5 34 B 6 W
20184E 6 A

00D & MACHINERY

Vol.34,No.6
Jun . 2018

DOI:10.13652/j.issn.1003 —5788.2018.06.016

ZINH S A EREV % B £&12 1T P RY
MRINMHA

The research and application of polynomial fitting in cam curve

design of cap screwing machine
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Abstract: In view of the excessive local control conditions, the power
of the cam curve designed by traditional polynomial interpolation
method got too high to control. which was not conducive to the pro-
cessing of capping machine cam. The global 5, 6 and 7 polynomial
fitting methods were separately used to design the cam curve, so that
it could control the power of the polynomial while satisfying the local
control conditions. When the parameters of the cam curve got opti-
mized. constructed the cam mechanism into a three-dimensional
model and carried out the dynamic simulation analysis. After compa-
ring to the kinematic and dynamic properties of mechanism, finally
the optimal curve was determined.

Keywords: cap screwing machine; cam curve; polynomial fitting; dy-

namic simulation
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Cam mechanism and cam model of screw
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Figure 1
capping machine
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Figure 2 Five-power polynomial fitting cam curve maps
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Table 1  Fitting error table of Five-power polynomial key points
R A TREEE T EFRRAE S BHBEAME ERIKGEZE AS ERRMVB D2 As/mm
P1 0.000 00 1.000 00 1.002 550 0.002 55 0.168 30
€N 0.092 86 0.848 48 0.833 938 0.014 54 0.959 64
PG 0.125 00 0.772 73 0.785 981 0.013 25 0.874 50
I3 A% 0.339 29 0.651 52 0.656 716 0.005 20 0.343 20
b3 RO 0.464 29 0.681 82 0.668 995 0.012 82 0.846 12
e 35 I U 1.000 00 0.000 00 0.000 370 0.000 37 0.024 42

2.2.2 6 XZWAMA ML i 5 kKZIAME N
M Z M BT O vk R PR A AT R 6 k2 WA
Fo A% 1 il 2k ik o ol Rk A B M A 22 AL B ik e it
Wk P e T 4 6 W2 X 4 il 26 1 78 18135
LI 3.

FESRSRE A BRI AR 2N 1 mm, T & DGR A Y
WAL 2.

MNF 2 BT LAE S R PR O T B R S PR B P

BIEH 0.502 26 mm,/NF I ARFRE | mm. 455 it
2.2.3 TWEHAMA ML 7R 5 I

Hh £ B BTt D i PR R AL AT AR B 7 R 2 WA AR A
i b 2k 22 i 2 i 2 3 U B R 22 00 S0 & vk B H ok
Pl BHERTT UG A 7 W2 ™ 48 M 28 2 78 181 3% L TLIAT 4,

TERBE A IBTE RFIRZEN 1 mm, 7157 & S8 1
PARENLE 3.

R2 CREMAXBRIMUGTIRER

Table 2 Fitting error table of Six-power polynomial key points

P THEEEE T EERME S G SME LERKRIEZE AS SR E 2 As/mm
P1 0.000 00 1.000 00 1.000 700 0.000 70 0.004 62
BT 0.092 86 0.848 48 0.841 473 0.007 01 0.462 66
s e 0.125 00 0.772 73 0.780 345 0.007 61 0.502 26
E AR 0.339 29 0.651 52 0.647 839 0.003 68 0.242 88
biig A 0.464 29 0.681 82 0.685 867 0.004 05 0.267 30
ETFR 1.000 00 0.000 00 0.000 319 0.000 32 0.021 12
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Figure 3 Six-power polynomial fitting cam curve maps
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Figure 4 Seven-power polynomial fitting cam curve maps
F3 TREDAXEAHNMEIRESR
Table 3 Fitting error table of Seven-power polynomial key points
# S R Y [ SFE AL S PIA SFEWIRZE AS PRS2 As/mm
P THEWEE T THERAE S G SAE BRREEZE AS TRMBIRE As/
P1 0.000 00 1.000 00 1.000 180 0.000 18 0.011 88
=R 0.092 86 0.848 48 0.846 506 0.001 97 0.130 02
P a5 s 0.125 00 0.772 73 0.774 960 0.002 23 0.147 18
P26 0.339 29 0.651 52 0.650 089 0.001 43 0.094 38
HE L B 0.464 29 0.681 82 0.683 796 0.001 98 0.130 68
JiE 55 T 4R 1.000 00 0.000 00 0.000 701 0.000 70 0.046 20
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fitting cam curve characteristic parameter compari-
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Figure 7 Dimensionless dynamic simulation curve maps of point segment from P1 to starting point of screw cap
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Figure 8 Comparison of dynamic analysis of polynomial fitting cam and original cam
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ynomial fitting cam theory and simulation
V inax 5 REZ I 6 K £ i (R E 25

g 2.167 2.034 2.340

i E 5.209 5.233 5.611

80

B E R RERT 5 WL IR HE BEA R 5 k2
A AL T 6 WL TR TRy 5 W2 il &
i1 B 2 SRR L PR T LUK 5 ok 2 I B
Hh £ ) Z5A PERE DL T LAl 2 Al £ .

