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ABSTRACT

Zero-tillage stud.ies have indicated advantages over

conventional methods in reducing costs and labor requirc-
ments for seedbed preparation, in reducing soil_ erosion
and in increasing soil moisture for prant growth and crop

yield. There has been no machinery specifically designed

for zero-tillage planting.

rn this study a zero-tilrage planting machine was

designed by attaching cutt.ing disks ahead of the furrow-
openers on a standard pressdrilr. The function of the cut-
ting disks was to cut heavy trash and to open a small_ furrow
for furrow openers to put seed into the .soír. The additional
horsepower required for the cutting disks vùas measured. The

rel-ationship between the additionar horsepower required for
the cutting disks and the depth of penetration was deter-
mined.

The machine operated very well and the cutting disks
had good penetration on very fine sandy foam soils at carman"

Good penetration of the cutting disks was not inítially
obtained on Red River clay soil at Gl-enlea. Adequate penetra-

tion was obtained after the dri11 was ball-asted with addition-
a1 weight.

The additional horsepovrer required for the cutting
disks depended on the depth of penetration, the type of soir
and the speed of operation. The machine courd also be usecl

for both conventional and zero-titlage purposes
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CiI/\PTEIì I

INTIìODUCTION

TiIIaç1e has been considcrccl olle of the. ntost

important operations in crop grorving. A lot of time,

money and effort are spent in tillage to prepare a suit-

able seedbed. Tillage methods, to provide a good seedbed

for plant grorvtir, have been extensively studied. However,

there is no tiltage method which is suitah¡le for all soil

conditions. An unsuitable tillage method can destroy soil

physical properties and soil- organic matter.

In recent years, zero-fillage methods have been

introduced in the United States of America in order to

reduce soil- disturbance, soil erosion and time and cost

of seedbed preparation. Zero-tillage corn acreages in

Ohio were less than 1500 acres in 1964 but they were about

50000 acres in 1969. These figures show a good acceptance

of zero-tillaqe methods. Studies of zero-Lillage in the

US, Europe and Canada have indicated that zero-Líllage as

well as other tillage methods were not suitable for all soil-

conditions. Zero-tillage methods appear to have advantages

on silt-loam textured soils. However, there still are two

main problems with zero-tillage methods. These problems

are:

1. Present hei:bicides have not lleen able to conLrol-

all weeds ( 4) .



2. There is no nrachine specif icall), clesigneci for
zero-ti Ilage purposes.

Tl-ris study was desi-gned to overcome ilris second

problem" The two main objectives were:

1 " To fit a standard doubte disk pressdrill with
cutting disks so that the drill- would be abre to plant
cereal grai-ns and oi1 seeds in zero-tiJ-1age conditions with
heavy trash cover.

2. To determine additional horsepo\.{er requirements

for operation with the cutting disks



CIIAPTtriì I I

REVItrW OF LITtrIìATURE

2.1. Definition of TiIIage

Tillage may l¡e defined as the rnechanical manipula-

tion of soil for any purpose. In agriculture some of the

objectives of tillage are (B):

1. To develop a desirable soil structure for a

seedbed or a rootbed

2 " To control weeds or to remove unwanted plants.

3. To manage Plant residues.

4 " To minimize soil erosion by following such prac-

tices aS contour tillage, listing and proper placement of

trash.

5" To establish specific surface configuations for

planting, írrígating, drainage, harvesting operations, etc.

6. To incorporate and mix fertil-izers, pesticides

or soil amendments into the soil.

7 " To accomplish segregation. This may involve

moving soil from one la1zer to another, removal of rocks and

other foreign objects, ot root harvesting.

2.2. Tillage Systems

Most tillaqe can lce classified into three different

systems:

1. Conventionaf tillage includes primary and second-

ary tillage for seedbecl preparation. A primary tillage



operation constitutes the initial, rnajor soiI-rvorÌ<ing

operations; it is normally dcsigned to reduce soil

strength, cover plant materials and rearrange aggregates.

Secondary tillage operations are intended to create refined

soil conditions fotlowing primary tillage (B).

2. Minimum tillage provides the minimum of soil

maniputation necessary for crop production under existing

soit and climatic conditions. Minimum tillage does not

define a system of tillage, but general-Iy refers to a sys-

tem with fewer tillage operations than some conventional

tillage systems. This implies the employment of substi-

tute techniques for weed control and/or seedbed prepara-

tion (15). The major objectives of minimum tillage are

( B) :

(a)

ments.

(b)

(c)

optimize the

a field.

To reduce mechanical energy and labor require-

To conserve moisture and reduce soil erosion"

To perform only the operations necessary to

soil conditions for each type of soil within

(d) To minimize the number of trips over the field.

3. Zero-Líllage or no-tillage has the same purposes

as minimum tillage but in this system there is no soil prep-

aratíon. In other v¡ords , zero-Liltage is a system in which

a crop is plantcd directly into a seedbed which is untilled

since the harvest of the previous crop.



2.3. Characteristics of zero-tillage

A contprehensive discussion of zero-tillaqe can be

foulrd in reference nunber one. The main charactcristics

of zero-tillage aS discussed in the al¡ove reference are

summarized in the foJ-J-owing.

2.3.1. Historical backqround In 1927, Garber

successfully introduced a legume into an unproductive grass

sod without tillage. He used simple techniques such as

cl-ose grazing or burning and heavy seeding rates to manipu-

late the competition between the ol-d grass and the surface-

sown forage. This idea was believed to be the first intro-

duction of a zero-til1age system. Zero-tillage systems

became more feasible i-n the 1950's when selective herbicides

\^/ere improved.

2.3.2. Operation of zero-ti1lage systems Zero-

tillage machinery should perform three tasks in one opera-

tion. The three tasks are to open the soil for seed inser-

tion, to place the seed properly and to cover the seed

adequately. Before planting, nonselective herbicides with

short residual effects must be applied to completely destroy

the initial vegetation. Selective herbicides are also needed

during subsequent growth Phases.

2.3.3. Comparison of environmental conditions in

tilled and untilled soils Research has shown that untilled

soil surfaces were relatively smooth' even and more dense

than tille<l soil surfaces. Thus soil aeration under untilled
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soil was rccltlcccl ( 1) . Dif fcrcnccs in soil ntoistur:c cont-cnt

\dere reÌatively smarl betrveen ti ll ed ancl untill-cd soil. "

lVith a similar soil- ntoisturo r-on1_onJ- rrntilled soil gener¿r.l-

ty had lcss resistancc to watcr uptakc by plants.

MuLch cover on until-lec1 soil acted as an insurator"
Thus soil temperature on the surface of untilled soiL was

l-ower than in tilled soil-. rn the subsoil the reverse was

found. Resistance to soil erosion by both water and wind

was larger for untirled soil- due to mulch cover and dense

soil surface conditions.

Higher decomposition rates and lower concentratÍon

of available nitrogen were also observed in untilled soi1s.

2.3.4. Effects of zero-tillage on plant grov¡th

Higher numbers of emerged plants were observed under zero-

tillage on light to medium textured soils with sod cover

and friable soil surfaces. But thick mulches may smother

emerging plants. Zero-ti11age crops were observed to grow

faster due to an increase in available water and suitable
root zone environment.

Root growth was lower for zero-tillage due to high

resistance to root growth in undisturbed soil especially
during early vegetative phases ( 1 ) . Annual and perennial

weeds increased in zero-tíllage systems due to faulty weed

control- bv chcmical means.

