Statically determined group (of links)

forces may be fully determined using the six
(three) equations of 3D (2D) statics without
using deflection and stiffness criteria.

Kinematic system in equilibrium

1 2

every link in equilibrium

1 2

any group of links in equlibrium




In kinetostatics unknowns are joint forces

1 unknown 2 unknowns 2 unknowns

Number of Number of unknowns
equations

3k = 2p, +p,



Examples of static. determined groups

DOF = 3(n —1)— 2p,—1p, Mobility

3k -2 P, _]_p2 -0 Condition of static

determination

k 1 2 4
P1 1 3 6
P, 1 0 0

(K-p;—p>) (1-1-1) ||| (2-3-0) (460)




group (1-1-1) group (2-3-0)

Ikl - R lub T

Il class - K orJ or Z llclass - R or T



1-1-1 stat. determined group (one link)




2-link groups (k-p,-p, = 230)

RRR RRT

RTR

\

RTT

\

TRT




EXAMPLE 1
Group RRR



Group RRR —forces




Group RRR —forces

Equilibrium equation (forces)
of group (links 2 and 3):

t n t n
12 T 12+F2+F3+ 23 T 43_0

t _9 L

12— ¢ 43 '




Group RRR —forces

Equilibrium equation (torques) Equilibrium equation (torques)
of link 2 relative to point B: of link 3 relative to point B:
>ME=0--Fh, +Fil,g =0 Y M7 =0 -Fh+F iy =0
F,h F;h
_)Fltzz 2'72 _)F4t3: 3"73
AB IBC




Group RRR —forces

A
“““:_,- .".-..:.....4
1. o

Fn 12 F 43

Equilibrium equation (forces)
of group (links 2 and 3):

12+ 12+F +F + 43+ 43 =0

Equilibrium equation (forces)
of link 2:

F,+F +F, =0

Equilibrium equation (forces)
of link 3:
F.+FH +F;=0




EXAMPLE 2
Group RRT



Equilibrium equation (forces)
of link 3:

Fo +Fy,;+F,; =0

Equilibrium equation (forces)
of link 2:

F,+F +F,=0




Links 2-3

group RRT

Equilibrium equation (forces)
of group (links 2 and 3):

F +F,+F +F,+F5=0

because

Fop +Fy =0

Equilibrium equation (torques)
of link 2 relative to point C:
F.h
> M; =0>FRh. —Fjlye =05 F,=—"2F

BC



Equilibrium equation (forces)
of group (links 2 and 3):

t n
F.+F,+F +F,+F,=0




Equilibrium equation (forces)
of link 1:

Fpy +F =0

Equilibrium equation (torques)
of link 1 relative to point A:

> M/=0->M,-F,h =0



EXAMPLE 3
Group RTR






Data: M, F,
Unknown: M,




stat determined group (2-3)

dynamics, Kinetostatics

20



t
Fl 2

dynamics, Kinetostatics

21



Equilibrium equation (torques)
of group (links 2 and 3) relative to point C:

F1t2hCB - szhbz - Ms =0

dynamics, Kinetostatics

22



Equilibrium equation (forces)
of link 2:

t n —
12+ 12+Fb2+|:32_0




+F,+F, =0

n
12

_|_

t
12




+F,+F, =0

n
12

_|_

t
12




+F,+F, =0

n
12

_|_

t
12




The Three-Force Theorem







EXAMPLE 4
Group RRR



Data: F,,F,, M,
Unknown: M., Fy,, Fys, Fas, Fya

Group 2.3.0



Equilibrium equation (torques) o
link 3 relative to point C:

Fas' = (M, + F,hy)/BC

Equilibrium equation (torques)
of link 4 relative to point C:

Equilibrium equation (forces)
of group (links 3 and 4):

Fit Byt P+ Ry + Pt + 1 =0
Fos = Fagt + Fyf
Fuu=Fyu' +Fy



Fa2 = - Fa

Equilibrium equation (torques)
of link 2 relative to point A:

Fao N - M = 0
Mc = Fs; hg

Equilibrium equation (forces)
of link 2:

Fy +F,=0
Fio =-Fs






EXAMPLE 5
Group 1.1.1 + RRT



Data: F,, M,
Unknown : M., F,,, F,s, Fs4, Fias Fias, Fys



d-F35

Equilibrium equation (forces)
of link 5:

Fi+Fi5+F5=0

The Three-Force Theorem
d.Fc




Foz = - F3s

t Fes
d.F ik Equilibrium equation (torques)
n I I 1 .
=23 F,, B M, 5/ of link 3 relative to point C:
F 4 e d-F14 |\/|2 + F53 h53 - |:23t BC=0
23/ F ch |
,I' F23t \2 3 : Foot = (|\/|2 + F53 h53)/BC

{//// = Equilibrium equation (forces)
4 T Fyy, of group (links 3 and 4):
Fos + Fpgl+ F" +F14 = 0

Equilibrium equation (torques)
of link 4 relative to point C:

-Fiahyy=0 , hyy=0

—_ [ n
Fos = Fyt+ Fy3



Fso = - Fys

Equilibrium equation (torques) of
link 2 relative to point A:

Fyohy- Mg = 0

Mc = Fs; hg

Equilibrium equation (forces)
of link 2:

Fao +F1p=0
Fi12 = -Fa






Statically determined groups - examples

of solutions
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