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FOREWORD

The new main-battery turret for the CA139-Class cruisers incorpo-

rated many novel structural and mechanical features which rendered it capable

of firing its three 8-inch 55-caliber guns more rapidly than any of its pred-

ecessors. To check its operation, perhaps the most extensive structural in-

vestigation ever conducted on turrets was performed. A 1/10-scale structural

model was fabricated and tested at the David Taylor Model Basin, and a full-

scale pilot turret was tested at the Naval Proving Ground. The results have

subsequently been checked by structural firing trials conducted on the USS

DES MOINES (CAl34), the first naval vessel to carry these new turrets. As

its part of the over-all program, the David Taylor Model Basin was given the

responsibility of measuring (a) the performance of the turret structure and

roller track, (b) the behavior of the recoil-counterrecoil system, (c) the op-

eration of the training buffer, and (d) the motion of the guns and turret dur-

ing elevating and training exercises.

Apart from the primary objective of confirming the safety and the

satisfactory performance of the new turret in advance of construction of the

ships themselves, secondary objectives were established to derive experimen-

tally information which could be employed to confirm or refute design cri-

teria for guns and turrets, and for structural assemblies which are similarly

loaded.

The results of the test of the pilot turret under static load are

given in this report. The other results are given in additional reports and

memoranda, as follows:

1. "Description of Test of Hydraulic Training Buffer of CA139-Class

Pilot Turret," TMB RESTRICTED Report C-38, February 1948.

2. "An Elastic-Tube Gage for Measuring Static and Dynamic Pressures,"

TMB Report 627, May 1948.

3. "Description of Instruments Employed in the Operational Tests of

the Gun-Elevating Systems of the CA139-Class Pilot Turret," TMB RESTRICTED

Report C-29, October 1947.

4. "The Measurement of Performance of the Gun-Elevating System of the

8-Inch 55-Caliber Turret," TMB RESTRICTED Report C-163 (in preparation).

5. "The Measurement of Performance of the Training System of the 8-Inch

55-Caliber Turret," TMB RESTRICTED Report C-1 64 (in preparation).
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6. "The Dynamical Response of the Rotating Structure of Turrets with

Particular Reference to the 8-Inch 55-Caliber Turret," TMB RESTRICTED Report

C-81 (in preparation).

7. "Structural Design Studies of a 1/10-Scale Model of the 8-Inch Gun

Girder on the CA139-Class Cruisers,' Thesis, Department of Naval Architecture

and Marine Engineering, Massachusetts Institute of Technology, 1949.

8. "Schedule of Measurements to be Made by the David Taylor Model Basin

during Tests of the CA139 Pilot Turret," TMB Memo 2, CA139 Class/S72-1 of 13

November 1945 (revised 25 April 1947).

9. "Experimental Analysis of Stress and Deformation of a 1/10-Scale

Model 8-Inch Gun Turret for the CA139-Class Cruisers." TMB RESTRICTED Report

571, February 1948.

10. "The TMB Tension Dynamometer," TMB Report 605 (in preparation).

11. "An Investigation of Buffer Action and Motion Characteristics of the

8-Inch 55-Caliber Recoil Counterrecoil System," TMB RESTRICTED Report C-165

(in preparation).

12. "The Elastic Behavior of the Rotating Structure of the CA139-Class

Pilot Turret with Gunfire Loading," TMB RESTRICTED Report C-231 (in prepara-

tion).

13. "Natural Frequencies Measured on the CA139-Class Pilot Turret,"

TMB RESTRICTED Report C-82, December 1948.

Whereas the experimental and theoretical analyses were conducted for

this urret investigation to obtain specific data regarding performance, a

vast amount of general information was obtained pertaining to the behavior of

hydraulic energy-absorbing systems and to the elastic behavior of complex

structures subjected to dynamic loading. It is now planned to present thesei,

more general results in two separate reports:

1. Considerations for the Design of Complex Structures Subjected

to Dynamic Loads, as Derived from Experimental Analysis.

2. New Considerations for the Design of Hydraulic Buffers as De-

rived from Experimental Analysis.,
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ABSTRACT

A new turret for the 8-inch 55-caliber gun, which permits greatly increased

rate of gunfire, was designed for the CA139 Class of cruisers. To check the safety

of the structure, tests were performed on a 1/10-scale steel model, and to confirm

these results tests were also conducted on a full-scale pilot turret with both static and

dynamic loading. Thus, through various steps of experimental study-tests of the mod-

el, static and dynamic tests of the pilot turret, and later, full-scale firing trials of the

turret installed in the ship itself-a chain of information was anticipated by which the

elastic behavior of the turret structure would be fully determined and by which the ac-

curacy of prediction of full-scale dynamic performance from static tests of small-scale

models could be confirmed. The static tests of the pilot turret, described in this re-

port, justified this anticipation.

The stresses and deflections measured in the structure were of such small

magnitude as to confirm the safety of the design. The measured elastic behavior was

in excellent agreement with predictions from tests of the scale model, and thus vali-

dated the structural-model technique. Where measured results differed from the design

computations the disagreement has been attributed to the conservative nature of design

assumptions. More direct information concerning the boundary conditions for inboard gun

girders was obtained from the test, and an analysis of these conditions is given in this

report. The observed deformations of the rotating structure were analyzed to determine

deflection errors which would result from gunfire loads, and the errors were found to

be much less than those due to the slippage at the turret roller track and deformations

of the structural foundation.

The care with which this test was conducted and the accumulation of large quan-

tities of data from electrical strain gages permitted statistical studies of the results

to determine experimental errors and inconsistencies which might be expected from sim-

ilar full-scale structural investigations. These inconsistencies were found to be re-

duced, by the application of good techniques, to stress values of approximately 300 psi.

INTRODUCTION

During the early part of World War II an entirely new group of 6-

inch and 8-inch gun turrets was designed to fire much more rapidly than ear-

lier turrets. The most important improvement in the 8-inch turret for use

on the CA139-Class of cruisers was the incorporation of automatic ammunition-

handling arrangements which permitted the charging of guns at any angle of

elevation, either with the guns stationary or moving to follow cargets. This

feature involved mechanical equipment which required more space than existed

on earlier turrets, but the increase in weight-which would accompany the
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resulting increase in size-was severely limited by the design hull displace-

ment. Such limitations necessitated the use of unique structural arrangements

which, it appeared, might be accompanied by a reduction in strength and stiff-

ness. It was therefore decided that the acceptability of the new design

should be determined by full-scale tests. It was thus deemed necessary to

construct and test a pilot model to determine the performance well in advance

of actual construction of the naval vessels; and at the same time it was con-

sidered essential that information be collected which would be of value in the

design of other similar turrets which might be required during the war.1,2,3

A full-scale pilot model of the 8-inch 55-caliber turret was subse-

quently built and tested with.both static and gunfire loads at the Naval

Proving Ground by personnel of that activity and of the Taylor Model Basin.

Results of the static tests of the rotating structure are given in this re-

port. There is first discussed the information which was required to satisfy

the objectives of the program, followed by a description of the instrumenta-

tion which was provided for measurement of the desired quantities and of the

test facilities specifically designed to apply static loads to the pilot tur-

ret. The test procedure is described and the results summarized. The prin-

cipal results show that the structure as desigied is safe but uneconomical,

that predictions of full-scale behavior based on model tests were confirmed,

but that the design calculations were in considerable error (on the safe side}

owing to the conservative nature of assumptions regarding boundary conditions.

Inasmuch as this static test was the most complete one of its type

yet conducted by the Navy Department with contemporary scientific instrumenta-

tion, there is also discussed in some detail the techniques of measurement and

the experimental errors which are involved in the use of wire-resistance

strain gages under field conditions.

During the static loading, additional observations were made of the

behavior of the roller track and stool. These data are not reported herein,

but have been placed on file at the Taylor Model Basin.

BACKGROUND OF STATIC TESTS

The Bureau of Ordnance decided in 1944 that, because of the tactical

importance then anticipated for cruisers which would mount the new 8-inch rap-

id-fire guns, it would be desirable to proof-test a pilot turret with all the

important structural and mechanical components prior to actual ship construc-

tion. With this primary objective in mind, a complete pilot turret was

References are listed on page 47 of this report.
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ordered to be built by the Philadelphia Naval Shipyard and the Naval Gun

Factory, and installed at the Naval Proving Ground at Dahlgren, Va., for test.

To speed the construction and testing, the center gun of the three was never

installed.

As this program of testing was originally conceived, proof of satis-

factory operation of structure and mechanisms was not to be obtained merely by

visual observation; instead, elaborate instrumentation was planned to measure

all the design quantities so that actual operation could be permanently re-

corded and performance determined by instruments which would be sufficiently

sensitive to detect malfunctioning that might otherwise be overlooked. With

such complete instrumentation, should there be evidence of unsatisfactory op-

eration, the records would be immediately available for analysis, so that re-

medial measures could be scientifically planned and quickly applied.

It is apparent that the provision of instrumentation to measure the

important quantities by which performance of the turret could be appraised

also concomitantly permitted checks on the original design criteria. Thus,

it was agreed early in the planning of the pilot-turret test that instrumenta-

tion required to satisfy the primary objective of determining performance

could easily be employed to satisfy secondary objectives of confirming the

criteria employed in the design of this particular turret.

