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ABSTRACT: Gear systems, as one of the key subsystems in printing equipment, have a direct impact on the dynamic
characteristics of printing equipment and further affect print quality. Therefore, it is urgent to provide a review of their
research progress. Through a comprehensive literature review, research findings pertaining to dynamic modeling

techniques, optimization design strategies, dynamic characteristics of gear systems in printing equipment, and their
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correlation with print quality were summarized. Methodologies employed in various research endeavors were synthesized

and summarized along with their applicability. Insights into prospective avenues for further investigation were provided.

Currently, there is a relative lack of research on refined dynamic modeling methods and operational stability analysis of

complex gear systems in printing equipment. Research on the coupling effects in the dynamic modeling and optimization

design of gear transmission systems, execution systems, and structural systems in printing equipment is relatively limited

in the field. There is a relative lack of research on the relationship between dynamic characteristics of complex gear

systems in printing equipment and quality evaluation indicators of printing products. These will be the focal points of

future research endeavors. High-precision multi-physics simulation technology holds promise for further refining and

complex modeling of gear systems in printing equipment. Topology optimization algorithms can meet the demands of high

stability and high coupling optimization design for gear systems in printing equipment. Deep learning methods can

explore the correlation patterns between dynamic characteristics and print quality evaluation indicators. This research can

provide support for the development and breakthroughs in key autonomous and controllable technologies for high-end

printing equipment.

KEY WORDS: printing equipment; gear system; dynamic model; optimization design
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Fig.1 Physical picture of book printing
machine gear system

1 ERIZEEERREHNFERGR
R

EIVR e 55 4 48 R G i AL sh R 48 L AT RGN
LR GA R WAL, Wb el sh RGEAT R Gl
JIC ) B R 0 ol 1A 48 R e A TR 2 TR, 1 g B
A A ZLL R AY , e R SRR E B 1 X BRI
JEHATE B g TR Bl R A
RS REE, [E N A1 25 a2 FAT BROGIE R A ik
X EIVIR R 5 B 1A 5 R GEEA T IR AR 8l g 2 AT Y
2 FEBTEAS AR, BRI 1, 2 B
No WHN, ARIBEETEE I B EESR . A
FIR I 12 1 BNV 2 78 14 48 R GE A F] 1 R Gt i i 7
R Z RN, RS R @R, BRI
M 015 ECIN AR WG W BE S5 2 BORUR 5 (EIRAT R ST 45
FRAT5 T, 2090 T 0 M 0 BUR 1 SR ) R g
fi ATk DOE T2 s RGUERE, K5 SR 5L
AN N AR SR, T R R AR . AT
B %% 55 U 8 AR SR AR L e, £ T B o
WRALSIRGE . U7 RGNS RGBTk

1.1 EREHRERERTE

EIV R 26 75 147 e 1 50 ZR G4 i o4 48 I A% 5 i 4
MW RGE, M TALBs s sl T 54 B
FAENARGN EZTA, ST s
R A BLHE S W 147 58 e B 2 G IR I AR Sl R AIE S
IR AR . BT, e sh REE R @R ik %
AAHBRICHE | fITILSE, AR TRk %
Al o IR G 5 K REAE o 14 A8 AL Y 32 22 il =
B, ARG R T E M AMEE R 2 R, HATR Ty
T BIRGEUL i o A BROTIE O TEXS AL . 2 T
b BIEARLRE L TRAR T AR i B A LS, it



Fastk HI1TH TR, . ENRIE AR RGBT R s BRI S r ik - 191 -
I ES W RS

— o e o oy e o o EE EE o o o o .

| Helical gear Shoulderiron gy, vt roller

Pl 2 B0 VA fa il i 147 4 2R 8 = A 2R AT BR AR 2 )

Fig.2 3D model and finite element model of printing cylinder shaft end gear system'®
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Tab.1 Advantages and causes of modeling gear systems by finite element method and analytical method
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the proposed loaded tooth contact analysis method!”

b ENRI3E&55H
RE = YRR

P4 BRI £ 1A 58 2R G0 G B AR A = A
Fig.4 3D model for critical components of
printing equipment gear system

EIRHIFTE R, BRI 5 AT R GE sl S s s
L EEOARITE . lad A BRIT kAT RLERS IS 2k
7, LMBRTHTEASRE . HAT, BIEHAT ARG Skt
B R GEE] B A IR SO R SR OF RO B =,
A LB — W 3 6] B 2 R AR A A

1.3 HHMARFEEFE

YD Rl 25 A8 B AR | BIL AR A JA A Sy BT 2 25 45 4
RGBT, R T [ E L Sh RGN T
RGEMER, H =B 4b s J8 R AR
FENT T SRR, PSRRI T T AT, A
HHIA BROCTTIE X IR SIHLEHAEAT T 0FE, R B2
o B R A AR S5 A BEAT LA, BB T
e FLOGF EL I 2R 4 3 A Rr R R S

Y3 il e 75 45 48 28 S8 S B T B0 45 AR RO R B, SR
FHAT BROCIE T LA S P i) Ao L R 47 v 2 A
D55, DA BROTYE BN VRIS 3 450 R Geh ) i
B £ BT ik o U T A8 0 BRI A 25 1 R Gk
177, EXTE RS S el sh R L AT
RGO D, NI B 2R AT I RS
[ia] RS A Tl

2 ERIEEERRGERMLITHFR
Ik

B[ e 3514 8 R G B ) F B SRR T, 251

a ENRIIR E R 57
RE =R

BB 25 R e o BRI FE s A TR e v, A
WA R G A B T B R B £ B 2 5 R s A7
PRAIE ED i B Y S B . X LT Bl £ 1A AR L Bh &R
Gt YT R GG R GO B LAk it ik
11 T 2738
21 EREHRERGXEMGEMRNMIEITFE

