
A v Fermi National Accelerator Laboratory FN-306 
1620 

MECHANICAL STRESSES IN SUPERCONDUCTING QUADRUPOLES 
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Summary 

A solution has been found for stresses in a structural composite 

that models a shell type superconducting quadrupole. The composite 

consists of three nested hollow cylinders: the innermost cylinder 

represents the region of the bore tube, the middle cylinder the 

region of superconductor, and the outermost cylinder the region of 

the collars. Under zero stress a distribution of current is chosen 

to give a pure quadrupole field. Subsequent effects of prestress, cool-

down and excitation on the state of stress are determined. Each 

region is characterized by two elastic constants, one thermal constant 

and one pretension constant. Two different cases are used to produce 

a pure quadrupole field: (A) two sheet currents nested between the 

innermost and middle cylinder each with a surface current density 

varying as cosine two theta; (B) a thick cosine two theta current 

distribution in the middle region. Numerical results are given for a 

beam line quadrupole. 

Equation for Elastic Displacements 

If ~ is the displacement vector then (l) 

2l+v+ + 
= ~xB, 

~ 

where E is Young's modulus, v is Poisson's ratio, J is the current 
~ 

( 1) 

density and B is the magnetic induction. If the case of sheet current 

excitation is used then the RHS of Eq. (1) is zero. 
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Generalized Plane Strain 

For simplicity consider only the case for which uz = Ezzz with 

Ezz = constant. The remaining components are to be considered func­

tions of (r,8) only. This is consistent with an excitation in which 

where 

S = 2 1-v 
r-2v 

2l+vJ B 
E z r' 

Magnetic Quantities of Interest 

Current Sheets (Model A) : 

A pure quadrupole may be generated with two sheet currents each 

varying as cosine two theta. Thus 

(r=b) 
(abA/cm) 

(r=c) 

The vector potential corresponding to this excitation is (emu) 

A = TI z 

[(l+b4rs-4)i:1 (l+c4rs-4)icc ]r2 

[ b 4rs- 4i:1(l+c4rs-4 )icc ]r2+b 3ibr-2 cos28 

[ b4rs_4ibbtc4rs_4icc ]r2+(b3ib+c3ic)r-2 j 

where the top entry is for r<b, the middle entry for b<r<c, and 

the bottom entry for c<r<r . See Fig. 1 for geometrical details. s 

( 2) 

( 3) 

(4) 

(5) 

(6) 
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The magnetic induction is given by taking the curl of 

Eq. ( 6) 
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(7) 

( 8) 

In order to calculate the forces one needs the average field at the 

current sheets. Thus 

(l+b4r - 4 )ib+£(1+c4r - 4 )i l (r=b) I s c s c 
>sin28 B = -2Tr ( 9) 

r 
4 -4) ( 3 -3. . ) (l+c r b c ib+i s c J 

(r=c) 

. 
I 

b 4r - 4ib+£(l+c4r - 4)i (r=b) s c s c 
( cos28 Be = -2Tr ( 10) 

b 3 4 -4 . 4 -4. (r=c) -~(1-c r )i +c r 1 
c3 s b s c _j . 

Hence the force per unit area of the current sheet is given by (dynes/ 

2 cm ) 

(11) 
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The magnetic energy stored in a unit length of the quadrupole 

is given by 

w = 
B } S Azizrd8, 

which when contributions from each shell are added 

WB = }rr2Lb2(l+b4rs-4)ib2+2b:(l+c4rs-4)ibic 

~ 

+c 2 (l+c4r - 4 ) i 2 } . 
s c (ergs/cm) 

gives 

If T designates the Maxwell stress tensor then in utilizing 

the virial theorem( 2 )one needs the projection of the outward radial 

traction on the radius vector. This becomes 

Evaluating the integral in the virial theorem gives 

f ~-"T-~rde 
r=r s 

r s 
-4 

Finally the surface current densities are chosen so that both 

the total current and the radial moment of the current are the 

same as for the thick cosine two theta quadrupole. Hence 

(12) 

(13) 

(14) 

(15) 

( 16) 

(17) 

(18) 



which gives 
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Equations (8), (19), and (20) may be used to eliminate the current 

density J . Thus 
0 

Thick Cosine Two Theta (Model B) : 

By definition a thick cosine two theta conductor carries an 

axial current between two radii (b,c) with a current density that 

varies as 

From this it follows that the vector potentia1< 3 l corresponding to 

this excitation is (emu) 

\ [ln~lcc4 -b4 )r - 4 Jr 2 ·; 
b 4 s 

( AZ = TTJ [~ln~l(c4 -b4 )r - 4 Jr 2-}b4r-2 cos26 
0 4 r 4 s 

t<c4-b4) (rs-4r2+r-2) j I 

where the three entries are for the three regions explained in 

Case A. 

The magnetic induction becomes 

( 19) 

( 2 0) 

( 21) 

(22) 

(23) 



B r = -2TIJ 
0 

( 

I 

(,,­

) 

B = -2TIJ \ 
r o \ 

I 
l 
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[ c 1 4 4 -4 
lntt4 <c -b )rs Jr ----­! 

J sin28 

j' 

...... ,\ 

I 
( cos28 

I 

j 
The Lorentz force in the region of the conductor is (dynes/cm3 ) 

fr= -J
2

Be = TIJ
0

2 r [-}-ln2i(c
4
-b

4
)rs-

4
Jr+ib

4
r-

3
} (l+cos48) 

f8 = J
2
Br = -rrJ

0 

2 
[ [}-ln2i(c

4
-b

4
)rs - 4 Jr-~4 r- 3 

}sin48 . 
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The magnetic energy stored in a unit length of the quadrupole 

is given by 

Using Eqs. (22-23) one has 

(24) 

( 2 5) 

( 26) 

(27) 

( 2 8) 

w = l:...rr 2J 2 {-4b4 ln~(c4 -b4 ) [l+~(c 4 -b4 )r - 4 ]}. (ergs/cm) (29) B 16 o b 2 s 

The integral of interest in the virial theorem is from Eq. (15) 

and Eqs. (24-25) 
~ 

f ~ ~ ~ 1 2 2 4 4 -4 
r·T·nrd8 =-TI J (c -b )r . r=r B o s s 

Finally the current density J
0 

is chosen by relating it to the 

desired central gradient. From Eq. (25) 

( 3 0) 
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Form of Solution 
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Equations (11-12) and Eqs. (26-27) indicate that a suitable 

form for the displacement is 

Substituting into Eqs. (2-3) gives 

d 1 d -S-[- - (rP ) ] 
dr r dr o 

4 -3 -µ[(l-A)r+4rlnr-b r ], 

p 
_ 4_.!:!._(_!) + 413 ~ ( P J _ _.!:!....[.!. ~ ( Q ) ]+16SQ = 

dr r ;::-z dr r 4 dr r dr r 4 r2 4 

where for convenience 

4 -3 =µ[-(l+A)r+4rlnr+b r ], 

4 4 -4 A = (c -b )r +4lnc. s 

Solutions of the Homogeneous Equations 

In general these solutions are of the form 

P
0 

= Ar-1+Br P4 = crP 

where p is found by substituting into Eqs. (34-35) to obtain 

[16-S(p2-ll]C+4[p+l-S(p-l) ]D = 0, 

4[-p+l+S(p+l)]C-[p2-l-16S]D = 0. 

( 31) 

(32) 

( 3 3) 

(34) 

(35) 

(36) 

(33) 

(38) 

( 3 9) 
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The determinant of the coefficients is 
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Setting this equal to zero gives p = ±3, ±5. Hence there are four 

solutions which must be added together to give 

In addition to solutions of the form given in Eq. (32) another 

solution is added of the form 

u = k
13 

rlnr r u 8 = Gr6, 

which is utilized in describing pretension. 

Displacement 

Collecting all the forms together one has after relabeling the 

constant( 

u = r 

' I 

i 

I 
I 

( 
/ 
l 
/ 

( 40) 

( 41) 

( 4 2) 

( 43) 

( 4 4) 



( 
\ 

L 
ue = 

G
3
re + 

Strain 
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[ 3 -3 S -SJ . c 1 r +D1 r +E
1

r +F
1

r sin48 

[ 3 -3 S -SJ c 2r +D 2r +E 2r +F 2r sin46 

[ 3 -3 S -SJ c 3r +D
3

r +E
3

r +F
3

r sin48 

-. 
i 

i 

> 
_) 
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Using Eqs. (61-63) from Ref. (2) the strains are given by 

E: rr 

see 

/ 
\ 

/ 
- ' 

I 

', 

/ 

; 
= " \ 

! 
I 

I 

= < 
) 
C_ 

-2 
-A r 1 +Bl 

2 l-2B1 -4 3-2B1 4 -6 
+[-3C1r -3 2_

61 
n

1 
r -s 2 _ 3S

1
E

1 
r -SF

1
r Jcos48 

-A r -2 
+B2 2 

3-262 4 2 l-2B2 -4 
2r-

6 Jcos48 + [ -3c2r -3 2_S D2 r 
-s2_

36 
E2 r -SF 

2 2 
-2 1 -A3r +s G3 (1+1nr)+B 3 3 

3-2S 3 4 2 l-2S3 -4 -6 +[-3C
3

r -3 
2

_
63 

D
3 

r -s2_36 E3 r -SF 3r Jcos48 
3 

A1r 
-2 

+Bl 
\ 

I 

2 3-2Sl -4 l-2S1 4 -6 +[3C
1

r +3 
2

_
8 

D
1 

r +s 2 _3 i3 El r +SF 1 r Jcos48 
1 1 

A2r -2 
+B2 

l-2B 2 4 
> 

2 3-2S2 -4 -6 

( 
+[3c

2
r +3- 2_

6 
n

2 
r +s 2 3 B E2 r +SF 2r Jcos48 

-2 1 2 - 2 
A3r +G3 (l+s-lnr)+B 3 3 

2 3-263 -4 l-2S 3 4 -6 +[3C
3

r +3 2_S o3 r +s 2 _3 i3
3 

E 3 r +SF 3r Jcos48 I 

·' 
I I 

3 

sin48 

( 4 s) 

( 4 6) 

( 4 7) 

(48) 
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Stress 
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To obtain the stress invert Eqs. (48-50) of Ref. (2). Thus, 

after using Eq. (4) 

0 rr 

0 ee 
1 E = 2 l+v [- (2-8) Err +8e:ee- (2-S) Ezz + (4-3S) k]' 

where k is the thermal expansion coefficient integrated from room 

temperature to say 4.2°k. Using the homogeneous contribution to the 

strain from Eqs. (46-48) the homogeneous contribution to the stress 

becomes 
-2 -A r 1 

-2 -A r 
2 

-A r- 2-G (1-8 ) (!+J,_lnr)-! (2-8 )E +!(4-38 )k
3
-(l-S )B

3 3 3 3 2 83 2 3 zz 2 3 3 

( 4 9) 

( 5 0) 

(51) 

/' ( 52) 



l+v 
"E0 ee = 

/ 

,-
' 

l+v = / 
!'; 0 re ' 

L 
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Particular Solution 
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/ 

t ( 53) 

I 
>sin48 

I 

(54) 

The particular solution of Eq. (33) may be found by integrating 

and dropping those terms already included in the homogeneous form. 

Thus 

The contribution to 

(55) 

the particular solutions (P 4 ,Q4 ) of Eqs. (34-35) 

the RHS of the form r-3 may be found by letting 
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16C+8SD = 

8C+l613D = 

or 

1 4 c = 24µb D 

µb4 

µb4 

= 1 µ b4 
24]3 
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The remaining contribution to the particular solution (P 4 , o4 l 

arising from the terms on the RHS proportional to r and to rlnr may 

be found by assuming solutions of the form 

P4 = (R+Slnr+Tln 2r)r3 , 

o4 = (U+Vlnr+Wln
2
r)r3 • 

Substituting into Eq. (34) gives 

[ (16-813) (R+U)-613S+4 (l-13)V-2ST]r 

+[ (16-8S) (S+V)-12ST+8 (l-13)W]rlnr 

+(16-813) (T+W)rln2 r = -µ[(l-,\)r+4rlnr]. 

Substituting Eq. (59-60) into Eq. (35) gives 

[ (-8+16S) (R+U)-4 (1-S) S-6V-2W]r 

+[ (-8+1613) (S+V)-8 (l-S)T-12W]rlnr 

+(-8+1613) (T+W)rln2r = µ[-(l+,\)r+4rlnr] 

In this substitution the term on the RHS of Eqs. (34-35) proportional 

(56) 

( 5 7) 

( 58) 

(59) 

(60) 

( 61) 

( 62) 

to r- 3 has been deleted since this contribution has already been found. 

Setting 

T+W = 0 (63) 

eliminates the term in rln2r from Eqs. (61-62). Equating the co-

efficients of rlnr on each side of Eqs. (61-62) gives 



-13-

(16-813) (S+V)-1213T+8 (l-13)W = -4µ, 

(-8+1613) (S+V)-8 (1-13) T-12W = 4µ. 

Solving Eqs. (63-65) simultaneously gives 

1 µ w = - 6 (l+f3ls, 

S+V 1 µ = n<l-13ls· 
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Equating the coefficients of r on each side of Eqs. (61-62) gives 

[ (16-813) (R+U)-613S+4 (l-i3)V-213T] = -µ (1-).), 

[(-8+1613) (R+U)-4(1-13)S-6V-2W] = -µ(l+\). 