There was yet one additional consideration in planning of the pilot-

turret tests. At that time, one of the most important functions of naval ves-

sels was to serve as floating platforms for guns. Since it was impossible to

forecast with complete confidence either the duration of the conflict or the

trend of naval tactics, it was believed wise to continue with considerable

emphasis the development of additional rapid-firing naval guns and turrets.

Until the development of this 8-inch turret the criteria employed by both

ordnance and structural designers had been proved safe over a period of

years-on the basis of few failures in service-but these criteria had never

been proved fully satisfactory from the point of view of providing the light-

est structure or mechanism that would satisfactorily perform its intended

function. Perhaps the most important reason for the absence of refined cri-

ttria was the lack of scientific instrumentation required to measure the de-

sign quantities as they exist in turret structures used in actual service.

During the planning of the pilot-turret test it was recognized that

great advances were concurrently being made in the field of scientific in-

strumentation. It followed that there could be either obtained commercially

or developed for the test all the instrumentation which would be necessary to

study the behavior of the structures and mechanisms from a broader point of

view than that of simply proving the performance of a specific and unique
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design. Consequently, a third and more general objective was established for

tests of the pilot turret: the collection of scientific data by which gener-

alized criteria, applicable to the design of all turrets and guns, could be

derived.

It was in consideration of this third objective that proposals were

made to study the pilot turret under static loading as well as with forces of

gunfire. By such tests, certain elements of design information could be ob-

tained experimentally that would otherwise remain as pure conjecture in the

mind of the designer. First, by comparing strains and deformations of the

structure during gunfire and during static loading, the value of the dynamic

factor which is employed in the design could be unequivocally determined; and

second, the accuracy of the structural-model test, which had been performed

to predict prototype behavior, could be checked.4 There would thus be made

available for appraisal of the structural-model technique, the chain of ex-

perimental results obtained from static tests of a small-scale model, static

tests of a full-scale pilot turret, gunfire tests of the full-scale pilot tur-

ret, and finally, gunfire tests conducted aboard the completed naval vessel.

The application of static load to the pilot turret would make pos-

sible one additional study. It was recognized that the accurate measurement

of the forces of recoil would be required during tests with gunfire so that

the relationships between external stimuli and the structural response could

be determined. Up to that time, the measurement of recoil forces had been an

approximate procedure because of the limitations of instrumentation and be-

cause it was recognized that all the constituent elements of the recoil force

had to be measured simultaneously. The integrated effect of these various

force components had been measured on small-caliber guns, and it was be-

lieved possible to make similar measurements with the 8-inch gun through the

use of strain gages mounted on the structure which is immediately adjacent to

the trunnion supports. If this structure had sufficient rigidity, the time-

history of strain developed in it during gunfire would reveal the time-history

of force applied to the trunnion. Then the magnitude of the force could be

determined simply by uomparing strains measured during gunfire with those

measured during the application of a static load of known magnitude. That is,

the strain gages mounted on this structure would serve as recoil-force dyna-

mometers which would be calibrated by means of static load applied to the

pilot turret.

To summarize briefly, the static tests of the pilot turret were con-

ducted to provide the following information which could not otherwise be

obtained:
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1. Determination of the dynamic-load factor accompanying recoil force.

2. Check on the accuracy of using small-scale structural models for

predicting full-scale performance.

3. Calibration of strain gages to be employed as recoil-load dyna-

mometers.

There should be added to this list those general objectives for the

entire turret test, achievement of which would be better realized by the per-

formance of these static tests:

4. Determination of the stress distribution and mode of deformation of

the turret structure so that the accuracy of analysis can be determined.

5. Determination of accuracy of assumptions employed in the theoretical

analysis of the turret structure, particularly with respect to boundary con-

ditions.

6. Determination of the load-carrying capacity of the entire structure

and possible redundancy of components in consideration of the important ob-

jective of minimizing topside weight in naval vessels.

7. Study of the elastic behavior of the roller-track system.

8. Appraisal of the deformations on the basis of possible damage to

interlocking mechanisms.

9. Avoidance of errors in gunfire due to excessive deformations of the

turret structure.

DESCRIPTION OF ROTATING STRUCTURE OF CA1 39-CLASS TURRET

The general arrangement of the 8-inch 55-caliber turret is shown in

Figure 1, taken from the BuOrd publication describing the equipment.
5 As with

earlier designs, the turret consists first of a structural system which sup-

ports the guns and which rotates on a roller track about a vertical axis, and

second, of a cylindrical foundation which supports the roller track. ThisiTh-

vestigation pertains primarily to that portion of the turret above the roller-

track level, usually referred to as the rotating structure or turret weldment.

The rotating structure comprises a cylindrical bulkhead bounded at

the top by a shelf plate and at the bottom by a pan plate. The bulkhead con-

tains four girders disposed to support the three gun trunnions. The center

of the trunnions lies several feet above the shelf plate so that the trunnions

themselves are supported by extensions of the four girders acting as

cantilevers.

RESTRICTED
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I RIGHT PERISCOPE
2 RADAR ANTENNA
3 RADAR EQUIPMENT
4 AUXILIARY COMPUTER

CENTER GUN CAPTAIN'S
CONTROL PANEL

SIDE ASSEMBLY
SLIDE TRUNNION

GUN
) MPTY CASE TUBE

EL EVATING ARC
ii PROJECTILE HOIST CRADLE

1 SHELF PLATE
3 PROJECTILE HOIST

4 PAN CYLINDER
i BARBETTE
16 PAN PLATE

INNER CIRCULAR BULKHEAD
T RAINING PINION

STURRET CIRCULAR FOUNDATION
C STOWED PROJECTILES

SOUTER PROJECTILE RING
INNER PROJECTILE RING

SUPPER PROJECTILE FLAT

LOWER PROJECTILE FLAT
CENTRAL COLUMN

WIRING TUBE
SPOWER HOIST SCUTTLE u

POWDER PASSING SCUTTLE
FIRE MAIN REEL
WATERTIGHT CABLE TRUNK

0 POWDER CASE TRUK

Figure 1 - Cross Section of 8-Inch 55-Caliber Rapid-Fire Turret
for CA139-Class of Cruisers
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In the case of this 8-inch turret, the inboard girders are formed as

open trusses made up of rolled H-sections. The outboard girders are formed as

stiffened plate girders. The details of these components and their assembly

is shown by photographs of a 1/10-scale cardboard model, Figures 2 to 5. The

dimensions of the full-scale truss and its adjoining structure are given in

Figure 6.

The most radical departure of structural arrangements from earlier

turrets was the use of open trusses in lieu of heavy double-plate girders,

and it was around the performance of these trusses that the structural in-

vestigation was planned.

ANALYSIS OF ROTATING STRUCTURE

For design purposes, 6 the inboard girders or trusses were isolated

from the remaining turret structure and studied as two-dimensional systems

with a concentrated load applied at the trunnion and with horizontal and ver-

tical reactions at the roller tracks only; see Figure 7. The trunnion load

on the truss is made up of two identical halves of the recoil force from the

firing of the center gun and the wing gun so that the magnitude of load at

the trunnion supported by a truss is exactly equal to the recoil force from

one gun. This force was estimated for design purposes to be 215,000 pounds,

applied in a horizontal direction. 'It was derived from the theoretical value

of maximum recoil force at a 60-degree gun elevation with the addition of a

factor of safety of 1 1/4 to take into account unknowns of recoiling action.

In connection with other phases of the turret tests, the maximum value of re-

coil has been found experimentally to be 200,000 pounds. Considerations of

the difference between the design value and the value actually observed will

be discussed in a later report.

The assumption in design calculations, that the truss has only hor-

izontal reactions at the roller-track level, is of great importance to the ac-

curacy of the calculations. This assumption is unquestionably safe, but the

omission of elastic supports-which actually exist at the shelf-plate level

and at the connections between the trusses and the circular bulkhead-is a

simplification which defeats the objective of economy of structure. A more

likely distribution of the reactions is shown in Figure 8.

In any case, the assumptions with regard to the loading and the re-

actions made possible a design analysis with conventional engineering methods.

The resulting axial forces, moments, and shears are shown schematically in

RESTRICTED
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Truss Made of
Rolled H-Sections

Elevating Machinery Platform TMB 11371

Figure 2 - Cardboard Model of Trusses of 8-Inch Gun Turret
The inboard trunnion blocks that form common housings for adjacent trunnion

levered up from open trusses. The support for the elevating arc guide and the
ret officer's booth are not included here.

bearings are canti-
framing of the tur-

TMB 11376

Figure 3 - Cardboard Model of Starboard Outboard Gun Girder of 8-Inch Turret

The outboard trunnion blocks are supported by conventional stiffened-plate girders.
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Roller-Track __

Roller-Track
Stiffners

Pan Plote

TMB 11373

Figure 4 - Cardboard Model of Pan Plate and Circular Bulkhead of 8-Inch Turret

The pan plate and circular bulkhead used on the CA139 turret are lighter than those used on pre-
vious turrets of comparable size.

Figure 5 - Cardboard Model of Rotating Structure of 8-Inch Turret
This view shows the relationship of the trusses, girders, trunnion blocks, circular bulkhead, and

pan plate.
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anwa rere-'/ 4"XI"I- / --- - ' 20.4 lb. Pl.
30.6 b Pl.,

S'/ -30.6 lb. P Elevating 1 4

/I .20.4 lb. PL - S rD

4 X 10 1-60 3' X F B 15.3 lb.P.

W 4X 6 I-34 "--- 

-

3061 .PL,

PonPlo L 4!-81 V-o
PanPl2'-9 20.4 lbPL(

LEFT TRUSS

Figure 6 - Full-Scale Dimensions of Truss and Adjoining Structure Which
Supports Guns for 8-Inch Turret

The elevating arc guide support and turret officer's booth framing were not considered in the de-
sign calculations or in tests of a scale model, but they are of such size as to influence stress dis-
distribution in the truss and should be considered as primary members.