2.3.5. Crop yielcls Crop yJ_elds under zero-tillage
systems have depenclcd Ìargely on thc type of soil. On soils



that rarìge from clay to clay loamt zero-tillage crops pro-

duced less tllan conventional tillage crops. On medium

textured soils I z,ero-tiIlage crops generally produced eqr.ral

or higher yields.

2.4. Advantages of Zero-Tillage System

2.4.1. Soil moisture content under zero-tillage

systems was increased due to killed sod cover. Soil mois-

ture in the top 0 to B-cm soj-I layer under zero-tillage was

significantly higher than under conventional tillage through-

out the entire growing season ( 3) .

2.4.2. Soil aeration was improved since excessive

tillage prod.uces smal1 pore spaces which tend to retard seed

germination and early growth (2). Repeated tillage opera-

tions can result in soil- compaction.

2.4.3" Zero-til1age practices resulted in less soil

resistance to root penetration throughout the growing season

and lower butk density as compared to conventional tillage

(10).

2.4.4. An experiment in the western corn belt shov¡ed

that seed zone temperature in zero-Lillage systems \¡¿as lower

than in conventionaf systems (9). Soil temperature under

zero-tiIlage systems was slightly lower than under conven-

tional- systems early in the growing season (10). Reduced

soil temperature may have advantages in hot regions but may

be dctrimcntal in warm or cold regions

2.4.5. SoiI erosion at the rate of 0.06 tons per

acre \^ras founcl with zero-titl age while it v¡as 2. B tons per



acre witþ conventional tillage (7). The resistance to

erosion was due to the lnulch cover. Soil l-oss of 0.4 tons

per acre was found with soil rvhich had mulch cover whereas

soil loss with no cover was 2"8 tons per acre (11).

2.4 "6. Zero-tillage systems generally produced

higher corn yields during years of either poor or favorable

rainfall distribution ( 3) - Crop yields with zero-tillage

have generalty equalled or exceeded those obtained with

conventional tillage ( 1 4) "

2.4.7" Zero-tillage reduces the number of field

operations, Iabor, machinery requirements and also Saves

fuel (5) 
"

2.5" Disadvantages of Zero-Tillage System

Zero-tillage methods cannot be applied to all types

of soil. The most suitable soil types for zero-tillage have

been light to medium textured soiIs. zero-ti11age methods

have been most successful with crops having small seeds ( t ) "



CIIAPTER ITI

DESIGN OF ATTACIIMENT

A zero-tillage planting machi¡re rvas developed front

a standard press drill by attaching coulters or cutting

disks ahead of each double disk furrow opener to cut crop

residues or trash. The coulters were designed to raise and

lower to the desired depth of penetration into the soil

independently from the double disk furrow openers.

A press dritl- which had double drawbars for each /

double disk furrow opener was more convenient for adaption

because the coulters could be placed between the drarvbars

of the double disk furrow openers. This made it easy to

line up the double disk furrow openers with the coulters "

An International 620 press drill was selected to be

adapted in this study. AIl attachment parts are shown in

Drawing No" 1 (see back cover).

Adaption of Dra\,vbar of Double Disk Furrow Openers

Originally, the arrangement of the drawbars of ¡- l-' ^Lllç

'1'nedouble disk furrows openers vüere staggered (Fig' 3'1) "

shorter'drawbars of the doub1e disk furrow openers were

lengthened to be the same length as the longer drawbars

(nig. 3.2) . This providecl space for t.he coulters ahead

each doubl-e disk oPener.

Coulter Gang

Disks of 17 in. clíameter were sel-ecl-ed as coulters

of

5.¿
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H 1õ11rô < | Drawbars of the double

before adaptation (top

disk furrow openers

view) .

Drawbars of the

after adaptation

double disk

(top view)

Figure 3.2 rurrov,/ openers
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which were mounted on four gangs of four. Ilacl'r gang

consisted of four cutting disks 6 in. ap;rrt. Each disl<

\^/as sandrviched by trvo collars (3/B in.x4 in. diametcr) "

The collars were welded to a spacer (1 in. XS pipe). Each

gang \.^/as held together by a 3/4 in. diameter bolt running

through the spacers. Centering washers \,vere used at both

ends of the gangs to hold the bol-ts on center. Coulter gang

drav¡bars were made of 3/B in. x 3 in. mild steel with one

end connected to the spacers by means of a bearing mount and

the other end welded to a bearing pipe (Z in. XS pipe) "

3" 3" Shaft Support

The shaft supports consisted of 1/2 in. x 3 in. x

3/6 in. channels 12 in. Iong and two pieces of 2 in" XS pipe

4 in. long for upper and lower shaft support bushings. The

upper shaft support bushing was welded on the front of the

channel and the lower shaft support bushing was welded on

the back of the channel-.

3.4. Rotation Linkage

The rotation linkage consisted of double upper I

arms, a connecting link and doubl-e lower lif t arms. All

these were made of 5/16 in. x 2 in. mild steel and were

connected by pins.

The maximum depth of. penetration of the coulters

into the soil was designed to be three inches. The coul-ter

gang drav¡]:ars v/ere 10.90 in. long. This length vras graphic-

ifr
of



1')

ally dctcrm-inecl so that there was no int-crfcrcnce bettvccn

the coul-ters and the drali¡ars of cloubl-e disl< furrow openers

when thel' were raised and lornrerccl.. The ntaxintum clearance

of the coulters above the r;round leve} rvas 3.4 'in. Tl-ris

meant that the coulter rot.ated 42 degrees from transport

position to maximum operating depth"

The upper and lower lift arms were arbitrary designed

to be 6.35 in. and 6.875 in. long (center to center) respect-

ive1y. The lower lift arms were positioned in a horizontal

position when the coulters were at the maximum depth posi-

tion. Graphical methods were used to size the connecting

l-ink at 8"25 in" long (center to center) . The angle between

the lower lift arm and the coulter gang drawbar was 124

rlporces - The ìrnner lif t arm rotated 47 degrees for the 42s9Y !VçJ

degrees rotation of the lower lift arm-

3. 5 . Hydrauf i,c Cylinder Support

A hydraulic cylinder was used to raise and lorver the

coulters. An eight j-nch stroke double acting hydraulic

cylinder was selected. The hydraulic cylinder attachment

v/as determined bY two conditions:

( 1 ) The hydraulic cylinder had to be fuIly retrac-

ted when the coulters were at the maximum depth position"

(2) The hydraulic cylincler had to be fully extended

when the coulters \^/ere in transport position.

With these two conditions, the coulters stopped

automatically at the maximum depth position and at the trans-

port position without any interference v¡ith the drawbars of-
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the double disk furrow openers. Deptir of penet::ation of

the conlters into the soil could be controlled at allY

depth up to the maxirnum depth.

The hydrauJ-ic cylinder supports consistecl mainly of a

column and a hydraulic control lever. The lengths of the

column and the hydraulic control lever \^/ere determined

graphically to be 24.25 in. and 11.5 in.,respectively. The

angle between the hydraulic control lever and the upper

Iift arms was 86 degrees.