Solving Eqs. (68-69) simultaneously gives 

Since Rand U are coefficients of r 3 , a term that is already included 

in the homogeneous solution, it is possible to choose one relation 

between Rand U arbitrarily. Hence let U = 0. Then 

1 µ [l J R = -48S 6(25+1113)+(1-13)\ , u = o. 

Collecting all the contributions gives 

1 3 2 I - 6 (1+13) r ln r \ .. 
.J 

( 64) 

(65) 

( 66) 

( 6 7) 

( 6 8) 

(69) 

( 71) 

( 7 2) 

( 7 3) 

(74) 
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Displacement 
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The particular solution exists only in the region of conductor 

(b<r<c). If this part of the solution is thought of as an additional 

displacement to be added to the homogeneous forms previously found, 

then 

where P
0

, P 4 , Q4 are given in Eq. (55) and Eqs. (73-74). 

Strain 

Using Eqs. (61-63) from Ref. (2) the incremental strains are 

given by 

r = ]J : s< 
L 

' 

( 7 5) 

( 7 6) 

(77) 

( 78) 



Stress 
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The incremental stress is related to the incremental strain 

using Eqs. (49-51) after dropping the terms in Ezz and k. Thus 

Applying these relations to Eqs. (76-78)gives 

tia rr 

tiaee 

tiare 

E 
= l+v 

E = l+v 

E = l+v 

,~ 

µ 1 2 1 2 !' 8[2(1-8)+(1-28)A]r - 2 (1-2S)r lnr 
l 

-~[9(1-8)+2(1+8)A]r2 lnr+}(l+S)r2 1n 2r]cos4e} 

µ11 21 2 ! l 8[2 (1-S) + (3-28) A]r - 2 (3-28) r lnr 

1 4 -2 1 4 -2 -4 (2-S)b r +~ r lnr 

+[~sb4 r- 2 +i6 [~(151-99S)+2(7-313JA]r 2 

1 ! 

+4
1
8 [22 (1-8)+12 (l+S) A]r

2
lnr-}(l+i3Jr

2
ln

2
rjcos48 j· 

µ ·. 1 4 -2 1 [ 1 J 2 
73 ' -24 c1+213lb r +n 6 (25-3131 +A r 

c. 

+f2-c
5
i"<l-Bl+3(1+8)A]r

2
lnr-}(l+Slr

2
1n

2
r}sin4e. 

( 7 9) 

(80) 

( 81) 

(82) 

(83) 

( 84) 
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Boundary Conditions 
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Within the innermost cylinder (a<r<b) and within the outermost 

cylinder (c<r<d) Eqs. (44-4S) and Eqs. (S2-S4) are complete ex-

pressions for the displacement and stress. Inside the middle 

cylinder and for Model B Eqs. (44-4S) must be supplemented by Eqs. (SS, 

73-7S) to give the general expression for displacment. In addition, 

Eqs. (S2-S4) must be augmented by Eqs. (82-84) to give the complete 

form for stress. Using the complete forms the boundary conditions 

are as follows. 

At r=a, the innermost radius 

At r=b, 

At r=c 

a(+) = 
rr 

( +) a -rr 

( +) a -re 

( +) 
u -r 

( +) 
ue -

a(+)_ 
rr 

a(+)_ 
re 

( +) u -
r 

( +) 
are = O, 

( - ) a = rr -f r (b) I 

a(-)= 
re -feCbJ, 

u(-)= 0 I r 

u(-)= 
e 0 I 

a(-)= 
rr -f r (c) , 

a(-)= 
re -fe (c) , 

u(-)= 0, 
r 

u (+) (2'11) -u(+)(O) = e e 

and, after removing term proportional to e 

( +) u(-)= 0 I u -e e 

At r=d, the outermost radius 

CCI. I 

( 8S) 

( 8 6) 

( 87) 

(88) 

( 8 9) 

( 90) 

(91) 

( 92) 

(93) 

(94) 
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Note that fr and f 8 are given by Eqs. (11-12) and may be written as 

(95) 

( 96) 

(97) 

Since the normal stress o and the radial displacement ur involve rr 

both isotropic terms and terms proportional to cos48 there are 19 

relations to be obtained from Eqs. (85-95). An examination of Eq. (52) 

indicates that there are twenty unknowns (A1B1c1D1E1F1A2B
2
c2D

2
E2F 2 

A3G3B3C3D3E3F3£zz). The viral theroem will be used to supply the last 

relation. 

In detail Eq. (85) gives 

(98) 

(99) 

( 10 0) 

At r=b, Eqs. (86-89) give 

E2 -2 1 
+--[-Ab -(1-S )B --2 (2-S 2 )£zz] l+v 2 2 2 2 
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At r=c Eqs. (90-93) give 

= -llcrr64 (bl-fe4 (b)' 
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-llur4 (b}, 

(102) 

(103) 

(104) 

(105) 

(106) 

1 
.,.-(4-3B 2 Jk2 +llcr (c)-f (c) (107) 
L. rro ro ' 
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-1 -A c 2 

Liu (c). ro 
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Llcrrr4 (c) -fr4 (c). 

Llcrr84 (c)-f84 (c)' 

= llur4 (c) , 

At r=d Eq. (95) gives 

E3 -2 l 1 1 
--[-Ad -G (1-S) (-i<+-lnd)-(1-S )B

3
--

2
(2-S

3
)£

22
] l+v 3 3 3 3 2 ~ 3 3 

= 

(108) 

(109) 

(110) 

(111) 

(112) 

(113) 

(114) 
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Note that 6orro and 6orr4 are the isotropic and cos46 terms of 

Eq. (82). Similarly 6or64 is the sin46 term of Eq. (84). Likewise 

6uro = P
0

, 6ur4 = P4 and 6u64 = Q4 of Eq. (75). Note also that the 

double current sheet excitation (Model A) is obtained by setting 

6orr = 60 68 = 6ore = 6ur = 6u6 = 0 while the thick cosine two theta 

excitation (Model B) is obtained by retaining the additional 

stresses and displacements but setting fro = fr 4 = f 64 = 0. 

Use of the Virial Theorem 

The virial theorem is used to obtain the final relation among the 

unknowns. It states that 

~ 

~ ~ ~ 

ff (o +0 66 +0 )rdrd6 = f r•T•nrd6+W8 , rr zz r=rs 

where the double integral is throughout the cross section of the 

material under stress. The single integral is over the cylinder at 

r=rs (iron shield) and w8 is the magnetic energy per unit length 

contained within the region bounded by r=rs. The RHS of Eq. (117) 

has been evaluated in Eqs. (14) and (16) for Model A and in Eqs. (29-

30) for Model B. From Eq. (47) in Ref. (2) one remembers that 

The LHS of Eq. (117) becomes 

(115) 

( 116) 

(117) 

(118) 

( 119) 
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or using Eqs. (52-53) 
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LHS(ll7) 1 2 
= 2n!E(l-S) [-G(l+B+slnr)-E

22
+3k-2B]rdr 

where the subscripts have been dropped since it is to be summed 

over each structural region. The indefinite integral is 

Indefinite LHS(ll7) 

=TIE (1-S)[-G (l+~lnr)-E 22 +3k-2B]r2 

where Eqs. (82-83) were utilized to obtain the second term. Placing 

this second term on the RHS and summing over all regions gives the 

final relation. 

where for Model A (double sheet cosine two theta) 

RHS(l22) 

(120) 

(121) 

(122) 

(123) 
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In Eq. (123) ib and ic are given by Eqs. (19-21). 

For Model B (thick cosine two theta) 

RHS(l22) 

where J
0 

is given in Eq. (31). 

Numerical Calculations 
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The condition of stress, strain and displacement that exists in 

three nested hollow cylinders as a result of thermal cooldown, pre-

tension in the outer cylinder, and two different cosine two theta 

(124) 

axial current distributions in the middle cylinder has been calculated 

as a function of the central quadrupole gradient. Twenty algebraic 

relations in Eqs.(98-116) and Eq. (122) among the twenty unknown co-

efficients (A1B1C1D1E1F1A2B2C2D2E2F2A3G3B3c 3o
3

E
3

F
3

Ezz) have been solved. 

Thus, for example, the state of stress at any point in the quadrupole 

structure may be found. It is usually clear whether a quantity is 

stress or strain. Otherwise, R is radial, T is theta or aximuthal, Z 

is axial or longitudinal. With regard to position A,B,C,D are the 

radii bounding the various media. To indicate which side of a boundary 

radius, P is used for positive and M for negative. Thus, for example, 

RTBP indicates the (r,8) component at radius B but in the material 

between B and C. As explained previously( 2 ) l3J 2 is a stress which 

is to be compared with the yield stress in tension. 

Numerical results are given relative to a beam line quadrupole. 

The following cases were calculated 
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Case Cool Down 

1 No 

2 No 

3 No 

4 No 

5 Yes 

6 Yes 

7 Yes 

8 Yes 

References 

Pretension 

No 

No 

Yes 

Yes 

No 

No 

Yes 

Yes 
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Excitation 

No 

Yes 

No 

Yes 

No 

Yes 

No 

Yes 
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Geometric Details or Doubler Dipole Model 

FN-306 
1620· 

'S 
,,. 
, 
~ ,,. 

,. 



II 

• 
It 

Ill 

8 

8 

It 

!) 

'.) 

,) 

_) ' 

,..1 ~ 

.) -

..,/ 

0 

...; 

.; 

;J 

_; 

·~ 

~' 

