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Abstract

To calculate mechanical stress and displacement by the
finite element method, the forces acting on the nodes

of the volume grid must be known. This report describes
the calculation of these nodal forces for the 20-node
isoparametric solid element. The nodal forces are calcu-
lated from the force density values by using the shape
functions, which describe the displacement field within
an element. This method is the most accurate one for

calculating the forces on the nodes of an element.

The program is based on the node numbering used in the
finite element programs SOLID SAP IV and SOLID SAP V.

A detailed description is given for the special case of
toroidal D-coils. The magnetic force densities for this
application are calculated with the computer program
HEDO2 [7].




TABLE OF' CONTENTS

Introduction

Description of program structure

2.2

Isoparametric element

Computation of the nodal forces

2.2.1 Jacobian matrix
2.2.2 1Integration according to Gauss
2.2.3 Division of the total force

with shape functions

Computation of the volume forces for a

D-coil

3.1 Computation of the magnetic forces of
a D-coil

3.2 Computation of the spline coefficients
with the HEDO2IN program

3.3 Interpolation of the volume forces

(VKRFT subroutine)

Figure Captions

Apendix

Input for SHAPE

Important variables in the SHAPE program
Output of SHAPE

Input example

List of the program SHAPE

References

Page

10

16

28

28
29
30
31
33

44




1. Introduction

The calculation of mechanical stress and strain in three-
dimensional structures by means of finite element
programs calls for some additional routines. Figure 1 shows
a scheme for calculating the stress and strain on a coil
with the SAP program [1]. This starts with a magnetic
field program for computing the force densities (j x B)
in the winding region of the coil. An important additional
routine (often referred to as a coupling program because
of its function) is the SHAPE program, with which the
force distribution on the nodes can be computed on the
basis of the force densities. The force distribution is
obtained by means of shape functions [6]. To achieve a
high degree of accuracy, the calculations are based on the
20-node isoparametric solid element (Fig. 2a). The compu-
tation of the forces is demonstrated in Sec. 3 in the case
of a D-coil. The numbering of the nodes per element and
hence the computation of the nodal forces are based on
the FE program, SOLID SAPIV or SOLID SAPV. With minor
modifications it is possible to adapt the SHAPE program
to any FE program.

2. Description of program structure

2.1 Isoparametric element

As describes in [2], a solid body is divided into iso-
parametric elements (Fig. 2) with 20 nodes. The structure

is determined by the coordinates (Xl' Y ZQ) of the nodes.

2’
The isoparametric element is described by dimensionless
gt Mg CQ,) [3 , 4]. These (EE'

Mg+ Cg) coordinates are listed in Table 1. The element

intrinsic coordinates (g

described by these coordinates (hexahedron) may be regarded
as the mapping of an element with spatially curved bounds
with (x, y, z) coordinates onto the (¢, n,r) coordinates,
where the shape functions (2) are used as transformation

functions (1). The following relations are valid:




20
X= ¥ N (E, n, T) X,,
9=1 % 2
20
Y = X N,Q, (Er Ny, ‘;) Y,Q,' (1)
=1
20
Z= ¥ N, (E, n, §) Z,.
0=1 L f %

The shape functions N, are [4]

Ny (E,n,T)= gUI+EE)) (14nny) (1488,) (EE, +nny+ce,-2)

for--4..57 1-.(1) 8,
Ny (E,n,0)= 7(1=E%) (14nny) (1427,) for & = 9(2)15, -
Ny (E,n,0)= 3(1-n%) (14EE,) (1+5g,) for & = 10(2) 16,
Ny (E,n,0)= 7(1-c2) (1+EE,) (14nny) for & = 17(1)20.

The wvalues 52, Uy and CE are the node coordinates of a
unit element according to Table 1, and the values (XR'

Y Zl) are the coordinates of the real structure.

‘Q)f

Node Coordinates
[ Ty, Ny €q
1 1 1 1
2 1 1 -1
3 1 =1 -1
4 1 -1 1
5 -1 1
6 -1 1 -1
7 =1 -1 -
8 -1 -1 1
9 1 1 0
10 1 0 -1
11 1 =1 0
12 1 0 1




L ¥ Ny ¥
13 -1 1 0
14 -1 0 -1
15 -1 -1 0
16 -1 0 1
17 0 1 1
18 0 1 -1
19 0 -1 =
20 0 -1 1

Table 1 (E, n, t) coordinates of the unit element in
Fig. 2a

2.2 Computation of the nodal forces

The mechanical load on a structure is given in the form
of a force density f(x, Y, Z) = (£, fy,
per unit volume). For every isoparametric element it is

fz), (i.e. a force

possible to compute the total force exerted at the centre

of an element according to

F= s ¥ (x,%Y, 2)4d (vol) (3)
vol

To perform the integration in the (£, n, ) space, the
Jacobian matrix J [5] has to be calculated according to
(6) since the transformation of the volume element from

the (X, Y, Z) space to the (¢, n, ) space is given by
dx dy dz = det [J] d¢ dn dg . (4)
The integral (3) is then written in the form [4, 5]
F= s/ (g, n, ©) det [J]1 A& dn dg .  (5)

The arguments of ¥ are transformed to (X, Y, Z) coordi-

nates according to the formulae (1).




2.2.1 Jacobian matrix

For the 20-node element the Jacobian matrix is given for
each node (£, n, t) as follows [4]:

X1 Y1 Z1
Ny g No,g,7c 02" Nagt X, ¥y %y
- N e e s s s s * * : r
[J] N1;ﬂ: 'Q':nr 'NZO,T] . & - (6)
N N s ERDH T e N . . %
1IC R’IE! 20}; x Y

20 Y20 %20

where Xg, YE' Zg with 2 = 1(1)20 are the nodes of an element
in the (X, Y, Z) space. The formulae for the partial
derivatives of the shape functions N2 (2) are

No,e = 3% - 8 (1tmy) (1+zgy) (288 +nng 42z ,=1)
for 2 = 1(1)81
oN
Y SV - =
NR,,?; T (1+nn£) (1+L‘CQ’) For sk 9(2)15,
NQ,,E = -é-g- = T (1—‘{} ) (1+Z_;CR) for L = 10( ) 6:
N £
i —2 -
N,Q.,E = 3T = 4 (1+nn2) (1 C ) for 2 17(1) 20,
Ny g
Nlrﬂ = e =5 (1“552) (1+CCQ) (EEE'*'ZNUQ"'CEQ'”
for £ = 1(1)8,
ON
= meibge 0%y’ = 9(2
len = z (1-£7) (1+zgy) for 2 9(2)15,
oN 1
Ny oo S o= 503 (1488,) (1+gz,) for & = 10(2)16,
oN
Nﬁrﬂ T = (l%eey) (1-z°) for 2 17 (1) 20,
BNQ, CE 1
Ny . = 3% = F (1+8gy) (T4nny) (£E +nn,+2zz,=1)

for & = 1(1)8,



-

) 2
NE.C = e B o (1-£%) (1+nn) for & = 9(2)15,
Phge « By 2
NR-C ol (1+EE)) (1-n7) for & = 10(2) 16,
ey N«
NE:C =i = 2 (1+gg£) (1+nn,) for L = 1(1)20.

2.2.2 Integration according to_Gauss

Numerical integration of eq. (5) is performed by the Gauss
method [3, 5, 6 1, yielding the following formula (a
detailed description of the numerical problems is given in

[61):

N 1:1 1 L m n
F=17//7%&,n0c) det [J] dE dn dz = I % T

-1-1-1 i=1 §=1 h=1

£ (g, nys L) Wy Wy W det [J] (8)

where (Ei, nj, ck) are the mesh points for the integration

and W, Wj' W, are the weightings by which the function

values T (Ei, Naor ck) are multiplied. In the numerical cal-

]
culation 2 = m = n = 3 was found to afford sufficient
accuracy. As three mesh points are used in each of the
directions £, n and ¢ (thenumber of mesh points could be

chosen different in each direction), the mesh points are

g1 — n1 ] C1 = =- 0-7745966---'
E2:=iNp.5:52 T © ' >
EB = n3 = C3 = 0.7745966...

