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ABSTRAGT

Scale model tests of piping of ships of the CV® Class have been
made to determine the reaction forces and moments at various points on the
piping system. Effects of horizontal tie rods at certain points have been
determined.
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SCALE, MODEL TESTS OF HIGH TEMPERATURE HIGH PRESSURE

STEAM PIPING - CW CLASS VESSEL

Introduction
A. Authorization

1. This problem was authorized by Bureau of Ships letter CVoClass/
S48-10(350) of 17 January 1943.

B. Statement of Prcblem

2. End reactions of steam piping of a C¥WClass Vessel were reguired
for several conditions of constraint, The points at which end
reactions were to be determined are showm on plates 5 through 9,
and are listed below,

a, No. 2 engine room and Nos. 3 and 4 fire rooms,
End reactions of the starboard and port side steam piping were
0 be measured both without and with constraint on the super-
heated branches from boilers 7 and 5, respectively. These con-
straints are described in paragraph 17, and their locations are
shovm in plates 6 and 8, In the following, Condition No, T will
refer to the condition with no constraint, and Condition No, IT
will refer to the condition with this constraint, on the proper
superheated branch.

Point A, — Conmection of superheated steam branch te boiler No,
8 for conditions I and II, see plates 52 and ba.

Point B. - Connection at superheated branch from starboard side
main steam piping to No. 4 turbo-generator for conditions I and
II, see plates 5a and ba.

Point C. — Comnection of superheated steam branch to boiler XNo.
7 for conditions I and II, see plates 5a and ba.

Point I. - Connection of superheated steam branch from port
side main steam piping te No, 4 turbo-generator for condition I,
see plates 7a and 8a.

Point 0. — Connection of superheated branch to boiler No. 6 for
conditions I and II, see plates 7a and 8a.

Point O. — Comnection of superheated branch from main steam
piping to No. 3 turbo-generator for condition I, see plate 7a,




Point P. ~ Connection of superheated branch to boiler No. 5
for conditions I and II, see plates 7a and 8a.
b. No. 1 engine room and Nos. 1 and 2 fire rooms

Point I, _ Connection of superheated branch from main steam
piping to No., 2 turbo-generator, see plate 9,

C. Statement of Method

3. These end reactions were obtained by the use of scale models. The

method of scale models for the determination of end reactions in
the case of three-dimensional piping systems having several branches
has been described in previous reports 1,2.3,

Description of Piping Under Comsideration

A. Main Steam Piping

b

5e

The main steam piping in No. 2 engine room and Nos. 3 and 4L fire
rooms consists of two piping systems connected by a 7 inch cross-
over pipe. These systems are: (1) port side main steam piping from
boilers Nos, 5 and 6 to Turbine Set No. 3 (plates 7 and 8), and

(2) starboard side main steam piping from boilers Nos. 7 and 8 to
Turbine Set No, 2 (plates 5 and 6).

In the determination of end reactions at various points of a piping
system, one must first know the location of all points of constraint
and the type of each constraint. In the main steam piping systems
under investigation all piping is permitted to "float" in the verti-—
cal direction, with the exception of boiler, turbine, and turbo-
generator connections. At two points the main steam piping is con-
strained by means of tie rods which prevent motion in the horizontal
plane but allow vertical motion and all rotations. These points

are on the pipe axis at bulkhead 131 (see plates 5a and 7a). At
several other points the main piping is constrained by means of
horizontal tie rods which prevent motion parallel to the rod, but
allow displacements in the two perpendicular directions amd all
rotations. These points of constraint are labelled G, M, N, S in
plates 5, 6, 7, 8.

The large number of points of constraint involved made it impracti-
cal to set up these two systems together and measure all of the
desired reactions, Therefore, each system was set up separately
and the reactions determined., To approximate the effect of the
cross—over pipe it was included in both systems, as shown in plates
1 and 2.




B. Auxiliary Steam Piping

7. The auxiliary piping investigated consists of superheated branches
from the port and starboard main steam lines to turbo-generators
Nos. 3 and 4, in Nos, 3 and 4 fire rooms; and of the superheated
branch to turbo-generator No. 2, in No, 1 engine room,.

8. The rigidity of the auxilisry piping is much less than that of the
main steam piping and was neglected, therefore, when the reactions
at points on the main steam piping were measured. To determine the
reactions of the auxiliary piping, these were built as separate
models of convenient size. The proper relative motions of the ends
of these pipes were obtained by measuring the translations of the
main steam piping at the point of connection of each auxiliary pipe.
These translations were added to the thermal expansions of the
auxiliary piping, and the reactions caused by the relative trans-
lations were measured. The effect of the rotations at the connec~

‘ tion to the main steam line was assimilated by displacing the arms
of the measuring head amounts proportional to the measured rotations,
The additional reactions due to the rotations were thus obtained.
the total reactions were then determined by adding the two sets of
reactions,

9. This procedure was also followed in the case of the superheated
branch to No, 2 turbo-generator in engine=rcom No. 1. It was .
assumed, to avoid building a model of the whole maih piping system
in engine-room No. 1 and fire rooms Nos. 1 and 2, that the deflec-
tions and rotations of the corresponding point of the cross-over
pipe in engine-room No. 2 (point I') would be approximately the same
as those of the point of the cross-—over pipe in engine-rcom No. 1,
to vhich the pipe is actually connected.

