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Mobility Analysis of Tetrahedral Mechanisms Based on Geometric Algebra
GUO Jinqun,CHAI Xinxue *

(School of Mechanical Engineering,Zhejiang Sci-Tech University , Hangzhou 310018 , China)

Abstract; Due to the complex structure of multi-loop coupling in tetrahedral mechanisms, existing methods for
calculating degrees of freedom couldnot effectively determine the constraints of the coupling part when conducting free
analysis, a degree of freedom analysis method for tetrahedral mechanisms based on geometric algebra was proposed.
Firstly , the topological equivalence on the entire mechanism was performed to find the shortest branch of the mechanism.
By modifying the twist space of the branch, the constraints brought by the closed-loop coupling with the branch in the
twist space of the branch were reflected. Finally, by intersecting all modified twist spaces, the analytical expression for
the degrees of freedom of the output component was obtained. Based on specific examples, it can be seen that the
proposed method does not require logical judgment and can directly obtain the degree of freedom properties of the output
components of the mechanism. The variables in the analytical formula also provide a selection scheme for the subsequent
drive distribution which has some engineering significance.

Keywords : tetrahedral mechanism ;mobility analysis ; multi-loop coupling; geometric algebra

VO TATAHILRA FL AT B RE /I WEE v ROHS B2 s O DI A
J Iz N T ALE TR IR LA B R S LR 1%
BT i I ARG A H AR IR LAY
HAT WA 20 PR B 3 2 A, BUEHAE A i s sle
SFHIE T LR R — BB TR R, X —
SEREE R T PR R S A R A HE Sy

W H #9:2023-04-17 ; & [E] B #§ :2023-07-13

EEWA : ER ARP 23 EBT I IUH (52005448 ) 5 [E 5K [ AR BE# 3 4 8 B i H (51935010) 5 [ 5K [ AR B} o 4

B LA BETT ) de S AR R B2 — , X I B2 18 2 2
ST RSl A AN AR AT B R

VORI & T — B Z B S LA, 125 ke
AADEF L ZHRA I B d T
HoAh A HA R PR 4015, Dai 57004 1445
FEARNUA A 1 A R 0T, il

By H

(52205023 ) ; HLAR R 5815 4k 8l [ 5 o i S 4 PRABLHE B30T H (MSV202314)
F—1EF B BB (1998) , 20 WL RN B L BE 50 A, RN EZ S YU EIE 0. BEEER SR (1983),
2o, WSS AR T B8R, 20507 M o lae N 23S WU RIS 2A 25 . E-mail: chaixx@ zstu. edu. cn



.10 - B THI# Light Industry Machinery

2023 6 HA

R B o LA s ) £ FE R A LR A A
A TATAL, AR AT 21 5 i A b 3 By B S LA 18—
PEAT B B SRR PR 2 S B O E R B, A
TCHY A S REDRAIE , 1058 A 5 , A BEAE hy— Tt
I A BT . X304 il PR 43 54 3RR-
3RRR WU HEAT B i BE 20 A, (B AFAE IR 23 A7) ) BU AR
BRSO, T AT HE— o i . LA EFSEAT
ST Kong 2617 $2 i i He 40 S Bk B8, ISR L 8
TEFFHRALAG B9 A i BT P gl 2 . X0 7
21 R i — AR A JE R b 3R — Bt Z R A LAY
SEROSIFIRALI I A i BT 5 125, IF 4R 43 SR
FrREPE R vl 4 3 PR A R e . T R
AR X — RE B T IR e Y kAR I i, 48
T HARB AR o ARSI IC TS B FER B ATAR
T AN A L S AN TR T 4 S AR
TR Z2 , 3k 13 53 S 3 R o 8 N T2 B ) B, 1 ) A
i, X T ER M A B SR TR (T RACR A
5 BAZO T T e Y M IE Y G-K 28
SR B BETHE TS 1, X AL B R IS B AR e S 4
i, TR R B b B O BAT 2R [ I — g
R 0% 8 B el BB JCE A T IR LA o 4R
o, e B EA IR U A AU I, SR P e oA
TER B Blo % [n) &l [A) % A7 78 T J7 A0 F5 Ak 4R
(position and orientation characteristics , POC) I EYY
B AR TR

BT Go WYL CEAHEZL T B IFICHLIY B i B2 T
SR Wl AT ST WL A
JE W] 45 2% oy Sas a2 MBS SR A 21, B 6 4ERY @
Yz a], Or B S R i is S 2 RS B, AR HLA AT LIS 21
If6] 7 A b 28 i R R PR G B el B AR A =X, AT B A
PIAA A TER R A BB SR A AR
LS 2 A MU HEA T SO IR, il B AR s
2y (] i 7 2R A B ok 1 249 RO 6 31 03 Sy, 74 8
PRI SaB g a) . BJERABIE R 23 0B A ]
RAZ, 3 B A B i BE bt
1 TR EEAL
1.1 B REpJLMREFR

