Fas Bsl NIANLS 3h 1 %6 8 Vol. 42 No. 5
2025 4E9 A INTERNAL COMBUSTION ENGINE & POWERPLANT Sept. 2025

DOI;10. 19471/j. enki. 1673-6397. 2025. 05. 013

o UK 20 45 3 T e S 0 S T AR AL 18 3

%‘]\%-ﬁgl,é/{ o 9$B$%§27%%£&2’%p52

LW ARBFRRAEILFR, LA Fd  250357;2. LA RFAMIEFRK, LA Fd 250061

T g N YA IR BT DR G 5 et i 280 S B 1R 22 5| K (9 4k Sl WA i T 0 B S 7 M i Bl
Br Gk U R GUBEAY K ER BT 5k B AN, &, DLR MU AL Sl iR 22 3 S RA T 42 Ak iz A pE e B AR
AT 2 FAREAL B — 2 — Gl 32 3l V5 e A 2 147 86 AR B2 T AT S 1A o R B2 O 1) BB AR 4B
B I AT DT LT IE . S5 2R3 R 2 FVR S0 5 0 0 S — 2. — 2l ekl = Sl 145 4 1) o T2k 147 JE Rk
BEGR 0 1. 82.2. 33 pum Wi A BESTE 43501 0 2. 01,0. 15 pum, 14 [a] RHEE 53551 0. 704, =3. 200 m, 15 [0 5E
5352 0. 185.,0. 443 wmis S A0 48 105 BT b 1% SR 22 e WA fr R MR DA 82. 5% , 1 e 5 R 1 il B2 7
B KRR Ay 18. 8% , 17 ThT AL B2 A Ao B KRR A 21. 4% , I A 0414 58 157 g A B oA T 284 23 A1 S22 A7
RO N T A3 RGN R G A PRSI

KR LIRS AL SR 2 IR BT 2 H R ik

th[E 4y 3 2. U463. 218 CRRARAERD A TEHE:1673-6397(2025) 05-0092-08
Sl A S, b, ER, & LI HRE S R R ERE BRI [T]. ABE 3 A EE2025,42
(5):92-99.

SUN Haonan, LI Wei, GUO Niancheng, et al. Optimization design of gear modification for an electric drive
axle transmission system[ ] ]. Internal Combustion Engine & Powerplant, 2025,42(5) :92-99.

0 3|87

Wit 4 BR B R A 0 5 e 1 e A3 v B9 4 A S AT M B A A A D R AL
S IE:  FH 7 F ah AL  JR 1 T BERS O LR i B B A Bl I BB B TR ETIE Y L X ARG A
A, S L SR SRR FH L 2 — AR T, A T 0 e AR R R A 4 AR Bz A %)
Feycim 4, i Tl B sy As AL 0 B 5 A sh LB 4 B A kG, A BB R R IR Bl -5 R AIRLAS S
(noise vibration harshness, NVH) It , JEHAE S 8 HA TOL T, W82 A8 (VR IE KR il iR 22
SN, HL KSR 1A 48 AR G T RE R B A HE G PR S 7S S HE AT T R 3R % 3 300 S A5

A BBV MBI B i vl e 46 R W 26 1 , o 047 48 800 20 A 2 50 b b w5 b i B AL S R L
NVH g, 4R 4 18T R NVH P RE R 57 5 B 1S i i i se e 2 X1k % " R £ H
PR IR Pl T NS AT O s Skt 5 LU S8 45 3 RGN IE S %2, 38 i A FE 0k 0 AT
WERIETE AR T 1L 3h R ML shitos SR, OB BB RURa TSI RS il T —
M AR IEIE 2 FARIL AL TT 1% 1207 1k LAAE SR 22 ek A e 145 T 3 Ay 249 2 70 A D FU AR, 3 aod S 36 0 1307
DRAIRACR RAF, T U 0T A 150 s T AR A5 AL IS AR AR S 5 U5 BRI BF 5 T 1A A
PERT VR FE WG 3 WP B R, B4 SRR WA 7 58 T A AR DR e A Wk 5 I

%5 H #A :2025-08-23

EL£WABH: LA T KRERF A (2024CXGCO10301)

FE—EEBMN %S (2001—) , B LA REA LR AL, LA H @A BIE % X428 H AR, E-mail: gipshn123@
163. com,

 BIEEEB NS4 (1978—) , B LA HFA, LFH L, #3%, L2 AT AAEZSHHEARE B A, E-mail; 163. lw
@ 163. com,



