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Definition of the Transformation

The rotor consists of N blades, each of which is denoted by the suffix, k. Each individual blade then

possesses a lag angle of .

The Coleman transformation converts the N lag angles (i) to N variables, Oj , via the following:

N-1 j.zﬂ.k
;=26 " "
k=0
For brevity, define:
27
N (2)
— N
a—=¢€
i.e. ais the primary Nth root of unity.
Thus;
N-1
n
H] — é/kOl J (3)
k=0



Therefore:

90 :go +§1+§2 +----+§N—1
0, = ¢, +§10‘+§2052 "'----"'Q/N—le_1

0, =¢, +§1a2 +§2a4 +----+§N—10‘2(N_1)
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(4)

Oy =8 +go +§2a2(N_1) +----+§N—10‘(N_1)(N_1)

The a terms represent the azimuthal spacing between the blades and are thus referenced to a

rotating set of axes.

To cater for a non-rotating set of axes, the above equations are multiplied by:

eia)t

also, denoting the blade azimuth via:

from which:

(5)

(6)

(7)
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Since, o is an Nth root of unity we also have:

N .
N—j (04 1 —\J J
a = — = -\ =C (8)
Since:

‘0[‘=1 (9)

Rewriting the equations and premultiplying by powers of e we find:
00 =4 +§1+§2 +----+4le1

et g ="+ e a+ et at .+ e

plict -0, = p2iet £, +é/192iwt o +é/2e2ia)t cat +”“+4/N_192iwt _a2(N—l)

N-1

U (10)
g2t O, = e—Ziwté/O +é/1e72iwt N2 +ézze—2iwt ‘a2(N—2) +....+§N_1972m _a(N—Z)(N—l)
e—iw’( 'QN—l _ e—iwt 'é,o +§1e—ia}t .aN—l +§2e7iwt .az(N—l) +----+§N_1eim .a(N—l)(N—l)
Since o is an Nth root of unity the last two equations can be rewritten:
g2t 0, :e%iwtézo +§1672iwt a2 +é/2e72iwt o +"”+§N_1872iwt .a—Z(N—l) -

—iawt —iawt —iawt -1 —iat -2 —iat —(N-1
el .9, = L rle gt e gt et N
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Construction of the Coleman Variables

The first equation

90=§0+§1+§2+""+§N—1 (12)

is left untouched.

The equations are then paired:
ot —iwt
e”0, e 0,
2wt —2iot
e"0, e 70, ., (13)

e3ia)t63 P e—3ia)t9N "

these are then added and subtracted to give real expressions in cosine and sine.

For instance, let us examine the first pairing:

eia)t 'éVO +e—ia)'[ 'élo
+Cea+ e’ a
+C e a’ + e N

+§N_leia)t _aN—l +§N_1e_im .a(N—l)(N—l)

N-1

(e“"t 6, +e ' -HN_l)
2

(14)

_1
2

and since:

a =1

N-1 -1
04 =

(N-1)(N-1)

(15)

~(N-1)

a =
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we find:

eia)t 'élo +e—ia)t 'élo
1| +ge e+ o
2|+’ + et

+CN_1eiwt _aN—l +CN_1e—iwt .a—(N—l)

-1

(ei‘"t -0, +e' -HN_l)
2

Recalling (7), we have finally:

£y COSY,
+¢,-cosy,

(eiwt.e +e—ia)t-0 _)
! N =1+, -cosy, (17)

2

+ &y - COSYy
and by a similar process:

o -Siny,
+¢,-siny,

eia)t 9 _e—ia)t 0 -
( L N‘l)z +¢,-siny, (18)

2

+CnoSINYy

If the rotor has an odd number of blades (N) this process will complete the transformation. If the
number of blades (N) is even then there will be one equation (0y) left. In this case the multiplication
by """ does not take place and we have:

QM :é/o +é/1aM +§20£2M +....+4/N_1CZM(N_1) (19)
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here we have:

as can be seen the multiplying factors for the N lag angles, (i, are powers of a™.

Since:
21
(20)
oa=eN
we find:
24 \M
" n
a’ =|eN
272Mi (21)
_ N

In other words the coefficients of the {, terms are powers of -1, in other words of alternating sign.

Reference

R.P. Coleman, A.M. Feingold, Theory of self-excited mechanical oscillations of helicopter rotors with
hinged blades, NACA Report TN 1351, 1958
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We therefore have the following examples of the transformation:
N=2
0, = 4 ot G
0, =¢ 0~ ¢
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=3

Oy =Gy +61+ &,
©, =(, COS Y, + ¢, COSY; + ¢, COS Y,
©, =g, siNy, + & siny, +¢,siny,
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Coleman Mode - Symmetric
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Coleman Mode - Sine 1
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Op =Gy +61+8,+&,
®1:Z§kCOSWk
k

®2:Z§k8inl)yk
O,=0,—¢+¢, &5
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Coleman Mode - Symmetric
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Coleman Mode - Sine 1
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Oy =Gy +&+8,+85+4,
0, = Z Gy COS
k
0, = Z gy Siny,
K
0, = ng COS 2y,
K
@, = ¢ sin2y,
k
Coleman Mode - Symmetric
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Coleman Mode - Cosine 1
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Coleman Mode - Cosine 2
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Or in tabular form:
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N z+ X4 Cosy Cos 2y Cos 3y Cos4y | Siny Sin2y | Sin3y | Sindy
1 v

2 v v

3 v v v

4 v v v v

5 v v v v v

6 v v v v v v

7 v v v v v v v

8 v v v v v v v v

9 v v v v v v v v v
10 v v v v v v v v v v
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