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Abstract

To address the issues of high testing costs and long development cycles in the design and verification
of diesel engine speed governing systems, this paper adopts an object-oriented modular modeling ap-
proach and establishes a complete simulation model of the diesel engine and its speed governing sys-
tem. Taking a certain series of diesel engine as the research object, based on the characteristics of
typical components and their interaction relationships, mathematical models of sub-modules includ-
ing the governor, engine body, actuator, and sensors are constructed respectively. All modules are
connected via standardized interfaces to build a real-time simulation system. Model order reduc-
tion and algorithm optimization are applied to meet real-time requirements, and the system is em-
ployed for hardware-in-the-loop (HIL) simulation verification. Simulation and engine-matching ap-
plication results show that the established model can accurately reflect both steady-state and dy-
namic characteristics of the diesel engine speed governing system. The steady-state speed error is
less than 2%, the dynamic response process agrees well with test data, and the single-step simula-
tion time is less than 1 ms. This provides an efficient and reliable technical means for the design,
tuning, and performance evaluation of diesel engine speed governing systems.

Keywords

Diesel Engine, Speed Governing System, Modular Modeling, Real-Time Simulation,
Hardware-in-the-Loop

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0

1. 51§

SR I AEN 7. R R TRRHUBR IR L3 2 B, LR MRS LN R SO T IR i
Me. MR . S RS R EE R A, AOURA RS, EEK, i HED.
MRS T AT R A M. B T LT R ORI, M7 2 E N S B L) B S5 P R M0
TR, A AR, BRI R 1131

S HLRE RGN . A, KR RS, AR — ER S LA SRR
FOBT S48, Tsermann 5[4 1505 TF 2 T SEibL i 07 ECRCRAORI 9c, 237 T T BB AEAE SRR 2 L
BOER, AR . BROERE IREEHIIE B3 /72 S HEFR Y . Sinha 5[5 THE T A A AL LA
RGHOHCERIR, S LTAL R — IR EER S, A0 T 8 5% 0 S AR Mt 2 S5 HERR I . Wu 22[6]
ST % R PR VAL 7 R ST T RS PR S MUY, S5t S TR 3 R ATHL TR B, e T R
HRE S ST ME . [ SRS 7IIF R T S L TR S 07 EOR GG, SRAIRER I B MOT A R,
PEQIERE O IR A2 7 0 T4 P A 0 S PR . P S 81 TR R T 90 5 T M el L
HERE B OB, SRR T i TR, FAAS IR ITE 6% LI . ORCRIAE [0 4 Kok
PID I ) T ST TR 48, et Simulink 47 B E T Hl SR b

HUAT BT ¢ 2 BB s WU e S PR, RO MR ) S MR 2, LS L. % T
B LR o T 0 S A T TR 2 2 R G4 2 T SR B PR e, St bRt F B L1 S
B, A E R I R T AGAR10]. AT AR R SIS HLUNTT O G, PRI 0 S B AL e

DOI: 10.12677/met.2026.154044 461 WU TR 5


https://doi.org/10.12677/met.2026.154044
http://creativecommons.org/licenses/by/4.0/

ot

]

Par
&

TiiE, BESLEETHALE R GRS A AR, AR LR b SEBLSE 5 BN, i R B 556
LR

2. MR BR ARG (T RRE

SRR [ % SR AR AL A, ARt A ) S A S AR ) “ TR 2 o AR B ML B A 24
MEEEEN I RS, AR EANSEHA TREASREZAE, B2 n LUE N HKERE T /D H LA A FR 2K
A (BB ) BT 4L R . A, TBD234-TBD620-MTU396 L&A K He i3 28 45 107 B FRA 17T AR AR X
S R R S A AR FH G R, SR BT AL, B R G0 1R B S A I 3 T
i FEBRIL) — e MR 2 G, LR 2S8R T DU S (Rl — A ) 7 R . FLIR B2 (1 6] 8
FORERR R G ALK, MRS TREBRISERR R G2 R 2200, 1 et i sl RS m
MRS AATVARZL S 5 AR 4k 77 AR — S, DRI 3G 58 177 JLA E (0 B « ) B A o R P 4
T [0 R AR A R INTE R AT e AT B R, DRI D 0 KR S 2 R4t T A T
EFE.