%5 EN R R Bk (N 7 2N e gy 93

FUBG R B0 W78 LR 1 58 PTG, = 1T [6] o 3K S 22 T 004 1E 9 R eV AL, ELIG BB 2
VR MBI A G BRI SCHT TR A o ARSOP S5 A T BRABIE S5 1A 1 1B, ) 255 80 F SR Sl A7 4 i i A 47
AT AL BT, R 2 HAREAC T A0 & Rt SIS EL, IR LA 146 58 1E4 T 005 B3 M S ik, 8 e
U A SR S 1 3 R G R IR B MR B T 2%

1 BRI ENRGEE

1.1 #&EBET

ARSI BT B 20 B AR G e AL 8 A R A R AL, AR TR R SRR e R SR SR, B IR
B 2R AN AR, SR LML R e BT 0 AR AF R S A UK ST 147 e 1 B R U RS AR 45 i ATl e Bl
MBh i §e 17 R R M2 A

R HIA FROCE AT Hypermesh 52 i SRS AT 72 A A AR S 73, 58 SCATRARAE RIS BHE A, B 2P 1)
FEA AT HT A58 AR Y 28 SRS i 4, 7 2 e SRS W SR TR AT, ri K Sl 1A 1 Bl R A T
FIRIZER A BN 1 7R, s R Gk F RIS BNk 1 Pos.

= conmn

ﬂ hiEAl  TERR

ﬁ R
F = ansn

a) e i 3 R gL RiR! b) WIS R AR
B 1 3RSt 3 R AR Fo R A AR A

fi i

K1 BERZERESH
WEAE W BAEEYem M) TRNMA/(0) POE/mm 5%/ mm AR TR E S AR A

H—%Fz 30 2.25 18 20 119 32 0.2458 1.3 1.55
H—HMN 71 2.25 18 20 119 30 -0.4529 1.3 1.55
o FE 4 2.75 15 20 178 37 0.184 5 1.3 1.55
ot N 2.75 15 20 178 35 -0.162 0 1.3 1.55

1.2 {fEIWRE

R A ST 1A 4 e 3 R U RN Ao SEBras A7 T 00, BEAT AL R S 147 e A% 3 3R e o 15 120 77 L
GrHT o MRAE AL KHEHE (500 N - m) TARRE KRS 42 Sebr TARIREE , B & A LA 09 6 000 r/min, fii A
B 23 0 Ay e KRR Y 25% 50% \75% (100% , 53 SR T00 1 2 T 00 4, 4 TBUX L A D453
78.68.157. 36.,236. 04 314. 72 kW,

2 AREMIER

W HE BT S B A8 1 1A T LT T AR A Mz ol 2 Aoy AR T o 3 1 22 5 B0 Wl 5 i 22, S BRAL 2l i
LU B ME AL AR S LB R IR Y B A BT S i BT



94 IIRHL S Bl i 20254FE9 H 2%
2.1 GEEH
WA iR, i R M R h = A s AR I S B PR T El
AFIG A B S B WG A L, 5 R WA wh . W ERIETE X Uy
B S T M TBIE , BT & A I A 0 B X kA B Ak
AL KA A ERE /N G H by BRI AL shit R 3h
LM AL SRR (5 B AL 1y B AR EE B A s i
TABIE & UL BB TE 7 A FE T LR 15 B ARG T 28 147 51 v
SIS BRI A 2 B e H i, o ~
TR SIS i, C,,, R e R BT i a) Wi P2 Ui B 5 b ) 7 P48 P B
H AT BB TE /& i o5 — i B A =, FEER A H. Sigg B2 &HEYVFER
N3 Lewis 24 2 (1O 6336 45 i AGMA F i LA S &8 43 #E 7%
B, ARSCH R ISR 17 ] BBk I BB B i T R o B e
C,, =K,K, F/( be,cos a,) , (1)
K K, A S K, 533X HEG FOoAYIE I3, N5 o TR ST, © 50 B 58, mm; ¢ S P3G
WIE N/ (mm - pm) .
K H H. Sigeg AL, pm NENLK C, HBUE
[C,| =(4+0.04[F /(b }) =4, (2)
K {F Y B F BBUE, {b..3 UL mm A7 5 R ki 58 0., FIEUE.
2.2 &EER
Wi MBI W U 8 ) S0 O 6 U THD AR JLART I AR, DAARMEE UG #7632 25 AR T il 3 1R 25 N2 B 25,
P D e G A PR R, IR e A 2, B R iy O T BT AT 47 1) A B A A UK ) O 18 9
S SRR BT AR L, U BT A S5 AR e 3t 1A e i, A U 0 k£ s 0K T 7 1 1 2 e R i
S3AERsT. BRI R R 3 R R C, KR SRR C, AL T