3.6. Assembly

The shaft supports were attached to the dri11 frame

at spacings shown in Drawing No" 1. The coulter gangs were

placed beneath the drawbars of the double disk furrow open-

ers supported by the lower shaft (1 1/2 in. xS pipe). The

lower shaft had a free running fit with Lhe bearing pipes

and the lower shaft support bushings. To prevent the

coulter gangs from moving from side to side, two locking

collars \^rere used. at each end of the bearing pipes. Before

the locking collars vrere locked, each coulter gang was lined

up with the double disk furrow openers. The upper shaft

(1 1/2 in. XS pipe) was run through the upper shaft support

bushings. The rotation linkages \^/ere f ixed to the upper

shaft and to the bearing pipes at the spacing shown in

Drawing No. 1. The hydraulic control lever was fixed to the

upper shaft and the hydraulic cylinder support was mounted
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on the drill frame.

3"7 " Analysis of Design

The d.esign of the machine elements.was determined

largely by the kinematic requirements. The actual sizing

of the members v/as based on materials that $/ere in stock

or were readily available. The design was further complica-

ted by the fact that the loading of the various members was

unknown.

The load.ing of the attachment parts would be deter-

mined by the loads transferred to the coulter gangs by the

penetration resj-stance force of the soil. The maximum load-

ing, neglecting impact loading, would occur if the sixteen

coulters were to support the total load.ed weight of the

press drill in a situation where there was no penetration

of the coulters due to extremely hard soil conditions.

Under these severe conditions the vertical load on each

coulter would be approximately 300 lb (full load capacity

of the drill plus total weight of the driIl). The positions

of the machine elements are shown in Figure 3.3"

The stresses were estimated for the machine elements

that $rere considered. critical. The allowable design stres-

ses are listed in Table 3 " 1 " These values \¡rere calculated

with a factor of safety of three (N = 3) based on ultimate

stress and using al1owable bearing stress equal to the allow-

able tensile stress" The torsional deflection allowed was

one degree per foot"
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HYDRAULTC CYLTIJDER

HYDRAULIC __-_>
CONTROL LEVER

UPPER LTFT ARM

COULTER GANG
DR.T\I{BAR

CONNECTTNG LINK-.-.->

LIFT

Figure 3"3. Machine elements in maximum load position.

LOVüER
ARM
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The Arsr specification for the materials used and

the properties of the pipes used are shown in Table 3.2

and Table 3.3, respectively"

TABLE 3.1. A1lowable Design Stresses (6)

Materials (AISI No.)

C 1020 steel, âs rolled.

C 1035 steelr âs rolled
C 1045 steelr ês rolled

riBil
S^

(kËi)

;

21

24

22

28

32

su
ss

allowable desiqn
allowable aesiJ.,

stress in tension
stress in shear

TABLE 3.2 . AISI Specifications for Malerials Used

Name Size AIST No.

Spacer

Coulter gang drawbar

Lower lift arm

Connecting link
Pin

Upper lift arm

Upper shaft

Hydraulic control lever

Column

Bracing

1" >6 pipe

3/8" x 3"

5/16t1 x ztl

5/16" x 2"

1/2" diameter

5/16" x 2u

1-1/2" XS pípe

3-5/16" x 2"

2-3/8" x 3"

3/4" x 3/4"

c 1020

c 1035

c 1045

c 1045

c 1020

c 1045

c 1020

c 1045

c 1035

c 1035
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TABLE 3.3. Properties of XS pipes Used

Nominal
diam.
in.

1

1-1/2

2

Outside
diam.
in.

1.315

1 .900

2 .375

Inside
diam.
in.

0.957

1 .500

1.939

I
in. 4

0. 106

0. 391

0.868

A

in.2

0.639

1.068

1 .477

r
in.

0.41

0 .61

0 "77

Thickness
in.

0 .179

0.200

0.218

3"7.1. stress anarysis of the coulter shaft assembry

rt was assumed that the coulter shaft spacers carry the verti-
cal loads " The coulter gang bol.t was assumed to carry no

load" The loading on the coulter gang \^/as assumed. as illus-
trated in Figure 3.4.

The coulter shaft assembly was assumed to act as a

continuous beam. The resisting force on each courter gang

drawbar was R.., = 600 Ib and acted as shown in Figure 3.4 .t)

Maximum moment = 300 x 9 600 x 7 + 300 x 3

= 600 in.-lb
^ -Mcomax - ï

_ 600 _ 1.315*- ilîõE* n --T-
= 3721 "70 psi

= 3"72 ksi

o =1r.3-'il
= 3 t(1'31s)3 - (0.9s7)31

= 0.116 in.3

S^ =VQÐI_5

*Value taken from Table 3.3"
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RO=600 lb CUTTIIIG DISK RO=600 1b

-l

I
I

300 lb

body diagram

300 1b 300 lb
t

of the coulter shaft assembly

GANG DRAWBAR

SPACER

Figure 3"

+
I

300 lb

4. Free

Ro2

RD=600 lb

the coulter

Mg=5485 in-Ib
BEARING PTPE

RB=600 lb

Figure 3"5. Free body diagram of gang drawbar.
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According to Table 3.1,

300 x 0.116
0"106* x (0"179* x 2j
91 7 psi

0.92 ksi

the coulter shaf ts \Á¡ere adequate.

3 "7 .2.

bars The free

Stress anal sl-s for the coulter an

body diagram for a single coulter gang

draw-

draw-

bar is shown in Figure 3.5.

Maximum force applied on the drawbar, RD = 600 lb
Ro1 

= :::.;;",:'
RO2 = 600 sin 33

= 326.78 lb
Maximum moment, MB = 503.20 x 10.90

= 5485 in.-Ib
r=Í"rut

1??
iZ " ã " 3-

= 0.84 in.4
r = (t/e) 1/2

" 1/2(0.8a/(É " 3))

= 0"964 in.

slenderness ratior | = ;%åi
= 12"62 (Column action can be

neglected)

*Va1ue taken from Table 3"3"
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q =$s*P"max I A=%ä!*W,
10084.93 psi

= 10.08 ksi

Comparing with Table 3.1 the coulter gang drawbars vlere

adequate.

3"7"3. St'ress analysis for the lower lift arms

The lower lift arms \^/ere made of two pieces of 5/16 in' x 2

in. c 1045 steel. Each 10wer lift arm transferred the l0ads

to each coulter gang drawbar. A free body diagram of the

lower lift arm is shown in Figure 3.6.

Maximum moment for each piece of the lower lift

arm, ¡h = 5485 in.-lb, Elh = 0;

F ^ x 6.875 = 5485cl
Fc1 = 797 '82 tb
o. =þc1ccos2

= 798.29 lb

Fcz = F. sin 2

= 27 "86 1b

r =l_ua3t¿
1 5 ^3_+x#x2-
t¿ ro

= 0.21 in. 4

SMcPmax =ï-.Ã
5485 x 1 27.86= æ1 - fr6-TZ

= 26163.15 psi

= 26"16 ksi

The lower lift arms were considered adequate"
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$=5485 in.-Ib

F 

"=798.29
Fc1 -è

D"Bx

Figure 3-6 Free body diagram of the lorn¡er lift arm

1/2" HOLES

Tc=1596.58

Figure 3.7 Free body diagram of the connecting link.

58 1b

BEARING

LOWER LIFT O* __\

=1596.
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3"7.4. Stress analysis for the connecting links

The free body diagram of the connecting link is shown in

Figure 3.7 " The total axial force applied to the connect-

ing link was

T =2Fcc

= 2 x 798.29

= 1596.58 Ib

Maximum tensile stress : €ftf#
= 3406.04 psi

= 3.41 ksi

Bearing stress - 1596t58 ï 16
0.5 x 5

= 10218.11 psi

= 10 "22 ksi

According to Table 3.1, the connecting links vrere ad.equate.

