SDC SOLENOID DESIGN NOTE 169

TITLE: 46 mm __ Isogrid Outer Vacuum Shell For SDC Solenoid
AUTHOR: Anglee and Ron Fast
DATE: Nov 27, 1991

INTRODUTION: This design note contains a study of an isogrid outer vacuum shell for
the SDC solenoid with an overall thickness of 46 mm. In the "P.S." study!, the isogrid
geometry was calculated with a 56 mm over all thickness and a collapse pressure Per=30
(psi). The E* and t*, equivalent monocoque modulus and thickness, were also calculated:
they allow one to directly use the stability equations for shells made of solid plate. In this
study a 46 mm isogrid patten having the same * and E* will be chosen. Therefore, this
patten will automatically satisfy the stability equation. The method shows very good
agreement with the results provided by "P.S." for an overall thickness of 56 mm. The

effective thickness tw is calculated using an equation in the "Iso-grid Design Handbook" 2,

COMPUTATIONAL METHOD: From "Iso-grid Handbook", E* and t* are given
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Multiplying Eq.1 to Eq.2, it gives
E¥t*=t. E-(1+o+u) 3)

or
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Substituting u=wc/th, Mw=S8/w, and Mc=5/c into Eq.5, it gives
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in which the E* , * , 5, Mw, and Mc are given. Equation 6 can be solved with many

different t and h combinations., The width of web b can be calculated as

b= h
and effective weight thickness tw is now
twe=t(1+3u+300) (8)

RESULT: By first assuming S$=56 mm, a computer program was written to solve
Fqs.6,7, and 8 for all possible solutions which satisfy Pcr=30 (psi). It was found from
the computer output (Appendix A) that there is a solution which is exacily same as that
provided by "P.§". We then assumed b=0.15", w=1.0" and S=1.81" (46 mm), the
program is modified slightly and the effective thickness tw was found to be about 13.5
mm /0.6317 inches(Appendix B).



Fig.! Isogrid Geometry
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@(W@eght)m 0. 5?6?173
Per(ge) = 30.71451

@M

9c

@(NRS)% (ﬁg(wada} 1.
t(s.th)= c(f.th.)= 0.
betas alpaf= 0.2994696

mmmme{a@—%mmmmmmm-@m%m-mmmmmmmm@mm—awww@mmmmmwmmmmmmmmmmmmm

t(weight)= 0.5564120
Per(ge) = 2@ 92289

a(N.S)= d=(W.d.)
t(s.th)= c(f.th.)
beta= alpaf= 0.28

t(weight)= 0.5764896
Per(ge) = 30.49150
a(N.S)=  3.000000 b(W.w.)= 0.1 d=(W.d.)  1.520000
t(s.th)= 0. ) w(f.w.)= 1 e(f.th.)= 0.1500000
beta= 35 .04860 delta=  10.85714 alpaf= 0.6268559

om0 5 G G GG AP @

D G G GO O R D G S G G D G G O D G S LR G GRD €5 G5 R G €2 S (S . GO G 4 7 IS G

t(weight)= 0.5561993

Per(ge) = 30.41333

a(N.S)= 3, b(W.w.)= 0.15 ) ds(W.d.)  1.470000
t(s.th)= 0.1 w(f.w.)=  1.00000( e(f.th.)= 0.2000000
beta= 34.71017 delta=  10.50000 alpaf= 0.51963086

D €5 G G5 5 G G 08 5 G 0 D G G GRS G 50 0 € G5 O G0 5 85 57 G550 650 G5 5 9 15 S 5 59 5 41 G 5 G 0 o < 5 0 e 5 o ¢ com 4 D

b(weight)= 0.5409816

Per{ge} = 30.16015

a(N.S)=  4.( b(W.w.)= 0.1500000 de=(W.d.)  1.420000
t(s.th)= 0.1400000 w(f.w.)= 1.000000 e(f.vh.)= 0.2500000
betas= 3@ 3@6@@ delta= 1@@£@286 @é@%fm 0. @@@?115

b(weight)s ©.5520365

Per(ge) = 30, 823@?

a(N.S)= 4, b(W.w.)= 0.150000 d=(W.d.)  1.370000
t(s.th)= 0. w(f.w.)=  1.000000 c(f.th.}= 0.3000000
beta= 34.96298 delta=s 9.785714 alpaf= 0.3988200

5D T G5 G G GRS S G O O €7 R

5 o o5 2 65 G QO G WO D ST IR G G 44D G R W i G G5 S G5 G O > G G D K G T G5 GO G G5 G

t(weight)= 0.5291455
Per(ge) =  29.80326
a(N.8)= 4. 0 b(W.w.)= 0.150 d=(W.d.) 1.3
t(s.6h)= 0. w(f.w. )= 1. e(f.th.)= 0.3C
betas= 33.87107 deltas 9.785714 alpaf= 0.3766634

> w2 @ @ o o e G @ T T

@ o > G G2 G TR G0 3 485 6550 G G 00 Y D 55 @ GO

t(weight)= 0.5396697
Per(ge) = 30.27649
a(N.S)= 4. ' b(W.w.)= 0.15
t(s.th)= 0. w(f.w.)= 1,
beta= 34 .37630 delta= 9.42857

