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Mechanical Property Analysis and Layout Optimization of Cutter-
head of Micro-shield Machine in Coastal Composite Stratum

Pu Yaping
(1st Engineering Co., Ltd., China Railway 18th Bureau Group,Zhuozhou 072756, China)

Abstract : Micro—shield machine has complex mechanical properties of the cutterhead tunneling in the complex
geological conditions, which puts forward higher requirements on the arrangement of cutterhead structure. Aiming
at the typical coastal composite stratum, the cutterhead with a diameter of 600 mm was selected, and the rock
breaking model of disc cutters was established based on the principle of dual hobs to collaborate with the rock.
Moreover, the dynamic simulation model of the whole cutterhead cutting soil was established according to differ-
ent cutter layout methods, and three working conditions were considered to analyze the stress and strain of the
optimized structure of the cutterhead. The results indicate that the rolling force had the lowest value when the
disc cutters spacing was 8 mm, and the rock breaking efficiency was the highest at this time. The cutterheads of
Archimedes spiral and single Fermat spiral method could meet the requirements of full excavation of the face,
and there was an incomplete cutting phenomenon between the cutterhead cutters of the concentric circular cutter
method. However, the maximum and average thrust and torque during the excavation process of the cutterhead of
the single Fermat spiral arrangement method were smaller, which was the optimal cutterhead structure. In terms
of the cutterhead structure of the single Fermat spiral line knife method, the strength and stiffness check calcula-

tion results under the three working conditions all fulfilled the requirements of general mechanical utilization.
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The research is of reference significance for the optimization design of the cutterhead of the micro shield ma-

chine in such projects as pipeline digging.

Key words: micro-shield machine; arrangement of cutterhead structure; composite stratum; rock breaking model

of disc cutters; single Fermat spiral method
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(a) Cutter spacing 6 mm rock breaking trajectory (b) Cutter spacing 8 mm rock breaking trajectory

(¢) Cutter spacing 10 mm rock breaking trajectory (d) Cutter spacing 12 mm rock breaking trajectory
B 2 76 77 RE TR T] th B A S i
Fig.2 Collaborative rock breaking trajectory of disc cutters under different cutter spacing
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Fig.3 Variation curves of collaborative rock breaking force of disc cutters for rock breaking under different cutter spacing
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(a) Concentric circular cutter

(b) Archimedes cutter

(¢) Single Fermat cutter

4 ETARHIFEHITIEELR

Fig.4 Cutterhead model based on different methods of arranging cutters

3 NIERBHEHESH

31 JNEBESERET

xR 3 RlU) I A B T 1 09 1 B AR AR
% AT EI S A DT B B, TEREEAR 3 AR D) ) A B
TRy, IR A 3 R e T A R AN
RI1 AL AT BT A I KT, i
SolidWorks 4%} i F A RILEY ) 04T — AE gL
TEANGE 0 J] BB R S5 R it BE AU RS T, AT AL i
Ak PE .

1) MR D i A b P A7 B iR A S e B
Fe R A ) FmAR L

2) MIBRIE I K I, IF AR B — 91 )] A
W TI VA Bt 1

3) MR DB A B AR A AR AL T
ZERAE R T

(a) 1s

(d) 7.5s

(b) 4s

(e) 10 s

TIEER AT RER Q345 A9, ISR F 28 s A Y |
Hor T AR R A C3DSR oG, Bt B AUk 64 222,
- 23k R b2 R SRS SR FHYT R By D-P A
AU Hod A R R AR R F C3D8R BT, BT B AL
108 425 4>, 7E I ELJE G YT % 1 4 A — )
A5 Fa AR, 51 BT AR AR WAL - A 1 1) )
O3S RE AR DT 43 A 58 I T R) 0 [ AR D v | BT
PN R AR N - TARCR R AR
I3 DL R 256 v JT | JRL I T 6 U0 I U e
T 2 DDA % F 1w 2K,

32 ETHHMELERNTIEREMRE

P S~I&L 7 43 31 A 5 TRl 0 [ A 7032 o] 35 oK 7
WRURE LR A )3k 2 TR E LR AR 1 IR VI T Al
NI b7 AR e N LN e o N7 = ) B S =
HTE 0~6.25 s X — B RIBL N #f 2P T B e 5 4

) 11s

5 EOBRBEEARRZIZE LEHEE

Fig.5 Dynamic diagram of soil cutting by cutterhead at different time with concentric circle arrangement method
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Fig.6 Dynamic diagram of soil cutting by cutterhead at different time with Archimedean spiral
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Fig.7 Dynamic diagram of soil cutting by cutterhead at different time with single Fermat spiral
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Fig.8 Curves of cutterhead thrusts of different structure
cutterheads over time
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Fig.9 Curves of cutterhead torques of different structure
cutterheads over time
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Tab.2 Load situation of cutterheads of different layout types

Maximum  Average  Maximum Average

Cutter type thrust thrust torque torque

/N /N /(N-m) /(N-m)
_Concentric 2320 1826 590 457

circular cutter
Archimedes 2131 1742 490 392
cutter

Single fermat 1767 1 461 385 345

cutter

FEORAE )0 B 3 00 T B 48 BN 50 B B 9 1D IR
T AT 177 15 BT 55 Wil | REA R0k /> 7] 8 %
3, A T SRR 0 O fe b 0 IR 2k
JH B 3 WERE A A 135 A D 48 100 A b A AR I Y
DA

4 TIBEHMZHAERSH

I 10(a)~FE 10(c) T LLE Y IEH #EDE T
YT E KV S8 61.03 MPa, fic K ) TR
9 ] F A RV S8 118.7 MPa, LU K fe RHLAE T 450
NI E R 1 18.53 MPa, #/ T Q345 Bk
FVFRRE AT 5 1B 10(d)~E 10(6H) T LLE ), 1IE 5 #
HE T e KHE 7 T80 DL B KA T80 14 7D 43
e R E 3510 0.36,0.228 mm 1 0.617 mm, i
Bl b/, D HEEM LT IRAZTE ., G658
Ji R AR RUAIL 1) T 28 AE B B far T 08 2T 23 B A 2
fof I R g N AR A3 BT, TR 9 E R AR A T3 1Y



5 330

0 A 2 ORI AR BIL T 2552 0 PR B A B Al 45

0 #5954 T2 5 T AR A R DL HUE AR
SR | M JEE 4 RE 5 6 i — MEMLBRC () 220K, JT 8K
T3 DX T3 B ARG B/ | U /N 23 DX IO

ARSI AR /N TR0 R B9 VE I 0y, OF B4 T
DL J1 578 T8 B X )
FEHEAT A I TS

LAl 2w AT Al

(a) Stress diagram of the cutter
under normal advancement

(b) Stress diagram of the
cutter at maximum thrust

(c) Stress diagram of the
cutter at maximum torque

(d) Strain diagram of the cutter
under normal advancement

(e) Strain diagram of the
cutter at maximum thrust

(f) Strain diagram of the
cutter at maximum torque
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Fig.10 Stress and strain diagram of cutterhead under three working conditions
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