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Experimental Analysis of the Stress Developed in the Draw-bar
During the plowing process for Different Speed and Types of Sail

S.T. Mohammad

University of Mosul/ Collage of Agriculture

Abstract
A stress analysis in the draw- bar during the tillage operation in two different types of
soils and speeds has been carried out. The analysis of the soil types was conducted in the
laboratory of Civil Engineering, University of Mosul. This analysis revealed two types of
soils : clay and mixed, The material of the draw-bar and its mechanical properties were
obtained. Then the stresses generated in small scale model were obtained using the finite
element analysis using the “Ansys Release 14.0” program. Three dimensional stresses
together with the equivalent Von-Mises and principal stresses have been obtained. The
percentage deformation in the x,y and z direction were also obtained.
During the operational stage, the stresses were measured using a number of electrical
resistance strain gauges type PL-15-11 fixed on both sides of the draw-bar while the
tractor was driven in two different soils at varies speeds (2.39, 3.37, 6.35) km/h.
It was observed that the stresses were higher in clay soil more than those in a mixed soil
due to the different composition in soil this will create different resistance in both types
of soil . It was also observed that stresses increased with increasing speeds due to
increase in momentum
Keywords: stress analysis, draw-bar, speed of machinery, soil test.

24 -2 - 2015 : 13-10-2013:
35

www.manaraa.com



Al-Rafidain Engineering Vol. 23 No. 3 June 2015

StV e Lgalal 3 g sl g AS il A il (3180 jlaal o Jand (g 58 gl 5 4y i) 8 33 jald) Cilana 4S ja )

Cilanall Gl Lel (i yahi calalga) lia 38N Gl AS ja aaloay (o311 ca gl udi 3 45 LaS el 5 LSy
oy () Al 5 (Blas ) DAL laiil) 5 300 30 Cum (e BHAT Calalga¥) 038 dad () 5 il J (pe Aalal)
Leilalaa o yall 44 il g o8 CEBAL s g 4 il Jabs L et Al Jeall de ju CaDEAL g Cilamal) &lls J8 (e 45 yill
J10

Jxd 23S ¢ LAl o jal) el Aalisa yie Lo nea Ja1 Alalall IS G211 (g Al AHUST Ll 4L SleaY) L)j
o e ey (05 6 yim Mg Y1 o S 5 (R Y1 Al 30 el (5 5 Rlaal) A AN (5 1 e
(strain  JLadi¥) Gulufa aladiuls labea¥) (b8 IR Gadalall A g jall al 32 48 jaa g JladiV) Ll JOLA
[9] meter)

C)L..n.“ c]n_u e Glalga¥l g Jlaaiy) 48 ol \;J el yuadll sl dul jo {_L'J [4] Adamchuk c..'a_g!_g

G2l ) Ay de ) g 451 jall Bae ol ) LalS 4l (strain gauges) Jlxaityl Lesa falﬁi:\.uiu_} A Salinn d yguany

Al jall ae adl die Ol Gl die CulS Al e ol 5 o JladiY) 5 ga ) add a3y 31 5AU Ay il A glia

Ja iy clalga¥) dad ) s A8l pall Ll de sl Cuamiiil g Guandl J8 LalS Ly 505 (aaldaiVl culay Lgiad oS
2] 22kl il e 2ais Adlsall 32 LS Ly 53

o Jskad il U (e i ilokgal g i slia B3 Cagus i A il cind il el Al (g3l yuSl) (Banll A

Y e yall ga éﬂi Sl yaal) CL‘LH&LE.«QU! EPEREIL c_j.u'au_‘.:_jtlﬂ_)a.aﬂ CL 3 g8 g (3 yial L)“‘j;‘"jjc_"'“s

Jid Adla o a5 () 90 e lalga ) o3a A glia (e 48T ille Al 5 320ba A glial)  ilalga Sl Lia jal
J11 3] 4 suS 5l o5

4 yall s gl g labga) Ay g wasd (3 o Ak o 685 A dpdigll Glabaid¥) aal Glalga¥) Jilad ey
naia iy ana 3325l gl 1 g o) s A Jaal 5} (5 5 g pund i YY) L) m s 3
L) a3 aning Ao guimsall dpagancil] Loyl Jani e 8 )38 e el 2 50 3

O] .1 52 Y1 i Ll (ym 5a ) ol b LT 5 LS 5 panc

AdliSedy yig sigp e g Ol nall Gl & datiall Gilalga M A jad g danae Al ja el jal (A Eaall Cangy

