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This report is one of a group of Ship Structure Committee Reports which
describes the SL-7 Instrumentation Program. This program, a jeintly funded
undertaking of Sea-Land Service, Inc., the American Burcau of Shipping and
the Ship Structure Committee, represents an excellent example of cocperation
between private industry, regulatery authority and government. The goal of
the program is to advance understanding of the performance of ships’ hull
structures and the eflfectiveness of rhe analytical and experimental methods
used in their design. While the experiments and analyses of the program are
keyed to the SL-7 Containership and a considerable body of data will he devel=~
oped relating specifically to that ship, the conclusions of the program will
be cowpletely general, and thus applicable to any surface ship structure.

The program includes wcasurement of hull stresses, accelerations and
environmental and operating data on the 55 Sea-Land Mclean, development and
installation ef a microwave radar wavemeter for measuring the seaway encoun-
tered by the vessel, a wave tank model study and a theoretical hydrodynamic
analysis which relate to the wave induced loads, a structural model study and
a finite element structural analysis which relate to the structural regponse,
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the SL~- reports published to date iIs included on the back cover of this report.

This report describes the details of the instrumentation installatiocn on
the vessel. The data collected will be the subject of separate reports which

will be published later.
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ABSTRACT

This report describes the transducers, cabling, signal-condi-
tioning, and recording elements of the instrumentation system installed
aboard the SL-7 Containership 5.5. SEA-LAND McLEAN. It includes a
detailed summary of the strain-gage bridge circuits, locations of all
transducers, and a description of the various operating modes and options
available for recording data from more than 100 strain gages, accelerom-
eters, and motion sensors.
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I. INTRODUCTION

The S.S. SEA-LAND McLEAN (Figure 1) is a member of a new class of high-speed,
large—capacity container vessels required by the continuing growth of the shipping
industry. Characteristics of this vessel are provided in Table I. The instrumenta-
tion system described in this report is part of a research program which takes ad-
vantage of the opportunity to evaluate fully, from both analytical and experimental
approaches, the design and response of this unique vessel during the early phases of
its development and deployment. Included in the series of studies bearing on the
S1~7 class vessels are: Finite Element Analysis, Structural Model Tests, Bending-
Moment Tank Model Tests, Computer—-Simulated Load Response Analysis, Full~Scale Ves-
sel Instrumentation and Data Collection, and Data Analysis and Correlation.

It is with the full-scale instrumentation and data collection that this report
concerns itself. More specifiecally, it describes the instrumentation portion only,
as installed prior to the first voyage. A tabulation of full-scale ship parameters
selected for measurement appears in Table TII. The instrumentation system was de-
signed to measure these parameters within the framework of the additional criteria
set forth in Table III. Detailed system design was begun in June 1971, and the sys-
tem was installed aboard the vessel during May 1972,

II. GENERAL

The major components of the shipboard instrumentation system are located in
the Instrument Room on the starboard side of the after deckhouse in an area desig-
nated as the "slop chest"., The instrumentation console (Figure 2) is bolted to a
welded foundation, and is oriented in the fore-and-aft direction. Transducer im-
puts are received by way of fixed cabling at three large deck-to-overhead junction
boxes mounted on the port bulkhead of the instrument reoom. Distribution of signals
to the console is made by cables from these junction boxes, which are designated
JB 13, 14, and 15. Power for console operation is provided by a separate power dis-
tributicn panel mounted adjacent to the junction boxes. The locations of the

various transducers, junction boxes, and associated cabling are shown in Figures 3
and 4,

ITI. CABLING TECENIQUES

The onboard cabling required was separated into two phases: ship cabling,
and transducer cabling. Each is discussed in the following sections.

A, Ship Cabling

To provide a relatively permanent and finished form of cabling, a2 ship
cabling system was developed. This system consists of junction boxes (JB's) at
various locations along the vessel, and multiconductor cables from these to the
Instrument Room. This system was installed with the other ship wiring using the
same routing wherever practical. This system is semi-permanent, and can be used
for other functions once the instrumentation system has been removed.

