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ABSTRALT

THE DIGGABILITY ASSESSMENT
USING POWER COMSUMPTION OF ELECTRICAL POWER
 SHOVELS

CEYLANOGLU, Atilla
M.5. in Mining Eng.
Supervisar: Assoc. Prof. Dr. Celal Kerpuz

September 1988, 89 pages

In thiz thesiz, the performance and power consumptions of
electrical power shovels are evalusted to determine the excavation
difficulty of coal measure rocks present at TKIi's (Turkish Coal

Enterpriges) surface coal mines.

A neyw measurement technigue consisting of wattmeter and

recorder system has been developed and utilized in this study.
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the watimeter - recorder system and power measurements are

carried out simulianeously with the performance measurements.

Field measurements are carried out at 47 different
lacations. The collectad dats is analyzed and formations have been

classified wﬁh respect to their excavation difficulty. The power

mesasurement resulis are compared with the classical cycle tim
measuraments, and it indicated that they are in good agreement

with each other

Key words: Wattmeter - recorder system, electric power
shovel, performance measurements,

excavation difficulty



OZET

FLEKTRIKLI EXSKAVATORLERIN 60¢ TUKETIMINI
KULLAMARAK KAZILABILIRLIK TAYINI

Ceylanogiu, Atilla
Yiksek Lisans Tezi, Maden Miah. Balama
Tez Yonelicisi: Dog. Dr. Celal Karpuz

Eylal 1968, 689 sayfa

Bu tezde, Tarkiye Kimir isletmeleri'nin yeriustd kimir
ocaklarnda bulunan ana  kimlr kagaglarnmin kazi  zorludunu
pelirtemek igin elektrikli ekskavatdrlerin performans ve gig

taketimleri dederlendiritmistir.

Watmetre ve kaydedici sisteminden olugan yeni bir olcim

-

teknigi geligtimmié ve by calismada kullantimistnr,



Elektrikli ekskavatdrin ana &.C. motory watmeire-kaydedici

sistemine baglanmiz ve glc Alcimleri performans dlciimlerigle

birtikte strdordimistor

Arazi dlgimleri 47 degisik lokasyonda sirdiriimistar
Ahnan veriler analiz edilmis ve formasyonlar kazr zorluklanns
gare simflandimimistir. Gag dlglmleri sonuclan klasik period
olcimleri ile kargilagtinimig ve birbirlerigle iyi bir ugum iginde

olduklamm gastarmistir.

Anahiar sozcikler: Watmetre- kaydedici sistemi,elekirikli
elektrikli ekskavatdr, performans

dlgtmieri, kaz1 zoriudu

¥i



ACKHOWLEDGEMENTS

| wizh to thank Assoc. Prof. Dr. Celsl Karpuz for his valuable

:-:%.:gge:éh s and supervizion,
I also wish 1o thank Assoc. Prof Dr. A Ginhan
Pazamehmetodlu for his valuable suggestions

Thanks are also exiended in

many others who helpad in
Yarious ways.

wii



TABLE OF CONTENTS

Page
ABSTRACT e 11
OZET ¥
ACKNOWLEDGEMENTS . wii
LISTOFTABLES ____ {
LIST OF FIGURES i
VANTRODUCTION i
2. PERFORMANCE MEASUREMENTS OF ELECTRICAL POWER
SHOWELS 3
2VWIntreduction_____________________ g
22 FElectrical Power Shovel _______ 3
2.3 Performance Measurements of Electrical Shovals
onh Assessments of Diggability_______________________ 4
3. DEVELOPMENMT OF POWER MEASURING SET UP____________ 13
S ntroduction z
3.2 wWalmeter and Recorder System___________________ 14
3.3 Measurement Procedure With Watmeter-Recorder
System_____ _ a7

e



—— " — s o . e ot o e S ot

—— s - — s . s e e e

3. ANALYSIS AND DISCUSSION OF RESULTS

5.1.Evaluation of the Performance Measurements

5.2.Analysis and Discussion of the Results

——— > o ittt e e

6.CONCLUSIONS AND RECOMMENDATIONS

. et ot i e e e e o et e e

REFERENCES

————— —— ——— — — ot o e o T S o o o P A s S S i o T S P D S D D S

ix

25

25

31

31

25

89



fa

93]

190.

LIST OF TABLES

. The &average Cycle Times of Elactrical Shovels as a Fuction

of Digging Difficulty___________

Classifications of Digging by Means of Dipper Fill Factors__

T.K.l's Surface Coal Mines Where the Performance

Measureme

nis are Carried Out

—— et et e e i iy e . i ey e e e o

M.E.T.U. Mining Eng. Department Excavator Performance

information Form

Final Class

Formations

ifications of Excavalion Conditions of

ey

Fage

10

P



LIST OF FIGURES

Figure _rang
1. Terminmz:;gg and Major Units of a Shovel e 5
2. General Dimensions of the Electrical Shovel With

8 10 Y Dipper COPACTLY . oo eeseese e f
3. Working Eanges and Operating Motions of
the Electirical Shovel e, 7
4. Simplified Working System of an Electrical
POWEr SROVET et 15
2. Working System of the Wattmeter 16
6. Front and Baclk VYiews of the Watimeter 17
7. Connections of the Wattmeier and Becorder
toa Given Transtormer SUSTam s 19
g. Calibration Graph of the Wattmeter-Recorder
MBASUIBITIBITL. o es e e 20
9. & Typical Record of Wattmeter and Recorder System...... 22
10, & Typical Becord of Power Measurement. . 33
11. The Eelationship Between the Average Cycle Time and the
Digging Difficuliy of Formations. ..o B0
12. Classifications of Formations with Fespect to Dipper

F Tl P BT 0T et s s eee s e eene £1

2]



Figure

".{

\-“

ta

‘E’

=

P
)

The Eelationship Between the Hourly Capacity Without

waiting and the Digging Difficult of Formations..........

Relationship Between Average Power and Dipper

Capacity for Empty Digging Motion .

Relationship Between Mean of Average Digging

Power and Dipper Capacity for Loose Material.....

