95354 4 4 W R K2R ( BARIER) Vol.35 No.4
20204 12 H Journal of Hunan University of Science & Technology ( Natural Science Edition) Dec. 2020

WRar s, EARTE  RMERE, 45 00 8” FILhk /N4 RSSR AU ALAL BT T[T ] IR RHEO 224l ( A SRR 1) ,2020,35(4) 50~
55. doi:10.13582/j.cnki.1672-9102.2020.04.008

Chen L F, Wang L. Q, Zhu P C, et al. Optimal Design of RSSR Mechanism for Double “8” Carbonless Car[ J]. Journal of Hunan
University of Science and Technology (Natural Science Edition) , 2020,35(4) :50-55. doi:10.13582/j.cnki.1672-9102.2020.04.008

X8 =7 FLhx /N Z2 RSSR Al HL 111

s pxlE 1,2 g gu 1,2 o 3] F b L
R EARE T, AR S | EiE
(LVHERHE 2 WA TR, 1A I 411201, 2. 51R K2 HLOK 535 480 TR0 T Kb 410082)

@ E T RSSR ALY By B 7 oy 328 98 37 Sk 2 A4 £ (AR A TR T T A A R AL, R U AT R BN G O R AT Y
b KRB T & RET ML FESE W RRAD TR T R, ETARANEEM T R, 2T D FEHL
MEFKRSHEAWEHRR R ER RELRADNFETRENGEER  RET WAL ECRE TN T 5485, WL E
R A B AR, L RSSR AU 7 ot i EAT A KE AL B, LT D FETRE N R MR R G, AR %2 K F 3%
BT oW EFMEFESRENRRAGH AR UATE D FETREHATH L, KARCEN BT T ESE A
PRTFAMAGBAREAXRINIEGE L LR D FRI T EA LR D FN A AT REREL
KB : T/ F T E 6 Z s RSSR AL 4 Lkt

hE4FES:TH122 ERER S A XEHS:1672-9102(2020) 04-0050-06

Optimal Design of RSSR Mechanism for Double “8” Carbonless Car

Chen Lifeng', Wang Linging"”, Zhu Pengcheng'”, Feng Hongzhang', Tian Xuefeng'
(1.School of Mechanical Engineering, Hunan University of Science and Technology, Xiangtan 411201, China;
2.College of Mechanical and Vehicle Engineering, Hunan University, Changsha 410082, China)

Abstract; Because of the lack of data reference for the trajectory adjustment of carbonless car based on RSSR
mechanism, it was difficult to adjust the trajectory. In view of this problem, based on the analysis of the structure
scheme of the carbonless car, the optimization design method was adopted to propose a design method of
carbonless car with high trajectory coincidence. Firstly, the functional relationship between the length parameters
of the RSSR mechanism was established based on the structure scheme of the carbonless car. Secondly, according
to the simulation results of the running track of the carbonless car, an evaluation method of the trajectory
coincidencewas proposed. The optimization model, which the trajectory coincidence of the carbonless car was
regarded as the objective function and the lengths of the crank, linkage and rocker as variables, was established.
Finally, the optimal parameters combination of the crank, linkage and rocker was obtained by using the equal
partition method. By compare of the running trajectory coincidence of the optimal car and the initial car, the
result shows that the trajectory coincidence of the car with the optimization parameters is better than the inital car.
It is illustrated that the optimization design method has engineering significance for the design of the
carbonless car.

Keywords: carbonless car; trajectory coincidence; RSSR mechanism; optimal design

Y5 B H#1:2019-04-23
TR WA BT VR (19A170) s 1R 40 B HERT 47 M B EOG 5 TR RS AL BT F (2018GK4013)
# {5 {E& ,E-mail; hnustchen@ 163.com



5 4 0 PR, 08" RN RSSR BLI (L At 51

ORISR 2 LR B T RSB RE ) B A 1 Bl T B N SR A e R VR (L R i SRR S SR v
B3 SRV S & DN [2R7 2 Y IDN Sl W NGB Z i S 3 I N U3 SN S g
R+ 43 TR TEBR /N BB AT, B 2 B SR 00 B A S e S B A T 5 49
i, B s R T O S BT T S BTN, 2ot 2 UG 15 5 T R L SE TR () ok
AN ABTEPIR I R P B2 PSS S, A SO R K s FECE T A BE BE  a  BL T, 3RS
R PRSI M5B, KRG 1 VR SR 30 5 T I 4l ) MATLAB #5150 390 25 B i 18 Ta e /N 42
B AT A AR L, 7 B A,  J BRCE R I 3 A T LS B F) IR, X A S M R A T
e S B S T/NE RS S AL T 1 RGBSR, 8 B T R SR A T
PERCR s XIPE S g ST T /N BB R B0t T — R B A ORI LR, 3745 B Mathematica %5743 /)N
TE IS BT 07 EAAL , 758 0 A PR I 4 5 4 AR T 58 AT H 0 RSSR WL #E47 12 3l
SEOMHT S T RREOC R IEFIT ADAMS BRPESZ 0T HLR 07 2 B Ak , FERFSE J7 215 R A 42 5 RSSR #L
FIR IR OB R LA B3 S HLG Sun 281 /E = 4 R UR AR R T HEA TR e PO T
RSSR WK I35 SIB 5L 2, I BEAT T 80 J122 2047, % RSSR AL HA —E B M .