The respective weightings Wi are

=
[\
Il
wln wlee wlnn
» ~




This yields for each element a total of 27 mesh points
(all combinations of Ei, nj and Ck with i=1,2,3;
j=1,2,3 and k=1,2,3).

2.2.3 Division of the total force with_shape_functions

Section 2.2.2 described the computation of the total
force F of a finite element according to (8). In the SAP
v’ Fz are
required for each node of a structure. The division of

program the individual force components F,_, F

the forces of a finite element is done by means of the

shape functions (2). Here the relation

0

™M N

N, (Egr Ngr Tg) = 1 (10)

if of use (eq. (10)) can easily be checked by substituting
the shape functions (2)). Extending the formula (8) with
(10) yields [6]

[ S

: W, Wi W £ (£5/my,y) det [J]

>
where the calculation of F does not change. By omitting
the summation over in eq. (11) it is possible to compute

the nodal forces F according to

o1 w

1 4 (gi,nj,ck) Wy W W det [J]

N,Q, (Ei:nj:Ck) (12)

with 2 = 1(1) 20.
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As a structure generally consists of several elements, it
is possible for up to 8 elements to have a common node
(Fig. 3). The total force exerted at a node is composed
of the sum of all individual forces exerted on the node
from the adjacent elements.

3. Computation of the colume forces for a D-coil

3.1 Computation of the magnetic forces of a D-coil

The magnetic forces of a D coil are calculated with the
HEDO2 program (see description of program [7]) as force
components per unit length. With HEDO2 it is possible to
treat arbitrarily shaped plain coil assemblies with

constant rectangular winding cross-sections. It is only

the mechanical stress in a D-shaped coil forming part of

a toroidal coil assembly that is calculated. In principle,
the method of calculating the force distribution that is
described in the following is not limited to magnetic

force densities for coils. It is possible to take arbitrary
solid structures into account. The D-coil shown in Fig. 4

is approximated with straight solid elements. The periphery
is subdivided into ni sections, the thickness D (Y direction)
into n, sections, and the width B into n, sections. The
contour of the coil is uniquely determined by the coordinates
of the points P1,m = (x1'm, Z1'm) (inner coil periphery),
Pc,m = (xc,m’ Zc,m) (central coil periphery) and Pz,m =
(xz,m' Zz,m) (outer coil periphery) with m = 1{1)n3+1, and
by B and D their subdivisions n, and n,. For each element

in Fig. 4c the forces §-= (gx, : gz) at the centre are
-5

g

Y
computed per unit length. The volume forces h = (hx, hy' hz)
are obtained with the following formula:

h =g D+ B/ ( h.)
LX,LY,LN - 9LX,LY,LN ng 2

with LX = 1(1)n2, LY = 1(1)n1, and LN = 1(1)n3. (13)




3.2 Computation of the spline coefficients with the
HEDO2IN program

The HEDO2IN program prepares the output data of HEDOZ2 for
SHAPE. As the volume forces are given at certain points
only (main points of the volume elements), an interpolation
method has to be used to obtain the values at the mesh
points (Ei' nye gk) which are used in the Gauss integra-
tion (12) to calculate the volume integral (8). To inter-
polate over the cross-section of the coil, one uses the
two-dimensional spline function

i-1

4 4 1
S(u,v) = 1§ UG CHUSUITT Fa(v-vo) T, (14)

where the values C; 4 are the two-dimensional spline
r

coefficients. As shown in Fig. 5, the volume forces
>

hLX,LY,LN (the notation being simplified by omitting the
subscripts LX, LY) at the centre of each element are given
by eq. (13). It is of advantage for the spline interpola-
tion if the volume forces are referred to the planes E,
(E, is the plane through the points P1,m and P2,m with

m = 1(1)n3+1). Unlike the planes defined by the "main
points" of the elements (e.g. the planes Ej in Fig. 5.,
the planes defined by the intersections of the straight
lines are of equal cross-sectional area. (The difference
is due to approximating the arcs by straight lines.) The
cross—-sectional area of the plane Em is shown in Fig. 5b,
where the regions with equal spline coefficients (21) are
hatched in the interpolation. The volume forces are inter-
polated to the planes E_ according to the formulae (15 -

17) . The interpolation is linear:

t = (s B 4 +s ,R)/(s + S _q) for m = 2(1)ng (15)

orm= 2(1)2 = n,; see eq. (17) below

with

_ _ 2 o 2
Sm-1 = V(xc,m Xc,m-1) * (ZC,m z'C,m—1)



and

2 R

Sm = V&xc,m+1_xc,m) * (Zc,m+1-zc,m)

(X and Z ’
C,lTl C, 'm
which are on the geometric centre line of the coil). The
values for the plane with Z = O are quadratically inter-
polated from the two adjacent segments since the volume
forces hx(-2)= h_(Z) and hy(-Z) = hy(Z) in the normal case

are linear functions to the plane Z = 0. The component h,

are the coordinates of the points Pc

is given by hz (Z = 0) = 0.

L 2 sk . e i 2

By 1 = (T2 By 1 = 117 B,y 22/ (0710
with T1 = S1/2 and T, = S.I + 52/2 (16)
f = T 2. - 2 % 2_ 2

G,y) bt = T2 By 0T B, gy ng ) /T2 o T00)
with

T1 = Sn3/2 and T2 = Sn3 + Sn—1/2
(?(x,y) are the force components fy and fy)'

In the special case of asymmetric forces with respect to
Z = 0 it holds that

—_ — * s
f, = f2n3+1 = (Ry + 0,072 (17)

This case is given when a coil assembly asymmetric with
respect to the plane Z = O was computed in HEDO2 [7].

Here the forces are calculated not only for Z 2 0 but also
for z < O.

The spline coefficients are calculated with the IBCICU
program [8] for the mesh points (see Fig. 5a) U;y with
LX = 1(1)n2—1 and VLY with LY = 1(1)n1—1 for each plane

E, with m = 1(1)L, where L = n,y + 1 for force distributions




_10_

symmetric with respect to Z = QO or L = 2. n, for

asymmetric force distributions.

3.3 Interpolation of the volume forces (VKRFT subroutine)

It must be possible to calculate the volume forces
%(x,y,z) for every point P(XQ,YO,ZO) in the winding
region of the coil. This is because of the Gauss inte-
gration and, in addition, the subdivision is, as a rule,
not identical with that for the force density calculation,
which is performed in the (£, n, ) space. For this
purpose one needs the f(gi, nye ;k) for the 27 mesh
points. The corresponding values for the mesh points
known in the (£, n, t) space are calculated according

to (18):

20
20
20
Zk = EE‘] NQ, (Ei' T"Ijr Ck) Z.Q,'

and also the volume forces relating to these points.

As described in Sec. 3.2, the spline coefficients for

1,m and Pz,m (m = 1(1)L) are

calculated (Fig. 6). For the interpolation of the volume
-

the planes E between P

forces fp to the point PO(XO,YO,ZO) first the adjacent

planes Em__1 and Em are determined. For this purpose the

equations of the straight lines (19) g1'm, gz'm, g3’m

and 94 m (Fig. 6b) are formed from the points P
I

P1,m' P2,m-1 and P2,m

of point PO are inserted in the equations of the straight

1 ’m_1 ’
and the coordinates XO and ZO

lines:



=] Tas

Iy,m = XXy 1) Cqope1m%2, me1) ¥ (82 17X m-1) (372 p2)
92 m = (x-x1’m) (z1’m—22'm)+(x2,m—x1'm) (Z-Z1,m),

(19)
I3,m = (XXg po1) B peq7Zq ) Y&y pmXy o) (372 poq)
Ia,m = XXy noq) By poq “Z )+ (X Xy meq) (2725 pq)

for m = 2(1) L.