Relationship Between Mean of Average Digging

Power and Digging Difficulty e

Relationship Between Maximum Power and Dipper

Capacity for Emply Digging Motion.

Relationship Between Maximum Digging

Power and Dipper Capacity for Loose Material

Relationship Between Magimum Digging Fower

and DIgging DITTICUTEY e

Relationship Between Average of Maximum

N

Digging Power and Dipper Capacity for Loose Material..
. Relationship Between Average of Maximum

Digging Power and Digging DHTIculYe

Relationship Between Average Digging Energy

Consumption and Dipper Capacity for Loose Material ...

23, Relationship Between Average Digging Enerqy

Consumption and Digging DIfficultye

¥ii

_Pane

.. B9

. B7

I X}8]

O b



CHAPTER 1

INTRODUCTION

The prediction of the diggability of rock units is the most
important concept in overburden removal operstions. Digging
conditions, type of excavating equipment, capacity snd the
operational conditions are the factors which affect the production

of surface mine axcavating equipments.

The performance messurementis of the elecirical power

shovels are used as an indicator of digging difficulty of
formations in the literature. The capacity differences of shovels
is the most important and complex parameter o be considered

during the classification of formations with respect to th

Py

performance  measurements. There are limited studies on
diggability classification of formations with respect fo the power

and energy consumptions of electrical shovels in the literature.

& new messurement system consisting of watimeter and

=

recorder developed by Middle East Tecnical Univers

L]

ity Eoc

29

o

Mechanics Research Group is utilized to measure the power an
enerqy consumptions of alectrical shovels during the overburden
removal operations of different formations those in Turkish

surface coal mines.

- C
POksels S s
Dok ekdgretim Kuryly

Oklmantasyoq Merkezg



The aim of this thesis is to clasify the excavation condition
of formations with respect to the performance parameters. Not
only the clasical cycle time but also the power and energy
consumption measurements are analyzed to determine the

classifications of excavation condition.

The parameters considered in performance measurements
are explained in chapter two. Development of power measuring set
up is presented in chapter three. In chapter four, the performance
measurements in the field are explained in detail. The results and
analysis of performance measurements are presented in chapter
five. In the last chapter, conclusions of this study and some

recommendations are given for future studies.



CHAPTER 2

PERFORMANCE MEASUREMENTS OF ELECTRICAL
POWER  SHOVELS

2.1, Introduyction

o1

-)‘

Classifications diggability of formations in  the

£

Htareture is & complex phenomenas and mainly depends on the
geotechnical parameters of the formations and can generally be
measurable with cycle times for various dipper capacities of the

excavators and the dipper fill faciors of the sxcavators.

A brief information about the electric power shovel iz given

before the explanationz of the effective parameiers for ihe

performance measurements on assesment of diggability.

2.2 Elecirical Power Shovel

The electrical power shovels are designed fo scoop the
material from ground level where they are operated, the dipper
moving vertically through the working face of the formation and to
dump either to a spoil pile or into a haulage unit. Four operations are

involved in this process, these being hoist, crowd, swing and propel.

Electric power shovels are used with trucks in stripping

operations in open-pit mines. The productions of these machines



change according to their size, model and digging difficulty of
formations. The operational conditions such as truck availability,
operator experience, bech height, floor condition also affect the

production rate.

Terminology and Major shovel units which are lower frame,
upper revolving frame and digging attachment are shown in Figure
1.

The general dimensions vary with the capacity of shovel.
The genersal dimensions of a typical 10 gd3 dipper capacity shovel

are identified in Figure 2.

The operating specifications also vary with each model
shovel but they can be constant for different dipper capacities.
The operating specifications of the shovel and the four operating
motions involved in the cycle process of the shovel, these being
hoist, crowd, swing and propel are shown in Figure 3. The four
operating motions of hoist, crowd, swing and propel are
individually motored and functioned independently. Especially

crowd and propel motions can not be operated at the same time.

2.3. Performance Measurements of Electrical Shovels on _Assesment of
_Diggability

- The performances of excavators with respect to digging
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K Radius of Rear ENd......ccccooveeiviiiniiniins coeciinciiiieninincenianns 2311.0in. 7.01m
L Max. Height Over Gantry ......ccccccovmiiiennniininiiiicininiinnns 33f2in. 1011 m
M Overall Width of Crawlers (42" Shoes)......ccccccvveereeeecnnnes 22 ft. Qin. 6.71 m
N Overall Length of Crawlers..........cccccvevrereieerncecceeerannnnens 25ft. 0in. 7.62m
0 Ground ClEAaranCe.......covvmueeerurererimmererresanseesssessneecenssons 1. 9in. 0.53m
P Height — Ground to Bottom of Counterweight ................ 7 ft. 5in. 226m
Q Center of Rotation to Boom Foot Pin ........cccecveceieccennn. 9ft. 4in. 2.84m
R Height — Ground to Boom FOOt Pift.........cccecveevvveiieieennes 1t 11 in. 3.63m
S Height — Ground to Top of Main Cab.......cccccvevcceceennnnes 221, 0in. 6.70m
S1 Height — Ground to Top of Operalor's Compartment...... 27 1. 8in. 8.38 m
So Height — Ground o Top of Rear Canopy Section ........... . 25ft. 8in. 7.82m
S3 Height — Ground to Operator's Eye Level............cc....u... 24 tt. 3in. 7.39m
T Width Of Cab....coouiiiiicrieice e 21 . 0in. 6.40m
T Width of Cab and Stair Platform.......cccoccveeveeieeicinnnnnnannns 26 ft. 5in. 8.06m
u Overall Length of Main Cab ........ccceeeiereneeeiiinicreercrencnnee 321t. 0in. 9.76 m
Uy Overall Length of Cab and Operator Compartment ......... 341, 0ln. 10.36 m

