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[Abstract] To meet the needs of infrastructure projects for construction machinery in terms of "efficient operation, complex adap-
tation, and safety and reliability", this paper focuses on five categories of construction machinery: earthmoving machinery, compaction
machinery, lifting machinery, road machinery, and piling machinery. It systematically analyzes the innovation design path of complete
machines, focuses on the research and development key points of construction machinery for special working conditions, and the tech-
nological breakthroughs in modular and lightweight design, ergonomics and safety design. The research shows that through the technical
system of "working condition matching optimization - structural modularization - material lightweight - human-machine safety coor-
dination", the operation efficiency of earthmoving machinery can be increased by 20%-30%, the adaptability of machinery for special
working conditions can be increased by more than 40%, the weight of complete machines can be reduced by 15%-25%, and the rate of
operational safety accidents can be reduced by 50%. Combined with the practical cases of enterprises such as XCMG, Zoomlion, and
Sany Heavy Industry, the feasibility of this technical system is verified, providing a reference for the innovation of complete construction

machinery and industrial upgrading.
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L1 WFRERSEX

YHTRERERETEEN “EMER M B
AR TR, NRERT XS ER. R
EOM T B IR ERE S, N TRV IE
BotE. RS Z MR HEEER. 2024 4 «f
E TN TR Bk Sy 2R, FRE TS
PR 100 &, ERF TR &5 AL
15%, BEP ™ g RRBANE 20%, FHIMAETE
VEWRRK. IENAEN TS Z2fREBL” Fhl.
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1.2 EPAMIFFEER

EFR A7 H, FFE) (Caterpillar) A& “B°
BRI |, RABMEEERSS &5EE N
RS, 1EHERIER 25%, &R - 30 CKIR
T0; /DA (Komatsu) HEH “EEBUERIL
AL RSN S R S S BERGEN, 1Rk 5000m
XA R 85% BEYI% o

ENTH, f& TEAR “HREEEL
SR EE S5 HIXEEEROR, AIAE - 60 CHithIA
BAE, =—E TN RIS , BEEEE
EN SRR ERS, &M 300m KiK. {HH
BT ERRER K, ENTERRD AU O50
PRI EEME . B &8 A MRS T A AE 225
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AXFEGARE TN, ERPTR=77mM
7w —RRNLAR BRI, S TOUDLC.
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BRI FRERERISE R SCRR N R, TR
ARIEER G KR

2 TLRE TREA AL BT IR TSR ER
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TAHUR (ZIENL BEEALE) B AR
= ESERRES+ 2 RER” - RTEHR
XE490DK 1ZHEHLR A “FREDI R ILEL” it
IR AN SN SRR T EEE, B SR N
R ER R BREIELN (E) R ES
1800r/min, I BRI 15%; EEERAEANLI (QnRRE)
PEFHEE IR 2200r/min, BERERCRIEF 20%. [A A
ety , KA O wit, SHEF
FHEM 85% 12 F= 95%, FRIRG“ZEEIE M 10%,
AN EAR T 25%.
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Y, RAbaEEEM, R R + Insm A"
B, SRR 30%, &N IIERF BT R,
FELLPE R FEEE N, BRI 10 /NS
ERE 12 /0NN, SRR PR 40%.

2.2 [ESEHLIK : FEHE RS 58 Rl

JESEHE (FRBSAL. 5015 AIRTE R
“FESEFEETRA + RRERIN” o HEXER} YZC36A
JEBEHIR A “ZMZ RSN &, RISEEl 25-
50Hz #%. 1.5-3.0mm RIEIITCHET : EIHE
PSR &0/ ME - (45Hz, 1.5mm) |, B RE T
R, RSB RN R ARAKIE (25Hz, 3.0mm) |,
JESEEEAR A 98% (EGAIT 95%) - [RIRHEEL
“FREELMMASR” |, EIT GPS Ef 5 KL
Ay, LN BORESEE . AR, BN
W, fEMEZHXIERELS, BHERESKE
M 90% FEFFZE 98%

JTPEMI T CLG614H ZFSEALERN  “BAE= A%
87AFr, RA ‘“EXTEEET , TEER
M 3m 4E/NE 1.5m, AIHEARRIE . B ERSHAE XI5
Vel A7 SRS R A “MRIRGR T + IR RS
wit, HLEIRNED 50%, HIENREFIEERTT
40%, TESRTHI NERE T, B HEIBCRET
30%o

23 EEAIM: EHELZESFRE L
R (R EmiEElE) o

17



TR SR ARZGE | 5514 - 451312025 412 A

LR “EERE + ZeRE o IR TER
XCTI130 (REEEENCRA “BREERE” 1’ B
KEEM 50m ZEKZE 65m, mAKEBRTTE 130t
(FIRBUESENIMA 110t) ; MICZRELER, SRA “X
RUSTHR + 12887 Wi, ZBRESEEIGN 20%,
PR E R 35%, B MEaNZEILS,
FRIIFERK 60t TNEER AL, VRNV RIZERE 40%.