IR, TERR /N2 B30 BB 45 O3 R (E R P R AP e 22 [, AN TE vk 3R O — S M 1Y
AR A X /N ZE I (SR B, T v B 22 T P 0030 1 A AR ey e Tl i e 2 TR P L
R A R 4 P 0, AR SO R T — RIS A B BT i, I DA s LR o A SRR R A I
SRS TN IBAT I A A AR | 3 3o 2543 I 1) 3 A5 T /N AT 008 4 B 0 e T X 7 ) % 1 L
a1 500 5 ] MATLAB RL05 205 WIE T HAGR I T AT , o ToRse /N s il S e S 5%
1 R
1.1 gigEE

BEXIAL 87 FIB AT R A TSR , A% SO 25 ] e ARSI 52 BN 42 B0 66 10 32 20, T/ N i 2 454
WA 1R N = SR NP 2 R L RIEL 2 SRR T REE 2 KR 3 4350 RSSR ALY
(1 A AT RIEERT , MIPE 4 o6 565 M1 5 hgedil, Ma0F 6 o stk e /o rk 7 N sh ik 8 41t 8
R O 43 A 26 A5 RS0 FERS 76 R MR AR ob, 48 4R B8k i 5 et , 24k i 5 ANt © [813% 8
VR 6 FHE T MM A S ST R 8 RS 4S9 ek , TR S0/ N 4 Fi s 5 (1S3 2 2 W) A48 AT AL A
(RSSR) 45 g i 46 4 7451280 , T SE BN 2% 1] TCRR /NS5 AT 6 280 JE FE 36 @ = 92.3 mmJ5
Be2AR R = 63 mm, J5 5 S WK SR IE AU HEES d, = 43 mm, J55eHh 5 S84 R OB R d,= 113 mm , S84
A2 r = 3 mm, MK L, = 26 mm GEFFKE L= 77.5 mm $EAFKE L= 37 mm.

B1 Rl EaEH

B2 =45k
12 BHXEF

N T oA JCRR NI B S , X RSSR AL #EAT S5 R 20 Ar , S A7 1 1AL 3 BT s 9 2 ) B A A bR 2R
Bl b A RONTERT Ly ST LR BHE S, B RONIERT L5 iAW Ly BB, C O iAW Ly 5 3 2l 4 4



52 IR B R 244 (A SRBHE R 2020 455 35 %

8D SOAFERT Ly 5 SIS B Ly AN o, FEAT Ly 005 A0 B, 4 3RS A bR
ACX,,Y\,Z,),B(Xy,Yy,Z,), C(X,,0,0), D(0,Y,,0).

B3 =18 RSSR Aty

H1 2 18] P B B B A 3, AT g ATAT R

L>=(X, - X))+ (Y, =Y +(Z, -Zy) " (1)
HRAE = R A5, A AR A

(X,,Y\,Z,) = (LscosB,Y, + LysinB,0) . (2)
B S A bR

(X;3,Ys,Zy) =(X,,L,sina, L;sing) . (3)
H 20 (2) F1= (3) A (L) AT TUHHLA & A TR OC R

L2 =L +2L7 +Y?=2Y, Licosa = (2L, Lycosa — 2 Y, Ly) cosB + 2 L, sing. (4)

Ao=L"-L"+2L>+Y,>=2Y,Licosa, A =2 L, Lycosa =2 Y, Ly, w=2L,", Al {5524 4 i £ 5 it
W A S Z 1B sREOC 2R

o A’
= arcsin| ~ — arccos| ———|. 5
e R e =

2 fFREHA

21 BMHTESENITENGZE

HT T RE LASR BN A da 17 0ds i LR, JC i 3 i ade
HA BT, R R P s 2 R R S, X
BT PR s RSUAR R Y DR M, DAL S S 0 o Bl
PR T3 3k T D /N 2 1 s 47 1A 1 BE 5 B JE Al AR 3l
PUFFHILAL ) R EOC & , FIH] MATLAB X TGk /N4 847 / B'(x,,)
PUBHEATRA M, B TRAULE AL, al JRAFH L H 5 B
IUESUYIRE

PAI/NEEIG K i o I, B AR & s B i T 207
6] o« Bl ST IR 4 B 7R B BLA AR RS AR KRR «
P47 AE— BT A, 4 B 52 S i AR AR i)
HA (w50 B (2y,,) - KBS R L E SR B4 ik o
Pl b2 BUl L R S KRR M O 6, H LA
iP5 T A .