ELASTIC STRESS ANO ST~AIN IN "EA~ LINE QUADRUOJLE ELQUAD 

_CE~'T~AL c;;:oarE~T(K{;/!N) = Q.O~Sa Ir~~EQ nQRE TU9E RAOIUS(!N) 3.?000 INN~R CONtUCTQq Raorus<INl) 3.5000 
J~TF~ CJ~~ucrgR ll~IU~lINll --- = 5.~~lO OUTER qQ~I~S OF gA~~lNG~!N)-- - - 6 50!0 01orus OF ~RON sµIELD!INl -- - g Q no a -
3 ~~ TO~~~S ~ QULU~(L .S/IN/!Nl = 290JJG O. COt<O. YOUN,S ~OOULU L9S/IN/INl lOOftOOJ. BANJ YOUNG MODULUS!l9S/ N/!Nl 110DOuoG. 
3~~F OQISSONS ~ATIC = .1.13J (ONO. POISSONS ~t..TIO .10?0 84~0 D0I$SONS ~ATiO • ~13 J 
3'J=r Tl-l~~·~lL STPA'.i:f\'<IN/!t~) ---- = O.:JCOJ C'.1ND. THE~4AL ST~A1NCIN/I~l o.o~oo giN~ TH~~~AL ST~A:~ICIN/!Nl o. un o 
~~~D QISLO:~T!O~<~ILLIR~n> "1AGN&:TIC f'lf 0 GY((I'~-LqSl/Il\ll a.JO ~A~NETiC ENERGV(J/~) 0 .O G ------= 0. GO 0 
JJPf OF :o~P~TAT!CN = EL ~U A 5 

A NC:L:: 
< '.> f G > ~~AP TTAO ~'TAO RRB" TTg~ RT8M i?.R3P 

t.5.Q o. 0 • c. o. o. o. a. 
. -- !i. 'j. G - --- .. 0 .. o. c. - c. 0 • a. 0. 

35.r c. c. G. c. J. 0 • 0 • 
"! 0 .. 0 0 • o. o. 0 • !) • J • 0 • 
??.o o. 0 • o. o. o. 0 • o. 
20.0 --- - o. o. - (. c • --- 0. - G • :J • 
1s.c o. 0 • c. c. J. o. a. 
1 0 • 0 a. o. c. 0. o. a. o. ;.o 0 • 0 • o. n. o. o. 0 • 
-.o o. o. o. c. J. ~ . 0. 

a N~Li:'. 
( J rGl __ HA• Ti A~ F.TllP RR•M ___ ... iT-:i~1 ___ RTB• RR'JP 

45.0 0 • o. c. o. Q • a • a. 
~C.G 0 • o. c. c • 0 • a • o. 
35.C o. 0 • c. 0. 0. 0 • o. -3c.o --- o. 0. -- o. 0 • 0 • - - 0. o. 
2:.0 o. 0 • o. G • o. c. o. 
2~.c o. G • (. c. 0 • u. o. 
1:;. !) o. c. c. r • 0. 0. 0. 
10.n o. 0 • c. 0 • o. 0. a • 
~.o o. o: o. o. 0 • o. o. -.o 0. 0 • o. c. a • o. Q • 

- ~~cl': -- LONG. ST~ESS ! l 8/IN/I~l ANO STqAJM(~lI~/I~l 
DfGl ZZAP zzo~ z zec ZZCM Z !C 0 zzo~ EZZ 

t.. s. c 0 • 0 • c • o. 0. o. 0 • -i.c.o -------- ;,.~- c. c. -· ·- 0. a • J. c. 
35. fJ 0. o. (. o. o. 0 • 0. 
30.C 0 • o. G. o. 0. o. 0 • 2r.o 0 • o. 0. o. 0. 0 • 0 • 
20.c 0. 0. o. o. l • c • 0 • 
1;.o 0. o. c. 0 • 0 • o. 0. 
10.0 o. o. o. 0. 0. o. o. 

5.0 a • o. a. 0 • 0 • n. 0 • ----- -.o -- - 0. - o. G • 0. o. o. :'! • 

L__ ____ 

TRANSVE~SF ST 0 ESS(L9/IN/INl 
Ti8P RTGP qpc~ Ti CM 

0. 0. a • a • 
0. ~. 0. o. 
J. c. o. 0 • 
0. 0. a. Q • 
J. 0 • 0 • 0 • 
o. '.:I • J. 0 • o. 0. o. '. 0. n. 0. o. 
0. 0. o. 0 • 
u. 0 • 0 • o. 

TRANSVERSE STOAIN ( ~UIN/Hl 
___ T_T 8P RT3° RRC~ TTC" 

o. 0. J. o. 
a. o. ;. 0 • 
o. 0 • a • 0 • 
o. o. 0 • o. 
0. 0 • 0 • o. 
o. 0. 0 • 0 • o. o. 0 • o. 
a. 0 • a • c. 
o. n 0 • 0 • 
0 • c: 0 • n ". 

SQRT!3•J2l IN (Klq/IN/!Nl 
YA> Y=3M '!'SP YC"! YC' VCPi 

0. 0 o.o o.o o.o O.J o.J 
o. 0 o.o o.o a.a 0. J J.C 
o. 0 o.o o.o a.a 0. 0 0. 0 
0. 0 a.a a. o c • 0 o • a o • a 
'J. c o.o D.IJ D.O o.o o • a 
J. J C.J IJ.O :.c 3.J : • a 
G. 0 o.o Cl. c 0 .. 0 'J • G D • 0 c. >) o.o o.o a.a o.J o • a 
c. 0 o.o G.O o . a a. o 0.:] 
c. 0 G.U Q.1 O.J a.: G • J 

RTC" RRCP TTCP RTC 0 RROH TTOM RTDH 

o. u. o. J. 0. 0. o. 
a. o. o. o. 0. - o. o. 
0. 0 • o. 0. o. 0. 0. 
0 • a. o. o. 0. 0. 0. 
o. o. 0. c. 0. G • c. 
o. o. o. - o. o. a. a. 
o. 0. o. o. a. a. a. 
0. o. a. o. a. o. o. 
o. o. o. Q. o. a. 0. -- 0 • ---- Q. a • J. - 0 • - o. ----n.---,-~ 

RTCH RRCP TTCO RTCP P.RO~ TTOH RTO"'. 

o. 0 • 0 • o. 0. 0. 0. 
o. c. o. 0. 0 • o. o. 
0 • o. o. o. o. o. 0. 
o. o. 0. J. o. 0. a. 
o. u. '.). 0 • 0. 0. 0. 
0 • 0 • 0. o. o. o. a. 
0. o. a. a. o. 0. o. 
0 • " . o. o. 0 • 0. - 0. 
0. 0 • o. 0. 0. o. 0. 
j • 0 • n o. 0 • o. 0. 

TRANSVECSE OlSPLACE~ENT{!N) 
!JOA UTA URS UTB u~c UTC URO UTO 

o.ooc~o.~oucc.oc~~J. oJoo.~<JjCJ.Joao~.JG~3~.oooQ 
o.oocao.0000:.ocooa. 1101)0.0QO~J.!'JOOGO.OOOOO.VQClJ 
o.oocoa.00000.00000. oooo.ocooJ.00000.00000.oooc 
IJ.DJ·JQQ • .(i.JJJC.CCOGG. OQtJj.OOJCO.JOJOG.JOOOO.OQCO 
O.QGOC3.Q01:o.oooaa. ~QOJ.JOOOO.OQCOO.QOOOJ.CGJ~ 
1.1~0~1.J~Jvc.:c:J~. ~JOG.~CJC'J.OJ3CD.JOCOJ.QC~O 
a.JQQOU.OGQOC.00000. 'JGOJ.DG':CJ.QIJOOC.JO:JOO.GJCO 
].'JOODQ.'J;).JJC.CGJOJ. OCIOJ.!.JOOOO.QOQOJ.OOOO<J.:JOJO 
0.00000.00000.oooao. 0001.10000.oaJco.ooooo.ooco 
0.JJJO~.JJQ~t.cJ:JG. CJJJ.CQOQC.JQJCG.~000~.anac 

N 
Ul 
I 

Case 1. No Cool Down, No Pre Load, No Excitation 
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ELISTIC STOESS AN8 ST~AIN IN !El~ LINE ·11J•DRU 0 JLE EL~UOO 

~rT,aL GRIDI~NT(,G/INl . 
~T~~ G 'IJUCTO~ ~ADIUS(J~1) 
l~F YO ~GS ~n~uLUS<L~S~Irl/IN) 
~:~ PQ ss~·1s RATIO 

= 1~.~101 !N•E~ goRE TU~E q1orus<!Nl . , 5.it10 OIJTEi:t. i?:A'JIIJS rJF' 3A"IOINSC!N) 
= 290001'10, COt~O. YOUNSS ~GDULUS<L3S/IN/INJ 

.113J ro~~. onISS~~S RQTIO 
). J CJ'J COtJI). TH::i;.M.~L ST.~AIN(I~~/INI 

u.OGQ ~;\GNETIC E'l~RGVt<!"-1-L~Sl/I~J) 
El r"JU A 5 

= 

3.oooo 
&.5000 

1000000. 
• 1 :i .l 0 o.oon 

= 12:71!t0.7.3 

!NN~F- CONCUCTO~ P 
qADIUS OF IRON 3H 
1AND YOUNGS MODUL 
~AND PQIS~ONS RAT 
Q'~1 T~E~~AL STRA 
M~GNETIC E~ERGV(J 

DIUS<INll 
(LO(INl 
S(L3S/IN/IN> = 

3.5000 
9.0000 

1100JOOO. 
• 333 0 

o.uao:J 
= 566354.17 

= , 
0 
~!IN/IN) 
'I) 

= 
J~F TH ~~~L STR~IN{!N/IN) 
~~-·o DI LOC:ATIOrJ<~ILLiq_t.D) 
V~F J~ :0·1PUTAT!C~ 

e \Jr, L:: 
(~~Gl ~~A? TTA~ 

" • 0 :.. • c 
3 • c 
3 .o 
? • 0 
2 • 0 
1 • c 
I • 0 

• 0 
• o 

t. ~-':;L:: 
(JFG) 

~ • 0 
~ • Q 
3 • 0 

---3 .o 
2 .o 
2 .: 
I • C 
I .o 

• 0 
• o 

-0.-1180•. 
-0.-10•76. 
-o. -7~!E.. -o. -3:'!q_1. 
·0. 2ZR1, 

o. ~201. 
o. 137&3. 
Q, 1R298. 
o. 21?5P, o. ~2286. 

~~AP 

125. 
11~. 

&5. 
-- -5. 

;9Q. 
- ... 91.1. 
-2;5. 
-315. 
-350. 
-39&. 

TTAP 

-•17. 
-3 SS. 
-29". 
-155. 

1~. 
1g7. 
367. 
5 0 IS. 
597. 
628. 

:t:"TA 0 

-o. 
G • o. 
o. o. 
c. o. o. o. 

-o. 

PTAP 

-o. o. o. o. 
c. 
G, 
o. o. 
o. 

-L. 

= 
= 
= 

RRBH 
2 u. 3 .. 
271. 
,34g. 
46Co 
617. 
77L. 
921. 

u•1. 
1120. 
11"7. 

RR9M 

TT~~ 

11110. 
i'j 7 1Y· 

157 ..... 
7·~2~. 
56~::;. 
1<16. 
126~. 
-:..83. 

-1621. 
-2119. 

TT3"!_ 

-211. 2Q;2. 
-211. 270. 
-141. 2JJ. 
-160. 17". -
-123. 11!). 
-A3. 35. 
-4~. -1G. 
-1=.- -5!6. 

l... -122. 
11· -13!.+. 

RT3M 

0. 
-5$6. 

-12 ~3. 
-16&1. 
-1 s eg. 
-i 1~3. 
-10s1. 
-123 J. 

- 6 '.:f>. 
0 • 

RTq'1_ 

Q. 
-30. 
-57'. 
-76. 
-e?. 
-e7 .. 
-?&. -:? . 
-30. 

~-

TQ-~SVE~SE ST~ESS(L9/I~/!~l 
qqgp TT9P RTqP RRCM TTC~ 

24 3. 
27 1. 
14q. 
L. 6 g. 
61 '.". 
77~. 
921. 

10 .. 1. 
112 0. 
1147. 

R:;z lP 

22 0. 
2.:+~. 
321. 
437. 
57 3. 
7' 2 g. 
~71. 
9l..5. 

1061. 
1Jd 7. 

41. 
31. 
7 3. 

106. 
147. 
1-J~ • 
2 Ji. 
? 61.t. 
286. 
2 9<,, 

0 • 
-o5S. 

-12•3. 
-H61. 
-18B9. 
-1e,99. 
-1661. 
-1231. 
-E56. 

o. 

-t 9 3. 
-1 BU. 
-156. 
-1 t!+ .. 

-€::?:. 
-7. 
45. 
87. 

115. 
125. 

275. 
258. 
207. 
130. 
35. 

-66. 
-16 2. 
-239. 
-?go. 
-107. 

TRA~SVERSF STFAIN (~UIN/IN) 
TT9° Rrqo _ qR~~ TTC~ 

-o. 
4. 

17. 
H. 
&1. 
87. 

111. 
131. 
144. 
14 ~. 

o. 
-722. 

-135.;. 
-1~27. 
-20?&. 
-2C7o. 
-1·82?. 
-1356. 

-722. 
0 • 

-2 38. 
-227. 
-1 q4. 
-143. 

-R2 • 
-1s. 

4 6. 
g E. 

12S. 
14 1. 

277. zsg. 
~a c. 
12£o. 

25. 
-82. 

-1'\1. 
-203. 
-31 E. 
-334. 

RTC~ 

-o. 
1rg. 
336. 
4S3. 
515. 
515. 
453. 
316. 
17g, 
-c. 

RTC~ 

-J. 
1 g1. 
37 0. 
498. 
5E6. 
SSE. 
4~P,. 
37D. 
1'97. 

·G. 

R~CP 

-193. 
-18-... 
-15&. 
-114. 

-62. 
-7. 
45. 
8 7. 

115. 
. 125. 

RRC 0 

-232. 
-223. 
-194. 
-151. 
-9o. 
-42. 

11. 
54, 
8~. 
92. 

TTCP 

401~. 

378 '· ,"J146. 
2161. 

9o 2. 
-334. 

-15<+3. 
-252a. 
-3171. 