2.1. IR EER

TSI 8% A R 2 AR RN BAR S5, IX 48 SR EN g 22 495 v ) T s s R S SRAR 22 TR X
TS ERTTVE— B DI, BB 0% (HIX PR VAR A d T ok = & BB it i 32 B
M1 ]o ATE K —Fh&h S IX R IE R RS, RIRR AR 2 s il 40, K 28 (46 9 — > PID (kb
IR oM FE il A, SR 5 R T 248 1A S B i SR R R S TR R AR IE S B K, TN T, o —JBE
PID $ il & Al il ik -

U(1)=K, {e(t)+%‘|.0te(t)+Td dz—(;)} @.1)
A U(e) FoR s s, RSSO RM A UG 5L B e(r) FRRSEIMBLBL @ He3d b5 S pr ik 1 2 (1]
MRz K, NIOIOR RS TR RIS G T, 9o (e 2. X TREF R s, T Lt —b
fa ey PLAZ ISR . FESEPRAOSEIAL, R S8 P AT AL S B Ak, BB A o B A — A
WPRALE . AR AF B HI SR AR ZE AR S5 BOR HAF S ALK B 0L, B ERP R iR E —H
BEATR 7y, ELEVH S Sk BIAER BN ik, SR S itz il [l B AN PR VR HT . 15 22 A I TR) 4k S5
7y, B EH AR E A Sy TIRE SR RES], B2 MK AR R R EE S T
SO AR O, AT KA 7 AR > R ZE ST AN IR, BRI — AN ) B 45t e s SRAT | AR 2045 AR P AN

2.2. SR ERR

HAT, ZKHEALRER SR RUR 2, (B FP R AL I S U BRI 2 — B0, MORTTE R Xt
JUF 78 (1) S TR AT SR AT [ 12]-[14]
(1) S LAY
ATHH L MTU20V956TBI2 i ke 1 1k LE M LA 16VPA6-280STC i %E 1 [5 SE ML A 3E47 40 Hr A5
MRAE A EE e i, SEIMBLAAR I Bl ) F B A AR
nl, dn,

TC
dw=—dn=M,-M, —M, =—L—4d 22
30 T 2.2)

X M, s AR M, O, RIETRIME G S M, Sy i 2 A FE A i
Ui (AL BB R BEE 0, 1 ORI, e SR S Bl AR AR LA RO A8 s RS A A

DOI: 10.12677/met.2026.154044 462 WU TR SR


https://doi.org/10.12677/met.2026.154044

FEXE F

AR n, NEEHLEE .
(2) MEIH R A
W% 7o 2 A R AR AR R Sl A 0 2R UG Ak 0 B P FUR BIALEL T n 15 BIRE % g, o AR 2R 1ALV RE
PRG0S AR V045 B IR (b 26 g, R IR 6 2600 B Fr RO BN n IR 2R
g. :f(n,Fr) (2.3)

PR R LB, 07 N BTG . 76 Simlink A —4EHE B Lookup table (2-D)
KR UL B
(3) ARl
g FH A R A R LA T AR R B R TE 0, 7R AR R A SRR IR ARR, AT B A— A A A
HZH ., BT R, B
T, =T = et (T = o) (24)

e TR IR T, AR St IR T, AR Kt R .
TR d, ARy, EERIET THR R EMRAKE R T, AR, iR
IS ARG H
T g A DR T
RGP S AL R A, EAR A A P BRI, SR T A R A S S IR BE T
HBE AR — eI G, fEH Sl AR Sl 5
Sk My
2gF).  gzk

Arbe PR ASE DL BT ASROET): AP, W& & LR .

cool

AD,..; R ERIIERE, X EARMSEMALAR AR, B 52 SR LA KRR S R A k.
2.3. BB ERRIERIERE

BN i RSN AR [15] [16]H = H7 RRAM M. © BERITNMS TR @ &Ik
FRETHRA: ) SHIRRTTHA.