Figure 7.* It is on the basis of these calculations that the scantlings of
the truss members were selected.

The dimensions of elements of the rotating structure other than the
trusses were not so rationally determined. The over-all size was, of course,
dictated by the arrangements required by the Bureau of Ordnance for the guns

and for the ammunition-handling and turret-operating equipment. The thick-
nesses of such elements as the circular bulkhead and pan plate were more or

less arbitrarily selected on the basis of previous experience, with due con-

sideration for splinter protection and for stiffness.

Thus, no stress analysis other than that for the truss was made by
the Bureau of Ships; and from the point of view of sructural investigation

the confirmation of design analysis was automatically confined to a study of

*The shear forces on the members were derived from the moment calculations, and additional ex-
ternal forces, not given in design calculations, were assumed to act at the shelf plate to bring
the system into equilibrium.
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Figure 7 - Schematic Diagram of Truss Showing Loads, Reactions, and
Elastic Behavior As Determined from Design Calculations

M is moment in inch-kips, V is shear in kips, and P is load in kips.

I Force P

I

Boundary Conditions as Measured on - Scale Steel Model

Figure 8 - Schematic Diagram of Truss Showing Boundary Conditions
As They Probably Exist in the Truss
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the truss members alone. As will be developed later, the program of static
tests and the instrumentation was, therefore, planned primarily around a study
of these trusses.

PROGRAM OF STATIC TESTS

In order to achieve all the earlier stated objectives, the static
tests were planned so that the application of loads to all three gun positions
would be along the line of gunfire at zero elevation. The static forces were
accurately measured with suitable dynamometers, and simultaneously the re-
sponse of the structure was measured by means of wire-resistance strain gages
and dial deflection gages. The strain gages were intended to measure struc-
tural performance during both static and gunfire tests of the pilot turret.
The dial deflection gages, however, would be suitable only for static meas-
urements, so that other types of instruments were required for comparable
measurements of the rapidly applied loads.

DESIGN OF TEST FACILITIES

The first problem confronted in planning the static tests was the
provision of a suitable test facility for the application of static loads of
intensities comparable to the gunfire forces. After consideration of many
different schemes, it was decided to provide an anchor tower behind the pilot
turret from which forces could be applied. This tower was conveniently sit-
uated to house the measuring and recording equipment required for gunfire
tests. Consequently, instead of an open framework, the anchor tower was de-
signed as an enclosed structure that would serve two functions.

The primary design of the tower was executed by the David Taylor
Model Basin.9 It consisted of a hollow steel cube on the top of which were
mounted hydraulic rams and yokes to apply loads through heavy steel cables to
the gun trunnions at the pilot turret. This tower was to be prefabricated as
a unit and bolted to a composite steel and concrete emplacement-the latter
required to resist the overturning moment imposed by the static forces at the
top of the tower. The interior of the tower was designed as an instrument
room and had suitable illumination, ventilation, and soundproofing. Splinter
protection was offered to the interior space by the 1-inch steel panels which
constituted the envelope of the tower. A preliminary loading diagram for the
tower design is shown in Figure 9.

Before describing details of this loadinrg arrangement, several add-
itional comments are introduced regarding the general design, because this
loading tower is believed somewhat unique in both function and arrangement.
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2 Loading
Tower

Weight of Tower
and Emplacement 3 9 1  3 5 0 K Weight of

Ballast
10 -5'- 10 -

Lateral Soil
Beormng Pressure

3610 psi

D

4 3 0 K

Scrap
Steel

Ballost

341 K -To be resisted

5580 psi by piles in tension
Soil Bearing 10 8 2KPressure LF 2

II1-104"

17'- 93

Figure 9 - Design Loading Diagram for Tower Employed to Apply Static Loads
to the Pilot Turret

The first design consideration was the space available at the Proving Ground
for the installation of this test tower. Inasmuch as the loading cables would
be installed for long periods of time, it was essential that they in no way
interfere with crane operations which took place intermittently along some
tracks which ran behind the pilot turret emplacement. Between these tracks
and the pilot turret, however, there was available an area approximately 20
feet by 20 feet. This space restriction thus determined the over-all size of
the tower and required that the overturning of the tower be resisted by a
system of vertical tensile and compressive forces that would be separated by
only 20 feet. This short base resulted in larger forces than are ordinarily
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experienced in building foundations. It was believed that piling driven into
the soil underneath the tower could sustain both types of forces through skin
friction developed on the surface of the pile; in fact it soon became appar-
ent that this system was the only one by which such large forces could be re-
sisted. To reduce the load on the piles, however, it was decided to furnish
dead-weight ballast by means of a foundation room under the loading tower
which would be filled with 175 tons of scrap steel; this scrap was available
at the Naval Proving Ground in large quantities. The final arrangement of
the static loading system is shown schematically in Figures 10 and 11.

The foundation for the loading tower consists of a reinforced-con-
crete foundation which is contained by sheet piling. It forms in plan a hol-
low square approximately 18 feet on the outside and 12 feet on the inside.
Steel H-section bearing piles were driven to a depth of 75 feet along both
the front and the back to sustain the vertical loads which resist overturning.
The loading tower was locked in place with holding-down bolts which were cast
into the concrete foundation to match holes in the tower base. The emplace-
ment was built under the cognizance of the Bureau of Yards and Docks, and the
combination loading tower and instrument room was designed and fabricated by
the Philadelphia Naval Shipyard. The tower was assembled on the site 'n Febru-
ary 1947 and put into operation as an instrument house immediately thereafter.

The static forces were applied by three Watson-Stillman hydraulic
Jacks of 150-ton capacity, operating at 7500 psi; these were mounted in a hor-
izontal position on the roof of the instrument house so that the centerline
of each of the three jacks coincided with the centerline of each of the three
gun positions. Hand pumps to operate these jacks, as shown in Figure 12, were
located inside the instrument house and were suitably connected to the jacks
with steel piping. Inasmuch as forces were to be applied to the pilot turret
through cables, loading yokes were placed over the jacks so that the force of
the jack could be applied in the intended direction.

These static forces were measured with TMB bar-type dynamometerso
which had a capacity of 200,000 pounds and an overload capacity of 100,000
pounds. These dynamometers were essentially bars made of alloy steel on which
were mounted wire-resistance strain gages arranged to give maximum electrical
output when the bar was axially loaded. The bars were calibrated in a lab-
oratory testing machine and the output of the electrical strain gages measured
with a Baldwin-Southwark Type-K Strain Indicator. The dynamometers were found
to be linear and accurate to within 1 percent, and the temperature compensa-
tion by means of dummy gages on the bar was fully effective.
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Loading Tower and

Instrument House

Figure 11 - Photograph of the Pilot Turret and Loading Tower
Showing the Jacks and Rigging Required to Load the Turret

Figure 12 - Hand Pumps for Powering the Hydraulio Jacks

Each hydraulic Jack was controlled from a separate pump, and the load on each dynaimcmter was

read with a separate strain indicator
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The cable connecting the pilot turret to the loading tower was made

of 6- by 19-inch high-grade plow steel, 2 1/2 inches in diameter. The cable

was made of preformed strands; and after the suitable end-fittings were in-

stalled it was preloaded to the design service load of 215,000 pounds. Be-

cause these heavy cables were expected to sag appreciably between supports, a

wooden scaffold was provided on the site to hold up the cables throughout

their length.

The two guns in the pilot turret were left installed during static

tests but were provided with special breechblocks that had been drilled and

tapped for eyebolts which matched the cable fittings. A special trunnion was

mounted in the center gun position and was provided with an eye for attachment

of the center cable. During the static tests, the ramming mechanisms for the

two guns were removed so as not to interfere with the loading cables.

Because of the restrictions on distance between the bearing piles,

the forces imposed as a result of overturning moment were greater than would

be desired, particularly because information was lacking on the ability of

piles to resist constant tension. Thus, originally, in order to hold the load

on these piles at a minimum consistent with the forces required to be applied

to the pilot turret to produce sensible strains, the load limitation was es-

tablished as 215,000 pounas per gun, but with a total of 430,000 pounds. How-

ever, after preliminary static tests showed that this magnitude of force was

insufficient to produce strain quantities in the turret of desirable magni-

tudes, it was decided at the site to increase this force to 645,000 pounds,

which represents the full service load of 215,000 pounds per gun. The load

was increased with the knowledge that the foundation and the loading tower

were designed with a considerable factor of safety. Nevertheless, observa-

tions were made of the deflection of the loading tower during the increase of

load from 430,000 to 645,000 pounds and a continuous plot of the observations

was maintained to check on the occurrence of nonlinear or excessive deflec-

tions. No evidence of incipient failure of the loading tower was apparent and

thereafter, during the test, loads of 645,000 pounds were frequently applied.