@z o = @ e G e S > D

t(weight)= 0.5491225
Per(ge) = 30.56385
a(N.S)= B.( b(W.w.)= 0.15 d=(W.d.) 1.270
t(s.th)=s 0. 00 w(f.w.)= 1.0 c(f.th.)= 0.4
betas= 34.72609 delta= 9.071428 alpaf= 0.3142627




t(weight)s 0.5296404
Per(ge) = 29 ?138?
a(N.S)=  5.250( b(W.w.)= 0.15( d=(W.d.) 1.2
t(s.th)= 0.14 ) w(f.w.)= 1.0 c(f.th.)= 0.4000(
beta= 33.81021 delta=  9.071428 alpaf= 0.2992883

T 2 0 i 5 2 0 G S G 08D R G G D 5 9 T O €5 D G D 050 R G0 G5 G G o G G G D R G T G 3 G G G o G 4y G 65 7 6 G55 65 8 .

t(weight)= 0.5576839

Per(ge) = 30.70641

a(N.S)= 5.25 b(W.w.)= 0.1500000 d=(W.d.)  1.220
t(s.th)= 0.140000( w(f.w.)=  1.000000 c(f.th.)= 0.450
beta= 34. @5346 delta=  8.714285 alpaf= 0.2875083

T @D T G D G D LD D O D D

t(weight)= 0.5386984
Per(ge) = 29.89933
a(N.S)= 5, b(W.w.)= 0.1500000 d=(W.d.) 1.220000
t(s.th)= 0.14 ) w(f.w.)= 1. @Q@@@@ e(f.th.)= 0.4500000
beta= 34.07689 delita=  8.714285 alpaf= 0.2744369

D D TP T (5 T T LD T O D G O G S D B G T G D D D s S > D D > D

D 50 D T O T R G 5 5 G 19 T 7 G D G G S S KD G G o S G G5 00 R G G S 50 G 55D G S 70 7 R Gl G G G G S G G5 6 i e G G55

t(weight)= 0.5654672
Per(ge) = 30.73528
a(N.S)=  5.50 b(W.w.)= 0.150 d=(W.d.) 1.17000
t(s.th)= 0.14 ) w(f.w.)= 1. c(f.th.)= 0.5
beta= 36.08334 delta=  8,.357142 alpaf= 0.2631895

D 05 G 5 % 5 D G €20 G (B G B G D L 5D T 5D G GRS D D 0 T G G S 5 G G R ST G O o G5 O D G 265 A5 GO G5 G i 5 75 K 5 <A 257D D < B €

t(weight)= 0.5469686
Per(ge) = 29 6928
a(N.S)=  5.75000¢C
t(s.th)= 0.14 )
beta= 34 .24455 é@ﬁ
@(w@ﬁgh )w @Qgﬁlgi@?
Per(ge) = 29.65883
a(N.S)=  3.250000 b(W.w.)= 0.1500000 d=(W.d.)  1.510000
t(s.th)= 0.1500000 w(f.w.)= 1.000000 e(f.th.)= 0.1500000
beta= 29.91234 delta=  10,06667 a@p%fm 0.5365074

W @ R 3 O G 6 G o

b(W.w.)= 0.1500000 d=(W.d.)  1.17000
w(f.w.)=  1.000000 e(f.th.)= 0. §©@Q@@i
&= 387142 alpaf= 0.2517465

IR G G D 10 G O T G G @ GRS S GRD R G G4 GG S G i 0 D

D D 5 D SR G G5 G D > G WD S G R T G R R G G G 5 (o 7 e R S G (D G 6

@(W@a@h%}w 0.5370670
Per(ge) = 29.81626
a(N.S)= 3.75 b(W.w.)= 0.1500000 d=(W.d.)  1.460000
t(s.th)= 0.1500000 w(f.w.)=  1.000000 c(f.th.)= 0.2000000
betas= 29.84970 delta= 9, 7%3383 agpafx 0. @@@5?66

G B S D IS D D 9 D D AP D G > G G O G Gl G (D TR < SR G <X S G 5

t(weight)= 0.5496825
Per(ge) = 30.84348

a(N.S)= b(W.w.)= 0.15 =(W.d.) 1.4
t{s.th)= 0. ) w(f.w.)= 1. ) e(f.th.)= 0.2
betas Sﬁségéﬁg de Bt@m 9. 4( alpaf= 0.4070439

T G R s O G G G D G D G P G T G > R S

t(w%sgh%}m @ 5261717

Per(ge) = 29.74309

a(N.S)= 4.25 b(W.w.)=
t(s.th)= 0.15 w(f.w.)=
beta= 29.67098 d@ﬁtam 9.
t(weught}m 0.8379908

Per(ge) = 80 49047

a(N.S)= 4.5000 d=(W.d.) 1.3
t(s.th)= 0. ) . 0000 c(f.th.)= 0.30C
betas 30.30914 delta= 9, @6666? alpaf= 0.3489864




t(weight)= 0.5175703
Per(ge) =

a(N.S)= 4. b(W.w.)= 0.15 d=(W.d.)  1.36¢
t(s.th)= 0. w(f.w.)= 1. c(f.th.)= 0.3
beta= 29, delta= 9.066667 alpat= 0.3306187

