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The Study on Factors Affecting Performance of a Single Shank
Vibrating Subsoiler

Anaudeg Insduysdnd ¥ duens dunsaassel
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ABSTRACT

A Single Shank Vibrating Subsoiler using the hydrostatic system was built for the
reduction of vibration which caused rider’s discomfort and premature failures of tractor’s
components. It consists of one blades attached to an unbalanced mass shaft which was
driven by hydraulic motor. The system was powered by a PTO shaft of a 50 hp tractor.
The experiments were conducted in sandy clay loam soil of 20.60% (db) moisture
content, 1.66 g/cm’ dry bulk density and 2.58 MPa cone penetration resistance at two
forward speeds (1.39 and 2.09 km/h), four oscillatory frequencies (0, 7, 9 and 11 Hz), two
tillage depths (30 and 40 cm) and a constant oscillatory amplitude of 36.5 mm.
Comparing between the oscillatory and non-oscillatory modes, it was found that the
oscillatory mode gave a maximum reduction of draft force by 32.69% at 11 Hz oscillatory
frequency 2.09 km/h forward speed and 30 cm tillage depth. However, the oscillatory
mode resulted to 120.55% increase in total power, 19.77% reduction in soil disturbance
and 21.99% reduction in dry bulk density. Draft force, total power and soil disturbance
increased with increase of forward speed and tillage depth. As a conclusion, the forward
speed, oscillatory frequency and tillage depth significantly affected the draft force, total
power and soil disturbance. The tractor seat vibration was reduced by 32.14% - 34.22% at
the same of forward speed, oscillatory frequency and tillage depth in the hydrostatic
power transmission system as compared to the mechanical transmission one. The
optimum operating parameters were evaluated by means of questionnaire. The relative
importance of parameters was first determined and later used to calculate the weighted

arithmetic mean of user satisfactory index. The maximum value was found to be 3.372
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which corresponded to 2.09 km/h forward
speed, 30 cm tillage depth and 9 Hz

oscillatory frequency.

Key words: Hardpan, Single Shank Vibrating
Subsoiler,Hydrostatic power transmission

system
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Figure 1 The general Single Shank Vibrating Subsoiler and Isometric drawing

Source: SgyatazAy (2539)
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Figure 2 The schematic diagram of hydraulic system for installation on a single shank

vibrating subsoiler
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Figure 3 The schematic diagram for installation a vibrating controller and the measuring

equipment on a single shank vibrating subsoiler
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Figure 4 The Free-Body Diagram of a Subsoiler which is connected by tractor.
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Table 1 The treatment combinations for testing the efficacy of vibrating subsoiler

Forward speed

frequency of oscillatory

Tillage depth

Treatments
(km/h) (H2) (cm)
1 Low1l 0 30
2 Low1l 7 30
3 Low1l 9 30
4 Low1l 11 30
5 Low1 0 40
6 Low1 7 40
7 Low1 9 40
8 Low1l 11 40
9 Low?2 0 30
10 Low?2 7 30
11 Low?2 9 30
12 Low?2 11 30
13 Low?2 0 40
14 Low2 7 40
15 Low?2 9 40
16 Low?2 11 40
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Table 2 Factors which influent the efficacy of a single shank vibrating subsoiler

Treat  Draft force Seat Dry bulk Soil Total Theoretical
Acceleration  density disturbance power field capacity
ment (kN)

