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The Neutrino Target Area equipment is mounted on bedplates
and transported into the target tube via a railway system.
This equipment varies widely in weight and position on the bed-
plates for the various "target trains." When new "trains" are
in the conceptual state of design, many iterations of the equip-
ment are usually considered. Therefore, it is important to be
able to determine these deflections rapidly and easily, since
the deflections must fall within certain tolerable limits.
Excessive deflections require the use of a strong back for the

bedplate to remain within the necessary limits.

This paper presents the development of the equations and
their adaption to a computer program used to calculate the de-
flections of the center and both ends of a simply supported
beam with'equal overhanging ends. The program is written to
accept one (1) load on each end and two (2) intermediate loads.
These conditions are typical for Neutrino Target Train Bedplates.
The analysis is based on the method of superposition, and
therefore, the deflection of any number of loads may be computed

by running the program as often as required and adding the results.

For the nomenclature used in the derivation of the formulae,

see Figure 1 and the accompanying legend.
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Po, P1, P2, P3s, ~ loads on the beam (lbs.)
ag, a, a, az, — absolute distances to the above

loads (inches).
£ -- Span between supports (inches)
Lo —— Length of overhang (inches)
0, —-- Slope at left support - RL (Radians)} CCW Rotation
0, -- Slope at right support - Ry(Radians) 1s positive
Y, -- Deflection at left end (inches)
Y, -- Deflection at center (inches) } Positive is down
Y, -- Deflection at right end (inches)

It should be noted that the deflection of the beam due to its own
weight has been neglected. These equations assume the loads are
centered lateraliy on the bedplate. Where the loads are eccen-
trically located along the width of the bedplate and the support
stand 1is such that the load is not distributed for the width of

the bedplate, a separate analysis must be made.

CENTER DEFLECTION

The equations developed for this deflection are from the funda-

mental equations found in Roark's 5th edition. For load P; where
a1<2,/2 :

Piaz (2-x) {22 - b% - (2-x)2} Roark's page 106

4 6EIL Case 12
Let x = /2 and b = #«a; , we have
_ Pia;(A-8/5) { 22 (%-a1)-(2-a1)? -(2-2/2)%}
Y GEIL
_Piay (322-4a,2) Equation 1
¥ = ZeE1

For load P, where a, > %/;

_ Pybx '{22(2-x)—(£—a2)2-(2—x)2} Roark's Page 106
Y = ge1n Case 12

Let x = 4/ and b = (-a ), we have
Py (L=a5) (£/2) L L
y = 2222 W0 (0 2y (tan)2-00- 97)
= P2 (l-a,) (8a21-4a22— 22) Equation 2

Y = Taget



Page 3 of TM-728
2972.0

The deflection at mid-span due to the overhanging loads

Py and P3 is derived as follows:

3
y =.%_ g% (3x2 --%}— 22x) Roark's page 108
Case 19
ILet x = &/2 , we have .
%
L p
vof B GG -Pad)
2 ‘
y = "'%%éﬁf Equation 3,(minus sign indicates upward deflection.

For load Py and distance ap, Mg = Pgay

_ Poaolz

Yy —'IEET—— Equation 4

For load P; and distance a3, Mg = Pjzaj;

P3a3£2
16EI

Equation 5

The summation of equations 1,2,4 and 5 will yield the total

mid-span deflection.

_ Piag 2_ ;.2 Py (R-aj) _o2_s.2y Poaol? _ P3asl?
Yo = ggpr (3% 421 )F Tiapr (Bad-RT-bar)-Temy 16EL

END DEFLECTIONS

The end deflections are determined from the slopes at the
supports and the cantilever loading at the ends. The slbpes are
calculated based on CCW rotation as positive. Slope at supports

for any central load is

7 7 3
Gr = —-%—-%i(bzwg—) Roark's page 106
L Case 12
_ .1 w b3 L2
err—-+7T §ﬁ7(2b2'+7f— 3b“)

Slope at supports for overhanging load

0 =_];.M
r, 3 EI
Roark's page 108
o =_£_ Mg 2 Case 19
r 6 EI



Page 4 of TM-728

2972.0
Substituting for M = Pnan , W = Pn and X = %2/2 and making
the appropriate summations, we have,
-_ Pi1a;(f-a;)(28-a,)-Pras (L-ay) (28~a5) .+ P3as+ Poagl .
01 BEIR 6EI  3E1 °© Lquation 7

Pya; (R%-ad+ Pras (%= a,%) Piasl Pgaold ,
6EIL ~3gr ~ emr °  Equation 8

@2=

The deflection of the cantilever loads at their point of application is

%— E%? (-a® + 3a?2-3a?x) Roark's page 104
Case 2

Let x o and £=-§- (length of overhang), the deflection is then,

1 W

- N 290943
y 5 BT (3a“g4-2a?)