5 75 5 € 5 €3 6 55 565 5 £ 56 5 €55 € 5 0 5 1
t(weight)=
Per(ge) =

a(N.S)= 4. d=(W.d.) 1.3

t(s.th)= 0. (f.ow.)= D00C e(f.th.)=s 0.350
betas= 30. delta= 8, 733333 alpaf= 0. 3184636
t(weight)= 0,5286375

Per(ge) = 30.06924

a(N.S)= N b(W.w.)= d=(W.d.) 1.3
t(s.th)= 0. ( w(f.w.)= 1 c(f.th.)= 0.3
betas= 29991?26 delta= 8, 783333 ﬂpa?w 0. 3@254@@

%(w@sght}m 0.5386506
Per(ge) =  30.42096
a(N.S)= . b(W.w.)= 0.15
t(s.th)= 0. w(f.w.)= 1.
betas= 30.27100 delta= 8.40

d=(W.d.}) 1.
e(f.th.)= o0,
alpafs 0. 27?L3§2

T O G D G R R 2 G G TR €5 0 G G G €5

%M

t(weight)= 0.5209847
Per{ge) = 29.60478
a(N.S)=  5.500000 b(W.w.)= 0.150(
5(s.th)= 0.15¢ w(f.w.)= 1.
beta= 29, 51@@@ d@g%@m 8Q@x
@{@@%@h%)t 0. 5@?753%
Per(ge) = 30.62173
00000

d=(W.d.)  1.260000
00 @(f th.)= 0.4000000
alpaf= 0.2645392

G G T (R T G G B S R G B (G G2 s G

a(N.S)= 5.5 b(W.w.)= O, 1500000 =(W.d.)  1.210000
b(s.th)= 0.1500000 w(f.w.)=  1.000000 @(? th.)= 0.4500000
betas %@ 51364 delta=  8.066666 %ép@ = 0.2540418

iR 5 67> 6 I s G <

>

R G QU T G G 630D i GRS 5 G D S SR A <G 4 €T R G R S D G S5 < 0 G

t(weight)= @egg@@ggg
Per{ge) = 29.84334
a(N.S)=  5.75 b(W.w.)= 0.15 d=(W.d.)  1.210000
b(s.th)= 0.15( w(f.w.)=  1.00000¢ c(f.vh.)= 0.4500000
beta= 29.78897 d@é@@m 8 @@@@@5 alpaf= 0.2429962

b(weight)= 0.5560650

Per(ge) =  30.70266

a(N.S)= . 0
t(s.th)= {
betas= 30. 66@@5 delvas 7, ?8333@ alpaf= @ QSQ@%@

G G 6085 GO Y G D G4 R S I ) K R 6 G () G G5 7 G Gy G 5

51

0 am o>

t(weight)= @wggggggg
Per(ge) = 29 Qﬁ@@@

T e R CER D W L D O @ s

w0 G5 o

a(N.S)= b(W.w.)= 0.185 d=(W.d.) 1.
t(s.th)= 0. w(f.w.)= 1. c(f.th.)= 0.5
beta= 29. 9?@98 delte= 7.733333 Epafm 0.2232486
t(weight)= 0.5597157

Per(ge) = 30.23963

a(N.S)=  3.250000 b(W.w.)= 0.1500C d=(W.d.)

t(s.th)= 0.16( w(f.w.)= 1. c(f.th.)= o0,
beta= 26.92518 delta=  9.374999 alpaf= 0.4996447




t(weight)= 0.5456814
Per(ge) = 30 41618

a(N.S)= 3.75 d=(W.d.) 1.4

t(s.th)= 0.16 . c(f.th.)= 0.
beta= 26.88537 de Eﬁam 9. 06249@ alpaf= 0. 4185912
b(weight)= 0.5349491

Per(ge) =  30.35420

a(N.S)=  4.25¢ b(W.w.)s 0.15 d=(W.d.)
t(s.th)= 0.16 w(f.w.)=  1.000000 e(f.th.)= 0.
betas= 26.73742 deltas  8.749999 alpaf= 0.3566091

D T D O R D T D 7D D 1 T % 230 € 52 Gy 679 D (2D 626 ) G G R G 6 G G5 5 G O G G 0 4 G G373 G it G G R 59 G 53 G i 7 G0 €15 G O 50

t(weight)= 0.5264763
Per(ge) = 30.14248
a(N.S)= 4.75
t(s.th)= 0,16
beta= 26.524

b(W.w.)= 0.15 d=(W.d.)
w(f.w.)s 1. 0 e(f.th.)= 0.3
deltas  8.437500 alpat= 0.3076760

R G G G G R GO D (D G G 0 G 5O QP G G G 5 G £ O O €65 G G K559 G 03 G G <R R

t(weight)= 0.5375983
Per(ge) = 30.71034
a(N.S)= € b(W.w.)= 0.15 d=(W.d.) 1.30
t(s.th)= 0. w(f.w.)= 1, 0 c(f.th.)= 0.35
betas 28, 9?39@ delta=  8.124999 alpaf= 0.28146656

%(w&é@ht)g @051Q6173

Per(ge) =
a(N.S)= b(W.w.)= =(W.d.) 1.3(
t(s.th)= w(f.w.)= 1. 0 e{f.th.)= 0. %gﬁﬁ@@@
betas= 26.27143 delta=  8.124999 alpaf= 0.2680633