The function values of g1’m (XO,ZO) and gz'm(xo,zo) are
then of opposite sign if the point PO(XO,YO,ZO) is located
between the two straight lines. This is equally valid for
gB,m(Xo,Zo) and g4'm(x0,zo) and leads to the condition that
the point PO(XO,YO,ZO) is located in the region which is
bounded by the four straight lines when
gi,m(xo'zo) ' g2,m(xo'zo) = 0 and g3,m(xo!zo} i g4,m(xo'zo)
2 0. The value U required for the spline interpolation (see
Fig. 5c) is obtained by drawing a parallel to 93,m OF

94,m through the point PO(XO,YO,ZO) and determining the
intersection with 91,m or gz'm, respectively. As can be
seen in Fig. 6b, it is possible to calculate U from d3 and
d4. To calculate d3 and d4, one uses the formula (20) for
the distance d of a point (X,Z) from a straight line given
by two points (X1,Z1) and (XZ,ZZ);

(2-2,) (X,-X,) + (X-X,) (2,-Z,)
4 1 1, "2 2 | (20)
2 2

(x1~x2) + (Z1-Zz)

=g (X ,Z )
With eq. (20) the values dj = 3,mS LAl and
3
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and

2 2
V(XZ,m—1 Xy om) ot (&g 0 1720 )

5S4
One then obtains for U

B-d B-S4-

93 ,m
Sg * 93,m ~ 53 °94,m

2 (21)

For the planes Em and Em—1 U is equal because the coil
segment (Fig. 6b) is symmetric to the axis AC. This is
because in the HEDOZ2 program the contour of the coil is
approximated with arcs. As can be seen in cross-section
GH (Fig. 6c), the point PO(XO,YO,ZO) is imaged onto the
point P (U,V) in the plane E.- The mesh point ULX' Viy
for point P is determined for the spline interpolation.
The volume force f= for the plane E  is calculated with

P,m
the 2-dimensional spline function:

4 4 : .
y 1 ut i’ 1) . J=d
R AR v s 1 30 5 i a5 L VVpy) (22)

where Ci,j,LX,LY,m are the spline coefficients for the

plane E . In the same way fﬁ m-1 1S calculated for the
’

+ .
plane E__,. The values fﬁ,m and fﬁ,m—1 obtained are

linearly interpolated to the point PO(XO,YO,ZO) according
to

L]

B,m-1"92,m
92'

o

B,m 91im”
g1,m Y

(23)

m



-

91 ,m 92 ,m
where the quantities d, = _Tf— and 4, = - 'Tf' (Fig. 6b)

are replaced by the values g1,m(xo’zo) and g2,m(xo'zo)
(d1 and d2 are obtained according to eq. (20)).
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FIGURE CAPTIONS

Fig.

Figqg.

Fig.

Fig.

Fig.

Fig.

1

6

Calculation scheme

Node numbering of a three-dimensional solid
element
a) Basic shape of a finite element (20 nodes)

b) Representation in Cartesian coordinates

Subdivision of a structure into finite Elements
* nodes connected to one element

o " . " two elements
four "

B n n n eight n

Scheme of a D coil subdivided for the force
calculations with HEDO2. OQutput locations for

the magnetic forces are shown by dots.

a) Segmentation of the coil along the circumference
5 UL of the winding

c) Volume element AV with the force densities

Y
Scheme of a D coil with the subdivision for the

calculation of the spline coefficients

a) Segmentation of the coil along the circumference
b) View GH

+ At this points spline coefficients are
computed. Shaded areas have the same spline
functions.

* Points without spline coefficients.

Scheme of a D coil showing the subdivision for inter-
>

polation the volume forces f(X,Y,Z) at point

Py (Xye¥gels)

a) Segmentation of the coil along the circumference

b) Interpolation in a segment of the coil

c) The spline coefficients to (U ) are valid

LX' VLY
for the shaded area.
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Flowchart of SHAPE main program

Flowchart of ENKEZ subroutine

Flowchart of GAUSS subroutine

Flowchart of JACOB subroutine

a) Flowchart of HEDO2IN main program for spline
coefficients

b) Flowchart of SPLKOE subroutine for HEDOZ2IN

a) Flowchart of VKRFT subroutine (general pattern)

b) Flowchart of VKRFT subroutine for coils when

the volume forces are calculated with HEDO2
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|
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=99

START
Definition of
costants and
initial values

v
CALL ENKEZ

\
/ Read: Number of nodes (NKP)
and number of elements (NEL)

DO M=1,NKP

o

i
/ Read : The M-th node with

boundary condition

1
Write:The M-th node with

boundary condition

D0 I=1,NEL

/Reud:Element description for /

the I-th element

/ Write: Element description for/

the I-th element

D0 IC=1,NEL

A

CALL VKRFT

CALL GAUSS l CALL JACOB

]

Write:Integral of body force (GINT)

and Jacobian determinant (DET(J))of
the centre of the IC-th element

no

Write - No node force com/

puted because DET(J)=0

,ves

Write:Mode force for

all elements /

END

Fig.7 SHAPE main program
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D0 1=13
D0 J=13 i
DOK:13
D0 L=1.20 !
=1+ XG(I) % AKSEL (1.1)
1+ XU« AKGEL(21)
1+ X6(K) % AKSEL (3L)
DKEZ = DK+ DE+ DZ-5
N0 | N(LI,1,K) =DK% DExDZ% DKEZ/8
NKST (L.1,J.K) = AKSEL (1,L) % DE % DZ % (DKEZ+ DK)/8
NETA(L.1.J.K) =AKSEL(2,L) % DKxDZ % (DKEZ + DE)/8
yes NZET(LIJK) = AKSEL(3.L) % DK DE x (DKEZ + DZ)/8

DKQ=1-XG(I)%x%2

N(L,I,J,K) = DKQ % DE % DZ /4
NKSI(L,1,J,K) = -XG(I)% DExDZ/2
NETA(L,IJ.K) = AKSEL(2,L) % DKQ % DZ/4
NZET(L,I,J,K)= AKSEL(3,L) % DKQ % DE/4

DEQ=1-X6(J) %% 2

N(LI,J.K) = DK DEQ % DZ /4

NKSI (L,1,J,K) = AKSEL(1,L) % DEQ % DZ/4
NETA(L,IJ,K) = -XG(J) % DK % DZ
NZET(L,IJ,K) = AKSEL(3,L) % DK»DEQ /4

020 =1-XG(K) %% 2

N(LI,J.K)= DK%DExDZ0Q /4

NKSI (L,IJ,K) = AKSEL(1,L) % DE %DZQ /4
NETA(LI,J,K) = AKSEL(2,L) * DK% DZQ /4
NZET(L,1J.K) = - XG(K) % DK% DE/2

Fig. 8 ENKEZ subroutine
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! GINT(L)=0 |
D0 IN=1.3

D0 JN=13 ¥
D0 KN=13 e

(o]
>
—
—
G
>
L)
o
o

DETM=DET)

XYZK(L)=0 |

D0 M=1.20
D0 L=13

XYZK(L)=XYZK(L)+N(M,IN,IN,KN) % XYZ (IMEL(IC,M),L)

:

CALL VKRFT (XYZK,F)

00 L=13

—

y
FOML=W(IN) x W(KN) » DETJ % F(L)
GINT (L) =GINT(L)+FGML

00 M=120

-

FXYZ (IMEL(IC,M),L) =FXYZ (IMEL(IC,M),L) + FGML % N (M,IN,IN.KN)

Fig. 9 GAUSS subroutine
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( START )

00 L=13
D0 M=13

Y
[ JAC(L,M)=0 |

00 L=1
D0 M=120

JAC(1,L) = JAC(1,L)+ NKST(M,IN,JN.KN) % XYZ (IMEL(IC,M),L)
JAC(2L)=JAC(1,L)+ NETA(M,IN,JN, KN) % XYZ (IMEL(IC,M),L)
JAC(3L)=JAC(3,L) + NZET (M,IN,IN, KN) % XYZ (IMEL(IC,M),L)

DETJ = JAC (1,1)%(JAC(2,2) % JAC(3,3)- JAC(2,3) % JAC

(3.2))«
JAC (1,2)% (JAC(2,3)% JAC(3,1)-JAC(2,1) % JAC(3,3)) +
JAC (13) % (JAC(2,1) % JAC(3,2)- JAC(2,2) % JAC(3,1))

/Write: DELI S0 /
:

DPOS =.FALSE.