INSTRUMENTATION

The original tests of the pilot turret were planned in the summer of

1945, and at that time the structural arrangement was studied to determine the

location of instruments required to develop the maximum amount of information

with the minimum quantity of instruments. This principal of economy was main-

tained throughout the test.
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On the rotating structure, wire-resistance strain gages were se-

lected to measure strains at stations (a) that were believed to have high

strains and thus constitute the region closest to failure, (b) that were be-

lieved to have low strains and thus constitute elements in which material

could be removed if this belief were confirmed, (c) in those structural com-

ponents for which the design analyses were available and could thus be checked

with experimental results, and (d) in those regions where measurements of

strain would produce information concerning the structural boundary condi-

tions. The locations of the wire-resistance strain gages on the rotating

structure are shown schematically in Figure 13. Gages 1 through 10 were

mounted at the midpoints of truss members to measure strains accompanying ax-

ial loads. Gages 20 through 51 were mounted at the ends of left truss members

to determine strains indicative of bending moments and shear forces. Gages

11 through 17 and Gage 19 were arrayed to measure strains at other points on

the truss. Gage 18 was located to determine the stress in the stiffener which

joins the two trusses. Gage 53 was located on the diagonal stiffener of the

left girder and Gages 54 through 56 constituted a rosette to measure principal

stresses in the girder. All gages mounted on the right truss and right girder

at stations which correspond to gages on the left truss and left girder were

given corresponding numbers with the numeral "1" prefixed to the gage number.

Single gages were always oriented in the direction believed to constitute the

axis of principal stress. All gages were SR-4 Type A-1, 120 ohms in resist-

ance with a base length of approximately 1 inch. Gages mounted on unstiffened

plating were installed in pairs on both sides to balance out local effects.

In addition to gages on the rotating structure, strain gages were

mounted on the trunnion bearers to serve as recoil-load dynamometers and on

the stool to indicate its elastic behavior. The results from the gages in-

tended as dynamometers were so low that they could not be used. The results

from the gages mounted on the stool will be the subject of a future report.

It was anticipated that during both static and dynamic tests, all

electrical strain gages would be used with auxiliary amplifying or indicating

equipment that was designed for two-arm bridge operation. Thus, there was

provided at each active gage station a second gage which would constitute a

second arm of the bridge, but would, as an auxiliary function, serve as a

temperature-compensating element. To reduce installation time in the field,

these temperature-compensating gages were mounted on steel blocks and pro-

vided with electrical terminal strips in the laboratory so that there was re-

quired in the field only the bolting of these blocks to suitable mounts and

the soldering of electrical leads into appropriate electrical circuits. To

keep the dimensions of these temperature blocks to a minimum, Type A-7 strain
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Figure 13 - Location of Strain Gages on Rotating Structure During the Static Load Test
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gages were used as dummies even though it was known that they had a slightly

different gage factor than the active gages. The efficacy with which auto-

matic temperature compensation is achieved when using an A-7 with an A-1 gage

was checked in the laboratory; and the results of tests of several specimens

showed that no noticeable difference appeared within ranges of 30 degrees

Fahrenheit between the use of two A-1i 's or an A-1 and an A-7.

After installation, all strain gages were baked at 140 degrees Fahr-

enheit with infrared lamps for periods not less than 2 hours, and immediately

after were waterproofed with Ozite B, a commercial bitumastic compound. Each

pair of active and compensating gages was then electrically connected to panel

boards, located at the pan-plate level in the center gun alley,by means of two

wire-shielded microphone cables. The shield was used as the electrical lead

common to both the active and the compensating gage. A photograph of the

electrical panel board is shown in Figure 14. A schematic diagram showing a

typical electrical array is shown in Figure 15.

Figure 14 - The Panel Boards for Electrical Strain Gages Employed
During Both Static and Gunfire Tests of the Pilot Turret

The panel boards on right and left contained plugs which were electrically connected

to strain gages distributed throughout the turret. The plugs at the center were con-

nected to cables which led to the instrument house for remote recording during gunfire

tests.
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U n s t ro
i
n e d  

Block Bolted to Structure O T 
O

Tempera ture -Compensating Gage

Active Goage

Switch Selector Box Strain Indicator

Figure 15 - Schematic Diagram Showing the Connections of the Strain Gages
to the Strain Indicator

During static tests, two strain-indicating stations were installed

in the turret at the pan-plate level in the spaces beneath the wing guns. At

each station, a switch box was connected by means of separate cables for each

gage station to the panel boards located in the center space of the turret.

The output from the switch box was fed to the Baldwin-Southwark Type-K strain

indicator. The selector switches were of a commercial type that had silver

contacts to minimize switch resistance. A separate switch was provided for

each of the three conductors leading from the gages.

As a check on the stability of the strain indicator used during the

test, a dummy gage was provided at the panel board for which readings were

taken each time strains in the turret structure were observed. Also on every

occasion that tests were conducted a simulated strain was manually introduced

into the dummy-gage circuit by changing the resistance of the dummy gage a

known amount to determine if the change in indicated strain was repeated.

As the details of instrumentation were planned, it was realized that

the results once obtained would have to be conclusive because of the diffi-

culty and cost of repeating such a test. To ensure an adequate quantity of

reliable data, considering that all of them would be obtained manually and

thus subject to human error, all possible precautions to preclude error were

taken. Among these was the repetition of tests during which strain data were

recorded photographically for possible use should manually obtained data be

considered doubtful. This was accomplished by the use of TMB Type-1A strain

indicators and a string oscillograph. Each strain gage was connected to a

strain indicator which serves as a combination alternating-current bridge and

amplifier, and the output was fed to the oscillograph for recording. Loads

on the turret were applied in increments, at each of which the oscillograph

was operated at slow film speed for a short interval of time. The result was,
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for each strain channel, a series of steps corresponding to the increments of

load. A scale was ascertained for the record by application of a calibration

step of known strain.

Because the manually recorded results were found to be of high qual-

ity, the automatically recorded results were never reduced or analyzed but

have been placed on file.

To supplement the measurements of strain and to achieve the objec-

tives of this static test, measurements were also made of deformations, par-

ticularly horizontal deflections of the trunnion bearers relative to the pan

plate. The arrangement employed during the test is shown in Figure 16. Wood-

en scaffolds pupported at the pan-plate level were built up to hold dial gages

Dial Gage

Figure 16 - Arrangement of Dial Gages to Measure theL

Trunmnion Deflection Relative to the Pan Plate
The dial gages were mounted on wood scaffolds that rested on stiffened sections of the pan

plate so local deformations would not affect the dial gage readings.

whose plungers rested on the trunnion bearers. The dial gages were graduated

in 0.0001-inch units, and the direct readings were utilized to obtain the de-011 CD ill ,
II~ AI0 0

flections.

As a check on these deflection readings, additional measurementsFigurwere made by means of dial ganges supported from the roof of the turret and ar-
Tranged to measure horizontal deflection Relative to the Pan Pld-aft direction at the

trunnion level. These latter gages were mounted on wood scaffolds that rested on stiffened setions of therform prop-

erly because of excessiveal deformations ofwould not affect the dial gagthe readis.oof of the turret whichwhose plungers rested on the trunnion bearers. The dial gages were graduatedin 0.0001-inch units, and the direct readings were utilized to obtain the de-flections.As a check on these deflection readings, additional measurementswere made by means of dial gages supported from the roof of the turret and ar-

ranged to measure horizontal deflection in a fore-and-aft direction at the

trunnion level. These latter gages, however, were not found to perform prop-

erly because of excessive deformations of the roof of the turret which
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resulted from wind, gun blast from adjacent gun tests, and heating effects of

the sun.

Four additional dial gages were mounted on the concrete emplacement

which supports the pilot turret and were oriented to measure the rotation of

the turret at the pan plate relative to the emplacement. This arrangement is

shown in Figure 17. The method of mounting the dial gages is shown in the

photograph, Figure 18. Dial gages were also installed during the static tests

to measure the general behavior of the roller track at locations as shown in

the Appendix.

TEST PROCEDURE 4 4 --' .
44 4

Static tests were performed Dial gage

in two series, the first with shims 4
Forward

inserted at the holding-down clips 4

so that the motion of the rotating

structure relative to the stool

would be minimized. The second se-

ries of tests constitute a repeti-

tion of the first but with the shims

removed.

During all tests, the

training-gear B-end shaft was locked

with a Prony brake to prevent rota-

tion of the turret, particularly . . :.:..

with the application of unsymmetri-

cal loading. Forces were then ap- -Rotating structure

plied at each gun position separ- at pan level

ately and in different combina- Figure 17 - Schematic Locations of
tions so that they would involve Dial Gages Used to Measure the

Rotation of the Turret
seven different loadings: (1) left Relative to the Ground
gun, (2) center gun, (3) right gun,

(4) left and center guns, (5) center

and right guns, (6) left and right guns, (7) all three guns.

The forces were applied by manually operating the hydraulic pumps,

during which time the load was observed on the strain indicators electrically

connected to the load dynamometers. A tare load of 5000 pounds was employed

throughout the test. The center trunnions were first loaded in increments of

15,000 pounds until sufficient data were obtained to determine if the turret

and the loading system were performing as expected. This performance was

fomund to be satisfactory, but since strains produced by this increment of load
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Figure 18 - Photograph of Dial Gages Used to Measure the Rotation
of the Turret Relative to the Ground

The two lower dial gages were used to study the general behavior of the roller-track

girder.

were so small, the load increments were increased to 30,000 pounds and that

size increment was employed throughout the remainder of the test. A maximum

of 215,000 pounds was applied to each gun. To guarantee the accuracy of test

results, all load conditions were repeated.