. 43.‘1\)&3 ‘:'_\L.\S\ d\y

A0 Al 391 A ¢ 5 0 iy ) 55 L LR B e Cand) Al 50 o 31 oyl Jea
6 35/ A1) agaall ) prida b Gandll ol yal & Caaa A il a0 el Bl axdiuall Ganal ¢ SIS g dny 3
(High quality & 53 0 Oaaall QLS5 Ol jiaall 3350 (8 Granadiall aal Gl 50l s S0l gl ol 8
4 s HRB Jliras (143) Cxall 8330a 5 Zale /(55 515 (780-590) <ilS 2l da slia i (o)) 5 steel analloyed)
syl o3 A 23 LS [ 7] 2ake/fi s (440-355) il Gonall g gumdll slgal el ¢ (14-12) % & Uiy
izl g5 clld € g buball g alas¥ioda e aldieYl, (1 JS.&) G yaall gl dalu) caludaall g alaal) i
[PRESTEY (ﬁnite-element) Badaall _).ua'l_'u.“ 5._1.17“)]9.1 A_HJS:& UJ.:. Eﬁ}d\ Slalgay) &)}1 REREN PN ‘aaiﬁ_..mll
343 s deadivall paliall 22e s SOLID185 s padivdll yaiall & 55 LS5 (Ansys release-14) gl —
il JUA e @lld g lalga ) eIl aleat g3 Glurg (el sall A5 268 g8 2al gl juaiall 8 dall 220§ jaic
[5] (1) Asbeall (e Lgule J pemall o5 3 5 ade Al 558015 e W1 e slaie YU Ldle J guanll 3 3l

D=Fi[A+Bg+Cgl.WT 1)

(Uisp) W) sz D
Ao das o adiny Jalea: F

A B, C

(el / i slS) &l jallde yu: S
W

( ) T

Lllde g o

36

www.manaraa.com



£33l 9 £ sl il jaall (fla B Bl gilal) Clagadd o 2 Jalas -

olaall cuilall Jaty 6311y G ¢ 2l Ll
EJJMY! ol g pladiul 4 h a5 038
Glwas dgi 5 (strain meter BAMI)
TOKYO JFLA-5-11¢ s— Jadiy)
SOKKI KENKYOJO Gauge
Resist.120+ 0.3Q,Gauge Factor2.14
ALalsl gl g Sldll e Lgiial dlac
gaad aiafe el Goal syl el
o g a5 JladiV) Qe 4 slia
Jwe 28500 el (voltmeter) 4l 5dll
[6] iandll Fodl e dial 3a undl
i e e e e
u.nt;ll._u'.‘l.ummjt;!'ld‘-g-‘\y‘ u.ll: a.c-).uh
ielu /S (6.35 ¢3.37 2.39) o5 g
Ot (pmd par 5 and() e Gl sl
gl e d il dai g g0 8l 48 el

Ol A i sSa (1) Jsasdl s

Oy AN Al cilip%a (1)

Sand silt e | clay ¢ub
%17 %23 %60 Al
%35 %47 %18 e

Lede J geaall a3 Al sl o) (subsoiler) ae fll caad &l sl Glu g e Slalga¥) ao ) 6 JISE) (e Jaadl
S8 Eua (1-2) a8, IS (principle stresses) a-_l-;eiﬂ‘ Chleal) e dad ol s 3 c.gﬂi el il
( -2 (compression) L/cfis (46.2) (Tension) /55 (301)
2L/isn (242)  ( -2) (von mises) I deal &3 ¢ L /¢ 535 (243) ( -2) y

& Cake /095 (52.5) OS5 (5 -2) S8 7 olaily slga¥) a3 Zale/ (i (161) OIS (-2) X

3 _jia e 5 2aka /o5 gt (22.7) S Ay (5 -2) IS paill lgal die cilS Lebinad o3 dlgal L JiI o cpn

At ) algaY) S Cum 9695 Aty 483 Sllin () a5 Baaaall paalinl) &y ylad aladidy &y ylail) wa dlenl) il

U 18 sall Al Lol J5¥) o sall Aasilly 2o/ 5 55292 Alanll daass )1 Cilalgan ) Lais Zns/5 553307 4y ylall