Fig.10 JAKOB subroutine
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( START )

Read: Output
from HEDUZ

Prepare the data
of HEDO 2 for further
Eulculutlon

Write: Importunt
data of HEIJUZ output

CALL SPI.KUE

END

(a)

(=START—)

D0 LN=1LK

Interpolate the volume
forces from the centre
to the boundary of the
segments along
the circum ference

Write: VolurT/
fori:es
CALLIBEIEU
/erte Splme/
coefficients
RETURN

(b)

Fig.11 (a) HEDOZ IN program
(b) SPLKOE subroutine
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START

L

Calculate the volume
forces f at the point (X Y.2)

RETURN

i

(a)

START

Read: Spline

coef/f.i.ﬁnts /

D0 LN=2N3

1S (XX.Z)
in the LN-th

segment

Interpolate the valume
forces f at the point
(XY.Z) by spline coeffizients

no

Write:(XY.Z)is out-
side the structure

(b)

A

1?
RETURN

Fig. 12 VKRFT subroutine
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4. Appendix
4.1 Input for SHAPE
1) Control card: NKP, NEL (10I5)
NKP number of nodes
NEL number of finite elements
2) Cards for nodes: KOR, IC, FEST, (XYzZ(M,L), L=1,3)
(a1, I4, 6I5, 3F10.5)
KOR (C = cylindrical coordinates, blank = Cartesian
coordinates)
IC node number (IC = 1(1)NKP)
FEST degrees for freedom of nodes
XYZ(M,L) node coordinates X,Y and Z (M = 1(1)NKP;
L =1,3)
(a line of input for every node)
(The quantities KOR and FEST are only of
importance for SAP.)
3) cCards for elements: IC, ELB, (IMEL (I,M), M = 1,20)
(15, 16A4/14I5/215/415)
IC element number (IC = 1(1) NEL)
ELB description of element state
IMEL(I,M) description of element with 20 indices of
the nodes (I = 1(1) NEL; M = 1(1) 20)
(three lines of input for every element)
(The quantity ELB is only of importance for SAP.)
4) 1In calculating coils according to Sec. 3 the spline

coefficients computed with HEDO2IN are entered at
logical unit number 10.

(Input for HEDO2IN: Results from HEDO2 at logical

unit number 9.

Output from HEDO2IN: Spline coefficients calculated
with IMSL-subroutine IBCICU).
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In calculating other problems, the subroutine
VKRFT (X2ZY, F, NORMAL) must be changed according to the
problem.

Meaning of the variables:

XYZ (1) = X-coordinate

XYZ (2) = Y-coordinate

XYZ(3) = Z-coordinate

F(1) = Fx-volume force component in X-direction at
(XX .5

F(2) = Fy-volume force component in Y-direction at
(X,Y,2)

F(3) = Fg-volume force component in Z-direction at
(X,Y,2)

NORMAL = .TRUE. if the point (X,Y,Z) is located inside

the structure
.FALSE. in all other cases (see chapter 4.3d).

4.2 Important variables in the SHAPE program

a) COMMON /AA/ XYZ (2000,3), AKSEL (3,20), IMEL (250,20),
IC,FXYz (2000, 3)

XYZ node coordinates

AKSEL (&, 1N, 0 coordinates of the unit element in
Table 1

IMEL description of finite elements with indices of
the 20 nodes

IC index of the element

FXYZ components of the nodal forces

b) COMMON /GAUSP/ XG(3), N(20,3,3,3), NKSI (20,3,3,3),
NETA“(2053,3,3), ‘NZET (26,3733 % (3),
IN, JN, KN, GINT(3), DETJ, DETM, DPOS

XG(3) mesh points for Gauss integration (-0.7745966,
0,0.7745966)
N shape functions for Gauss integration

NKSJ= %g partial derivatives for Gauss integration
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NETA = 3% partial derivatives for Gauss integration
NZET = a__IS n n " n n
an
. . 5 8-5
W weightings " " "G5 )
IN, JN, KN indices for Jacobian determinant
GINT = F integral of the volume forces for the IC element
DETJ Jacobian deterninant for £ = XG(IN), n = XG(JN),
z = XG(KN) for the IC element
DETM Jacobian determinant for £ = n = = 0 for
the IC element
DPOS is .TRUE. when all DETJ > O, otherwise .FALSE.
4.3 Output SHAPE

1)

2)

3)

4)

3)

6)

Control output of the node coordinates, specifying

degrees of freedom

Control output of the description of elements (20 indices

of the nodes for each element)

In computations of coils according to Sec. 3 it is the

contour of the coil that is given as output

Forces Fx,r F._ and FZ at the centre of each finite element

Yy
and its Jacobian determinant for £ = n = ¢ = 0.

Node forces FX, FY, FZ computed for each element according
to shape functions

Additional output of the nodal forces to the logic unit
number 7 (standard punch unit) in card image format.
This cutput is for the input in the SAP program.
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The following statements in the output should be noted:
a) *%* ERROR IN THE NUMBERING #¥%

This call indicates that either the nodes or the finite
elements in the input are not consecutively numbered.

ole ofs ota
"

b) *** NO NODE FORCE COMPUTED BECAUSE JABOCIAN DET < = Q%%

After this statement the program is terminated without

output of nodal forces.

¢) *** ELEMENT NO. .... JACOBIAN-DET (KSJ=..., ETA=...,

ate ate ufe
T

ZETA=...) = ....%%

This statement indicates the element in which a Jacobian
determinant £ O occurred. The computation is continued
for checking purposes, but without computing nodal

forces.

dly =5 VS e e s IS OUTSIDE THE STRUCTURE %#%
In this case it is attempted in VKRFT to compute the
volume forces for a point (X, Y, Z) located outside
the structure. Here the volume forces are set equal to
zero and the computation is continued for checking

purposes without computing nodal forces.

4.4 Input example

The following input data for SHAPE describe a cube with
2 units in each directin; this cube is represented by
one finite element:




node number

20 1
1 o) 0
2 0 0]
3 0 0]
4 0} 0]
5 0] o]
6 0 (o)
7 ) 0
8 0] 0]
9 0 0
10 0] 0
11 0 0]
12 o) 0
13 o] o]
14 0 0
15 0 o)
16 0 0]
17 0] 0]
18 0 0]
19 o] 0]
20 0 0
1
17 197 13
2 4

11 12

(Xo]

The last four lines represent the element description according

M20000000000C0OO0O000O0O0O0OOO0
0000000000000 O0OOO0O0OOO0O
4200000000000 00O0O0O0O0O0OC0O0OO0O
000000000000 O0O0OOO0OO0O00O0

-l
u
-

@}

=39

x-coord.

0.0000000
1.0000000
2.0000000
2.0000000
2.0000000
1.0000000
0.0000000
0.0000000
0.0000000
2.0000000
2.0000000
0.0000000
0.0000000
1.0000000
2.0000000
2.0000000
2.0000000
1.0000000
0.0000000
0.0000000

3 18

to the numbering sequence of SAP IV

19

18

y=-coord.

0.0000000
0 - 0000000
0.0000000
1.0000000
2.0000000
2.0000000
2.0000000
1.0000000
0.0000000
0.0000000
2.0000000
2.0000000
0 .0000000
0.0000000
0.0000000
1.0000000
2.0000000
2.0000000
2.0000000
1.0000000

20 14

17

1y 20

8

13 —e

15

16

Note numbers for input example

z-coord.