HECERL ZCC8000 JE R ENIREE “Fifhm
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M 2.5m FIEE 12m, 1GNNS R RS S & IE A B
FIRFIFE R, MICARIRSE, KA TUBEREf R +
AR W, MRS ERA 20%, IE K
T EHTRM 8% [EE 3%. RINEE “HREEEZR
S, LNEBEHIBEAREE (%% £5C) , BR
ERNERAEIS 1, TEEE SRy 2, W
FERA R Sm/min (FBENIMCH 3m/min) |, B8 H
B AR N 40%

R TH M XM200K FEEIALER X [H B 5
A7 QlE, R ‘BB R, nrRE R
BENRE (R%E £1mm) , BLOPRIREL A FR 42
THE 90% (FEGEHUMCH 70%) , AR, 1
feFrbgRg, XA IR + e E” &I,
B L HEBOR FE R 2 10mg/m® ([E R AR iR 30mg/
m?) , TESRATIEREHT, BEOPRHEICRIE 85%,
DB 60%
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ALERS, R “GEKMEREZR , 5
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3.1.1 R AR T
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JREMZIRNL” SR TR + s ARahi,
HAETRH 25%, RRERILA N, HERS
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PIRGMFS” ) BRI TS, BREACE  OWNK
I IRE R POEA R 20 C, TEPERHIAMRER
PRI U EDZR M 60% F2 T+ 90%.
3.1.2 (RiERSE T
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MU . BE 2. =—&ETT “IREETHMR
KHE OAEW + BIEIRE" i, RS
WETHEL) SRA 316L ANEEEN, 22 1 Mt IR & ik Bi
JBIRE, BHOEEEZE 0.01mm / £ ((EGHBIN
0.lmm / ) ; HHRGURA WO + Bk
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B A, MIMGESAEL 6 A Tl .
303 W IEE T
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/NNIERCZE 5000 /NN b2 SRS RS, RA =
RILIE (WINE + KEIE + @R T i, HAIE
THERRTE 99%, RENUBIERIEIL 40%, ENZ
L MRS, H5 &R 25%.
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3.2.1 IEREREREL
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RS TR ER” = RIS 3hhiE
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HHRE R 1 /N FEREE 15 20580, SFE R R
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REMIHEY MR + SRE" L
B, ERIESEE AT N EE. = —FH
T “BRE(EHEN XH ‘GHESRES”
TEB M= 515, EERK 30% (B3EM 200kg

F= 140kg) ; SHERA ‘WM™ i, %
BROUAREEH, EHEFRER 15% (318 M 800kg F& =
680kg) , ENLERM 16t FEE 13t, BRIHIHFEREK
10%, TEVLFRN TALFEX RN, HESBHT &
20L.

RIER “BRREMAERIL KA A4S
AR SERFE S E S, EEEK 40% (B
#fFM 150kg 2 90kg) 5 TLALIRENFLESH, R
“COEEE + R B, EEREK 25% (IR
EC M 1200kg FEZE 900kg) , FEHLE BRI 18%,
BRI 20% (RRAV/INTRZE IS, TTHREE
FHZE) o
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5.1 NHULAE . $REETIE S RCRE A