WAL 2h R G AL BT B2 A Bt
KA R IAL I RGN TN T AERL SIR0R
XL s RGE AT AL Ve, ANMUBERS IR = i F 1)
HRERE T, IR A AR B A, i ELRB RS I R U
Ao 2 S PR 2 | S R A I 2y R s A nl R G R
EIV Il 28 15 40 A% 3l 3R 40 0 G, s e 4e i
SR ETEAREEE . WL 5. R g, FE
it B B SECA T BRI iR B AL, 045 A5 AL
&, Hbx Rt | T2 BiatifbmE, A
I, BN EFHARICE | S8BT B ¢
HINRIES ARG AT T IR

Muminovic %2101 b4 il 15 25 45 v 1 B 4e HL
AT T Z2 BAstifbieit, BT RE W A, I
HEgwm 7 HE AR, ke mRmE s s, H
PR S ER A E A2 N X, Sk S R R 1A T
IR T 16.31%. 24 S50 0 1 1 14 5 1% 2k
GRS, Ak TR AR, (15255 mh G NI EE KR~
[, M 1.391x10° N/m [~ 0.124x10° N/m, W8/ T #
91%, BCA RN T A5 AL s PR S FIE S o BT
PRI T N L R 2 | kA el A SR AR
K HEARAETE , (LR ZERETET 9.7%. FHEE
S 3 A M ORI A AR B B g 2 R AR A, Xt
AN AR AR T T ML, SEMIBRAL T R4S
MY, ASHARIARR BTREREIR T 3.33 ke, BT
4.58%, BE THREMMEB. FE, AR 1
[N = ¢ S N IR O N S W VA S R BT
TR, /1 112.9 MPa &% 89.30 MPa, | & T £520.9%,
G R POUR AR S 430 M AR 30 FMIE Ak 2 AR X 2 58
AT T8 b i, e IS 04 728 S 2 A R R I
5 B LA ANAR R R T R B AR A i AR e T



a5t F17i

TR, . ENRIE AR RGBT R s BRI S r ik <193 -

Bl s Wtk i & T -k FE 5T I 7 1Y
SAHT (B 4y ) )

Fig.5 Analysis on Von-Misses stress of

gear tooth places (increased stress)**!

4.1%. 5.0%, FARBTEWA T2 6.8%, M A
(30 )2 R AR 21 I 8 R e o BT R T it T 2
Wi = IME IR, PR TR R i A
AT T AR B A AR 2 ROk AR R 0 R Ak 1
HRERY , FLUE Tl 2 (R A BRI 4 = iR de
VIR, $w T TG BRI G R kA PERE . Choi
SOV 5 T R TOURN Dk AR RS o 0 4 7 LA AR A A
s, SEmie TR R . MiARCRE,

LB AR A R 5 1 —Fh Oy ik, AR PR
BAT T R HE T8 MBI, dEmim s i ke
PEFIRZEAE 11, Baglioni ZP@ S (F B4 AR, FIAT
EIEERE R, N AT T IRFe RS0, 158 T “fix
TS S BN B2 PR S50, Wang 2P X HE 48 1Y
FWAHAT TGS, AT Tkt sk,
AR & B2 /AR, Dou ZEPHYE T T — R LA
MEVE Ve, UGB A R Y TR 4, #ik4e
st B RSN T 24 54.7%, | T 28 E I
F AR AR LA 558 v B AN S P, DR I B 2 S 56 TR
FIXEIN, PEALROR R Z FEAG . 3T BRITEAF 4R 1
Ak T IR R 2 B bRl ROk 5 1% 8h 72 40 G4
AT — R R EMILAL , IS T FR G EA9 # $ 1
RN T

H Gt it R B, e fe s R it oy
R A RO . 2RI, R AR
WAL R GRS, AT IS Bl Rk . m ik
REFICME A5 (1) AR, DA - B BRI R S RGN =
FaE Pk | e R I A s AT AR E TR A DT TR U A
1L sh RGAACE T R

2.2 PUTERFEXEBEMRAIZITTIE
PAT RGBT R H 891 Tl i 25ttt 1e

Yok I A AR VR T A A B S T, 4R e LBl A R
FRIEE o 72 BRI 45, ERLRIR fE R AT 2R G 1 5% gt
U, HLEBE 5 2R B BRI OR AN A R R SRR
20338 53 A BRIGH Ansys Work-bench XA HIHL
EJ 7 fe HEAT RS A M A A AR 83, A i
IS E T HR s LRI B A sh 25 v o 1 B DR T —
A BROGHE 5 IEACIR B AR 4 A Ak it vk, 78
% 7 I JRE 1D R R AT S AR il AR A i W 6 L i
TERI T, X A% W B RV 8 4548 0 A S 4540 R 1
PR ETT, $ETH BRI AR fE 1, M EDRITR
AIEAR I T AL T R AT A 5 3. 2 fifb)a, A8 KIEEER
iV 7 v e AR T A5 2k 35, i 1 A R e i AR i
AR T 10.2%. A BRITEAT T LA L5 B2 Fh 00T
EIVRIE 5 BT R GE I 2 F1 1 0, I L3 3 R 4 A K
NI IR BB RO . SHAAAL T A b, 3
T BRICHAE X BRI 2 25 0T R ge it AT AL AL
—FrE R A T .