= v @ e

U G5 G 5 GD R O 1 O G0 O R G T O s 5 5 S G B R D G R 7 G £ T <O B 5D o G G5 S99 9 9 S5 6 G

u{%@agh@)m 0.5300400
Per(ge) = 30.24208
a(N.S)= 500000 b(W.w.)= 0.15(
t(s.th)= ( w(f.w, )m 1.0000¢ c(f.th.)= 0.4000000
betas= 26 . @2@@@ delta=s 7. 812&@@ alpafs @ 2460372

T R D G5 G5 € G G G T G0 G G5 G G G5 S G GO 57 G D G G G GRS K0 DN S5 G0 560 G S G D S5 s

@(w@aghﬁjx ®a§£@5563
Per(ge) =  30.49550
a(N.S)= 5,75 d=(W.d.} 1. 2@@@@@
t(s.th)= 0.160000( w(f.w.)= 1. L e(f.th.)= 0.450 )
betas 26.86843 delta=  7.499999 aﬁ&afm @ 225@26%

d=(W.d.)  1.250000

> G > S D T D G Y R G T G D Gl SR R R D I S D G K G5 G G 4 <O G S A G G G 5 S 65 €5

@{W@ﬂ@h%)w 0.6237414

Pcr(ge) = 29.74426
a(N.S)= N b(W.w.)= 0.15 d=(W.d.) 1.2
t(s.th)= 0. w(f.w.)= 1. ( c(f.th.)= 0.4
betas= 26. 2@22@ delta=  7,499999 alpatf= 0.2165127

o o om @ o

D T T Q7 G G 5 G G G LD G T G G R T G O R D G G G GO G G 55 6D G G 50 G G G T 45 G

t(weight)= 0.5482795
Per{ge) =  30.62407
a(N.S)= 6.C ) b(W.w.)= 0.18 d=(W.d.) 1.150
t(s.th)= 0,16 w(f.w.)= 1. e(f.th.)= 0.
betas= 27.03473 delta= 7.187500 alpaf= 0.2074913

e o o

D D G T Y T G5 G D 0 O S D T D D T G G0 D G 5 G () G 6 G D D > G G G G

t(weight)= 0,.5327483
Per(ge) = 29.90569
a(N.S)=  6.250000 b(W.w.)= d=(W.d.) 1.15
t(s.th)= 0.1600000 w(f.w.)= c(f.th.)= 0.50
beta= 26 .45066 delta= 7. 18?50@ alpaf= 0.1991917

=3




t(weight)= 0.5681170

Per(ge) =

a(N.S)= b(W.w.)= 0.1500000 d=(W.d.}  1.490000
t(s.th)= w(f.w.)= 1., c(f.th.)= 0.1500000
beta= 24 delta=  8.764705 alpaf= 0.4671188

mmmmmmm—mm;mmmmmmmmmmmmmmmm«mwmmmmmmmm_mmmmmm@mmmmm@mmmmmm

t(weight)= 0.5542957
Per(ge) = 30 97787

a(N.S)= b(W.w.)= 0.15 d=(W.d.) 1.4
t(s.th)= w(f.w.)=  1.000000 c(f.th.)= 0.2
betas= 2@037@4§ delta=  8.470587 alpaf= 0.3912511

D R D TR G D T D G G O D R G GO S G D 6D G5 D G 0 D G 65 S < i G55 < 9 G €y v

t(w&sght)m 0.5302772
Per(ge) = 29.77676

a(N.S)= b(W.w.)= 0.1500 d=(W.d.)  1.440000
t(s.th)= w(f.w.)= 1.0 c(f.th.)=  0.2000000

beta= 2805219@ delta= 8. 47@587 ﬁpafm 0. 3@6798@

D " 7 G D > W @ o O 2 A G G D G G G 20 G D 0 G G G5 04 €S G 0 GRS G o 5 €at

t(weight)= 0.5437264

Per(ge) = 30. 92601

a(N.8)=  4.250000 d=(W.d.)  1.390000
t(s.th)= 0.17( : e(f.th.y= 0.2500000
beta= 24, 24697 delta= 8, 1?6@?0 alpaf= 0.3332348

t(weight)= 0.5229639
Per(ge) = 29.86972

a(N.S)= 4.5 ) b(W.w.)= 0.150 d=(W.d.) 1,
t(s.th)= 0.1700000 w(f.w.)= 1. 0  c(f.th)= 0. 2500000
beta=  23.50466  delta= 8.176470 alpat= 0.3147217

D 0 L R R G559 D I €D 8 6 359 G G G S50 G D G R 5 U G G G4 G 9 7 G5 S G G 7 K8 G R 5 O a3 8 4 €55 658

%(W@lghm)w 0.5363823
Per{ge) = 30.71908
a(N.S)=  4.750000 b(W.w.)= 0.1500000 d=(W.d.)  1.340000
t(s.th)= 0.1700000 w(f.w.)=  1.000000 c(f.th.)= 0.3000000
betas 24.06249 delta=  7,882352 @@ﬁ&fm 0. 287%53

S G R D 07 G G G U G S G 5 G G G TR S GO 8 O G R G G55 G S <G < v

t(weight)= 0.5171132

Per(ge) = 29.78191
a(N.S)= 5.0 ) b(W.w.)= 0.1500 d=(W.d.)  1.340000
t(s.th)= 0.1700000 w(f.w.)= 1.0 e(f.th.)= 0,3000000
beta= 23.40544 delta=  7.882352 aﬁp%fm 0. ?78@6@7