ML TR ZE T RE “BRERmMR + B3k
INRSGEE" | FRIRIRE AT . ECER i
EHAREENE" RA “BIEFAERAT , B
JEVET S EARUETT . RS INRE, IRENEIBZRRE
Ik 60%; #EEBCRA “BRXmE" , “ES
5 NAFE AR NEEEICAL, #R0ER 2 2R
30%; Figs “RRSTizBE” |, SEEWEDE. )
FEIZWrEDhRE, (B EARERCRIZF 50%, #IEAR
B H VRIS FEREAIR 40%, B H ES/ELIH AT
8 /NNIERZ 10 /NN
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1E (WHEFEHIER) ERdRE, NFLHFEMEY]
HARVEAT, HRIERBCRIZT 30%; RINECE “Ho
WIERGSK" , SER IR E N RIZAR R ST
BE, YRIRNF RSN (AESERZREE 5 X/
S8, RGEIIKHFEARE, FELRIET T
R, ERIRE 57 R S BN R K 60%.
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PRSI ThRE: M EEEIUEE 10% I,
ZGtHEh VIR T a1, SRR XU 2R 2508 0.8
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B BT HSRRIEDORIE . YRR EE
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“XGCR00 MR B AL EAL” |, R ARHAP L&
Bl APt 52 2 HHEOR . fEARSHIASEIERL /5T
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Bk - 60 C NERGFIER JE8h; RaWIERH X
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FEREI T 77, A ENL N B
B, FOERIRT | BEPCR AR,
BT TEEATLE 4 /NI SERUE LA 2E ) 1E
Euiiz S AR R, EZR2WH AT, 8K
“PUXAR LRI + (KRR S DheE, HUR
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Z—E THIRERS . B RR T RL T 7
R, HEH “SPTU3000 IRIGFTHEMS | BEGRIFI1E
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|, FFE “RENARIWRRR” , SFTHHEH K
BRI, @K AU PRI, BRI R A
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o REEH - SRt SRR A, Wt
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Sls” R Z RN, BRI TT R 40%,
LREHRRER 50% PA L.
7.2 RKEE

SEETIWAR RS, Rk TRENMENLOH S
b T IE LB AR 7 =K 77 M1 580 -

HHRARE: RERS ANTHRE. KEIRREK,
Tk CTHAREG + SHEaMR” RE, WEEE
MG AT BRSNS W e e X, B AR
S8 BIVEN THREIE AT, IR,
HE—2B TR 15%-20%;

FeEFE: HOHRERsN N (BB ZRkD
S5 ER, WHSHEBIIRA KA EMEAE +
PUgFEH” | SRR AE 8 /NN, B
KA AT ESARE,  BIBCERIK 90% DAL, JE/DEHE
i 30%;

WBR TR REE: RE BIR. BUR. sk
BRI R, R “JOREHESHL”  “-80 CHltih
BEHHL” “500m IRIEMNL” , HANEFRALR T
TR E, NERERRZRN. R &
FEFEK TS .

SR

[1] HFE TR T2 . P E TR T A
B (2024) M. db5R0: HUAE Tk B AR,
2024.

[2] 5k, £ . LA GE DI R ILEL ORI
5N [7]. TREALAK , 2024, 55 (3): 1-7

[3] 2200, XURH . EEEAUMPIEE R RS 5
RIE [7]. BN , 2024, 42 (5): 45-50.

[4] E¥, FRR . BETATLAR 35 08 6 45 B i S A9 1
b5 TERE 7 47 [J]. SUEE WL 5 i T ALk AL
2023, 40 (8): 32-38.

[5] &XFH , B . Rt & TR E KIS
BIRITHT [1]. TRV IR , 2023, 21 (6):
89-96.

[6] TR TEHA KA AR AR . XGC800 ¢ 3th 7Y &
R BENEORPPZ RS [R]. TR - FRLEH,
2024.

[7] =—H LM ERZAT] . SPTU3000 {RIFFTHE
AP AL SRR 1S [R]. K7D =—HE T, 2024

[8] HEXERM AR AT . A RENZ 2R
RAFARAET [R]. K FELER], 2023.

[9] I POl TAHLM R B IR A 7] . FEIE & H R
FUANL TR TSR (9], MUMOR TS S
2023, (11): 234-238.

[10] ¥ (HhE) REERAR . ILEE
IRV IR E R G [1]. TN S 4E
& , 2024, (2): 56-61.

(1] /MA (FE) HEAERARF . &R EREAL
RWIHRRGRAC [7]. FEEHUIRS HE TR
£, 2023, 40 (10): 67-72.

[12] E58 , 218 . TRV 4EE S REE R
RLABFFE (1] MORRNE S TR, 2024, 42
(1): 102-108.

[13] XUEL, 5K . TAENIMES G Ak
J7iE 1. MU | 2023, 40 (7): 89-95.

[14] FREA , BRI . IR TR IR B R RIS
BFST [0). SR AR | 2024, 42 (2): 134-140.