3.7.5. Stress analysis for the pins The pins v/ere

in a double shear condition. Total force acting on the pin,

Tc = 1596"58 lb"

Diameter of pin = 1/2 in.

sheararea =Ë t*1,

= 0. 19 6 ín.2
\7C=-i--SA

_ 1596"s8
2 x 0.196

= 4072.91 psi

= 4"07 ksi
According to Table 3"1, the pins were adequate"
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3"7.6 " Stress analysis for the upper lift arms

Each upper lift arm was considered separately. A free bod.y

diagram of the upper lift arm is shown in Figure 3.8.

The tensile force in the connecting link for a

single upper lift arm is F" = 798.29 Ib. Then, the bending

moment in each upper lift. arm is,

Mf, = F" cos 10 x 6.35

= 798.29 cos 10 x 6.35

= 4992"13 in"-lb
F ,. - F sin 10c4c

= 138"62 lb
_ 1 _3I =#bdt¿

1 __ 5 _ t3=E *T6 * ¿-

= O "21 in.4
- Mr': PS ---L-max I A

= 4992.13 x 1n=T I
= 23993.84 psi

= 23.99 ksi
Accord.ing to Table 3.1, the upper

1 38 .62
VTTx2

lift arms were adeguate.

3"7"7" Stress analysis for upper shaft A free

body diagram of the upper shaft is shown in Figure 3.9.

The torque transferred by each double upper lift arm vras,

T-2Mt

= 2 x 4992"13

= 9984.26 in.-lb
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¡L= 4992. 13 in.-Ib
UPPER SHAFT

UPPER LTFT ARM _------È-

\,v

,l'

I

I

Fc4

Fc5
Fc=798.29 lb

Figure 3.8 Free body diagram of the upper lift arm.

T=99 g4.26

r\ gg 8¿ .26 in._l
UPPER SHAFT

in;lb

21.

T=99 84.26

T=9984.26 in._L

an 
" -lb

tl

15a)

Figure 3.9 Free body diagram for torques on upper shaft.
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Then the total torque required, TT = 4 x 9984 "26

= 39937.04 in.-Ib

Consider point H as a fixed support.

Maximum torque on the shaft = 2 x 9984.26

= 19968 .52 in. -lb
S=Tc-s

l19968.52 x 0.95*-m
= 24258.43 psi

= 24 "26 ksi

The torques that would produce the maxj-mum torsional

deflection of the shaft u¡ere the torques at point C and D.

^TLË=--GJ
=9984.26x2x12x57.3

*
= 1.53 deg/ft

The maximum shear stress in the upper shaft exceeded

the allowable limit. The factor of safety N was actually

only 2.02. The deflection of the shaft exceeded the allow-

able deflection. In the field tests in severe conditions

the shaft did not show excessive deflection nor did it fail.

The actual loading was probabty less than the assumed design

loading" Impact loading might cause failure"

3"7"8" Stress analysis of the hvdraulic control

lever A free body diagram of the hydraulic control lever

ís shown in Figure 3.10.

*Value taken from Table 3"3.
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F^.,=3651.50 lb
vJ

F.y 
1

,I'' HOLE

Fcy2

HYDRAULIC CONTROL -\LE\rER

Figure 3.10 Free body diagram of

SHAFT

Tr=39937.04 in.-Ib

{/
Rilv

the hydraulic control
1ever.

F*-3651.50

Figure 3.1 1 Free body diagram of the column.
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The maximum moment for the hydraulic control lever,
TT = 39937.04 in"-lb

XDfu=0;
F^-_ cos 18 x 11.5 = 39937.0qcy

F = 3651.50 tbcy
E"Y2 = t"o sin 18

= 1128.38 Ib

r =irout
=+^ *i9* 23t¿ tO

= 0.625 in.4
S _Mc_p
maxIA

_39937.04x1, 11Ze.3B- --l.62s- * 1t6-xz
= 6450 1 .06 psi

= 64.50 ksi
Bearins stress = #ffi

= 3894.93 psi

= 3"89 ksi
The bearing stress for the hydraulic control rever

was below the allowabIe limit. The maximum bend.ing stress
was 64.5 ksí which exceeded the allowable stress (32 ksi).
Thus, for the hydraulic contror lever the d.esign factor was

reduced to 1"5" rn the field tests in severe conditions, the
hydraulic control lever d.id not fail nor did it show any

signs of failing. rn use either the press wheels or the
front wheer carrj-ed some of the total weight so that the
coulters never actuarly carried the total weight of the
dril1 

"
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3"7 "9. Stress analysis for the column and column

bracing A simplified free body diagram for the column is

shown in Figure 3.1 1. Pin connections have been assumed for

the analysis. The forces at the pin connections \.rere deter-

mined. analytically. The forces \^iere:

1b

1b

A

F
Ã

10102.03
0.75 x 0.75

sv 0/r)?
l;zE-r
ssf $s)2

4¡¡-rx 30 x 1O6f

- S 11e

'=s" tt
c-e = 17958"46 psi

= 17"96 ksi (allowable was 28 ksi)

Re = 1010 2 '03 lb

RAY = 6274"71

1998"33RAx =

For the bracing

ï

Slenderness ratio;

= L bd3

= b " 0.75 x 0.753

= O .026 in. 4

= 0. 75 x 0.75

= 0.5625 in.2

= tf,i1/z

r

(o .026/o .562Ð 1/z

0.215 in.

= 12.64õ;n'
= 59 (Column action must be considered)

1'yield stress in tension"
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For the column;

Consider

MD=

portion CD, moment at D is
2916.22 x 3 + 2197.53 x 12.75

36767.17 in.-Ib
1 -3
T'DO
1??
E* q=* 3"

1.6875 in. 4

The

factor for

ãMcomax = 
-

= 36767 .17 x 1 .5

-

r
= 32681.93 psi

= 32.68 ksi
bracing was considered adequate.

the column was reduced to 2.6.

The design

Material The materials required and their costs v/ere estim_
ated for the dri1l modification. A list of materials used
is shown in Drawing No. 1 and the estimated. costs aïe shown
in Table 3.4. The prices are for 1g7s and no rabor charge
is included- A very rough estimate of the man-hours used
for the construction and attachment of the modification
would be 90 man-hours. semi-skilled raborers with a know-
ledge of welding should be capable of assembling the attach_
ment"

3.8. Estimation of Cost of Malerials and euantitv of
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TABLE 3.4. Estimated-Costs and Material Quantities
Total
Amount

7.40 fr
8.50 fr

16 "50 fr
5.84 fr
0. 33 fr
7 "33 fr
0.75 fr

11 "42 fr
1 3.35 fr
17 "70 fr
5" 33 fr

16 only
I only

20 only
48 only
8 only
I only

36 only
56 only
8 only

16 only
16 only
I only

16 only

1 only
2 only

Estimated
Cost ( $)

