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ABSTRACT

The excavator is the units of the heavy equipmieait $erves the
physical development sectors such as mining exicengatn the

area, establishing or expanding roads and expamzltigral land

and other physical development . One part of thmeator that
has a very large role in the undercarriage . Uradgege is a
component of the heavy equipment that serves aser énd has
a track drive right and left track drive . This easch was
conducted with the aim to make modeling as excasato

general by using materials available in the marKekt, calculate
the speed , direction of turn with a different ation of the track
(ceramic , asphalt , soil) and the maximum tiltlarthat can be
achieved by the excavator . From the test datacatmilations
have been carried out with 3 times the gear redunés obtained
without load speed excavator bucket is 0.25 m/demhsing a
load of 1.5 kg bucket excavator speed is 0.24 m/fthe track
ceramics . While the direction of maximum inflectioccurs on
the track with a diameter ceramic to turn right @5 mm and
782 mm turn left. At the maximum angle of inclinancbe
obtained at 10 degrees .

KEY WORDS: Undercarriage; Track Drive; Excavator

1.0INTRODUCTION

Excavator is one of heavy equipment to carry oetwérious of
construction such highway, canal, agriculture armgimg project.
The using of the excavator is to accelerate thestcoction

process and save the consuming time in constructind
operation process in order to reduce cost. Ingtidy, the effort
to obtain the optimum heavy equipment is continljodsne in
order to maximize the operation of excavator by fiation of
undercarriage part[1]. As shown in figure 1.1

Figure 1.1 Excavator models that will be modifigd[1

20THEORY

Undercarriage is essential part of excavator whdohsists of
several component to support the movement of exoasgach as
sprocket, final drive unit, track shoe, track limtgck frame, track
roller, front idler as shown in figure 2.2,

CARRIER ROLLERS ~ TRACK CHAINS
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Final drive unit is set in the undercarriage thamgists of gear
and planetary gear units where transmit the powem fthe
engine and increasing the torque. In this stuldg final drive is
discribed as follow:

2.1. Spur Gear

Sour gears, illustrated in Fig. 2.3, have teeth parallel to #xés of
rotation and are used to transmit motion from dredtso another,
parallel, shaft. Of all types, the spur gear is $hmplest and, for
this reason, will be used to develop the primarpehkiatic
relationships of the tooth form[5ln addition, the spur gears are
applied in many devices like electric screwdrivescillating
sprinkler, windup alarm clock, washing machine aluthes
dryer.

(D

Figure 2.3 Spur Gear

2.2 Bevel Gear

Bevel gears, shown in Fig. 2.4, have teeth formed on conical

surfaces and are used mostly for transmitting mobetween
intersecting shafts. The figure actually illustragasight-tooth
bevel gears. Spiral bevel gears are cut so the tooth is no longer
straight, but forms a circular arc[5SHypoid gears are quite
similar to spiral bevel gears except that the shafe offset and
nonintersecting

Figure 2.4 Bevel Gear

2.3 Sprocket and Chain

Sprocket is one of machine element which profildeel with
teeth and using a chain in order to transmit thevgo It is
distinguished from a gear which directly contacatcounter gear,
and differ from pulley which has smooth surface asihg a belt
to transmit the power. A chain is series of linkigthassemble
with sprocket in transmission of power without slip

Figure 2.5 lllustration of Sprocket and Chain [5]

2.4 Electric Motor

Electric motor is a part of component to drive fanmpressor,
pump which source from electrical power. The eleanotor is
classified into two types of motor such as DC Motord AC

Motor. The circuit of DC motor can be configuredoasow:
il |

. S\,
V=12v —/—

Figure 2.5 Electrical Circuit of DC Motor

3.0RESEARCH METHODOLOGY
This research conducted three steps of process

3.1 Undercarriage Design
Undercarriage design carried out following the fidart below:

Star

v

/ Literature Study /

7

1. Design of Excavator
Modelling

2. Output of speed of
Undercarriage

v

Model of Frame

V]

Selection of
Undercarriaqt

Vi

Design of Track Shoe

v

Finisr

Figure 3.1 Flowchart of Undercarriage Design
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The dimensions of the undercarriage were taken frdm scaled
model of the actual size so structured such thaemgges the
layout as in Figure 3.2 below

=
-~

1

b
—
=

10
11
1

Trach Shee -

Lo N — Trnck Sheel

111
111

[

12 = boveigew
e

Derve Dy ve
Mo Mo
Lot Kagh

Figure 3.2 Layout of Power Transmission of Undetage

Power transmission from driven motor to each trstoie using
a pair of bevel gear (gear 1 and gear 2) and tvis fd spur
gears (pinion gears 3 to 6).

The layout made its CAD drawings into 3D modelslaswn in
Figure 3.3 below

Figure 3.3 Result of 3D Design of Undercarriage

The transmission arrangement to obtain the undgagar low
speed of 3.6 km/h and undercarriage hight speedrb/5as the
speed of the excavator is generally where a mateen rotation
of 2000 rpm

3.2 Undercarriage Fabrication

The process of making undercarriage conductededtaboratory
of Production of Mechanical Engineering, Universif Riau.
Flow chart of the manufacturing process can be seEigure 3.5.