Figure 2. General dimensions of the electrical shovel with a
IO yd3 dipper capacity
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( = SJinq Motion
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SH & y T Holst
VA Motlon
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#ﬁ . D
( — |Propel 3
Motion 1 Y Y
<3 G :!
A BOOM ANGIE c.ceenniiiieiiiinree e et e . 45° 45°
Dipper Capacity (Nominal).....c....cveerreecrivveenrerecceannas ool 12 cu. yd. Scum
Dipper Capacity (Range)....c.ccoveiieineiiiieeiricrecccinicrnneennne 10-25 cu. yd. 7.5-19.1 cu.m
B Boom Length......cceiiiiiiiiiiiiiiiiiiieeiiciicccceecc e 40 ft. O'in. 12.19m
o Effective Dipper Handle Length.......ccccovvvvriveeecreecinnennns 27 ft. Qin. 8.23m
D Dumping Radius at Max. Lift.........ccoeeeivriiiirireneniee s 52t Qin. 15.85m
D4 Dumping Radius (Max.) ..cccoevevrerverernuererrnnrniesensarsssnnennas 53 ft. Qin. 16.15m
E Height of Cut (MaX.)..c.ccccriierrrnceniirieneieereeresrinesnaeaine 42 ft. 6 in. 12.95m
F Digging Radius (MaXx.) ....c.ceeevrreeererenrerirenmieneeeereeessssnnneens 58 ft. 6 in. 17.83m
G Floor Level RadiUs.......cccoceereeccrerirrerernesereseiiornneearaeneenns 39K/ 0in. 11.89 m
H Dumping Height (Max.) — Door Open........ccceeecveenrennnnnnn 27 1.0 in. 8.23m
Hi{ Dumping Height at Max. Radius — Door Open................ 19 ft. 0in. 5.79m
I Clearance Height of Boom Point Sheave...............ccc.uen.. 43 1. 0in. 1311 m
J Clearance Radius of Boom Point Sheave......................... 40 ft. 3 in. 12.27m

Figure 3. Working ranges and operating motions of
the electrical shovel
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difficulty of formations are mainly measured by the cycle times,

dipper fill factors and hourly outputs.

The work cycle is s complete process of the excavator to
fill its dipper from ground level where it is operated to the
vertical direction of the working face and dump its load into the
haulage unit and return for the next cycle with swing motion.
Therefore,the cycle of the excavator is composed of four segments

as follows:

1. Load dipper
2. Swing loaded to the haulage unit
3. Dump dipper into the haulage unit

4. Swing empty for the next cycle

The average cycle time is dependent on machine size, small
machines can cycle faster than large machines, and digging difficulty.

As the formation gets harder to dig, it takes longer to fill the dipper.

The proposed average cycle times of different electrical shovel
manufacturing componies as a function of digging difficulty are given
in Table 1.

The dipper fill factor is a percentage expression of the amount

of the dipper's capacity that is utilized. When the dipper is filled to



Table 1. The Average Cycle Times of Electrical Shovels as a Function of
Digging Difficulty (P and H., Marion., 1980)

...“\C]as*_-'.iﬁl:ﬁﬁﬁfrs Easy - Moderate- Hoderately fs-b:-de-ratell;
\\':'f Digging Easy Moderate | Moderate Moderately . Difficult- Difficult
\\ Difficult  |Difficult | pifficult
Dipper \\_
Capavity '\’\,\ ts (secy | t _(sec) t (sec) | 1 slf‘-?n?cfl ts (sec) | 1 (sec) ts (sec)
R 4 ., = = s
yd =3} AN .
4.5 2043 | 22506 | 2469 | 2655 | 2840 13002 | 31.63
L 2204 2517 | 2730 | 2016 | 3101 | 3263 | 3424
j - 2850
105 23241 2537 2750 | 2036 | 3121 | 2283 | 3444

15 24701 2683 | 28.90 | 3082 | 3267 | 3429 3500
17 25,17 | 2730 ) 2943 | 31.29| 3314|3476 | 3637
20 23.67 ) 2780 2993 | 3179| 33.64| 3526 3687
a5 23896) 2509|3022 | 3208|3393 | 3555 37.16

)




less than 100%, by the percent of available capacity not utilized. On
occasion, material may be heaped to excess of dipper struck measure,

meaning the fill factor is 100% plus some fractions.

It is difficult to excavate and fill the dipper as the
formations tend to be hard. The literature classifications of

digging by means of dipper fill factors are given in Table 2.

Table 2. Classifications of Digging by Means of Dipper Fill Factors (P and H)

Clasifications
Dipper Fill Factor (FF)
of Digging
Easy FF3095
Moderate 080> FF <095
Moderately 030 »FF <090
Difficult
Difficult FF< 080

The output of the shovel is directly propotional with the
dipper capacity and the dipper fill factor and inversly propotional

with the cycle time.

Hourly capacities (m3/hr) of the shovels with the dipper
capacity ranging from 45 to 25 gd3 are calculated for ease of
digging of formations and at the same time to see the combination
effects of the cycle times and dipper fill factors on

classifications of digging.

10



The cycle times and dipper fill factors for classifications
of digging given in Table 1 and Table 2 are used to find the
literature hourly capacities of different dipper capacities for
different digging conditions. The following formula is used for

four classifications of digging:

Hourly Capacity (m>/hr) _ 3600« FFxC,

ts

where: ts: Cycle time (sec)
FF: Dipper fill factor
Cd: Dipper capacity, m>

3600: This number divided by cycle time
in seconds gives the number of
cycles per hour that the shovel

will take.

Litareture hourly capacities of electrical shovels as a

measure of digging difficulty are given in Table 3.