(m/s?) (g/cm?) (cm?) (kw) (rai/h)
1 10.63 1.745 1.52 1,400.31 4.1 0.868
2 9.44 1.892 1.31 1,298.76 7.71 0.868
3 8.36 1.83 1.29 1,268.45 9.18 0.870
4 7.70 1.782 1.15 1,136.46 12.55 0.869
5 13.17 1.811 1.49 1,482.32 5.08 0.869
6 12.34 1.924 1.28 1,303.06 10.44 0.867
7 11.52 1.882 1.24 1,220.84 13.02 0.870
8 10.15 1.869 1.13 1,187.76 15.59 0.868
9 12.48 1.513 1.41 1,577.66 7.25 1.306
10 10.24 1.699 1.23 1,464.67 10.9 1.307
11 9.06 1.6 1.2 1,378.85 12.44 1.307
12 8.40 1.52 1.1 1,265.8 15.99 1.308
13 14.27 1.566 1.43 1,620.54 8.29 1.310
14 13.49 1.683 1.18 1,560.76 14.54 1.308
15 12.69 1.621 1.14 1,498.73 17.1 1.306
16 11.75 1.551 1.01 1,445.61 19.77 1.308

Note: Average of 3 replications.
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MsFuRLTY vnzduiinnud 11 18599 seiu
AUAN 40 s finuEy Low 2 ldidasu
uinfige 19.77 Alafed wazanmidilumis
wasuTivassaunsnees wazaudnlunisla
uTuardanaliaiads mdssfuiune
wuulodunarliduvasyinie wasaudly
nMsduiiutuazdsmaliannasfdasauiuiu

dlodnszdnansenuresdvsnasiy
2 Jafeuseneusmenguil 1. anudlunisdu

wazauaniunisla wuin Wemudiiiuiy
9 0 Bsnd (Lifinnsdu) auiis 11 1F50d 7
STAUANNBNRLINY MAITI TANULANAAU
warfinudlunisdussduiontu muanly
nslaufisduann 30 wu. 1y 40 ¥y, Adssa
finuuanaiedy Taeaaualunisau 11
Bsnd Anuantunisla 40 au.azldnassiy
inilgn 17.675 Aladnd (Table 3) nguil 2.
ANMULSIsaLnInAesLagAuanlunisha
wut wemudnlunisladudiy fieuidase
WNSALMBSIEAULAYIAUNIEITINTAINUULAN
A1y wazfimanudnlunislaseiuiieniu
AuEIsounsesfiuduain Low 1 1y
Low 2 AM8953UTAINULANAISULAYIAY
Tnefinuidisaunsnines Low 2 mwanly
msla 40 wu. agldmdasmmniian 14.928
Alaine (Table 4)

1.3 Wufin1suandavesdu (Soil
disturbance)

fufimsuandvosiuiiuun gy
HonnuBunsnmesifiudustsnuuailodu
warldduvasyhau Tnefirudsounsnmes
Wuduain Low 1 10U Low 2 aadefiud
AsuANFvesAuULiNtY 8.70-21.71% way
anwanlunslostuiuultyildiuinng
wnfvesmudiuty Tnefinudnlunisloiy
Fuan 30 wu. Ju 40 vy, Anedeiufing
LANFAVEIPULANTY 0.33-14.21% THauuuD
Tadunasliiduvazyiay

fuinsuandvesiufiadesaile
anudlunisdugeiuain 7 Baed 1u 11
Bnd TiseduAnuan 30 uay 40 T N1SEU
fimnud 11 1dsndanudnlunisla 30 au.
ANUEITIUNTIABY Low 1 flufinisuanda
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Table 3 The relationship between frequency and tillage depth influent a total power

Tillage depth (D) DIFF
Frequency (F) F-MEAN
D1 =30 cm D2 =40 cm

F1=0Hz 5672 d 6.695d 6.183 -1.023"
F2 =7 Hz 9.303 ¢ 12.488 ¢ 10.896 -3.185"
F3 =9 Hz 10.807 b 15.058 b 12.933 -4.252"
F4 = 11 Hz 14.268 a 17.675 a 15.972 -3.407"
D-MEAN 10.013 12.979 11.496 -2.966

Note:**= significant at 5% level
Means in the same column followed by a common letter are not significantly different at the 5% level
by LSD

Table 4 The relationship between forward speed and tillage depth influent a total power

