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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
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The deflection at mid-span due to the overhanging loads

Py and P3 is derived as follows:

\ 3
y =.%_ g% (3x2 --%}— 224x) Roark's page 108
Case 19
Iet x = &/2 , we have .
J's
L M L ;
v =g g 0 -Peag)
2 ‘
y = "'%%éﬁf Equation 3, (minus sign indicates upward deflection.

For load Py and distance ap, My = Pgay

= Poaos?

= T6ET Equation 4

For load P; and distance a3, My = Pjaj

P3a32,2
16EI

Equation 5

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

mid-span deflection.

_Pia, 2_ .2 Py (L-az) _p2_,.2y Poaol? _ Psasf?
y2 = gggr (3% - 421 )+ Tgpy o (Baxd-tt-bazyTay 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

y ’ 3
er = __é_ %(bz—% Roark's page 106
L Case 12
= 4+ L Wi b® g2
err_ += 7 (2b2 + 3 3b*)

Slope at supports for overhanging load

_ 1 Myl
erz-'?’_ BI
Roark's page 108
0 =_£_ Mot Case 19
r 6 ET
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Substituting for M = pa ,Ws= Pn and x = £/2 and making
the appropriate summations, we have,
-_ Piai1(f-a;)(28-a,)-Prap(f-ay) (28-ay) .+ P3asf+ Poagl .
01 GEIL 6EI  3Er - Lquation J

Pia; (R%-ad+ Pras (R%- a,%) Pjasf Pgagl ,
GELL T 3ET ~ 6Er - Equation 8

@2=

The deflection of the cantilever loads at their point of application is
y = %— 3%7 (-a% + 3a?2-3a?x) Roark's page 104
Case 2

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

-1 W 29253
Y =15 BT (3a“2-2a°)

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,

1 _Po
12 BI
Deflection at the right end,

Y1=

(320282 ~ 2 a,%)+ 01-%— : Equation 9

vy =L B3

3
12 EI(3a322 = 2a; )'@z%—- 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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