 1jeve‘ls‘ of overlap.
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| —o———@»Depth 4 in,
Figure 20, Lolations of screw axes for the two levels'of depth .

©without overlap.



CHAPTER 5

..... | "t R t“Mmm;m;sunnARv AND CONCLUSIONS . .

. .‘J The results of the experiment are prlmarily associated with
the zone of 1nfluence and angle of shear or failure surface wlth
' ._'the hurizontal. As regards the zone of lnfluénce. it 13 affeCted
by the’ depth of cut. whether or not the’sweep is overlapped, speed .
of travel and the1r interactions with one ano#her. whereas. the
angle of shear surface decreases with an: 1ncﬁease in lift height and
‘Tthat the. decrease 1s further enhanced at theJhlgher tool velocity
Both the draft and the vertical reactlng forde 1ncrease as the ' |
‘ thtckness of the leadlng edge 1ncreases Th{s has been attributed
: to the compactlon by the leadlng edge.v Slmilarly 1t is noted ‘that
: the force accelerating the soil mass becauselof 1ncreased'tool
: veloclty. partially. accounts for the changes both 1n the draft and .
‘;'vertical reacting force wlth the change in velocity The lateral
'ﬁreactlng force°is affected only by the speed'and depth. and that the
' -effect iy’ restricted to the overlapped sweeﬁs On the other hand '

g there nere a few responses. such as make. qll and some 1nteractlons

'{j;that could not be accounted for.’ In parti '/ r the reason for the

‘wrtfscrew axis not intercepting the sweep “in tﬁé pitching phane 1s
’\%1 :

Hlth regard to the design and operati%o of the sueeps. the o
"7results 1nd1cate that the hlgh lift sweep requires 51 more draft

{tthan that of the low lift Betause there appears to. be no benefit

:lﬁﬁas to the final soil condltion and because the hlgh llft sweep does )

. ‘_‘

f;e;‘f_;;; | ’,- ‘. - 45 ) g
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not penetrate well ‘its use 1is questionableih The thick edge sweep,
like that of the high Tift. requires 5% morewdraft as compared to
the ‘thin edge sweep and the thi@k edge sweep a1$o results 'in a

- poorer penetration. Unless the thick edge sweepiis required to
minimize stone damage. its use in stone free Tand is also question-
able. The depth of tiTTage is a cuTtural practice but again the
"~advantages of deep tiliage shouid be weighed against the increase
;1n draft which can exceed 50% for 1ncreased depth of 3 to 4 inches

The draft increased more than 25% forfdn increase in speed
from 3to6 mph. The operation of a tillage imp]ement at a higher
‘speed is advantageous in the way that,it reduces tireuéize and the
ballast oi the tractor but‘this.must he.compared to,the energy ‘
requirements at the higher speed The‘decrease in the vertical
reaction with that of speed indicates that penetration can be
improved by 1ncreasingathe speed '

. The magnitude and direction of ‘the Tateral reacting force
‘becomes important for the desig‘ of asymmetricaT cuTtivators in
which skewing is often a problem The mean vaTue of th teraT
reacting force for an overlapped sweep: ‘was more than 25 pounds which

should be further adJusted according to thevspeed of traveT and

depth of cut. -

-

The screw axes pass near ‘the tip of the sweep indicating area
' of max{mum pressure and therefore confirming the present practice )
) of keeping the tip harder. - :'Q ' |
' As regards ?urther experimenta] work some of the results

, discussed in the prior sections ‘do not have we]T established

N\ .,



47 .
mechanisms which will account: for the responses obtained. For example.
the effect ‘of make on draft’ and the effect of 1ift height or speed on ,‘
vertical reacting force. Another example is screw axis not intercepting
~ the sweep. A laboratory_study_in~wh1ch the angle of failure surfeee and’
~zone of influence can be observed might’hejp jn developing the mechanisms

causing the responses obtained. o , -

»
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APPENDIX 1: DIMENSIONS OF SWEEPS USED.

51

Sweep‘ Feature F,Dimensiona -
Make | Lift| Thick-| Width | Length | Approach| Attach- [ Edge .| Lift
ness | (ins.) | (ins.) | angle ment | Thick-| (ins.)
g ' 1 ] (deg.) angle | ness
/" (deg.) | (ins.)
Thin | 16 % y2) 61 57 .25 |1 1/8
Low p—— — — -
o Thick | 16 1/4| 14 1/47| 69 57 . ]..310 |11/16
‘Make 1 ——— —t - —k - .
Thin [ 16 - [133/4| 7N . 50 .258 |1 1/4
High |~ ‘ ‘ - - +——
| Thick f16 1/4) 16 vj! 50 .302.] 1'5/16
Thin | 15 3/4] 15 /2| 61 57 | .256.| 14/16]
Low — o - - - '
Thick | 15 3/4| 15 1/2 61 53 | .306 |1
Make 2 ——— . —1-
| / Thn | 16 1/8]| 14 1/4| 69 | .50 .252 |1 1/16
High [ : : — — ;
| Thick | 16'1/4} 14 1/2 68 54 | .304 | 11/4 |
Make 1 (averages) |161/8]141/8| 69 . 54 .28 | 13/16
-| Make 2 (avgrage'a)': | 16 15 65 _54 .279 {1V 16




APPENDIX 2: EXPERIMENTAL ORDER

4

. Replicate 1

Soil 1

Soil'Z

w

3epiicate'2 '

Soil 1

r‘b’ 8011 2 ‘bl

*,

"Replicate 3

Soil 1

coSeal 2. |

Soil 3 ”‘

" g

%

" % Excepting Soils th

randomi zed.

