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ABSTRACT: The work aims to reflect the dynamic characteristics of web paper folding mechanism and the dynamic
contact excitation between machete and paper accurately. Based on the rigid-flexible coupling theory, a rigid-flexible
coupling dynamic model of the web paper knife-type folding mechanism was established. With the machete arm and the
paper as flexible bodies, the rigid-flexible coupling dynamic characteristics of the folding mechanism were studied. The
kinematic analytical model of the rigid folding mechanism was established. The displacement, velocity and angular ve-
locity of the followers at the joint of the connecting rod and the machete arm were obtained and compared with the ri-
gid-flexible coupling analysis value to verify the rationality of the rigid-flexible coupling model. Then, the relation-
ship between the deformation of the machete arm and the lateral displacement of the machete head was analyzed to de-

termine the maximum rotation speed of the folding mechanism to ensure the folding accuracy. Furthermore, the dynamic
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contact excitation between the machete and the paper was analyzed, and the working loads of the machete were deter-

mined. Finally, the dynamic analytical model of the rigid folding mechanism was established. Compared with the analyt-

ical values of the rigid-flexible coupling model, it was found that when the rotation speed of the folding mechanism was

greater than 25 000 r/h, the deviation of the two support reaction forces was significant. Therefore, the effect of the ma-

chete arm deformation should not be ignored. The study has certain reference value for simulation and experimental re-

search of web paper folding mechanism.

KEY WORDS: folding mechanism; rigid-flexible coupling; kinematics; dynamics
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Fig.1 Structural diagram of web
paper folding mechanism
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Fig.2 3D rigid model of web
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Tab.1 Properties of paper material

S PE A/ MPa

TAFA B B /MPa

45Kk R ~F/mm W /(kgm )

E, E,

E;

Vxy Vyz Vxz Gx_v Gyz sz

260x185x%0.1 960 2940 1500

15

0.34 0.01 0.01 807 14.85 14.63
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Fig.5 Master nodes in rigid areas of
paper model
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Tab.2 Constraint relationships between components
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Fig.6 Rigid-flexible coupling dynamic
model of folding mechanism
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Fig.7 Movement diagram of
folding mechanism
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Tab.3 Parameters of four-bar mechanism
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Fig.8 Comparison between simulation value of
rigid-flexible coupling model and analytical value

B3 1000 26 M il i, 34T 5 R 08 Beaz 4k
C SN . B, AT RUER )R ) % 562 5))
Rt T 507 B EAMEY A BRI, RBUE T
TUHLAA RS2 A A 5 A e R A B 1 8d
P AT 04 A 0 BT 5 N 232 AR R i 5 AR
XFEETT AL, P HE Y R 220 9.6 rad/s®, S 25K
K 1.2%; AR TR A A s B T S N SR S
BSR4 X HemT 0, W A3 W 22 4 0.38 rad/s®,
22K 1.56%; AR T A ARTE X A B A

—E IR .
22 MINLEEMUBRESHEXRHE

R T)E BTG 25 | B AR T 3k 32 sh B f9 s/
B, X PSSR B RS EAT BORSRE o BT 3k B9 o
R Qi 22 52 Wl R T 47 DU TR BE , A2 B4 L4
A LIE i TARRES T X AT B e . SR, Ak
T3 3 B ) 5F A% O 2 BLHEE M AT DURORS BE , O ELARXE
PR R, A0 B R T B AR S O] Sk B )
R Z [ B e R AT 0 hT o

W1 E mAOLE (ve, ye) MISSATHYILAA 075G
EYIE V¥

{xE =1,—1,-cos@, +1 -cos(f-6,)

4
Yg =1 -sin@, +I; -sin(S-6,) @

K. BARIIES I Z I fh, HANR
80.25°,

Y i AR @, 36 000 r/h B, R AR AT AL
¥4 5 W Z2 05 A 37 T AL )RR T Sk R ) 2 B an i’ 9
FiR o

HE 9 AT LIS E], Sl Ry 36°0T, ATk
R T B 25 e K, IR 2E(E - 0.049 mm; H
IMEZE R 0 mm; PIERATAY ( thiAlEE M8 0 ~ 67.9°H1
337.3°~360° ) FH¥IRZE K 0.040 mm; 4T ALK GE
SRR 3 S, BR ) Sk ) (50 B% s 25 5 % 2 [ A 5%
RN 4 iR,