Construction of Scale Models

' A. Selection of Model Tubing

10. The scale factor s, or ratic of axial dimensions of the model to
those of the full scale pipe, is given by

rmy2 ta
s*i“‘"‘) s

Ta tn

where ry = mean radius of full-scale pipe
rp = mean radius of model pipe
tg = wall thickness of full-scale pipe
ty = wall thickness of model pipe

This condition should be satisfied for each pipe size which con-
tains a bend.
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11, A second condition which must be satisfied when the piping system
is composed of several pipe sizes is that the ratio of the moment
of inertia of a pipe in the full-scale system to that of the corres-
ponding pipe in the model system should be maintained constant for

all the pipe sizes.

In the present model system, due to the use of

standard sizes of tubing, these requirements were satisfied to
within about 4 percent.

12, When the above conditions are satisfied, the full-scale pipe forces
are obtained by multiplying those measured on the model by the factor

K, where

K

Fa Ia

E
" Ep

s3 ala
1 A

The full-scale moments are obtained by multiplying the moments
measured on the model by the factor K/s,

here Eg =

Em
Ia
Im
s

| B ]

La*

hu
13, Dimensions

24.8 x 106 #/in2 = Young's modulus for full-scale piping
at operating temperature.

29.0 x 106 #/in? = Young's modulus for model tubing.
moment of inertia of full-scale pipe.

moment of inertia of corresponding model pipe.

scale factor, ratip of axial lengths of model to full~
scale piping.
end displacement of full-scale pipe.

displacement of corresponding end of model system.

of full-scale and model piping are given in the follow-

ing tables:

Table I - Main and Auxiliary Steam Piping. Cross-sectional Dimen-
sions and Moments of Inertia of Full-size Piping (see

plates 5-9).
Pipe size| O. D, Wall Ie D, Moment of
in. in, Thickness | in. Inertia
ine in.
3-1/2 | 4.00 <225 3.55 4476
7 7625 «429 6.767 63.3
10 104750 605 9454 | 249.0
o il
;jlﬁ. et AN h*FZ _; /




Table II - Main Steam Piping. Cross-sectional Dimensions and
Moments of Inertia of Model Tubing (see plates 1,3).

Full Scale Wall Moment of Scale
Pipe Size | 0. D. [Thickness |I. D.| inertia Factor
in, in, in, in, in.4 s
7 . 562 .022 518 | 1.365 x 10-3 | 1/9.4
8 «626 0245 o577 | 2.15 x10-3 | 1/9.4
10 2755 20365 682 |5,3 x10-3] 1/9.4

Table III -~ Auxiliary Steam Piping. Cross-sectional Dimensions
and Moments of Inertia for Model of Superheated Branch
from Starboard Main Steam Piping to Turbo-Generator No.4

Full Scale Wall Moment of Scale
Pipe Size | O. D. [Thickness | I. D. inertia Factor
in. ine in. ine in.

8
3-1/2 0.756 | .0362 26836 | 5.36 x 10> | 1/4.43

Table IV — Auxiliary Steam Piping. Cross-sectional Dimensions and
Moment of Inertia for Models of (1) Superheated Branch
from Port Side Main Steam Piping to No. 4 Turbo-Generator,
(2) Superheated Branch from Port Side Main Steam Piping
to No. 3 Turbo-Generator, and (3) Superheated Branch
from Main Steam Piping to No. 2 Turbo-Generator.

Full Scale Wall Moment of Scale
Pipe Size |0. D. |Thickness|{ I. D, inertia Factor
in, in. in, in, in.4 s

3-1/2 [0.751 | .0288 8941 4.27 x 10-3 | 1/3.5

B. Construction of Constraints and Anchors - Starboard Side Main Steam
Piping

14. Diagrams of this system are given in plates 5 and 6, and a photo~-
graph of the model set-up is given in plate 1.

15, The piping is considered to be rigidly anchored at points A and C,
i.e., at connections to boilers 7 and 8 (motions of anchor points
are considered)s At bulkhead 131, tie rods prevent translation in
the horizontal plane but allow vertical translation and all rotations.
These constraints are assimilated at point D in the model by the
device shown in plate 2. A metal plate is mounted on roller
bearings inside a fixed housing which permits motion in one direction.

s -5




The model tubing passes through the plate and is fixed to it by
means of a self-aligning ball bearing in the manner shovm in
plate 2.

16, The system is terminated at the main steam strainer (turbine set
No. 2), point E on plates 1,5,6, At this point all horizontal
translation is prevented while vertical translation and g1l rotations
are permitteds The rotations of this point due to the thermal ex-
pansions of the turbine and turbine connections are not known, but
since this point is a considerable distance from the points where
reactions are to be measured, the effects of these rotations were
assumed to be negligible, The vertical displacement given this end
of the model set-up was taken as the thermal expansion of the piping
from the turbine-set connection to the strainer, plus the given
vertical motion of the turbine-set comnection.

17. The reactions at points A, B, and C were desired without and with
a horizontal tie rod placed at point G on the superheated branch
from boiler No., 7 (conditions I and ITI respectively). This con—
straint was constructed as shown in plate 4, consisting of a hori-
zontal rod connected to the model tubing and to the anchor by means
of self-aligning ball bearings. This device prevents horizontal
translation parallel to the rod, but permits translations in the two
perpendicular directions, and all rotations.