MRIEVIERREA, BRI o T LB B R B e sl R Ok, DL=FhL B, e
A[RINA[16] [17]:

D. =Dy — AP = (2.5)

do
Ilwld_tl:NeLT_NeLC
dw
12a)2d_t2:NeHT_NeHC
dw.
I 3d_t3: Nepr =Ny
d
Vlﬁ: Gre8c —Gue (2.6)
dt
d
IG%:GHCgHC(I-Ff)_GHT
dp
V3d_t5:GHTgHT -Gy
dp
V4d_;:GLTgLT -Gy

DOI: 10.12677/met.2026.154044 463 WU TR SR


https://doi.org/10.12677/met.2026.154044

Y 5

KH: Newrw Neprs Neprsd MG @ RIRFCFIZN T3 FE G 2; Nerew Nepcs New 73 HIAMG. Sk
ANV AATTHFETI R pas pas pss pe T AINEFR Vo Vs Vss Ve HIISMAKEE; Gres Gues Gurs Grrs
Gpr o MNAK mEESNLE & ARES im0 DR & Gregies Guegres Guignrs Grigur 7308
i SEESHA G REREIH ORE: o o o33 HEFRAEE; L L LasA=
RIS E. X TEISEER, 005 SRS ) 5, EsVARSE, &3
RIEALREEE, RSN TARRE T U R L Sraieid . ST e SR IS8 1) 08 Rk R
e MEEL. TEEE, TERE=ASHT, REXPEERANSH &, KW A—1 5%
W I TARIRES . EMV AT B, BT 85 TR BIRES AR R, B & — s 2 LA,
R AR A BB, AR OUE R TN, BT AR R AR 2R, @ R LT &
BOR AT G EMRAE, HEMRE EAISEbREEH DR E . R A ETE R DR .
FH T AN LR PR o 28 ARV R Bl it 26 10T 20ty 0E T T4 B AR DR 23 S A AR A it 4 0T T o o v
LR, AR AR v ARIXAN B, AT A I P A 2SRk AT A A A B
EANUELE - AR THLPERE S IR A AT R 16] [17]:
T, = (”C)Gf +C, (nc)Gc +c (nc) 2.7
A (n,) FIERN:
¢ = anf/[(anc —m)(anf —mn’ +p)]
¢, =an, (p—2mnf, )/[(anv —m)(anf —mn’ +p)}
¢, =—amn’ (p—mnf, )/[(anc —m)(anf —mn’ +p)]

A, a=n"', m=125n,, p=05, 7.\ n + GNLITESH, & LW F(FR 0 FREiE TS H):

ﬂc =7rc/”co

n=n.[ng =(n/NT) /(no /Ty
G, =G, /Gy =(GNT /) [(GulTy /4
FE AR - AR T A A A2 38 H AT XN [18]:
n=1-0.1(1-n,)'(-0.54(n /G, )" +1.54(n /G, ))
3. SMHYEEERNAE
SO BB R

1) JAshidfE

R AETUER C G, W LT SR ML R 28 A 5 0 0 EOREG . 1 eS8 bLE shis, e
BEER&ME €=12mm, XK P=0. £=12mm. n=15001pm, FRSEMHLESIHRI. BaidfEs
K1 s,

DOI: 10.12677/met.2026.154044 464 WU TR 5


https://doi.org/10.12677/met.2026.154044

X E

2) R

AR 5,

3) BT, -

AR 5, =

4) PRI T, =

12 |

> n (r/min)

0 1500

Figure 1. Schematic diagram of startup process and steady-state regulation
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Figure 2. Schematic diagram of dynamic adjustment
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Figure 3. Schematic diagram of the adjustment
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Figure 4. Schematic diagram for fluctuation calculation
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Figure 5. Schematic diagram for steady-state performance verification
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