Prooprg LRI 2, AR IEER = A 3T DU
FE, BR T Sk A 1) A8 T AR I FE 0.1 mm RLpES
H2% 4 vl AL, YA /N T4 F 41 000 o/h B, AR
T3k (R 1] AR TE e AE SRVFIE LN, ST ST LAY BE S 105 A2
TAEER; M FRFE A F] 42 000 r/h B, BKITE )
o ) AR T o K 25 B T S 5 224 A 2 St 4 v 31
43 000 r/h B, BRI A ) A8 TR 1) o R M 22 T35 1
ZEVPRBAL T ARVHE, YUK JCIE AR BIRIE . ]
RE 1) 12 2 Bl 5] B S 8 8 1) 2 M 2 — o2 2 J3E i KRR )
LIS A, RO N 160 U 7] 24T GUHLAE Y 1 FR
TAEFE AT 41 000 r/h,



- 302 - 1% T #

2023 4 5 H

135
130

125
120
115

M5 A% /mm

110

105

100 1 1 1 1 1 1 1 1
0 36 72 108 144 180 216 252 288 324360

i £11/(°)
K9 BRI RS

Fig.9 Lateral displacement of machete
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Tab.4 Relationship between lateral displacement
deviation and rotational speed of machete

U?ﬁg)%ﬁmémm BN 2 /mm P42 /mm
36 0.049 0 0.040
37 0.056 0 0.045
38 0.061 0 0.051
39 0.076 0 0.062
40 0.081 0 0.071
41 0.097 0 0.078
42 0.107 0 0.089
43 0.117 0 0.102
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Fig.10 Dynamic contact of machete and paper
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Fig.11 Contact force of machete and paper
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Fig.13 Structure diagram of main
components of folding mechanism
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Tab.5 Basic parameters of main components of
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Fig.15 Error bar of support reaction force of point D
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KAAEMAREE AN 330.91°0F, FEH2H 1.24 N,
W R 228K 6.16%, KA1 W 5 /i N
341.82°0F, SRR A 0.78%. X THHEAL D 5 y
] () SZ AR S T, WA G IS R SR A 25 31 5 T (B L
RI . WH I KIR2Eh 4.79 N, & AETE ARk
334.54°mF, P2 N 1.94 N, W 195 K225 h
6.94%, KATEMARE MR 272.73°0F, SE34 22K R
0.85%.

3 A B AT, R TR AR TR X6 A i s B AT —
FE B, X A2 BRI AR R g R, i —4
XFEA BT IR RS PT DR R 3R T, NI G

RIS it 25 SR 5 A AT (L =2 [F0) %) it 25 Ak g 25 {2447
GUHLAA AR 7 /N T 45T 25 000 t/h IF, € A5 x [ il y i)
S TP 2E 3B/ NT 1%, D & x [ FL y 7] 52
JAE 2 1 B S 22 5/ N T 0.2%, I ZRRR AR AR fi
SR ST RAESE, AT AT AT DL 2N
3 45iE
EF X R 48 AT iU ALA , dE STk ) 5 4Rk
FMER, HAER I A WIPEAR Y Z2 KISk & o 127
WF5E TIr U NI AR & shAS ek, LW

1) BT SRV BeAL C SRR . 3 BN
Sl A R AT (S O EE ) A R AT, B UE T
B A AT TN NI R A A S A RO R I A

2) WFEE T ZRPE AR TR AR T X DORS B B S
T 7 T A DA 1) A2 TR 5 AW 2 3 =2 ) ) O 2R 5 AR R AT
VURS BE L3R, A B A 23T DUHLAG Y BRI A SR T 454
A 41 000 r/h,

3) 48T T AR T 5 4K Z [ sh A EE ki,
JE T HRTIR TARZ AT 5 % 3 36 000 t/h B,
I15 16 FFZMACK Z 18] x 1w 4EH 1 s (a4 N
39.6 N, y m{EH I RIEIIE R 3.2 N,

4) M3 THLK B9 53 AE 25 000 t/h LA, k]
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METE, . BEAIT SIS A RS SR A - 305 -

T AR T X T AL 32 B2 RN 8l g 24 R Y 5
R/, AT AR ST GOHLAS SRR R G T 50075 S 4T
GUHLA B 3K T 25 000 o/h B, R TR B9 28 6 k4
GUHLAG (R B30 038 B85 1 52 i ] L 228, AL Jom skt
A — SR, XTER )R S A I A 2 RS
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