18, The relative translations and rotations of point H (point of
connection to the port side piping system) are not knovm., As the
best approximation, it was assumed that the rotations at this point
are negligible and that the only translations are those due to the
thermal expansion across the ship between points F and H.

19, For the purpose of calculating end motions, the piping system was
considered fixed at a point on the pipe axis 22" aft of bulkhead 13l.
This was merely an arbitrary reference point and its location in no
way affects the results.

C. Construction of Constraints and Anchors - Port Side Main Steam Piping

20, Diagrams of this system are given in plates 7 and 8, and a photo-
graph of the model set-up is given in plate 3.

21, As in the case of the starboard side main steam piping, the boiler
commections (points O and P) were assumed to be rigid. The con-
straints at bulkhead 131 and at the main steam strainer (turbine
set No, 3) were assumed to be identical with the corresponding con-
straints on the starboard side. The horizontal tie rods at points
M, N, and S are identical to that shovm in plate 4 and described

above,
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23.

Results

2L

25.

Table V

The rotations at point F were assumed to be negligible. The
across-ship translation was taken to be equal to the thermal ex-
pansion between F and H. The vertical translation of F was assumed
to be equal to that measured on the model of the starboard side
main piping, ;

In caleculating the end displacements, the pipe was considered
fixed at a point on the pipe axis 22" aft of bulkhead 131 (see
paragraph 19),

Data obtained and calculations leading up to the results are given
in Appendix I, A summary of results is included in Tables V
through XI.

In the tables, forces and moments are those exerted by constraints
on the pipes., Forces are given in pounds, moments in inch-pounds.

~ Starboard Side Main Steam Piping.
Condition No, I: no constraint on superheated branch from boiler 7
Condition No, IT: with constraint on superheated branch from

boiler 7
Condition No. I Condition No, 1T
Reaction Point A Point C Point A Point C
Py +282 +403 +462 +364,
Py =482 -1325 -785 -1618
Fy -227 +215 -78 +272
Resultant 604 1405 944 1681
T +80,000 +160,500 | +72,700 +17,6,000
L +477 700 « 11,800 | +42,500 - 14,900
Mz ~29,300 -160,000 | -16,800 -161,000
Resultant 97,600 226,500 85,900 217,200




Table VI - Superheated Steam Branch from Starboard Side Main Steam
Piping to No. 4 Turbo-Generator, Without Constraint on
Superheated Branch from Boiler No. 7 (Condition No. I).

I Point B Point B!
Translations | Rotations Translations | Rotations
Reaction only only | Sum only only Sum|
Fy +219.0 -9 +210 -208.0 +9 -199
F -128 +28 -100 +100 -28 + T2
Fg 6 +24 +30 +21 24 - 3
Result ant 253 38 234 232 38 212
¥ 700 ~55340 | =4y640 +2570 +540 | 1+3110
M 910 -6,870 | -5,960 +3430 +1140| +4570
ﬂz 419,270 +100 +19, 370 ~12,700 +460 | =12240
Result ant 19,300 8,700 20, 800 13,380 1340] 13400

Table VII - Superheated Steam Branch from Starboard Main Steam
Piping to No. 4 Turbo-Cenerator. With Constraint on Super-
heated Steam Branch from Boiler No, 7 (Condition No.II).

Point B Point B!
Translations |Rotations Translations [Rotations

Reaction only only |Sum only only Sum_|

Fx +185 0 +185 —-205 0 -205

Fy - 96 .3 - 93 * 91 -3 + 88

Fz - & ~37 - 43 + 25 +37 + 62
Resultant 208 38 211 226 38 232

Mx + 910 +4,960 |+5,770 +2,970 +1350 |+3320

My +1550 +5,360 |+6,920 +4,,040 +3110 |+7150

Mz +20,350 -3,614 16,736 -12,070 +4330  |=7740
Resultant| 20,400 8,150 118,700 13,100 5,500 111000




Table VIII - Port Side Main Steam Piping. 'Contition I: No constraint

on Superheated Branch from Boiler No. 5.

Condition II:

With Constraint on Superheated Branch from Boiler No. 5.

Reaction Condition I Condition II
Point O Point P. Point O Point P
Fx - 1178 - 1171 - 865 + 1420
Fy - 872 ~ 1467 - 1105 . - 21780
¥z - 62 + 521 o i % - 5605
Resultant 1466 1947 1400 3140
My + 99,600 | +168,500 +153,200 +338,000
- My -140,500| -133,100 | -102,700 | +239,700
Yy + 65,700 - 93,400 | + 76,800 | -116,600
Resultant 184,200 233,800 200,000 471,000

Table IX - Superheated Branch from Port Side Main Steam Piping to
No. 4 Turbo-Generator. Without Constraint on Superheated
Branch from Boiler No. 5 (Condition I).

Point L Point L'
Reaction |Translations [Rotations Translations|Rotaticns
only only [|Sum only only [Sum
Tx = 931 = 28 259 + 195 + 28 +223 ,
FY - 38 + 14 - 24 ¥ 57 - 14 + 43 :
Fy - 100 & i . 99 + 82 PR + 8l
Result ant 254, 31 278 221 Ji 241
My +6,360 -1,203 |+5,160 | -5,440 +880 ~4,560
My ~5, 400 -1,300 {-6,700 | +2,450 +520 +2970
My -11,000 - 280 |-11,280, +14,270 +1620 +15890
Resultant| 13,760 1,800 14,1 15,470 1,910 16,760
e -




Table X - Superheated Branch from Port Side Main Steam Piping to
No, 3 Turbo-Generator. Without Constraint on Superheated
Branch from Boiler No. 5 (Condition I).