9 .41
13.7 4

19"42

4.13
3.00
9 .16
0.75

14.80
12.89
9.53
1.15

304.16
131.70

1" 45

3.05
0. 80

1 .57
1.88
1.25
0.31
o .52
0.50
0.30
1 .44
3.00
5.00

54.00
38.72
10 .00

$6s7 .62

Materials

3 in" x 1-1/Z in. channel
2 ín" XS pipe
1-1/2 in. XS pipe
1 in. XS pipe
2 in. diameter steel rod
3/4 in. diameter steel rod
1/2 in. diameter steel_ rod
3/8 in. x 4 in. mild steeL
3/8 in. x 3 in. mild steel
5/16 in. x 2 in. mild steel
1/4 in. x 1 in. mild steel
17 in. diameter disks
bearings
1/2 in. x 1 in. cap scre\^¡s
5/16 in. x 1-1/4 in. cap screvizs
3/A in. set screvrs
3/4 in. nuts
1/2 in. nuts
3/e in. nuts
3/4 in. locking washers
1/2 in. locking washers
1/2 in. flat washers
3/16 in. cotter pins
1/Z in. x L-1/2 in. cap scre\^/s
Paint
lrlelding rods
Hydraulic cylinder
Hydraulj-c hoses
Gas for cutting
TOTAL: (Based on 1975 costs)



CHAPTER IV

SOTL RESISTANCE, HORSEPOWER AND THETR MEASUREMENT

The additional horsepovrer required to puI1 the modi-
fied press drill should be known in order to ensure adequate
tractor power. Horsepo!,/er d.epends on the drawbar purl and
the speed of operation. The drawbar purr depends on the soil
resistance and the contact area between the implement and the
soil. The contact area depend.s on the shape of the impr-ement
and the depth of penetration.

4"1" Þei1 Resistance Measurements

soil resistance may be determined by measuring the
penetration resi-stance of the soil. The penetrating element
may be a circular, rect.angular, flat or cone-shaped tip. fn
agricultural soil studies a cone penetrometer is frequently
used and the best known type of. soil penetrometer is the
Cornell Soil penetrometer.

The cornell soil penetrometer is a self-recording
device which is quite accurate, requires Iittle adjusting,
is light in weight and is simple to buiId. The construction
of the device is such that the recording pointer is posi-
tioned by the depth of penetration of the cone and the down-
ward force required to overcome resístance to penetration.
Thusr €rs the point is pushed into the ground, a curve of
force versus penetration is drawn. The mechanism consists
of two parts:

31
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i) a depth measuring element, and

ii) a force measuring element.

o measure the depth of penetration, the chart
board is supported on a foot which rests on top of the ground,
while a pointer, attached to the probe, rnoves down a distance
equal to the depth of penetration. The force measurement is
based on the fact that deflection of a spring is di-rectry
proportional to the force applied (12) . Several samples can
be quickly taken and recorded on the same chart without
confusing the individual traces (by using different colors
of pens) (12') " However, accuracrz of the penetrometer depends
on soil moisture content. Maxj_mum accuraclz will be ol:tained
when soil moisture content is about 20 percent (13).

The American society of Agricultural Engineers
recommends for field use a 3o-degree circular cone penetro_
meter drj-ven through the soil at a rate of 72 inches per
min.ute (10).

4"2. Horsepower Measurements

The horsepower required for the drill was deter-
mined using a recording hydraulic d.rawbar dynamometer. por.¡er

is the product of drawbar pu11 and operating speed. A record-
ing hydraulic drawbar dynamometer was available to measure
and record these two variables. rt consists of a hydraulic
cylinder which converts drawbar pull into pressure which is
recorded on a pressure recorder. The recording chart moves
at a speed proportional to the ground speed. Thus, the
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recording chart records both pressure (for drawbar pu11)

and distance travell-ed in a known time (for speed) at the

same time. In the field. tests the drawbar dynamometer cart

\,vas connected to the tractor and the drill was connected to

the rear of the drawbar dynamometer cart.

Figure lt4 The arrangement of the
bar dynamometer and the
field Lests.

tractor, the drarv-
machine in the

Horsepower can be determined bv the followinq esuation:

r¿--- P K-u d, Acy ' ^clr ( 4. 1)
" 11 t,

where:

Ërn.,ì-

Kcy

P

norsepower

hydraulic cylinder constant (lb/psi), determined

by static calibration

pressure reading from pressure recorder (psi)
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Kch = chart constant (fL/in.) determined by calibration

before and after testinq

d = chart distance (in.)

K = constant, 550 fL-Lb/ (sec/hp)

t = time (sec)

The additional horsepower required f,or the coulters

\^ras determined by subtracting the horsepo\^7er requj-red for

the double disk furrow openers from the total horsepower

required when both the cutting coulters and the double disk

furrow openers \^/ere used.

hrr =hp. -hp-
AL

(4.2)

where:

hpa additional horsepower required for the coulters

hpt total horsepower (coulters and furrow openers)

hpf horsepower required for the'doub1e disks furrow

openers

The uncertainty of the horsepower calculations was

determined as follows:

*nn = [{ew.o) 2 + (ewn) 2 + (cw"n)2 + (Dwd) 2

+ (EWr) 211/2 (4.3)

where:
W-- : uncertainty of horsepower' hp

np

W--- = uncertainty of hydraulic cylinder constant,cy
Ib/psi

W = uncertainty of pressure, psi
p

W-- = uncertainty of chart constant, fL/rncn
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T¡1

o

W.c

A

uncertainty of chart distance, in'

uncertaintY of time ' sec

?lP = n5"þu (hp-ps i/Lb)ð^"o K t

B

D

ôhp Kcv P d
:

âKch K t

ôhp
âP

âhp= ãã:

âhp
- -ÃÌ-

.d.t:.

arlr-¡fr ¡rz Il ¡- l-t u

Kt

wÞT{,
U Y 9¡¡:' ar+ÀL

(hplpsi)

(hp-in . /ft)

(hplin. )

where:

W

W,
E

W.
T

= uncertainty of additional horsepower required

for the coulters

= uncertainty of total horsepov'rer (coulters and

furrow openers)

= uncertainty of horsepower required for double

disk furrow openers '

K"v P Kch d
= - ffi (hp,/sec)

The uncertaintY

determined as follows:

w, = (oo?*w2rl\/z

of the additional horsepower can be

(4. 4)



CHAPTER V

TESTING PROCEDURE

5.1. General- Approach

The experiments to determine the additionaf horse-

power required for the cutting disks were repeated three

times in two different soil conditions. The soil condi-

tions were very fine sandy loam at Carman and Red River

clay at Glenlea. Two tests were done at GIenIea with and

without extra weight on the dril-l. The purpose of adding

the extra weight on the dril-l was to achieve penetration

of both cutting disks and doubl-e disks furrow openers.

In the field tests the drill was l0aded with fertili-

zer to simulate one half of the fu]l load capacity of the

d.rilt. The aeþtfr of penetration was measured by mounting

an indicator on the drill-. The scale reading was determined

hrz a stat'i r: calibration (Figure 5. 1) .