-339:+. 

TTCP 

277. 
25 9. 
2D &. 
124. 

25. 
-8 2. 

-1'31. 
-26~. 
-31 i:.. 
-33.:+. 

~"!'CP 

-u. 
F3. 
'3&. 
!+ 5 3. 
515. 
515. 
45 3. 
-~·~6. 
1?9 • 
-n • 

RTCP 

-o. 
22. 
41. 
55. 
62. 
&? • 
55. 
~ 1. 
22. -o . 

= 

PRD" 
-o. 
-o. -o. 
-o. 
-o. 
-0. 
-u. 
-u. 
-g. 
-u .. 

R~JH 

-15. 
-18. 
-27. 
-40. 
-j 7. 
-75. 
-91. 

-105. 
-114. 
-117. 

TTD• 

-q,3. 
-G12 .. 
-692. 
-357. 

55. 
4g~. 
906. 

1242. 
1wo1. 
1~37. 

TTD~ 

-135. 
-128. 
-111. 
-34. 
-53. 
-15. 
~?· •o, 
&3. 
&9. 

RTD• 

0. 
0. 
o. 
D. 
0. 
0. 
a. 
G • 
0. 
J. 

RTO!" 

0. 
0. o. 
0. 
0. o. 
o. o. -
D • 
0. 

INGLE- LO~G. ~T~ESS(Le/I~/!N) ~~1 STRA!N(~lIN/I~) S".l~T(3•J2l !N ('<LE/IN/IN) 
Y~P Y3~ Y~P YCM YCP YO~ 

~R~NSVE?SE OIS 0 LACE~E~IT(IN) 
URA UTA UP9 ~TJ URC UTC C~EGl" ZZAC Z78M ZZ9~ zzc~ z~co ZZD~ £7Z URO UlO 

.. ; • 0 
-~·;,,. 0. (j 

3~.o 
3C.O 
2::. 0 
2r.o 
1::.0 
1t. 0 

'.).Q ---- -.o 

8<.Z. 

n~~= 
3580. 
5532. 
7501. 
9356. 

10 8 "". 1B51. 
E1%. 

-'~53. 
~43t:. 
"lC 77. 
7535. 
&871. 
616~. 
::soo. 
'+958. 
460~. 
4482. 

1 93. 
1 ~7. 
2G7. 
2 22. 
2 •1. 
261. 
28 (). 
2 gt:. 
?05. 
3 G<?. 

173. 
172. 
~70. 
!SS. 
152. 
157. 
151. 
1.:..g. 
1"7. 
!. 4 6. 

3082. 
JJ 11. 
2~ 0 '). 
2 -t92. 
21 J7. 
1 S97. 
1 ~12. 
9B. 
79.l. 
721. 

11.t ~1. 
1507. 
1 ;33. 
1 E92. 
1f32 q. 
! ') 7 ~ .. 
2112. 
2 2 :?t... 
22'37. 
2322. 

Case 2. 

1 r,5. 
1 lj5. 
1 t5. 
16'3. 
165. 
1. 65. 
1S5. 
16~. 
105. 
165. 

12.2 
11. 4 
9.1 
&. 0 
4. 8 
7. g 

12. 2 
15. 9 
18. 5 
19.J 

g. 8 • 2 
9.& i.2 
8.8 2.1 
7.8 2.9 
6.6 3.3 
5,7 3.3 
5.3 3.0 
s.3 z.3 
5.5 1.:.. 
5.& .8 

•• .5 
.7 
.B 
.9 
• 9 
• 9 
.7 
.s 
.4 

3.8 
3.7 
3.2 
2. 6 
2.1 
2.1 
2.6 
1.2 
3. 7 
3,g 

2.2 -.00~4 .cJ;c-.ao:s .:caJ-.ao1E .o~Jo-.0017 .ooco 
2.1 -.GC03-.ooo1-.ccc4-.00J1-.oc1s-.0103-.011&-.0001 
2.1 -.1GO?-.UJ03·.0001-.0011-.00!3-.00J5·.0013-.0001 
1.g -.oouo-.ooo~-.oos1-.coa1-.nons- .. JJa1-.ooog-.oao2 
1.~ .CJJ2-.VJ04 .c~c1-.avc1-.J[J8L-.~008-.JOOS-.OJU2 
1.s .9001.i.-.oo~~ .oac4-.Jo11 .. 01~1-.Joca .. nooo-.0002 
1.~ .co:3r-.~Jo4 .::i::ici;-.c'Jct .ouo~- .. 0001 .n0os-.0002 
1.g .aao~-.0003 .ooc~-.0031 .ooo9-.03:J5 .ooog-.0JJ1 
2.a .co1D-.ooa1 .ooog-.caoo .001?-.0003 .0012-.c~a1 
2.0 .001, ,QJJO .CQ10 dGOO .0013 .0000 .0012 .0000 

No Cool Down, No Pre Load, With Excitation 
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CENT~Al GRADIENTfKG/INl 
OUTER CON CUC TOR RADIUS fINll 
"O"E YOUNGS ~OCLLUS(ltlS/IWINl 
SG~E POISSONS ~ATIO 
EIJ 0 E THC:R:1tll STRAIN(IN/IN> 
-~~NC OISLOCATIONC~ILLIRAQ) 
TYPE OF COMPUTATIOI~ 

ELASTIC ST~oSS AND STRAIN I~ EEAM LINE QUADRUPOLE ~LQU~D 

O.OOCO T"l~-1:-R q()R_E TU2E Rtd1I!J5(!N) 
s.a13C OUT~~ ~ODIUS a~ g4NOI~GC1N, 

2900QGGO. roNi. YOUNGS r:ODULUS(L~S/IN/!N) 
.3330 roN~. 0 0ISSONS ~ATIO 

O.OCO~ ro~~. T~CR.MAL STRAINCI,J/IN) 
? • soc uA -;~JET Ir ENt:~GY c <IN-L~S > /!Nl 

EL QUA 5 

3.C~OD IN~~~ CONDUCTOR RADIUSCINll 
~.SOQO RAD:us QF IRCN- SYIEL~{I;~) 

1aoaaoo. qA~~ YOUNGS MOQULUS(L8S/I~/INl 
.1ooc BAND POISSONS ~JTIO o.ooaa qA~O THE~M4L ST~AI~CIN/iNl 

O.OO MAGNETIC EN~RGfCJ/~l 

3. 5 !j !) 0 
g.)OuG 

~-10QGOOO • 
• 333G 

J. a o a:: 
Q • G Q 

-ANGLE ------- --- -
r;:;i.A·~sv::~s:: STKESSCLB/IN/!N> --------

C "JEG> RRAP TTAP RTAP R.~fJH TT8H R'rJ "l ~~EP TTe~ KTB P PR.CM 7TCM RTCM RRCP TT~P ~TCP !;'.PO~ •7DM R T:JM 

45.C o. -30 ~g. o. -410. -2679. 0 • -41C. -11 g. 0. -!1'17. - 212- o. - :: 17. 25?3. c • -a. 2 7 9C. 0. 
4 0. G o. -1"C 89. o. -410. -2org. 0 • -"4.1c. -119. o. -317. -212. c. -317. ?565. G. -o. 2798. 0. 
~s.c o. -.JC ,qg. o. -•10. -n 79. " . -410. -119. G • -~17. -<" 12 .. Q. -~17. 2565. 0. - 0. 270-8. a. 
!O.O o. - lO 89. o. -i..10. -2c.1g. 0. - ... 1 a. -11?. Q • -:<' 17. -212. 0. -317. 2565. 0 • -o. 273~. J • 
25.0 o. -3CP.9. o. -.(..1 0. -2679. 0 • -41C. -11q. o. -!17. -212. 0. -.117. 25 55. o. -o. 279,~. c. 

- 20.0 --·--- o. -1i0 89. 
--

o. -410. -2679. n • -41G. -11 g. 0 • -?17. -212. a. -31 7. 25 5?. c. -ti. 2 7 9 q. 0. 
15.C o. -30 ~g. c. -410. -267g. G • -L..1C. -119. 0 • -317. -?12. 0. -117. 2S?5 • o. -o. 279~ .. 

5 : 1 lJ. 0 o. -1"0 8q .. a. -'+ 1 a. -2b7g. 0 • -410. -11g. o. -117. -212. o. -317. 2S65. c • -c. 2799. 
5.o o. -3o ag. o. -1+10. -267g. 0 • -410. -11g. 0 • -:'t'!.7. -21?. lJ • -317. ZS S?. G • -a. 27 ~ 3. o. -- -.a o. -,lC ag. a. -J..10. -26?g. 0 • -1+1G. -119. c • -"lj 17. -:12. ----,. -31?. 23 65. G • -o. 2""'g3. o. 

I 

A~JGLE TRl•'ISVC:RSE STRAW lMUIN/IN) N 
nu: RTG~ KF-:.CP R.R.O~l TTCM P:T IJH -J fD_E G l _RRAP TTAP RTAP ROOM TT8M RTB~ RRrP TTPP Rf qi' P.PCM TiCP RTCP 

---- -----f-~ 

45.0 52. -qo. o. 33. -n. Q • - ~91-0 -7?. o. -?89. -174. 0. ...12 5. 224. D • -109 .. ?3 . c. 
L.. J. c 52. -go. o. l3. - 72. 0. ... 391. -7?. 0. -2 ?:9. -114. o. -125. 22.:. • G • -1 oq. ?1 . c • 
35. 0 52. - 90. o. 33. -72. Q • -""!g ! • -?2. 0 • -230 .. -174. 0. -12s. 22i+· c. -109. ?' Q. 
30.0-- s 2. -- ... 9G. o. 33 .. - 72. 0 • - )qi. -72. 0 • 

-- -2 ;;:9. -1 (t.... 0 • -12 s. - 22 l... a. -1Jg. ?l'. a • 
25.0 5 2. -go. o. 13. -72. 0 • - ~g 1. -72. 0. -2 89. -t 7.:+. a. -!_2 5. 2 2 !+. 'J. -1) 9. ?3 . c. 
2 '.l. 0 52. - YO. o. 1'3. -72. 0 • - 391. -7?. a. -23g. -174. 0. -1~s. 22 '-'• 0. -1 0 g. ?3 . G • 
15.0 5 2. -go. o. 3.1. -72. 0 • - 3q 1. -72. ·o • -2e9. -171+. 0. -12". ~z:.. a. -1 Q a• n . 0. 

'10.0·- 52. -qo. o. 3J. -7?. -
0 • - 3g 1. -72. 0 • -zag. -17 t... o. -12-s. ?? :... 0 • -1~'3. ?3 . ~· 5.0 52. -qo. 0. 3 3. -7?. c • - li91. -72. o. -2Fg. -174. G • -125. 22 .... 0 • -1 :Jg. ?3 . " . -.o 52. -go. o. 33. -72. c. - 3G1. - 7?. 0 • -2 ag. -174. o. -125. 224. 0 • -1 G9. ?3 . o. 

t. NGLE-- LONG. ST".ES S fl B II N/IN l ANO S TF..C. IN t!1t!I NIIN > S~RT l3""J2J IN fKL 0 1IN/INl T~~NSVE~S~ DISPL4CE~~~TfINl 
(QEGl ZZAP l Z8H 7.Z BP ZZCM ZZCP l7'1"' i::zz YA 0 YBM YPP Y\;t' vco y JI"'. uo.t. 'J TA 11;; ... ~ UT2 UQ:~ UTG UR.D urn 
4:;:. 0 -1B7. -13g7. - 66. -66. 6 0 9. !q?. -H. 2.7 2.n .3 • 2 2.s 2.s -.nno3D.oo -.OJ 10.j~ o-.ou11J.JJG -.0J11 • 0 j 2.J 
4C.O ----13q7. ~13Ci7,-----66. -oo. ---- oog. - 7g ?. -1~. 2.7 2.0 • 3 - • 2 2.5 2.5 ----.GJC3U.OS - • Ju 1J. JO C-.GQl:JO.JiJ!J -. 0311 -. CJ13 
35. 0 -13CJ7. -1397. -66. -'>6. 6 I) g. 71 ?. -13. 2.7 ~.o • 3 .2 2.5 2.5 -.caa~o.co - • '.) 0 3 G. S G C-.QC1~G.000 -.GJ11 • OD tb 
"3 0. 0 -1397. -13S7. -66. -66. 6J s. 79". -1 "3. 2.7 2.0 .3 • 2 2.:: 2.5 -.OOD11J.L:O - • o a ~ r; • 0 0 ~-.00103.JJC -.JJ11 .CJl~ 
25. 0 -1397. -1:~g7. -66. -60. 6 G 'l. 7g'?. -13. 2.7 2.0 .3 • ? ?.5 2.5 -.C!JQ3J.OO -. JG 10.0::: c- • .JDiJJ.oo: -.cJ11 • c 011 

- 2 0. 0 -1391'. -13q7. .. 66. -so. 0 0 g. 7q ?, -13. 2.7 2.0 • 3 .2 2.5 2.? -.OJ03:J.r:Q -.ca ~J.ao c- .. 2c10J.GJJ -.uu11 .OJ09 
15.0 -13CJ7. -1~q7. -66, -66. 6 0 g. 7g ?. -13. :>. 7 2.0 • 3 • 2 2. ::- 2.5 -.OQQ30.GQ - • o a ~ 0. G ~ G-. JQ1J'.}. JOO -. OC11 • OJ J7 
1 J. {j -13~7. -13CJ7. -6t. -66. 60 g. ?g?. -11. ?.7 2.0 • 3 • 2 2. s 2.5 -.'JQC)~ .. !JG - • GO 3 c. :) c o-.001Jc.00J -.aa11 .cao5 

5.C -13·::17. -1Jg7. -66. -56. 60 g. 7g ?. -13'. 2.7 2.0 • 3 • 2 z.s 2.5 -.GGC3C.GJ - • cc ~u.u:: c-.OU1JJ.·JG.:; -.~iJl~ .OJJZ 
- -.o --·-13g7. -1397.- -66. -66. 60 9. 79 ?. -13. 2.7 2.0 • 3 • 2 2.s 2.5 -. C!JD3J.GO -.03 3:.Jo c-.1J1Ja.cJJ -. JJ11-. sou: 