0.00000000

0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
1.00000000
1.00000000
1.00000000
1.00000000
2.00000000
2.00000000
2.,00000000
2.00000000
2.00000000
2 .00000000
2.00000000
2 .00000000

16 6

8
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CALCULATION OF NODAL FORCES ACCORDING TO SHAPE FUNCTION
NECESSARY SUBROUTINES =
ENKEZ : CALCULATION OF SHAPE FUNCTIONS AND THEIR DERIVATIVES
AT 2T MESH POINTS
GAUSS : INTEGRATION OF FORCES ACCORDING TO GAUSS BY USING 27
MESH POINTS
JACOB : CALCULATION OF JACOBIAN DETERMINANT FOR FINITE ELEMENTS
VKRFT(XYZ,F,NORMAL) : VOLUME FORCES FUNCTION
THE ARGUMENTS ARE :

XYZ{l) = X - COORDINATE AND F(1l) = VOLUME FORCE IN X - DIRECTION
XYZ{2) = Y - COORDINATE AND F(2) = VOLUME FORCE IN Y - DIRECTION
XYZ(3) = Z - COORDINATE AND F(3) = VOLUME FORCE IN Z - DIRECTION
NORMAL = .TRUE. IF THE POINT (X,Y,2) IS INSIDE THE STRUCTURE
= oFALSE. IN ALL OTHER CASES
INPUT :
1. LINE ¢ NKP,NEL (1015}
NKP = NUMBER OF NODES
NEL = NUMBER OF FINITE ELEMENTS
2. LINE = KOR,IC,FEST,I(XYZ({MysL),L=1,3) {Al, 14,615,3F10.5)
KOR = (C=CYLINDRICAL ,BLANK=CARTESIAN COORDINATES)
IC = NODE NUMBER (IC=1{(1)NKP)
FEST(I) = DEGREES OF FREEDOM OF NODES (I=1(1)6)
XYZ{MyL)= XyYy,Z - NODE COORDINATES (M=1,NKP)
3. LINE = IC,ELB, (IMEL{I,M),M=1,20) (15,16A4/1415/215/415)
IC = ELEMENT NUMBER
ELB{M) = DESCRIPTION OF ELEMENT STATE
IMEL(I4M)= DESCRIPTION OF ELEMENT WITH 20 INDICES OF
THE NODES (I=1(1I)NEL ; M=1(1)20)
OUTPUT =
l. NODE COORDINATES WITH DEGREE OF FREEDOM
2e ELEMENT DESCRIPTION (20 NODE INDICES FOR EACH ELEMENT)
3. FORCES FX,FY,FZ AT CENTRE OF EACH ELEMENT AND ITS
JACOBIAN DETERMINANT FOR KSI=ETA=ZETA=0
4. NODAL FORCES FX,FY4FZ ACCORDING TO SHAPE FUNCTIONS
5. ADDITIONAL DUTPUY OF NODAL FORCES TO

G+.FTOTFOO1l DD DCB={RECFM=FB,LRECL=804BLKSIZE=2240)

COMMON /AA/XYZ({2000,3),AKSEL(3,20), IMEL(250,20)41C,FXYZ(2000,3)
REAL*4 NyNKSI,NETA,NZET,ELB(16),SUM(3)/3%0.0/

COMMON /GAUSSP/ XG(3)4N(204343,3),NKST1(20,3,3,3),NETA{20,3,3,3),
> NZET(20+3+393)9W(3) 3 INyJIN,KN,GINT(3),DETJ, DETM, DPOS
INTEGER FEST(6)

LOGICAL DPOS

CALL ENKEZ

READ(5,102) NKP,NEL

WRITE(6,204) NKP

DO 1 M=1,NKP

READ(5,100) KOR, IC, FEST, (XYZ(M,L),L=1,3)

IF({IC.NE.M) WRITE(6,205)

1 WRITE(6,200) KORyIC,FEST,{XYZ(MsL), L=1,3)

WRITE(6,+206) NEL

DO 2 I =14sNEL

READ(5,101)IC,ELB, { IMEL{TI 4M)4M=1,20)

IF(IC.NE.I) WRITE(6,205)

2 WRITE(6,203) I1,IC,ELB,(IMEL(T ,M),M=1,20)

DO 3 IC=1,NEL

CALL GAUSS

DO 5 L=1,3
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5 SUMI{L)=SUM(L)+GINT(L)
IF(IC.EQ.1) WRITE{6,202)
3 WRITE(6,201) 1C,GINT,DETM
WRITE(6,208) SUM
IF(DPOS) GOTO 4
WRITE(6,301)
WRITE(7,301)
sToP
4 WRITE(6,207)
DO 6 I1C=1,NKP
WRITE(69302) IC,{FXYZ(IC,4L)4L=1,3)
6 WRITE(7,302) IC,(FXYZ(ICsL)yL=1,3)
sTop

100 FORMAT(ALl,14,615,3F10.5)

101 FORMAT(15,16A4/ 1415/215/415)

102 FORMAT(1015)

200 FORMAT(1XA1l,14,615,1P3E13.5)

201 FORMAT(1X16,1P4E13.5)

202 FORMAT('LELEMENT*16X'FORCES'17X*JACOBIAN DET.'/4X'NO.'5X*FX'11X
> "FY'11X'FZ'10X,'(0,0,0)%//)

203 FORMAT({I5,' :'/10X15,16A4/10X2015)

204 FORMAT(®*1 NKP ='I6,* NODES®*/'0 NO.'7X*'DEGREES OF FREEDOM®'15X'X"’
> 12X0Y012x%2°/7/7)

205 FORMAT("QO%%%%x ERROR IN THE NUMBERING **%?)

206 FORMAT('1ELEMENT DESCRIPTION NEL ='16/' 1. LINE : ELEMENT NUMBER
>AND ELEMENT STATE'/*' 2. LINE : DESCRIPTION OF ELEMENT BY 20 NODE I
>NDICES*/'0 NO.'//)

207 FORMAT ('1NDDAL FORCES ACCORDING TO SHAPE FUNCTIONS'/
> 'O NO. LOAD  FX*BX'FY'BX'FZ%'//)

208 FORMAT('OSUM : *1P3E13.5)

301 FORMAT(*1%#%%x NO NODAL FORCES COMPUTED BECAUSE JACOBIAN DET. <= 0 %
>k

302 FORMATI(I5,4X"1'1P3E10.3)

END

CALCULATION OF SHAPE FUNCTIONS N AND THEIR PARTIAL DERIVATIVES
NKST+NETA,NZET AT 27 MESH POINTS FOR GAUSS INTEGRATION

SUBROUTINE ENKEZ I
COMMDON /GAUSSP/ XG(3)4N(20,343,3),NKSI(2043,3,3),NETA(20,3,3,3), |
> NZET(2093+3+3)4W(3),IN,JN,KN,GINT{3),DETJ,DETM,DPOS
COMMON /AA/XYZ{2000,3),AKSEL(3,20), IMEL{250,20), IC,FXYZ{2000,3)
REAL*4 N,NKSI,NETA,NZET

LOGICAL DPOS

DO 1 !=1|3

DO 1 J=1,3

DO 1 K=1,3

DO 1 L=1,20

DK=1.0+XG(I)*AKSEL(1,L)

DE=1.0+XG(J)*AKSEL{2,L)

DZ=1.0+XGIK)*AKSEL(3,L)

IF{L.GT.8) GDTO 2

DKEZ=DK+DE+DZ-5.0

NILyTsJ3K)=0.125%DK*DE*DZ*DKEZ

NKST{LsI¢JsK}=0s125%AKSFL(1,L )*DE*DZ*(DKEZ+DK )
NETAIL15J3K)=0.125%AKSEL{2,L)*DK*DZ*(DKEZ+DE)
NZET(Ly[4JsK)=0s125%AKSEL(3,L)*DE*DK*(DKEZ+DZ)

GOTO 1

2 IF(AKSEL{1,L).NE.O) GOTO 3

OO

=
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DKQ=1.0-XG( I)*%*2
N(L,I,J,K)=0.25*%DKQ*DE*D2Z
NKSTILyIyJyK)=-0.5%XG(1)*DE*DZ
NETA(L I yJsK)=0.25%AKSEL (2,L ) *DKQ*DZ
NZETILyI9J9sK)=0.25%¥AKSEL(3,L)*DKQ*DE
GOT0o 1

IFIAKSEL{2,L).NE.O) GOTOD &

DEQ=1+ 0-XGlJ)**%2
N{LyI4JyK)=0.25%DK*DEQ*DZ
NKST{LI,J,K)=0.25%AKSEL(1,L)*DEQ*DZ
NETA(L,y1yJyK)==045%XG({J)*DK*D2Z
NZETIL,I,J,K)=0.25%AKSEL (3,L )*DK*DEQ
GoTO 1

DIQ=1.0-XGIK) **2
N(LyI,JyK)=0.25%DK*DE*DZQ
NKST({L,I,J,K)=0.25%*AKSEL(1,L)*DE%*DZQ
NETA(L,1,J,K)=025%AKSEL(2,L)*DK*DZQ
NZETUL 315, J,K)=—0.5%XG(K ) *DK*DE
CONTINUE