A

J G, Gy
y

>
>

A

A
4

b

o) W b) H 1 AHE
B3 HalhrEn

b

ik

W RGN 1 PR R B B R 525 1 TN IR 2 Fe AR A SRR N R A R0k
i A7 G2/ TR SEIE, LA S B R M BOE B IE R C,  RORUE
LG = V2UF Pl 1/ (le b 1) (3)
A {F,F RULN g By 4 5207 10 LR A 1 F, BOBUE, {4, 3 JILL pum Sy B0 F8) 147 1) k2 i 22 L,
ARE, {e, b RN/ (mm s wm) g 507 A ZE5 065 WIRE ¢, BORUE, {63 24 b BRI
WA AR A SR TR SET, LA pm Sy AR 1M OB IE R C, , IYEE
[Cot =050, 1 + {F, 1/(lef{bl) o (4)
RV 32 2 A T B B SRR [ AR A AR 04 1) 2R 22 A%, L mm Sy B ) B RO 10
B C, MEUE

TG = 1l b = 11/ Cle 1b]) o (5)

2.3 ERSH
MRS TR R FISCRR [ 19-21 ], A SO E BB IE 2 800 30 9 1 BRSOY 16 BSRHEE (14 [l 5008 (147 10)
RUEZ . AIAIBIERCR R L sh RGEERE, IR (1) ~ (5) T4 SR, 45 i BSR4 3 RSP



§5 IR, % < IR A5 RS R ISR AL A 95
TOLIE R Bl AN A S RUBIE Oy - U REBE T e ARV B L 89 (-20,20) pm, 1 ST |
WIT AN S B IE 5975 (0,20) pm,

3 MMUERSH

3.1 fRUER

K NSGA-IL 503, I i — el v %6 @ i 15 #8188 2 BAn itk et i vk & 5 Tt ki —
Fh 22 H AR AR 38 i AR SCBCHE P A 85 IR B 13 1 B, A RGE T Pareto FefUMRAE , [FIHOREFRD
BEZHENE, AT RSEOE N e KBRS 20, Pt AR Ry 50, 88568 0. 3, 38 XHE# R 0. 2,
e RERUKECH 1000,1217 1 000 H A0 T 58 B2 0 R RSER 1, b A a8 B i KR BOF ¥ 5 7
A7, AERT ek 2k ) R

LA IR T AR IR AN FH AR | AR S WO ekt U e 1) 35 sh v T AR UG T (A5 14 1) 09 14 [l b O
SIE TR R T 2R SO AT U AR ABTE 05 B 03B , S B/ IM% 311102 22 T8 30 Rl e /N Ui T 42
fil i VR A4 B An , JF R 2 HER UL 00 ABTE S 58 S 8003k 2 R,

*2 BEERNERSH AT pum
Vg 2eA! V) R LR W% 17 G R BE WL 15 BT g%
— G 0.704 0.185 1.82 2.01
— Yk AR -3.200 0.443 2.33 0.15
3.2 HRBERZ
VRS ABIE LA R 0 0l J2 7T S M 2R B IR 56 iU 5 X 4% T ®3 BIMNERREAH
OLHBIE A R AT IR R o B A . RIS TR MBI 20K , 2 U i 270 a B
WK 22-23 ), iAo i 2 s B o (VR WL 1 5 SE BRI 1 2 —goREESNE 121 272
FO) AT 1.0, 5575 i 22 4 K B AN/ T 1.4, 2% T AL #fir 1% _gREMAER 130 2.95
GrHTas B B NGRS A BN R 3 R, mER 3 AL BB R g ESER L4 317
GV R A PRUB G IR AT SRR 2R MRS LST 3.3

3.3 EREHRE

TR R G e A DR PRI 3 DR 2 e 2 Ml 2 3 BRI AL SR 22 BBl , B 51 At Ak iy
2 LR S AR DA I M 7 14 S BB TR AL SRR W VR A — G TR P S 7 A X PR
K 0 B A B R T i 22 5 e R 07 fi 25 1) 22 (RIS L) , SR DA 14 8 R G4 IS B AP A i) 5
SRR . AL BhiR 2RI (R /1N, 145 5 15 Bl B vh ™ AR B9 S 25U AR, 2R SRR sl a5 , M P A A IR AT
NVH PEfede R o WA IBIE Al SRk 22 0l gl , B/ IME B R GRS o AN R] T 00 4% Sl i 3 3 14 4
EIE R Jm BAL SR 22 I KA RN 4 R .