RSSR HUZHOR TR, Joilk/ N4 s AT Bl o A RAH ], 2 Tz s 0l sl i i35 A, BY s i A s Bl ]
RIFPLE O SR . | S M 6 5l (L, Ly, Ly) = (26.2,77.7,37.2) FI(L,,L,,L;) =
(25.8,77.6,36.8) W Jfise/ NG 2 — A W p s A s, il ik i 5 al s 5 b s 0 ~ 1.8°, &1 6 ke ff
0~5.8°. /NI ZA RIS T R 7 AN 7 FE 8 Fr .




9 4 ) B, 087 TN A RSSR ALHDAL A iR 53

A5 (L,L,L) = (262,77.7,37.2) &% —ARAMiET B6 (L,L,L) = (258,77.6,36.8) 4% —A A MiEiT
it it

B7 (L,L,L) = (262,77.7,37.2) 9 $ ANA M4 B8 (L,,L,L) = (258,77.6,36.8) & % A J& #i5 47

it g

Hi 1] 7 FE 8 FIHI: B e R 3G OR, Bl B G B AR 22 45 5 8 5 R 6 n] L AR /N5 — S TRl AT
B AT R A VR R ) R B, B G BN O S KR A 0 A G, ELIRABOR, N Y
b P B B DURER K SRR BRI R, B AR 0 1R/, rRO &R RER K 581k 38 X
FIYARRR A (%) LB (%,,y,) AR

K=tanf = (y, = y,)/(x, = x,). (6)

2 K>0 I, 2 S s A TR iy s B 5 1) fied , B K BOR, TR #i OB, BV 24 R bl 2% 5 2
K<O I, ZA B0 i A Baa i s &1 07 [ e , H. K B0 e # Bl BVl o 45 B 225 2 K=0
I A B A BE AR BRI T G — 35 AR SCLAI D 2R AR I 4t | K | VRl 54 B A 5
b PUB S RIS | K| 3RS 2.
2.2 WMLt

AR VL5 S8 BN 6 — A JEIA N B9 AL 87 12 S 3l , iz sh Bl an &l 9 7. kT 9Lk B 5 1
Wy, AT AR DR AR A4 X HE | K| =0.027 7, B 55— WA A 32 Sh s 9 30 07 1) g, 24
SR Iz S A 10 Frs.

B O kBT 65— AR Bt B 10 Ak HET 9 5 AR it

T 10 BT W) BB F (2 A7 B T 9% by A5 T 4 I 132 08 L DA PO S 3 4
K | K| 5/ Ay H AR EES7 RSSR LA 1 AT .
minf = | K|. -
25.8 < L, < 26.2;
s.t.0771.3 <L, <77.7;
36.8 < L, < 37.2.



> WIRE R R IRRRERD)

2020 445 35 3%

R 53 IR 43 304 3 A A BB IX 8] 5 4547, S RA% S5 4% s S B HEA T AL, 36 57 B

125 4180 , 4 S p s B IERNE 11 fis.

B AHRE

iz ] MATLAB XU I 125 80T st a6 Bt 7T s ras Rk 1 pros.

A1 125 mEMAKT é‘]i’éﬁ,

Fre X N *2 Y2 IK|
1 -241.4 -206.3 241.2 -195.1 0.023 2
2 -240.6 -195.6 240.4 -192.4 0.006 7
3 -239.5 -185.1 239.3 -189.9 0.010 0
4 -238.4 -174.8 238.2 -187.2 0.026 0
5 -237.0 -164.8 237.3 -184.6 0.041 7
6 -241.6 -207.7 241.4 -195.2 0.0259
7 -240.8 -197.0 240.5 -192.5 0.009 3
8 -239.7 -186.4 239.5 -190.0 0.007 5
78 -240.1 -191.5 239.8 -191.8 0.000 6
121 -242.7 -258.1 244.9 -208.3 0.102 1
122 -242.7 -246.6 244.1 -205.8 0.083 8
123 -242.5 -235.3 243.3 -203.3 0.065 9
124 -242.1 -224.3 242.4 -200.7 0.048 7
125 -241.5 -213.4 241.4 -198.2 0.0315

L K| /N0 BAR, SRS b 4L A% 9 (L, , Ly, Ly) =(26.0,77.7,37.2)

BT L A 5

4i%HE | K| = 0.000 6. HRALRTFIEATZ2A AR EaE 12 B, i 12 0] 0, O A0S i3 1 7o e B

HE.