5.2. Measurement of Soil Resistance

Soil resistance was measured by a Cornell soil

penetrometer. Measurements vfere taken randomly at both

locations to give a representative soil resistance for each

field. The soil penetration tests \^¡ere done on the same day

as the horsepovùer measuïements, except for the first test at

Glenlea, where the soil penetration tests were done one day

later. Average soil resistances at depths of 0.5, 1.0, 1.5'

2.0, 2.5 and 3.0 inches were evaluated. The averagfes of

36
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Figure 5.1. penetration depth indicator.

soil resistance were expressed j-n terms of cone rndex
(C.T., psi) .

prior to the field measurements, the penetrometer
was calibrated by applying a force to the cone bearing on
a platform scar-e. The relationship between the force on
the cone and the deflection of the pen was determined usinq
a linear regression analysis. The rer_ation was:

F-35.73x+7.90 (s.1)
where:

F - force required to deflect the pen ( lb)
X - deflection of the pen due to force F (in.)
cone areas of 0-2 and 0.5 in-2 were used. The soil

resistance can be expressed as:
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Soil resistance (C.f., psi) = (35.7 3 X +

7eo)/0.2 (5.2)

When the 0.2 in.2 cone was used or

SoiI resistance (C.I., psi) = (35.73 x +

7 .e0) /0.s (s .3)

' when the 0.5 in.2 cone was used.

5. 3. Horsepower Measurement

The horsepower was measured using a hydraulic record-

ing drarvbar dynamometer. The horsepower required for the

cutting disks was determined by subtracting the horsepower

.r-n anar=+^ \,vith the double disks from the horsepower requireduu u |'Jg! q LE !v r L¡r Lrrç su uu

to operate both the double disks and the cutting disks. The

penetration depth of the cutting disks was varied from zero

to maximum depth to determine a relationship between the

horsepower required and. the depth of penetration.

The dynamometer was calibrated before testing. The

l-ì-,¡--,.1 ì ^ nrzljnflg¡ constant K^__ was 4.65 1b/psi. f n each',-yu!au!rv -.Cy

test a chart calibration was done with a field distance of

200 feet. The chart calibration was the average of four

runs before the horsepower testing and four runs after the

horsepower testing.



CHAPTER VI

RESULTS AND DTSCUSSION

6.1 " Machine Performance

The machine was constructed in the spring of 1975.

The add.ed parts are shown in blue in Figure 6.1. As soon

as the modification were finished, the drill was used for
zero-til1age plantíng" The performance of the machine was

observed on the Glenlea research farm.

The coulters \dere able to cut through heavy trash

and open a track for the furrow openers to place the seed

into the soil. The machine performed adequately the func-

t,ions which were required. for a zero-ti1lage planting

machine. Very little surface soil disturbance was observed.

For sharp turns of the machine the coulters and furrow

openers had to be lifted from the soil to prevent damage.

The depth of penetration of each coulter was the

same (from a level surface) and fixed during operation; if
the machine was operated on a rough soil surface the coul--

ters would not penetrate uniformly into the soi1. In an

extremely rough surfaced fie1d, some coulters may not be

able to touch the soil surface even if the coulters were

in the maximum depth position. However, this problem seems

to be not too serious a problem for zero-tillage because

zero-tilled soil surfaces are relativelv smooth and even.

39
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Figure 6.1

6.2. Additional Horsepower Required

The soil at Carman, Manitoba was very fine sandy

loam with the soil resistance at 0.5, 1.0, 1.5, 2.0, 2.5

and 3.0 inches deepr âs shown i¡ Table 6.1. The tests were

done at averagle speeds of 3.5B mph and 5.i4 mph. During the

tests the cutting coulters penetrated easily into the soil.

The results of the horsepower testing are shown in Table

4.4.1, Table 4.4.2 and Figure 6.2. The relationship between

the additional- horsepower required for the cutting disks and

the depth of penetration is shown in Figure 6.2. At the

operating speeds of 3.58 mph and 5.14 mPh, the relationship

between the add.itional horsepower reguired for the cutting
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disks and depth of penetration were hp = 1.36 x Depth and

hp : 1.63 x Depth, respectively. The standard errors for

the regression equatíons were !0.25 and 10.31 horsepower

ñôr i n ¡lr ¡6qnan{- ì r¡a'l rz
|/gI ¿I¡U¡I, !çrYgULrvçrJ

For the Red River clay soil at Glenlea, the first

test failed to achieve good penetration because the soil was

too hard (rable 6.1). The coulters were lowered but the hard

soil prevented penetratíon. The whole frame of the drill was

lifted so that the front wheel, the furrow openers and the

press \dheels L^iere almost lifted from the ground.

The depth indicator attached to the dri1l frame did

not indicate the actual depth of penetratj-on. Nevertheless

testing was completed as shown in Table 4.4.3 and the

relationship between additional horsepower and indicated

depth was hp = 1.84 x Depth for an average speed of 3.32 mph

(Figure 6.3). The standard error for the regression equation

\das !0.22 horsepower Per inch.

To achieve adequate penetration the dril.l was ballas-

ted with 960 pounds of additional weight and the tests were

rênêât,cd ^ The soil resistance is shown in Table 6.1 and the
! vves evs .

results are shown in Tab1e 4.4.4. Good penetration of the

coulters was obtained and the relationship between the addi-

tional horsepower and depth of penetratíon was hp = 2.04 x

Depth for an average speed. of 3.67 mph (Figure 6.4). The

standard error for the regression equation was !0.20 horse-

power per inch.



From the results above it was

additional horsepo\¡ler required for the

as the depth of penetration, the soil

speed. This information could be very

selection for zero-til1age use"

Location
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clear that the

cutting disks varied

type and the ground

useful for tractor

TABLE 6.1. Soil Resistance at Carman and Glenlea

Average Soil Resistance (psi) *
Depth from Surface (in. )

Carman

Glenlea

Glenlea

#1

#z

0.5

142

366

334

1.0

226

550

559

1.5

273

6s6

649

2.0

304

736

674

2.5

334

788

697

3.0

363

827

709

*Measured by Cornell Soil Penetrometer (Cone Index, psi).
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Figure

and

at

6 "2 Relationship between depth of
additj-onal horsepower required for
Carman (very fine sandy loam soil).

penetration

coul-ters
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Figrure 6.3 Relationship between indicated depth of
penetration and additional horsepovrer required

for coulters at Glenlea (ne¿ River clay soil)
without additional weight on the dri1l.

hp = 1.85 x DEPTH

Average speed 3.3 mph
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Figure 6.4 Relationship between depth of penetration
and additional horsepower required for coulters

at GIenIea (red river clay soil) with 960
pounds additional weight6on the dril1.

hp : 2.04 x DEPTH A

Average speed 3.7 mph.
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CHAPTER VIT

CONCLUSIONS

The zero-tillage planting machine designed was found

to be practical for zero-tillage operations. Machines simi-
lar to this machine could be made available for zero-tillage
operations either by commercial manufacturers or by enterpris-
ing farmers" The adaptation of the basic machine vras simple
and was completed in about three weeks by two men. The cost
of the adaptation was comparatively low ($660.00 not includ-
ing labor cost) " All of the purchased components \,,üere readi-
ly available at 1ocal suppliers.

Ihe additional horsepoi,üer requirements for the cutting
disks were not high even for the very hard soil (berow 10 hp).
Any available tractor that would normally be used with an

unmodified press drilI could be used for zero-tillage opera-

tions.

Another advantage of the zero-tirlage planting machine

\Â/as that it could be used for both conventional and zero-
tillage purposes. For a conventional tilrage purpose, the
cutting disks would be lifted into transport position permit-
ting the machine to work as an ordinary drill. However, the
machine may not be suitable for all types of soil. It
functioned efficiently with light to medíum textured soil but
had difficulty in penetrating heavy soil.