£4 FRLRETEREREHH . EEDREBEERELE

T RN E SRR e SRR AL SRR TG L IR (T L %
s BT BIRE B B U Yok
1 0. 088 0. 085 0.058 0.053 -3.41 -8.62
2 0.163 0.039 0.103 0.018 -76.07 -82.52
3 0.239 0.221 0.148 0.041 -7.53 -72.29

4 0.317 0.296 0.193 0. 087 -6.62 -54.92




96 PRAIL S 3 ) 3 20254E9 1 2%
HI 2 4 T4 Fh AU, AR B TE IS 25 SRt D 46 1 4% 3158 22 e e (8 25 W A1 s 00 2 izado
IR BIHF A T 000, 3% T 00— G 14 6 A% ) 158 25 WA WA (B R M e o
3.4 REEER S
U A 7 3 A HA R o R e A P A 2 Ak DX S A 272 W e A 7 sk K T
1 5 1 e A 55 2R 280, I A 1A TR 5 it /N AT R e DA R g T L R R e e A R Y T SR
ARG S RO i, R BA B T RARIR SRS . R IR 00T, 4 s 16 4R B TR 1T L 19 J K 145 5 42 fin
73 R AR FRANER S PR .

RS ARIR, ZREREEA.FERRKEME N RELE

TH — G R TR L J1/MPa i R e TR A AN T/ MPa BTE I R e R T AR L %
e IR L2 E EIE R BIRE — S YRR e

1 493 433 426 363 -12.2 -14.8

2 634 580 592 481 -15.2 -18.8

3 854 740 721 601 -13.3 -16.6

4 963 831 830 723 -13.7 -12.9

HI S A R IBIE ) , 45 00 T 45 Gk e S R i 7 H AN TR e BE A1, 00 2 IR e
B VLT 2 W], —Z  “Gusid S IB L AT 5 iR A R AL Al A 4 Bros o i 4 R R
I I , 25 Gtk FE e A Fe 4 ik 7 B30/ )N , 2 i 7 3 A S 24 50

34 Hefuvi 1/ 34 Befuh iy 1/
MPa MPa
—~ 7 684 7 580
z 641 ° 544
& 20 597 & 20 509
@ 554 R 473
N3 510 3 438
. 467 402
8 16 24 409 6 8 16 24 32 355
45 T P 25 /mm W TATHE 25 /mm
a) —ZUsEH I B LT b) —GE B
Hefuvi 1/ Hefuvi 1/
MPa MPa
. 592 = 481
o 550 o 471
= 507 Z 461
=2 465 = 451
® 422 ® 441
380 430
2 11 20 29 38 323 5 1 20 29 33 417

5 T 5 /mm
¢) YR R B TE T

45 T P 25 /mm
d) G RIEIE S
4 THR2TF, R . ZRBBEREHAT EHRREREME S

3.5 BuUKEHESH

T TR LA R 50 77 A 0AT TR A X B 7 3 2 K B8 i i) 1 200 A TR AL R A o A AR
55K M R TRT B, R 0k, ) B A B A R PRI 1A A O T A e R T SR YOG, XHMBIE S 4
Fh T BLFEA T V5 FE O ik 3B , AN ) T8, 45 G 3 145 S AT 1T e 0 43 T SR 4 B ey A AR fh e dn 3%
6 Fiin. FHFR 6 AR — I8 50 SR K BE 2 e B T I WA 5 0, (5 — 9 s 145 4 R K B 4 AT 1B B
Je ¥ A



5 iR, S LIRS L S REUE e B TE LBt 97

R6 ARIIR,ZREREHA. R EEBMKEHM
T SRR A B AR (N mm ™) G O e ALK A/ (N-mm ™) IR R K R AR R %

75 A 595 G BIE — Y i — Y iR
1 34.4 45.0 61.7 55.9 30.8 -9.4
2 64.9 77.4 120.0 94.3 19.3 -21.4
3 100. 7 110.2 178.0 141.3 9.4 -20.6
4 136.4 143.5 236.6 196.6 5.2 -16.9