Case 3. No Cool Down, With Pre Load, No Excitation 

, . .,.- ... ;.,.o; •. ,::z:;;..,....._f~"°"'"'"""*""""~-,,__.*~w,~~·""..,,,c~\'i''-'"··'"""''"'-"'''~ r 'f'r ,.,,., .--;io-i: q" ,-, ,' • ·.·.~1· . ' " ' -~ -.:,.' , 

' 
•, 

,, 

' 
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' 
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NI 
ow 
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I 

I 

CENTRAL GRAC!ENT!~G/!NJ = 
= OUlER coi~CUCT~R RADIUStIN>)"" 

AO~E YQ~NGS HODULUSCLBS/IN/IN) = 
8CRE OQ!SSONS RATIO = 
10PE TWE~~AL STQAINCIN/IN) 
8AND D!SLDCATI8~tMILLIRAn> 
TYPE OF CO~PUTOTION 

= 
= 

ANGLE 
!OEGJ RRAP TT~P 

'+5.C -0.-1~892. 
1..S.G -0.-1~864. 
35.o -a.-1Jgo5. 
3.J.C -a. -6.170. 
25.G -a. -807. 

-21.c------- o. 5112. 
1s.o o. tJ675. 
1'.J.O O. 13209. 
s.o o. 1fl169. -.o--·- a. 1q191. 

A NGLC 
' !OEGJ _RRAP___ TTAP 

45.0 177. 
40.0 162. 
~5.C 116:. 

-10.0 47. 
25.G -36. 
20.G -12g. 
15.0 -214. 
10. c-- -2~1. 

?. D -329. -.o -341.i.. 

-5 !J7. 
-4 76. 
-3~5. 
-240. 
-75. 
1 06. 
2 77. 
416. 
5 Jr,. 
, 18. 

RT~ 0 

-o. o. o. o. 
o. 
o. 
o. 
o. 
o. 

-o. 

RTAP 

R~g" 

-166. 
-119. 
-01. oc. 
2:'.17. 
3 6<.. 
5 11. 
6 'Z, 
710. 
7 37. 

FR9 i1 

-a. -1~s. 
G. -178. 
o. -158. 
o. -1213. o. -go. 
o. -51. 
G. -13, o. -- 17. 
0. 37. 

- G • <...<+ • 

ELASTIC STRESS AND SiRA!N I~ BEA~ LINE QUAD~UPOLE ELQ'JAO 

14-8000 
- 5.8130 

2900-GOOG. 
• 3330 

c.o:Gc 
2. 5G Q 

ELQUA5 

!NN~R BC~E TU9~ RADIUS(lN) = 3.0000 
5,5000 

lDOOJJJ. 
• 10 0 '.J 

0. :Jc tJ 0 
= 127140.7~ 

OUT~R RACIUS OF ~ANOI~GC!Nl 
CONO. VQUNGS MOCULUS(LBS/IN/!Nl= 
co~n. 0 01ss0Ns ~Arra = 
CON~. TkE~~AL ST~AlN([f~/IN> 
NAGNETIC EN~RGY(<IN-L~S)/IN) 

INNER CONDUCTOR RAOIU~CINll 
RADIUS OF IRON SHIELOft~) 

TTBH 

&!.; 31. 
8 0 35. 
0 895. 
5 1 i..g. 
30 :::7. 

7?_7. 
-11..1s. 
-3162. 
-4302. 
-"6 98. 

TTBH 

210. 
1 gs. 
102. 
10s. 
3~. - ~ .... 

-102. 
-157. 
-H3. 
-206. 

RTAM R_Pf:P 

o. -16t. 
-656. -13q. 

-123"3. -E1. 
-10:.1. co. 
-161~9. ?C7. 
-1599,- 36L, 
-16b 1. 511. 
-1233. 612. 
-b?6. 71G. o. ----- 737. 

TRANSVERSE STRESS!L8/IN/INJ 
TTCP Pf ~P RPCM TTCM 

-7'=. 
-613. 
-11"5. 
-13. 

28. 
71. 

112. 
145. 
167. 
175. 

o. 
-556. 

-12~3. 
-1cs1. 
-1~59. 
-1a3g, 
-16~1· 
-12~3. 

-636. o. 

-510. 
- 5 0 1. 
-47~. 
-4"11. 
-::1g. 
-32 ... 
-2720 
-2 3J. 
-202. 
-1q3, 

u. 
45. 
-5. 

-e 2. 
-177. 
-278. 
-17~. 
- ... 51. 
-5G1 • 
-519· 

TRAN~V~RSE STRAIN f MUIN/JNl 

8ANJ Y0 1JNGS ~OJU~US(LSS/IN/I~) 
?AND P~!SSONS ~trro 
~eNo TH~P~:AL ST~AI~lIN/!~) 
MAGNETIC ENERG~CJ/~) 

RTCH 
-lj. 

1 7g. 
3 <:6. 
<t53. 
515. 
515. 
45~. 
3 :16. 
1 ,a .. 
-n. 

RR.GP 

-510. 
--sat. 

-t... 7~. 
-431. 
-379. 
-32';.. 
-272. 
- 2 _.,, 0. 
-202. 
-111. 

TTCP 

657 9. 
iS)5'+. 
5711. 
i.:2::1. 
3517. 
2231. 
10 2). 

.37. 
-o:;o. 
-8?.'.:lo 

RTCO 

- ":. 
17CJ. -
336. 
i.;.S 3. 
51~. 
515. 
...s ~. 
33 ti. 
17 q. 

-G, 

RR.OM 

-o. 
-a. 
-n. -c. 
-o. 
-u. 
-o. 
-o. 
-o. 
-o. 

Ri B'1 RP~P TT8P RT9P RRCM TTCM RTCH ?~CP TT~P RT r P ~ROM 

-124. o. 
-3 0. 
_, 7. 
.-7 s. 
-9 7. 
-3 7. 
-7 6. 
- 3 7. 
-3 J. 

G • 

-171. 
-145. 
-70. 

4 i:. 
187. 
317. 
4 7 I?. 
5g4. 
669. 
6g6. 

-72. 
-67. 
-55. _,5. 
-11. 

15. 
.-~q. 

5q. 
7 2. 
76. 

0. -5 28. 
-722. - 13 16. 

-1336. -LP.'!• 
-18~7. -t..33. 
-2::;7~. -371. 
-2078. -3JS. 
-18~7. -2.1...3. 
-1~3E. -1 g3. 
-722. -10:- 0. 

G • -11..g. 

1C4. 
85. 
32. 

-4g. 
-11,.9. 
-255. 
-1<03, 
-;_,.35. 
-<+RY. 
-5 C.13. 

-o. 
197. 
3'7:). 

--4qs. 
5 E:Fi. 
566. 
4 c: !<,. 

370. 
197. 
-a. 

-1'5 7. 
-34 7. 
-3tq. 
-275. 
-223. 
•167. 
-11 ..... 
-71. 
-;.. :.? • 
- 3,~. 

5 '.J 2. 
48 ~. 
433. 
34. g. 
z4q. 
14.~. 

•'· - "i 8. 
-91. 

-11D. 

- 0. 
2 2. 
41, 
55. 
~ ~. t ,_. 

~ 5". 
4 •Lo 

2 2. 
- v. 

-127. 
-136. 
-1.'..~. 
-166. 
-1~3. 
-?,JC!. 
-": 1;.... 
-2:?2. 
-226. 

3.'SJOC 
-~.OJOC_,,_ 

~.1GJ'.::COC. 
• ~ <3 c 

J.JJG'-J 
~653Si.. 17 

RTD!i 

o. 
Q. 
3. 
a. 

TTCM 

1Fl1 !J. 
1~37.-
2 ~. '.) s. 
2:.~ ... 2. 
2P5u. 
~?92. 
373 ..... 
!+nt..:. 
4?5Q. 
4~33. 

~. -­J. 

TT0'1 

%. 
~ 0 ::'. 
~- 2 a. 
~- .. 7. 
1.Q.G. 
?1s. 
?i..q. 
?~s. 
?94. 
."i a c. 

J • 
J. 
0 • 
o. 

I 
N 

RI 'J'~ 00 

a. 
a. 
J. 
Q • ,. 
a. 
l • 
3. 
J. 
a. 

---1-·-~ 

--ANGLE LONG. STf:ESStLB/INr.!Nl A.Nil ST~AINOi:JI\J/!Nl so;;:r {3•J2, IN (!(LB/IN/IN) 
YAP YBM ygp YC~! YCF YDM 

T~~NSVE~S~ O!SPLAC~~~~T(!Nl 
('JE:Gl ZZ AP ZZ~M Z~BP ZZCM zzco ZZ:-1'1 £ZZ URA UT' U29 UTF u~c UTG UP-0 ~TJ 

1 45.C -555. 7156. 12 fl. 107. 1691. 2271. 15 2. 14.6 8.0 .3 .6 6.2 2.1 -.000& • COCO-. OO'J:" • iJODC-.0026 !)QC-. JO 5 • 0 0 2G --i..c. o --- --211. -:---7033. - 131. 10 6. -1s20. 2?99. --1"i?. ·-13. 8 7.8 l. 2 .7 6. (J 2 • 1 ---..... G 1 0 0-. 0 0:: 1 - • ;JG 'G 7-. IJ C Jr - • G g 25-. acr3-.Ga 7 • 0117 
3 5". c 771. &ERO. 141, 1a1+. . ~415. 2 372 • 15 2. 11.3 r.2 2.1 • f; 5.4 2.3 - • co '.l ::- • u o c :-s:-. of}:?-. ei ca 1 - • r c 2 3-. J'.:5-· OG 4 • GU 13 
~c.c 2283. 6138. 15 E. 1U 1. 3101. z4g3. 1i;;2. 7. !3 6.3 2,g •a ..6 2.s -.OOG3-.CCSL-.OOJ~-.~J01-.J01Q-. :J'.:7-.o: a .GU12 
25.C ., 135. 547 ... 1 75. %. 2716. 2621. 152. ~.a 5.6 3 .3 1. 0 ?: • 7 2.7 -.a~a1-.00Jt..-.oa~1-.oo'J1-.JJ1~-. ::l~3-.0J 6 • J J ;3 

- 2 0. G 6tJ6. 4 767. 1 g =. gz • 2306. 2767. 15 2. 5.7 5.4 3. 3 1, 0 2.1 -:: • 1 - • :::ss?-.CG'.J"+ .Doo1-.oc~1-.:cGg-. OJB-.OJ a • G CT 0 7 
15.0 7'35R. 41C3. 214. 8 7. 1gzo. zg'Jr... 152. g.5 5.6 2.9 ,g z. 1 3. !,. • GVGl..--.U'JUL. .OQJ4-.G::1-.JGJ3-. J.:7-.·~0 0 • G 0 03 
10.G 91+69. 3 561. 2 30. 8 •• 16 c 6. :i c 1 E: • 152. 13.3 6.2 2.2 .7 1,6 3.G • <::JD6-.GO!J~ .aJoS-.OCG1-.0001-. JC5-.JJ 2 .CJU) 

. 5. 0 1U45 ... 32G8. 2 '+(I • e 2. it..;: 1. 3 Q _qo • 15 2. 15. 3 &.7 1.2 • 6 1.g 3. 13 • O'.JD7-.0JC1 • GJJ:"-. COWC • J;:; J 2- • ;J: 3 • Cl J 1 • c Ju 2 
~-.a -·107SE.- 3085. 243. 81. 133 J. 3111... - 1s2. 15.7 6.9 • 5 • 5 1.g 3.g -.COD7 .GOCG • lji) :J 7 • \JD 0 G • no oz . QD J • G:J 2-.CJ'UJ 

L __ _ Case 4. No Cool Down, With Pre Load, With Excitation 

~ .... -.. -. ; • JJ i.-.l!\if .: 'id , . ;_;; eZ •&.tJLMii ·- 4;_1« "<ii'ii'"'""G'. <;?!!"'P-;:-;: .... ,, ij':i"''C>'.'·'( _'f ·.~v"" .--.i~· '>i 'l-:Ht;<"' ,,..._, :!l-<.:R' ,.-.,,, ·-'f"-··' ~:::~.:.T~~-~-h •.. ;., ~~;;:;;--;;;;:.-:-:~-;:; -~~--<'·',_ '-:- -.._ ~; ~--_,-.~; ~:-:.c--; .. ,.,_---._ . .__ .. - ;~ 
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' 

.C~NTRAL GP.ADIENT(~G/I'll ___ _ 

ELASTIC STPESS ANO STRAIN I\J 8~AM LINE QU~ORUPOLE 

a.oooo INN~~ qQFE TU8~ RAOIUSt!t!) 3.QOOO 
3.8130 OUTF:I='_ RACIUS OF DANDi~GCINJ s.sosa 

ELQUAO 

IN~~R CONOUCTO~ RAQIUStIN>J 
RAOIUS OF !RO~~ SHI~L~fI~l OUTE~ CC,lOUCTOR RAO!US(IN)) 

80RE YOCNGS ~ODLLUS(L8S/IN/IN> 
~OPE POISSONS FATIO 

= ~90000JC. f:Gf~'). YOU.\JGS t·'0CULUSCL9S/IN/INJ tCOCJ:'iJ. ::t.C.ND vo~nF;s r-ia UL us (LES/IN/IN> 
qANQ FOISSONS ATIO 

_8GRE TM~RrlAL ST~AI~•CIN/INl 
qANC DISLOCAT!O'l<MILLIRAO) 
TYPE OF CQ~PUTATION 

--A-NG LE 
<DEG> RRAP TTAP RTAP 

"5. G o.-1og~s. o. 
4 IJ' 0 o.-11Jg-~s:. a. 
35.o o.-1og35. 0. 
3[;,C 0.-1Qg1S. 0. 

_ 2'5. C _______ O, -1:J935, o. 
2 •J, G o.-1JgJ5, o. 
15.0 o.-1oq1s. 0. 
tG,O 0.-1093:;, o. 

·- 5. c a,-1Jg""?. a. -.o o.-1ag3s. --- 0. 

Ar-~GL€ 