P

e facﬁqfh"iﬁvTAblé‘l ierévf '
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APPENDIX 4:
OVERLAP.

\

ANALYSIS OF VARIANCE OF THE LATERAL REACTION WITH

A\

Source of variation

.

MS

S

%

Soi ,(s)‘ -

xepuc.;g "

T ~'_'/.

-

1346.8

'-1§522'5 '
C R274

<l -

<1

',/ﬁ"ror (1.)’ S

. f"

Iozia (1)

» Me (n)

¢ g
“\_g.“'l‘hickness (1

' Depth (D) .

o |'Velocity. (V) |

VD

v -

DT |

L

DL

TL

|
Low

1

IM

Vs

™ -
LS .
Ins
- {vor |
. L 4 ‘.
) “ ‘*

.

*

« R
S

-

«

’

SN IRYR N N
. i ’ R . - H

R

—

w -

Ml G e e e

A~
e

LY

o “ I

w

.. "/,

I

1.8
47.8
64.8

/

/,2269.1

852.8 '

- 51.2
2.8
94.1
41.2
. . 8.4
. 164.7 .
1193.7
Lo ]f".
62.%®
368.1
77846
511.8
.147.‘9
'152.6
Se
- 176.7

0.07

ﬁ1613.o -

<l

<]l \.'_‘
<l .

52.18+++
10 244+
3.83 W,
- <1

, ,<l

<1
a
. <'1

<1

<l

<1
1.65

a

61

2.3
L
. <1
a
<1
’ % x ‘3-\
; KTE



APPENDIX 4: : Continued

T

Source of variatiar DF MS
VDL 1 25.8
VIL 1 0.3 GO
DTL 1 38.7 <1
VDM 1. 56.0 <1
| v 1 - 72.0 <1 .
DTM teo 1. 14.0 a
VIM o1 A _ 99.‘6 . <1
Dp‘l 1 1.6 - <} *
| Tim 1 .93.6 <l
vs % 2 17.6 '
VIS 2 96.0 ST
DTS 2 15.3 &
V1S 2 34.6 ‘\ <1 ._
pLS | 2 4.0 < ~
‘| LS 2. | 33.6 o
vis 2 a@ 237.7 1.06
 Raind S ¥ )‘9;‘_.3,'?,‘-"‘_,,’?' <l
(mis 2 4W51.S .«
Ms 2 58.6 3
] vo1L 1 83.2 o«
| vomu 1, 133 4 a, !
{ o | 1 7197.3 | 3.5 »
vie . _ 1 - 120.0 A
£ ot - 1 . 86.9 «a
| -vors . 77 82.9 a
1vous - 2 271.0 . .21,
s 2 134.8% ‘a
Jloms -, ‘2 165.0 <1

- 62
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s APPENDIX 4: Contined

Source.of vgriation DE MS ’ E

VDMS 2" 161.5 T a

VIMS 2  63.0 '

DIMS ' 2 el " 20.0

4- - . N

VIMS A 2 . o 43.4 .

DIMS _ 2 T e

s - P 2 10.8

VDTLM 1 ' 471.8

VDTLS 2  221.8

{ VDTIMS 2 237.4
| vbMs 12 s2.17

VTLMS ' 1.2 11.4 | =
DTLMS 2 - 124.1 o . '
VDTLMS  of 55.1‘., L T (
|Error (2, | 190 222.55" '
Jror 0 | 7
b + Significant at 0.05 probability level.

- ++ Significant at 0.0l probability level. o .
+++'Signtfitant;at“0;00§~p;ébability level (highly significant). .



SYMBOLS YSED IN APPENDICES 5 THROUGH 10.
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hd

/ ko L
Factor/ Leve'l.,w'/ o De;’é;;ription o SymbOI
o }// B —— R T
Soil 1 ‘ Silty clay loam 81
Soil 2‘. : Clay loam | | s2
Soil 3 S #Clay . 53 |
Make 1 = ﬁ@ﬁr e M1
Make 2 . — M2, |
" Low 1ift Tl e Ll
High 1ift o1 yan 12
Thin | - 1[4",_ © Tl
Thick *5/16" T2 -
Depth of cut ;e T
. Depth of cut 4n _ | p2
Velé;i_ty of travel l. .3 inph. | Vl
Velocity of t'ravé‘li _ 6 mph - : '2~~
Without overlap . "ol
.W.ith oVerlap‘ an ove:l;p 02 |

&
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