1



Table 3. Hourly Capacities of Electrical Shovels as a Measure of Digging

Difficulty (P and H., Marion., 1980) -
”"". - Rl v "~ 3 o
 Classifications Easy - foderate= foderately Moder ately
\_ft Drigging Easy Moderate | Moderate Moderately L Difficult~] e 1
. Difficutt  |Difficult ) Difficult
[vipper ﬁ\x
= ., - z k4 de Foapale Fopd o B
{ud =) AN ':ms A i e [ m T A ped] G ™ S b e ARl o ABrd (mo )
4.5 2911 | 5216 [ 4de41 | 4141 | 3707 | 330.1 | 2937
10 1164.8]| 1035.9| 9326 | 837.6 | 7545 | 6749 | 6029
10.3 12125 | 1082.3| 972.2 | 8737 | 787.1 | 7043 | 629.4
15 16206| 14619) 1318.8] 1189.0 1074.2| 9633 | 8626
17 1812.6 116283 {14707 [ 1327.2 | 1200.2]| {a077.0 964.0
20 2091.01 1861.2] 1701.4] 15369 1391.0] 12490l 1118.5
25 25545 | 23273 21063 1803.8| 1723.9| 1545.6/ 13559

I



CHAPTER 3

DEVELOPMENT OF POWER MEASURING SET UP

Z. 1 introduction

The energy consumplion of shovels during excavation is
another approach of analysing the digging difficulty of formations.
However this may not always be g good indication to show the
digging difficultly. Some type of electrical shovels work with an
active-passive energy consumption system ie. their main drive
AL, motor can also work as a generator espicially during the
reverse motion of the hoist. For this type of electric shovels, 1t is
not easy to evaluate the energy consumptions in each phase of 3
cycle. In such a conditions, power measurements are considered

the best way.

Shirley Williamson, Cameron Mckenzie and Harry O'Loughlin
{1983) recorded the signals of d.o. motors of electrical shovels to
provide informations on digging u:mdmx:xm They recorded the
crowd motor signals in terms of voltage and current to explain the
gging conditions. The total horse power of the crowd motor is
130 (0. 097 ) and the total horse power of the hoist motor is

600 (0.445 MW) for & 10 ng* dipper capacity electric shovel. The

L



crovwd action pushes the lip of the dipper into the formation af the
start of digging and then the hoist force is exerted until the end of
digging. The effective power is the hoist molor power during
loading the dipper as it is seen from the value of the total horse

power of the hoist motor,

The main drive AL molor of the shovel provides all
mechanical nower for crowd, hoist, swing and propel motions. The
simplified working principle of the electrical power shovel is

given in Figurs 4.

In this work, the watimeter and recorder system developed
by Middle Ezst Tecnical University Rock Mechanics Research Group
iz utilized {0 record the main drive AL molor power with respect

to time.

3.2 wWattmeter and Recorder System

The wattmeter is ysed to mesasure the power of any required
system continuously. The measured power of the system can easily

be followed by the indicator of watimeter at any time during the

=3

neasurement. The wattmeter also cutputs DC Yolt sccording fo
the power of the system continuously. The block disgram given in

Figure 5 . illustrates the working system of the watimeter.

14



SOURCE

Other Electric Shovels

A.C. Power; 3 phose (R,S,T), 60 cycle (Hz)
Power supply : 3000 -6000 volts ( Dependent on a

| Stould not exceed 5 9% Below nor 109 Above

hovel's tronsfo ; .C.
Shovel (Shovel's rmer or directly moin A.C. mofor)

Electric
Motor

—

Mechanical

an

Power

Main
Transformer
Isolation
Transformer
{200-300m)
given model )
Electric
<Elctric (—D.C. - Man (A.c)jp.c.
Mechanlcal | Motor Generaior Drive Generator
Power Motor
Synchronized { A.C. Motor & A.C. Generator )
Or
Induction machine
Figure 4. Simplified working system
electrical = power shovel
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Figure 5. Working system of the wattmeter
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The size of the wattmeter is 40%30%15 cm., and the weight
is approXimately 7 kg and the power supply is 220 Yoll. The back

and front views of the wattmeter are shown in Figure &

A dual-channe! Yokogaws Hokushin Electric Model 3021 sirip

chart recorder is utilized as readout device in the monitoring
system. The recorder is just used to record the ouiput DC. Yoll of
the wattmeter as a funcltion of the power measured with respect
to time continuously. The Yolt range and the velocity of the record

are selected from the strip chart recorder.

The con

.--o-
4"‘!
l‘l 2]

of the wattmeter and recorder to & given
transformer system is shown in Figure 7. The power of the system

can be calculated at any time during the measurement as follows:

W {Wattlz Wattmeter Indicator Numbers Wattmeter
Reading Coefficientsaxb

where ; o Yoltage Transformer Turns Ratlio

b: Current Transformer Turns Ratio

|}

The analog D.C. Yolt outputs of the waltmeter related with
the power of the measured system which can be recorded

separately with chart recorder are as follows:

1. Voltage of the B phase (¥ 9:’

2. Current of the R phase {] R 3
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© 000 000
ON High Voltoge High Current v i
Indicotor Indicator W \ 10
N
vOERY o . @ .
300V S Sr 5
V. Range 10~ 100 ~
10 Y -
LO5A PR/ \Pz 5/ ‘500 ||O O
C. Range Reading
{1
Function Coefficiant Indicator

Front view

Output VDC. of V, I, P for 3 phases
individuolly ond P, to the chart recorder

A A

Voltoge Input
Current Input R S o Tnp N
R s

© © © ©©©'©

Current Output Fuses

Fuse

Power SupplyO

Back view

Figure 6. Front ond back views of the wattmeter
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R o—mmamy r
r—
Current
Transformers
S o— —— S
T o—  —
T__: l F Vo"oge
Transformers

FHICERE

— 1
Recorder

Figure 7. Connections of the wattmeter and recorder to a given
’ transformer system

o
1l
et
-
hot-31
s
Dy
R 4
1
ot
e,
o

5. Current of the S phase {1, )

putput for each Fy, F, and F’,}, phases at the nomingl power of the

selected voltage and currant ranges. Therefore, the total analog
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Qutput Voit ( D.C.)

output of the watimeier F‘)._ g 7.5 DL ¥Woit = iho desired

conditions, &t the 100 YA14 ranges |

19
'J.':-
[y ]
[RG
LN
e
[

Yolt output
corresponds to 100 %W nominal powsr for 3 single phasze and at the
same range the 7.5 DL Yolt output of Py corresponds io S00%
nominal power. At the Z00W/SA ranges the 25 DL Yolt ouiput
corresponds to 1200%W nominal power Tor one phase and 7.5 D.C.

Yolt output of Pz corresponds 4500% nominal power.