O ) 5 13 5 2/ 555021 Alaal) a3l lalga W) Ly 2o/ 5032119 A i) Apaass jl) laleal) il
aal) sehans o L 58 (3uil a5 Ay i) Al Lo Laall il e 5355 1 Gl kel (0 220 llin

(principle At )l Clalgay) vie g dad o) clan 38 Lo J gl &3 3 il a1 o8 gall dpasilly Ll
L) 8 2ale /05555 (33.3) 5 (Tension) 22l 8 2ate /05 (219) iS5 (1 -3) S stresses)
(von mises) I slgal a3 Zale /55 5 (176) il (—a -3) IS y olaily Ll (2-3) JSll (compression)
-3) Sl Gadll algal o Zale /05 50 (112) S8 (2-3) JSE x ) olaily Lel Zale/ 508 (176) OS5 (2-3) <2
2ale /53 555 (37.8) ( -3) 7 olaly S slgal A Bl o) o 3%k /00 (81.4)  (

37

Ol Ll Zyl_ﬂbl

www.manharaa.com




Al-Rafidain Engineering

Vol. No. 3

June 2015

7 T 3
F—— ANGSYS —— j ANSYS
. a1a — w4
STZE-L 1 EE B " L ize
o JETERTEN oE -1 ) P 1:28:00
TnE-1 S 1
s 51 v
O - T4IE-C R
et I - LeEI0E
S = 4638 0 -
%
£y
- RATERAR - R FaER-tn T - sassrus “eeecrus “azeeud Ciameuy FIy
- sue+os ~vssseus —uusa: R P— _azesiuy _azsy Lstasigy a3y L33 ey
T v ral
prp——— ANGYS can s ANSYS
A .
J— ‘ o T L4 202 P T 14 201
S - 1332204 i 2311
TIHE-1 THE-L
Tpe e + 1w
T — bl
SHE - ZEENDD IME = G402 33
S -
\ AR
'-’\
K
5,
K
-
5 h fa
CsAmkAI T ST SR ETE -aumiuY TR -aAzLEs ErtTaT
Rl _ELTEI0S _z2aEi0n _2oaei0n 2858108 _aEaminy Lae e _zezmion Larazicr zemmies

Von mises ( -2)

1
BIMIRL 10T (08

RTET 203078

507, e
1z eTmicT

zmaEiaz

2802 €0

azamiaz
31100

5313 €0

Z-stress ( -2)

y-stress ( -2)

T TR TN}
-1z aLaziaz

srzamien T

ANSYE

LuAL SOLLTLUN

X-stress (= -2)
)

PN

-eosEing

zoamioa

a3sEinT zaccien

-110z103

Shear xy ( -2)

38

www.manharaa.com



£15309 £ pmd & aall (Bl B Bl gial) Culalgadd o o Jalas

TTeamion

ANSYS|

BT 5 ac
zrears

-137zia0
1zamion

-GGaziaa
.acazina

Compression ( -3)

-zcazioa -13aTioa

scTIIo .gaezinT JEEEEIESY

ANSYS

B w zulE
FER T

L JOSE+00
sk -

SAI-IE
e vk

1TE+03

s RETEL

Von mises ( -3)

L
UL ST

Frmian

- EeamER

mr @ zma
prarT
¥
—aimion ~B1Tz4OR LagEics -iEE4S
-sanzin -1a3Eins .1camran e
[ — S —
-zasmice .12¢m 07 FECIE IETFEIrT
-2 rastug _emsmrue Rt

y-stress ( -3)

TaTien
ARt

Ear

LR
- arsmeng - 2pamana It

» ssamrcs LAt
RaFELna

. avem-ay
Zameca - azzmane =mIme

Shear xy ( -3)

X-stress (= -3)

1
BRI LT

—.ammEror

Z-stress ( -3)

BT - rmsatce

39

ANSYS

EAY 14 201
10768

www.manharaa.com



Al-Rafidain Engineering Vol. 23 No. 3 June 2015

Adad g2l 5 aaall @ guiadll dlgal 3 g pania il Ll duud Hll La ead g Silalga Sl dllall adl) &l (e e il g
o L dad ot cuilss &l pad) (3l b ALalal) cld) ail I el 1.4 s el dulaa () Z%Le [R5 (420)
ARV Gl il oy a8 el bacld die lld g B a8 gall Ay ale (5.93) 5 5V @ sall dnnills aka (8.30)
M IV e 3l b A ZOld) ol G 138 s (7 -3) JSal 5 (7 -2) Sl Bladl sae 8 (e Lisedy) LalS
e G 13 5 Gl Bac 8 die Clalgad ) J s Ay il U (e Adle A glie (80 o g LBl Al a s 5 A0 Sl Guadly
A3 el L) da glia e aal g # Ol il o)) (e [8] 4d) Ll L
AN‘»‘r% erssnimae . ANSYS

o 19 20id
Arirae

( -3) (-2)
deformed and undeformed shape deformed and undeformed shape
40 g s (pilisa (el sl Gl jadll (Bl o Slalga¥) 0 (2) Jsaadl ma s