Making the frame by means of Steel box cut usingding

pieces with a length of 30 cm. Then one end of steel box
section is cut 10 cm with the aim to include idd&d tension to
set the track shoe and make the position of beareefed to
simplify and expedite the undercarriage in the mgn

Star

\/

Fabrication of Frame

\

Fabrication of Track Shoe

Vi

Fabrication of Sprocket

Assembling

Finisk

Figure 3.« Flowchart of Fabricatic

Track shoe is made by cutting a plate that hascartass of 2
mm and a length of 50 mm and a width of 15 mm. eRlahat
have been cut was installed in the cracks of the aylinder has
been connected with the chain sprocket. Furtherntbeemerger
between the chain sprocket or the so-called trhok svith a steel
box that has been cut. The result as in Fig. 3.5

Figure 3.5 Assembling of Track Shoe

Installation of the sprockets and gears. After cletipn of the
formation of the frame, the next step is the preagfsturning to
make the position of the gear and then making anection
between the position of the gear to the frame ifs&ég. 3.6). The
gears used are gears that are easy to obtainmipased of two
types of gears is a hypoid gear and spur gear andrmed 3
times to get a final speed reducer such as undirgarin general.

(a) The position of the gear (b) Sprocket gadr on the frame

Figure 3.6 Installation Stand Gear and Sprocketrame
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3.3 Undercarriage Testing

At this stage we will perform an undercarriageitesactivities.
This process can be seen in Fig. 3.7 followingow fthart of the
testing process.

Star

!

Testing
v

Results

v

Analysis

v

Conclusiol

V!

Finist

Figure 37 Flowchart of Undercarria( Testing

This test was conducted to determine the outcontesigning
and manufacturing has been done. Testing is dotie thiee
types of tests, among others:

1. Testing speed and a final round of undercarriage

This test was conducted to determine the speedhanfihal

round of the excavator. Testing is done by givimg mileage
on the excavator which was then measured how loradsés
the excavator. And rotation speed testing is doith &

variations of the track are: ceramics, asphalt soid While

the rotation speed is obtained from then conveited

angular velocity rounds finally obtained value.

2. Testing the direction of turn undercarriage
This test is done to determine how much deflechogle
that can be done by the excavator. Testing isddse with a
variation of 3 tracks namely: ceramics, asphalt smitl (see
in Fig. 3.8)

Figure 3.8 Testing Direction Turn

3. Tests oninclined plane.
This test is done to determine how much the maxirangie

that can be taken by the excavator. Testing wasg @dth 6
variation of the angle that i€ 51®, 15, 2C° and 25 (see in
Fig. 3.9)

Figure 3.9 Comparison Testing on inclined plane

40RESULT AND DISCUSSION

The testing had been conducted to obtained theadatpeed and
excavator’'s manouver in several models of track lderamic,
asphalt and land.

In Aspalth Track
Asphalt
0.212
0.21
- 0.208
3 0204 ~—

& 0202 \
0.2
0.198

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
Load (kg)

Figure 4.1 Load vs Speed in Asphalt Track

In the Figure 4.1 show the result of undercarriexggeriment in
the asphalt track, where the increasing of loadsethe speed of
excavator decreased. Figure 4.2 illustrate the i@adotation as
well, the increasing of load affect to the rotatwfrundercarriage
final drive.

Asphalt

o]
-

~ 80
= \
S
=79
c
F \
= 78
]
g \
77 —
76
0 0.2 0.4 0.6 0.8 1 1.2 14 1.6

Load (kg)

Figure 4.2 Load vs Rotation in Asphalt Track
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In Ceramic Track

Ceramic
0.252
0.25
- 0.248
~
£ 0246 \\
D 0244
g \
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0.238
0 02 04 06 08 1 12 14 16
Load (kg)

Figure 4.3 Load vs Speed in Ceramic Track

Ceramic
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0 0.2 0.4 0.6 0.8 1 1.2 14 1.6
Load (kg)

Figure 4.4 Load vs Rotation In Ceramic Track

In the ceramic track as shown in figure 4.3 shdvesgpeed of
excavator against the increasing of load, wherespleeed linearly
decrease. The figure 4.4 shows the rotation afetcarriage
decrease by increasing of load.

In Unpaved Road

Unpaved Road

0.142

0.14
- 0.138
Qg \
£ 0136 \
D 0134
g \
& 0132
013 T~
0.128
0 02 04 06 08 1 12 14 16
Load (kg)

Figure 4.5 Load vs Speed in Unpaved Road

Unpaved Road
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Figure 4.6 Load vs Rotation in Unpaved Road

In the figure 4.5 show the comparison between ad speed
in unpaved road. It indicates the speed of excawatounpaved
road track is the lowest speed when compare tor dthek, as
well as the rotation of undercarriage final drivecbme
decreasing by increasing of load.