A
75— — — — — —— e — ——— — —— — — —
|
I
|
soF——————— /"7 IO:VOIerTmsform
| ' turns ratio
| |
L ! lt>: Current Transformer
] | | | turns ratlo
| | 1
l I I
| | | S
500 W 1000 W 1500 W Read Power (P)
500xa% b VOOxaxb 1500 xa%b Real Power
{pPpxaxb]

Figure 8. Calibration graph of the wattmeter - recorder measurement
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The DC. ¥olt recorded by chart recorder corresponds the
powetr of the measured system st any time. A typical record of

watimeter- recorder system is presented in Figure 9.

The consumed totsl power of the excavator st any time on

the recorder is calculated as follows:

First R{D.C.Volt) is determined on the recorder.
R {D.CWVolt)= Recm‘der Yoit Range (D.C. Yalt)s ¥ i{mm)
250 {mm}
where; 250mrm is the whole length of the chart

is the measured length at that time in mm.

o

r;.

secondly, the nominal power of the watimeter for F‘ 18
calculated.

M {watt)= Wattmeter V. Range x Wattmeter C. Range «3xaxh

vwhere: a and b are used io find the real power of the
measured system
a: Yoltage Transformer Turn Ratio
b: Current Transformer Turn Eatio

Then, total power of the system at thal time is:

Fe (watt)__ R(D.CMolt}* N {watt)

75 {DC volt)



time (sec)

A
1cm/sec

—I /%/ .
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(=) O (+) DCV (\;otf)
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Figure 9. A typical record of wattmeter and recorder system
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Femote control pen of the chart rem%d&r which

ch draws
straight line at the left side of the chart is used to indicate the

required time intervals. This line is also shown in Figure 9

The energy of the measured system for a given time intervyal

is calculated as follows:
i,

/wm- watt. sec
t

i

It is difficult to integrate the above equation without

gm. Then the prodedure outlined below is used
for practical purposes:

analog-digital syst

A (el

E
)
presy
~
[dy]
Ly}
£

£ {cmdwatt)* y (em/min)
60
where; & is the area under the record with the given time
interval {cm, )
y is the recarder velocity {cm/min}

% 15 the recording ranges (cm/wWatt)

|""‘

3.3 Measurement Procedure With Wattmeter-Recorder
System

The following procedure is applied o measure the power of
the required system conlinuously with wattmeter-recorder
system.

o
Loy |



‘1‘_"

1. Connect the given system to the watimets

Connect the wattmeter to the chart recordar.

[t

. Mote the voltage and current turns ratios of the given

. Supply 220%0lt for wattmeter and recorder.
2. Select the voltage range and current range from the
watimeter. If the high voliage indicators light on, select another

range {300Y) and if the high current indicators light on, select the

other range {5 amp) MNote the measurement ranges of the
wattmeter
6. Control the polarity of thres phase from the function

button of the neter. Al three phase PF ,

F, and Py must be
in the same direction to measu FZ correctly. it they are not in the
same direction, control the connections of cwrent input and
auiput.

7. Select the function and set the correct reading
coefficient from the walimeter. Set the largest value of the
reading coefficient which is 500 al the beginning of the
measurement and decrease the reading coefficient according to the
indicator of the wattmeter.

d. Set the suitable volt range and velocity from the chart
recorder.

9. Indicate the zero line on the chart.

10. Note the volt range, velocity of the recorder and output

of the wattmeter which can be P , P



CHAPTER 4

FIELD STUDIES

4.1_ Introduction

Performance measurements of electrical power shovels are
carried at TKi's { Turkish Coal Enterprises) surface coal mines for
the determination of excavation conditions. Table 4 summarizes
the mines and the formations where the measurements are carried

aut.

4.2. Performance Measurements

Overburden removal operations of eight different models of
electrical power shovels with the dipper capacity ranging from 4.5
to 25 yd® are observed for different excavation conditions. At each
location the following parameters are recorded carefully to
indicate the excavation conditions:

1. Cycle time {sec)
2. Dipper fill factor
3. Digging power (Mwatt)

The performence information form given in Table 5 is

25



Table 4. T K.I.'s Surface Coal Mines Where the Performance Measurements
are Carried Out.

ENTERPRISE LOCATION PANEL FORMATION
Kisrakcere- Dodu Marl
Xisrakders-Bsh Harl
EL. Merkez lytklar A Pana Farl
- 11k18r DE Pang Mar)
fiman Har)
Sankaya Marl
Denis Gamteria Harl
Beke tarl
Omerler Marl
Tungbilek 36. Pano Harl
Kuspinar terl,Limestene
G.L.I
$-20 Marl
Seyitdmer 5-19 Marl
S-18 Mar}
Yatagan Eskihisar Mar!
Conglomerste,Marl
Tinaz-Bajyaka Tinaz Limestone
G.EL.]
Ixizxsy Marl, Limestone
Milas
Sakkdy Mar]
Marl, Clayish Marl
SK.Li Kalburgayin

Limestone

P

()]




Table 3 METU. Mining Engineering Department Excavator

Performance Information Form Date: ..
Code No:...
Mine, Region & Panel: s
Format i Om e
Degrae of Weathering: ..
Blasted or Mot e

Working Conditions:

Bench Height e,
Condition of the Shovel FI100r o

The Distance Between the Face & the Shovel.. ..

Operator Experience ({total waorking time of

Yoltage Transfarmers of the Shovel Turns Bation. .
Current Transformers of the Shovel Turns Bation ..
Murnber of Current TransiormMErS e
Wattmeler Yolt Bange

Wattmeter Current Bamge e

Recorder Yelociiy Bange. e

27



completed at the beginning of the each measurement. A brief
description of the formation, operational conditions and power

measurement variables of the electrical power shovel are noted.

The cycle time measurements are repeated for 40-60 cycles
at each location. It was sufficient, since there is no significant
changes in the average of measurements as the duration of
measurements increased. Cycle time measurements are maintained
continuously during the whole measurement period, including down
time and break times. The dipper fill factor and swing angle are
also noted continuously. The typical cycle time data sheet is given
in Table 6.