The total deflection at the end must include the slope at the
support multiplied by the length of the overhang. Deflection at

the left end,
L

_ 1 Py 2, _ 3 2 :
Y, = i§-j§f43ao L 2 a;’)+ 0, 5 Equation 9
Deflection at the right end,
-1 Py 29 - *y-0,% '
Y, = 15 EI(3a3 % 2a; ) @22 . Equation 10

COMPUTER PROGRAM

The equations outlined in the preceding discussion have been
programmed on the Tektronix 4051 computer, using basic language.
This unit is located on the 12th floor of the Central Lab Bldg.,
in the Neutrino Section. The program is stored on magnetic tape
and is available to anyone. Attached to this paper is a printout

of the program and an example problem.
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INIT
PAGE -
PRINT "THIS PROGRAM CALCULATES THE END AND CENTER DEFLECTIONS FOR A®
PRINT "SIMPLY SUPPORTED OUERHANGING BEAM. THE WEIGHTY OF YHE BEAR °
PRINT "HAS BEEN HEGLECTED.®
PRINT "WHAT. IS Es%j§
INPUT E
PRINT “"WHAT I8 I.,"j
TNPUT 1
PEINT "WHAT IS L%
LORD Py,

THPUT L
PRINT "WHAT

DISTANCE AB, "
; LOAD PLyvs

INPUT
DISTANCE AL, "
FRINT

PRINT
IHPUT &

LOAD P2, "3
THEUT P2 -
FRINT *HHAT 18 DISTANCE AZ,";

FREIHT ¥
IRFUT a2

<«

4
L&q}

Lx

T =
o =D
X

T
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1Ks)

AT
IH&T

THPUT
FRINT
THPUT

=™
]

.ME

U

tod - =t | pand
LW

e h )

G}

FRUHT “WHAT IS LGAD F3,%;
IHPUT £3 ;
PRINT PUHGAT IS5 DISTAHCE 63,

IHFUT R3 -
KO=PREEgtL~CIEXIY
ki==PlaaidcL-alsa 2%l -6l )7 EXERIRL
Fé=-PZIRCFCL-m2 33 2%L 6207 eYEFTHL )
=P ILAIEL CEFENT S

Kepi+H2+K34K8 _

Fa=-Porngils (EFEXT D

87/.-WlL JO ¢ obeg
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Ri=Pl¥Alk(Lt2-A112) 7 (GIESIXL)
R2=P2¥A2X(LT2-A2T2) 7 (EXEXTIXL)
R3I=~P3I¥AIXL/ (IXKEX])
K=RB+R1+R2+R3
DO=PB8X(3¥ABT2-2¥ABT3 D 7 CIZ2YER] b +K¥Ls2
Di=Pl¥Alx(I%LT2~4XA1120/(48XER])

D2=P2Y (L-A23 ¥ (BYA2YL-L12-4%A212) 7 (4BLEXIY
D3==P3%A3¥L12/C16XEX] Y
De4=—POXABYL T2/ C16XEXT>

D=D1+D2+D3+D4
H=PIX(3¥AI12~2¥R3IT3 )/ (12REX])-R¥L-2

PRINT “SLOPE AT LEFT SUPPORT="3K;"RADIANS"

4 PRINT “SLOPE AT RIGHT SUPPORT="iKi"RADIAHS"

PRINT “LEFT EWND DEFLECTION=";DO;"IN."

PieINT "CEHTRAL DEFLECTION=":;Dj IH.¥

gﬁéHT "RIGHT END BEFLECTION="jW;"IN."
MY

8Z/.-WIL FOo 9 obeg
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THIS PROGRAN CALCULATES THE END AND CEHTER DEFLECTIOHS ?0? f

SIHPLY SUPPORTED OUERHANGING BEAH. THE HEIGHT OF THE BEAH

HAS BEEN HEGLECTED. B

WHAT IS E,36E6

HHAT IS Is112

WHAT IS L,126

HHRT IS LOAD PO,4500

WHAT DISTANCE R0O.31

WHAT L0AD P1,4506

WHHAT DISTANCE Al,15.5

HHAT LORD P2,63589

HHRT DISTANCE R2.67.7

WHAT LORD PEyESBQ

WHAT DISTANCE AZ,14.2

SLOPE AT LEFT ”UPPUPT'~1 8542758

“iUPF BT RIGHT SUPPORT=2.647345
EFT EHD DEFLECTION=-8.8125 ?

CEHTRAL DEFLECTION=8.924

#IGHT END DEFLECTION=-8,
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