Because there were insufficient personnel available to observe

strains and deflections simultaneously, additional loadings were required 
to

obtain deflection measurements. These tests were conducted as rapidly as pos-

sible so as to complete measurements at all increments of load without 
inter-

ference by blast effects of gunfire from adjacent guns at the Proving 
Ground.
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The hand-pumping operation was very time-consuming, requiring ap-

proximately half an hour to go from tare to maximum load. During measurements

of strain, at which time observations were made of all gages at each increment

of load, a time interval of approximately half an hour was required per incre-

ment and a period of approximately 3 hours was required to make observations

at all the necessary increments from tare to full load. Observations were

made upon the removal of load so as to permit comparison between the tare-load

conditions before and after each test.

TEST RESULTS

All strain and deflection data recorded during static tests with and

without shims were checked for arithmetical accuracy and the results then

plotted. It was found without exception that the load-strain relationships

were linear with but a small amount of scatter; and further, that the slopes

of the lines drawn through the plotted points for two different identical-

condition tests were in excellent agreement. The extent to which these slopes

agreed is shown graphically in Figure 19; it can be seen that for 90 percent

of the strain gages, the deviation of slopes was less than 0.07 microinch per

inch per kip of load, which represents approximately 15 microinches per inch

at maximum load.

As a result of this agreement between the results of two tests, all

the lines plotted for the two sets of data were averaged; the averaged value

was then used to determine the apparent stress at each gage station, by multi-

plying the value for each gage by an assumed modulus of elasticity of

30,000,000 psi, and by the value of service load. The service load selected

for the comparison of all results of static tests on the pilot turret is

215,000 pounds, as assumed in design. The stresses computed in this manner

are summarized in Table 1. It is to be noted that these are values of appar-

ent stresses, which are actual stress values only in cases where the stress

field is uniaxial and the gage is oriented in the direction of the stress.

The strains measured on the truss members have been employed to de-

termine the actual forces, moments, and shears in three of the members, as

shtown in Figure 20.

The strain results obtained during the two series of tests with and

without shims show good agreement.

The technique of applying several different combinations of loads

permitted a check of the results on a basis of applicability of the superpo-

sition principle. The strains measured during application of loads to the

three guns separately should agree with the results obtained when all three

guns are simultaneously loaded. The extent of agreement is shown in Tables

(Text continued on page 30)
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The comparison was based on the difference between slopes of lines drawn through two sets
of plotted points.
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TABLE 1

Summary of the Apparent Stresses Observed During the Static Load Test

Test with Shims Inserted Between Holding Down Clips

Strain Guns Loaded

Gage Left and Center Left and Three
Number Left Center Right Center and Right Right Guns

1

2

3
4
5
6

7
8
9

10
11
12

13
14
15
16

17
18

19
20

21

22

23
24

25
26

-2200

-1700
500
600oo

-2300

-1700
-700

-0
600
+0

-1000
-600
+0

+0

0

500
500

-1000

+0

-1000
-1400

-1700
-2400

-2600

-3400
-1600

-1900
-2200

700
600oo

-1700
-1800

-400

-0

600
+0

-1000

-700
0
+0

o0
+o0
+0

-6oo
+0

-1300
-1000

-2100

-1900

-3000
-2900

-2200

-700
-800

500
-+0o

-400

-800
+0

+0

110011oo
800

0
0

0

0

0

0oo
0
+0

0
-1200

-600

-500
-0

-800

-600
-1000

-4500
-3700
1700
1600

-4100

-3600
-700
-500
1500
1 6oo

-2200

-1200
0

600
600

1000

1000

-1600
+0

-3000
-2100

-38oo00
-4600
-5400oo
-61 oo0

-3100

-26oo00

-3000
1200

900

-1900

-2800

0

-500
1600
1400

-1000

-600oo
0

0
0
0

0
0

400

-2900**

-1600o
-2200

-2500

-3200

-36oo0

-3200
-2300

900o

700
-2500**

-2300
-0

-300
1700
1900
-1100

-6oo
-0
+0

.+0
+0
+0

-6oo

300
-2300*
-2200

-1700
-2500
-2800

-36oo
-3500*

-5200
-46oo
2100

1700

-4300
-4500
-600oo

-700oo
2600

2700
-1900

-1100

-0
+0

500
-0
+0

-1100

0
-3800

-2800

-3500
-4900

-5500
-6400oo

-5200

Test with No Shims Inserted Between
Clips

Holding Down

StraiIn _ _Guns Loaded

Gage Left and Three
Number Left Center Right Right IGuns

-2500
-1600

600
600

-2200
-1400

-700
-o0

+0
600

-1000

-600
0

+0

+0
+0

500
-1200

+0

-1300

-1700
-18oo00
-2300
-2400

-37oo00
-2000

-2100

-2100

600
600

-1600

-1700
-0

-500
300
0

-900
-600

-0
+0

0
0
0

-600
0

-1600
-1000
-1900
-2100

-2800

-2500
-1900

-700
-700
600
+0

-500
-800oo
500
o0

1000
800

-1200

0

0

-0

-0

-0

0

-500
+0

-800
-600oo

0
500

-700
0

-1000

-3900
-2100

800
800

-2300
-2100

-0

-500
1400

1500
-1300

-500
-500

0
-0
-0

0
-800

0
-2600
-2200

-1300
-2800oo
-2700

-3100
-3200

-5500 *
-4300
1700
1700

-4200

-4300
-600
-8oo
1700
1900

-2200

-1500
-500**

0
300
-400

-300**
-1400

-500
-5000
-3900
-26oo00
-4600
-5200.
-58oo00*
-6oo000o*

*Zero shift greater than 15 microinches per inch. + or - with zero value indicates a stress of less

Difference in slope greater than 0.07 microinch per inch per kip. than 300 psi of the type represented by the sign.
**Difference in slope greater than 0.07 microinch per inch per kip.



TABLE 1 (continued)

Summary of the Apparent Stresses Observed During the Static Load Test

Test with Shims Inserted Between Holding Down Clips

Strain Guns Loaded

Gage I Left and Center I Left and Three
Number Left Center Right Center and Right_ Right Guns

-2100

2700

3700
-1600

-1700
-1300

-1700

3100
3600

-1100
-1600oo

-3100
-3800
-2500

-3100
-0

-1000

3200*

1400

700
-1100
-1200

1200

1200
-1200

-2000

3000
3400

-1600oo
-1100

-1300

-1300
3400
3200

-1100
-1000-

-3400.

-3000
-2500

-2700
-600oo

-0

1900

-300

500
-1400
-1000

500
800

-0

-900
1000
1200

-800
0

-500
0

1300
1200

-0

0

-1500
-900

-1 400
-1200

-0

0

2900
1000
1100

-0

-0
1200

1000

0

-3800
6100 oo
7400

-3200
-3100
-2800
-3000

6700

7200
-2100

-2500
-6700
-7200
-5300
-6400o
-1000

-900

5700
5500
1500
1400

-2200
-2100

16oo
2100
-1 600

-2700
4400

5000
-2800
-1600

-2100
-1400

5200
4800

-1 600
-800

-5400o
-4100
-4100
-4300

-800

0

5000
5400
1400

2000**
-2100

-1200

2100

1700
-0

-3100**
4000
400

-2500*
-1900
-22001*

-1600**

4300
4700
-1100

-1300

-4800
-4500
-4000

-4600
-1000**

-1200*

4800
6000
2100**

1300**

-1900*

-1700
2600

2000

-1300

-5400
7200
88oo
-4200

-3400
-3400
-3100

8200

8300
-2300*
-2300*

-8300
-8300
-7000
-7800*
-1200
-1100

81oo00*

7900

2300
2100

-3200**
-2500

3000
2900

-1700

Test with No Shims Inserted Between Holding Down
Clips

Guns Loaded

Gage I eft and Three
Number Left Center Right Right IGuns

27
28
29

30
31
32

33
34

35
36
37
38
39
40
41
42

43
44

45
46
47
48
49

50
51

53

-2100*

2700*

3500
-1600
-1900

-1300
-1700
3100
3400
-1000

-1600oo
-3000
-3900

-2600
-3000

0

-800**

3000

2300

700
+0

-1000

-1100
700

1000
-1200

-1800
3100
28001*

-1700
-1300
-1600oo
-1200

3000
3200

-1400**

-1000
-3300

-2000

-2500
-2800

-700
-400
1 800**

2000

700
400

-1200
-1000

+0

6oo

-0

-1700
800*

1200

-110 0*

0

-500
0

1400
1000

0
0

-1700**
-1200

-1700**
-1500*

0

0

2200

22001

800

1000

-500
0

1300
600oo

0

-3000
3400
3500

-2300
-2300
-1900

-1800oo
3900
4300

-1300

-1500
-4400

-5000
-4000
-4500

-600
-600oo
4300
4400

2200

1200

-1300

-1'300

2200

1500
-1400

-5900*
66oo00
690oo**

-3900
-3500
-3000
-2900

7700
7700

-2100
-2000
-8200
-8200
-670oo**
-76oo00**

-900*
-1000

68oo00
66oo00
1800
1900

-2800
-2600

2400**

2300

-1 800

IP

*Zero shift greater than 15 microinuhes per inch. + or - with zero value indicates a stress of less

**Difference in slope greater than 0.07 microinch per inch per kip. than 300 of the type represented by the sin.
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TABLE 1 (continued)

Summary of the Apparent Stresses Observed During the Static Test

Test with Shims Inserted Between Holding Down Clips

Strain Guns Loaded

Gage Left and Center Left and Three
Number Left Center Right Center and Right Right Guns