The cycle time and wattmeter-recorder system outputs are
taken simultaneously. Wattmeter and recorder system is connected
to the secondary ends of the isolated transformer of the shdvel or
directly to the shovel's transformer which is inside the shovel to
measure the total power of the main drive A.C. motor of the
electric shovel with respect to time continuously. Some models of
electric shovels have no transformer inside the shovel. In those
cases it was not posible to see shovel's different steps of cycle if
the wattmeter and recorder system is connected to the isolated
transformer of the electric shovel. Two hand-held radios are used
for comminication in those situations to indicate the shovel
motions. The dipper fill factor and the qualitative describtion of
the formation such as easy, moderate or difficult are also noted

continuously during the performance measurement.

28



Tadle €. The Cycle Tine Data Shert i 2% S——
Cooe Mo ..........
®Down | Deginning of the End of dipper filling Dipper Swving
cucle ’ i Angle Explamtions
Time {»Berinning of the * £ng of Gown time fxctor o
Grvn time Degree)
0.00 0.10 0.8 80
023 0.34 Q.9 90
0.5% 1.07 0.8 100
* 1.73 1.20 - - Proce!
1.4G 1.0 0.9 90
| 208 2.1 07 %
' 2.3 239 15 110
| 2z ice 08 100
= = G I b
450 301 10 70

3.17

BT axd



Each measurement is numbered to compare them with each
other and anslyse easily. The total number of measurements
carried out in the field was 47 and the code numbers of those
measurements are given on the performance results tables The
results of the measurements will be analysed in the following

chapter.

Lt}
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CHAPTER 5

ANALYSIS AND DISCUSSION OF RESULTS

5.1. Evaluation of the Performance Measurements

The cycle time measurement data is directly calculated by a
simple basic program prepared by Rock Mechanics Research Group.
The following parameters are derived and the results of each

location presented in Table 7. These are:

1. Total measurement time (sec)
it is the total measurement time including ail
cycle times, down times and bregk times.

2. Total cycle time {sec)
It is the summation of all cycle times obtained
during the measurement.

3. Total dipper fill time {sec)
It is the summation of all dipper fill times
obtained during the measurement.

4. Number of cycle times

5. Average cycle time {sec)=Total cycle time/No.
of cycle

6. Average dipper fill time ({sec)=Total dipper fill
time/No. of cycle

31
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7. Average dipper fill factor=Total dipper fill
factor/No. of cycle

8. Total output {m®)= Total dipper fill
factor*Dipper capacity

9. Actual Hourly Capacity (meshr)=
Total output*3600/Total measurement time

10. Hourly Capacity Without Waiting (m3 hr)=
Total output*3600/Total cycle time

=_3600 « Average « Dipper Capacity

Average Dipper Fill Factor
cycle time

The calculation sequence of the main drive A.C motor power
of the electric shovels at any time is explained in detail in
Chapter 3. The developed basic program in accordance with the
procedure outlined above is utilized for the calculation of provided
data. The following parameters are calculated and given in Table 8.

These are:
1. Mean of Average Digging Power (M¥att)

The average digging powers correspond to all
subsequent cycles are taken from the recorder. Then
the summation of average digging powers are divided
by the number of cycle to find the mean of average

digging power for each measurement.
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2. Maximum Digging Power (Mw)

[t iz the maximum of peak powers recorded during the

whole digging time. Records indicate that it also

"J.l

refers the madgimum  value which iz obtained during

whole performance measurement.

Average of Mazimum Digging Powers (M)

The maximum digging powers are found for each
digging cycle. Then the summation of  maximum
digging powers divided t:g the number of observations

to find the average of marimum digging powers for

4. &verage Digging Energy Consumption (MW .cec)
Energy consumpiion of totsl  digging time is first
calculated and divided by the number of digging tfo
find the aversge digging energy cansumplion for each

tocation

The power consumption of electrical shovels during the
loose material loading are also messured at some  locations for
3 to 10 cycles. The above parameters are also calculated for

those measurements.



&. Average Empty Digging Mation Power (M) and  Marimum
Empty Digging Motion Power (Mw)
Actual cycle measuremant repested as if the dipper is

1

oy

digging while the dipper is empty. The averages a
magimum of these measurements are expressed 835
average empty ging motion power and mazimum
emmpty digging motion power respectively.
in order to clarify the terminology and calculation procedure
the following example is solved and its record is {Hustrated in

igure 10,

-~

-
[yn]
[y}
[y ]
(]
=
[y
Pl
joncy
fyul
=
w3
-
L,(l
r
——J
X l"l
""‘A

r thiz example:

Fecorder Yol (BY) = 10V

Yoltage Transformer Turns Ratio (YTTR)=6000/100=60

Current Transformer Turns Ratio (CTTR 1= 300/53=80

Number of Current Transformer (CTHI=3

Watimeter Current Range (WIR) = 54

32



EMPTY DIGGING 2
MOTION

EMPTY DIGGING 1
MOTION

L OOSE MATERIAL 2
LOADING

LOOSE MATERIAL 1

LOADING

lem = 0.288 MWatt

DIGGING CYCLE 3

Maximum 3

hi

—__ Dumping

DIGGING CYCLE 2

Maximum 2

ng (End of digging)

DIGGING CYCLE 1

%\bns ( Maximumy )
P
/E N\ n

np Rq 5
n, (Beginning of digging)

0
(—) Pz(+) (P8H 2100 BL)

Figure 10.

A typical

record of power measurement



Recorder Yelocity= Gemdmin

First power scale is determined

Az BY o 10mm/250mm = 0.4 %olt

B= WIR » WYRE x YTTR « CTTR « 3 = 5400000 ¥att

lcm on the record corresponds_A*E . 2 _ 0288 Mwatt

This calculation procedure ghove 15 also explained in Chapter 3.

