785 500 ()] yo (o kien & i

BOYF b ADYY clio AF++ s AY 0)led DY 093 1S poel ol yos (suskiges
DOI: 10.22060/ceej.2020.18890.6992

o S (Fidig G mle (a5 55 (gl Il Sleile b (g 5lwaing
"2 el

Ol ol (SSS () S el ixias ol ¢ydre owdins 02SKiSD

1891 au )b

AL RCVRFIRR WP
AESRL VR e
AASSVARIRLE R VRS
AASCVARYRLERRH PV

e o)zl el i g gy 2alS g o lis pdlo 3,515 taliil i g8 sl a5sld 55 wao Gilind j1 S, taoYS
ad55 lacuadge s lis I3l glacumdse Sleils )b (gilwaigs il ol 1 p3Y Slobidl oy Sege j il ol 4 00
Sl (48 2 dbul el (litel (sl jglitS g bag s ol sl IS dis &y (o o (Slamdga g ST (6 )l lae
Tk 99 boges (o Slacue; (I3 Slacwile 518 (sl D98 e il (ile (g paly Slles (> > arls L
8 s ulas 513 Ia gy nl 1 PSS o ol e 5 (oolad o Jols o5 39 cn 485 IS @ (oili ) el

1goalS Olols
RS j)LLy etle Tk 6 dagl Colas @) 9 ydg) 93 3 (sblie | (s S odlinal (gl Alie (pl )3 43S oo drlge JStia L) Slosle Slb
S gy (325" olato b baiye (650 baal s o o ol o sl o ) "l i 25k loie bl ol S 5
b b @‘){o Jsol oshaie ol (sl D9 00 485 Jlai )5 g i gladom > 5 S plails (sl (S slad oo 5 ajglisS
S S bl Slllas ol ) Slaile 5k (gly: s 3)90 el )y g Bl9iSy @i At ok S 4 oliod e o Slaile
it ol s Jlie S (655 )5 4 b bl o .l o &) (Coww o) an 58 sl Gluosad (<) 3 mawg

U99) S5 )8 oS amd o (i dunlie ol gols sl 0ud duslie goslo g olad oz b @i b cSleish wie 2yb
w8l 350l (o)li 3l Sleils 25l (cilwdings g (Sl )3 Wlgi oo 0l &l s

JSwA) [\—\Y] u.]a> L)")’ dl‘bu“’“"‘" )] odlazwl L (')9""6" .)L ;gu.w.) Pb

o= Judoy cald] 1> ] o o a4 (V US3) VYF-V0] Slygs b ()

doddo —)

sy sl » G58e slaomile 50)5 (958l 59, dmwg b

99l 4 g oLlie 4l (535 50 4l (slacSyd ol b an 1S
95 Slp 0 (s ()l dlold (185 Jlas ) b el )3 98 oo (e
ol e b an sl s g9y 2 lag] Cusdse (Jlste gl
s e g)las Il Slasle (b b b1 5 05d 0 (asube (slasl;
ooy 45 LY ales ) o] Sl oy 005 ploxl _linios (gl 1S
i 45 syl 4l gl Sho3S e b9 ) sl [VF] iz
slolae 9 3580 plxl Gl sbile Sloosijls g lgas
5513 eS|y i (slonylS plo] el inn 33 Yogoms SsodlST
sl sl opile dwlie Sl pac o pl LY 51 (S i
oty 9 [0] 29030 a8l aliia Ml (cwlid (e bl yd > il
i) lols Gilisee sla by 055 Slidos la)s 5 [V5] Ki

038 (6345 el Jllag] (b Sluogas (gjluaigy dos cilise
Siloaie 9 (b byiehl cp et 1 (S gl ol 3 canl 0r
il Gl )b o e 1 Sids Glorile ) 3Sles
oy $loarmd 5 (Lesh) ()l plas adss slacuadss sl
bl 9y 2 1) 2583 S Slg e Gilwaine ool sl B a4
ol GBLL ()5 yoe ((sopin £5) )l edle 2)Sdas (oomen
Ml Gl 0556 (21l )3 218 (gl 2,130 aa 58 SBlyaal 5 55 4
S lold) (o awin layiall (e ol waw 59y 2 )l
sl sbol (Lol Gua e cpl )0 cwl (g)las I3l (3005 £ 55 g
bogos 5 dwdin ol ol (g)la> o5y (555 Jolos b (S
bdny @ ol 51 4S) S5 Sd ol S5 Lﬁ'l""t.)i“.’l").1 & bl

e.farrokh@aut.ac.ir :olsl5e Jsosgs ssiwgs ™

(Creative Commons License) _edpe (Sl ule cov dlio cpl ol oad odly pu pal oSty @)l & 156 Gois 5 (Bsimng 4 cuilpe Goi>
BY NC

Asleyd s https:/www.creativecommons.org/licenses/by-nc/4.0/legalcode sl jl (uilud ol Slija (sl ool 48,5 )5 las yoy2ud )

AR



QOYY U OOV dorao A+ e Jlu MY ojlocds Y 053 ¢S puol ()]s (awdino 4yl

Cutter Spacing Cut.tar Penetration
Cylinder Cylinders

Cutter
Penetration
Spacer Plates

[+ Disc Cutter

l

Rock Sample

Rock Box
Table

l |

sliding
qBeam

Hydraulic Ram

N

V] 0 aoin i (51 oty comnd (6150 (s (331 wlidle 5530 i lojl Y JSUS

Fig. 1. Large-scale linear cutting test to determine the optimal cut geometry parameters
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Fig. 2. Large-scale rotary cutting test to determine the optimal cut geometry parameters
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Fig. 3. Cutting geometry and cutter geometry param-
eters and the optimal spacing-to-penetration ratio
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Fig. 5. Layout of discs on the head surface
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Fig. 4. Layout of discs on the head profile
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Fig. 6. Cutterhead design flowchart
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Fig. 7. Peripheral cutters’ specifications
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Fig. 8. Peripheral cutters’ parameters based on statistical analysis
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Table 1. Design information of 12 hard rock cutterheads
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Fig. 9. Disc layout parameters on the cutterhead surface
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Fig. 11. Layout designs used in Hallandsas projects
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Fig. 13. . Cutterhead static balance parameters
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Fig. 14. Comparison of radial and spiral designs with an angular spacing of 30 degrees for a 9.6 m cutterhead
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Table 2. Results of static balance calculations for radial and spiral designs shown in Figure 14

Ye Xe M, M, M, Fs F E, F
mm mm kN-m kN-m kN-m kN kN kN kN sk
Y¥f «IA \PYY Y- \td Y Y7 VO VO Gcl&&
VY ¥/t \PYY AN 0y AR FYE . \'Y yAa ok

bayy



18
16 T AA A
14 + S
12 +
. 10 T
3
> 87 y = 0.9897x
3 R =0.69 .
61 A-AA
4 + ,"'; y= 1.7122¢0.1648x
A R? =0.8175
2 +
0 t t : : : :
0 2 4 6 8 10 12 14
D (m)
w518 dad 51l e d LS slaad VO UK
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Fig. 16. Number of manholes
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Fig. 17. Number of center cutters as a function of cutterhead diameter
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Fig. 18. Positioning the first four discs in the face area of the cutterhead
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Table 3. Design steps and parameters for the example
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Fig. 19. Buckets and manholes’ positioning for the example
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Fig. 20. Cutters’ positioning for the example
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Table 4. Results of static balance calculations for the optimized scheme
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