54

55
56

101
102

103
104

105
io6

107
10 o8
109
110

111
112

113
114

115
116

117
118
119

153
154
155
156

0

-1200

-500

-6oo
-800
1000

+0

-500
-700
+0

-0

1000

800
+0

0

0

0

0

0

+0

700

500

0

0

0

0

0

-0

0

-1900

-2200

1300

600
-1700
-1900

-400

-6oo
500
+0

-900
-500

0

+0

0

+0

+0

-0

400

-0

0

0

0

+0

0

0

-2400

-1600oo

i 000

800

-2300

-1700
-800
-500

500
+0

-1000

-500 o
0

+0

+0

+0

500

-1400

500

-1200

-0

-1100

-0

0

-1 400

-500
-2200

-3200

1700**

800

-2200

-3000

0

-900

1600oo
900

-1000

-500
-0

0

+0

+0

+0

0

500

-0

0

-0

0

0

0

-0

-4300

-3000

2000

1500
-4000

-3800
-1000

-1200

1200

1000

-2100

-1100

-0

800

+0

800

800

-1800

500

-1400

0

-1300

-0

+0

-1100

-0

-3000

-2500

2100**

000

-2500

-2500

-600oo
-8oo00*

1600
1400

-1100

-700
-400

+0

+0

+0

500

-500
800

-1200

-0

-1000

-0

-0

-1400

-400

-4800oo
-4600o
2300

1700

-4300

-4400

-700
-1200

2200

1700
-1900

-800
-0

-0

+0

400

400

-1100

500

-i1800
-200

-1400

-500

Test with No Shims Inserted Between Holding Down
Clips

Strain Guns Loaded

Gage ILeft and Three
Number Left Center Right Right Guns

54

55
56

101

102

103

104

105

106

107

108

1 09

110

111

112

113

114

115

116

117

118
119

153

154

155
156

-0

-1300
-400oo

-600

-700I -oo
600

0

-0

-700
+0
0

1000

700
0

0

-0

0

-0

-0

-0

0
+0

-0

0

0

0

0

0

-0

-1800
-2100

900

600oo
-3100

-2000

-600

-800
+0

0

-900

-500
0

+0

0

0

0

0

0

0

0

-0

0

0

0

0

-2100

-1 600
1000

800

-2100

-1 600oo
-800

-0

500

+0

-8oo
-0

0

0

0

0

+0

-1400

500

-1300

-0

-1000

-4oo00

0

-1000

-600oo
-2700

-2200

1000

1000

-2600

-2300

-400

-500

1100

1100

-800

0

-0

-0

-0

-0

0

-6oo
0

0

-1400

-300

-5400

-4300**

2100

1700
-4600

-4400

-700

-1500
19001 qo0
1500
-2100

-1300**

-6oo
-0

-500
-0

0

-1800
0

-1700

0
-1400

-6oo00

*Zero shift greater than 15 microinches per inch. + or - with zero value indicates a stress of less
than 300 psi of the type represented by the sign.**Difference in slope greater than 0.07 microinch per inch per kip.
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2, 3, and 4, which give the differences in strain for combinations of loads

that should produce the same strains. It is to be noted that strains were

only observed to the closest 5 microinches per inch, so that the least count

of strain obtainable corresponds to 150 psi. The least count of agreement be-

tween any two values is thus 300 psi. The quality of the results can thus

better be appraised with this figure in mind; on that basis, the consistency

of results is believed to be excellent.

TABLE 2

Difference in Apparent Stress, in psi, between Results of Tests
with Loads on Guns: Three Separately and Three Simultaneously

Gage Gage Gage Gage

Number Difference Number Difference Number Difference Number Difference

1 -400 23 -6oo00 45 100 107 500
2 100 24 900 46 400 108 -100

3 -400 25 500 47 200 109 -200

4 -500 26 -400 48 -700 110 -900

5 100 27 -400 49 -300 111 0

6 -200 28 -500 50 -100 112 200

7 500 29 -500 51 100 113 0

8 -700 30 -200 52 100 114 0

9 -300 31 -6oo00 53 -500 115 0
10 -1900 32 -300 54 0 116 -400
11 100 33 -o100 55 -200 117 100

12 200 34 -4oo00 56 oo 118 -400oo

13 0 35 -300 57 -200 119 900

14 0 36 -100 58 -500 152 -300

15 -500 37 300 59 6oo 153 -6oo00
16 500 38 -300 60 200 154 -200

17 500 39 -600 101 o100 155 -300
18 500 40 -6oo00 102 0 156 -500
19 0 41 -800oo 103 1000 157 -800oo
20 -300 42 -6oo00 104 -300 158 0
21 200 43 -100 105 200 159 200

22 8oo00 44 -- 1io6 -100 160 300
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Still another basis exists for the consistency of results. Strains

measured at two stations which are symmetrically disposed with respect to the

load should give identical results. A study of Table 1 will show that stress-

es obtained from gages on the left truss with the left-gun load compared fav-

orably with those of the right truss with the right-gun load, and so on.

TABLE 3

Difference in Apparent Stress, in psi, between Results of Tests
with Loads on Guns: (Left and Center + Right and Center

- Center) and (Three Simultaneously)

Gage Gage Gage Gage
Number Difference Number Difference Number Difference Number Difference

1 0 23 300 45 1100 107 -100

2 -100 24 100 46 300 108 300
3 100 25 400 47 800 o109 100

4 200 26 -- 48 -300 110 200

5 0 27 -900 49 -200 111 300

6 100 28 300 50 200 112 300

7 -300 29 200 51 100 113 o

8 300 30 200 52 900 114 8oo00

9 -100 31 200 53 -100oo 115 o
10 300 32 200 54 0 116 400

11 -300 33 0 55 0 117 400

12 0 34 200 56 100 118 700

13 0 35 500 57 -o100 119 100

14 6oo00 36 300 58 700 152 -300

15 100 37 0 59 400 153 -400

16 1000 38 400 60 200 154 -200

17 1000 39 0 101 -200 155 -o100

18 -100 40 -100 102 300 156 -500

19 400 41 200 103 100 157 -400

20 -80oo 42 0 104 0 158 -6oo

21 -100 43 -200 105 200 159 400

22 400 44 -- io6 500 16o 700oo
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The deflections observed with dial gages during application of stat-

ic loads have been reduced and presented in Tables 5 and 6. Because of the

irregular take-up of clip clearance during application of load, it was found
/

that equal increments of deflection did not occur with equal increments of

load, particularly at those locations near the roller track. Consequently,

deflection data could not be plotted and an average line drawn through the

points to represent the behavior. Lack of agreement on succeeding tests pre-

cluded averaging results at each increment of load. Consequently, all deflec-

tion data were analyzed separately at each increment of load, and the results

presented in the report are typical results obtained from one specific test;

the readings given correspond to results at maximum load.

TABLE 4

Difference in Apparent Stress, in psi, between Results of Tests
with Loads on Guns: (Left and Center + Right and Center

- Left and Right) and (2 x Center)

Gage Gage Gage Gage
Number Difference Number Difference Number Difference Number Difference

1 100 23 800 45 1100 107 -400

2 0 24 -200 46 200 108 100

3 600 25 300 47 1100 109 200
4 6oo00 26 -- 48 -400 110 500

5 100 27 -6oo00 49 -400 111 200

6 500 28 500 50 100 112 -100

7 -100 29 300 51 200 113 -400

8 700 30 300 52 200 114 800

9 200 31 6oo00 53 300 115 0
10 1100 32 100 54 0 116 800
11 100 33 200 55 300 117 300oo
12 -200 34 8oo00 56 500 118 1300

13 0 35 q900 57 -400 119 -6oo00
14 6oo00 36 400 58 700 152 -300

15 6oo00 37 0 59 100 153 200

16 1000 38 500 60 300 154 0
17 1000 39 800 101 -300 155 300
18 -200 40 400 102 200 156 0

19 100 41 700 103 -1000 157 o
20 1000 42 -400 104 200 158 -6oo00

21 -500 43 -300 105 300 159 0

22 100 44 -- 106 500 160 600
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TABLE 5'

Horizontal Deflections of Trunnions Relative to the Centero.Qf Pan Plate
Obtained at a Maximum Load of 215,000 Pounds on Each Gun

The deflections shown are in 0.0001-inch units.

forward or opposite to the direction of load.

A minus sign indicates that the motion was

TABLE 6

Displacements of the Turret Relative to the Ground Obtained at a Maximum
Load of 215,000 Pounds on Each Gun

The values shown are in 0.0001-inch units. A minus sign indicates that the motion was forward

or to the left. No sign indicates that the motion was to the rear or) to the right. Theselvalues-

are not in all cases the maximum values obtained but are the values qbtained at a load of 215,000

pounds on each gun.

