Signal Flow Graph

Transfer Function

Signal Flow Graph of Control System

Signal flow graph of control system is further simplification of block diagram of
control system. Here, the blocks of transfer function, summing symbols and take off
points are eliminated by branches and nodes.

The transfer function is referred as transmittance in signal flow graph. Let us take an
example of equation y = Kx. This equation can be represented with block diagram
as below
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The same equation can be represented by signal flow graph, where x is input variable
node, y is output variable node and a is the transmittance of the branch connecting
directly these two nodes.
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Rules for Drawing Signal Flow Graph

1. The signal always travels along the branch towards the direction of indicated
arrow in the branch.
2. The output signal of the branch is the product of transmittance and input signal
of that branch.
. Input signal at a node is summation of all the signals entering at that node.
4. Signals propagate through all the branches, leaving a node.
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Signal Flow Graph

Ty = ary + cry

T3 = bro
Ty = drz + frs
T = 6Ty
T = §I5

= 15 = gr5 = gery = ge (dry + fry) = gedry + gefrs = gedbry + e fag

= gedb (ary + cxy) + efrg = abdegry + bedegry + e fxg

= (1 —ef)xg = abdegry + beeg(xy — frs) = abdegry + beegry — beeg fs

= abdegry + begrs — bee frg = abdegry + bexrg — bee frg

= (1 —ef —bc+ beef) xg = abdegry
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Simple Process of Calculating Expression of Transfer Function for

Signal Flow Graph

o First, the input signal to be calculated at each node of the graph. The input
signal to a node is summation of product of transmittance and the other end
node variable of each of the branches arrowed towards the former node.

o Now by calculating input signal at all nodes will get numbers of equations
which relating node variables and transmittance. More precisely, there will be
one unique equation for each of the input variable node.

o By solving these equations we get, ultimate input and output of the

entire signal flow graph of control system.

o Lastly by dividing inspiration of ultimate output to the expression of initial
input we calculate the expiration of transfer function of that signal flow graph




Signal Flow Graph

Tg = ar] + oy
13 = bra + exy

T4 = dr3
x5 = fry
T = gT5

= x5 = g5 = fgzy = dfgrs = df g (bra + exy) = bdf gz + dfgexy
= bdf g (axy + cxa) + df gexry = abdf gry + bedf gry + df geay

= 15 = abdf gry + befgry + dgexrs = abdf gry + befgry + dgexs
= abdfgry + begrs + derg = abdf gry + berg + dexg

= x5 — (bexg + dexg) = abdf gy
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Signal Flow Graph

To = aT] + €T3
T3 = bra
T4 = dr3

= 14 = dry = dbry = db{ar) + cxrz) = abdr) + cbdry = abdry + chxy

Ty abd
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If P is the forward path transmittance between extreme input and output of a signal
flow graph. L, Lo, loop transmittance of first, second,...... loop of
the graph. Then for first signal flow graph of control system, the overall
transmittance between extreme input and output is
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Then for second signal flow graph of control system, the overall transmittance

between extreme input and output 1s
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Signal Flow Graph

To = I
T3 = hra + cr2
T4 = d3

= 14 =d (brs +cra) = bdrs + cdrs = bdaxry + cdar

= o bda + cda = abd + acd
a1
T4
T =—=abd+acd =P, + P
T1

Where Py & Py forward path transmittance of two parallel path respectively.
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Here in the figure above, there are two parallel forward paths. Hence, overall
transmittance of that signal flow graph of control system will be simple arithmetic
sum of forward transmittance of these two parallel paths.

As the each of the parallel paths having one loop associated with it, the forward

transmittances of these parallel paths are
1] = - s and Ty = . —ng respectively.
Therefore  overall  transmittance  of the  signal flow  graph s
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Mason’s Gain Formula

The overall transmittance or gain of signal flow graph of control system is given by
Mason’s Gain Formula and as per the formula the overall transmittance is



Signal Flow Graph
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Where, P, is the forward path transmittance of k,, in path from a specified input is
known to an output node. In arresting P, no node should be encountered more than
once.

A is the graph determinant which involves closed loop transmittance and mutual
interactions between non-touching loops.

A =1 — (sum of all individual loop transmittances) + (sum of loop transmittance
products of all possible pair of non-touching loops) — (sum of loop transmittance
products of all possible triplets of non-touching loops) + (...... )—(...... )

A | 1s the factor associated with the concerned path and involves all closed loop in the
graph which are isolated from the forward path wunder consideration.

The path factor A, for the k,, path is equal to the value of grab determinant of its signal
flow graph which exist after erasing the K, path from the graph.

By using this formula one can easily determine the overall transfer function of control

system by converting a block diagram of control system (if given in that form) to its
equivalent signal flow graph. Let us illustrate the below given block diagram.
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Signal Flow Graph
Pi=G. Pb=0Gy, L1 =—-G{H, Lo = -G H

A1 =1, Ag =1 " bothloops Ly & L2 touch both forward patiis Ga & G respectively

A=1-— {L1_ —|—L2} =1- {I[—G1H]l — [—GEH]} =1+G1H+GaH
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Now, T = — = -
ot A A 1+ Gy H + GoH

Here, 1y = R — Haxs
rz =11G1 + 111G
C' = 19

= (U =rm=rG +1r1G2 =1 [G1_ — Gg] = [R — H.I‘g] [G1 — Gg]
= (R—HC) (G + Gy

= CI[].-l—G-lH-l—GgH] =R|[G1_-|—Gg]|
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Pi=Gy, b=G, L =—GiH
Ay =1, As =1 " loop Ly touches both forward paths G1 & G2

A=1—{L}=1—-{(-GiH)} =1+ GH

Now, T =

Ezipﬁ.gk _PUA+P Ay GG
R~ & A A | + G H

This is the transfer function of signal flow graph.
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