5.0 CONCLUSION

From the results of the design, manufacture antltztions have
been performed, then obtained some conclusions dteais
entitled designing and manufacturing excavator tcatgage
components on the model in the Laboratory of Hylitaand
Pneumatic University of Riau, namely:

1. Provided the form of the undercarriage of the desigd
manufacturing has been done with the long dimensibn
undercarriage 331 mm, width 234 mm and height 7816

2. From the test results that have been done so mgdbree
times the reduction of the gear system and usiegnibtor

power windows Toyota gained speed as the excavator

excavator generally is 3.6 km / h or 1 m / s fow Ispeed
undercarriage and 5,5 km / h or 1.5 m / s fohtsgeed
undercarriage.

3. From the examination of the direction of turn cam tde
undercarriage on the track asphalt, ceramics aildtre®
minimum diameter are on the track of land with andagéter
of 210 mm.

4. The maximum slope that can be achieved excavatahvih
10 degrees with a power of 83.60 Watts.

5. Obtained a modified cable remote control to move th
undercarriage..
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ABSTRACT

Rock mass characterization study at Kajang Rockrguaas
performed using Spectral Analysis of Surface Wa(@aSW)
and Multichannel Analysis of Surface Waves (MASW8thods.
Rock Quality Designation (RQD) can be measuredhin field
directly. Discontinuity and processing survey mehdetermined
from 4 locations that have been examined in thislystarea.
Based on MASW and SASW methods, velocity of S waes
can be obtained and weathering grade of rock massbleen
classified. Location 1 consists of 5 weatheringempiSASW data
indicates surface wave velocity (Vs) obtained fr@88 m/s to
2044 m/s, MASW (Vs) ranges obtained from <600 ra*s 2400
m/s. Location 2 consists of 4 weathering zones) @fsSASW
obtained from 592 m/s to 2271 m/s and (Vs) of MASWained
from 400 to 2000 m/s. Location 3 consists of 4 WwerAhg zones
with (Vs) of SASW obtained from 512 m/s to 2465 rarl (Vs)
of MASW obtained from 400 to >1200 m/s. Locatiorahsists
of 5 weathering grades with (Vs) of SASW obtainemhf the 200
m/s to 2040 m/s and (Vs) of MASW obtained from 300-2300
m/s. Rock Quality Designation (RQD) in Location Hown the
rock quality is excellent (98.63%), in LocationRQD shows the
rock is good (98.38%), in Location 3 RQD shows thek is
excellent (99.03%), in Location 4 RQD shows thekras
excellent (96.43%).

KEY WORDS: Kajang Rock Quarry; SASW; MASW: RQD.

NOMENCLATURE

SASW  Spectral Analysis of Surface Waves
MASW  Multichannel Analysis of Surface Waves
RQD Rock Quality Designation

Vp Velocity of P Wave
Vs Velocity of S Wave
m/s Meter per second

SG1,2 ... Location survey 1,2 ...

Rayleigh velocity

Wavelength

Depth

Poison ratio

Constant value depends on Poison ratio
Shear modulus

Density

T OOT N>‘$

1.0INTRODUCTION

This study area located at Kajang Rock quarry, ®gmeFigure
1) and the quarry is a granite rock quarry (FigdreKajang Rock
Quarry located in the Semenyih district, Selangdre quarry
located at Longitude 02°55,261" and Latitude 1013%6' at the
north of Semenyih district. Semenyih has many paggjuarry, it
is visible from many former quarries in the outikitown area
and also at the hills area of this district.

Lithology at the quarry is granitic type. The studdgused on
the fresh rock and weathered granite only. Positibthe study
area is located in the middle line of the granitegn body, and
only one type of lithology detected in this area.

Surveyed locations are slopes of a quarry outcrdychw
known as Terrace 2 (SG1 (Location 1) and SG2 (ioca2)),
Terrace 5 (SG 3 (Location 3)) and terrace 8 (SGatétion 4))
(Figure 3). Studies were conducted on the quartgrop at the
inactivity, which is not operational in the shagtr.

Published by International Society of Ocean, Medtwrand Aerospace Scientists and Engineers



Jour nal of Ocean, M echanical and Aerospace
-Science and Engineering-, Vol.26

December 30, 2015

Geographical condition near the quarry is oil palantation.
However, a highway was built near the quarry, tegrlinked the
Reko highway, Kajang, Semenyih, Kuala Lumpur anchgail
Long. These highways known as Kajang Silk Highway.

1.1 Literature Review

Ahya (2007) states that the granite at Km 14.6 laKShighway

composed by grade | and I-1l and has coarse tounedéexture.