With Shims Inserted Be- .t.out Shims Between the

Gun Position tween Holding-Down Clips O. I ~Colding-Down :Clips
Gun Position Dial-Gage Location Dial-Gage Location

Loaded
Aft Left Forward Right Aft Left F1orward ,Right

Left ' 1125 1305 -750 -625 1085 1275 -740 i-605

Center 35 320 - -25, 265 65 385 "-70 225

Right -1010 -565 790 1, 185 '-970 -555 ; 645 1275

Left and center 1195 1575 -795 -210

Center and right -1570 -480 445 2175

Left and right -335 445 385 1210 -410 460 425 1285

All three po-
sitions -5 1195 130 1345 -995 690 1015 2630

RESTRICTED

With Shims Inserted Be- Without Shims Between the
tween Holding-down Clips Holding-down Clips

Gun Position Left Left Right Right Left Left Right Right
Loaded Girder Truss Truss Girder Girder Truss Truss Girder

Trun- Trun- Trun- Trun- Trun- Trun- Trun- Trun-
nion nion nion nion nion nion nion nion

Left 205 180 20 0 205 180 25 5

Center 45 170 165 50 25 165 155 45

Right -5 25 170 210 -20 10 175 185

Left and center 235 370 210 75

Center and right 115 200 375 255

Left and right 205 195 210 210 22Q 210 215 220

All three po-
sitions 290 385 400 260 310 355 375 250
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EXPERIMENTAL ERRORS

Thus far, the comparison of strain measurements demonstrates excel-

lent consistency, but that type of agreement of results may not be used alone

as a measure of experimental error. Inasmuch as this test constituted the

most elaborate full-scale investigation with static loading that has been con-

ducted by the Navy with contemporary instrumentation, a further discussion is

given here of the experimental errors in results.

Experimental errors may be considered in two categories: absolute

errors and relative uncertainties. The absolute errors are those which are

not subject to control of the operator, whereas relative uncertainties may be

minimized by the use of high-quality techniques. For wire-resistance strain

gages, absolute errors arise out of errors in gage factor; according to the

manufacturer these exist to the extent of 2 percent. Relative uncertainties

may arise from (a) human errors in observing strains, (b) human errors in

tabulating strains, (c) human errors in performing arithmetical computations

of results, (d) improper mounting of strain gages, (e) ineffective temperature

compensation, and (f) malfunctioning of the strain indicator or switch box.

The control of these relative uncertainties as exercised during this test was

believed to be the maximum possible for such an extensive field installation.

The proper operation of the strain indicator was checked, as out-

lined earlier, by the use of the system by which simulated strains were fre-

quently injected into the system.

The best techniques for applying strain gages were employed, al-

though there is never any guarantee that any single gage is functioning as

intended. However, the quantity of zero shift (the difference in strain read-

ings at the two tare loads immediately before and immediately after each test)

has been considered a significant oriteria for proper operation of gages, as
well as an indication of the effectiveness of temperature compensation. An
examination of the results showed that 90 percent of the gages had, through-
out the test, zero shift of 15 microinches per inch or less. The frequency

distribution of zero reading is shown in Figure 21. These results are for
1308 sets of data during which temperatures ranged from 40 to 95 degrees Fahr-

enheit. The time interval between zero readings was generally 3 hours.
A further check on the proper operation of the gage, as well as on

the human errors which may be introduced, is provided by the agreement be-
tween data obtained on successive identical runs. As demonstrated earlier,
in PFigure 19, the difference in strain readings for 90 percent of the gages

amounted to approximately 15 microinches per inch or less at maximum load.
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Zero Reading Change in Microinches per Inch

Figure 21 - Frequency Distribution Curve for the Zero Shift

The data for this curve were obtained from 1308 different comparisons of zero readings. The

zero reading change means the difference in microinches per inch from the initial reading at tare

load before a run to the reading at tare load after a run.

The correspondence between these two determinations of inconsistency,

obtained by two independent methods, suggests that for this test the relative

uncertainties amount to 15 microinches per inch for all strain data regardless

of magnitude of strains measured. The results whose uncertainties fall out-

side of that range, have been appropriately annotated in Table 1.

Thus far in this discussion, the relative inconsistencies of strain

data have been attributed entirely to inaccuracies of the strain-measuring

technique. This has been inferred from the assumption that the specimen under

test comprises a linear, that is, elastic system. Nonlinear behavior of the

structural system can certainly be expected from the effects of clip and roll-

er clearances in the roller-track system. The rotating structure after load

seldom returned to its original position on the track, and such random posi-

tioning with accompanying random restraints could possibly affect stress dis-

tribution in the vicinity of the track system, although little nonlinearity

of strains in the girder could be attributed to this cause. Additional
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sources of inelastic behavior may also lie first, with yielding at local
points of stress concentration and second, with elastic buckling of the oilcan

type where more than one position of stability exists for a compressive member.
These last two effects may result in the observation of hysteresis and zero
shift even in a system made up of fully elastic components. It is unlikely
that the inelastic behavior would be observed after the exercising of the
structure specimen by the first few applications of load.

In consideration of all the different sources of inconsistencies in
the strain data, approximately 90 percent of the results show deviations of
less than 15 microinches per inch. This strain represents approximately 450-
psi stress, and in a material having yield stress in excess of 33,000 psi,
such a magnitude of error would be called insignificant; in fact-, the accuracy
of results would, in general, be termed excellent. The collection of this

quantity of data under controlled field conditions thus permits some statement
of the accuracy of strain measurement which can be expected with gages of the

type employed and permits the establishment of a criterion for acceptability
of results.

Because the stresses under service load were expected to be small,
it was believed that the experimental error might obscure the desired exact-

ness in correlation between full-scale and model results with static loading,
and correlation between pilot-turret results with static and with dynamic

loading. In anticipation of this difficulty, reduction in the possible incon-
sistencies'was realized by repetition of tests with both static and gunfire
loading, because the average value selected from two or three sets of data is
considerably more reliable than data from any single set of measurements. In
fact, from two sets of measurements the average value can be expected to be

in error by 30 percent less than that for a single set of data. It is, there-
fore, believed that even though the relative inconsistencies for any set of

measurements were on the order of 450 psi, the process of repetition reduced
the errors by about 30 percent, so that average results for strain measure-

ments would be in error only about 300 psi.
All the comments regarding errors in strain measurements apply in

general also to errors in measurement of deflection of the trunnions. The

results for symmetrically disposed structural members, as shown in Tables 5
and 6 indicate excellent agreement and consistency. Insufficient deflection

data were recorded to make possible as elaborate a statistical analysis of
error as for the strain measurements. The relative inconsistency was thus

simply estimated to be 1/1000 inch at maximum load.
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APPLICABILITY OF RESULTS

The strain measurements cited in Table 1 may be appraised at a

glance to appreciate the safety of the structure as designed. The maximum ob-

served stress was 8800 psi. This is considerably less than the 20,000 psi

which would be permitted in the design of a structure of this type which is

made up of short alloy-steel members. Further, with regard to load-carrying

capacity the observed results are in complete harmony with observations of

strain made on the 1/10-scale model. Therefore it can be said that, in gen-

eral, the safety of the rotating structure as predicted from model tests is

affirmed.

These strain measurements have also been compared with observed re-

sults from two tests of the 1/10-scale model to determine the accuracy with

which full-scale behavior was predicted. Measurements-from early tests of

the model4 conducted in March 1944 and later tests" conducted in August

1948-are given for the truss members in Table 7, and it can be immediately

discerned that agreement is excellent between results of the two model tests

conducted several years apart. Results of model tests were fully substantiat-

ed by the full-scale tests.

It is to be noted that the model differed from the full-scale pilot

turret in that it was constructed with only the primary members, so that the

support for the elevating arc guide and the framing of the turret officer's

booth were omitted. Strain Gages 9, 10, 11, and 12 are located, in both the

model and the pilot turret, on structures adjacent to these members omitted

in the model; therefore agreement in results between model and pilot turret

should not be expected at these stations. The correlation between model and

pilot-turret behavior should provide comfort to the designers who used the

results of the model test when accepting the original design.

There has been included in Table 7 some results of the design cal-

culations so that a ready comparison may be made with the behavior of the pi-

lot turret with static loading. In most cases the calculated stresses are

higher than the observed stresses, and in all but one case-Gage 7 of the

first model test-the results of the model tests are in better agreement with

full-scale behavior than are the calculations. Such an overestimate of the

stresses is not surprising in view of the conservative nature of the assump-

tions made in design concerning the boundary conditions of the truss. Support

by adjacent structure as shown in Figure 8 has considerable restraining effect

on the truss, but information concerning the characteristics of this support

is generally not available to the designer. Information such as was obtained

by this full-scale static test can thus be employed to determine those bound-

ary conditions that exist for a specific structure, and such information when
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properly collated may be employed in future design of similar structures. The
observed boundary conditions for the truss as deduced from the model tests are

shown in Figure 22.*

TABLE 7

Apparent Stresses Measured in the Pilot Turret with a Static Load of 215,000
Pounds per Gun As Compared with Bureau of Ships Computations and Stresses

Measured during Two Tests of the 1/10-Scale Model

(Stresses are in psi)

Gage Number Left-Gun Load Right-Gun Load Three-Gun Load
Pilot First Second Pilot First Pilot First Pilot First Second
Turret Model Model Turret Model Turret Model Turret Model Model Bureau of Ships
Test Testt Testtt Test Test Test Test Test Test Test Computations+

1,2 2 1 -2200 -2050 -700 -X -4600 -3750 -4000 -6200
3 4 3 500 1350 500 X 2100 2700 2800 7200
4 3 4 6oo00 -- Z -- 1700 2300 2400 7200
5 6 5 -2300 -2300 -400 X -4300 -4100 -3900 -6200
6 5 6 -1700 -16oo -800oo -800oo -4500 -4750 -41oo00 -6200
7 8 7 -700 -700 -Z 600 -6oo00 -800 -1000 0
8 7 8 -Z -X Z -X -700 -2100 -1200 0
9 10 9 600* -X 1100* -X 2600* -X -X -56oo00

10 9 10 -Z* -700 800* -550 2700ooA -1300 -x -56oo
11 11 11 -Ioo000o* -1650 Z* -X -1900* -3700 -3300
12 12 12 -600* -X Z* X -1100* -1350 -3200&
18 18 -1000 -x z -x -1100 -1450
53 14 -1200 X z -2400 -1700 -2150

113 22 Z -X Z -X -Z -X
114,5 15 Z X z 650 ZA 1200
116,7 16 z -x z x 400 6oo00 500
119 19 500 X 500 X 500 1050

tTests were conducted in March 1944 and reported in TMB Report 571, Reference 4.
ttTests were conducted in August 1948 and reported in MIT thesis, Reference 11.
+Bureau of Ships computations are taken from Reference 6.