<OEG) RRAP TTAP __ RTAP 

45. 0 -2642. --~144, 0. 
40.C -2t42. -31-.4, 0 • 
li'.S. 0 -2€:it-2. - ]1 Li.4, 0. 
~c.c -2642. - 31 44, 0. 
25.0 -261+2. -31 ltt..' o. 
20.G -2ts+2. --~1~4. 0. 
15.C -2E':l+2. -~144. o. 
10,c -2t42. -31i.tL. ---~- Q, 

s.o -2 64-2. -'ill+-'+. o. 
-.o -201..2. -.31.t..4, G • 

= 
= 
= 

RRBH 

-1451. 
-1'+:51' 
-lli.31. 
-1451. 
-1401. 
-11.+51. 
-14 51. 
-1.+51. 
-1lt51. 
-14 51. 

Pq!3M 

-27 0 8. 
-27 as. 
-2708. 
·27QA, 
-2708. 
-2708. 
• 27 0 A. 
-27:)8, 
-27Q8. 
-27 0 8. 

,3J-30 CONrJ, 3 0ISSONS f::.AIIO .1000 
-.c~.:tJ r:;ot~n. THERMAL STRAINClN/Il\;l -.003~ 

- ·'.J.OOD MA~NE:TIC =.::~C.:OGY({!N-L::;'::;)/lN) ----- a.uo qA~D TH~~~AL S ~AIN(IN/INl 
~AG~~T!C EN~~G CJ/~l -

EL QUA 5 

TRANSVEPSE STRESS(LB/IN/IN1 
TT8M RT'3"l RP~P TT9P RTRP CRCM TTCH q,c, RitCP TTC;> q_rc 0 "-RD~ 

-9484. G • -1<+5i. -20. 0 • -gg4. -i..76. 
-9'4!3L, 0 • -1-Lt51. - 20. 0 • -g<?'t. -L:. 76. 
-g~a4. G • -1.:+51. -20. 0. -9g4, -.+76. 
-q4 C4. 0 • -1'1'51. -20. a. -ggL.. -476. 
-CJLt 134. ---- 0 • -11+51. -20. 0 • -CJ04. ... ... 76, 
-9494. 0 • -1 ... 51. -20. o. -<jg:... -476. 
-9i+8.'.+. o. -1451. '"'2fJ I 0 • -~si... -<.t7C. 
-g ... 1~1+. 0 • -1451. - 2!J. 0 • - <?':! ..... -:.+ :"6, 
-q ..... 34, 0 • -1!..51. -?' c. G ' • gg:.. -476 • 
-9 .. .:34. 0 • -1451. -?J. a • -99 .... -476. 

TRANSVERSE STRAIN <MUIN/ItJ) 
TT8M RT9M RREP rreP RTBP RFCM TTC~ 

-1078, G • 
-3 0 76. 0 • 

-465 2. -3C78. 0. -4150. -357g, 
-1.?5 2. -J078. o • -.:.150. -~57g. 

-"!:078. 0. -4652. -3G71;., 0 • --41 50. ... 357g, 
-~ G 7 8 I 

- --
0. -4 65 2. -3(7~. c • -t,.tSC. -357g. 

-3378, o. -45~2. -?i078. 0 • -o:;.15G. -~:;7g. 
-~07F. o. -465 2. ->C78. 0 • -4150. -357g. 
-3078, G • -4f;5 2. -307·~· D • -41?C. -357g, 
-3G 7~, c. -:... 65?. -3(178, G • --415G. - 35 79. 
-3078. o. -465 2. -,1078. 0. -415J. - 3579. 
-3078. o. -<+652. -3G7P, o • -41 50. -357<?. 

1. ...gq4, 
o. ... 9g:.,. • 
0. _gg .... 
o. -<?Ci.+• 
o. _gg"t. 

'0. --- -99-+. 
0. -<Jg t,.. 
~. ...gq4. 
n. -":l~-t. 
o. -Sl9.:,., 

RTCM "..~CP 

o. -4783. 
o. -!,,. 7,11 ), 
o. -t..7~j. 

----
!J. -:+73?. 
J. - 4- 7 8 ... 
o. -c.. 111'. 
o. ... ..,.753. 
J. -1' 7(1.3. 
o. -i...7d3. 
o. -~733. 

8CJ4·J. 
P. -;1 ... 'J • 
3g.,.J. 
BYt... '.l, 
eg~-:;. 

89c+O. eg.a. 
fH'.14] o 

3gt... 1. 
,<;g:,. J' 

TTC:i 

...357q, 
- ~s 7 ~. _,5 79. 
-337';, 
-~:.;:q. 
-3S?g, 
-357:~. 
- 357g. 
-357g. 
-357~. 

0 

" a. 
" . 0 • 
c • G. e. o. 
0. G • 
0. - -· -

0. 
0. o. 
0 • G. 
c ". o. 
G, G • 

RTCP ~ROM 

o. -4663. 
0. -4053, 
c • -LtSS3. 
0 • -:.+E::";3. 
0. -4661. 
a • -466 "1;. 

0 • -.:.663. 
G • -~.SS3, 
c. - ... ns3. 
0. ->.503. 

------- -----

-------- -- ---------

:J. s 0 (j 
9. J (} 0 

~.1!JJGJ c. 
• _) ~ ·J 

- • G 4 2 
G • :J;: 

Tf G~.J RiCHi 

7 qi.,.5. 
7°<.5. 
7q45. 
7q45, 
70 ... :;. 
7q..._5. 
7 a .... 5. 
1 q~s. 
7q;_ 5. 
7n.:,5, 

TT~~ 

-3701. 
-~""'00. 
-~.,.G~. 
-3 ... JJ. 
_,7JJ. 
-3 ... CJ. 
-37::. 
-)7 G iJ • 
-3 7 CJ. 
-3 7 00. 

J • 
o. 
G. 
J • 
J, --·--
0 • 
Q. 
c. 
J • ----- -
0 • I 

RT'J~ 

a. 
1 • ,. 
o. 
J • 
J. 

N 

"' 

--- ---· 

J. -----
i.i • 
J. 
o. 

ANGLc LONG, STRESSILB/IN/Hll AND STUIN(MJl<IINI SQRT(3•J2l IN (KlG/Itl/lNJ 
YA~ YgM Y~P VG~ YCP YO~ 

T~ANSVERS~ irs~LtC~M~~T(IN\ 
([1EGJ ~ZC..P zzeH ZlBP ZZC:" ~ZCP ZZO": E'Z7 UR~ uro u=:i UT~ !JR~ UTS u;:o urn 
45.a -2a211.-20213, -4 71. -Lo, 71. 9907. e q 87 • -3571.+, 17.0 16.41.3 .5 10.0 e.s -.oogt..],no:n-.012~0.Jc1c-.~2o~a.a1 D-.J2 .... u-.cu::ir. 

- 40. c --2J273 .-20 ~73. -f.o. 71. - ... 71. ag n. sqa7. --3571.., 17.6 16. 4 1. 3 • 5 10.0 e.5 -.CC9J..J.~G~~-.a1~qJ.CJOG-.a~:a~.CJ J-,:?4J-·.Oj:JC 
35.C -ZJ271,-2Q273, -t+71. -471. BY 8 7, 8 '3 87 • - 35 74, 17.& 16.1+ t.3 • 5 1 .J • c 8.5 -,CG9~0.GGG0-.010~J.JJOC-.020~S.JJ 0-. C.?;.J-. OJ~G 
30.o -?.J273.-2C273. -471. -1.+? 1. dYf7, t YP.7 • - 35 74. 17.0 16.4 1.~ .5 10.c 8.5 -. C094Q. GO GC-. 01C ~Q • DJJC-. '.;?Jt;J, J!J a-. azr.:i-. 0J JG 
25.C -2:'.J27~.-20273. -:. 7 1. - l..71. agp, 7. 8'337 • - )5 7.:+. 17.6 16.4 1.3 .5 1 fl. G fl. 5 -. QQQLQ.GJC::i-. 010 3Q. OG JC-. ".!2.JtO. J!l a-.02 ... c-.O:JO:J 
?c.o -20273 .-20 273. -i.+ 71. -471. d'3 8 7. 8,g37 • - ~s 7 i.... 17.6 16.4 1.3 . ' 1 'JI 0 ti.5 - -.coq1..o.DJCD-.010,::i. '.JOJG-.D2J!i0.QG 0-.G~ ... G-.OJD~ 
15.0 -23273 .-~o 273. -"+ 71. -'1'71. 99R7, 8g(\(' • - )5 7i+. 17.6 16.4 1. 3 .5 1 n. a f,5 - • [ G q ~ c. c 'J c C-. 0 1 G 3 J I J ~ J 0 - •. j 2 J 3: • c iJ 0-. j'.? ... G-.CJOC 
1 0. c -20273.-20273. -.:.71, -.:.71. ag3 7 • ega?. - 35 7 t.+. 17.6 10."' 1 • :! .5 1 lJ, G 8.5 -.cJq~J,CJC0-,01G30.CGDC-.J2C~C.OJ C-.J2-+~-.QSO~ 

-.-. ~.G -2027~.-20273. -~ 7!. •471. ags7. 8'38i'. - 33 74. 11.0 16.4 1 • 3 ,5 1 0 • 0 8.5 -.cogLJ.cacc-.c10~1.ococ-.a20~0.o:J iJ-.·~2-..0-.DJOJ 
-.o -2n13.-20213. -471 • ...... 71. age?. 8997.- -357". 17.6 16.4 1. 3 .s ~ 0 • 0 C.;: -- - , 0 0 9 41}. C J 'JD - • IJ 1 0 1 0. :JG 'j 0-. 0 2 U ~ 0. IJ 0 J-. 0241 • 0 :J ;J J 

Case 5. 
I________ - - - - - -

Cool Down, No Pre Load, No Excitation 
- -- ____ _____; 
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------------ -- --- ------ ----- ---

~Cf'NTP ~L G~A DIE~T<~G/IN l 
CUTE~ CO~OUCTOR RAOillS(INJ)' 
AC~~ YOVNGS ~OOULUSCL6S/I~/IN) 
80~~ DQISSONS RATIO 
ric~E r~EP.:1AL STR!!.!N(IU/I"JJ _____ _ 
"''D OISLOCAT!O'!MILLIRAQ) 
T1PE Q~ COMPUTATION 

- ANGLE-
<DEG) RR.AP TTAP RTAP 

t.. s. 0 o. -227 39. -o. 
"L+O.O 0.-21111. o. 
35.0 c.-1s7~i. c. 
:~a. o o.-1-+21c. o. 
25. 0 o. --~654. o. 

~2 'J. a o. -~7 3L.. 0. 
15.Q o. ~ e 2'3. o. 
10.c o. 73 S3. o. 

Ril.AM 

-1217. 
-1130. 
-1131. 
-ga1. 
-8 3'4. 
-6 77. 
-5 ?9. 
-"·J 9. 

ELASTIC ~T~ESS AND STRAI~ I~ eEAM LINE QUAD~UPOLE ELQU~D 

14,P.OGJ 
5.8130 

2:900COCO. 
• :l ~10 

-. IJ ~· 3'.J o. 3 o o 
£L'JUA5 

TN~!'.'.P '30RE TU8!: PAOI!l3tir-.;) 
O!JT~R RADIUS a~ ~ANOI~GClNl 
f:0"8· Y'.:'UNGS MDCULUS(L8S/IN/IN) 
ro~o. oorssoNS ~~TIO 
CO"ll"'J. THE~":AL STP.A!NfIN/INl 
HA!"i~JETIC ~il€fG'f((!~-L3S)/I~> 

3. J !] :J 0 
6.5000 

1CCG:JOC. 
.t 00 0 

- • :J GJ~ 
1271•0.73 

!N~E~ CONDUCTOR RADIUS(INJ> 
~A~IUS OF I~OIJ $4I~LCfTNJ 
0 A~C Y~UNGS ~01ULUS(L3Sl:N/INl 
9GND PDISSONS ~ATIO 
gQ~J TY€Ft:~L ST~A~N[IN/INl 
KAGNETIC ~NERGYfJ/KJ 

TP,A~lSV::'.RS'.:: STl\fSS(L9/!N/!Nl 
TT'lM RT9~ R;:;- r: ;> rrnp F:TlJ'.: F.RCM nee RTC:1 RRCP TT~D I\ 7r,o RROM 

1626. 0 • -1207. 24. G • -1183. -2c 1. -1. -1188. 1295~. - ;j. o. 
1230. -6C16. -11.qc;. 31. -636. -111e. -2113. 179. -117.:io 1212g. 110 .. a • go. -123L -1101. 53, -1233. -1151. -2f q. ~ -!E • -1131. 1 2J '3 i;,. 3 3E-. 0. 

-1656. -16E-t. -9fl 1. 3 E • -16S 1. -110~. - '-46. 45 ~. -110A. 11EJ. 'c:--i: '+'-" - • o • 
-3 7 9q. -1 i3 ,qg. -a J .. • 127. -18S9. -10 56. -!.1 .. 1. 5 15. -105<;, 9592. s 15. 0. 
-6C7d. -15 89. -677. 171. -188 9. -tco1. -SL..2. 51?. -1c:;1. ~H:::s. -~ ~ :ii :) • 0. 
-~ ;'.? 21. -16E:t. -52<?. 211. -1651. • g._q. -6:;7 • 4 5). .g .. g. ?)g?', !.. 5 ! • c • 
-g967. -12 33. -40'?. 2!o5. -123 3. -907. -715. 33S. -'1!J?. s"';,. 2. 3 3E:. 0 • 

5.G o. 1i 32J. o • -Bl.-11107. -6%. - 331, 2 E:E~. -636. -E7g. -7E05. 179. -13 7g. 5701. 17'.1. G ' 
-.c -- o. 11351. -o. -304.-11503. 0. - 3'0 L... 271... a • -~ 7G, -783. -J. -B7Q, 35.:.. 5. -H G • 