R E RS B BR L 6 ZfE 16, H— R

W

.

y‘j[”m:

S=ls.rxs+hs] =[v,0,.00:b by .bs1" (1)
S IRTE ;s SRR 1 T 1) 5 r R BRTE L L)
— 5 h ETER TR v, 0, 05,0, ,0,, b5 AR ESEL

M h=0 0 185E S KR 1 3 H D) h#0 B,
125E S £s 1 Al EIREEIZ 3] ;24 h = oo I, IR5E S
FoR—A1 B8l , i AR 5 AL

§=[0 s], (2)

TIE B NIEHE T4 & 6 4EIEACHK I G, =5 [H]
HEEFRRA:

S=ve +ve, tvie, +be, +be; +be, (3)
XH:e e, ,e5,e,,e5,e0 76 PNIEASHK

W1 BB EFEa RS

S=be, +bes +bye, (4)
1.2 JLARBEREMEREE
G 72 6 AEJLfAE, Kb & 6 MIES K f e,
e,,e;5,e, e et L LI AR
1,0=y,
; 'e":{o,i#j; (5)
e, Ne=0,e,/\e,= —e \e,,
K - T RHNBRTS N7 RIS e, Fll e, R
Ge F IR IESS AT

JUARARE 52 0 AR B i S Rtz B, pl A
FURIAMR 2 BB AL AT 2 DI i a, , a, B JLAT
Hictk a,a, .

aa,=a, +a,+a, Na,, (6)

JURARE S A ST R 2 7 L (blade) o & 4> — 4
i a,,a,, -, a, fMRAT LIS B —A & B #, A
nY k-blade .

A, =a Na,\---Na,, (7)

TR BRI Ry AN [ 3 [) e ] o s ) AT 2 2 A
ARIANTE SN kB2 [8] A #2516 B, 5K
1472 (] ] DL a1 SRR 2

Jiw =Ay UB, =A, NBy, o (8)
KJ o B— P m R, m=k+1,

M2 AT A ESI TN m <k + 1 IR IEA
B2 ASFARIBETA 1B R a,,b, 5 T, B
HAE



(iR - i&it]

M#EE, F BTN OEENEBE DM 11 -

LAER R F25 ] A, FIF23 (8] B, S0
N EIS R
Ay NBy =(AyJ0,) By
1.8 JUAKE R 44REE
JUTRECH A BER S 3 T R ™™ 7o
] A, EH T2 0 B, St e 5155, A

B, =RA R,

(9)

(10)

A AR =uv,RFER R 3%, H R =vu,u fl v ZXF0
IR B A 48 1 [

B TRl W K% sz 30, iirf 1955 gl 28 4
HAEMAE L AR L d & ¢ &R E s 1 b
R ANER

d=c+T,
K T 1A,
2 NEGVNHMEHEITE
2.1 3RR-3RRR ME{FH#5 3%

3RR-3RRR M A T A 13 S 15
AR AL U T AR Y AL Y, 3 e LSRN S A
e 1(a) s .

(11)

AR C

® © o® o © ®
o 0 o oo o o o®
o o 0 1 o o «
© © 1 0 1 © ©
o o© o 1 0 1 o
© ® o ©® 1 0 1
® o ® w o 1 0
C=|®o o®o o o o o 1
©® ® o o o 0 ©
© ® o © ® 0 @ ©
©® ® o o o 0 ©
1 © o o o o 00
© 1 © © o o ©
® o ® o ® 1 ©
Lo ® o o ow o ©

Pps o 4 ffe

B AT, B HIRIITER ¢ BRI R

Z R BEAE O, c; = 1 FOREKIE , ¢, = 0 RORAEKIE,
i=j e, =0,

ISR TR (58 8 7 B LR R, AL 1) 3 S R AT e R
HA S R 5 5 2R o HORE [ AR LR F 38 B

|

—

Bttt
ik Kol

Fr2 Al I3 15

R4

WS W6

(a) 3RR-3RRRHLH (b) HUFHFHE

A1 3RR-3RRR MuMy4x A

Figure 1 Equivalent diagram of 3RR-3RRR mechanism
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Table 1  Paths of limbs and screws on limbs of 3RR-3RRR mechanism
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Figure 2 Limbs of 3RR-RRR mechanism
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system of 3RR-3RRR mechanism
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