TR AT R R, BRI A BT RS F2 B
MAR 5 2 A BROGEE o B X ENRIEE & AT R G0
WAL, 2B TR0 o8 1 5 32 24 vh e B v BN
PR R ZR B S B A PERE L, X232 RS
125 A A X 320

2.3 ZEHRFERBIMEMMALIZITTIE

it R G Bt B R 2 Ak, TERf PR 45
MR SAERETI AT T, S Rl m BE RN L, DL
LR o AL BT A% O B ARTE THR R 454 R 48
R RERLR R RURERE TT o 75 BRI &5, SR
LR RGN SRR IR, LB T AR B A ER A X
B3 il % w8 A0 L A B BAT B B2 SR DT i
TR S s BB T A7 i O B2, AT BROTE 2
EEMIABTT I B, A2 BRI A RO
AR UK B BE I AL, 17 T
AL, PUAERTS AR INIE 6. 1 7 FoR . LAk,
E K AEPOUR I 2 G LI A 1 45 40 R 2, 5 B A BRI
LR, X 52 R 5 A R 14 85 A 2 JE A BB 2 25
PEAT T 00T, W AR SR, S T AR TR,
AR T RERE, B0 15K, DUALI B ARAE SR SRR R
PN HO R SR S BT, R R R T
17%. el HR A 45700 g ERIL G B 74 7 v it [ R 3647 T
W58 e U3 15 O™ AR iR 22, 4B HE
P, B TORTRORERCE 2 D705, P 1 (LRT REFIED
Wil B A o A7 BRITARAE T DL o S in & iy 19 07 UA
R BRI 25 A A AL S R GE | PRAT REX L R4
MPERT, T T HFMUALRR , DRI ENRIE 5 4540 &
GE SRS E A UL AL eI F2 BER 2R T FROCARF I
FMIEfEk

i LRI AT LA I, BRI 2 45 0 AR G Y
ZERRCTRT R, KRR T T BROCDF HARCR, LSS
RGBTk FER A BROGE . KEHHE



194 - fu % TR 2024 49 H
A8 il
‘ & Von mises stress/
| i N'm?) Displacement/mm Strain
1 Re 1.311e+06 1.395¢-03 7.315e-06
; I 1.202e+06 I 1.279¢-03 l 6.705e-06
|z s 1.093e+06 1.163e-03 6.096e—06
| i - 9.835e+05 - 1.047¢-03 - 5.486e—06
! - 8.742¢+05 -9.303e-04 - 4.877e-06
1 ) ? 7.649¢+05 8.140e-04 4.267e-06
- ) 6.557e+05 6.977e-04 3.658e—06
i sesss 5.464e+05 F =« 5.814e—04 | % 3.048¢-06
[ 7 4.371e+05 | 4.652e-04 | 2.438e—-06
" ( 3.278e+05 3.489%-04 | 1.829e-06
‘ 2.186e+05 2.326e—04 1.219¢-06
} 1.093e+05 | 1.163e-04 6.096e—07
| e 2.747e+01 1.000e-30 7.127e-11
[ v .
a IR RmER b RAERI S c MA=E d B =E e NAETE
K6 EhkE s Ao BT/ A B (A fent ) B
Fig.6 Finite element analysis process of printing equipment wall panel (before optimization)?*”
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Fig.7 Finite element analysis process of printing equipment wall panel (after optimization)?**!

2%t ER AL AR ) B — SR EA T AL, X TR AR A e AR
GEAL SIDU A B SH (CAFRAR S BRI | 5 SN
J£ 5 B FUBERZH A BOAI Oz 55 ) B s

3 IREEERAZITHIERE
SHmRERNXEZFHRIAR

BV R 2 #6147 48 AR GO AL eIt RT LA i 3 5 B A
AW R ARG SR CREIRS | s Shbe
AP A ) PR TTERE A B BN i T i . X HLERIR T
BV kil 26 7 1A 56 2R 48 s AR 2 T O BIE T E R, 26 TR
IS B2 25 147 5 28 48 sl 25 P 5 B0l oo 22 1)
(105G Z X THEN il B B HBE S, B4 T Bh A
PEXT B A S S MR BT ST B, SR I RS T B
For Bt B 4R T 12

3.1 ERIREERERFIHNSEHNE
BRI 5 i R 2%, SRS SRR A

AN E M, TE— 2550 T Bl JOT f R B ke A T R
JE R R P, nT 0L M g s A AR
T, Li SN R RGN TF RS, # TR
SRt R, IR T RGERa 2 M . Huang 2511
AL T RHA S - AL R, R A ST bR X RS
AL AT T E R AIR . Yang ZEUIBRSE TS A 2L
WA S RS S AS R A . Feng SFIPVRI 5L
95 5 X 15 B A S B sh A R REA T T W, [R] A
D7 05 % 7 B o e 34, S I ESCH 5 T 5 2 T Ay e
ZAREERTE 5.0%LLN ., Chang ZUWFSE T FEEEfIR
A TR 7 UL F5 R 1E 5 SO0 S SRR AIE (R R 6 3R, LA
FARshstE . Smith ST T 0558 RGAR ShRRE 1Y)
bRk . Li SRS T BN 5 B A AR S
7 FH T /R 5 i A5 3 45 . Paschold 2517
5T W AR BEBURA T AP 1n] 1, FREUS % pE T
ZIM BB THUT , 17 B R0 sh B S sk
AR . T8 ST RHG M s, 28T T
RHA 612 17 i R v AR A T W R . WangPO ST



a5t F17i

TR, . ENRIE AR RGBT R s BRI S r ik 195 -

TRHE R IAIER I3 T H SR

SV 22273 XA 58 2R G0 00 3 AR5 R R
BLAE AT TIRA BT , (EX LEWFFE R 20 T 5]
5l , Xof BV 26 2 22 9 A% 2l 5 2 14 PRI 80N #3202
JERED . IR MR B A RARRZE | A iR 22
L RIS A R 3R B 2 A AR A JE R E 2L J0RE T )
Wi #5147 58 RGBSR PEIF T N2 o

