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Modeling and model reduction of the luffing system for boom-type
aerial work platforms
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Abstract: This study focuses on the boom luffing hydraulic system of boom-type aerial work platforms. A
hydraulic simulation model is developed using AMESim software, and its accuracy is verified through mechanical-
hydraulic co-simulation. To optimize the model for real-time simulation, a linear frequency domain analysis
method, supplemented by active energy index analysis, is used to simplify and reduce the model’s order.
Components with higher natural frequencies and lower activity indices are either removed or modified, and
parameters of certain high-frequency models that could not be removed are adjusted to achieve real-time
simulation compatibility. The reduced-order hydraulic system model significantly reduces computational time
while maintaining a high level of fidelity, meeting real-time simulation requirements effectively.
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Fig.1 Schematic diagram of hydraulic luffing system
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Fig.2 Schematic diagram of luffing balance valve simulation model
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Fig.3 Schematic diagram of Electric Proportional Flow Valve simulation model
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Fig.4 Schematic diagram of load sensitive variable displacement pump simulation model

2222

AT

ASWPHT

Allp i |m i

PLIT
I
-
sc_2 | Hi GBI A
B
Conla™\
S BRAURAS B s
ey Z2W
@E- il sc_3 ; =
[} wam
" b
(LT}

5 BRTRERERZHEER

Fig. 5 Schematic diagram of boom luffing hydraulic system simulation model
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Fig. 6 Vehicle dynamics model
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Fig. 12 Comparison of simulation curves of boom luffing hydraulic system model before and after simplification

60
— — fALRTER
— f bR e i
50 - ’
7/
/
» 40F ,
g 30 P4
S 2} d
/
|
0 , - —
4
1 1 ]
0 5 10 15 20
t/s
E13 BRELTIRRERGEIELEE SR E X E

Fig. 13 Comparison of calculation time of boom luffing hydraulic system model before and after simplification



)

# 1 FE, FHAXNB2FLFe LA RERSEARY 43

B

6 LERIE

1)) 7 0 L, A O R P L R SR B 0 LA, B B 2
LA T R VT 2R 6 I R R R Bl WL VARG A 0 2L L LS U R B 5 R AR L 1
(T TEAT I FE 7 o 8 R R 0 9V 48 B, 5280 T 50 2 A P £ 9 2 4% P T 25 06 2 0 0 6 o e A

2) 55T AMESim #4819 534 T 5L, 6 FH— 2 PR ST IB40 8 o = 37 1 B B 95 80500 6 1 0 0k e
o A SR 1 LT K (B T (0 A 9 5 2 M % A TR 6 128 S B2 L %8
R VL T 2R 290 O 2 0 700 S0 A7 465 00 R T R Y U A TR0 R S o 7 M1 2% L 35 0 I I 4 A2 52 0 2L 0
Bk

N
7

7

S % STk

[ 1] #aipH, 2R, XL, il BLE R AE AL R ZR G A BLR e b i i FH ). Atz B2 R, 2016, 27(9): 71-74.

Du Z Y, Li K, Liu H. Application of real-time simulation on the integrated management of aircraft hydraulic system[J].
Acronautical Science & Technology, 2016, 27(9): 71-74.(in Chinese)

(2] ZFHar, REsm, & B 88, 5 . S22 RGUSEmt 05 2 n] AL s B IR AT 52 (], 25 K B, 2020, 3(4): 30-37.

Li Y H, Tang C S, Zhao L Y, et al. Visual modeling method study of complex system real-time simulation[J]. Air & Space
Defense, 2020, 3(4): 30-37.(in Chinese)

(3] E¥, @@, £RL & & 280 o7 2l U8 00 B0 GR BE 76 5807 B R G it 5 SB[, i 1 RGAR Y 54, 2018,
46(9): 146-154.

Wang C, Meng J H, Wang Y, et al. Design and implementation of hardware in-the-loop simulation system for DC microgrid
with multiple DG units[J]. Power System Protection and Control, 2018, 46(9): 146-154.(in Chinese)

[ 4] %2, A4 . 5T AMESim A9 %424 HIL R 48 521 5 L T #2[C]//2016 Siemens PLM Software {fj F 5K 56 3 A K £ 304k .
Juat: R E ALK 1 RA, 2016:1-4.

