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Introduction

The objective of this analysis is to evaluate the new design of
the Shippingsport bridge sheave. Several changes were made to the
new design as compared to the existing sheave. The primary change
is the addition of a center web under the cable tray that extends
to the main hub around the trunnion shaft. Additional revisions
include a different cutout geometry on the outer webs. The top

of these cutouts were previously shown to have a peak stress area
at the top near the minimum height section under the cable tray.

The primary loading has been determined to be due to the counter
balance weight that hangs from two of these sheaves by way of two
pairs of eight cables. The total weight of the counter balance
has been revised from 500 kips to 443 kips for this new analysis.
A drawing of the counter balance and sheave overall loading is
shown on page A.1 in the appendix.

The pressure distribution that is created on the sheave by the
cables is the main loading that was considered in this analysis.
For the purpose of this study, two loading distributions were
used; linear and sinusoidal. The linear distribution is based on
a constant normal pressure over the portion of the sheave that

is in contact with the cables. The sinusoidal distribution is
based on a maxmimum normal pressure at the top of the sheave that
reduces to zero as the cables leave the tray. The reduction of the
normal pressure from a maximum to zero decays by way of a sine
function which is why it is called a sinusoidal distribution.
Both of these load derivations are included in the body of the
report. :

In addition to using two different load distributions, two sheave
orientations were also investigated. Since the sheave rotates
during the raising of the counter balance weight, these loads
will act on the sheave model at various locations. The two
orientations that were analyzed are zero offset and a 20 degree
rotational offset.

A cross section of the cable tray is also analyzed in this report.
The loading for this model is based on a load derivation that
considers the geometry of the tray and the make-up of the each
the eight cables. Finally, The trunnion shaft was also analyzed
and is presented at the end of this report.

The FEA (Finite Element Analysis) models that were developed in
this analysis for the sheave, were made using 3-D plate elements.
These elements have 5 degrees of freedom; translations in X, Y,
and Z and two rotations. These elements are initialized using

an input parameter for the thickness. For the sheave geometry,
the thickness was set for the various plate sizes used in the
design. The element type and thickness setting give membrane

and bending stress output so that the stress on the surface

of the various plates can be viewed.



The following properties for the steel materials were used in
this analysis: '

Modulus of Elasticity (psi) 30,000,000
Poisson’s Ratio 3

UXAA:U%J

RoTx, & RoTY



SOLVE FoR EFFECTIVE Rim THICKNESS
FoR FEA MODEL

—J

269 _+_-—T_ 1.000

. 654
) Y
-t 2,125 -
AREA = 2.66290
XBAR = -1.95000 h),;}
YBAR = 2.99693 Tew = —3
I Y-Y= .849938
I X=v= -.000000 3\ asae17 (12.0)
I X-X= .454817 Wo= |- =
R Y-Y= .564958 -
R X-X= .413277 |
ZETA = -.000043 K = 1.2
IP Y-Y= .849938
IP X-X= .454817
T T,
RP Y-Y= .564958 IDT SEC AJR
RP X-X= .413277 DOUBLE SCALE




FEA Ya MmMopEL ©0F THE SHEAVE- No ccEscT

"4

L bl o F oL

~ rd

rJ

rd

FJ

Uaareel




Il




113

I




e

BACKSIDE

RN

F7
-

Lidd




LA

-y

\







LINEAR LOoAD DieTRaR2UT(oN _;
K
= - Y ‘ X
P > N
/‘/'(v »
FoRr THE FEA Y4 AMmoDE L, o ©
-— = AN, 53 L
= = = 1to 826c.5 o=
2 (1o, 826.5)
- 2 . — L=
? co = \47= T
F,o= Pxl
Fog 16 INCREMENTS
L=v.o
L =95~ (745 rez) = 12.09
_ LE ~ N\
FN = (472 T~ (12,09 in) = 19 247 Ly
& LoCATIoN ‘-
Rl FoR LorD * | Fu Fx |
l g5 ® 1478 5, 19347 2 | 1086 LB | |q 272 18
o i 1
2 75 5007 18,688 |
— O
i 65 8176 17,524
55 11,097 | 15,848
= Lz
- — 12,680 |13,80
- J""o 15,84 | \\, 097
- Tro J_ 1 l7s3al 276
— 550 _ _ 18,0688 56067
:
¥ v | 1ex73 [ 686
to agq =V





















LOAD CASE XL - 2Le © ROGTATICNAL COFF ST

i
J
L

Lt i 2

—i7-















SINUSoO 1AL LoAT™ DISTRIRUTION

THE EFFECT\WE NORMAL o /
LOAD ON THE SHEAVE {\ 3 \A/
SHouvLE APPROPRACH / /

ZERO AT THE PolNT
THE ROPES COomE
OCUT oF THE TRAY. /

1

LET THeE P cisrrRiRUTION
GO FrRomn ’PM&K To

VS ING A SINE FuNCTON — -~
OVER e="—§1 To &6 = O.
NO v |
/P = /QDMA-x(SlN e) ®
AF = % x Rde x siNe &
Pur O N @
A\F = LPMAX (S‘N e>l Rae ~ SN &
dF = T .« R sin?e de
T
R
F U P g\ s de
™ A%
2
o
NOTE E = U WwWHIK s TaE