Ahya also find Rock Quality Designation (RQD) is. B3%. Ser
(2007) states the granite in Kajang Rock quarrysista of five

types of granite, which are medium-coarse-grainedpyry

granite, moderately coarse-grained granite, biagitenite, fine
grain sheared white granite, clorite sheared geaier centralize
analysis of rock mass characterization and rockitgjuthat found

this area is starting from very low (V) to very gog@), but most
are concentrated in low quality (IV) to moderat)(ISer also

states that the rock mass classification systenecbam RMR

Bieniawski 1979, found 44% of the rock mass is dod quality

(class Il) and 56% of average quality (Class IHusnul (2013)
states the condition of granitic rock in this arsain good

condition to be quarried.

MAP OF SELANGORSTATE ()

Figure 2: Field study area (terrace) at Kajang RQularry.

MAP OF KAJANG ROCK QUARRY

LEGEND:
= Field study
. Slopeplane
Road
Om__ 30m

Figure 3: Plan view of field study locatiosgl, Sg2, Sg 3,
Sg4), Kajang Rock Quarry, Semenyih (Modifiednirser,
2007).

@
2.0 OBJECTIVES

The main purpose of this study is to determineetfiectiveness
of SASW and MASW methods to characterize of ignemgk
mass in this study area. The main objectives sfghidy are:
1. Characterize the granitic rocks in Kajang Rock quar
using SASW and MASW geophysical methods.
2.Determine the Rock Quality Designation (RQD) for
granitic rocks using geophysical methods used énstindy
area.
3. Determine RQD on the discontinuity of the granitekr
and rock quality indicator to compare RQD from the
geophysical methods used.

3.0METHODOLOGY

3.1Principal of Seismic Method

SASW has been introduced since the 1980s. SASWttnas
advantages like this method is fast, inexpensived an
nondestructive characterization studies in geoteehnand
construction sites. Heisey (1982), Nazarian andka&tq1984),
Tokimatsu et al (1991) and Mathews et al (1996)ehbeen
developed this method.

The development of the latest technique is muléirotel
analysis of surface waves (MASW) where it mixes $A8nd
seismic reflection techniques. This technique dmyed in
Kansas Geological Survey (Park et al 1999), cadywe two-
dimensional data where SASW can only produce onemion
only.

In addition to the body wave moving in an elastiedmm,
there is another wave that propagates in elastidiansurface
called surface wave. In the method of spectralyamabf surface
waves (SASW), Rayleigh wave velocity is determinadd
reversed a shear wave velocity, Vs. Relationshipvéen Vs and
Vr as shown by equation (1-5) in elastic media.

Vr=f2a 1)

Z=21/2 @)

Vr =CVs 3)

G = pVs? (4)
1-2 1-2

C6—8C* + [3 - Tﬂ €% +16 [2(1_t)] =0 (5)

Where f is frequency is wavelength from source to detector,
Z is depth, C is constant value depends on Poiato, IG is
Shear modulug is density ang is Poison ratio.

Deere (1964) suggests the Rock Quality Designgf@D)
as a density discontinuity parameter obtained frdnifi core.
Deere define RQD as cumulative core length of ntieae@ 10 cm
for a long drilling unit, as shown in equation (6)

Cumulative length of rock cores>10cm

RQD =

X100% (6)

Total length of rock cores

3.2 Softwar e and Operation Equipment

Hammer hit to the steel plate that is attachedh¢osurface of the
soil used to generate waves that will propagatesisurface, the
main wave generated is Rayleigh wave. The frequeacge of

Rayleigh wave has sufficient energy to be detebiethe sensor

n Published by International Society of Ocean, Meat&lrand Aerospace Scientists and Engineers
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by using some type of hammer that has a differeaight.

Rayleigh wave detection will be carried out fromogeones or
acceleration transducer (accelerometer) which imeocted to a
spectrum analyzer.

The spectrum analyzer will record data such as \speetra
and phase coherent functions in file format *. e data will be
displayed by using Mircosoft Excel and saved int*ile format.
WInSASW 2.0 software was used to generate the cufve
dispersion (Dispersion Curve) using that *.txt fled produce a
graft of Rayleigh wave velocity (Vr) against waved¢h Q). Next,
the dispersion curve inverted to be shear wavecitglo(Vs)
versus depth graft using WIinSASW 2.0. Shear moduwus
Young's modulus is calculated based on shear weleeity (Vs)
obtained from the inverse scattering income stiffnprofile. The
following discussion will be focused on equipme&S3V in the
field and several factors need to be consideredtdd the test
SASW the choice of wave source, type of detectod &me
distance among the detector.

The equipment that was used for seismic studidsdararea is
Terraloc ABEM Mark 6, 24 geophones, two connectiahles 12
buttons, hammer with many weight types, HITACHI gy
HG44-12 and battery charger, steel plates and cssnga
measure the direction of survey line.

Total of four line surveys were carried out witmge 69
meters each. Total of 24 geophones arranged imaglst line
profile with distance 3m between. Battery useduppsy current
and operates the equipment; ABEM Terraloc Mark &ctEline
profile has carried out seven times of emissionekength on the
relative distances specified (Table 1). The souraees generated
from the hammer on a piece of steel plate withréica# shock.