For digging cycle 1, it is seen that the record iz divided into
tmm. divisions. Then for every division, length of record is measured

and multiplied with 0.028G to convert it to power.

f,= 15mm=15% 00280 = 0432 MW
Nn.= 265 mm=90703 My

M= f6mm=0515 Mw

n

v
fuix]
L]
i
=
E

n,- 41 mm

o4



Ng= 465 mm = 1.339 MW
n,= 375 mm= 1.06 MW
Mg 28 mm = 0.806 MW

ng= 36 mm = 1.0368 Mw

The averages of these n observation is formulazied as:

n
> P
Average Digging Power ____ i=1
n

yrhere; n= number of observations for a single digging cycle

(measured lengths)

0.432+0.763+0.518+1.1808+1 224+1 339
+1.08+0.806+1 0263

&verage Dipping Power
(for digging cycle 1) 9

=0.921 My

This operation is done for all digging cycles and in this
example only 3 digging cycles are calculated. Then the mean of
average digging powers is found for each location. These three
digging cycles belong to measurement 39 and the results of this

example are also given in Table 8.
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Of Average Digging Powers (Q931+0.842+0.944)/3 = 0.906MW

For all cycles, a mazimum power is found as it is szeen

easily from the illustrated Figure 10. that the maximum length is

BOUS

1 to magimum power.

Maximum Pcswer = 1.330M% fn,}
Maximum F‘r:twerg = 1.195

Magimum Powerz = 1,250

The highest of maximum power is found, in this axzample

Maximum power is 1.339 M.

Average o

Then average of maximurn power is calculated:

maximum digging powers {1.339+1.195+1 ; "3633’3:1.2?? i

| O]

Energy consumption of digging cycle 1 is found as follows:



First the area of the digging cycle is calculated.

n
- e :Z'l—’ _f & ,.j‘_’ ‘.,';-’n % . : oo
Ares (cmi=( ZLi (L7 2L 7211« 1 mmd 100
iz

where ; L is the measured lenght.

Faor the digging cycle 1,

2 2 100

2.655 o

Then the formula given in Chapier 3 is used,

Energy Consumption (M. sec)=2(88 (LT )

£* /60

where; % is Tom/Myatt

4 is the recorder velocity in cm/min

Digging Energy Consumption = —2.635

= 7.646 Mwatt*sec

of Cycle | 1/0.286%_ 6
o

af



Digging Energy Consumption of Cycle 2= 9511 MWatt®sec
Digging Energy Consumption of Cycle 3= 12.370 Mwatt*sec

Average Digging Energy Consumption
= {7.646+9.511+12.370)/3= 9.842 MW*sec

All these parameters are also calculated for 2 loose material
loading cycles which are illustrated in Figure 10 and the results are

given in Table B.

5.2. Analysis and Discussion of the Results

Among the parameters listed in Tables 7 and 8, the following
parameters are studied to analyze and to classify the excavation
conditions of formations.

1. Average cycle time (sec)

2. Average dipper fill factor

3. Hourly capacity without waiting (m>7hr)

4. Mean of average digging power (M¥)

3. Maximum digging power (M%)

28



& Average of maximum digging power (M)

7. Average digging enegy consumpticn (Mw sec)

ft is also stressed that not only the above parameters, but also
the working conditions, operator experience and electric shovel
conditions such as age, model, loose material loading power are also

considered during the classification of formations.

Cycle time is mainly dependent on machine size and excavation

conditions. When there is any deviation of swing angle from gl s
gspecially considered in the analysis. The average cycle times for
each location are compared with the literature valuesFigure 11,

the evaluation of cycle time dats with respect to the

l'll

BHPOSES

literature values.

The dipper fill factor iz as effective as cycle time on the
shove] productivity. It is difficult to excavate and Till the dipper as
the formations tend o be hard. The average dipper fill factors are
also compared with the literature vwalues. Figure 12, shows the

classifications of formations with respect to dipper fill factor.
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Similarly, the hourly capacities without waiting are also
compared with the literature values. Figure 13. shows the
relationship between the hourly capacity without waiting and the
excavation conditions of formations. Hourly capacity without
waiting is especially preffered in the diggability classification,

since it doesn't include down times.

The average digging power, maximum power and energy
consumption of digging are directly propational with the machine

size and the formation digging difficulty, too.

The average powers of empty digging motion are analyzed to
see the machine size effect on the digging power consumptions.
Figure 14. shows the relationship between the average power of
empty digging motion and dipper capacity with a 70% correlation

coefficient.

The average povers of loose material loading are relatively
greater than average powers of empty digging motion for each
shovel, as it is expected. The relationship between the average
power of loose material 1oading and the dipper capacity is shown
in Figure 15. The power consumption of loose material loading is
measured as a base value in order to be able to compare the

digging conditions. It is observed that the average digging power

62
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can be an indicator of digging difficulty of formations. The
measured values are plotted to see the relative changes of mean of
gyerage power with respect to  digging difficulties. The

relationship between the mesn of average power and the diggin

l.r_‘.'l

difficulty is shown in Figure 16. The line which separates the easy
digging and the moderate digging is taken from Figure 15 The
other iwo  lines are drawn considering the formation
characteristics  which  was  accompanied  with  diggabiiity

classification system carried out AG. Pasamehmetodlu, et al.

The marimum powers obtained during empiy digging motion
are just plotied to see the relstive decreases acording to the
marimum power of loose material loading. The relationship
between maximum power of empty digging motion and dipper

capacity

w=

s shown in Figure 17. The maximum digging power is
measured when the depth of cut is re}atwelg maore than the other
digging cycles. It iz also observed when the shovel is digging hard
formations with difficulty. Figure18. shows the relationship
between the maximum power of loose material loading and dipper
capacity with a correclation coefficient of 79 & where it is used
as @ base to separate the easy snd moderate diggability

classifirstion of formstion

i)

in Figure 19. The diggability

D]
'au.-‘
l‘ l"
lf.".l
"'"l

ication of formation with respect to maximum digging

power is shown in Figure 19,

i
T
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The average of maximum power values are analyzed in the
same manner to see the effects of maximum powers of each
digging cycle on the digging difficulty of formations. Figure 20.
shows the relationship between the loose material average of
maximum power and dipper capacity with a 61 & correlation
coefficient. The diggability classification of formation with
respect to the average of maximum digging power is shown in

Figure21.