Forward speed (S) DIFF
Tillage depth(D) D-MEAN
S1 = 1.39 km/h S2 = 2.09 km/h
D1 (30 cm) 8.384 11.641 10.013 -3.257"
D2 (40 cm) 11.030 14.928 12.979 -3.898"
S-MEAN 9.707 13.285 11.496 -3.578
DIFF -2.646" -3.288" -2.967

Note:**= significant at 5% level

Comparison S.E.D. LSD (5%) LSD (1%)

2-5*D means 0.116 0.237  0.319

maqﬁuﬁmﬁaaﬁqﬂ 1,136.06 95.0 Tuvned
AuSunsnees Low 2 laldfinsdu 4
adEnlunsla 40 v fiufinisupndvesdiu
ﬁﬁmmﬁqﬂ 162050 54 usnanidield
AuEunsnees Low 1 laldfinnsdu 4
auanlunisle 40 su.foSeuiivuiv
wuuladuiinaud 11 1Bsnd Auss way
AUENSEFULTEIRY WU Rufin1suanéa
suaaﬁumﬁmﬂumnﬁqm 19.87%
Nansynuvesandnasiu 3 Uady
Usgnousne nauil 1. avaidaunsnmes Low 1
Aualunsdufinduain 0 185nd auds
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SEUAIUR WATisERUAINLEN 30 Wl. AILE
Tunnsdu 7 18909 wag 9 1Bsnd Hufinisuan
Fvosiulifinuunnsedy wasiissaua
a0 40 wu.Audlun1sdu 9 §seduay 11
B50d fuinsuanfvesiuliiinnuuansig
wudety fendnlunslafistuann 30 @,
Wy 40 wu finudlunisdussaulieaty
fufin1suandvesiuinnuunndieiuly

WHAZSEAUAINND LANIANUDIUNNTAY 7 way

v
L4 A
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uanensiy AaNd 2. AuEumsaAes Low
2 Awdlumsduiiuguan 0 1§5ad auds
11 8509 fieudnseduiiontu wuin fui
AsuANAvBIRuTAINLAnA1sAuluLAaY
sysuaud wazaudnlunisladfinduain
30 gu. \Ju 40 u.finnudlunisdussau
Ry fuiinisuandvesiuiinanuuansng
fuluusagsziuanudwuientu (Table 5)

1.4 AMURUILUUNIATINENIZUIRS
¥93AY (Dry bulk density)

AuEisounsnmefifiuiuan Low
1 1y Low 2 Auade Dry bulk density fluu
TWuanas finudnlunisla 40 au.uazan
\adyanamniign 10.62% vauvuviladu
wazldduvazihey deanudnlunslawiy
Fuan 30 @u. T 40 @y, Aede Dry bulk
density flwilulanaaguiy

audlunsdufiniuain o Bsnd
u 11 18999 Aade Dry bulk density ifn
anas lneanadedinnudnlunisla 40 wu.
dwsumainuvazaloduiianud 11 Bsed
AUS7 Low 2 fA1 1.01 A/aU.a. anasann
ARdsiutounisle 40% uavanawnni
vauzipdoaileluduiiniinds wavaa1udn
seduLieniu 29.37% Tasaudlunisduiiv
Fuan 7 Bsed Ju 11 1Bsed Aade Dry
bulk density anad 10.57% - 14.41% ile
Wisuiisusunuuanlalddu wudn Anade
Dry bulk density anas 21.99% - 29.37%
Fensafunan1sideves Niyamapa and
Salokhe (1993) fis1eeruindieldlafunu
wuuduiion Audleniawnndndufeudnls
wnnindlevlolady

anudilunmsedeufivessaunsnines

Table 5 The relationship of a forward speed, frequency and tillage depth influential a soil

disturbance

Tillage depth (D)

Frequency (F) F-MEAN DIFF
D1 =30 cm D2 =40 cm

forward speed (S) = 1.39 km/h

F1=0Hz 1,400.31 a 1,482.32 a 1,441.32 -82.01"