32 HREEERRASGHTHHESHNMKR
EXR

Wi e R GEAE 3l R AR B R, LBl 25 0 RS B
T, BT LD Il 35 2% 14 56 R 40 B sh SRR PR RE S 45 )
BN AR . 1 PRC ST NI ML AT T RS, X i
(R RZ I DR 2R R T T R T 22 o 1 0 A 2T A0 I A
b, Xt EL SR ENR S AT TN . S
I PSR PEAN 7 9 % B R AT T A o i k22 )
FEF RO BRI 2R G0 B & 5 e 64T T 43 BT o 0
ST RS AR PO AT TR S AR R A s 4R E Rl o
U RN ST, WIS B Rk 95.059%. Lekke
STV 1 AN [) J A6 XoF D S I AR o X A R 28
ST T AR AR P T A I 38 ) B B I R R
VKIS T R EN T AT S5 PR B R, Norrick 26100
Neeb 25101 JLF Bl 72 AR B R 26% 46 14 48 L6 4R
ST TAREEITE., JFRT BRI G T H 55 e sh Xt
ENfh S e . DL BRI I, 2#38 1] LAGE o %F
il % 5% 1 6 R G EA TR AR 1 T ote ede s Hesh A b
T4 T B i

BUAR, 2 AT 3 3 )8 4 O R 2 % i 3 1 B 4
gy BB AR R ED A i . Dong SRR T —FhH
BRI IR & s NI TR ER K MR Bk, W T
THT S 7E F T A AR, AT 5 T 2 2L 1Y) B R
Bt . Boroujeni ZEMEH T —Fl R ZACR YK
MU ENIE R i, SEAIRERNREAMLEL, SHIK
FARR Y I EDTEAR S A €0 8 0 €0 B A5 30 B G i3t o
I = A O T o i 4 1 o B 2 % B o AR
PHEH, FTE 1 mm 2 2% M0 28 56 A48 1k R 5 ANk 3
3.64%, MHE TRARSEGE, FRILT 33.82%, it
ThT IR EDAE A BN B o T SR B S TR A AT
HAEM, P2 AT 0T DL AR 8 90 3 2 18] i A0 B4R
FHIE MR THENIR B i . B TIR AN A A,
AR AN 5k B Z M VR LA Z e, L EAR
5 S o 1 150 3 95 3 1) B o i 4R T

L Lk, A O EN TR PR AT TSR,
R R L2 T B AR AN T B, AR /D0 B I 25 4% 1) 3h 2485
FEPE S PP 8 AR AR L OCER , MR 53 B 2% 45 & 24 i
BRGNS FE SRR KR, [N, 2%
A0 X B 2 A AR 2 A | T SR R A3 A T T
etk BRARTE T ENE B ar, (HR SR X sl is #4 B
il 285 2% B i S e B T B S M B D . FRe T L, 4

Jr A e B RE ETD IR 5 5 PR 3 3 T T D i S Y 2 )
VENWFFEE R

4 L5k

W LER I TE R R, /DA 2 X BRI 2 45 15 58 &R
G2 ol Sy 2 AR 8 R EA T80, A 5 ED
Til2%E £ U 58 R G AT | ENIRISE &5 I 48 R GE sl
P T H 55 B 1 96 2R TG R DG BE 5 SR 1 A T
FRBE . s 9N A SO BRI 5514 46 R 4 i A
Tr ik, DABCENRI R 5 15 58 R G0 AR AR T RN sh A 4k
AT THREA T, EEGIWT,

1) LR R N e & I 5 RIS RS . R
1T R G S50 R G0 @5y i O 8 BCR , e IR B IG
By SEMTIRE T BRI e A5 16 58 R R) 1 AR G0 A
A BRoCE: EE TR & G L sh R 5 PATR S
TS5 FY R G0 1R A5E, WA AT IR OGE T T oh R G
B, B R A e G s R = Ak n 4, HAT
B X B Il 2% 2% 52 2% ) 14 0 A% B0 2R G0 sl g 2 AR I
FEARRTEE D, H BT VL 7 B B 7 2 AR 5 S R A 2
R, RSk MK S B B s T A R o B
W, AT AT R AR Y IR, A, X
ENRIE &AL S R G0 AT RSGE . 450 RG-S TEH Y
WFFE AR I =, 34758 2R Gos A Ak A K 7 i F 5+ %o
/b, R AT IR AW ST ENRISE & 5 5 R g L2 Y
Ykl MR B e AR vk o AR T 3T 2 W) HiLY
PFEFEA, FIH COMSOL Multiphysic 25 22 ¥ 33717
FURR K AT FR T B R A7 404G A b 2 DLSELAD ok
WHIE AN 2 o

2 ) il 3 2 EUR 2 A5 16 8 R A A R AR 1 T
TS BRI BTk ez T sh R
4. PUATRS . SRS, 2nBvks
YR TS fe AL sh RGP AL BETT . R bk vkt
VR AL o R IEAT AL T, AT LSz aqk . e
REFICIE RS () B AR, A 225 BRI R S RGN
Rt | e A R B A s AT AR M 5 X A
L sh ZRGAACTL TR o [ P 12735 %6 Bl 2 4R
TR G AL BT 5% 36 2 45 v T 42 o B A SRR 1Y
HRELBE ) R Bh MRS b, BT X 34 2 1A kR A A
IS AT 0 o W F 258 RGP, KRE5
S T S ST S — 4 R B B B s s AR AL
HHARAE R e ffy . LSRRI SRS | IR 3 e
IR R G0 S B AR Ak B T B4 5 ey T A
Wi b . B DA~ BT & 8, ML sk
N —Fh BB ML 2 > Bk, A SR R 53 BRI
Friit 252 Bintifbiit.