Time required to fill the dipper is mainly dependent on the
machine size and digging difficulty of formations. The digging
power and time can be effectively analyzed with the energy
consumption of shovel during the excavation. Figure 22. shows the
relationship between the Iloose loading average energy
consumption and dipper capacity where it is used as g base line ta
separate easy and moderate classifications of digging with
respect to the average digging energy consumption. The diggability
classification of formation with respect to the average energy
consumption is shown in Figure 23.

Classifications of excavation condition with respect to the
performance parameters shown in Figure 11,12, 13, 16, 19, 21, and

23 are glso given in Table 9.
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Classification parameters of cycle time and power
measurements are compared with each other considering the
working conditions such as operator experience, blasting, shovel
age and Toose loading power. They are in good agreement with each
other from the digging difficulty point of view. The studied
formations are classified with respect to digging difficulty
considering all above parameters. Final classifications of
excavation condition of formations are given in Table 10
Tungbilek- Omerler highly to moderately weathered  marl,
Seyitémer shear zone of tuff, Seyitdmer and Yatagan blasted marl
are in easy digging condition while Tungbilek - Omerler
moderately weathered marl, Tinaz conglomerate, Milas-ikizkdy
mnderatelg weathered marl and limestone and Kangal-Kalburgayir
slightly to moderately weathered blasted limestone are in
moderately difficult digging condition. Most of the formations are
in moderate digging condition, as it is expected. Even if they are
also interpreted with the other analysis conducted by AG.
Pagamehmetoglu, et al. {1986). which is the sensitive of this

study.
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Table 10,

Final Clas

sifications of Excavation Conditions of Formations

Digging |(Classifications
CODE MO, | Region & Formatis With or |of Excavation
" panel ration without |Conditions of
Blasting (Formations
. Sama Fresh-Slightly Weathered Elasted Moderate
Kisrakderg- | Marl
Daodu
if;?far_ Fresh-5lightly weathered
2 D’é ééno Marl Elasted Moderate
Soma
z Kisrakdere- | Highly wWesatherad Mar Blasted Moderate
Baty
Soma Slightly to Moderately _
4 Kisrakdere- | ‘weathered Marl Blastad Moderate
Bat
Soma .
5| lswiar- e CITr Yo Sl B, Moderate
A Pana wWeathered Tuff, Marl
Soma Fresh to Stightly Maderatsl
5 Elms io Blasted acerately
] Elmah Weathersd Marl et Difficult
Soma Moderately to Highly s
- - Maoderate
7 Sarikaya weathered Marl, Tuff -
Denig Fr esh to Slightly Blasted Moderate
819 Camtar}a wWeatherad Marl and
S!:: me Shear Zones

Pt d
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Tablo 10. Continued

; Witho of Excavation
CODE MO. | Region & ratia . , .
F‘agol B Farmation without Conditions of
Elasting Formations
ehile Fresh {o Slight!
‘ Tuncbilek tyu-; r? | 4 Blasted | Moderate
10’]1}]2 yreglneraed gl
Beke
Moderately Weathered M -
L E gderately
17 14 T"m;t;”e*{' Marl and Some Shear - Difficult
REAEN Urmnerier S o SRR
LoNES
Tunchilek Highly ta Completsly e
o - Wosthors = - ‘_Sg
(= Bknerier weatherad Marl

Turnchilek Completely wWeatherad Easy

- HMarl -
36, Pano =(At the bottam fresh mart) * Difficult
Tunghilek Frash to Slightly Elasizd | Moderate

25, Pano

Tunghilak
Kuspinar

Marl

Mad

T
d

Rl

D

4178

s

Stightiy to Moderateh e
Tunchilek SHENY Lo d - Mocerately
; weathered Marl Difficult
19 Kusminar Afficu
Clayish Fresh Man
Soiri b e Elasted as
so | ZRMIBMEC 1 ang Tutf Easy
= 5~20




Tablo 10. Continued

Digging Classifications
o With or of Excavation
CODE WO, | Region & natio os
,g Formation wWithout | Conditions of
Fanel h
Blasting | Formations
Seyitimer
2 - - =
21 Shear Zone, Tuff Easy
S- 20
[t = -
50 0% Seyitdmer Slightly weathared Blasied | Moderste
' Marl
S~ 20
By = Seyitdmer Fre h to Moderately Blasted | Moderate
TN weathered Marl
5- 19
Seyitdmer Moderately to Highly
wWeathered Clayish - Moderste
26,27 | 5-13 Marl
atagan Slightly to Moderatel
- >y 4 Blasted | Easy
29 ) weathered Marl 3
Eskihizar
Yatadan :;‘}IQ%:stlg th Moderatealy _ Maderate
30,322,724 wWeathersd Marl
Eskihisar
Yatagan Highly Weathered
28,3133 Marl and Soil - Easy
Eskihizar
Slightly Weathered
35,36 Tinaz Ciagis;.x and Sandy, Moderately
'e akly Camentad h Difficult
Conglametrate
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3. Continued

Digging Classifications
‘o With or of Excavation
CODE MO. | Region & srratin s :
Pag' " Formation Without Conditions of
Blasting | Formations
37,38 Tinaz Moderately to Highly - Moderate
Weathersd Limestang and
Mart
Milas Moderately to Highly
33, 41 wWeathered Marl, Limestone Blastad Moderate
Ikizkiy and Soil
P Milas Frash to Shightly Elasted | Moderate
40 [kizkiy wWeathersd Marl
Milas .
a2 Moderately to Highly Moderately
ikizky wWeathered Marl, - Difficult
- Limestone
iz Moderate
43 weak Coal and Soil e
Sekkiy
Kangal Fresh to S qhﬂu
44 weathered Clayish - Moderate
Kalburcayr Mari
. Hightly Weathersad
s Kangal Limestone and Soil Blasted | Moderately
- , {Frash Limestone at the Difficult
Kalburcannm Bottom )
3niga SH erate
- Kangal ‘a;pg?;llit; Fod .-r: =y Blasted Moderately
4D 4'; MEea ere mes ane PPN
, Difficult
Kalburgayir

(]
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