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Abstract

In deep and unconventional oil and gas drilling, the conventional serial processing mode of parame-
ter optimization and risk early warning has a structural defect that the optimization process is not
constrained by safety thresholds and the warning results can hardly feed back to adjust drilling pa-
rameters in real time. To address this issue, this paper introduces multi-agent collaborative technol-
ogy and constructs a five-layer collaborative architecture suitable for field drilling operations. A risk-
constrained dynamic parameter optimization strategy is proposed, and a bidirectional closed-loop
mechanism for coupled multi-risk early warning and parameter regulation is established. On this
basis, the positioning and advantages of multi-agent systems relative to traditional machine learning
and digital twin technologies are systematically analyzed, and a comparative analysis among the
three approaches is conducted from five dimensions: generalization ability, real-time performance,
multi-task collaboration, interpretability and engineering deployability. The analysis shows that
multi-agent collaborative technology can realize the bidirectional linkage between dynamic param-
eter optimization and downhole risk early warning, providing a feasible architecture to resolve the
dynamic trade-off between drilling acceleration and downhole safety. Current technical bottlenecks
mainly lie in insufficient real-time data transmission, scarcity of high-quality labeled samples and
limited edge-side computing power. Combined with field application requirements, future develop-
ment directions including mechanism-data hybrid driving, large-model enhanced agents and digital
twin-based virtual-real collaboration are proposed.
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Figure 1. Technology roadmap
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Figure 2. Multidimensional comparison radar chart of three types of drilling intelligent technol-
ogies
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Figure 3. Trend chart of technological evolution stages of drilling agent
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Figure 4. Logic diagram of bidirectional closed-loop linkage between multi-agent warning and parameter reg-
ulation

4. ZEERTNESSHFIE R @AM KENIZIEE

DOI: 10.12677/jogt.2026.483053 496 Frm RIS AR


https://doi.org/10.12677/jogt.2026.483053

Jel g 4%

4.5. RBITEES#r

NG AIE A S 7 v A M R i, AR BT X B 10 1R J2 5 R H R IGIE X 5, HBE 7 15 3000~3500
m BH. A EEERME, A8EKRAED. GFRa. SRR NA T, RARERN
FFREIAE, [FB 5 &G biay b 5E BE TR ot B, B4 %) b & I REFa4r

B T RUERAIE S, R unde 2 FoR, HESREUE — NS FH BRSBTS HL, W iR IR et
A L. A S5 TR B Y PR 42.8%, BEFH-FI5 P08 22.6%, HF N &M E S5-I MG E
SERIRENR 7.6%, /NI4TGB T Bl B e AR e ME KRR T, 276 HARRECT 98T 30.2%, ZRE1E L
WGIEATE )R

HEBGIHEE RR I, AT TR B R AR AR T HE I 2 92.3%, 4R 3.1%, “PI TSR]
B 12.6 min, AR TG EDE BEUEBAY, AEFRIETT 11.5%, ®IREEAC 8.2%, TEFEHTI Kiz
Tt 6.8 min. MR TG HIs SRR, ARSCTTIEIF T4 TR AR 37.5%, AR =0 ()95
b 29.3%, EMBEFHECRIFEIR, KTt 72228 HE 2 et Stk B& RIFMIHEh:
5 T2 7%

Table 2. Comparison of key indicators before and after optimization based on batch back-testing (average of 10 wells)

2. ULETE R IERHt BRI EE(10 O FH1ME)

SRR bR AL RTS8 (E At JE $81E TR NE E
£l (KN) 180 150 -16.7%
3 (r/min) 60 50 -16.7%
HEE(L/s) 28 26 ~7.1%
gra M e H 0.71 0.41 —-42.8%
MU 3 (m/h) 12.4 11.5 ~7.6%
JEEBH(KN) 67.8 52.4 -22.6%
A B RE 0.59 0.77 +30.2%

5. RARMBSENEL RiEH
5.1. HETBDRARIRH

LG 2 RAES TREVEILSCER, AR H 2 B BRI R BORAAAE = KOs — 2 T 2l
PR SEREA L, T B EE L A IR IR R, Mm TOUH 5 MELEE E 0, S2m S ook
FERE; R M BURAREREAM R, ST S TOUEACR AR Hd D, DMREAR R TRREZ
BEJIRERR; = RIZmE 152 R, HphGRaH AR, RRZSEREAITHIER. iR Rk 28
i, ARG PR .