3 ) A M E 2 A U e R 1) sh A e R H:
SENR R R R LB, EFATF AL Sk 4 R
s A FR I TN T R T IR ABISE , (EAT 5 %
L Y05 3 T 5 A SRR, 10 5 W % TR AR D FER



- 196 - f1 %% T 72

2024 49 A

SRBIBTFE T, AT LN 22 4 B 05 B EBIE 5 147 0N ]
Bt SRARGR2E | v L 1 DR 2 BRI RN A5 PR R 0 4 6
RGO SRERIRE o AN, “E B TSR it s I T
BT R i AT T IRSE , d B A ) 3 2
R 55 B A SR PP 5 A 9 5 Z8 R 0 A B 3 4 4
e R GL Sl AR 5 B BT 22 18] A WL S5 T T F) BF
T BEERE PR ERE, 45 n] L
B TR 4 | A PR 22 ) 24 26 TR J3E I 28 A TR A
PR Z AR o [R) I 38 i 3% B R 2R 45 B
Ftd B4R TR R B, A e A b B i A T U - [
AT BROTAE YA 3 M BN 5% 45 5 s e oF B0 it T o
IR

S E 3k

(1] BRBHK AL w55 B ENL A He 12 3h R GeAR Ltk sl I3 2 I
S IAED]. Bat: RRAE, 2016: 14-41.
OUYANG T C. Study on Nonlinear Dynamics and
Elastohydrodynamic Lubrication of Gear Transmission
System of High-Speed Offset Press[D]. Nanjing: Southeast
University, 2016: 14-41.

[2] OUYANGTC,SUZX,LISY, etal. Experimental and
Numerical Investigations on Dynamic Characteristics of
Gear-Roller-Bearing System[J]. Me-chanism and Ma-
chine Theory, 2019, 140: 730-746.

[3] ZF&fBR5 MM, . BT A BRICEE M 05 sl

AR AT Jhe I A G 2 A 5 R WE SR (D). HLBRAZ B0,
2021, 45(12): 1-7.
LI J K, CHEN Y, ZANG L B, et al. Time Varying
Meshing Stiffness Analysis and Experimental Study of
Fatigue Pitting Helical Gear based on Finite Element
Method[J]. Journal of Mechanical Transmission, 2021,
45(12): 1-7.

[4] SN, B, L0, S R EG EREL NN R
P 72 G I BT 5 1A () A BE R (). HLBRCT
FE2zd, 2018, 54(21): 101-112.

GUI X C, LIL S, LI H X, et al. Time-Varying Mesh Stift-
ness Calculation and Load Distribution among Teeth of
Cycloid Internal Gear Pair with High Contact Ratio[J].
Journal of Mechanical Engineering, 2018, 54(21): 101-112.

(5] skZEmE. & T mARmG & WL A A8 AR ek 3 ) 2 it
FE[D]. TEFH: ZRJERA, 2013: 29-39
ZHANG K X. Study on Nonlinear Dynamics of Gears
Based on Time-Varying Meshing Stiffness[D]. She-
nyang: Northeastern University, 2013: 29-39.

(6] s, AAERY, WEAESE, A5, RLBCHURN FE 1A I G
A W20 AT (9], E B TR, 2022, 33(16):
1897-1905.

MENG Z, LI J S, PAN Z Z, et al. Influences of Crack
Faults on TVMS of Gear Teeth[J]. China Mechanical
Engineering, 2022, 33(16): 1897-1905.

(7] AR¥OR, E =R, MTETEE, 55, B AN A iRl A2

Wk I BE B A AT SRVA D], PR Tl R 2# 4k, 2022,
40(3): 538-548.
ZOU H R, WANG S M, HE Q J, et al. Analytical Algo-
rithm for Time-Varying Meshing Stiffness of Modified
Herringbone Gear Pair[J]. Journal of Northwestern Po-
lytechnical University, 2022, 40(3): 538-548.

[8] BRMG, APHkA. JeTHRELL AP HRIA e RGEM S WG &

W BE T35 S A AR ERT 2 (], BLBRAE 30, 2020, 44(9):
51-57.
WEI P, DENG S. Time-Varying Mesh Stiffness Calculation
and Research on Dynamic Characteristic of Two-Stage
Helical Gear System Based on Potential Energy Method[J].
Journal of Mechanical Transmission, 2020, 44(9): 51-57.

[9] ARMEEL, & TG, VLG, S5, B RO RO i RHA
e I A G O A BT IR (9], WP R 2 A (1 SR
2¢hR), 2020, 47(2): 6-13.

LIN T J, ZHAO Z R, JIANG F Y, et al. An Analytic Al-
gorithm of Time-Varying Mesh Stiffness of Helical
Gears Considering Temperature Effect[J]. Journal of
Hunan University (Natural Sciences), 2020, 47(2): 6-13.

[10] HAN H Z, ZHAO Z F, TIAN H X, et al. Fault Feature
Analysis of Planetary Gear Set Influenced by Cracked
Gear Tooth and Pass Effect of the Planet Gears[J]. En-
gineering Failure Analysis, 2021, 121: 105162.