DFEAER R, 25 T 00 45 G A 50 1A 10 B2 88 380 0 A 1 FEAB TR RS 44 2 & B, f 2B R B3t
PATBE 2 ], — & — Gsid i Fe I Al Jm 9 SO B AT N 18] S o, B & O B BE T .
P S TR0 2 45 ek ek A7 58 14T T Dt 2 IR P79 B ks , WA T g o A BB T TR 44 2]

34 34
8/ (N+mm™) 8/ (N+mm™)
-~ 27 64.9 ~ 27F 774
< 62.2 > 68.1
& 20 596 & 20 588
}E 56.9 ® 49.5
51.6
. 6 30.8
0 8 16 24 32 48.0 0 8 16 24 32 18.4
A7 1T S /mm TR S /mm
a) —ZEE I A b) —gEE GBIV G
8/ (N+mm™) 8/ (N+mm™)
~ 120 _ 94.3
Z 108 o 87.6
& 96 & 80.8
i 84 = 74.1
®” h
S 73 ® 67.3
61 60.6
) 11 20 29 38 45 2 11 20 29 38 51.6
45 T P 25 /mm 45 T P 25 /mm
¢) Y RSB IR i d) “HEE B )5
5 IR2TFT,—HR Bk ERIEHAT. G LK E BT
A
4 it

FEXT LRSI 1% 0 R GEAFAE R NVH PEREFI AT 25 ) R, DARE — 000803 i 9K Sl A7 4% 3l 22 48 5
X, TF R R M S AL L

1) SR AT A 57 HL KB A% Bl R G, 25 51 B 0k MBI T ik , B T b R JEE T
LW EREIE R TR E R 1 SOE 4 DS EUREBIE XA

2) Vs IMIA% Bl 22 5 sh A T4 b 157 g S DA B AR, 8 8 — 2. — G s ik e i e AL B 12

3) RHMAL IR (15 TE SR 4 Bl it T oL AT 07 i, A5 SRR W, AR T B0, 4% sk 145 48 1)
e IR 22 W VAL 149 W T8 IR AR, — AT 4 18 1A TRT i A Ak 7 33 [ R 2 S FAEAR: , 173 23 S8 20 5 452
AR tAT THT R AT 3 A 1 AR BTS20 5 B I B A B G

4) 38 WA IBIE A Hr S A BT A R T LIRS L S R ST NVH PERE , A SCBFSE I ml oy
LRSI R e L B R SRR A s T RO HRE IS %



98 PR B % 202549 A HA2 %
SE 3k
[1] LIX,PENG Y,HE Q Q,et al. Development of new-energy vehicles under the carbon peaking and carbon neutrality strategy
in China[ J]. Sustainability,2023,15(9) ;7725.
[2] XUSW,LIJ Q,ZHANG X P,et al. Research on optimal driving torque control strategy for multi-axle distributed electric
drive heavy-duty vehicles[ J]. Sustainability,2024,16(16) :7231.
[3] =P HALRAME QI R XA L[D]. F o FPELHRF (L), 2020.
[4] YAN S F,KONG Z,LIU H W et al. Power loss evaluation of an E-axle gearbox considering the influence of gear oil factors
[ J]. Lubricants,2024,12(1) :11.
[5] 3, T, ZRAL, 5. AT % B irtiibey 23 BHLEH[T]. P 35,2020,44(9) :153-158.
[6] F#, 3, T4, 5 ATEHEMEHORLD ) LkAERFHHL[I]. 35+ & ,2018,37(21) :227-232.
(7] AFb, 7 R&, TR, 5. @FRESEEN B S5EHBRKALT]. R 5+ &,2019,38(5) :265-272.
(8] AREM,FW, AF, 5. REGHAERET R AR IAT[T]. R3h TSR, 2021,34(4) :704-711.
[9] 5;E&,>izki,éﬂ$»lé,% Rk BH SRR [T]. RIS 3 7y 3 E,2021,38(6) :66-70.
[10] NZ,7RZBERT,F AFEHL N EHOFHGZBHRLSEHBEA[T]. B8 X FFIR,2021,55(1)
118-126.
[11] 3R, B ER, 2585 4. Bl bl fEtnBanAsmiri(]]. ERmTRE 3R RAE),
2025,39(3) :165-171.
[12] A, ke R, @ @b e o 458151 £ BARRACHT T [T]. AT 5 413 ,2025(1) :374-379.
[13] Z&m, £5%, 900 ,% ‘i‘xﬁ? BT A RS Ak B P ey R [T]. %R 5 55 R 2h 42 41,2024 ,44(6) :35-40.
[14] FER REM,KF,F HRBAFLRAEREH oM S5HA[T]. EREIXFFR(AAFSF),2025,39
(1):177-184.
[15] A, frid, it 7, 5. A& F KISSsoft £ AH89 AF K4 AF S5 3t AT S [T . Uikt 3 ,2018,42(1) :1-6.
[16] K& S ERBLEEHAEHXEARL[D]. KR KAREIKEF, 2020.
[17] K. fRERRBSEBEHH EZMA[D]. KR KRAFEKF, 2024
[18] CIANCIOTTA L, CIRELLI M, VALENTINI P P. Multi-objective optimization of gear design of E-axles to improve noise
emission and load distribution[ J]. Machines, 2025, 13(4) : 330.
[19] b, &M, Fhag, 5 FEREREBOTEERED R A A FHEMRT[I]. R3b TR FIR,2024,37(2)
191-199.
[20] RZue. Kb b o) £l BH B IR 29T HARA[T]. A E EAHAK,2019,44(12) :5-7.
[21] A, AR, A, 5. AT Romax #9413 [ AL 4683k 38 A RRAC[ T]. AUBRI I 5 4% ,2020(6) :215-218.
[22] #hs4r. AT £ B4R ANSI/AGMA 2001-D04 A= & Ff 474 IS0/ TS 6336-2 a9 it & H &6 A ikt ik [J]. K
I 5 H K ,2020,40(18) :72-76.
(23] FMrA, B, H4E8F,5F. FTRBAEESRBITREH LT BZAES>MH[T]. bk 5 %R IE,2022,50(17) . 77-81.
[24] e, LB, GEF 5 AT E BB G ZAGFREHMALT]. THhRFFROTFR),2022,52(7):
1541-1551.
[25] JEA4%. XA 5 A B #5410 5% éﬁﬁi"ﬁ*%‘ﬁ%[m A0 K F 2017,
[26]  FFN. R THREH L oh ks ik gERBEARMLID]. B2 K2k F,2019.