R D GRS 7 S R S L 5 R 5 G 7 G 2 G Gl K5 D D 0 G 5 S G G G5 55 0 5 G G e i o G G €55 5

t(weight)= 0.5286276
Per(ge) = 30.41033

<

a(N.S)= b(W.w.)= 0.15( d=(W.d.)  1.290000
t(s. bh)= w(f.w.)= 1. c(f.th.)= 0.35

beta= 23, 88@85 delta=  7.588234 ‘@égafx 0.2503541

%(w&éght)m 0.5123264
Per(ge) = 29.57224
a(N.S)= 6.5
t(s.th)= 0.170
beta= 23.25200
t(weight)= G 5390952

Per(ge) = 30.83782

a(N.S)=  5.500000 b(W.w.)= 0.15( d=(W.d.) 1.24
t(s.th)= 0.170 w(f.w.)=  1.000000 c(f.th.)= 0.40
beta= 24,15851 delta=  7.294117 alpaf= 0.,2297119

™ e G G

0 T G G O R D G G G o e 6w e @

s s

o o D 65 @D T @S



t(weight)= 0.5230475

Per(ge) = 30.03293

a(N.S)=  5.750000 b(W.w.)= 0.1500000 d=(W.d.)  1.240000
t(s.th)=s 0.1700000 w(f.w.)=  1.000000 c(f.th.)= 0.4000000
betas 23.59097 delta= 7. 29@117 ﬁ@afm 0.2197244
t(weight)= 0. 5328754

Per(ge) =
a(N.S)=  6.( d=(W.d.) 1.1
t(s.thy= 0.17 ) c(f.th.)= 0.450
beta= 23.83818 delta=  6.999999 alpaf= 0.2020785
t(weight)= 0.5183603

Per{ge) = 29.60865

a(N.S)= 6.25 b(W.w.)= 0.1500000 d=(W.d.)  1.190000
t(s.th)= 0.17 w(f.w.)= 1.000000 c(f.th.}= 0.4500000
beta= 23.32588 delta=  6.999999 alpafs  0.1939954

@ am @ e

D D R G G G G D G G R GIS Y G20 D KD D O G 5P G G0 G G W G G 5 G T G <65 G G € s

b(weight)= 0.5419169
Per(ge) = 30.50613
a(N.S)= 6.25 b(W.w.)= ds(W.d.)  1.140000
t(s.th)= 0.17 w(f.w.)= 000000 c(f.th.)= 0.5000001
betas 24 .01061 delta= 6, 7@5@82 alpaf= 0.1858443

5 D 5 0 0 5 5 G 6 5 D G2 G 53 R 7 ) 659 G0 (0 ) 5 50 ) ) G G 5 0 O G 0 G G 5 G R G G 159 5 7 5 5 R G50 €56 € 15 i @

t(weight)= 0.5276124

Per(ge) = 29.81023

a(N.S)=  6.50 = d= ) 1.140000
t(s.th)= 0.17 W )= 0 c(f.th.)= 0.5000001
betas= 23.51851 delta=s 6, 7@5882 alpaf= 0.1786964
b(weight)= 0.5481954

Per(ge) = 29.88836

a(N.S)=  3.500000 b(W.w.)s 0,1500000 d=
t(s.th)= 0.1800000 w(f . w. ) 1.000000 ¢

W.d.
£,

D T G <5 LD Gk 5 S T G D €S S € IR R S5 69D 5 G 5id 7 <

i) 1.480000
)= 0.1500000
@@%fm 04069063

D G5t G D G TR G G S O AR I S 4 e G

betas 21 .33453 deltas=

R G GRS G T G D S K ) S BT 5D G AT AT G G T S G G55 G G

%QW@égh%)ﬁ 0.5389781
Pcr(ge) = 30.27843
a(N.S)=  4.000000 b(W.w.)= 0.1500000 d=(W.d.)  1.430000
t(s.th)= 0.18 w(f.w.)=  1.000000 c(f.th.)= 0.2000000
betas= ?1 44670 d@ﬁ%aw 7. Q@@@@S alpaf= 0.3440146
t{wgegh@)m @95$1@@@2

Per(ge) =  30.38261

a(N.S)= 4.5
t(s.th)= 0.18
bebas 21.438

D S GA (D R G G SR G G0 D 6 G R G K K D G 5 R R 0B G G

b(W.w.)= 0.1500000 d=(W.d.)  1.380000
w(f.w. )= 1. )0 c(f.th.)= 0.2500000
delva=  7.666665 alpaf= 0.2950988

D D 5 5 45 0 T > 2 0720 R U G 3 G G5 9 T G 55 G5 T G G G G G O 7 €O G €5 2 G R G 5 €55 65 65 7 5 i 7 0 G630 G 5 5 0 o 4 5 9

t(weight)= 0.5260739

Per(ge) =  30.30087

a(N.S)= 5.0 b(W.w.)= 0.15 d=(W.d.)  1.330000
t(s.th)= 0.18 w(f.w.)= 1. c(f.th.)= 0.3 )
beta= 21.35413 delta=  7.388887 alpaf= 0.25509661

