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Analysis and optimization for middle outrigger
hydraulic system of tunnel erecting machine
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Abstract: Middle outrigger is the main support leg of tunnel erecting machine, and hydraulic system
plays an important role in the erection process of prefabricated utility tunnel sections. To solve the
problems of slow action and low positioning accuracy of hydraulic cylinder of middle outrigger, the
hydraulic system of tunnel erecting machine is optimized through on-site experiments and AMESim
simulation analysis. According to the erection process and hydraulic system principle of tunnel
erecting machine, a preliminary analysis and on-site measurements of original middle outrigger
hydraulic system are conducted, and an optimized system scheme applying high-frequency response
proportional valve and accumulator is proposed. Then, the reasonable accumulator working
parameters of optimized hydraulic system are explored, and the high-frequency response proportional
valve control strategy based on feedforward compensation is studied. Finally, the optimized
hydraulic system is simulated and compared with measurement data. The results show that the
combination of high-frequency response proportional valve and accumulator can significantly
improve the response characteristics and position control accuracy of hydraulic system. The

hydraulic cylinder displacement of optimized system is increased by 82. 2% within 0.5 s of system
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startup, and the maximum hoisting positioning error is +=2. 0 mm, which can meet the erection and

installation requirements of utility tunnels.

Key words: tunnel erecting machine; outrigger hydraulic system; positioning accuracy; accumulator;

high-frequency response proportional valve
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Fig.1 Erection model diagram of tunnel

erecting machine
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Fig.2 Schematic diagram of middle outrigger

hydraulic system
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Tab.1 Simulation parameters of middle

outrigger hydraulic system
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AL ML i /(r-min ™) 1500
FHER /(L") 100
23 A o/ kg 200 000
A Y It /kg 600 000
T f37 A% /mm 250
T ZEFT HA2/mm 125
T ZEFFA T2 /mm 500
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Fig.4 Pressure and displacement of middle

outrigger hydraulic cylinder
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Tab.2 Hydraulic cylinder displacement during

tunnel lateral movement

Fr5 RGUEJI/MPa BRSNS /mm RREL % /mm

1 8 1502.5 2.5
2 10 1503.6 3.6
3 12 1505.4 5.4
4 14 1507.8 7.8
5 16 1509.7 9.7
6 18 1512.3 12.3
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Fig.5 Schematic diagram of optimized

hydraulic system
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Tab.3 Accumulator operating parameters

3.1.1

fE 4 2 48 10 i

5 po/MPa py/MPa p/MPa Vym?
1 8 10 16 5
2 8 11 16 10
3 8 12 16 15
4 8 13 16 20
5 8 14 16 25
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Fig.6 Pressure at the P port of the directional valve
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Fig.7 Hydraulic cylinder displacement

FH &1 6181 7 A, 25 e AT AR S0 IS 7T
WD RGRGBCR . TSRS poE K, R GE0 L
LB EAE AR T v o U {0 v 1 )
I, 8 T ORIE R Ge P e FRR e 1 | W] 25 S8R
M I, AT R R 4 L & REAS TAES S
3.1.2 S LA e PR AT

e AT 57 F o L £ ) e L RS LIRS
T U B A I 2L 1, A5 R A e SR SR I 1A 7
B, NTTE AR R S8 . I Ab T AL eT, 25
MESTETRE NI EET R

(1) =g L 5] i Kl A A

LU FB R AE T AR R D, RS BT 32 B A T T
FUF .

F=K-N\i (4)
A Ad 2R BB HL R 5 KA G A R - )
L A7) 8 2 P i R AT
dAx _ dAd

= ), + - 4] —
u=RAi+K. T L T (5)



274 BoE T R

523 %

P w LR T s R A 2R BN L BH 5 K A JEON I HE
B ZRE; A RIS 5 L2k Bl L Jak

RS PR gy (1

d*Ax
de?

K FLo 30T K MRS W8 TN EE s me M 1
SO ET AR 1) S YR AR 1) o i 5 B oM YRR E R4 By
BRI Sh TR e FRE

X (4) ~=(6) AT Hr =0 AR e, n] 75 21 5
J55 B0 B B AL 35 PR A
X K,
U, (R+sL)(K:+(B,+B))s+m,s’)+sK, K,

(2) FEFHTITAME )4 ] TR ms

BRIEEAILH SRR R R BE TR 2%, v Aot B £41]
e ELA AR L PR R A AN 9T SR 2 TR M2
BP 1 25 [0 26 455 il SR W

BP fift 28 X 2 & — B HL A S A AL LA 2 vk
SFRE IR 2 N 45, AT AL 48 PID S50 T A sl
Y, THBR e FE ek A AR L S5 A N 8 TR o

REz

F=F.,+K/\x+m,

+(B.+B) 2 (6)

(7)

=

8 BP#HEMEHLE
Fig.8 BP neural network structure
B = i AR
n; (k)= Zx,-,w,-j

yj(k)=f(2xiwﬂ)=f(n,—(k)) (8)

iy L0 )2 A
nz(lﬁ )=Zyiwn

zl(k)=f<2y¢wn)=f(nz(k)) (9)

iy 3 2 0% 34 4 0 1 BP A28 ) 4% PID
S K, K K,;:
21(k)=2,(k)=2;(k) =K,
3.2 MMUARFELSN
PeAL W 22 55 AMESim #5555 411 (8] 9 fr /s . i
it AMESim 885 L5347, AT A5 2008 AT 5 W 6L
HrEE XS HE 2R AN & 10 I .

(10)

9 RUBEHPZREERSH AMESim 1!
Fig.9 AMESim model of optimized middle

outrigger hydraulic system
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Fig.10 Comparison curve of hydraulic

cylinder displacement
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Tab.4 Positioning error of middle outrigger

hydraulic systems

7€ 7 1R ZE 4 /mm

SEa iy
RREAN g gy R LI R L+ 2 5
500 +14.0 +10.0 +15
800 +18.6 +11.2 +1.6
1000 +22.0 +12.2 +2.0
1200 +20.6 +11.4 +1.7
1500 +21.0 +11.0 +1.6
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