Table 1: Configuration of shock causes from th&t fjeophone.

No. of Shock Distance

(Meter)
-10
15
6.5
34.5

BIW|IN|F

3.3 Rock Quality Designation (RQD)

Calculation of RQD values in the field can be oh¢ai by the
discontinuity survey technique, this technique isoren
systematically. Based on this technique, the scaylime is made
on outcrop horizontally and vertically. Verticalascline is made
in the intervening at several meters and perpefaficio the
horizontal scan lines. Interval width depends andensity of the
discontinuity sets to obtain the required datahasve in Figure 4.

Figure 4: Line of discontinuity in vertical scangisurvey.

4.0 RESULT AND DISCUSSION

4.1 Profileof Location 1

Based on relationship between rock material withashwave
velocity (Bay 2000) (Table 2), (Vs) of Spectral Ayss of

Surface Waves (SASW) profile at Location 1 (FigGjeshows at
the depth between 0-0.13 m. Vs indicates a lowhkrevhetween
198 m/s - 1300 m/s, represents the existence of $ait, mix of

hard soil and granite which have experienced weathprocess.
At the depth 0.13 to 1.34 m shows layer of highlgathered
granite with Vs ranging from 1025 to 1300 m/s, whit the
depth of 1.34 to 7.15 m indicates the existencé&esh granite
layer that has high Vs between 2014 m/s - 2044 m/s.

Vs of Multichannel Analysis of Surface Waves (MASW)
profile at Location 1 (Figure 6) has a range of fitsn <600 -
>2400 m/s with depth reached into 12 meters. Lonati consists
of 3 main zones. The first zone has Vs 400-1000 wils the
depth of 3 m. Vs at second zone has 1000 - 2000anusthe
thickness estimation is 7 m. Third zone has a rayfgés from
2000 to 2400 m/s, this zone was detected at ththdepl0 m
below.

Table 2: relationship between rock materials witteass wave
velocity

Rock Material Classification Velocity of shear wave,

Vs (m/s)
Very soft 84-107
Soft Soi 107-137

Moderately Soft Soil 137-183
Hard Soi 18:-274

Very Hard Soil 274-366

Highly Wheatered Rock 366-610
Slightly Wheatered Rot 61(-274:
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4.2 Profile of Location 2 Depth(m) Vs (m's)
SASW profile at Location 2 (Figure 7) shows the thepetween
0-0.06 m, Vs indicates between 592 m/s - 593 mefsasents the
existence of high weathered granite rocks. At teptfl of 0.06 -
13.60 m indicates the existence of fresh graniterl¢hat has high
Vs between 1407 m/s - 2271 m/s.

MASW profile at Location 2 (Figure 8), has a rangeVs
from 400 to 2000 m/s and the depth reached 10 roatian 2
consists of 3 main zones, the top zone has Vs safigm 400 -
750 m/s with 3.5 m deep. The second Zone has \pemri50 -
1250 m/s and 4.5 meters deep. The third zone haanges 1250
to 2000 m/s, this zone was detected at the defhmobelow.

4.3 Profileof Location 3
At the depth of 0 - 0.76 m Vs indicates from 512182 m/s,
represents the existence of high, medium and lowtlvezed

December 30, 2015

granite. At the depth of 0.76 - 3.94 m indicates éxistence of Figure 7: Shear wave velocity (Vs) profile at Laoat2.
medium weathered granite layer with Vs ranges frbt89 to
1504 m/s, fresh rock found at 3.94 - 10.94 m deypith has a high Location 2 TE———

Vs between 1504 m/s - 2465 m/s. Figure 9 showspthéle of
Vs at Location 3.

Figure 10 shows the profile of MASW at Locationh#s Vs
ranges from 400 - >1200 m/s and reached 10 m othdep
Location 3 consists of 3 main zones. The top za®\s ranges
400-600 m/s with approximate depth of 4 m. Secantkzas Vs
ranges 600 - 1000 m/s and 4 m depth. The third fa®eVs
ranges from 1000 to 1200 m/s, this zone detectdukadepth of 8

m.
. |

Figure 5: Shear wave velocity (Vs) profile at Looatl.

Figure 8: (Vs) MASW Profile at Location 2.

Depth (m) Vs (m/s

Loc1 T —

Surace Loceton (Stebon .
1008 1011 012

Figure 9: Shear wave velocity (Vs) profile at Looat3.

Figur 6: (Vs MAS Proile at ocatio 1.
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Location 3 1200

Figure 10: (Vs) MASW Profile at Location 3.

4.4 Profileof Location 4

Figure 11 shows the profile of Vs at this locatid.the depth
between 0 - 0.13 m Vs indicates between 200 m/320Im/s,
represents the existence of hard soil, very haildasal granitic
rocks with slight/medium weathered. At the depttDdf3 to 7.15
m, indicates the existence of fresh granite layet thas Vs
between 2010 m/s - 2040 m/s.