ANGLO' TRANSVERSE ST~AIN ( ~:UIN/IN) 
!~EGI ~--~RRAP TTAP RHP RR3H TTBM R TBr1 R_i;; (IP TT8D RiRP RRCM TTCM RTCM R><CP TT~P RTSP RRD~ 

--~ -~ 

45.0 -251t. -3561. -o. -2~26. -2795. 0 • -4432. -3078. 0 • -t..~813. -3 ~02. -o. -so1s. -BJ2, -c. --.6713. 
4 ~. c -2532. -~52g, o. - 29 19. -2808, - 3C. -4406. -1071. -72_ 2. -:.::i: 77. -332C. 1Sl7. -50Dn. --::1'~2J. 2 2. -40~1. 
!5.0 -2577. -~439. 0. -2819. -? 8 t.,4. -s1. -4 33 c. -3061. -1336. --.+344. -3 37<. 3...,Q, -~';177. -3?:7), Li. - .. 6 9':1. 
3G.O -2 8<. 6. -1.~00.-- ---- G • -2R6q, -29GG. -76. -4?1:. -30-..1. -1827. -.:.i.2q1. -3-+55. 4YA. -49.3!+. - ".1..i.!}:5. i; s. -<+7;j), 
2 s. c -2731. - 312Y. 0. - 28) 1. -2%8. - p, 7. -1_c11.., -1'G 17, -2078. - ,2 31. -~ 555. 5 f,E,. -.:.. fl'\ 1. -_)SSS. E : • - i.. ?' 20. 
?O.C -2022. -2g48. G • -'271?. -3 :J40. -87. -3q:>3. -2'-'.F31. - 2':] 7 P,. -:..if,'). -3St1. 5E 6· - .... p, 2?. -36Gi. , ? -4-737. c,. 
15.C -290 7. - 2 7 77. 0 • -2'754. -3108. -70. -3 ?f' 1. -2Y67. -1P,(.7. -L.1[.:.., •37f:1o l.o t:ip. -'+772. -3?~1· s~. -4754. 
10.0 -2977. -26 ~o. 0 • -27 24. -316."~. -'37. -3 6f>6, -29.:.. 7. -1356. - .... c 5 ""t. -3 ,q .... 2. ~7 'J. • 47zq. -~'--.. ?. Cl. -<.. 7f;7 .. 

5.0 -3022. -?547. o. -27J.t.. -31S9. -30. -.3591. -29~4. -722. -4~21. -3FS5. 1 ?7. -c.,. 7 J 1. -36CJ3. 22. - .. 770. 
-. 0 -303A, -251E:. -o. -2697. -3212. 0 • -3S6~. -2929. 0 • -i+oog, -3913. -o. --.091. - ,5g 1 l. _,, -'+77g. 

l. Q 0 G 
'1. ~CG 

~.1av: JG. 
• 13C 

-. 0 I.. 2 
t>6635 • 17 

Tj ij~ KTDM 

s qs7. o. 
711~4. I) • ---

i' ?'3 -~· i] • 
7 c: eg. a. 
a 1J1. 0. 
ql,39. o. -----
6 RS 1. G • 
9) s 7 • ::J • 
g~. c 6. J • 
g.L..82. u.---·-r-..,, 

0 
-re" RDll I ___ ; 

-1<\3'+. ' . - 3 "2 ~. D • 
-3 0,1 i. a. 
-~73l', J • 
-P5J, c • 
- 3 ---1 '3. a. 
-)i:..31. G • 
- 3'i5·+· J. 
-3r;~c. 0 • 
- )~3:J I 0. 

ANGLE LONG. STRESS CL 8 /I N/Hl l ANn STF-.ArN H~UI N/ IN I <;Q::i:: C1""J2l IN (KL'.1/IN/!NI 
---- 1R4NSV'.:R3: D!SOL GC::'.:1"'.::NT (IN l ~----

<DEG> lZAP z 7t~ 7.ZBP UCM l2'.CP 77(1M =: 7-Z YA<:J '{ 8t-; Yl1P YC~'. YCP Y D~1 u~o. Uit. u;;,: ·3 UTB u~c UTC URO tJ f] 

45.0 -19431.-11720. -277. -298. 12G 69. 1C4t:B. - ~40 q. 2t. 3 12.2 1 .1 ,g 1 ~. 7 9.? -.uog • :CO'.JO-. 011? • 0 c c-.o??i+ • ·JG a-.a257 • n J na 
·4 0. 0 -190d9.-1184.~. -211.... -zqq, 11%5. 10 4g .... -34~g. - 2 J. s 12.1 1.6 1, G 11. 6 9.3 --. ~ ug -.JGC1-.J112-~00 (-.322~-.S;J 3-. C235-. :J11 
35.C -1a10,1.-121g6. -2 64. -3J1. 11793. 10 5 67 • - 3J.o. :J '3. 13 ... 11.ci 2 I I.. 1.G 13.1 9,4 -. :: cg -. O'JC3-. 0111-. DC 1-.J::>21-.Q') ?-. >J23¥-. OJJ1 
~o.o -1E593 .-12na. -248. -304. 11•79. 1G57'l. -31.p.IJ g I 15. t) 11. 8 3.0 1.1 12 • .1. g,5 - • ; 3q -. JQIJL.-, J1J'3-. 00 1-.J217-.01 7-. 'J23')-. GQJZ 
25.0 -1"+7""1.-13402. -231]. - ~o '· 110'l4. 1 Ga ib • - 1'4-- 0 l,j. 12.B 11. a 3.:... 1.1 11. E: s.7 - • 00 g -.0004-.010~-.~0 1-.!J212-.Jr) s-. JZ.:.S:-. IJ~JZ 
20.c -1.?770.-1410g. -210. - ~13. 1JC8.:... 10%2. -34·]~. 11.6 12.2 l.4 1.1 1 a. a g,q -.cug -.C8J1.+-.G1J .. -.08 1-.J2.::7-.:J a-.::2 .. c-.oJ:iz 
1s.c -1ag11.-14773. -191. - 313. 1JZ99. 110 93 • -34-09. 12.6 12.1 z.9 1. a 10.1 1(. 2 - • c '.J 3 -,(Q0t..-. ~t:::~-. G~ 1-.82~3-.0J 1-.c2<:?-.0JJ2 
1c.o -9407.-15315. -17 r;. -321. <Jges. 11211. - 3L;. u g. 1 :+. 0 13.3 2.2 • 6 9.E 1 c. ~ - • 0 0 f< -.0 1JU3-, 01:JJ-, GG 1-.J1g1-.J] ~-. C2~t-. G JJ1 

5.0 _q4z2.-1s 6t:a. -1 E: r;. - 32 3, J7 a a. 11 Zdf... - -i.:4 ')g. 16.3 13.i 1.J • 6 " , , . - 10.s -.OJ0 -.c:J.Jt-.::r:r'?~-.J: c-.~1qo-.0J 3- ... ~??9-.00J1 
-.o -80 79.-15 791, -102. -324. g] 0 9. 113G:.3. - 3.,. 0 g. 1 E:. g 1~.g .5 . s 9. 2 

1C "' 
- -~ r A ... ~· ~ .O:JJD-.~::gs c" • 0 0 c-.01g5 • ; J :-.U22~ • c J J: 

Case 6. Cool Down, No Pre Load, No Excitation 

s,,, ,,,;, --' .._.;;;:;:;;;,.,.~'41W:;;;::.} J2 .$ jk_,J.. ,._,.__!!,@,, #L&tOid,<Ji!?'f'W'.•'lj'!.~ ·-~ "-" :., -"':'P::';P; 1 0:-_~:-;:::.,-:C:- -i. -,_.- . :-; _-:-:-,~:-:;;~~ .. .; ::;.. .• ~.- ·''--~-+ •. 
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ELASTIC ST~ESS ANO ST,AIN IN 9EAM LINE aUADRU"OLE ELQUAO 

C~~T~AL GRADIE~ITtKG/Itl) = O.~JQO INNFq 18~E TU~E RA~IUSt!N> 3.00~;j IN~H::R CON(UCTOR RADIUSCIN>> = 3. 5 Cll :J 
C~Tf~ CJt1gucr0q QLC!U~(JN)-j - 5.~1JJ C~T~R R~OI 1 JS ~F 1ANOING(I~l ~.saoo PAOIUS OF lFO~ SM!~L~<I~> . g·8'00 
Et ;E YCl~~ S ~OJULU~<L s.<:::tJ/INJ zgoo0Doo. c NO. YQUN~S ~ODULUS(LgS/I~/INJ 100QJOO. 3A~~ YOU~G~ ~DOULUS!L~S/!~/!N) 11000 So. ;3•F "OliS"•S ~OTf" .3 ~3 'J COND. 0 0ISSONS RATTO .tOQ~ qANJ 0 orsso:~s OQxTi · P3 t . •F TH· .'~h s ~· NII ~/!Nl - l :1J GrJ~JO. THER~Al STPAfN(!t~/Itl) -.J03 9~~0 TH~R~AL st~ !NC!N/INl - • 1:.. 
9••o DIS~OCATIRNl~ILLIRIOI 
TYPE QF ~o~PUT TION 

50 J 
ELO AS ~~G~ETIC E'~~RGY((!~-L8SJ/I~) O.OO MAG~€TIG E~f~GY(J/~) a.ao 

ti ~GL:: 
~---

J•l•SVE~SE STfESSILS/IN/I!I ------··--

<DfGl ::(~AP TTAP RTA? R~f M TTIJ"'I RBH ~RBP TT '30 RT9P i<RCM 'TTC!i RTC'-' RRCP TTC• RTC 0 RRO~ TTO~ RTO!<! 

45.n o.-14023. o. -1860.-1 16'· o. -1%0. -1 39. a. -1:~12. -oas. a. -1112. 1i5C5. 1. o. 1071+3. G. 
4C .c 0.-14G23. C. -1!5C.-1 163. C. -13SQ. -139. {l. -1312. -i:.~e. o. -13E. 11505. a. o. 1074J. 0. 
35.D o.-14n3. c. -1%0.-1 153. ~. -18-1'.>0. -13g. o. -1312. -688. o. -1~12. 11505. 0. o. 1D741· o. 
3'.!.0 o.-14G?3. c. -1si;o.-1 163. a. -1.~GJ. -139. a. -1312. -68 s. o. -1312. 11505. o. o. 107<3. 0. 

_. __ 2?. ~ --- - - o.-14023. o. -usc.-1 163. - o. -1%0. -13g. o. -1112. -655. O. -1312. 115G5. o. o. 10743. 0. 
20.0 0.-14C23. c. -1%0.-1 151. Q. -1'61. -1 39. o. -1312. -F,38. o. -1312. 11s;s.- a .. o. 10743. o. 
!5.0 0.-1t..G23. C. -1S6C.-t 11j3. o. -1%0. -139. o. -111('. -6138. 0. -1312. 11SOS. o. o. 1074-'t. o. 
1C. c 0.-14023. D. -1%C.-1 163. u. -1-3-?J. -139. o. -1312. -588. o. -1112. 11scs:. 0. o. 10743. o. 

3.0 ------ o.-140ZJ. o. -1s::.-o.-1 !.?3. o. -1%0. -139. o. -1 31?.. -688. o. -1~12. 115U5. 0. o. 10743. 0 • 
-.:? 0.-1.:...023. o. -1850.-1 161. tJ. -1.qsa. -139. o. -1312. -oa e .. -o. -1312. 1:sos. o. J. 1G743. 0. ---

I 

~''cl': TPDNSV~RSE ST~ar~ < MU!Nllt'-) VJ 
IDoGI ~~AP TTA 0 F'.Tf.tJ ~RP~ TT'l~ RT9~ ~R9P TTflD RT9P RRCe TTCM RTCM k~CP TTCP R~CP R~OM TT~~ RTD~ .... 

--··· --·---t--

~?.o -zsgo. -1~35. c. -26'6. -1149. o. -5'J43. -'31~g. o. -•q39. -1753. u. -49LJ,:!,. -3355. J. -4771. -3-t.&g. 0 • 
~,.o -2590. -123S. (. -267€. -314':!. c;. -5J4.3. -31.49. rJ. -443"q. -3753. o. -49ua. -3355. o. -•771. -3469. c. 
35.0 -25~0. -1215. c. -267f. -114q. o. -5041. -3149. o. -4~39. -3753. o. -49~8. _ 335;. o. -4771. -3•59. o. 

~30.0 -?.5'30. -1?3?. C. -"'67E. -114q.·- '· -50~'· -3149. o. -4~~~- -3753. o. -4gJ5. -3<;55. a. -1+771. -3469. 0. 
25.0 -25?0. -1?15. ~- -267€:. -114g. 0. -S()L""lj., -3149. G. -"43c. -3753. o. -i..-903. -3~55. O. -4i71. -3t..E9. G • 
20.0 -2590. -~?JS. o. -?S7E.. -314g. .i. -5:; .... "l. -314'3. c • -4.+39. -3753. ,,. • -"-3JI). -3355. •j. -t...771. -34&g. 0. 
1=.c -2S9C. -3?35. Q. -?1)7f.. -31.l.a.g., c. -5)~3. -31~9. 0. -4.'t~e. -J'?S1., a. -4g39. -33S5. a. -<+771. -3469. 0. 
10.0 -25~0. -323~. c. -?.67(. -114''.l. a. -SUL.~. -)1J.pg. o. -1...;4~~. -11s1. - - --a. -.<+9J:i. -3355. a. -4111 .. -345~. o. -