Point Q Point Q!
Translation [Rotation Translation |[Rotation
Reaction only only |{Sum only only {Sun
Fx -152 - 14 ~166 +1A41 + 14 +155
Fy - 90 % 2 -~ B8 +108 - - 2 +106
M - AB + 18 - 30 + 40 - 18 + 22
Resultant 183 23 190 182 23 189
My +48770 -1220 {+3650 | #1730 -570 +1160
~4200 + 580 [|-3600 | -6050 +1980 |-4070
ﬁz ~7970 - 960 [-8930 | +7780 790 +6990
Resultantl 10,250 1,660 {10,200} 10,050 2,210 18,170

Table XI — Superheated Branch from Main Steam Piping to No. 2 Turbo-

Generator.
Point I Point I! :
Translation [Rotation Transl ation [Rotation f
Reaction only orly |[Sum only only |Sum j
Py =41 + 30 |- 11 + 38 - 30 8 :
Fy +420 - 18 +402 =42 + 18 =454,
Fo + 82 + 33 (#1115 - B4 - 33 =5 1 B !
Resultant £30 48,1 418 481 48,1 L68
e —2520 +1506 |-1010 ~2650 +1832 -820 !
My + 25 +3569 [+3590 +4,800 + 219 | +4580 -
Mz =3840 -810 |-4650 35500 =157 -35340
Resultant 4,600 3960 | 5,940} 35,950 1855 35700

i
|
|
|
1




Discussion of Results

26, Tables V through X give end reactions for the points considered on
the main steam piping and auxiliary steam piping in engine room No, 2
and fire rooms Nos. 3 and 4. The tables giving reactions for the
auxiliary piping include results due to relative translations of the
ends, rotation produced by the action of the main steam piping and a
summation of these two results.

27. Table XI gives the results for the superheated steam branch from the
main steam piping to No. 2 turbo-generator. Due to the method of
obtaining the end-rotations for this pipe, the reactions caused by
the rotations are known to be inaccurate, but the ordersof magnitude
are believed to be correct. However, as the resultant forces and
moments caused by the rotations are less than 10 percent of the re-
sultant forces and moments caused by translations, for this case, it
is evident that these errors are of little importance.

28, For the auxiliary steam piping a check of the results may be ob-
tained by transferring the reactions from one end to the other.
Table XITI gives a comparison of the results measured at the connection
to the main steam lines with those obtained by transferring from the
other end, The values agree to within a reasonable percentage.
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Table XII - Measured Reactions of the Auxiliary Steam Piping at the Connections to the Main
Steam Piping, Compared to Values Obtained by Transferring Reactions from
Turbo-Generator Connections.

Point B! Point B! Point I! Point Q! Point I!

Condition T Condi tion IT Condition T Condition T Condition I

Measured| Trans.| Measured] Trans.| Measured| Trans.| Measured| Trans.|Measured| Trans.,

Reaction| at B' | from B at B' {from B at L' |from L at Q' (fromQ { at I' |from I
Py -199 - 210 =205 -185 +223 +259 +155 +166 + 8 + 11
Fyr + T2 +100 + 88 + 93 + 43 + 24 +106 + 88 =454, =402
Fg - 3 - 30 + 62 + 41 + 81 + 99 + 22 + 30 -117 -115
Resultant | 212 234 232 211 241 278 189 190 468 418

%

Difference + 11 - 10 * 15 0 - 12
M, +3110 | +1320 +3320 +3590 4560 ~7070 +1160 +1290 |- 802 +2070
3“' +4570 | #4010 +7150 | +6980 | +2970 +4550 | -4070 |-5180 |+4580 +7280

& =12240 | =5970 =740 -6030 +15800 |+16800 | +6990 +7230 {~35340 |-33100
Resultant | 13400 | 7040 | 11050 9900 16790 |18750 8170 8980 | 35680 | 34000
%
Difference - L7 - 10 + 12 + 10 -5

"~
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Table XIII - Summar

of Resulbts Including Data Given in Previous NRL

Report 3).

Pipe |Condi-| Piping Fy F. Fy Y 4 M
End tion | System # . fy # . in-# 5 inE§ in-#
A I Stbhd, [+282 | =484 | -227 | +80000 | +47700 [=29300
A 1T Stbd, |+462 | <785 | = 78 | +72700 | +42500 |-16800
A I3l Sthd. +332 -237 +1164 | +72400 +67800 ~26500
B : Stbd. +210 -100 + 30 ~4640 -5960 +19370
B II Stbd. |+185 | - 93 | - 41 | +5770 +6920 +16736
B T EE Stbhd,. +238 | ~182 + 8 +2450 - 168 +19500
C i Sthd. +403 | -1325| #215 | +160500 | -11800 |[-160000
C II Stbd., |+364 | 1618 | +272 | ¥146000 } =14900 |-161000
C IIT Sthd, +127 ~1709 | +532 +171000 | =67000 =202000
L I Port 259 | =24 | -—99 | +5160 -6700 -11280
0 I Port ~-1178 | =872 | - 62 | +99600 | -140500 |+65700

II Port - 865} <1105 + 1 +153200 | -102'700 |+76800
P ¥ Port 1171 | 1467 | +521 +168500 | -~133100 |[-93400
EE Port +1420 | =2980 | —-565 +338000 | +239700 |[-~116100
Q I Port ~166 | - 88 | - 30 | +3650 -3600 -8930
i 3 No. 1 - 313 +402 +115 | -1010 +3590 4650
Engine
Room

Table XTII gives a summary of all the work that has been done at the
Naval Research Laboratory on the piping of the CV9Class Vessel. In
Table XIII the type of constraint is designated as follows:
Condition I: At bulkhead 131, piping is permitted to have only
vertical translation. All rotations are permitted.