AObserved data are somewhat doubtful.

ZApparent stress is 300 psi or less.

XApparent stress is 500 psi or less.

*Strains measured at these stations are not directly comparable with model-test results

because the model- and pilot-turret structures differed at these points.

*Complete analysis of the truss as it actually behaved is given in Figure 23 of Reference 11.
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Figure 22 - Force and Moment Reactions Computed from Strains
Measured on 1/10-Scale Model

The loads and reactions shown are in pounds. The moments are in inch-pounds.

These results can be compared with the reactions assumed in design calculations, Figure 7.

From these results, it can be observed that with a horizontal load

H applied to the trunnion, only 0.68 H is applied to the gun girder, the re-

mainder being absorbed by the shelf plate at the front. Of the 0.68 H or the

gun girder, approximately 25 percent is absorbed by the shelf plate at the

rear, which leaves 0.53 H to be absorbed by reactions at the pan-plate level

in the proportions 0.20 H, 0.20 H, and 0.13 H at the front, center, and rear

of the plate. Moment reactions exist at the juncture of the trunnion bearer

and truss, and front and rear of the pan plate as shown. It is to be noted

that these boundary conditions and reactions are for a single truss alone, and

are not to be interpreted as total reactions at the roller-track level.

The deflection data from static tests of the pilot turret have been

compared with model-test results in Table 8*to permit additional studies of

the accuracy of prediction of full-scale behavior. As can be seen from the

table, the model-test results are in good agreement with the pilob-turret de-

flections for three-gun loading. The deflections observed with the model as

scaled up are slightly greater than the corresponding full-scale deflections,
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probably because the intermittently welded construction of the model was rel-

atively more flexible than the continuously welded pilot turret. The agree-

ment here is nevertheless excellent, and serves further to validate the struc-

tural model technique.

TABLE 8

Comparisons of Deflections of Trunnion Blocks Relative to the
Back of the Pan Plate on the Pilot Turret and the Model

All figures given are in 0.0001 inch. The model used was to a 1/10-scale so the

model test results were multiplied by 10 for comparison with the pilot turret results.

Left Girder Left Truss Right Truss Right Girder

Guns Pilot Pilot Pilot Pilot
Loaded Turret Model Turret Model Turret Model Turret Model

Left 221 510 196 350 36 -20 16 -150

Right -48 -150 -18 -20 127 350 167 500

3 Guns 400 370 495 580 510 580 370 380

Under eccentric loads, sudh as the left-gun load or the right-gun

load, the agreement between model and pilot turret is not good. The reason

for this discrepancy probably lies in the difference in methods used in the

two tests to measure the trunnion-block deflections. In the model test, the

deflections of the trunnion blocks and the rear edge of the pan plate were

measured relative to a common datum, and the deflections of the trunnion

blocks relative to the pan plate taken as the differences in deflections of the

trunnion blocks and the rear edge of the pan plate. In the pilot-turret test,

the trunnion-block deflections were measured directly from scaffolds that cov-

ered a large area at the base and were mounted on stiffened sections of the

pan plate. The data from dial gages located outside the pilot turret showed

distortion of the pan plate when loads were applied. Under a symmetrical

load, the distortion was probably uniform, but under eccentric loading, the

distortion of the pan plate of the pilot turret was probably not uniform and

would thus cause the discrepancy during wing-gun loading. It should be

pointed out that the deflection results for the model and for the prototype

are consistent within themselves, and of the two sets of data, the model re-

sults are believed more reliable.
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The observations of deflections of trunnion blocks relative to the

pan plate can also be employed to compute errors in train. It is to be noted

that errors in train due to structural deformations are made up of: first,

elastic deformation of the rotating structure-that is, the deflection of the

trunnion relative to the pan plate as shown in Figure 23; second, the slip-

page and rotation which occur in the roller system as shown in Figure 24;

\ \ -- ------------

___._E El-l

Figure 23 - Rotation of Guns Productive of Errors in Gunfire,
Due to Unequal Deflections of Trunnions

As one gun fires, the trunnions of the adjacent gun are deflected a small amount;

this causes a small rotation of the adjacent gun, angle e, and an error in gunfire of
that gun if it is discharged in the deflected condition.

third, the elasticity of the B-end training shaft and system which serve as a

lock between the rotating structure and the turret foundation; fourth, the

elasticity of the cylindrical turret foundation; and lastly, the flexibility

of the structure system of the hull which serves as the support for the tur-

ret foundation. None of these effects will be observed if guns are discharged

symmetrically, but if a wing gun is discharged, the various deformations will

be superposed so that the turret will no longer be pointed at the target; and

if in this position the other guns are then discharged, deflection errors will

most certainly result. These errors cannot be compensated by present fire-

control systems. Of course, it is desirable to minimize all these errors but

in so doing it must be realized that stiffness can be achieved only at the

sacrifice of lightness of structure. The inverse relationship holds as well,

so that if material is more highly stressed, it will be accompanied by a re-

duction in stiffness.
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Figure 24 - Rotation of Turret Productive of Errors in Gunfire
Due to Backlash at the Roller Track

When a wing gun is fired separately,. or simultaneously with the center gun, the turret
is rotated a small amount as shown by the angle 8; this causes errors in gunfire if other
guns are discharged with the turret in twisted condition.

Up to this time no criteria for such stiffness have ever been set

forth, and absolute standards for stiffness are certainly required. In the

absence of such criteria it may be well to use relative deformations as the

basis for determining stiffness requirements. It is estimated that under ac-

tion of a wing gunfire the twist of the turret stool would be approximately

0.000007 radian.* The backlash in the training system on the pilot turret

was observed, from results given in Table 6, to be approximately 0.00063 radi-

an even though the turret had been preloaded to move it to its final position

before the test run was made. The rotation of the trunnions relative to the

pan plate due to twist of gun girders was found from model test results in

Table 5 to be 0.00043 radian.

These results show that deflection errors due to twist of the gun

girders were small; it may be concluded, therefore, that the reduction of ma-

terial in the turret weldment to raise the stress to normal working levels

would be accompanied by increased flexibility but without serious impairment

to accuracy of gunfire. Impairment to operation of mechanical equipment from

elastic deformations of this magnitude is also unlikely.

*A rotation of 0.0001 radian corresponds to a deflection error of 1 yard at a rarge of 10,000 yards.
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The strain measurements obtained during this static test may be com-

pared with those obtained during gunfire to derive the dynamic factor associ-

ated with the response of structures to rapidly applied loads. This compari-

son is to be treated fully in the report of measurements during gunfire tests.

CONCLUSIONS

It is believed that all the objectives of the static test of the

pilot turret have been successfully achieved, and that the accuracy and con-

sistency of results permitted determination of:

1. Load-carrying capacity and stress distribution of the structure.

2. Validity of the structural-model technique for predicting full-

scale performance.

3. The dynamic-load factor to be employed in design of structures sim-

il rly loaded in service from comparison with measurements under firing loads.

4. The elastic deformations of structure and effect on accuracy of

gunfire.

5. The boundary conditions for analysis of the truss-type gun girders.

This test provided opportunities for development of techniques of

full-scale measurements which were proved satisfactory on a basis of accuracy

and consistency of results. These techniques may be employed with confidence

in any full-scale static tests.

Inasmuch as the maximum observed stress was 8800 psi, it is con-

cluded that the load-carrying capacity of the turret structure is sufficient

and that the design is safe but not economical in weight.

The agreement of strains and deflections between model and the full-

scale pilot turret was so good that, with similar loading conditions, validity

of the structural-model tests for predicting full-scale performance is be-

lieved fully confirmed.

The elastic deformations of the rotating structure are so small that

no impairment of mechanical equipment would be likely to occur, and the max-

imum deflection errors resulting from these deformations should be on the or-

der of 4 yards at a range of 10,000 yards. On a basis of this observation,

the use of turret structures which develop stresses higher than observed in

this turret would be accompianied by slightly reduced stiffness, but this re-

duction would be insufficient to impair the accuracy of gunfire.
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Knowledge of the boundary conditions is a prerequisite for economi-

cal structural design, and information concerning boundaries can best be ob-

tained experimentally. In advance of full-scale construction, such informa-

tion can be developed from structural-model tests.

Models must be fabricated to include not only the structural ele-

ments under direct study but also adjoining structure which furnishes it

support. If a preliminary design is executed in which assumptions are made

regarding the boundaries, the model can be tested to affirm or refute the as-

sumptions, and the design refined on a basis of experimental results. 4
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APPENDIX

SCHEMATIC DIAGRAMS SHOWING LOCATIONS OF STRAIN AND DEFLECTION GAGES

MOUNTED ON TRUNNION BEARERS, STOOL, AND ROLLER TRACK

Test results are on file at the David Taylor Model Basin.
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Figure 25c - Deflection Gages on Roller Track
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