R € G I 0 659 5 50 0 050 G G 50 5 G G 552 U 5 G50 7 D S 6 G G0 A G 60 G 1 S 77 5 5 G G 5 G 0 > G G 6 i 5 i G € 5 05 <

t(weight)= 0.5376378
Per(ge) = 30 95113
a(N.S)=  5.250000 b(W.w.)= 0.15000 d=(W.d.) 1.280000
t(s.th)= 0.18¢ w(f.w)= 1, c(f.th.)= 0.3500000
betas= 21.75237 delta=  7.111109 alpaf= 0.2346127

@ @n

R T G D T G D T D 3 D T D S P 0% 67 T € < R D



t(weight)= 0.5213816
Per(ge) = 30.09344
a(N.S)=  5.5000 b(W.w.)= 0.1500000 d=(W.d.)  1.280000
t(s.th)= ) w(f.w.)=  1.0000( c(f.th.)= 0.3500000
beta= 21.21898 delta= 7.111109 alpafs 0.2239484
t(weight)= 0.5321438

Per(ge) = 30.57152

a(N.S)= b(W.w.)= d=(W.d.) 1.230
t(s.th)= 0.1800000 w(f.w.)= . O c(f.th.)= 0.4

beta= 21.53004 de §tam 6. 833332 ﬂpafw 0.20868439
b(weight)= 0.5174712

Per(ge) = 29.79873

a(N.S)=  6.¢ b(W.w.)= 0.1500000 d=(W.d.)  1.230000
t(s.th)= o0, ) w(f.w.)= 1.0000 c(f.th.)= 0.4000000
beta= 21.04899 deltas  6.833332 alpaf= 0.1972671

m-mmmmwﬁmmmmmmmmmmmmmmmmmmmmvmmvﬂwmwwmmmmmmmmmm&wmﬂmmmﬂwﬂo}»mﬁm@mmaﬁm

t(weight)= 0.5420093
Per(ge) =  30.88606
a(N.S)=  6.000000 b(W.w.)= 0.15 d=(W.d.)  1.180000
b(s.th)= 0, ) w(f.w.)= 1. c(f.th.)= 0.4500000
betas= 21.78707 deltas  6.558554 alpaf= 0.1892481
t(weight)= 0,5275289

Per(ge) = 30. 14295

a(N.S)=  6.250¢ b(W.w.)= 0.1500000 d=(W.d.)  1.180000
t(s.th)= 0.18 w(f.w.)= 1.000000 c(f.th.)= 0.4500000
beta= 21.29151 d@é%&% 6.568554 alpaf= 0.1816782
t(weight)= 0.5368130

G > D G5 G G VI TR U G G G R I G RS WD G G <l G G5 G K5 4 G G

a(N.S)=  6.500000 b(W.w.)=  0.1500000 =(W.d.)  1.130000
t(s.th)= 0.1800000 w(f.w.)=  1.000000 e(f.th.)= 0.5000001
beta= 21, 468585 delba=  6.277776 %épa?m 0. &62?884

D D G 5 G G D D L9258 G OB 3 O G20 5 S R D B € G S G Y 0 G 99 G S <

t(weight)= 0.5235977
Per(ge) = 29.68075
a(N.S)=  6.75( b(W.w.)= 0.15 d=(W.d.) 1.130000
t(s.th)= 0.1800000 w(f.w.)= 1, )0 c(f.th.)= 0.5000001
beta= 21.04214 delta=  6.277776 alpaf= 0.1610925

t(weight)= 0.5567107
Per(ge) = 30 3@22@

a(N.S)= 3.5 b(W.w.)= 0.150( d=(W.d.)
t(s.th)= 0.19¢ w(f.w.)= 1. X c(f.th.):
beta= 19.54160 deltas  7.736841 alpaf= 0.38

WammG‘.’amnﬁama@mm@r'@mmMmm@mmmmmmaw@mm(@mv@wmmmmwgmammmmmmmmmc@wmm%wm»(xawvacw)mm

t(weight)= 0.5476790
Per(ge) = 74936
a(N.S)=  4.000000 d=(W.d.} 1.420000
b(s.th)= 0.19( . .00000C¢ c(f.th.)= 0.2 0
beta= 19.65243 delta= 7.473682 alpaf= 0.3236294

O D €3 € G S 0 9 O 5 G5 G5 O 0 527 G 0 50 O i G O G0 G 5 D D G D) 3> G G 6 €51 R 3 S G 2 € 0 6 G R G 29 5 0 5 a9 €5

t(weight)= 0.5266390
Per(ge) = 29.61302
a(N.S)=  4.25( b(W.w.)= 0.15 d=(W.d.) 1.420
t(s.th)= 0.1900000 w(f.w.)s 1. )0 c(f.th.)= 0.2
beta= 19.01923 delta= 7.473682 alpaf= 0.3045924