For the starboard side piping, there is no constraint
on the superheated branch from boiler No. 7. For the
port side piping, there is no constraint on superheated
branch from boiler No. 5 (see paragraph 2a).

Condition II: (1) At bulkhead 131, piping is permitted to have only
vertical translation. All rotations are permitted.

. T



(2) For the starboard side piping, there is a constraint

on the superheated branch from boiler No, 7. TFor the

port side piping, there is a constraint on superheated

branch from boiler No. 5 !

Condition III: Piping is anchored ab bulkhead 131. There are no
constraints on superheated branch from boiler Nos 7e
(The data késr this condition was teken from the pre-
vious work3!)

gt SIS LA |

eI Sy —




(1).
(2).

(3).
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DECLASSIFIE

APPENDIX I

Model Test Data

A,

Starboard Side Main Steam Piping

Note: "Condition I" refers to tests made with no constraint on superheated
branch from boiler No. 7. "Condition II" refers to tests made with con-
straint against horizontal motion caused by a bie rod on the superheated
branch from boiler No. 7, in position shown in Plates 5 and 6 (see para-

gI‘B.ph 23.).
Coordinate systems used are as follows3:

(%,¥,2) = pipe coordinates; x = starboard, y = forward, z = up.
(X, yr,zr) = reference coordinates; arbitrary fixed axes.
(x', y', 2') = measuring head coordinates.

1. Point A: Pipe connection to Boiler No. 8 Py |
ind motions: T Jx
AX = +,3682 in,

AY = -y 5847 ﬁr'
£z = 41,1016

|| 4
Coordinates of pipe-end: } 4
x! =0, y' =0, z2' = 2,625 in, ‘TR\ Vr
r -~ 1
Scale constants: 4, \ g
g1,
K = 288, K/s = 2144 ; ""
Condition I Condition IT
= 41,293 1b. . Ry' = + 0,824 1b,
Ry' = ~ 9,14 Ry' = -~ 10.23
' e 20342 ' = ~ 3-2
y' 42,665 g;'y' = 2,77
R‘ylz' -1‘8.68 R'y:ﬁ: L :g-gz
Ry'x' =+2.8 Rz'x' = +2.

e 1 topendiz
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DECLASSIFIED

2+ Point C: Pipe connection to Boiler No. 7.

End motions: b =
g 5
AX = o 03602 in. a/
Az =4+ 1,1016
/y!
Coordinates of pipe-end: "
x! = 1 = 1 = 2,625 in \/
O, ¥ 0, & «025 . I'_,/';//, 2 I
ot
Scale constants: Ilf‘/ , ':" \
'x,r / \ 1
K = 228, K/s = 2144 A
Reactions:
Condition I Condition IT
Re! = + 18,65 1b, Ry! = + 18,25 1b,
Ry' = = 24.5 = ~ 25,02
Rz' = - 1.4 %zi = = 1,67
Ryl ! = = 1442 Rely! = = 14,37
Ryl-gl = 4+ 18,6 Rylgl = 4+ 17,87
Rz'x' = ¢ 3,42 Rz'!xr = 4+ 3,18
3. Point B't BSuperheated branch from starboard side main steam line to
No. 4 turbo-generator, connection to valve at main steam
line,
Condition I i
End Motions: A vyl
/1 ¥y
Ax = =1,932 in, il
Ay = 41,935 : 7X
Hz o= & 420
Rotations:
fy= + ,019
g;n + ,00125
g= + 4019

Ooordinates of pipe-end:

x!' = 0, -yl = 0, z! = 2.625

s . "




L o 1

Scale constants:

X

= 26.9’ K/S - 119-0

Reactions at B!
(due to translations)

Rx' »
Ryt =
R;rl =
Ry'y!
Rylz!
Ra'x!

=+ 10.07 1b,
- 33-6

+ 2,86

= 7.14’

# 255

+ 247

Condition II

End moticns:

A X =~ 2,069 in,
2 3. + 1.921
A z = 4+ -453

Rotations:

ﬁx = 4 00166
gy = + ,013
;A= # 00195

Coordinates of pipe-end:

x' = 0, y' = 0, 2" = 2,625 in,

Scale constants:

K = 26,9, K/s = 119

Reactions at B!
(due to translations)

Rxl =
B! =
Rgl =
R | [ |
P?_xlzl

Ry'y'

+ 1l.2 1b;
- 32,35

+ 2,52

- 8.4

+ 24435
+ 2652

L

" ame. @ el B

Reactions at B!
(due to rotations)

= 14.2 1bl
273
1.05

= 2-8
- 24415
- 5¢94

4 85 Kl +

Reactions at B!
(due to rotations)

Rx'l =

1 =
g:il =
Rxlyl
'Rylz|
Ry'x!