5.2. HIRAREZSRARIBERLL

i N TR BERT AR BRI TR, AT K E G e T5 17, IF i SR AT 7T
RXTE,  WIEASCEORSE & 5 A0FHL 5

1. HLEE - Ba iR RS 35l . DA W7t 2 R AT 2000 SR 5l sl ] BB R A 0, A SCATE S
PINN P)PE5 B MKHEL, KRR 1% S 2 R NI R 4l 7, ARE TR 4E GPT 2850
R RBIFARR, MR AR AR BRI, AMEPEZ AR, KRS B AR AR & BCRE ST -

DOI: 10.12677/jogt.2026.483053 497 B KRR AR


https://doi.org/10.12677/jogt.2026.483053

JE e <%

2. = - WREBNREE . SNAGE I, MR mINGR LGRS RS, s DA
RGEA. REBIR NG E S HbnE, L5 miE R R BRI, ARIAD ey shsk, KA “mii
REAEE LA + (OMRR R RE BN, G AR I AR S, RN AR AR ROR SER 22
SO R AR, SEPLE SEROR LA

3. KRR T ASESRIRAE . RFE BB ANRR R B G )1, IRICANIAZ B EDRE, SEIli AL
BT RB AN AR TR REIT A, AT A LLM 85 ORI T HOR, Bl Tt - Z 500 B S ik
SRAET), RBAE G AR RESCBLE B . ok 5 R RN RIR .

4. By AR SRS . DI AR AR R AR FONEERE, 92 R RE B R T UL . S HURIR S,
Z B RER SN P EE R S R ST AR A Y, S U SERFIE . ISR AR, TREN
BRI FEAR -

6. &5t

ASSCRE XA R R AR M B H S 5 M TSI PRI RE A 2 AT AL SIAZ
BT FEIBAR, WE— AR R, B ELSH . MU, 2IRIIE, 133 LSS

1. s 7 RSN - TOLRGA - RO Dhae - PR - ABLAS TR 22 8 R AR U R 284, WA
BIZPINREEN SHRBZ A, Rk TG R HF BRI REEI . 2R IR RE 158 IG5 M PR AR, S
B FHAE l m RE A  BE 5

2. FENL T AIEAL AIVEHLI RS AR 2 B AR S B, B A BRI XU R ST LR
2 R R I, SIS R S T 2 B IE N ST, RIS s — AL, T
ZAELRIRR

3.0 FEE T HLEE - BURm AP FRISAELE, ARFE PINN RS B ARE AR N BLLI R, il ik
TAEHR AR I AMEARZ A EZ I R, R IESR TS TREE RO S AT R

4. ZIHMEPIMEE RIS, ASCOTE A BRI LG W, RACE S EILRCOC R, £/ N
PEAREVERERIATIR T, BEIRTHEI R Z &t HERERNE, B& RIFH TREE M 5V o E .

5. Wi 7 EdEA . FEAE . WA = REORMRST, RIMYESdRER S ZRENEE. K
BERIRAE . B 22 A BRSSP KA SR TT 7], A 878 RER I 2 B R BOR HIEAR AL 5 AL TR N
MFRMHATR S -

B, AT A N R BR o T FOUE I (1 Bl [ b Rt f 58 A R S & T O A7 A
TERPEAN S, T Bl B A 4 I A 2 X AR R SR BE AT R AN W AL, MR B8 IE T 00 A7 £ [X R
JRMRTE . 8T G IR AR HE AL . I SE B PPAL S5 AR RN . 2 XS, 2P
2 R e AR I R R AR SR

% 30K

JHE, KIRAE, T, A% EEE L TR SR G LERRT SO R S A R[], ORI S 0T R, 2024, 14(4):
593-599+646

at

= %

[2] FNEIL, FFESR, FhE. AR LR N LR RE VAT FCRE D). AR, 2025, 46(11): 2141-2173.