Jiang X, Zheng L. Real-time simulation engineering of vehicle HIL system based on AMESim[C] //Proceedings of 2016
Siemens PLM Software Simulation and Test Technology Conference. Beijing: China Machine Press,2016:1-4. (in Chinese)

[ 5] Hao X L, Fu L J, Ma F, et al. Real-time simulation hardware-in-the-loop test platform for DC integrated power system
containing a large number of switches[C]//2022 IEEE 5th International Electrical and Energy Conference (CIEEC). IEEE,
2022: 1600-1605.

[ 6] LM, a8, XA, % . @l o) 42 i 28~ 32 s H il SR I 52 (0], J1 27274, 2023, 55(4): 1004-1018.

Wang P, Yang S P, Liu Y Q, et al. Research on control strategy of magnetorheological semi-active suspension for high-speed
train[J]. Chinese Journal of Theoretical and Applied Mechanics, 2023, 55(4): 1004-1018.(in Chinese)

[ 7] B9, 20 3T 44 L ZRF & A Simulink (192 529015 B R G WF9E[J]. Sk TAE, 2020, 23(3): 9-13.

Gao N, Li X M. Research on HIL simulation system based on the combined instrument platform and Simulink[J]. Software
Engineering, 2020, 23(3): 9-13.(in Chinese)

[ 8 ] Nemes R, Ruba M, Raia R, et al. HiL testing of Li-Ion battery pack based on real-time virtual vehicle model[C]//2021 IEEE
Vehicle Power and Propulsion Conference (VPPC). IEEE, 2021: 1-6.

[ 9 ] Ciornei S M, Nemes R O, Ruba M, et al. Real-time simulation of a complete electric vehicle based on NI VeriStand integration
platform[C]//2018 International Conference and Exposition on Electrical and Power Engineering (EPE). IEEE, 2018: 107-112.

[10] Li G Q, Ding Y T, Feng Y, et al. AMESim simulation and energy control of hydraulic control system for direct drive electro-

hydraulic servo die forging hammer[J]. International Journal of Hydromechatronics, 2019, 2(3):203-225.



TR K F F IR % 48 %K

[12]

[13]

[14]

[15]

[16]

S FE R, AR AR . BT AMESim #9315 0 1) 1) 1P el 45 32 (9], MUK 5 K ,2018,46(23):134-138.
Zhang G Q, Yang Y D. Modeling method for typical spool valve port based on AMESim[J]. Machine Tool & Hydraulics, 2018,
46(23): 134-138.(in Chinese)

T H . T AR BUBRAR B A S A R 5T (0], BHE XL, 2019(6): 148-149.
Wang Y. Study on dynamic characteristics of load-sensitive variable displacement pump[J]. Technology Wind, 2019(6): 148-
149.(in Chinese)

XD, WL, ZE, 4F . 5L T VL motion 15 AMESim i) &AL Y& 4 K A T S04 18k 5 07 BL[0). WO Bh S A 2022,
42(1): 43-47.
Zhao X P, Chang K, Qin C, et al. Co-simulation of aircraft landing gear and door extraction/retraction control based on VL
motion and AMESim[J]. Hydraulics Pneumatics & Seals, 2022, 42(1): 43-47.(in Chinese)

RUE, BB, B2 2% PR 4 S AR A F 5 [C]//2016 Siemens PLM Software {5 B 556 £ R K 2338 04 . b op EBL
B AL, 2016:1-8.

Liu Y, Zhang A, Xia X L. The Research of high-pressure pump real time model[C]//Proceedings of 2016 Siemens PLM
Software Simulation and Test Technology Conference. Beijing: China Machine Press, 2016:1-8. (in Chinese)

T, SR . BT AMESim #8519 ST T [I]. i as i B R, 2012, 42(4): 72-76.

Wang J C, Guo Y Q. Model reduction based on AMESim for realtime simulation[J]. Aeronautical Computing Technique, 2012,
42(4): 72-76.(in Chinese)

Nemes R O, Ciornei S M, Ruba M, et al. Real-time simulation of scaled propulsion unit for light electric vehicles[J]. Electrical
Engineering, 2020, 102(1): 43-52.

(i E&RF)