RETURN

END
NTEGRATION ACCORDING TO GAUSS WITH 27 MESH POINTS
SUBROUTINE GAUSS

COMMON /GAUSSP/ XGU{3)4N(2053,3,3)4NKSI(20,3,3,3),NETA(20+39343),

> NZET(20939393)9WI3) s INgJIJNyKNyGINTI3),DETJ,DETM, DPOS

COMMON /AA/XYZ(200053),AKSEL(3,20),IMFL(250,20),IC,FXYZ(2000,3)
REAL*4 NyNKSIosNETA,NZET,F{3),XYZK(3)

LOGICAL DPOS

00 7 L=1,3

GINT(L)=0.0

DD 1 IN=1,3

DO 1 JN=1,3

DO 1 KN=1,3

CALL JACOB

IFUIN*JIN*KN.EQe8). DETM=DETJ

DO 6 L=1,3

XYZK(L)=0.0

DO 3 M=1,20

DO 5 L=1,3

XYZKAL )=XYZK{L)+N{M, INy JN,KN) *XYZ(IMEL(IC,M),L)

CONTINUE

CALL VKRFTIXYIK,F,DPOS)

DO 4 L=1,3

FGML=W{IN)*W( IJN) *WIKN)*DETJ*F{L)

GINTIL)=GINTI(L)+FGML

DO 4 M=1,20

FXYZ{IMELUIC M)y L)=FXYZUIMEL(ICsM) oL )+FGMLEN{M, INy,JIN,KN)
CONTINUE

CONT INUE

RETURN

END
ALCULATION OF JACOBIAN DETERMINANT FOR FINITE ELEMENTS
SUBROUTINE JACODB

COMMON /GAUSSP/ XG(3)4N(2033,353)sNKSI(20,343,3)4NETA(20,3+3,3),
> NZET{20939393),W(3),IN,IJNyKN,GINT(3),DETJ,DETM,DPOS
COMMON /AA/XYZ(20004+3) 4AKSEL{3,20),IMEL{250+20),IC,FXYZ(2000,3)
REAL*4 NyNKSI,NETA,NZET,JAC(3,3)
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LOGICAL DPOS |
DO 2 L=1,3 |
DO 2 M=1,3

JACIL,M)=0.0

0O 1 L=1,3

DO 1 M=1,20

JAC{1,L)=JAC(L L) +NKST{M,INy JN,KN)*XYZ(IMEL{IC,M),L)
JACT2,L)=JAC{29L ) +NETA{My INy JN,KN) *XYZ(IMEL(ICyM),L)

JACI3 L) =JACI3,L)+NZET (M, INy JN,KN)*XYZ { IMEL{IC,M),L)

CONTINUE

DETJ=JAC(1,1)%(JACI(2,2)%JAC(3,3)-JAC(2,3)%JAC(3,2))+
> JAC(142)*(JAC(243)%JAC(3,1)-JAC(2,1)%*JAC(3,3))+
> JACU193) %0 JACE2,1)%JACI3,2) -JAC(242)%JAC(3,1))

IF(DETJ.GT.0.0) RETURN

WRITE(65200) ICoXG(IN)sXG{JIN)XGIKN),DETJ

DPOS=.FALSE.

RETURN

200 FORMAT(' *%% ELEMENT NO."I5,' JACOBIAN DETI(KSI='F6433'+ETA="F6.3,

> "2 ZETA="F6e37 ') ='1PE13.5," ***%xx%x?)

END
INITTIAL VALUES AND CONSTANTS

BLOCK DATA

COMMON /GAUSSP/ XG(3),N{2043¢4343)yNKST(2043,343)y,NETA(204393+3),
> NZET(20+4393+3)sW{3) yINyIJN,KN,GINT(3),DETJ,DETM, DPOS

COMMON /AA/XYZ(200043),AKSEL(3,20),IMEL{250,20),IC,FXYZ(2000,3)

LOGICAL DPODS

DATA XG/=eTT4996T 3004« TT49967/4W/+5555556,4.8888889,y.5555556/

DATA GINT/3%0./4FXYZ/6000%0./,DP0CS/TRUE./

DATA AKSEL/3*1-1—10 12*10 12*-10’2*1.!'1.'3*1.!2*-1.’ 1'!4*-10' 1.'
>2*"'1010-’2*1.1"10'0-:1-:0.3‘1.'2*10'0. '1- ’0.110 ’2*‘1.1001—lo|-0|
> 2*—1-'1. 'ch-layz*l.o'[).’—l.|1-!0.’2*-1.’00’ 10!"1010./

END
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THIS PROGRAM READS THE OUTPUT FROM HEDD2 ON G.FTO9FOOL AND
CALCULATES THE SPLINE CDEFFICIENTS FOR INTERPOLATION OF VOLUME
FORCES IN PROGRAM SHAPE .
COMMON /PNTS/PYY(8),LKyN1y4N2,N3A,8,D,DELByDELD,PX{2,61),PZ{24,61)
COMMON /01/FGS(3,60:16,8)
COMMON /MIT/ PXM{61),PZM{61),DELX{61),DELZ(61)
INTEGER*2 NA(400) ,1ZUI200),1ZU21200),1ZU3(201),1ZU4(200),
> [ZUS(200),12ZU6({200) ,KRM{200)
COMMON /GNRL/ PXMB(3000),PZMB{3000),DELXB(3000),DELZB(3000), IKKT,
> LKS{200)
COMMON /GLOB/ BB(200),DB(200),GB(200),WB(200) ,NRB(200) ,NYB{200)
READING THE OUTPUT FROM HEDOZ2
READ (9) IKKT,KKT
READ {9) NSP,IMIT,IZU3(KKT)
DO 8 K=1,NSP
8 READ (9) BBI(K) DB{K)sWBI{K)sGBI{K)sNRB(K)  NYB(K)
WRITE (6,100)
WRITE (64200)(K,BBI{K) 4DBIK) ¢4NRBI(K) yNYBI(K) yWBI(K)sGBIK)yK=1,NSP )
DO 9 I=1,NSP
9 READ {9) Izu(I),Izu2{1)
DO 6 I=1,IKKT
6 READ (9) IZU3(1),1ZU4(1)
DO 7 I=1,IMIT
7 READ (9) ITZUS(I),IZUGIT)4KRMIT),LKSI(I)
DO 1 K=1,IMIT
KR=KRM({K)
DO 3 J=1:KR
3 READ (9)
IZA=1ZU3(K)+1
IZE=1ZU3{K+1)
WRITE {6,600)K, (1ZU2(1),I=1ZA,1ZE)
1 CONTINUE
DO 2 K=1,NSP
2 READ (9)
DO 5 I=1,IKKT
KK=1ZU4(1)
LK=LKS {(KK)
KKM=1ZU6{KK)
DO 5 J=1,LK
I KK=J+KKM
S READ (9) PXMB(IKK) PZMB(IKK) ,DELXB{IKK),DELZBI{IKK)
READ (9)
READ (9) IKRyNL1 N3A;N14N2,N3
107 DO 18 1I=1.N1
DO 11 J=14N2
DD 13 IL=1,N3
13 READ (9) DUMyPYYI(I) ,(DUM,L=1,T) s (FGS(L,IL,Jy1),L=1,3)
11 CONTINUE
READ (9)
18 CONTINUE
COMPLETE INTPUT DATA IF NECESSARY
LK=LKS({IKR])
IFIN1.EQ.N11) GOTO 20
N1P=N1+1
DO 21 I=N1P,N11
PYY({I)=-PYY{(N11-1+1)
DO 21 J=1,N2
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DO 21 IL=14N3
FGS(1,IL,JsI)=FGS{14ILseJyN11-T+1)
FGS(Z,IL:J:IJ=-FGS(211L1J)N11‘I+1)
FGS{3y ILyJs I)=FGS{3,ILyJyN11-1+1)
21 CONTINUE
20 N1I=N11
B=BB{ IKR}
D=DB{IKR)
DELB=B/N2
DELD=D/N1
KKM=TZU6 ({IKR)
DO 22 J=1,LK
L=KKM+J
PXM{J)=PXMB{L)
PZM{J)=PZMBIL)
DELX {J)=DELXB(L ) *DELB
DELZ(J)=DELZB(L)*DELB
IFIN3.LT.LK) GOTO 22
PXM{2%LK-=J)=PXM{J)
PIM(2%LK=-J)==-PIM(J)
DELX{ 2%LK-J)=DEL X{J)
DELZ{2%LK-J)=-DELZ{J)
22 CONTINUE
IFIN3.GT LK) LK=2%LK-1
DO 33 LN=1,LK
DX=0.5*N2*DEL X{LN)
DZ=0.5*%N2*DELZ(LN)
PX{1sLN)=PXM{LN)-DX
PXU{2,LN)=PXMILN) +DX
PZ{1,LN)=PZM{LN)-DZ
PZ{2,LN})=PZM(LN) +DZ
33 CONTINUE
WRITE(6+202)(I,PXMIT),PZM(I)4DELX{I)sDELZ(I ), (PX{Jy1),PZ{Jy1),
> J=1;2],!=1,LK‘
WRITE(6y401) IKR
CALL SPLKOE