CHAPTER VIII

RECOMMENDATIONS FOR FUTURE STUDY

The main purpose of thís study was to design a zero-

tillage planting attachment for a standard press dril-l.
Further develoments and studies are needed for zero-tillaqe
cultural methods

Recommendations for future study are as follows:
1. Automatic depth control for each cutting disk

would be essential for fields with very rough surface condi-

tions.

2. Limitations of the machine on different types of
soil should be studied more thoroughly.

3" Comparison of costs and benefits for conventio-

nal methods versus zero-tillage methods should be done.

47
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ÎABLE A.1 Calibration constants

Location

Carman

Glenlea #1

Glenlea #Z

K.y
( Ib d.rawbar puIL/

psi cvlinder pressure)

4 " 65

4.65

4.65

Kch
(ft ground Lravel/
in. chart travel)

16 .61

16.67

16 .63

TABLE A.2.1 Raw data for horsepov¡er measurements aL

Carman f or 3.5I mph average speed of operat.ion

Average Depth of
Penetration
of Coulter

Run No. (in. )

ols
1.0
1.5
2.0
2.0

0.5
1.0
1.5
2.0
2.1

2.1
1.7
1.0
0"4

1

2
3
4
5
6
7
I
9

10
11
12
13
14
15
16
17
18

Time
( sec)

14.95
23.79
25.78
21.30
21 .39
24.15
19.34
19.72
20.24
20. 30
21 .39
20.11
14.57
15.s9
15.11
16.72
20"0s
17"s0

Chart
Distance

(in. )

5.03
8.03
8.41
6.63
6.69
7 .13
6. 13
6 "26
6 .50
6.31
6 .47
6.21
4.66
4.71
4.75
5. 31
6"s0
5.50

Average
Pressure

(psi)

65
75
85

120
120
150

70
75
85
95

140
t55
60

150
100

70
70
65
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TABLE A.2.2 Raw data for horsepower measurements at
Carman for 5. 1 4 rnph average speed of operation

Run No.

1

2
3
4
5
6
7
I
9

10
11
12
13
14
15
16

Averaqe
Depth -of

Penetration
of Cou].ter

(in.)

0. 38
0. 88
1 .38
2.00
2.56
2.56
2.08
1.s6
0. 78

0. 88
1" 48
2.08
2.58

Distance
(in.)

6.91
7. 30
7 .63
8.03
8.22
7.93
7.08
7 .16
8.54
7.00
6.72
6 .32
5.47
4.84
6 .16
4.34

Average
Pressure

(psi)

90
80
95

120
135
180
170
130

85
75
70
85

105
13s
170

75

Time
( sec)

14.70
15"60
16 "23
17 .72
18.41
19.10
17.20
16.1s
18.06
14.61
1 3.90
13.59
12.00
10.71
14.49
9.s3



53

Run No.

TABLE A.2"3 Raw dat.a for horsepower measurements

at Glenlea without additional weight on the dri1l
(average speed : 3.32 mph)

Average
IndicaLed
Depth of

Penetration
of coulter

(in.)

1

2
3
4
5
6
7
I
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

:
0.5
0"9
1.3
1.6
1"7
1.7
1.3
1.0
o:u

0.5
0.9
1.2
1.7
2.0
2.2
2.2
1.9
1.6
1.0
o:t

Time
(sec)

22 "75
16.62
17 .16
20.01
19.29
16 .68
21 .72
19.28
14 .67
14.25
17.17
15.39
16 .11
16.43
15. 40
14.17
14.82
13.24
15.82
14.80
14.63
15.80
14.22
14.11
15.90

Chart
Distance

(in. )

6.79
4 .97
5.00
5.50
5.63
5. 00
6.25
5.6 4
4.09
4.22
5.05
4.63
4.93
4. 85
4.52
4. 13
4.28
4.00
4.38
4.06
4.10
4.63
4.13
4. 31
4.81

Average
Pressure

(psi)

80
65
95

160
125
160
175
200
160
120
115

85
90

100
125
150
160
175
170
200
170
140
135
110
100
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Raw data for horsepo\der measurements at

Glenlea with 960 pountls ad.ditional

weight on the drill
(average speed = 3.67 mph)

Run No.

1

2
3
4
5
6
7
I
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

Average
Depth -of

Penetration
of Coulter

(in. )

0. 40
0.78
1.15
1 .65
2.00
2.00
1 .65
1.15
0 "75
0.32

0. 43
o.73
1.18
1.73
2.0 B

2.08
1.73
1.23
0. 73
0. 48

0.53
0.9s
1 .51
1.83
2.13
2 .13
1 .83
1.33
0.88
0.53

Chart
Distance

(in.)

6.72
6.03
6.0 4
5.38
5.25
5. 3s
5.06
s .06
4.44
4 -75
4. 69
4.52
4.69
4.75
4.56
3.9 4
4. 10
4.44
4.27
4 .22
4.26
4.63
4.56
3. 85
3.88
4.16
4.13
4 .69
5.52
4 .19
4"00
3.68
3.81
4"40

Average
Pressurer l_me

( sec)

17.52
i8.88
1 8.49
16.22
16.65
16 .47
15.19
15. 50
14.00
15"38
14.62
13.57
14.38
14.82
14 .72
12.74
13.05
14.13
13.02
12.85
12.7I
14.48
13.90
11.85
12.18
13.28
12 .80
1 4.90
17.00
12. 80
12.00
11.00
11.48
13"12

(psi)

70
105
120
110
130
175
150
135
105
130

85
85
90

110
120
170
200
190
160
125
120
100

85
95

115
195
175
210
220
160
1i5
14s
105

90
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4.3 Samp1e Calculation of Horsegower

The horsepower equation was given by eq. 4.1

K PK d
hP =j\.9!--

From Table A.2.4 for run number five;

t = 15.65 sec

d = 5.25 in.

P = 130 psi

From Table A'.1;

K_-- = 4.65 lblpsicy
K-- = 16.63 fL/in.cn

and K = Constant = 550 fiu-l-,b/ (sec/hp)

thus;
. 4.65 x 130 x 16.63 x 5.25
hñ="r 550 x 15.65

hp = 6.1 3 hp (tabulated in Table 4.4.4)

The calculated horsepower are tabulated in Tab1e

4. 4. 1 , Table A.4.2 , Tab1e A'. 4 . 3 and Table 4.4.4, The additio-

nal horsepo\,rer required for the cutting disks is:

hP" 

= li;,--'l:,,
= 

2.31 hp (tabulated in Tab1e l\.4.4)
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TABLE 4.4.1 Horsepower measurement at Carman

for 3.58 mph average speed of operation

Run No.

Average
Depth of

Penetration
of Coulter

(in.)

0.5
1.0
1.5
2.0
2.0

0.5
1.0
1.5
2.0
2"1

2.1
1.7
1.0
o:u

Average
Ground

Speed
(mph)

3. 81
3.83
3. 70
3.53
3.54
3.34
3. s9
3.59
3.63
3.52
3 "t12
3" 44
3.62
3 .42
3. 56
3.60
3 .67
3.56

Total
hp

3.07+
3 .51
3.90
5.25
5.25
6.21
3.11*
3.34
3.83
4.14
5.94
6 .62
2.69*
6.37
4.41
3.12
3.18
2.87*

Additional
hp

0.57
0.96
2.31
2.31
3.27

0. 40
0.89
1.20
3.00
3.68

3.43
1 .47
0.18
0.21+

1

2
3
4
5
6
7
I
9

10
11
12
13
14
15
16
17
18

*Average horsepower required for furrow openers = 2.94 hp
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TABLE A.4 .2 Horsepower measurements at Carman
for 5.14 mph average speed of operation

Run No.