4 2n e

(D &5 IﬁTUAFE’Jﬁ%HEHft%IﬁfH M2 5
&?*ﬁtti’wﬁﬁﬂﬁt P i R iE Bl M RE SR 1. 6 Ik
EAE RN S Vm.xr/J\(2 034),5 W WAk Z
(2.167) , MR E B H A s man ~Quuan F AV o 3902 5 IR £
TR 7 mziﬁitﬂ’dﬁﬂ%'mﬁﬁ 3 A 22y
e o G2 824 M B A 25 5 B SR W 2 U I 386 i e R I 52
PR GiRZEH 5 IRE W 0.959 64 mm B/NE| T 7
LA 0.147 18 mm,{H 5 W £ T 4 4 = 22 45 e 6 2
®2Z/NF 1 mm E’Jiﬁ%il‘%ko Hk. g 2m 804 5w

e b 2R AR B g A R RE AR B TR LA L kAR
Do e AR A 50 ' JJH T“Iﬁ:ﬂf)uﬁﬂﬁﬂ’]%”}iﬂ% it

(F#% 151 3



E3EFECH

5 TEMG 4 - ZE IR R BUE I 20 T2 A B4

AT

Biomass & Bioenergy, 2005, 28(4) . 411-417.

[7] CHEN Hong-zhang, LIU Li-ying. Unpolluted fractionation of
wheat straw by steam explosion and ethanol extraction [ ]].
Bioresour Technol, 2007, 98(3): 666-676.

(8] fidng, #&EA, SBLW], S5, I 28 VOB W05
AL, Ml TRZR , 2010, 26(5); 367-372.

[9] PMR R . kLA, BEBIEL. &% WRE 0 O fh 26 VO B H R 4R I
SR T2 iR, 2017, 38(14) . 270-275.

[10] SHARMA S, KUMAR R, GAUR R, et al. Pilot scale study on

BE TE A 19 4%

steam explosion and mass balance for higher sugar recovery
from rice straw [ J]. Bioresource Technology, 2015, 175;
350-357.

[11] KUROSUMI A, SASAKI C., KUMADA K. et al. Novel ex-
traction method of antioxidant compounds fromSasa palmata,
(Bean) Nakai using steam explosion[ ]J]. Process Biochemistry,
2007, 42(10): 1 449-1 453

[12] sk#l, ByZEMS, A5k, 5. Z8 VBB T4l 2T 6F ) 55 B B R % 91 4
RS2 )], &Rk, 2016, 37(9): 40-44.

L1370 A=K, S JRRFF 28 VR 10 b #0036 1 A 43 A8 AL B 58 [ D], ¥ -
R K. 2017, 23-24.

L4 0, skeEn e, XUAS[E, 5. R VTH WAL 31 22 2K 1 19 R 4 A I
HAAAMTE PR R (LSO [T, gl TR 4R, 2016, 32(6) .
308-314.

L1650 FhEAR, SO, A, S5, ma o 16 0 fh 1t 12 3R B0 0E B 5 WRONL P 22
R T2 R AL s 2 [T]. &SRS, 2017, 38(22):
246-255.

[16] YAO Ling-yun, ZHAO Qing-sheng, XIAO Jie, et al. Compo-
sition and antioxidant activity of the polysaccharides from culti-
vated Saussurea involucrata [J]. International Journal of Bio-

logical Macromolecules, 2012, 50(3); 849-853.

C17] BUKHE . EiEAe. Boin . 45, Z8 VR MEPR @ /N 22 Bk 2 oK i ik
Jk?ri*)*& R AT L] R TR 2 4, 2015, 31(13):
286-291.

[18] SUI Wen-jie, CHEN Hong-zhang. Extraction enhancing mech-

anism of steam exploded Radix Astragali [J]. Process Biochem-
istry, 2014, 49(12). 2 181-2 190.

[19] SUN Xiao-feng, XU Fang-gian, SUN Run-cang, et al. Charac-
teristics of degraded hemicellulosic polymers obtained from
steam-exploded wheat straw [ ]J]. Carbohydrate Polymers.,
2005, 1(60): 15-26.