. l’ | vsm/s

Figure 11: Shear wave velocity (Vs) profile at Ltioa 4.

Figure 12 shows the profile MASW in Location 4, lzasange
of Vs ranges from 300 to 2300 m/s and reached 8epthd
Location 4 consists of 3 main zones. The top zawe\s 300 -
800 m/s with an approximate depth of 1 m. Secontk4ws Vs
800 - 1400 m/s with depth estimation is 4 m. Thiedt@one has
Vs ranges from 1400 to 2300 m/s, this zone is dedeat the
depth of 5-8 m below.

8 Satose
—

Figure 12: (Vs) MASW Profile at Location 4.

A Locaton of 1.0 Vs Fratie Uses

4.5 Profile of Rock Quality Designation (RQD)

To obtain more effective RQDdiscontinuity (Figur)la total of
four discontinuity survey was conducted in the gtuatea.

RQDdiscontinuity value obtained from 98.63%, 98.3&%.03%

and 96.43% and has very good rock mass qualitydatdnin

accordance with Deere (1968). From study locatioa existence
of discontinuity represented by very hard soil arehthered rock
on the depth of 0.0-0.1 m. At the depth of 0.1-mh4it was

composed of fresh and a few weathered granite rocks

Rock Mass Quality
RQD (%) Location  Location Location Location  Discontinuity
4 2 3 1
0 50 100
0 2
a=sly
s:J_.
2 TT
"
4 :"
I
Es T+
£ It
: i
s ¢ it
|
10 al
|
1
12 i
1
I
14 Legend:
:’ Very Low (0-25%)
16
Legend: o essox)
—-+—- i Location 4
I nodersie (50-75%)
= e e i Locationl
I Locstion 3 B Good (75-00%)
—--— i Location2
e RQDket3 kselanjaran ! Very Goed (90-100%)

Figure 13: Rock Quality Designation (RQD) measuneinag
Kajang Rock Quarry.

5.0 CONCLUSION

SASW data shown the subsurface layers of this stwely clearly,
which consists of hard soil, very hard soil, granibcks with
slight/medium weathered (0 - 0.13 m depth), anghfrgranite
rock (0.13 to 7.15 m depth). The result from MASWshVs
ranges from 400-1000 m/s, found at 3 m depth arideatlepth of
3 - 10 m has Vs ranges from 1000 - 2000 m/s. Adih of 10
m below, Vs ranges from 2000 to 2400 m/s. As theragye, the
value of fresh granitic rocks RQD survey line isé&%.
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Overall, Spectral Analysis of Surface Waves (SASavy
Multichannel Analysis of Surface Waves (MASW) meatho
helped to map the subsurface condition, espediatlyhe granite
rock area. Comparison with Rock Quality Designat{&QD)
data, the differentiation is not too much, mearss¢hmethods
become trustable to use.
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ABSTRACT

The behavior of planing hull is very similar to piag flat plate.
So to treat the planing hull performance at moeefatoude
number, 2D planing flat plate was analyzed in défe Froude
number between 0.5 and 1. Finite volume, using ANSYFX
v14 software with RNG turbulence model was useditoulate
planing plate. The numerical results of the presslistribution,
free surface profile, lift and drag at different A®are presented
and discussed. Present calculations are compathd<iramer et
al [7] results and show almost good agreement.

KEY WORDS: 2D planing flat plate, RNG turbulence modé,
Lift, Drag, Pressure distribution.

NOMENCLATURE

G Pressure coefficient

D, Total drag

D, Pressure drag

Dy Wave drag

Ds Spray drag

Ds Frictional drag

f External force

g Gravitational acceleration
Li Initial immersed length
Ly Wetted length,  Critical Strain
Lt Total lift

Ls Spray lift

Lo Pressure lift

Lt Frictional lift

u Flow speed

U Velocity vector

\% Pressure vector

A Wave length

u dynamic viscosity

Ua Air dynamic viscosity
W water dynamic viscosity
Va Air kinematic viscosity
Vy Water kinematic viscosity
p Density

Pa Air density

Pw Water density

T AOA (AOA)

Ty Wall shear stress

1.0INTRODUCTION

Computational commercial software’s play an impatrteole in

industry and economic system because investigagmsreduce
huge costs by using them. It is true that in marimgéustry

experimental researches are particularly impoftantesearchers
can break costs and make more exact sample byationland

refuse using wrong model tests. Hydrodynamic patarseand

pressure distribution should be known to desigerdept planing

hull. But planing hull treat like flat plate so thrinvestigators
prefer to use planing flat plate instead of compteedels to do
their computational studies. 2-D planing flat platefaces are
used for example as seaplanes, planing craftacidffect ship
(SES) seals, thin foil without camber and water astploads

[1,2]. But in a number of these cases as SES g#altng surface
may operate at lower speeds where nonlinear effeces

important and must be considered.

There are some experimental, analytical and nuw@leresearch
in which the planing hull is considered as planifeg plate.