- 13.30 1b,
+ 22.74
0
et ’?.0
= = 22,4
= — 16.10

Appendix I
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L. Point B: Connection to No. 4 turbo-generator of superheated stean
pranch from starboard side main steam line.

Tnd motions:
Ax =0 In. 7 Y
Ay =0 ' b 4

Az =0 !
Coordinates of pipe-end:

x’=o,y'=o,z‘=3.3’?51n. ik ok A ——
_ x! r

Secale constants:

K o 26.9, K/S = ng

Condition I Condition IT
Reactions Reactions
(due to translations of B') (dwe to translations of BY)
Ry! -+Alaélb. ' = 4+ 41.7 1b,
"= Ll B! = + 2,38
%Z‘ = - T? RZ' il 6136
"""‘1.18 ““"10
%‘;tgl = - 1,68 %lg' = - 2.55g
RZ'I' = ot 35-55 Rz'xl - 36‘6

B. Port Side Main Steam Piping
Note: “Condition " pefers to tests made with no constraint on super-—

heated branch from boiler No. 53 "Condition 11" refers to tests made
with constraint against horizontal motion caused by tie rod on super—
neated branch from boiler No. 5, in position chown in Plates 7 and 8

(see paragraph 2a.)

1. Point Ot Superheated branch connection to Boiler No. 6.

End motions:
DX = - .3[.45 ine \2
&y o - 3.466
ag =+ 1,100  S—
x" \zr /{ ¥y
Coordinates of pipe—end: R \
\ .
x! =0, y' = 0 g! = 2,625 ine r \ e 2!

Scale constants: ' < Te
~
K = 299, K/s = 2810 N -
X K

e 4 Appendix I
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Reactions:

Condition I Condition II ‘-,
Re' = = 3.99 1b, Rg' = + 2,17 1b, L
vaz"'6|3? Ry’""’gol f r|
R, = + 3.64 Rzp' = + 2,52 '
R},-_EY' = - 8-05 Rﬂcty. St = 11'55
Ryizr L 3.29 : Ry"z' i 5!32
Rptyxt = — 10.85 Bply! = - 8,19
2« Point P: Reactions at superheated branch ,connection to boiler No. 5
End motionss
A X == ,3254 in.
A Y =~ 5490
&z =4 1,100

Coordinates of pipe-end:

x! = 0, y! = 0, 2! = 2,625 in,

Sca® constants:

K = 299, K/s = 2810

Reactions:

Condition I Condition IT

R}{' LB 6-37 1b;’ R}[' 5 + 33.9 1bl
Ry' = () Ry.l g 8.96
Bz!=+3.64 Rz""‘ﬁth
Re'y! = = 12,6 Rely! = = 231
Ry'z! = = 5039 Ryla! = + 0u14
RZ!x' A 6.93 Rzlx' = 4 18¢75

3, Point L': Superheated branch from port side main steam line to
No. 4 turbo-generator, connection to main steam line.

Condition I '
% J "
¥nd motions: r £
Ax =& 0,7875 in.
Ay =+ 0,300
Dz =+ 45505 /R
2L —\ A\ Ir
& \
¥yt \
e \x!

— 5 % Appendix I
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A ! \+ L gl

Rotationss
ey |0195
%;w + 0235
gy =+ +097
Goordinates of pipe-end:
' mo, y' =0y 3" = +24625 ine
Sesle Constants:

E= Mlg’ K/a - 15]?!0

Reactions at 1t Reactions at I

(due to franslations at L) (due to robations at ')
Ry! = + 12445 1be 1=+ l.ﬁég 1b.

! = 4+ 25,35 to= o+ 2.
200 - |

‘y = = 5¢39 Rx‘y' = - 067
R.y' = = 20,60 Ry ' = ~ 2,07
R'x"" 6409 Rz"-+1.16

L. Point Ls Superhaated branch from pord gide main steam 1ine to No. 4
turbo-generator, connection to turbo—generator.

condition I

End motions:

7
A% = 0 in. \

ALY =0

47 =0 ' Lo B
/- d
.f

Coordinates of pipe-end:
gF w0, J' =0 8 " 2,625 in.

z! ﬁr
Reactions:
(due to translations ab ')

' &= 0.7 1 O .
Hy' " - 9-38 Jr
By) = - 2424 %)

Rxly_i # = 1506 Xy
. R-y-"b" = 4 8.5&
Rzlxl B - 9.6

e 6 bppendix 1

.




Superheated branch from port side main steam line to No. 3 .

5« Point Q1
turbo-generator, connection to superheated branch from ! |

boiler No. 5.
Condition I
End motionss
HX = o4 1.920 in‘ lz
AY = + 0,157 !
0% =+ 1,176 e
ad y
Robations: 5{
Zp | Ixe
Py = + L0091
gy = + L0222 /
2 bl 00055? - | o "y! .
Coordinates of pipe-end: Sl k ’
ol
x' = 0y y' = 0, 2! = 2,625 in, ) |
Seale constants: AET |
K = 62,5, K/s = 219
Reactions Reactions :'
(due to translations at Q') (due to rotations at Q')
Re! = ~ 11,34 1b, Ry! = + 1,89 1b,
Ry' = -~ 9,08 Ry! e + .37
Rt = - 1.5460 Rt = + ,035
Gl =4 5, 1! = - 1,81
Rxggg =+ 6,72 gyxfg: - = 51
z‘x' =i 5'04 Rz’x' =y '37
6. Point Q: Superheated steam branch from port side main steam line to
No. 3 turbo-generator, pipe comnection to No. 3 turbo-

generator,

Condition I I

End motions: _ /..} I.
X [I i

Ax =AYy = Az = 0 in,.