STOP
100 FORMAT("L1COIL DATA®,/,1X,¥========<1,/90RADIAL THICKNESS = WINDING
> HEIGTH® /' AXIAL THICKNESS = WINDING WIDTH'/
> 'OCOIL *,4X; "RADIAL ' 95X, " AXIAL *10X,*SUBDIVISION ',
> GX'TURNST*OX'CURRENT®*/" NDL'2({S5X'THICKNESS* )TX'RADIAL'6X*AXIAL"/
> LIXs'B (M)*,9Xs*D (M)*13X,"NR" y9Xs*NY*' 913X, "'W'y 10X,
> ‘I (A}, /)

200 FORMAT(1X,I13,1X,1P2El4.5,9X,13,8X,13,5X,1P2E14.5)
202 FORMAT(//TL7,*CENTRE LINE'T75,'BOUNDARY LINE'/T65," INSIDE'20X'0UTS
>IDE*/S5X ' I'BX "X "12X*Z'9X*DELX*9X*DELZ*2{ 12X X 12X*2*)/
> (164,1P8E13.5))
600 FORMAT(®OSUBDIVISIDN OF THE®',13,1X'. GEOMETRIC CENTRE LINE BY CIRC
>ULAR ARCHES FOR THE FOLLOWING COILS :'/{1X20(I3," ,*)/) )
401 FORMAT(®*OCALCULATION OF THE SPLINE COEFFICIENTS FOR THE'I4,'. COIL
> w5t )
END
CALCULATION OF THE 2-DIMENSIONAL SPLINE COEFFICIENTS FOR THE FDRCE
DISTRIBUTION OF A COTL COMPUTED WITH HEDDO2 AT THE PLANES FOR
LN =1 (1) N3A .
CX : SPLINE CDEFFICIENTS FOR THE VOLUME FORCES IN X DIRECTION FOR
THE LN-TH PLAIN .
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Y : SPLINE COEFFICIENTS FOR THE VOLUME FORCES IN Y DIRECTION FOR
THE LN-TH PLAIN .

Z : SPLINE COEFFICIENTS FOR THE VOLUME FORCES IN Z DIRECTION FOR
THE LN-TH PLAIN .

DDITIONAL OUTPUT OF THE SPLINE COEFFICIENTS ON G.FT10F0O0l .

SUBROUTINE SPLKOE

COMMON /KDEF/CX{434,91648) yCY{444,1648)4CZ1434416,8)

COMMON /KRAFT/VEKX{16,8),VKY{16,8),VKZ{16,8)

COMMON /PNTS/Y{8) LKsN1,N2,N3,B;DyDELByDELDyPX(2561)4PZ(2,61)
COMMON /01/FGS13,60,16,8)

COMMON /MIT/ PXM(61),PZM{61),DELX{61),DELZ(61)

NAMELIST /IER/LN,LX,LYy3IRXy3IRY,IRZ

REAL*4 X({16),WK{80)/80%0.0/

FL=DELB*DELD

DO 1 I=14N2

X{I1)=0.5%DELB+{(]-1) *DELB

WRITE{10) N1 ,N2,LKyByD,DELB, DELD{X{LX)gLX=14N2)s{YI(LY),LY=1,N1)
> sUIPXIT4LN)gI=142) yLN=14LK),{(PZ{I4LN)yI=1,2),LN=1,LK)
NX1=N2-1

NY1=N1-1

N0 2 LN=1,LK

IF{ILN.NE.1-AND.LN.NE.LK) GOTO 7

IF(PXMI{L1l) cEQ.PXM(LK)) GOTD 10

K =1=-2%{LN/LK)
S1=SQRTU{PXMILN+K)=PXM{LN) ) **2+(PZMILN+K)}-PZM{LN) }*%2} /2,0
$2=2.0%S514+SQRTI{PXMILN#2%K) =PXMILN+K) ) **%2+ (PZM(LN+2%K)=-PZMILN+K))
> ¥%2)/2.0

L1I=MINO{LN,N3)

DO 8 LX=14N2

DO 8 LY=1,Nl

VEKXILX LY ) =(S2%%2%FGS {1y L1y L XgLY)-SL1*kk2%FGS{LaL1+KoLX,LY) )/ (S2%%2~
> S1%%2)/FL

VEKY {LX LY )=(S2%%2%FGS {2, L1, LXsLY)=S1%%2%FGS{2,L1+K,LX,LY) )/ (S2%%2~
> S1*%2) /FL

VKZ(LX,LY)=0.0

CONTINUE

GOTO 9

DO 11 LX=1,4N2

DO 11 LY=1,4Nl1
VEKXILXLY)=I{FGST 141 4L X LY)+FGSI14N3,LX,LY))/(2.0%FL)

VEKY (LX o LY )=(FGS (23 1lsLXsLY)+FGS{24N3,LX,LY))/{2.0%FL)
VKZILXLY)={FGSI{3,1 yLXsLY)+FGS{3,N3,LX,LY))/(2.0%FL)

GOTO 9
S1=SQRT{(PXM{LN)—PXMILN=1))**%2+{PZM{LN)-PZMILN-1) )%%2)/2,0
S2=SQRTI(PXM{LN) =PXM(LN+1)) *%24+(PZMILN)-PZMILN+1))*%2)/2.0

DO 4 LX=14N2

DO 4 LY=1,N1
VKXILXyLY)=0S2%FGSUL4LN=-19LXsLY)+S1%*FGSI14LNyLX,LY))/(S2+S1)/FL
VEKY (LXoLY)=(S2%FGS{ 25 LN=1,LX,LY)#+S1%*FGS{2,LNsLX,LY))/1S2451)/FL
VKZILXeLY)=(S2%FGSI{3,LN-1oLXsLY)+S1*FGS{3,LN,LX,LY))/(S2+51)/FL
CONTINUE

WRITE(6,200) LNgN2,N1;PX{1,LN}sPZ{1,LN)sPX{2,LN),PZ{2,LN),
> DELX{LN),DELZ{LN) {Y(LY),LY=1,N1)

DO 6 LX=14N2

WRITE(65201) X{LX)y IVKX{LXsLY),LY=14N1)

WRITE(69204) (VKY{LXysLY),LY=1,N1)

HRITE(6!204) (VKZ(LX,LY),LY‘:l’Nl,
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6 CONTINUE
DO 5 LX=1,NX1
DO 5 LY=1,4NY1l

CALL IBCICU (VKX s163XsN2yYeNLyLXyLYsCX{1slslX,LY)yWK,IRX)
CALL IBCICU (VKY, 169 XsN2yYyNL1sLXsLYsCY(L1y1lsLXsLY) WK,IRY)
CALL IBCICU (VKZ,16¢XyN2,YoNLyLXoLYoCZ(1ly1ysLX,LY)yWK,IRZ)
IF(IRX+IRY+IRZ.NE.O) WPITEl(6,I1ER)

5 CONTINUE
HRITF(IO) (((lCX(I.JgLX,LY),I=1.43,J=1.4),LX=1.NXII:LY= ].'Nvll'
> (CEICY (T o JdoLXeLY) s1=194),3J=194)LX=1,NX1)oeLY=1,NYL]),
> (( ((CZ( IpJgLX;LY),Izlng) 1J=1.4) ,LX=1,NX1) 'valngl,
2 CONTINUE
RETURN