F2 =7 Hz 1,298.76 b 1,303.06 b 1,300.91 -4.30"

F3 =9 Hz 1,268.45 b 1,220.84 c 1,244.65 47.61"

F4 = 11 Hz 1,136.46 c 1,187.76 c 1,162.11 -51.30°

forward speed (S) = 2.09 km/h

F1=0Hz 1,577.66 a 1,620.54 a 1,599.10 -42.88"

F2=7Hz 1,464.67 b 1,560.76 b 1,512.72 -96.09"

F3 =9 Hz 1,378.85 c 1,498.73 c 1,438.79 -119.88"

F4 =11 Hz 1,265.80 d 1,445.61 d 1,355.71 -179.81"

D-MEAN 1,348.87 1,414.95 1,381.91 -66.08

Note: *, **= significant at 5% level, NS = not significant

Means in the same column, followed by a common letter are not significantly different at the 5% level

by LSD.
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wazauanlunislodiuiuardmalideds
Dry bulk density fluwlduanasiuvuile
Funazliiduvaizyha

1.5 nsauazifiausaaudu (Tractor
seat vibration)

n1sduasiieudenudu wuin Wle
muEunsnnesiinduain Low 1 U Low
2 nisduaziiousenududuuilduanas
10.20%-17.01% vauuuviladunazlsiduvas
vhan uazesdnlumsladisduan 30 wu.
40 wu nsduasiousioruduiiuuiliiugaty
1.31%-4.88% stauvuailadunaylidy e
arualunsdureslafinduain 7 1§59
Ju 11 18509 nsduaziiieuseautuiivug
Tuanas 5.81% - 10.54% wuin 7innuiss
wnsnees Low 1 anudlunisdu 7 18sad

wazaudnlunisle 40 wu. vildannisdu
agiiteusionuiuanniign 1.924 wns/Anit
nan1sSeuiisunsduaziiiousonu
Fusznindlaszidapunuridaduiivn 1 91
wuuldszuvatenanmaamiena nulasyidn
Aunurdeduiivn 1 91 wuuldssuuaenen
mdsgnnade wud Mmslilaszidafunuriin
duivn 1 971 wuuldszuumenendidagnn
adm aunsnannisduaziiieusenuduasle
IneA1 3D Weighted seat acceleration anas
32.149%-34.22% vauvuuladuuayliduunse
%1974 (Figure 5)
NANITIATITUNIEDRNNDNSNANan
4 9% wuh enuSumsneesanudlunis
&u audnlumsla wazszuunisdu 2 wuu
fo loszidnfuniusdndudion 1 w1 wuuld

B Weighial 50 Seat scoeheration tm'aI), mechanical ransmissios
B Woighind 2 Seal scogboranom tm sl hydmostaic power mnsmison

15

15

Weighted 3 Seat sccelertion {m's”)
G

Figure 5 Weighted 3D seat acceleration of a single shank vibrating subsoiler in the

hydrostatic transmission systemas compared to the mechanical transmission
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SEUUANENOANaIMINNE wazlaseiinAuniu
yindufinn 1 91 wuuldszuudienenmas
gVnadn dawansenusiensaziioussaudy
NANTENUUDIONTNaTIN 2 Uade
Usgneudonquil 1 anudnlunislouay
SruuMsEY N innudnseauiiientunis
FureauduveisTULTIaedinLLAnA1aiY
Tnefinudnlunisla 30 @ lasudnfuniuy
yindufinn 1 91 wuuldszuudienenas
gvinadn Insaviiioudeuduliosiian 1.698
1n3/AUNT (Table 6) naudl 2 Arwalunis
& WaTSTUUMIAY WUT TISTUURUUTEIRY
nsazfiounpAutuiANUwana1siuluLaay
szduaud wilaszidarumusdnduiion
1 91 wuuldszuudienendidagnnadn 7
audlunsdu 11 Bsadnisasiiiousanudy
Lifinuuansnstuiienudlunisdu o Bsed
LazAuRluNSEUsEIUREIAY STUUTIEeq
fauwanansiulasaudlunsdu 0 Bsnd
laszidafunusiadudion 1 91 wuuldszuy
d1gnanfiagnnadin dn1saviieusisauduy
toedign 1.660 wms/Aunit’ (Table 7) ngudl 3
ANUEITOLNTNLABSUAZTEUUAITAY NUT