[20] SONG Hong-dong, Yang Rui-jin, ZHAO Wei, et al. Innova-
tive assistant extraction of flavonoids from pine (Larix olgensis
Henry) needles by high-density steam flash-explosion[ J]. Jour-
nal of Agricultural & Food Chemistry, 2014, 62(17): 3 806.

[21] BB A= W0 W) 0 3R 35 i 43 A B HC 20 8 L 4 1 2 RO 6 2 2
WM BFEID]. M IR, 2009 33-34

[22] IR &. ZBVURBE AL ORISR AR MBI R D], L. 1L
M R4, 2011 17-18.

(230 EXSE, FERUR . HhEE, 5. 1A 31X FOR R FF 28 VOURBEAUR 11
L] Al TR 4, 2012(12) ; 273-280.

[24] SANTHIYA D. SUBRAMANIAN S. NATARAJAN K A.
Surface chemical studies on sphalerite and galena using extra-
cellular polysaccharides isolated from Bacilluspolymyxa [ ] ].
Journal of Colloid & Interface Science, 2002, 256(2): 237.

[25] GRUBE M, BEKERS M, UPITE D, et al. Infrared spectra of
somefructans[ ] ]. Spectroscopy, 2015, 16(16): 289-296.

[26] BRIEHT . #RIESE, MBETC. 4 M 2 i BAL R ST BF 52 K% 45 4
WELT]. 2524k, 2005, 40(1); 32-35.

[27] FR4E, SkaEAL, XIMILE. 4Rl ]. 2555
1990(7) . 526-529.

[28] YOU Li-jun, LI Yu-zhe, ZHAO Hai-feng, et al. Purification
and characterization of an antioxidant protein from pearl oyster
(Pinctada fucata martensii) [ J ]. Journal of Aquatic Food
Product Technology, 2015, 24(7);: 661-671.

[29] YIN Jun-yi, NIE Shao-ping, ZHOU Chao, et al. Chemical
characteristics and antioxidant activities of polysaccharide puri-
fied from the seeds of Plantago asiatica 1..[]J]. Journal of the
Science of Food & Agriculture, 2010, 90(2): 210-217.

(k3% 80 7
e 3 Fh 2 WA M A N 5. L S IR LA i B
Mk sh i i Gtk re e . B b, X 3% FiOIE 55 B 1 2 AL
LR 5 WETMAMEG DRt rEmaiE.

(2) AP FR I 0 2 3306 0 fe il 25t 05 B A
L T i oMl 2 3% e O B s O 81 [ A 150 3 T kL A R b B
TR e iR RA R Gl ES TR GZ\GS,%E%
G4, IXF A R & M S ML A 3l ) 2 v e L W B A AR 3l D
T 5 i AL AE 32 3 A Y I 0 T B P AR s AT

(3) AHEFE o &8 Ml 4 Bt 3R A T b e RS i et o7
B WESE T e il ek o B LA Bl g 2 T R e i R T
H‘Jﬁm?‘%ﬁ?ﬂi%*ﬁf“ﬁ SR ABATE N SR A JE A T DL
IHJFSJ%'H’JE”FJ%E& o, i — 20 VR ABIE ST B it 2 % AR LR
EiPIESib A

S &k
L1] sEp Ay, e HLA BT ST I BUIR Bk R a4 [0 1. gl T2 e 2 41

1999(1): 21-25.

[2] B AR AT 50 BE AR WA Y 3 2= F R [ D], 7R -
2011 7-20.

(3] Ededl, WEVL, FAm. B F 00 Iy i i fay i85 % 3m 1™ 48 il £k
m SR BT, Ui AL 2l . 2014, 38(2) : 83-85.

[4] BiBR. [MEREEE S R G319 8RR [ D], K. REERY,
2008 2-3.

(5] XUEHE. B P, ®vEat. MEeHUMBaHIM. Jbat: HUB Tl
fRAt, 2005. 35-41.

TE R

(6] BIEWE . ¥, I E). T LI s 4 6 2% 0 1 i e
A2 m LT ] PLMB 53R . 1998, 17(6) . 986-
1022,

[7] 3ksk. HLbEh 1= M. Jbat.

(8] . BREZ2 R BELfe Xt 785 3 o™ 4 ML) Bl 2 1 56
WAEE, 2010, 34(3); 59-61.

[97 VT2, 25 i A ffy 38 B2 0k 3 ik 58 LA 3 g 2 i ge ) ). #L
WL 3, 2011, 35(11): 91

AR RUE L . 2008 224-265.
Sy iLI]. Ml

151