[15] BT , =% . B L EEEREEEA NM450 Tif N
eMER AT (1), 168 T2, 2023, 10 (5):
78-84.

[16] JEIBH , #B5 . TRENUMIE 75 IR AT 5 M
F 0] ABRGRAR | 2024, 45 (3): 210-218.
[17] FRI4EH . XE490DK AL 4 A%+ S
e RIS [J]. TAZHUM , 2023, 54 (12): 23-

28.

[18] =—EE T . SYL956H 2E#H %2 T )it
AL B [J]. BN , 2024, 42 (1): 56-62.

[19] FREXEER} . YZC36A N 2L IBIRFI RS
EHIRES (0], IRsh 5, 2023, 42 (15): 189-
195.

[20] ] FEMI T . CLG614H 75 SEH LR E IR E LS F 1
b 0. WESSE, 2024, (4): 78-85.

[21] HFEENEV ARG . TAENUME FEESC fa
RGN AR [7]. TREEIZRIEL | 2023,
(9): 45-50.

[22] R RAE . DRI THEAG S 2 AR FE 0 A [J].
BTETAE | 2024, 42 (1): 98-105.

[23] HMRE . TAENUIHFME LT 7 15 K v
[1]. FENLE TFE , 2023, 34 (8): 956-963.

[24] M/RIE TR | ARIEG T TEAR L TARAT LK
FRE N ST [1]. AR AR | 2024, 52 (2): 134-
141.

[25] W Ko . TARNUMERET 4E - SR & 454
FYEREIRER 1], E AR, 2023, 40 (10):

21



TR SR ARZGE | 5514 - 451312025 412 A

456-463.

[26] TR THEH . XCT130 RZERC EA | 2800
RS [J]. EEEAU , 2024, (3): 1-6.

[27] =—EET.. SR405R FEZ LA KB AR E
ST (7], UL , 2023, 41 (11): 78-84.

[28] FHEXEERL . ZCC8000 JiE iy iEc B ATL XU FE T 1 A
I [7]. TR , 2024, 55 (2): 34-40.

[29] JPEMI T . REIE R B AL R M R ST
0. WESSE, 2023, (12): 56-62.

[30] HRER RS | B L TARN RN 2o 32 il AT
5% [J]. B 244, 2024, 49 (1): 567-574.

[31] R K% . TAENUMIE =265 AR B &
G & ], HENERGHIE RS, 2023, 29 (8):
2567-2575.

[32] AL TR . TN 2R RG] FE
ST [I]. UM AR 2A4R | 2024, 60 (2): 189-196.

[33] TR LA . HtE ENIKEIEERFIEL (1]
W5 %5 2024, 49 (3): 123-128.

[34] =—E T . RTINS IR SR [J].
MR TAE |, 2023, 45 (10): 78-85.

[35] HREXEERL . (R4 B FEFR Hl R R E R
J7iE 7] TR | 2024, 45 (1): 102-108.

[36] /M T. . FRESHLLLAME R B 23 R AR
[J]. ABEAIERMY | 2023, 40 (9): 134-140.

[37] Caterpillar Inc. Modular Hydraulic System for

22

Mining Excavators[J]. Journal of Construction
Machinery, 2024, 22(1): 45-52.

[38] Komatsu Ltd. High-Altitude Adaptation
Technology for Rollers[J]. International Journal
of Heavy Equipment, 2023, 5(2): 78-85.

[39] XCMG Group. Polar Crane Development for
Antarctic Scientific Research[J]. Chinese Journal
of Mechanical Engineering, 2024, 37(1): 123-130.

[40] Sany Heavy Industry. Deep-Sea Pile Driving
Vessel Technology Innovation[J]. Marine
Structures, 2023, 89(4): 103456.

[41] Zoomlion Heavy Industry. Safety Control System
for Mobile Cranes[J]. Construction and Building
Materials, 2024, 367(5): 129876.

[42] Liugong Machinery. Tunnel-Specific Roller
Design and Application[J]. Tunnelling and
Underground Space Technology, 2023, 138(3):
104890.

[43] HHE TR TALZ | R T TR
JEHEA (2024) [M]. AT AU HRRAE:
2024.

[44] (EE R 2 @IE . TSR BEAR
Er (7). TARRREAREESL |, 2024, (2): 1-7.

[45] TAVAME BALER . TAENUBCE R THERAT AN
X (2023-2025) [Z]. LA TALFE BALER
2023.



