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First way of computing degenerate DoFs

e = 8: e XAy = 4imyp = Limy = 0
Fr = 3(nseg T lp T Bpads 1) = 2]1 _j2
F =38 - Il ey — A
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DE-Vol. 71, Machine Elements and Machine Dynamics
ASME 1994
Examples
02000001
201 002000
e 01 01O0O0T1@O0
First way of computing degenerate DoFs CE — 00103000
Neee = 83 Mg, = 331, =m0 =15n, =0 O 00 3 3 3 0 0
Fr:3(nseg_nflp_nfix_ 1)—2]1 _j2 00000333 3
F=38-1-4-1D-24)-0=-2 00100333
Second way of computing degenerate DoF's 1 00003 3 3
F,=3(n, — B, ToE . 2
Complianc é[p;l ;g;r;;ﬂgéu;iue.edu ME/Seminars /2021 / compliant-mechanisms-memory-lane-and-some-novel-and-exciting-applications / amidha.
C = ng, +trace(CE) =1+ 12 =13 DoFs=—-2+13 =11
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More on Mobility Griibler’s Criterion

F.=34-1)-22) =1
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More on Mobility
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Grubler’s Criterion

F.=36-1)=27) =1
F.=3(7-1)=209) =0

Does one have confidence ?
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More on Mobility

https:/ / engineering.purdue.edu/ME /Seminars /2021 / compliant-mechanisms-memory-lane-and-some-novel-and-exciting-applications / amidha.PNG

Grubler’s Criterion

F.=36-1)=27) =1
F.=3(7-1)=209) =0

Does one have confidence ?

Comphiant Mechanisms (ME851)

Anupam Saxena

Professor
Indian Institute of Technology Kanpur




More on Mobility Griibler’s Criterion
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More on Mobility Griibler’s Criterion

F.=36-1)-27)=1

Does one have confidence ?

F.=3(5-1)=2(6)=0

_ But, this linkage moves...
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More on Mobility

This one does not

https:/ / engineering.purdue.edu/ME /Semi

Griubler’s Criterion

F.=36-1)-2(7) =1

Does one have confidence ?

F.=3(5-1)=2(6)=0

Kutzbach’s Criterion
4L, 4j,: DOF = 6(3) — 5(4) = =2

Only Physics can explain !

Merely counting to gauge mobility seems
insufficient
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Force Equilibrium Equations

b (2

@ ¢

d-ekcflifg-applications /amidha.PNG
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Force Equilibrium Equations
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Force Balance Horizontal
ficosa+f,cosfp+ fzcosy =F,

Force Balance Vertical
fisina+fsimp+fisiny = F,
Moment Balance about Z, at D

f‘zdz +féd3 — de4 + Fyds

cosa cos f cos y_ fi F.
sina smnp siny||f,| = F,
i O d2 d3 ff‘g_ de4 + Fyds

ft =K,

russ
If a=p=y

P becomes singular, rank deficient
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Force Equilibrium Equations

https:/ /e1

Step 3
I'I'l ' 0.371

/amidha.PNG
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Force Equilibrium Equations E
G /7)
3 G f6

0f, = 0

Ofi + 0, + 0f

P11,5fs
Ofy + 0f, + Of3 + p1pafs + Prosfs + 0fg = 0

P11,4f4

pif1 + 06 + 0+ 0f, + 0fs + Of, = A,
p21fi+0]”2+0]f3+0ﬁ1+0f“5+0f"6:Ay

Pah TPt 05+ 04+ 05+ 0/ =0
PuJi +Ppfo + 03+ 0fy + 0fs + Ofg = O

Ofy + psafp + Ps3fs + Ofy + 0fs + Ofg = €,
Ofy + Dot + Peafs + Ofy + Ofs + 0f = C,

Of, + 0f, + Py3fz + Prafa + Ofs + Ofg = D,
Of; + 0fz + pg3fs + pgafs + 0fs + Ofg = D,

O0fy + 0fy + Of3 + O0fy + Posfs + Posfs = O
Of; + 0, + Of5 + Oy + p1o5fs + Proefe = O

Ofy + Ofs + Ofy +0fy + Ofs + py3 65 = G,
O, + 0fs + Ofs + Ofs + O + Prafs = G,

| =F

P14><6 Iruss 6x1

ext14x1

P2 hinges X trusses

P need not be square
Can still be rank deficient
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Elongation-Displacement Equations

Vg e, = linear_ fun,(uu, v, Ug, Vg)
- o= | B e, = linear_ fun(ug, vg, U, V)
MB e
iVA ey = linear_ fun,(uc, ve, Up, Vp)
B e, = linear_ fun,(up, vp, Up, Vi)
Ug .
es = linear_ fun,(ug, vg, Ug, Vi)
- Vi e = linear_ fun(ugp, vp, Us, Vi)
C C6><14 Utruss 14x%1 = Cox1

C Compliance matrix

C

trusses X 2 hinges
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Principle of VIRTUAL WORK... Pf=F,, Force equilibrium
CU — e Elongation-displacement
At equilibrium, work done by external forces to displace a configuration arbitrarily truss equation
1s the same as work done by internal forces to bring it back. A B
T T ? P
f 56 = FextéUtruss Ay
T _ floT D
f [5CUtruss C5Utrussl =1'P 5Utruss C, [ C | g D .
T _ ¢TpT — P! ? hg D
f CéUtruss =t'P 5UZ‘FMSS ¢ P Cy G D
4'? G OF
G,
PE=F
ext 2 5 f = De Constitutive relation
PDe = Fext C DCUtmss = PDP Utruss == Fext K Stiffness Matrix
PDCUWMSS — Fext KUtruss e Fext DoF: rank deficiency of K
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