Brown worked on the planing lift characteristics rettangular
flat plate and presented equations which calculidtefor all
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deadrise angles [3]. Payne investigated very mucthe planing
flat plate and planing crafts, impact forces onsthdodies,
pressure distribution, etc. during 50 years frorB2000 [4, 5].
The influencing factors of drag reduction by ajeating to a flat-
plate carried out by Ou and Dong [6].

A flow past a two dimensional flat plate at low &de number
was studied by Kramer et al (2013) [7]. The effesftwviscosity
and free-surface nonlinearity were concluded tlatlinear and
viscous effects are important when the AOA is gneahan
approximately 10° and the low Froude number (mdarg.8). Figurel: Problem definition.

Durante et al presented a numerical model for thepaning

surfaces using linearized potential-flow theoryfiatte Froude

number in which the surface is replaced by a reprtegion of the 3.0 MODELING AND BOUNDARY CONDITIONS
pressure distribution along the plate using tridagyressure
finite elements [8]. A simple numerical approachsveanployed
to obtained data on hydrodynamic coefficients dod fpattern

for various ranges of input parameters. These datapartly

verified through the analysis of two limiting case$ the

considered problem: first, the infinite depth, Fdteunumber being
finite and second, finite depth with very high Fdeunnumbers [9].
The following sections are organized as followsct®a 2 is

described the problem definition. Section 3 is gitlee modeling ({
and boundary conditions and also computational donmiBhe ’
governing equations are described in section 4i®eb presents ‘ NG
the numerical results and discussions and finalyctusions are ety "
given in Section 6. o

\

~ Free suface
outlet

With attention to flat plat, computational domahosld be 4L at
upstream and 12L at downstream, where the L ig jpdsigth. The
upper side (air) is 4L and lower side (water) is 4k shown in

Fig. 2 This domain was meshed by 145000 quad elements as
shown inFig. 3.

atf | N water net

2.0PROBLEM DESCRIPTION

Bottom
In this study, two phase flow of air and water adwa flat plat / L
considering free surface was investigated. Schergatmetry of ) o i .
the planing flat plate is illustrated iRig. 1 The planing plate Figure.2: Domain dimensions and boundary conditions
length and thickness are 1m and 0.04m, respectiveijial
immersed length is;£0.5m. So the overall wetted length will be
roughly Lg=2L;=1m based on reference [7]. A fixed reference
coordinate system defined 2cm upper than leadirge.edhe
plate has an AOA7Z]. It is assumed that the flat plate has a
constant speed of) on the free surface and the fluid is
incompressible with a density and kinematic vistyosf p,, and
vy, respectively. The flow spedd and AOA varied, whereas the
other parameters were constant and pressure ditsbrb wave
breaking and viscose resistance calculated based-ronde
number at wet length of gL Different angles and speeds are
presented iTable 1

Table 1. The different angles and speeds usedsip#per. Figure.3: Cmputational mesh domain.

Froude 05 07 11 The size and type of elements play an importane riol
number achievingcorrect results. To ensure that the resalte not
dependent to number of elements,the problem weesiai
AOA (deg) Speed(m/s) different numbers of element at AOA of 10°. As showFig. 4,
75 ) 16 29 3.45 the lift and drag coefficients will be constant eaft125000
. - elements and also pressure will converge basédgrb with this
10 - - - 3.45 number of element. These two figure show that tesae mesh

12 ) ) ) 3.45 independent.

15 - - - 3.45
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cellnumber
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Figure.4: Effect of cell number on lift coefficieAOA=10° and
Fr=1.1)

145000 ELEM

...... 125000 ELEM

Cp

115000 ELEM ou7
- 100000 ELEM o7

-0.16 -0.14 -0.12 -0.1 —O./Q8 -0.06 -0.04 002 0
x/A

Figure.5: Convergence of presure distribution @iepfor various
number of element, (AOA=10 deg, Fr=1.1)
4.0 GOVERNING EQUATION

To determine fluid treatment (velocity, pressure e surface
profile) all governing equations are given as fako

i Continuity equation:
V.V=0 (@))]

ii. Navier-Stokes equations:

v .
p(E+V.VV)=—VP+uV VS @)

Where 'V" and 'P" are velocity vector and pressure, respectively.

In addition, the factorf" denotes external forces.

iii. Wall shear stress equation:

au
T=po 3)

where x refer to longitudinal direction. In order obtain the
volume fraction field in time, the following transg equation is

solved
oa _
Fri V.(ua) =0 4)

ANSYS-CFX software uses the volume fraction methiod
simulate the free surface. Volume fraction of d iselts fraction
of water. In this method water and air are consaeone specific
fluid in which fluid density and viscosity changéthvparameter
“a’ in Egs. (5) and (6). Whea is 1 the whole cell is water and
when it isO the whole cell is air.

p(X,t) = a(X,t).py + (1 — a(X,0))p, (5)
Au(X' t) = a(Xr t)AuW + (1 - a(Xr t))ﬂa (6)

The subscripta andw denote air and water, respectively. In
addition, x, t andu are the spatial location vector, time variable
and dynamic viscosity, respectively.