fmnudunsnmesszsuientu nsasiiou
RoAUTUTDITEUUIIERALLANA IR Y
LazAEUsnmesinTuan Low 1 {u
Low 2 fissuunuuieaiu nsasifiousonu
Fuflaruunnssiu Tnefilaszidanuamuein
duilvn 1 971 wuuldszuumenendidagnn
a0m ANUSINSNRDS Low 2 innsaviiieu
sonudutiosiian 1.594 1/Aunii (Table 8)
ﬂejuﬁ 4. puunsnees wavaualunis
duvesunlo wui anudlunsdufisduan
0 Bsngauds 11 15599 fianuEunsnimes
sEduLieaty nsduaziiieutonuduiiniy
wansnsiulunRazsEAUALE WATiAMLLE)
wnsmmes low 2 anudlunisduveseila
0 18599 nsaziiieunpAuduliinnuLAneng
fuamudlunisduvesula 11 Bsed aruiss
WnsnmesinTuan Low 1 10y Low 2 7
anudlunisduseiuientiu nsazfiouse
autuiimuuanasiulaeaualunsduves
wla 0 18509 ANUSUNTNHS Low 2 Hn1s
azifiousienuiutiosfian 1.923 wns/Aunit’
(Table 9)

Table 6 The relationship of a vibratory system and tillage depth influential a tractor seat

vibration

Tillage depth (D)

System of vibratory (Y) Y-MEAN DIFF
D1 =30cm D2 =40 cm

Y1 = General 2.530 2.606 2.568 -0.076"
Y2 = Hydraulic 1.698 1.738 1.718 -0.040"
D-MEAN 2.114 2172 2.143 -0.058
DIFF 0.832" 0.869" 0.851
Note:**= significant at 5% level
Comparison S.E.D. LSD (5%) LSD (1%)

2-D*Y means 0.010  0.020
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Table 7 The relationship between frequency and vibratory system influential on tractor

seat vibration

System of vibratory (Y)

Frequency (F) F-MEAN DIFF
Y1 = General Y2 = Hydraulic

F1=0Hz 2.473d 1.660 ¢ 2.066 0.813"

F2=7Hz 2702 a 1.798 a 2.250 0.905"

F3 =9 Hz 2585 b 1.733 b 2.159 0.852"

F4 =11 Hz 2513 ¢ 1.680 ¢ 2.096 0.833"

Y-MEAN 2.568 1.718 2.143 0.851

Note:**= significant at 5% level

Means in a column followed by a common letter are not significantly different at the 5% level by LSD

Comparison

2-F¥Y means 0.014 0.029

S.E.D. LSD (5%)

LSD (19%)
0.038

Table 8 The relationship between a system of vibratory and forward speed influential on

tractor seat vibration

Forward speed (S)

System of vibratory (Y) Y-MEAN DIFF
S1 =139 km/h S2 = 2.09 km/h

Y1 = General 2.744 2.393 2.568 0.351"

Y2 = Hydraulic 1.841 1.594 1.718 0.248"

S-MEAN 2.293 1.993 2.143 0.300

DIFF 0.903" 0.799" 0.851

Note:**= significant at 5% level

Comparison S.ED. LSD (5%)
2-S*Y means 0.010 0.020
192

LSD (19%)
0.027
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Table 9 The relationship between frequency and forward speed influent on tractor seat vibration