Cpilida op <ilalgad) ad (2)

(P 5 g) g «( 1)
()
291.97 | 2615 234 6.35 | 3.37 2.39 40
221 216 205 6.35 | 3.37 2.39 40

JsY) adsall 8 Clalga¥) o o)) (paad gall SISy de pud) i die 5 lgile J ganldl o5 Sl Glalea V) ol e a3l
O A A glie SR ) (s 0 ) 93 (52 5 i ) Aso <l ¢S DA () (5 aa 12a g
5 A e il sinY el g 1 Y1 gsall 2 il iy S Sl ) Jaa Dy s (1)
Slalea¥) sal ) Laadl LS ([ 1] lalea¥) saly ) AUl 4 il (31 a0 A glia 32l ) () a5 05 138 5 cphall (e
223 o a3 B3l g (2) Sl sl Bl Ao Jabual) o 3ol ) () gag8 Ae ) 33y oY @lld g e ) 33k 3

b gal) DS g (4) JRAN 8 emga gt LSy lalga ¥ 30y I (g2 0553 138 5 (3) (F)
P=m.v ...(2)
P=F.t e (3)
_F

O'—g """""""" (4)

G RGN

P

'm

'V

' F

~—~+

Gl paall Gl e lludl aeaVl o

40

www.manaraa.com



£33l 9 £ sl il jaall (fla B Bl gilal) Clagadd o 2 Jalas -

300
= —e—J gV adal)
3 280 | il
3 260 | —— A g5
D
< 240
1
< 220 | ././I
200 U U U U T 1
0o 1 2 3 4 5 6 7
(e LufaS) s juud)
- dga) ki (4)
: Gla il 9 claliiiuy)
D b ) o sl Sy il
A Adlita (Glae) die 3ol glall ilalgall aaB g & o35 Aaalll 8ol dieall e Alia o< i3y ]
Bl Y 5 i) asansall 6] sl
Mm?m1d44_d1a&dua:\sﬂ }uu\m\aﬂuu‘}%u\z‘)j‘)mz

Aaallll dlay) 4akl) e
Llee p23505 Cogus SN A il g 63 s g aiaal) G jaall ddlie Gl aladia) -3

il 5 AeLkall I 1 e sall dmala A il Aiggd cilana (1990 ) 5o Sade <) 1
cela¥) a5 Clabga ) Jalad Bl (e GO (o e & e o (SilSaall asanal) (2004) ALl (s 2
S sl dmalas ecllall 5 ded 31 A e )y 1 ASaal) and col ) 5383 da gyl
L Ak o s Ol alpall G e el dan i ) pal) @lilus (1989) dies e plaa ¢ Lo Sk 3
bl il Mall bl 55155 S sl Al il 5 Ao Ll Sl s (2013)
4. Adamchuk, V.I; Morgan, M.T. and Sumali, H. (2001). Application of strain gauge array to
estimate soil mechanical impendence on the go. Transactions of ASAE, 44(6); 1377-1383.
5. Agricultural Machinery Management Data. ASAE standards 2001 P.363
6. Hendry, A.W., 1968, Elements of Experimental stress analysis. Printed in Great Britain by
page Bros. (Norwich) land d., Norwich.
7. Key to steel (DIN) 1988.
8. Mouzen A.M. and M. Nemeny i (1999). Finite element analysis of subsoiler cutting in non
homogenous sandy loam soil. Soil and tillage Res.
9. Shackeford. J.F. “Failure Analysis” The Engineering Handbook Ed. Richard C. DorfBoca
Raton; CRC Press LLC, 2000
10. Sharifat. kand Kushwaha, R-L. (2000). Modeling soil movement by tillage tools.
Can. Agric. Engi, 42(4): 165- 172.
11.Wole Soboyejo, Marcel Dekker Mechanical Properties of engineered materials Inc. U.S.A.
2000

www.manaraa.com