TENSION N THE CABLE



P \
T = ﬁwch ;e—-\is»r\x(ze)
o}
T = B R [T - (0-9)
L
T = 4 ?vv\@a\R
"7 = H_
™M A VR
FOR —THE FE A Va mMmooe |
T = 1o, 825 L=
NO v
4 (o, 226.5 LB> L
= - )
/?YY\P\-X T (15 1,\\) B2l 4\‘
© LocATIiON
R FOR LoAD i FN F_x V:Y
\ 85° 1874 5 | 24,53\ LB | 2128 (B|24,438 s
2 75° 18217 22,785 | 156 22,975
3 65° 1705 22,318 q422 20,227
4 56° | 54| 20,172 1,570 | & 524
Y 45° 1330 17,410 12,20 L2, 21)
¢ 33’ 1679 14,124 1,570 S 10|
4 =s° 795 | 10,407 G432 | 4298
8 15° 487 6375 6158 ) 650
4 = l64 2147 2129 187
Lto, 811

“23_

te v



























CRBLE TRAY L o DING

USING T H®E LINE AR, LoAD
DSsSTRIBLUTION , THE NORMAL
LLOATING FRomrN THE daRLE

s
478 S50y
)P - 7S = 2G5 L—}(,\]
/ (PER CABRLE)
& caBLES For
THE Ja MOoDEL
FRomMm THE CARLE TRAY //—{1
el o®
LOADING DERI\WATION, 7
PO . e
P\ - ?3 = E P ‘ "
— _ 385 LB T
T =, —— = 729 "%, P
=
P o= ‘i(aeqs)— 295.6 "5
> 5 - ’ /(N
CHECK
I73ﬂ (SN 30°>] 2+ Q5.6 = 295

For ~rrnoDTTE L )
73.9

a = =
b, T = 24806
. RS ahe 7 BB pd

<> Q

—32-

N\















T RUNNION SHARFT ANALYS <,
G
=
_ _ 443,306
" ) I
YR Jr ' 1L vt J v i
—‘-‘Fj T hS.
140" '
BEARING PRESS LR T i
RETWEEN SHEAVE — v —
AND SHAFT 1S 12 e P
1675 e
. _F 22,6537
oy 1 y
< DiA*L
S = 4423 306 .® =
C
)4.0\N(20.0 (N> 22,653
SHEAR
G_L = 1582 psc COMPRESZION
22(¢527
MOMENT
BEARING PRESSURECS

N BRoNZE BUSHINGS
22,652

O, =
= (2.0)

C. = 1421 psc

BENDING STRESSES

AREVERSE FRoOA
To COmMmPRESS IO

T HE
SHouLD

TOTA L

BC -

COMPRESTION

FoLwy
TENStoN

——

) E ]

CYcoee s

S .

l H
22mMm )
PE “F4SB'
qééps FS(
TENSI10M
CoMP
®
Ilt
M =1 274,505
C,= 7512 P«
TENSION
& com®P
K= .65
C'TYV\A—K: £x On
Crax= 12,296 ps¢
TENZ(oN
& CcComP
T . =4 X
A T2 A
Tnx = 261> pst
SHEAR















Summary

The following summary is separated into sections that correspond
to the sheave’s main components that were reviewed in this
analysis.

- SHEAVE -

The sheave model was created using 3-D plate elements that
require a thickness input. Part of the model verification was

to check this input against the various plate thickness used

in the sheave design. Four load cases were developed using
combinations of the derived load distributions and rotational
location of the sheave during operation. The loading was verified
by using a single boundry element in the vertical direction.
Since loads were placed at the trunnion support to react to the
main cable tray loading, this boundry element is there only to
balance the model. The magnitude of this boundry element was
confirmed to be within 200 pounds for all four load cases.

This small amount confirmed the vertical component of the loading
was balanced between the cable tray and the trunnion support.

The output of the sheave FEA model gave an estimated weight of

2 tons for a quarter model, or 8 tons for the entire sheave.

The output stress plots are presented on pages 10 through 31

and are sorted by the specific load case. The following table is
a summary of the peak stresses that are shown in the plots.

SIGl corresponds to the maximum principle tensile stress and
SIG3 corresponds to the maximum principle compressive stress.

-~ Front Web -- Front Web Removed
SIG1 S1G3 SIG1 SIG3
Linear Load - No Off 3750 6340 5200 6000
- 20 Deg 3640 10,000 5420 8000
Sine Load - No Off 3050 5400 6000 6000
20 Deg 3250 10,000 6000 8500
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These stresses all appear lower than the previous design.
The peak stress area that was present at the top of the tear
drop cutout has been significantly reduced.

- CABLE TRAY -

The derivation of the contact loading between the rope and the
sheave was used to analyze the cross section of the cable tray.
A 2-D FEA model was developed and is presented on pages 32-36.
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The output stress plot on page 35 indicates a peak stress of

about 4000 psi tensile. On the underside of the cable tray, the
maximum stress reaches a peak value of about 2400 psi. This stress
is kept low mainly due to the addition of the center web. The 2-D
model is based on the linear load distribution and assumes a more
uniform spread of the cable pressure than the previous quarter
model of the sheave does. It also includes a more detailed
representation of the cable tray geometry. For these reasons, the
2-D model should represent a more accurate indication of the

cable tray stresses.

- TRUNNION SHAFT -

Two methods of analysis were done for the trunnion shaft.

First, a classical beam analysis was done and is presented on

page 37. Next, a quarter model of the trunnion shaft was developed
using 3-D, 8-noded brick elements. The output stress plot on

page 40 compared well with the beam analysis. Although the bending
stresses go through a complete reversal, the amount of cycles is
probably going to be low when compared to traditional machine
components that have simular loading and geometry characteristics.

This analysis and the presented results are based on the primary
loading as being due to the cables, counterbalance, and center
bridge section. If any significant additional loads do exist, they
can be analyzed and superimposed with the above results.
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