= e am

o o> v

G2 i g ez s



t(weight)= 0.5406544

Per(ge) =
a(N.S)= 4.50 00000 d=(W.d.)
t(s.th)= 0.19 ) w(f.w.) c(f.th.)=

beta= 19.66138 delta= 7. 21@%25 alpaf= 0. 2??5@1@

o o

D > T I G G D G G G G G € G G 5 T O G < G G SO G50 £ GO G5 G €6 T G (5 G 2 R G G € G

t(weight)= 0.5221989
Per(ge) = 29.85138

a(N.S)= 4. d=(W.d.) 1.3
t(s.th)= 0. c(f.th.)= 0.250
beta= 19, alpaf= 0.2629339

D G G I G €D D G G G G N G G I GV AR D G G G G R D 4 G G G 05 05 G5 Gl G o G o 5 G T G D

t(waegh%)m 0.5350347
Per(ge) = 30.78768
a(N.S)= 5.( b(W.w.})= 0.15 d=(W.d.) 1.3
t(s.th)= 0. ) w(f.w.)= 1. c(f.th.)= 0.3
beta= 19, 5?898 delta=s  6.947367 alpat= 0.2406709

D 5 G D Gy 0 T R D S D D G € D 0 D < G T G T G D G G A ) G G D G 5 5 G

t(weight)= 0.5186045
Pecr(ge) = 29.87989
a(N.S)= 5.2 b(W.w.)= 0.15 d=(W.d.) 1,
t(s.th)= 0. ) w(f.w.)= 1, c(f.th.)= 0.
beta= 19.07664 delta= 6.947367 alpat= 0.229210

D I G 0 G GO G G TR @l G T O G G G % GRS G GO U GO RN O GO G €0 G R0 G €5 G 5 S

t(weight)= 0.5304368
Per(ge) = 30.58216

a(N.S)y= &, b(W.w.)= 0.150 de=(W.d.)
t(s.th)= 0. ) w(f.w)= 1. e(f.th.)= 0.
bebas 19. @5@@% d@@@@m 6 @8@?@@ alpaf= 0.2105042
%(w@ngh%}m @ 5156351

Per(ge) = 29.76344

a(N.S)= 5.7 b(W.w.)= 0.1500000

= d=(W.d.) EQZYQQQQ
b(s.th)= 0.7 ) w{§¢@0}m 1.000000 c(f.th.)= 0.3500000
beta= %@ @@@@@ delta= 6 68@2@@ @ép@fm 0. 9@15318
t(w&égh%)@ @ﬂgﬁﬁﬁﬁﬁﬁ

Per(ge) = 30.28663

a(N.S)= b(W.w.)= 0.15 d=(W.d.) 1.220000
t(s.th)= w(f.w.)=  1.000000 c(f.th.)= 0.4000000
beta= delta=  6.421051 @@p@f“ @ 1853652

> R (D G K 05 G D TN 0 G G 5 R G U G5 O R G O S 6 G G U6 TR (N R G K D G O G5 VT 0 G G G 0 G G

t(weight)= 0.5131410
Per(ge) = 20.54416

a(N.S)= 6.25 b(W.w.)= 0.18 d=(W.d.) 1.2
t(s.th)= 0.19 ) w(f.w.)= 1. c(f.th.)= 0.4
beta= 18.89802 delta= 6, @21@53 ﬁp@fm 0.1779506
t(weight)= 0.5366975

Per(ge) = 30 6@375

a(N.S)=  6.250000 b(W.w.)= =(W.d.)  1.17¢
t(s.th)= O, ) w(f.w.)= . c(f.th.)= 0.4
beta= 19.62973 delta= 6.157893 alpaf= 0.1706575
t(weight)= 0.5233631

Per(ge) = 29.92739

a(N.S)=  6.500000 b(W.w.)= 0.180 d=(W.d.)

>

e
°

1
t(s.th)= 0.1900000  w(f.w.)= 1. c(f.th.)= 0
beta=  19.13050  delta= 6.157893  alpaf= 0.1640038

= @




t(weignt)= 0.5460136
Per(ge) = 30.86546

a(N.S)= b(W.w.)= 0.15( d=(W.d.)  1.120000
t(s.th)= w(f.w.)= 1 c(f.th.)= 0.5000001
beta= 19.69007 delta=  5.894735 alpaf= 0.1570812

S D D G O ) G D T G G20 D G G D G G D 1 € G i G G S G R i

t(weight)= 0.5328279
Per(ge) = 30.17577
a(N.S)= 6. b(W.w.)= 0.1500000 d=(W.d.)  1.120000
t(s.th)= 0 w(f.w.)=  1.( 0 c(f.th.)= 0.500000
beta= 19. 30315 delta= 5.894735 alpaf= 0.1512634

D R D G 8 €D GO G QD SID G T D D D GO 5 D G G > G G G G G G

@ o o as LD T G L T D D G T G0 G G R 4D G G G G G G0 i G T G €0 G2 S G G G G G G € >

t(weight)= 0.5205840
Per(ge) = 29.52270
a(N.S)= 7.¢ b(W.w.)= d=(W.d.)  1.120000
t(s.th)= 0.190 w(f.w.)= 0 c(f.th.)= 0.500000
betas= 18.93819 delta=  5.804735 alpaf= 0.1458612

2 o @ o G o

D G D D O G G O G G e D G5 G K N D O G G 6D O D G G G G o oD G < G <G O G oD > SR

t(weight)= 0.5770208
Per(ge) = 29.86272
a(N.S)= 3.0 0 d=(W.d.)  1.510000
t(s.th)= 0.2 ( Q 00 c(f.th.)= 0.1000000
beta= 17 .69678 delta=  7.549998 alpaf= 0.4359121