Optimization design of gear modification for
an electric drive axle transmission system
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Abstract;In order to reduce the vibration and noise problems caused by meshing impact, load bias and
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transmission error of the electric drive axle of heavy-duty vehicles, a model of a two-stage gear reduction system
for a certain electric drive axle is established based on the analysis software. The tooth profile modification and
tooth direction modification are combined to minimize the fluctuation of transmission error and the contact stress
on the tooth surface as the optimization goal, and the modification parameters such as involute slope, involute
convexity, tooth direction slope, and tooth direction convexity of the first and second stage reduction active gears
are determined, and the simulation analysis is carried for verification. The results show that the modification
parameters of the first and second stage reduction active gears are determined by the multi-objective optimization
method, with the involute slopes being 1. 82 and 2. 33 um, the involute convexities being 2. 01 and 0. 15 pm,
the tooth direction slopes being 0. 704 and—3.200 pwm, and the tooth direction convexities being 0. 185 and
0. 443 pm, respectively. The simulation analysis of the modified gear shows that the maximum reduction of the
peak-to-peak transmission error is 82. 5%, the maximum reduction of the maximum contact stress on the tooth
surface is 18. 8%, and the maximum reduction of the load per unit length is 21.4%. The stress and load
distribution on the modified tooth surface are more uniform, which effectively reduces the vibration and noise of
the gear meshing in the transmission system.
Keywords : electric drive axle; transmission error; gear modification; multi-objective optimization
(SRR - )
T O S
(E#% 91 1)
requirements of modern diesel engines, a proportional integration differentiation ( PID) circuit is constructed
through operational amplifiers. The circuit includes speed setting module, PID speed regulation module and
power amplification module, a multi-functional zero difference electronic governor controller based on analog
PID control is designed. Hardware circuit is used to realize the control of starting oil quantity, the switching of
idle/rated working condition and the independent adjustment of PID parameters. The test bench test combined
with sudden load and sudden unloading working condition verifies the speed regulator control performance. The
test bench results show that the speed fluctuation rate is not more than 0. 2% under the sudden load and sudden
unloading working condition, the steady-state speed regulation rate is 0, the transient speed regulation rate is
less than 7%, and stable time of the sudden negative load working condition is about 6 ~7 s, and the
performance meets the secondary speed regulation performance index. The controller has a simple structure and
anti-interference ability, and has certain engineering application value.

Keywords: PID; diesel engine; multi-functional reuse ;electronic governor; controller
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