[11] ZHAO B S, HUANGFU Y F, MA H, et al. The Influence
of the Geometric Eccentricity on the Dynamic Beha-
viors of Helical Gear Systems[J]. Engineering Failure
Analysis, 2020, 118:104907.

[12] YANG D C H, LIN J Y. Hertzian Damping, Tooth Fric-
tion and Bending Elasticity in Gear Impact Dynam-
ics[J]. Journal of Mechanisms, Transmissions, and Au-
tomation in Design, 1987, 109(2): 189-196.

[13] CHEN Z G, ZHOU Z W, ZHAI W M, et al. Improved
Analytical Calculation Model of Spur Gear Mesh Exci-
tations with Tooth Profile Deviations[J]. Mechanism and
Machine Theory, 2020,149: 103838.

[14] LIANG X H, ZUO M J, PANDEY M. Analytically Eva-
luating the Influence of Crack on the Mesh Stiffness of a
Planetary Gear Set[J]. Mechanism and Machine Theory,
2014, 76(1): 20-38.

[15] TIAN X H. Dynamic Simulation for System Response
of Gearbox Including Localized Gear Faults[D]. Ed-
monton: University of Alberta: 2004: 18-49.

[16] LIU Q, HUANG Z, POINTER M R, et al. Optimizing the



a5t F17i

FOKE, . ENRIEE

e R A AL BT BB BRI T LRk

+ 197 -

[18]

[22]

(23]

[24]

Spectral Characterisation of a CMYK Printer with Embed-
ded CMY Printer Modelling[J]. Applied Sciences, 2019,
9(24): 5308.

AR, RS, HORZL. T A KR IT X BRI LR i
PFESHII]. WA T.R2, 2017, 36(16): 145-146.

LI Q, HE B G, TIAN D L, et al. Simulation Analysis of
Printing Press Cylinder Based on Finite Element Me-
thod[J]. Value Engineering, 2017, 36(16): 145-146.
ARS8 ) D ) 1M1 R B A AL 7 BT 1 4
HWFFE]. A, 2021(3): 23-25.

LIN S. Simulation Research on Cylinder Pressure of
Gravure Printing Machine Based on Constant Load
Control and Compensation[J]. Automation Application,
2021(3): 23-25.

PABEUE B B S 2R e 4R Bl R RO L S Y
[D]. ZRIM: FRIHRE, 2017: 20-34.

CONG J F. Simulation and Experimental Study on Vi-
bration Characteristics of Ink Scraping System of Print-
ing Machine[D].
20-34.

JEJE& B, B ENBIL A B 22 2 [w) Al B2 5 22 73 Bt K
zzﬁﬂﬁﬁat[] GRH T2 BEFAR, 2012, 11(2): 4-8.
ZHOU Y S, CHENG D H. Research of Concentricity Error
Analysis of Wall installation and UG Simulate Assembly
Based on High-Speed and Single Sheet Feeding Litho-

Suzhou: Soochow University, 2017:

graphic Press[J]. Journal of Anyang Institute of Technolo-
gy, 2012, 11(2): 4-8.

. ST ED R BLAR M RGeSl AR B 5 F
FE[D]. P92 PHEH TR, 2009: 37-43.

LIJ Q. Analysis and Research on Dynamic Characteris-
tics of Printing Machine Wallboard System under Dy-
namic Load[D]. Xi'an: Xi'an University of Technology,
2009: 37-43.

MUMINOVIC A J, MUMINOVIC A, MESIC E, et al.
Spur Gear Tooth Topology Optimization: Finding Op-
timal Shell Thickness for Spur Gear Tooth produced
using Additive Manufacturing[J]. TEM Journal, 2019,
8(3):788-794.

frefvh, Jiosfl, BOB, S TN 5 1L Sl e A NI
Br 5T W R LR [I]. JR3h 5 vy, 2019, 38(5):
265-272.

FU X Z, FANG Z D, JIA C, et al. Meshing Stiffness
Analysis and Optimization of Vibration Reduction and
Modification for Face-Gear Drives[J]. Journal of Vibra-
tion and Shock, 2019, 38(5): 265-272.

B, TR L A e A 1 R 25 MG A b il Y Rl
PR G WAL LT [0]. IRl 5 vhdi, 2019, 38(23):
103-109.

[25] #

[26]

[28]

[29]

131]

[33]

JIA C, FANG Z D. Simulation for Transmission Error
and Mesh-in Impact Excitation of High Speed Gears and
Their Tooth Surface Optimal Modification[J]. Journal of
Vibration and Shock, 2019, 38(23): 103-109.

FRHE, Hﬁ@l TN, SE. R 4 A A R A
AR [T, PR TR 224 (A AR i), 2010,
24(12): 106-109.

GUO N, ZHOU Y G, LEI G, et al. Topological Optimi-
zation on the Gear-Box of Heavy Vehicle[J]. Journal of
Chongqing University of Technology (Natural Science),
2010, 24(12): 106-109.