Average
Depth of

Penetration
of Coulter

(Ín.)

0.38
0.88
1 .38
2.00
2 .56
2 .56
2.08
1 .56
0.78

0.88
1" 48
2.08
2.58

Average
Ground

Speed
(mph)

5.33
s. 30
5.33
5. 13
5.06
4.70
4 .66
5.02
5. 35
5.43
5.48
5.26
5. 16
5.12
4.81
5.15

Total
hp

5.94*
5.26
6.27
7.64
8.47

10.50
9.83
8.09
5.64
5.0s
4.75*
5.5s
6.72
8.57

10.15
4.79*

Additional
hp

0. 10
1 .11
2. t+g

3.31
5"34
4 .67
2.93
0. 48

-0.11

0. 39
1 .56
3.41
4 .99

1

2
3
4
5
6
7
I
9

10
11
12
13
14
15
16

*Average horsepower required.for furrow openers = 5.16 hp
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Horseþower measurement at Glenlea without

additional weight on the dri11

(average speed = 3.32 nph)

Run No.

Average
Indicated
Depth of

Penetration
of Coulter

(in.)

o.s
0.9
1.3
1.6
1.7
1"7
1.3
1.0
o-u

0.5
0.9
1.2
1.7
2.0
2.2
2.2
1.9
1.6
1.0
0.5

Averagie
Ground

Speed
(mph)

3. 39
3. 40
3. 31
3.12
3.32
3.41
3.27
3.32
3.1.7
3.37
3" 34
3.42
3.48
3. 36
3. 34
3. 31
3.28
3.43
3. 15
3.12
3. 19
3.33
3. 30
3.47
3.44

Total
hp

3. 37*
2.7 4*
3.90
6.20
5.14
6.76
7 .10
8.25
6.29
5 .01
4.77
3.60 *
3.88*
4.16
5 .17
6 .16
6.51
7.t+5
6.63
7.73
6 .71
6.78
f.f,J
4.74
4.26*

Additional
hp

0.33
2 .63
1 .57
3.19
3.53
4.68
2.72
1 .44
1.20

0.59
1.60
2.59
2.9 4
3. 88
3.06
4 .16
3.14
2.21
1.96
1 .17

1

2
3
4
5
6
7
I
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

*Average horsepower required for furrow openers = 3'57 hp
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Horsepower measurements at GIenIea with
960 pounds additj-onal weight on the dril1

(average speed = 3.67 mph)

Run No.

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

Average
Depth of

Penetration
of Coul-ter

(in.)

ol,ro
0.78
1.15
1 .65
2.00
2.00
1.65
1" 1s
0.75
0 .32

0.43
0 " 73
i.18
1.73
2.08
2.08
1.73
1.23
0.73
0.48

0.53
0.9s
1.s1
1.83
2.13
2.13
1.83
1" 33
0.88
0.s3

Average
Ground

Speed
(mph)

3. 70
3 .62
3. 70
3.7 6
3 .80
3.68
3.78
3.70
3.60
3. s0
3.64
3.78
3. 70
3"64
3. 51
3. 51
3. 56
3.',56
5. t¿
3.72
3.78
3.62
3.72
3.68
3.61
J. f,f,
3.66
3.57
3.6I
3.71
3.78
3.79
3.76
3. 80

Total
hp

3.12*
4.72
5.51
5. 13
6.13
7.99
7.03
6.02
4.68
s.64
3.83
3.99*
4. 13
4.96
5.23
7 .39
8. 83
8. 39
7.38
s.77
5.62
4. 50
3.92,t
4.34
s. 15
8.59
7.94
9.29

10.04
7 .36
5. 39
6.82
4"90
4.24*

Additional
1^^r r¡1

0.90
1 .69
1.31
2 .31
4 .17
3.21
2.20
0. 86
1 .82
0 .01

0.31
1.14
't.q1
3 .57
5 .01
q .57
3.56
1 .95
1.80
0.68

0.52
1 .33
4 .77
4 .12
5.47
6.22
3.54
1 .57
3.00
1.08

1

2
3
4
5
6
7
I
9

10
11
12
13
14

*Average horsepower required for furrow openers = 3.82 hp
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ERROR ANALYSTS

The uncertainty of the hydraulic cylinder constant

(W"y) was the standard error of the hydraul-ic cylinder cons-

tant (K^--) . The uncertainties of the chart constants (W"fr)
cy

were the standard errors of the chart constants (K"fr) - The

uncertainties of the pressure readings (I¡Ip) , chart distances

(Vûa) and time= (Wt) were estimated f rom the scale readings.

They are listed in Table 8.1.

TABLE 8.1. The uncertainties-- con-stant (W^-,) , the chart
pressurërreadings (Wp)

distances (w¿) and the

of the hydraulic cylinder
constants (!tI.¡) , the
, the chart v¡

times (i,jt)

Location

Carman

Glenlea

Glenlea

fÍ"cy
( rblpsi)

r0.009

10.009

10.009

f¡lttch
(fL/írl.)

10.051

10.020

r0.0i8

!v
.t/

(psi)

r10

r10

r10

wd
(in.)

t0 " 0 3125

r0 .0 3125

t0 . 0 3125

wt
( sec)

t0. 1

r0. 1

r0. 1

#1

#2

8.2 Sample Calculation of the Uncertainty of the Horsepower

The equation for the uncertainLy of the horsepower

calculation was given bY eq. 4.3.

wr",., = [ (Awcv) 2+ (s wo)2 + (cvtdl)2 + {uvu)2 + lø,tr)2]1/2IrP L;y y

A - PK.h ð,/K L

B = Kcy Kch d/K t
C=K""Pd/KL
o = K"y P Kch,/K t

)¡ =-Kcy PK.h d/K E'
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From Table A"2.4 for run number five (sample calcul-

ation of hp from appendix 4"3)

130 x 16.63 x 5.25A-

B_

=

D_

550 x 15.65

1.319

4.65 x 16.63 x 5.25
550 x 15.65

0.0 47

4.65x130x5.25
550 x 15.65

0.369

4.65 x 130 x 16.63
550 x 15.65

1.168

4.65x130x16.63x5.25f,=- 550 x (15.65)¿

-0 .392

*hp = t(1.319 x 0.009)2 +(0.047 x 1o)2 + (0.369 x

o.01g)2 + (1.168 x 0 .0312il2 + (-o.3g2x 0.1)211/2

The uncertainty of the additional horsepower can be

determined by eq. 4.4.

The uncertainties of both the total horsepower and

the add.itional horsepower v¡ere relatively high and uniform

over the range of horsepowers calculated. This was so

because of the high uncertainty of the pressure readings

(ttO psi). The average of the uncertainties of the total

horsepower and the additional horsepower are shown in Table

8.2 "
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TABLE 8.2 Averagre uncertainties of the total
horsepower and the a er.

Location

Carman
(3.58 mph)

Carman
(5.14 mph)

Glenlea #1

Glenlea #Z

Average !V6n
np

0. 45

0.64

0 .42

0. 46

Average Wr^
- I¡Pã

hp

0.63

0.91

0 " 59

0.65
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