B 12 ARACH]JE 49 B AT ST

3 4k
1) FES7 T TCRR/ N RO RA AR T 1 /N2 DA BILAS) 2% 2 450R] Y BREIOE 2.



55 4 ) W e, 25 0 87 B /N RSSR BLIIE AL i3 55

2) AR A PUFT AL I RSO 2R, ST REa AT 0, 20 A 17 3t rh 0 R 50K 2 e i S L B 5
ZIRIOEER B T A B rh D R RS W 2 B | K[ A B30 5 8 9 SF AN S A, ELI A
| K| PR RIAIAE 2. 25 K > 0, /NG (3 A 00 v 308 B 1y T e 2 5 4 K < 0, 38 A7 B3l IR 1y 1)
Jie%.

3) HESL T ICHR AN OB AR, 3 5 S5 X)L A 2 TN RIS AT PR B R AL A, B L, = 26 mm,
L, =77.7 mm, Ly = 37.2 mm, KIS HIE LA T HL S BINZIE T Pl fefE.

4) ASCHEPE LA BT 0T T R AR 4518 Al LI F T IR SR A 2 5k EEBEIE 3, % HLsE A
R AAEEN ISR T E X

Sk

[1] AV, BR A%, 1B 21 3 T2 R SE SRR AU B H R R BT U # e 5 5B [ T ] Ui, 2018, 35 (2 ) :258-260.

[2] 25U R, KEEX, BRI, 25 Tt /N4 Bk i3 1] A D5 vk L) ] AL, 2017,34(8) :76-79.

[3] @3Ce, 0, Rk, 4. S RUTCHR/N 4 A SR 5186 [T ] 3901 SCHE 2 Be 74l ( FLARBR R0 ,2018,30(3) < 41-43.

[4] FB, My, B 2L T ADAMS B4R A Tome/ N 4 i AU it L ] R Tl k22741 ,2013,27(5) :28-32.

[S] Z=ooith ARA R, Bt A AR O R e A2 sh i a4 R BLA BB it [ ] HLikiit, 2014,31(3) :71-74.

(6] Bk, R, AR . Ik T RS 48 HLAY 1 8 L3l JE i /N B3t [T ] A3 M8 Tl R 24 2 4 ( A SR BE 2 1) , 2014, 37
(6) :661-665.

(7] E4 A [, £ B, 45 T Adams B0 9 5050 3K B 0 ik /N 4 R A8 A R it [0 ] 30 e 0k K2 A 4, 2013, 27
(4).53-56.

(8] &, AR, P22 B B IERR /N A B S 07 5 L) ] HUBR I ,2018,56(10) :49-52.

(9] 3k R , Bhok B =580 348/ N R A BE R S MERE DAL LT ] HLARIRE T, 2014,31(10) :50-55.

[10] XU, 2275006, . T Ul 43 ik i Jeiik /N ZE OB i BB e[ ) ] HLAA% 31, 2015,39(12) - 83-87.

[11] R, KM, HMK, %5 RSSR AL AY ADAMS S0 R ARALEARBIESEL T ] L Tl FH,2019,36(1) < 1-6.

[12] Tank E, Parlaktas V. A new type of compliant spatial four—bar (RSSR) mechanism[ J]. Mechanism and Machine Theory,
2011, 46(5) : 593-606.

[13] Sun H G, Zhou Y. Kinetic Analysis of Spatial RSSR Mechanism by Analytical Method [ J].Advanced Materials Research,
2011, 215 320-326.

[14] B R, XIEEE AR H. 5 SR Sl ) b/ N 4 i 5 i e [0 ] AU, 2014,31(10) :25-28.

[15] B, FNE, 3 KR DB SR MR R % ] (¥ TC ik B AT/ N ERFFE[ T ] AL, 2018,35(8) :30-35.

[16] FMI%EJET 25 [A] RSSR HLAL FSAE FE 24 f5 5 2 28 5 5L T LA A Ot A e i [ D 1 ORJEL: R 3T %7, 2017.

[17] shA3%%, 9 80a AR ER 55 XU 8 " Toli /N 4- 3 I BT 58 Je A A sEi T [T ] L% 315, 2019,43(3) :60-64.

(18] Bisl , XU S, VFIF] SR A5 T RSSR AL B T/ 42328 8l 40 A e A [T ] AR B R~ 24l ( B SR BL# 1) , 2018, 32
(1):51-55.