PAHET . AR RN R A AR B 1 R 5 S UL
3[D]. TEBH: ZRAbK2%, 2014: 115-143

LIANG M X. Study on Nonlinear Dynamic Characteristics
and Parameter Optimization of Transmission System[D].
Shenyang: Northeastern University, 2014: 115-143.
BN, ﬁiﬁ:ﬁlfﬁ%ﬂ%ﬁ%ﬁﬁ?‘%ﬁ}-?ﬁﬁﬁ%’*iﬂjJ
SO B B e E PR REME AL [D]. FEPG: HPRRE,
2019: 15-35.
JIA H J. Dynamic Modeling Analysis and Dynamic
Performance Optimization of Multi-Stage Gear Trans-
mission-Box Coupling in Shearer Cutting Part[D].
Chonggqing: Chonggqing University, 2019: 15-35.
SUIE, PRIEES, TR, T S8 0 A0 s IR O 5
BT B AMEA S AT (7). BLAE 3l 2021, 45(8): 130-138.
WU H Y, CHEN X X, XING J Z. Spatial Tooth Profile
Design and Optimization Analysis of Involute Harmonic
Gear[J]. Journal of Mechanical Transmission, 2021, 45(8):
130-138.
CHOI C, AHN H, PARK Y J, et al. Influence of Gear
Tooth Addendum and Dedendum on the Helical Gear
Optimization Considering Mass, Efficiency, and Transmis-
sion Error[J]. Mechanism and Machine Theory, 2021,
166(1): 104476.
BAGLIONI S, CIANETTI F, LANDI L. Influence of the
Addendum Modification on Spur Gear Efficiency[J].
Mechanism and Machine Theory, 2012, 49:216-233.
WANG S Y, ZHANG Y D L, MAO S T, et al. Investiga-
tion on Deformation of the Flex-Gear and Optimization
Design of Compound Curve Cam Wave Generator with
Spiral[J]. Mathematical Problems in Engineering, 2021,
2706482.
DOU S H, LIU Y X, DU Y P, et al. Design and Simula-
tion of Gear Transmission System Based on Metama-
terial[J]. AIP Advances, 2023, 13(8): 085203.
gRER I, XIHEJE. 3T Workbench AR HLER Il V&
BRI AR Ak T[], B2 TR, 2011, 32(3):
60-62.



+ 198 -

(-

2024 49 A

[34]

[37]

[39]

[41]

ZHANG Q S, LIU Q H. Modal Analysis and Optimum
Design of Die Cutting Machine Printing Cylinder Based
on Workbench[J]. Packaging Engineering, 2011, 32(3):
60-62.

&, WESROK, 2R, AL T IE SR IR T AL ED fil
B G, % T, 2019, 40(7): 210-216.
XIANG L, YAO Q S, LI C, et al. Structure Optimization
of New Type Printing Cylinder Based on Orthogonal
Test[J]. Packaging Engineering, 2019, 40(7): 210-216.
2. MUWEDRIALE REfL BT R G 5 RH[D
PO PHE BT R, 2019: 7-21.

LI X W. Research and Application of Intelligent Design
System for Gravure Printing Machine[D]. Xi'an: Xi'an
University of Technology, 2019: 7-21.

oK, EHE, FORAR, T ANSYS (194
D Rt an
25-28.
WANG S, WANG M Q, HUANG L Z, et al. The Wall-
board Structure Optimization of Warp Knitting Machine
Based on ANSYS[J]. Machine Design and Manufactur-
ing Engineering, 2018, 47(7): 25-28.

ERTE, EAXH, PR BENHLOCHEE (B A )
P B R W T 5 R CE T R (0], AL S
2012(7): 131-133.

GAO Z Q, WANG Y M, BAI J J. Research and Device
Development on Gap Adjustment Automatically for Key
Parts of Offset Machine[J]. Machinery Design & Man-
ufacture, 2012(7): 131-133.

e R B AL ARCE 7 1R 25 0 A e il ik
2 e 4R, 2006, 14(5): 13-17.

HAN X L. Analysis and Improvement on the Register

2 AL
J1. BUA T 5 & TR, 2018, 47(7):

H[I]. dLRTED

Difference of the Printer's Side-frame[J]. Journal of Beijing
Institute of Graphic Communication, 2006, 14(5): 13-17.
NI, BT, 5kBl, . B 5 I ol e
WHoELRR ], fd TR, 2023, 44(9): 232-242.

SUN Z 'Y, XIA Q L, ZHANG A, et al. Research Progress
on Vibration and Noise Characteristics of Printing
Press[J]. Packaging Engineering, 2023, 44(9): 232-242.
LIY Q,LUO Z, LIU J X, et al. Dynamic Modeling and
Stability Analysis of a Rotor-Bearing System with
Bolted-Disk Joint[J]. Mechanical Systems and Signal
Processing, 2021, 158(24): 107778.

HUANGFU Y F, ZENG J, MA H, et al. A Flexi-
ble-Helical-Geared Rotor Dynamic Model Based on
Hybrid Beam-Shell Elements[J]. Journal of Sound and
Vibration, 2021, 511: 116361.

YANG L T, WANG L M, YU W N, et al. Investigation
of Tooth Crack Opening State on Time Varying Meshing

[44]

[45]

[47]

[51]

[52]

Stiffness and Dynamic Response of Spur Gear Pair[J].
Engineering Failure Analysis, 2021, 121: 105181.

FENG K, SMITH W A, RANDALL R B, et al. Vibra-
tion-Based Monitoring and Prediction of Surface Profile
Change and Pitting Density in a Spur Gear Wear
Process[J]. Mechanical Systems and Signal Processing,
2022, 165: 108319.

CHANG H C, BORGHESANI P, PENG Z X. Investiga-
tion on the Relationship between Macropits and Wear
Particles in a Gear Fatigue Process[J]. Wear, 2021, 484:
203724.

SMITH W A, RANDALL R B, HU C, et al. Cepstral
Removal of Resonance Effects to Improve the Use of
Traditional Gear Diagnostic Indicators at Different
Speeds[C]// First World Congress on Condition Moni-
toring. London: IOP Publishing, 2017: 1-9.