520 e i G oy

O G R QR S G50 (5D GG 4 5 5 D G 5 R D 409 G S S Gy G (67 G (8 o € G550 O G S5 €5 6 S O 915 G

@(@@eghﬁ) 0.6652260
Per(ge) = 30.76916

a(N.S)=  3.500 b(W.w.)= 0.15( d=(W.d.)  1.460000
t(s.th)= 0.2 0 w(f.w.)= 1.0 0 e(f.th.)= 0.1500000
beta=  17.98016  delta=  7.299998 alpat= 0.3612669

D G i G G LR D e S G D D D GV 05 G G55 G G 5 R S (A A 5 1 0 G G G 4 o D 5 55

@(W@agh@EM 0.56354164
Per(ge) = 30.03513

a(N.S)= 2 b(W.w.)= 0.1500000 de(W.d.)  1.410000
t(s.th)= 0. 2@@@@@@ w(f.w. )= 1.000000 c{f.6h.)= 0.2000000
betas 17.50801 delba=  7.049998 alpaf= 0.2873250

GO G IR 5 G D L G S U5 G S €1 SER G €4 S G (X G G < D G G599 <G G

t(weight)= 0.5311049
Per(ge) =  30.28456

a(N.S)= 4.7 b(W.w.)= 0.1500000 d=(W.d.)  1.360000
t(s.th)= 0.2000000 w(f.w.)= 1.000000 c(f.th.)= 0.2500000
beta=  17.57872  delta= 6.799998 alpafs 0.2479640

D T G 3 T o D 58 D 5 B 0 3 O G G G G D 7 G WG 7 G 0 G R G G G G € R D e G 5 G50 . 0 G B 6

t(weight)= 0.5276147
Per{ge) = 30.31954
a(N.S)= 5.9 b(W.w.)= 0.150 d=(W.d.)  1.310000
t(s.th)= 0.2 w(f.w.)= 1 D c{f.th.)= 0.3000000
beta= 17.87024 delta= 5 %@@9@9 alpaf= 0.2161003

t(weight)= 0.5247315
Per(ge) =  30.20606

a(N.S)=  5.750 b(W.w.)= 0.1500000 d=(W.d.)  1.260000
t(s.th)= 0.2 w(f.w.)=  1.000000 c(f.th.)= 0.3500000
beta=  17.50820  delta= 6.299998 alpaf= 0.1897781

D T 0 € > D G 0 0 O ) 7 T G 0 ) 3 G G5 5 52 G W G 0 D 7 R G i 5 o G i G 3 G 5 G5 5 5 G 5 S s G G 65

t(weight)= 0.5357391
Per(ge) = 30.74473
a(N.S)= . d=(W.d.) 1.21
t(s.th)= 0.2 00000 e(f.th.)= 0.40
betas 17.78575 delta=  6.049999 alpaf= 0.1746535

o e e

@0 s >



t(weight)= 0.5223095
Per(ge) = 29 987@9

a(N.S)= b(W.w.)= 0.1500000 d=(W.d.) 1.210000
t(s.th)= w(f.w.)=  1.000000 c(f.th.)= 0.4000000
beta= 1794@82§ delta=  6.049999 alpaf= 0.1676674

R D T > R i O €37 G 5 G G G2 GRS ) % D 0 € D D G G G2 4D S ) 0 b 7 G G 55D G U G G G O 5 K G G 1 G 7 G (5 Gt £ D G G

t{weight)= 0.5325636
Per(ge) = 30.38259

a(N.S)= b(W.w.)= 0.1 d=(W.d.) 1.1
t(s.th)= 0.2C )0 w(f.w.)s 1.0 c(f.th.)= 0.450
betas= 17.62583 delta= 5.799998 alpaf= 0.1545567

T O T 59 P il T P D 5 D GRS R G ) D 59 750 5 G50 0 G G 7 5 G S G0 G 0 99 (5 € G G G < G AR 459 € G 6 5 ) G G G G 46 G 5 55 <6

t(weight)= 0.5202464
Per(ge) = 29.69183
a(N.S)= 6. . d=(W.d.}) 1.16(
t(s.th)= 0.2 ) w(f.w.)= 1 c(f.th.)= 0.45(
beta= 17. 28@@@ delta=s  5.799998 alpaf= 0.1488324

T G 57 2 8 5 G G G 5 55 7 5 G 5 59 G 59 R 9 50 € G 0 50 5 G G 7 G D 470 67 (5 G 5 9 G G 9 G 5 O G G . o > i 5 <5 65 <

t(weight)= 0.5420581
Per(ge) = 30.64038

a(N.S)= 6.75 b(W.w.)= d=(¥.d.)  1.110000
t(s.th)= 0.20 w(f.w.)= e(f.th.)=

beta= 17.78534 d@ﬁt&m 5. 5@@@@@ gﬁpafm @ 1@2@172

o (R G GO T G G < B G 7

t(weight)= 0. 52@8@&7

Per(ge) = 29.97348

a(N.S)=  7.000000 b(W.w.)= 0. 1500000 d=(W.d.)  1.110000
t(s.th)= 0, ) w(f.w.)=  1.0000 c(f.th.)= 0.5000001
bebas= 3? 45023 d@é%@m 5 %@@@Q@ gﬁga%“ 0.1373309

D G T G i I B G G R €50 QD SR 7 G G GG U G2 (U it 450 G I 9