5.C -25go. -~2~=. c. -267f. -11i;.1. o. -:31J.i..,.~. -111..g. c. -4i.,3g. -"3753. o. -L..gca. -3355. . Q. -4771 .. -.~.i..,sg .. 0 • 
--~ -?590. -3235. c. -2676. -314~- o. -5J43. -314g. o. -4~3g. -3753. u. -49J3. -3355. D. -4771. ·3<.69. 0. 

!--A'4GLE L O~G. STRFSS IL '3/I'l/I >II ANQ STRAIN!~~Illl!~l S1RTl3•J21 IN (:{L ~11~11I~J TRA~SVEPSE DISDLACEVENT{!N) 
(J~GJ 7ZAP zzg~ ZZl?P ZZCH z zr::o Z ZD!-1 El~ YA" 'f1:1 Y~P YC/'! YC~ Yl)'.-1 URA UiA u~ 1 UT-3 URC UTC URO UTO 

lt$.C -21 70.-21670. - 3E. -~16. g %. 9"."79. -~58S. 11.0 1?.2 1.6 .7 12.ry 1C.3 -.oag10.G~J~-.~1:~:.01~~-.021~~.Jooo-.02s1 .co20 ·--,c.o -21 7J.-2E7c.·- 3t. -~16. 9 15. g7'g. -15~'). :19. 0 17.2 1.~- .7 12.:J 10.3 -.J'J91a.001c-.n1100.r:J'JO-.o?t.~o."JiJJo-.02s1 .uo11'·-·--··-
3=.o -21 7Q., ... ?157C. - :~F. -:::10. g %. 9779. -35,Fl. 19.o n.2 1.6 • ., 1~.a 10 .. 3 -.J097J.OGJO-.C11JJ.SODD-.nteJ.J000-.0251 .0016 
3C.C -21 70.-21670. - 3f. -5~6. q '10. 977~. -3586. 19.C 17.2 1.6 • 7 1 2. J 1 ['. ~ -.00910.aJJo-.01100.~aaa-.a21aJ.ocao-.02s1 .co14 
2~.0 -21 70.-2167C .. - 3f .. -516. g g~. g71g. -33'1C.. 19.0 17.2 1.6 • 7 1 ?. a 1 J • 3' -.00°10.00Jo-.c11~c.:~Jc-.J21eJ.QOOG- .. 02s1 .oc11 
20.0 -21 70.-21~7C. - 3~ .. -~36. 'i ·3-s. 3"'79. -35fl0. 1g.~ 11.2 1.6 .7 12.J 10.1 -.JGg 7 Q.O~JJ-.C110J.JOJO-.D2183.DJ~G-.02:1 .O~Jg 
15.Q -21 7Q.•2tS70. - 3f. -536 .. 9 '16. 9779. -35-~o. 19. a 11.2 1.S .7 12.0 i'J.3 -.1J0') 7 Q.Ql}O'J-. 011cu. SOQJ-. Cl21iDJ. ;J>JOO-.a~51 • COQ7 
1c.o -21 70.-2ts7o. - ~f .. -::30. g go. 9779. -35%. 19.Q 17.2 1.6 • 7 12. J 1 0. l' -.aog;a .. oooo-.011no.oooc-.0218a.aaao-.02s1 .oocs 

5.0 -21 7~.-~1~7G. - 3E:. -536. ) %. 9779. -35~6. 19.0 17.2 1.6 .7 12.0 1 G • 3 -.00970.0DJ0-.01~DO.JOQO-.!J2180.!J'.JCD- .. 02:1 .OO:J2 
-.a -21 7C.-2167C. - 3E. -036. 9 %. 977S. -35.q~. 19.0 17.2 1.6 • 7 1. 2. J • 0 < 

... \J ..... - • c.J g10. G J ca-. c 11 VJ. co 00-. rJ?18 a. a a Go-. a 2~1-. a o an 

Case 7. Cool Down, With Pre Load, No Excitation 
~-

••"r ''*'->' .. -, ... ,,'>,,..,.)J'ifl"""'<~l'•!<,f,'.;l"~'illltill>Oi(fO'•.'fli"""ll<'.-~·, ....... ,:;;;;;;;Ji+.~,.. ......... , ... ~ .... ,,, ............ ••'" .-·;:• '"-''-• <> .. ".' -~ ~ .cl\ 
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ELnSTIC STRESS A~D STRAI~ IN ~EAM LINE QUAOR~POLE EL QUAD 
C~~·T~AL ~RADIENTCKG/l~> = 14.~10J !N~E~ 98~£ TU9~ ~A~IUSCINJ = J.onoo INN~R CON~UCTDq ~AQIUS(INJ) = 3.5000 
'5T 0 ~ g~~~~crgo OA~T~< ~rNl) - - = 5.82~0 ~HTFR OAJI~S 0F ?AN~TNG(!N) = ~.?QQO R~Cl~US OF Tr(,Q"l SHIF 1 ;) {~~ll - g "3QO 
~ ;~ v o~~- ~- ducu_l e 1rN1I~> = zgJJJ:JJ..;. ·~-NO. Y')Ut/.,S ~100ULU 1LgS/IN/IN>= 10~0~~~. 3~N- YOUNGS PODULUSTL3 /IN/IN> ; 110000 u. 
~~:F POlSS~~~S RATIO = .1,~0 "0"10. 0 0-ISSO!\S 1:1.ATIO = .1aJo sANJ 0 orss0Ns ~Axrn = • 3330 
PJOF T•o~'1 l STRlrN!IN/I~l = -.l~30 Ca•o. T•FR•AL STRAINtI•IIN> = -.003~ 8~~Fl ;1-u=:Rl'AL ST;\ r~l(IN/I"ll = - • Q 04 2 
ia~n O!SLQrAT~1N(~lLL!RAD) = 2.5DJ ~ 1 AG~ETIC E~~RGV((!~-L"Sl/!N) =-12714J.73 wAGNETIS FtJ~RSY(J/~) = 56635<,.17 
Y~F OF :o~~uTATION = ~ll.llJAS 
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(JFG> ~'AP THP RTt~ RREIM TT°" RT~~! ~R '30 TTB:J RTD;D P RC'1 TTC~ RTCM RP.GP TTC? RTC" RRD~ TTOM RTOH 

!+ 5. c 0.-25RZ7. -o. -1617. -1051. o. -1Fi17. -95. o. -1505. -412. -a. -1505. 1551?. -G. o • 9755. 0. 
4 ~. [) o.-z47gg. o. -!590. -14<t9. -556. -1sgo. -8 ~. -656. -14q5. -43 Cl. 119. -1~gs. 1s2g.:... 17q. o. 9832. 0. 3:.o 0.-21~~9. o. -1511. -'.:!5'19. -1213. -1511. -66. -12"· -14E3. -4"' 0. 1Jo. -1C6~. 1t,E51. 3~6. 0 • 10 ::i51. o • 
3 IJ. 0 0.-17305. c. -1191. -4135. -16~1. -13)1. -33. -166!. -1425. -5?8. 45~. -1425. 13St6. 43 ,1. 0 • 103~7. 0. 
2 5. lj o.-111i.2. · o. -124?. -~~76. -l~~g. -1~41. !3. -1Al3'9. -117.:.i.. -E5 3. 515. -1174. 124'.57. 515. o. 10799 .. Q. 
20.0 o. -5~?.3. c. -1Jll:7. -~757. -1389. -10°.1. St. -18~9. -1~1A. -73 4. $15. -1~18. 11171. 513. o. 1i23?. 0 • 
15.0 0 • -?E.G. 0. -919.-1010). -lEEl. -g3 q., ~2. -1ss1. -1~65. -~4 g. 4S3. -12::io. 9%2. 45 3. o. 11Et.9. a. 
H.O o. t,275. c. -81G.-126~6. -12~3. -g1 g. 125. -123~. -1224. -n7. 336. -1224. C:S77. 336. "· 11S85. a • - " G • 7234. c • -7-.r.-11730. -<;56. -74 :J. 1.:+?. -osn. -1197. - ·17 7. 179. -11q...,.. ~-:; 34. 17 l. o. 1220~. o. , "' --.a o. 8262. -c. -713.-1.,.1s2. Q. -711. 155. c. -1187. -915. -JJ. -1137. 8111. -a. o. 12280. {). --- .---~ 
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i.s.o -2'+6<+. -3651. -o. -2893. -zqs7. o. -1+.:3~3. -3141 .. o. -4677. -3475. -o. -51•0. -3078. -o. -~786. -3f04. 0. 
~o.c -2•eo. -3620. o. -2a1Eo. -2aso. -~i). -47g1. -31t+'3. -7~~. -4606. -34g~. B7. -5131. -30%. 22. -4789. -359~. 0. 
!S.O -25?5. -35?g. o. -28~r. -zq1n. -57. -4722. -3132. -13~6. -i+6~~- -35"1-7. 370. -51~2. -3149. "1· -4796. -3:e~. a • 

~-3;i-.i: -25'35. -3Jgc. --- .. O .. -2S3f. -2'371 .. -7&. -4~J6. -2112. -1827 .. -45Pi3. -3628 .. 4g~. -5D5~. -3230. 55. -4~12. -3S53. a. 
2~ .. 0 -2530. -~?2C. o. -27ga.. - ~))q. -B7. -4~?5. -30~~. -207~. -4521. -3728. 566. -5006. -3330. 62. -~82~. -3528. 0 • 
2c.o -21ro. -3038. o. -2759. -1!.11· -~?. -431t... -30C2. -207-~. -44~5. -3'33.y.. 56ti. -4q50. -3436. 62. -~~~6 .. -34~~- 0. 
1~.o -?8?6. -2A6e. o. -2722 .. -3!7'1. -76. -417 3 .. -3038. -1827. -439). -3g~4. 4ge. -45~7. -1536. 55. -4~63. -3451. Q. 
10.c -z~?s. -27?9. ·-- c. -2sg1. -1215. -57. -4\J57. -3'j1'1. -1356. -L.343. -·-1~1;;. 37~. -4E5~. -3618. 41. -4e76. -3L24 .. ---- 0. 
5.c -z~ro. -263s. o. -2671. -32.,.:!_. -:!D. -3gF12. -30'J6. -722. -431J. -4J69. 197. -·q~6. -3671. 22. -48~5. -~t.J&. 0. 
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t. .C -20823.-1.~117. -343. -:"S,1. 1 6" 8. 1::.200. -3422. 23.7 11.8 1.~ 1.1 15.~ 10. 5 -.010 ! .OQGD-.0115 .n~ao-.0234 .OO!lC-.026B .O:J20 --. .o -zo•s6.-1l2•0. _33g. -3&4. 1 +SO 7. 11zqo. -3422. 22.9 11.8 1.8 1.i 15.5 u.& ---.01oi-.0001-.Jt1:.-.cJJO-.J233-.noo3-.o2P .001;-·--
3 .o -1gcoc.-1,5g3. -329. -366. 
3 .c -11~90.-1413;. -31!.. -~ 7 0. 
2 .o -16138.-147g9. -29~. -374. 

-2 .o -tt.167 .. -15506. -27=. -17g. 
1 • o -12~14.-i6170. -?Sf. -3~) .. 
1 • Q -:!.C'!,J~.-!6712. -2&o.1. -3f}7. 

.o -9A.1<'.l.-17DE-S. -231. -::i:r:.g. 

.o -9477.-11111. -227. -Jga. 

1 402. 11350. -3422. 2~.B 11.a 2.5 1.2 15.1 11.a -.Q099-.00J3-.0113-.D001-.J231-.0DC5-.0265 .0015 
1 J 3 d • 11-'l7 1. -1£..22. 17. 7 11.g 3.1 1.3 14.4 11.0 -.oog1-.on<,-.n11-.oa01-.a221-.0101-.a2&1 .ia1~ 
1 7n. 116'Jt'. --3422 .. 14.5 12.3 3.5 1.1 13.5 11.2 -.oogs-.GQJ~-.01Jg-.coo1-.Q222-.oooe-.a25& .aoag 
1 :?g) • 1:!. 754. -1422. 12.3 :!.2.9 3.~ 1.~ 1~ .. 6 11.5 -.0093-.0 )Oz...-. Ol·JS-. IJO '.Ji-. J?11-. :::'.l08-.C751 • 0~17 
1 ·<J9. 11ag1 .. -3:+22. 12.2 13.7 3.0 1.1 11.P. 11.~ -.Jog~-.~JJ4-.01:4-.C101-.~213-.~0D7-.~2~& .:c:s 
1 5 )4. t2Jj3. -3422 • 13.5 14.5 2.3 .9 11.1 1?. • a -.JOA9-.DJJ3'-.11u2-.aou1-.CJ20<?-.'JOG5-.0242 .Gi)~3 
1 B9. 12076. -~422. 1408 !.5.Q 1oe4 .8 10.7 12.1 -.oIJg7-. 0 CJl-. 01G1-. CD CC-. G?J&-. J003-.n 2<.'.J • QCG2 
! 317. 121'31. -3422. 15.41S.2 .8 .7 l!J.6 1? .. 2 -.JG87 .a1oc-.n1au .oooo-.u2'JE • 0000-.0 239-. OGOO 

Case 8. Cool Down, With Pre Load, _\']it_!:l __ Exci tat ion 
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