LI W, ZHAI P F, DING L. Analysisof Thermal Charac-
teristic of Spur/Helical Gear Transmission[J]. Journal of
Thermal Science and Engineering Applications, 2019,
11(2): 021003.

PASCHOLD C, SEDLMAIR M, LOHNER T, et al. Er-
ratum To: Efficiency and Heat Balance Calculation of
Worm Gears[J]. Forschung Im Ingenieurwesen, 2020,
84(2): 127.

THE. Z-3h B - AT BRI RSB ) 2
PERFSE[D]. LB PRBH3E TR, 2021: 62-74.

YU W. Study on Dynamic Characteristics of Planetary
Gear System under Oil Shortage-Dynamic Load-Thermal
Effect[D]. Shenyang: ShenYang Ligong University, 2021:
62-74.

THEEE, XI5, KA ER, S5 Z AL RHA R A
MR E W EA R EHE S %, 2021,
46(3): 74-82.

DING H F, LIU M Y, ZHANG J X, et al. Study on
Thermal Elastohydrodynamic Lubrication of Helical
Gear under Starved Lubrication Condition[J]. Lubrica-
tion Engineering, 2021, 46(3): 74-82.

WANG C. A Calculation Method of Thermal Deforma-
tion for Double Helical Gear[J]. Mechanics & Industry,
2019, 20(6): 612.

. TR i AL A s v 4 o
2£,2019: 37-48.

XIAO Z. Modeling and Registration Control of Gravure
Printing Machine[D]. Shanghai:
2019: 37-48.

MO, kR, EEI. EL MBI ED R T
[J]. ERKiZ4:E, 2014(1): 58-60.

XIAO Y, QIAN Z W, GAO X L. Evaluation of Ink-Jet

[D]. L. REK

Donghua University,

it A PE A



HasE 17 Sk, S EVREEAR R RGBT KSR ERT S LR R - 199 -
Printing Quality of EL Thin Film[J]. Printing Field, Packaging Journal, 2019, 11(5): 68-75.

2014(1): 58-60. [59] Fhok. 454 Eﬂﬁﬂﬁﬁ%’(ﬁ%ﬂﬁ% TR R RS

(53] Zhfn, Yk SCAe, FACUE. BRI SR A ASOR) 255 0 MR BT [D]. T 4RI T R4, 2018:
[7]. ENRIZRAE, 2004(2): 36-39. 34-41.

YI J, SHEN Y H, WANG Y J. A Vague Comprehensive SUN B. Study on Migration Behavior of Residual Sol-
Appraisal of Printing Quality[J]. Printing Field, 2004(2): vent in Paper Printing and Analysis and Evaluation
36-39. Model of Flexographic Quality[D]. Guangzhou: South

[54] s, %TZ@I?EDE'J%/LE@ VR 5 2 e 4 i China University of Technology, 2018: 34-41.
B [D]. Vi PIRH T K%, 2021: 13-33. [60] NORRICK N, NEEB S. Calculation of Torsional Vibra-
HAN S L. Analy51s and Control of Printing Color Qual- tions and Prediction of Print Quality in Sheetfed Offset
ity Based on Digital Printing System[D]. Xi'an: Xi'an Printing Presses[J]. Technische Mechanik, 2017, 37(2):
University of Technology, 2021: 13-33. 171-180.

[55] SKENE, bz, B, . HKOCHARALE R 48 EN kil BT [61] NEEB S, NORRICK N. Stability Analysis of Parame-
P AR ST, BUFENRI, 2019(6): 58-65. ter-Excited Linear Vibration Systems with Time Delay,
GUO LN, ZHI Y, WANG Y, et al. Application Research Using the Example of a Sheetfed Offset Printing[J].
of Grey Relation Model for Printing Quality Evaluation Technische Mechanik, 2017, 37(2): 367-376.
on Cardboard[J]. Digital Printing, 2019(6): 58-65. [62] DONG Y P, NIE L, CHEN Y F, et al. Development of

[56] SkANTF, fEete. H&F K OCHEE 14 A AL B R AT UV Monomer-Contained Dye Inks for High-Quality
K] Gt 5Pk, 2019, 35(9): 19-23. Printing Application on Polyester Fabrics without Pre-
ZHANG H P, XIE X L. Research on Combinatory Op- treatment[J]. Progress in Organic Coatings, 2023, 184:
timization Model Based on Grey Relational Degree[J]. 107717.

Statistics & Decision, 2019, 35(9): 19-23. [63] BOROUJENI F M, SHARZEHEE M. Synthetic Oligo-

[57] LOKKE M M, SEEFELDT H F, SKOV T, et al. Color mers with Urea Binding and Their Role as Crosslinkers
and Textural Quality of Packaged Wild Rocket Meas- in Improving the Printing Quality on Cotton Fabric[J].
ured by Multispectral Imaging[J]. Postharvest Biology Fibers and Polymers, 2023, 24(3): 855-867.
and Technology, 2013, 75: 86-95. [64] Wi F:, Wi, wMbAR, &5, TR ih LA iR

(58] MXIAIAL, JUK. U AR AR v s 58 A8 BT At Jo 4 9 52 i THAF AL ENAEEN i it [J]. 2294, 2023, 60(2): 93-101.
HZWFFE[I]. fude2A4E, 2019, 11(5): 68-75. MIAO R F, MIAO Y Y, GAO P F, et al. Improving the

ZHAO S S, YOU F. Study on Influencing Factors of
Water-Based Inkjet Printing Quality of Coated Paper[J].

Quality of Heat Transfer Printing Based on the Density
Curve Model[J]. Journal of Silk, 2023, 60(2): 93-101.