3] &, EHUE, JGHZE, & hEAMEBMIFERER S REN]. AMAHREIR, 2024, 52(5): 1-9.

[4] ZEHE, KR, IMEIL S T ZAMEMEIFE BRI RERLD]. AMEREOR, 2026, 54(3): 9-19.

[5] Barbosa, L.F.F.M., Nascimento, A., Mathias, M.H. and de Carvalho, J.A. (2019) Machine Learning Methods Applied to

Drilling Rate of Penetration Prediction and Optimization—A Review. Journal of Petroleum Science and Engineering,
183, Article 106332. https://doi.org/10.1016/].petrol.2019.106332

DOI: 10.12677/jogt.2026.483053 498 B KRR AR


https://doi.org/10.12677/jogt.2026.483053
https://doi.org/10.1016/j.petrol.2019.106332

I

fti 55

[10]
(1]
[12]
[13]

EHIPE, B, TR ETHFRAFORMEIF R A KGR B TS RG], AlESREOR, 2024, 52(5): 154-
162.

ZEER, RAu, AR, S5 BT XU BB T SR 1) He IR 2R SE R R RE TN T VA ], AR T, 2023,
45(4): 393-403.

R, i, ERRIRE. BhIE R ERAS ST I IS A e U R RGBT AL[T]. &R 1 E, 2008, 31(2): 32-35.

de Wardt, J., Runia, J., Cayeux, E., et al. (2024) Taxonomy Describing Levels of Autonomous Drilling Systems. 2024
SPE Annual Technical Conference and Exhibition, New Orleans, 23-25 September 2024, SPE-217754-MS.

RYEEL. BT MAS FIZFEE RIS I S FH s i KAt [0]. tHEHL LR SR, 2003, 39(22): 215-217.
BRI, BT 2 B R SRS W R G TE[D]: [l 2008 5C). R PRI AR, 2015,
Wisr A, sKI7 . BRI R M B MERL AR FE[D]: (W22 A8 5. RIR: ZRABAMRS:, 2013,

PR AR, T 2R R b A B H BB S B 5 A 7 vE L RS0 [P]. HIE LFI, CN121561744B. 2026-
04-21.

DOI: 10.12677/jogt.2026.483053 499 B KRR AR


https://doi.org/10.12677/jogt.2026.483053

	多智能体协同技术在钻井参数动态优化与井下风险预警中的应用研究
	摘  要
	关键词
	Application Research of Multi-Agent Collaborative Technology in Dynamic Drilling Parameter Optimization and Downhole Risk Early Warning
	Abstract
	Keywords
	1. 引言
	2. 国内外研究现状
	2.1. 钻井参数优化研究进展
	2.2. 井下风险预警研究进展
	2.3. 多智能体技术在钻井领域的研究探索

	3. 钻井多智能体技术基础与自研分层协同架构
	3.1. 钻井智能体的工程内涵
	3.2. 自研五层钻井多智能体协同架构
	3.3. 多技术方案对比分析
	3.4. 钻井智能体技术演进阶段

	4. 多智能体驱动的钻井参数动态优化
	4.1. 钻井参数优化的工程难点
	4.2. 风险约束型多目标参数协同优化机制
	4.3. 多智能体协同仲裁与风险冲突裁决机制
	4.4. 机理–数据融合优化实现框架
	4.5. 案例验证分析

	5. 技术瓶颈与前沿发展趋势
	5.1. 当前核心技术瓶颈
	5.2. 前沿发展趋势与技术增量对比

	6. 结论
	参考文献