Coordinates of pipe«end: 1

! = 0, yf = 0’ 2l = 2.625 il‘l. il / yr !

NEREER 7




Scale constants:
K = 62,5, K/s = 219

Reactionss i

(due to translations at Q')
R}C! = A 13-85 1b.
T = 7.54
gﬁzrt B o= 00'?'?
eryl = o 728
Ry'z' = 4 5411
Ryty! = # 5.18

Point I': Superheated steam branch from No. 2 ‘F:A:rbc'»-generator to
main steam line, connection to main steam line.

Condition I
End motions:
Ax =+ 0,157 ine %
Ay == 3,039
Az ® e 0,538

Rotationss e e

;

Coordinates of pipe-—end: i 7\ ':S?'_r

+ .018
- 00865 P
- 300278 -

B

xl:o,ylacjzinz-&ﬁ. / \

Scale constants: Xp /g \\X'

K = 98, K/s = 343

Reactions Reactions )
(due to translations at 1) (due to rotations at I')
Ryt = # 0456 1b, Ry! = + 1]:,1{;2 1b.
t = 28!?5 T = ~ .
T R 3_‘4, Rx & o=,
rl%'}zr' = + 23.85 Ryig' = + o081
Rzlx'l B 0.84_ , R‘Z'x' = o+ -943




——

8. Point I:

e

Condition

Superheated steam branch from No. 2 turbo-generator to
main steam line, pipe connection to No. 2 turbo-generator.

I

End motionss

Ax =y =Ag = o in,
Coordinates of pipe-end: ~x
x! = 0, y' = 0, 3! = 2,625 4n,
Scale constants:

K =98, K/s = 343

Reactionss
(due to translations at I')

Honon

B
R‘BI
Ry

'Y
B2

- - e

5.74 1b.

0.63

'y

sl ACMC = ==t )

2" 2y




‘Q¥ood 3Idid

PLATE



oNIdY38 TIvE
ONINITY 4738

s l._zo ANVId

[43A NI NOILOW 40 318VdVO ‘SoNIdv 38
TivE NO G3ILNNOW HIGW3IW ONIdNS

9ONISNOH AYVNOILVLS




/

Z

‘ay009
3ON3H343Y

‘4000 3did

PLATE 3




SELF ALIGNING
BALL BEARING

SELF ALIGNING
BALL BEARING

PLATE 4







ol

CONDITION

BKHD #135

PPN




.-.-:I*L“I- = l’ I:l_ -fr. \ 3
I b= ‘-‘ ¥ Iz"_l-‘
-f¢“'. £
- ALY Wiy RS -
OO0 Ea o atas W0

%

. e TYREL w1 i e el g el RN, el
T RIOARE: SHRE AN STERM NS




=== A T P T e

i1
]




DECLASSIFIED

PIPING=CONDITION 2

e MAIN STEAM

FWD AT BKHD™ /38

+ Al

R e ——

——

R e e e

A=A

T e e W A



i * ‘
!
{o g |
|
¢ = - po
r: F ‘
» "- d "
ay
3 l -.
- | .
g el | _
: Yy, i

1 I 4
| | |
.‘ | Es
~ i
i
_ B | |
4 1 I >
P L .'
X 1
. 1
|_ L I
) |
| )
‘_-1} % ;u» ] - 4 B

:
1 ‘J";"

i
by
-
Ty
5

4

-+ -t

'U -
s IR
-
e s - | - [ - — hy

™ ] P g 2 N

) e %

:F-_": - l
.,_'-' _',_..' I * T ‘. / T

e : 5 FORTSIDE MAIN STEAM FHING

el L S S LLEVATION icon NG TH PERT







FA\\

i :H
U~ .
(]—\
UFP
rid SECT/IEN A-B X
“ STBO "‘*”'I e SURT
e |
PIPE COORDINATES <
RT SIDE MAIN STEAM Fi PING
FLEVATION LOOKING AFT FROM BKHO 13/
- NS - X0
\_ . o O
S—T !7—" /303~ 10"\
FL:; k.-.a -1
NO. 3 Fa==167% No.4 I.6.
PR e ama e fim-2s2
ﬁe = ¥z, 4 e g
My =~6700 14~

Fx = - 78

Fpm—62%
F==HU*
£ COORDINATES Fuwp52I®

My =~/38/00 prome

PORT SIDE MAIN STEAM FIPING

FLEVATION LOOKING AFT FROM BKHD 11 T2 131-CONDITION™!
VIEW “A-A - . PLATE 74

o ot G T ¢ @]} |
5‘.-.‘ ) H

9 vauady. it b ' :
et Loe '-\.“\.p’ (L R R S i I~ g s an

M, =~ 1p050C WY

———




< U8 j 1 _ _
{ & _ 4 e s - ..w
_ - : 3 A
- - i &, ¥ (=T |
! |
" |
[ x| ,
[} . a |
| <4
» | I, ¢
e L y .
IH| N -
— )
|
{ >
| e }
' (
N
o™
N '
\
' \ - + .