5.NUMERICAL RESULTSAND DISCUTION

In order to validation the results, pressure cogdfit is compared
with Kramer et al results that reported in [7] ahstant AOA
T = 7.5° for various Froude numberkig. 6 shows quite good
agreement between simulation and Kramer’s resultahich C,
andA are:

P

Cp = 0.5p ULy, )
_2mu?
A= (8)

whereu is flow velocity in x-direction.

Hereafter, pressure distribution, free surfaceiferolist and drag
are presented. Fig. 7 shows the pressure diswitbati Fr=1.1 and
AOA=10, 12 and 15 degrees. Waves generated of¢eestirface
are shown in Figs. 8 and 9 at various AOA and Feoodmbers.
The height of wave and the length of wave, increase by
accretion in Froude number and AOA because of ¢feionship
between flow speed and length of wave accordirthecequation
(8).This cause in accretion of wave drag because\veaergy is
proportional to square of height according to egmai9) in
which h is wave height.

E:%p*g*;{*hz %)

Also, it should be mentioned that when the AOA risreased
more height of the wave generates at downstreatmediat plate.
Because the flow separates from the trailing edgheoplate and
causes more trough behind of the plate.

Fig. 10 illustrates contours of water velocity arduplate. It is
shown that velocity on the plate (near the waldéso because of
no-slip boundary condition. Besides that, due tpHi pressure is
maximum in this region because of the deceleratfigthe
velocity at leading edge of the flat plate. Liftdatirag coefficients
increase with Froude number and AOA. The majoriporof lift
and drag caused by pressure and viscose portioegkect in
comparison with pressure. This is a result of théet that rate of
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change of velocity%) is negligible, as shown in Fig. 10.

Results of the lift and drag at various Froude neimd@nd various
AOA are given in the Tables 3 and 4. The pressuag dnd
viscous drag components are also presented. Taislgi®en at
various Froude numbers but the AOA is constantde$. While
Table 4 is shown the results at Fr=1.1 but AOAQs 12 and 15
degrees. The same data are presented in Figs.dl23amata of
the Table 3 is demonstrated in Fig. 12 and Tabie related to
Fig. 13.

Fr=11

1
=~ Present Cal 08
------- Kramer et al 06

L.

04

0.2

0
018 016 014 012 01 X\ 008 006 -004 002 0
Fr=07

0.80
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v Kramer et al '

040 Cp

0.20

0.00
035 030 0.25 0.20 X\ 0.15 0.10 0,05 0.00

0.80
Fr=03

0.60
= Present Cal 040 ¢

0.20

0.00
070 060 -050  -0.40 W 030 020 -010 000

Figure.6:Comparison of pressure distribution coefficientign
present calculation and Kramer et al. [7], AGA7.5°.

AOA=15(deg]

Cp

-0.16 -0.14 -0.12 -0.10 -0.08 -0.06 -0.04 -0.02 0.00
x/A
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0.40 Cp
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x/A
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Cp

-0.16 -0.14 0.12 -0.10 -0.08 -0.06 -0.04 -0.02 0.00
X/

Figure.7: Pressure distribution coefficient as acfion of plate
length to wave length ratio for different AOA.

Table 3 Components of lift and drag in different Froudentoer (AOA = 7.5°)

Fr Lift Pressurelift Drag Pressure Viscosedrag
(N) (N) (N) drag (N) (N)

0.5 21 21.1¢ 9.8 9.7¢ 0.0t

0.7 28 28.01 12.1 11.3¢ 0.04

1.1 35 36.01 15 14.97 0.03

Table.4: Components of lift and drag coefficientlififerent AOA (Fr=1.1.)
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g
Lift Pressurelift Drag Pressure Viscose Drag
AOA [deg.
[deg] N) N) ) Drag (N) )
10 63.98 64.04 16.66 16.32 0.34
12 72.02 72.07 20.24 20.04 0.2
15 97.67 97.72 30.2 29.9 0.3
water.Velocity
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Figure.11: Plots of pressure contours for vario@AAFr=1.1)
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Figure.12: a) Lift coefficient as a function FrADA=7.5°.
b) Drag coefficient as a functions of Fr, AOA =%.5
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Figure.13: a) Lift coefficient as a function of AOA
b) Drag coefficient as a functions of AOA (Fr=1.1)

6.0 CONCOLUSION

Numerical computations were conducted in this sfiodylaning
flat-plate, and pressure distributions, lift an@girwave surface
were predicted. Mesh dependency is shown thatHerresent
method 140000 meshes are enough. Pressure digmbstwell
matched with Kramer et-al results. Free surfacefilpso are
determined at various Froude number and AOAs. Hiigissure
is predicted at leading edge of the plate and loesgure at
trailing edge. At high Froude number, it is cledrserved that
more free surface disturbances is shown at dovarstaf plate.
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