Forward speed (S)

Frequency (F) F-MEAN DIFF
S1 =139 km/h S2 =2.09 km/h

F1=0Hz 2.210d 1.923 c 2.066 0.287"

F2=7Hz 2393 a 2.108 a 2.250 0.285"

F3 =9 Hz 2303 b 2.015 b 2.159 0.288"

F4 =11Hz 2.265 ¢ 1.928 c 2.096 0.338"

S-MEAN 2.293 1.993 2.143 0.300

Note:**= significant at 5% level

Means in a column followed by a common letter are not significantly different at the 5% level by DMRT.

Comparison

2-S*F means

Table 10 The level of satisfaction and signification of results for testing

S.E.D. LSD (5%) LSD (1%)
0.014 0.029 0.038

Test results

Level

Level of

satisfaction

Level of

signification (%)

Dry bulk density

<1 (g/em’)
1-1.2(g/cm’)
1.2 - 1.4 (¢/cm’)
> 1.4 (g/cm’)

q

12.63

Tractor seat vibration

< 1.62 (m/s?)
1.62 - 1.7 (m/s?)
1.7 - 1.83 (m/s?)
> 1.83 (m/s?)

28.62

Total power or

Fuel consumption

<6 (kw) or < 1.56 (liter)
6 — 10 (kW) or1.56 — 3.0 (liter)
10 - 14 (kW) or 3.0 - 4.0 (liter)
> 14 (kw) or > 4.0 (liter)

25.08

Soil disturbance

>1,300 (cm?)
1,300-1,200 (cm?)
1,200-1,100 (cm?)
<1,100 (cm?)

20.20

Theoretical field capacity

> 1.3 (rai/hr)

1.3 - 0.85 (rai/hr)
0.85 - 0.75 (rai/hr)
< 0.75 (rai/hr)

= N W PR, N WO R, DN WA DN ORI DNW

13.47

Note: 4 = very good, 3 = good, 2 = medium and 1 = not good
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Table 11 Weighted arithmetic mean of experiments

Seat Dry bulk Soil Total Theoretical
. . . . Weighted
Treat  Acceleration density disturbance power field capacity
Arithmetic
ment
Mean
(m/s?)  Level (g/cm®) Level (cm?)  level (kW) level (rai/h) level

1 1.745 2 1.52 1 1,400.31 4 4.1 4 0.868 3 2914
2 1.892 1 1.31 2 1,298.76 3 771 3 0.868 3 2.301
3 1.83 2 1.29 2 1,268.45 3 9.18 3 0.870 3 2.588
4 1.782 2 1.15 3 1,136.46 2 12.55 2 0.869 3 2.261
5 1.811 2 1.49 1 1,482.32 4 5.08 4 0.869 3 2914
6 1.924 1 1.28 2 1,303.06 3 10.44 2 0.867 3 2.051
7 1.882 1 1.24 2 1,220.84 3 13.02 2 0.870 3 2.051
8 1.869 1 1.13 2 1,187.76 2 15.59 1 0.868 3 1.598
9 1.513 4 1.41 1 1,577.66 4 7.25 3 1.306 4 3.370
10 1.699 3 1.23 2 1,464.67 4 10.9 2 1.307 4 2.960
11 1.6 4 1.2 3 1,378.85 4 12.44 2 1.307 4 3.372
12 1.52 4 1.1 3 1,265.8 3 15.99 1 1.308 4 2919
13 1.566 4 1.43 1 1,620.54 4 8.29 3 1.310 4 3.370
14 1.683 3 1.18 3 1,560.76 4 14.54 1 1.308 4 2.835
15 1.621 3 1.14 3 1,498.73 4 17.1 1 1.306 4 2.835
16 1.551 4 1.01 3 1,445.61 4 19.77 1 1.308 4 3.121

Note: 4 = very good, 3 = good, 2 = medium and 1 = not good
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