-
\
X "
‘!l.‘.ﬂ.
| = f
0t | 4

#t- = " |

- g -

' Y 4
\ G L a8

A
e
%




M

P

= _ &
1 | > > {
| S o
3 )
- -A.r.l H y Al
J -
_ -~
# > 1
‘ +
M.. |
.. |}
' - )
-~ -
\
\ -
. ] J‘,
T = i =/ ¥ s
o T V& _— i o
_ -
#i - sl st !
] i (.ﬁ. o d = " < .
5\ 8 L] i\ -
r .t._ 1-.-/( b | .P_. ..\r
i g { ._....r__ v
/ ™~ e
v d .
[ | - F
3 1 : | = }
: s { o 1
. % Lo A
irs ; :
4 =73 t A _ \ .ﬂq 1
g f 4

i
rJ
'




-

2T
-
'r )
ALY

e ——

L)
—

N o )
[}
/o
g
- - - — —--—-'l

g TN

; o
F& 0 F-

MA T TURBC-ZEN

-

» E -4
F 5 PR -
P 4 # '
4 o = | l.
r { o sN-
YK
¥y
e -
-4 | A

o ————




i g

T FHESE DI _ et (R W o, TR
L : 34
S ) __ L : .t '}.‘

AL k! 144-_)?;1 . .

r .

‘ 0= ¥

=Xy

.;C & ool
o L 1:'..".'_-' .
TR L




) Y,
(L3
. = } . S I
TE] ¢ s { /
. | !
: 2 J
’ o o p
N ! g IS SIS ,
- v

E il Rll=e. -1.*._.




o | | 4 "

Cietgt

g

-
-

¥
-

i
AL
- S A
¥
i 4
o
M FHING <L
e ——————— i i ——

i
-

Afia o2
e







DECLASSIFIED

- 4 : ! V) =
| SECTION'B-8&

STEL =

#_
gL
|
:

PIFE COORODINATES

PORT SIBE M}, STEAM, PIFING
ELEVATION LOOKING AT FROM BKHD 131

* "y -
' i - P P
4 LS (O il - T
M o
= I . =
b o }

*---h@./ /3/03-/8"
a3 | AT
Nzt@, ) //2//0*8

N
Fz“‘-‘ - &-5*
Fy = 1£20%
My =233,700 IN-#

PORT S/0F MAIN STEAM FIFING ;
£££VAT/0N LOOKING AF]‘ FROM BKHD 111 TO 131-CONDITION @ |

EW 4-4" ; PLATE 8b

["ﬂ"*”*w :«f\f\*ﬁ**&D ¢
- B —a\?'hJ.\"_Juih e =l ¥ _M_-J



E o EG.EW
Z - A
JH2C
&27_2?3? o0 IN-#

L5 I-. ’.-ﬂn 3%

nRT SIDE MAIN STEAM PIFING.
/ TIoN*2 |

ELEVATION f.u-.f‘f!N AF?’ FROM BKHD it m 131-CONDI
PLATE &h i

e
oo e '.‘ - lE
S AR Ak S




ks d

L= #O% s
ol w00 & -

5/‘! | o AP
e —

4 ___+_.,.!._..'

L I CooROINATES by 3
ELEVATION LGOKING 7 STBD .

T e
' 5o, 73

-

4

i

x STEo
P CoOR DINA T£E

¥
= PERHEATED STEAM BRANC.
fif: “reﬁgf-ux Va2 7o MAIN STEAM LINE

COANGITION NEd

PAAN
_____...——-—-..—-—-..-—-..—--—-_.—-—-——d-"‘- ——
: A g G
7 4§ ’1‘“ - «}“ :: .é ;é 1 !1" Uu.
v : k' 1 s

-—sps o5

e o ——

B

= 4

o
+ ™ 7.
! ‘ 2:;’?” in-®

.

el

O

JF--IV-

b

1

roRr

i rE COCRDINATES

4

@

o

fL!VAT!QN L ._‘f '.""
FRBM s: YL

‘:t
,

——

1

N =

SIS

- -

‘; _’_r_-

Fys=il
\$" aFR IN-®




Wl TUREO GEN. No.2

ik A

Fpalis :
yu L02 f ]
24 s Fg= =il 7#
==/0/2 by F‘-ﬂ-‘ff'
M“‘m!ﬂ'"

7 ££.é' A 7'/0# édéKfNG ;_"'0 STBD

o g::_.*:m Szﬁ

F}--Il

Ny tﬁ % g /J'
: ' PoRT

3STED
FPIPE COCRDINATES

SUFFRHEATED STEAM BRANCH
FROM TURBG-GEN. NO.2 T0 MAIN STEAM LINE

CONDITION Ne.d
PLAN

e 7

-t
& o
X o
‘Q Fr L (ol
{ Mpe 4580 e
{ 5;’?.9
'ﬁ. a ] = .
\ < {
\ FORT
i X

FIFE COOROINATES
: -*"I
¢ Sqans
=t P

*r::.""

27T
-3

ELEVATION ."r',':‘ '-.'aj: 4FT
FROM SBLKND ¥ /08

PLATE 9a
o] 59

£y a IS .
..ci RS
H’,,'B.f.?ﬂﬂ("" i