200 FORMAT ('1VOLUME FORCES FOR THE®'I4,'. PLAIN'
> LOX*NX ="14," NY ='14/' BETWEEN ('1PE13.5,' ,'E1l3.5,' ) AND (°
> EL3:5,"- s E13555¥2) DELX ="C13.54"SDELL:=EL13:57
>* 1. LINE FX{X,Y) IN (N/M%xx3)*/% 2, LINE FY{X,Y) IN (N/M%x%3)*/
>' 3. LINE FZ(X,Y) IN (N/Mx%3)%/9Q X'6X'Y'OPL1OF12.4)
201 FORMAT(/1XOPF10.4,2X1P10E12.4)
204 FORMAT(13X1P10El12.4)
END
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C INTERPOLATION OF VOLUME FORCES FOR D - COILS
SUBROUTINE VKRFT(XYZ,F,NDRMAL)
COMMON /DFg5/ 1D9
REAL®*4 KX(2),KY{2),KZ(2),XYZ(3),F(3)
COMMON /KOEF/ CX({4%949159T92)3CY( 49431597 22)+C2(434,15,742)
COMMON /VAR/XP{16),YP(B),N1,N2yN34,BsDyDELByDELDNXL,NY1,PX{2,61),
> PZ(2,61)
LOGICAL ANFANG/ .TRUE /s NORMAL
IF (ANFANG) CALL PDS
ANFANG=,FALSE.
X=XYZ(1l)
Y=XYZ1{2)
I=XYZ(3)
Gl=(X=PX{1y1))%(PZ(1,1)-PZ{2,1))+(PX(2,1)-PX(1,1))*(Z-PZ(1, 1))
DO 1 LN=2,4N3
G2= (X-PX(LyLN))*(PZ{14LN)=PZ(2,LN))+(PX{2,LN)=-PX(1,LN))*
> (Z-PZ{1,LN))
G3=(X-PX{ 1yLN=-1) ) *(PZ(1,LN-1)-PZ{1,LN))+(PX{1,LN)-PX(1l,LN-1))%*
> (Z-PZ(1,1LN-1))
G4={ X-PX{24LN=1))%(PZ(24LN=1)-PZ(2,LN))+(PX(24,LN)-PX(2y,LN-1))%*
> {(Z-PZ12,LN-1))
IF{G1%G2 o LEaDe0«ANDG3*G4 .LE.0.0) GOTO 3
G1=G2
1 CONTINUE
WRITE(6,201) XYZ
NORMAL=.FALSE.
F{1)=0.0
F(2)=0.0
F(3)=0.0
3 IF({.NDT.NORMAL) RETURN
S1=SQRTIIPXI{14LN=1)-PX{14LN))*%2+(PZ(1,LN=-1)-PZ{1,LN))**2)
S2=SQRT{(PX{24,LN=-1)-PXI2,LN) ) %%24(PZ{2,LN-1)-PZ12,LN))%%*2)
DB=B*S2%G3/({S2*G3-S1*G4)
FAKT=G1/{(Gl-G2)
IX={DB-DELB/2.0) /DELB+1.,00001
1Y={Y+{D-DELD)/2.0)/DELD+1.00001
IX=MINO(NX1,MAXO(1l,1IX))
IY=MINO(NY1l,MAXO(1l,1Y))
DX=DB-XP{IX)
DY=Y-YP{1Y)
IF{ID9-1.EQ.LN} GOTD 6
I1D9=LN-1
FINDI9'ID9)
DO 2 K=1 12
READI9'IDY9) ({I(CX{TI3JslXsLYsK)3I=1,4),J=1,4),LX=1yNX1L)sLY=1yNYL),
> (COICYU T3 oL XeLY oK) 9I=134) yJ=144) yLX=1yNX1)LY=1,4NYL),
> I((lCZlI,J'LX'LY'KI,I=1.4l,J=1'4l,LX=1,NXl),LY‘-’I,NYI)
2 CONTINUE
6 DO 4 K=1,2
KX{K})=0.0
KY{K}=0.0
KZ{K)}=0.0
DXI=1.0
DO 4 I=1:4
DYJ=1.0
DO 5 J=1,4
KX(K)= KXIK)4CX (I,J91Xs1Y,K)*DXI*DYJ
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KY{K)= KY(K}+CY (I,J3IX,1YK)*DXI*DYJ
KZIK)= KZIK}+CZ (1,J,IXs1YsK)*DXI%DYJ
DYJ=DY *DYJ
5 CONTINUE
DXI=DX*DXI
4 CONTINUE ]
FOL)={KX{L)+(KX(2)-KX(1))*FAKT) i
FI2)=(KY(1)+{KY{2)-KY(1))*FAKT) ]
FI3)=(KZ(1)#+(KZ(2)-KZ{1))*FAKT) i
RETURN
201 FORMAT({® **xXYZ ='1P3E13.5,' IS OUTSIDE THE STRUCTURE *¥%x?)
END
CREATING A PARTITIONED DATA SET (PDS) ON G.FTO9F001 WITH THE
VOLUME FORCES FROM G.FT10F001 ,CALCULATED BY HEDODZIN
NECESSARY JCL CARDS :
//G<.FTO9F001 DD SPACE={ XXXXXyN3),DCB={RECFM=VBS,BLKSIZE=XXXXX)
WITH XXXXX 192% ({N2—-1)*{N1-1)+8
//G.FT10FO01 DD (SPLINE-COEEFICIENTS CALCULATED WITH HEDO2IN)
REPLACE N3 AND XXXXX IN THE LINE : DEFINE FILE 9 (N3, XXXXX,L,1D9)
SUBROUTINE PDS
COMMON /DF9/ 1ID9
COMMON /KOEF/ CX{4949153732)9CY(494915,742)3C2(444:15,7,2)
COMMON /VAR/XP{16),YPI{8),N1,N2,N3,B,DyDELBy DELDyNX1,NY1,PX{2,61),
> PZ(2,61) ;
DEFINE FILE 9(31,08648,L,1D9)
1D9=1
READ(10) N1y;N2;N3,B4D,DELByDELD,( XP{LX) LX=1,N2),{YP{LY),LY=1,N1),
> ({PX{TsLN)sI=1,2),LN=1,N3),{(PZ{T+LN)sI=1,2)3LN=1,N3)
WRITE(6,200) N1,N2,N3,8,D,DELB,DELD
WRITE(6,201) (XPILX)yLX=14N2)
WRITE(6,202) (YP{LY),LY=1,N1)
HRITE‘6|203’ iLN,(PXII,LN),PZ(I,LN),I=1 l2"LN=1 'N3) |
NX1=N2-1
NY1=N1-1 '
DO 2 LN=14N3 ;
READ(10) ((((CXx( I,J,LX.LY,H,I=1,4),J=1,4),LX=1:NX1),LY=1.NYI) v [
> (LUICY T 9oL XoLY 1) oI=1,4)3J=194)sLX=1sNXL),LY=14NY1), ’
> ({U(CZUTIsJsLXsLY31)37=144)J=1,4)LX=1,NX1),LY=1,NY1)
WRITE(O'IDGIIII{CXI ToJoLXyLYy1)yI=194)9J=1,4)sLX=1,NX1)yLY=1,NYLl}, '
TTHICYI T oJdelXsLlYel) 31=194) yJd=194) s LX=1,NX1)LY=1,NYL), |
I‘{(CZ( I,J'LX,LY. 1’,1=1|4}'J=1'4’ 'LX:I’NXI’ 1LY=1|NY1,

aNeEaNekiinNe)

v Vv

2 CONTINUE
ID9=-1D9
RETURN
200 FORMAT('1D - COIL DATA'/'ONl =°16,5X"N2 ='16,5X'N3 ="' 6/
> '0B ='1PE13.5¢5X'D ="E13.5,5X"DELB ='E13.5,5X"DELD ='E13.5)
201 FORMAT('OXP ='1P10E12.4/(5X10E12.4))
202 FORMAT{'OYP ="1P10E12.4/(5X10E12.4))
203 FORMAT('0°'25X"BOUNDARY LINE®'/18X'INSIDE*20X*OUTSIDE"'/
> . LN*2(BX*X'12X'2'4X) /{1X14,1P4E13.5))
END
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