The great majority of junction boxes are located in the port and star-
board box girders, with a few additional JB's located in the vicinity of special-
ized transducers (see Figure 4). All cables carry the prefix number 612, and are
s0 marked at every termination. Cable diagrams for this system are carried as an

integral part of the ship's wiring documentationm.
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CHARACTERISTICS OF 5. S. SEA-LAND McLEAN

FIGURE 1 - 5, 8. SEA-LAND McLEAN
TABLE I -
Name* o
Builder:
: Class?

i Length, overall

Length, between perpendiculars

Beam, molded
. Depth to maln deck, forward

Depth to main deck, aft

Draft, design
Vraft, scantling

Dead weight - long teons

Displacement (34' 0" draft) - long tons

Machinery

i
li Shaft horsepower-maximum comtinuous, both shafts

! Propeller RPM

\% Speed, nmaximum, knots

I
Center of gravity - full load

Container Capacity

SEA-LAND McLEAN
Rotterdam Dry Dock (Hull 330)
SL=7 Containership
946" 1-1/2"
830" 6"
105' 8"
64' O"
68' 6"
30' 0"
34" o
27,315
50,315
Two separate cross-compound
ateam turbines driving two
propeller shafts
120,000
135
33

399.32' forward 8f aft perpen—
dicular 42.65' above base line

8' x B.5' x 35" 8' x B.5' x 40" Total

Below deck 554 140 694
Above deck 342 60 402
TOTAL 896 200 1,096




TABLE II - SIGNAL DESCRIPTION

8,9

10

11

12,13

GAGE GROUE 1 {Recorder Mo. 1)

Channel(s)
1 Wertical Bending: Longitudinal stress gages, P55, under deck,

near mldship (Frame 186 1/4), in box girder wired to eliminate
longitudinal horizental bending; primary refersnce stress;
provides data comparable to SSC Project SR-1353 and ABS S-Vessel
program. This signal serves as a common reference with each
group of gages.

Midship Torsional Shear: Shear rosettes amidship (Frame 186 1/4)
P&S, on sideshell at neutral axisg wired Into single bridge to
eliminate shear assoclated with vertical bending. Will sliow shear
associated with torsicn and horizontal bending. Primary value ig
in comparison with similar 55 BOSTON data.

¥ave Height: Open channel to accommodate output of a wave height
sensort.

Roll and Pitch: Pendulums, roll and pitch angle transducers
located close to vertical and longitudinal vessel G (Frame
178). Rigld body motions. Similar to BOSTON data; useful in
container load evaluation.

Hull Accelerations: WVertical and transverse accelerometers located
at vessel CG (Frame 178), similar to array used on BOSTON, Vertical
unit required for heave acceleratiom.

Hull Accelerations: Vertical and transverse accelerometers located
forward (Frame 290). Rigid bodv as well as whipping motions., Use-
ful for comparison with WOLVERINE STATE and BOSTON data, and probably
indicative of most severe accelerations on vessel.

Multiplexed Ship Parameters: RPM, rudder angle, wind apeed and
direction.

Horizontal Bending: Longitudinal stress gages, P&aS, near midship
(Frame 186 1/4}, at neutral axis; wired to provide a longitudinal
horizontal bending signal.

Shear-Forward: Shear rosettes near forward quarter point {Frame
265-266), P&4S, on sildeshell, at neutral axis. P&S recorded
separately since shear associated with vertical bending way be of
major interest here; signals can be recombined on plavback to
produce shear component assoclated with vertical bending or
torsion.

TABLE II

- (CONT'D)

Channel{s)
1

2,3,4,5,6,7

8,9

10,11

12,13

Channel{s)
1

2 thru 13

GAGE GROUP 2 (Recorder No. 2, Mode A}

GAGE GROUP 31 (Recorder No. 2, Mode B)

Vertical Bending: Reference aignal

Longitudinal Stress CGapes: Six stress gages at deck,
neutral axis, and bottem {lower sideshell), P&5, amid-
ship (Frame 186 1/4). Recorded aeparately, but data

can be combined to provide signale proportional to longi-
tudinel wvertical bending, longitudinal horizontal bend-
ing, and warping longitudinal stresses, Neutral axis
gages added te simplify direct evaluation of transverse
stresses and subsequent separation of vertical and warp-
ing stresses. First time this array has been umed.

Shear-Aft: Shear rosettes near aftar quarter peint (Frame
B87-88) P&S, on sideshell, at neutral axie®P&5 recorded
weparately. Torsionsl ohear was initial concern, but
present interest is in shear asscciated with vertical bend-
ing as well., Separate recovding permite recombination of
signals to produce shear component associated with vertical
bending or torsion. *Actual location 1B.2' above X.a.

Deckhouse Accelerationat Vertical and tranaverse accelero-
seters mounted high near centerline in the forward house,
and transverse and lengitudinal accelercmaters in the after
house. Any two of the four signals may be recorded at one
tima, Primary lnterest is in possible soringlng or higher
frequancy vibratery effects.

Box Girder Shear: Shear rosettes located on overneaa and
deck of starboard box girder. Each recorded independently;
& tocslonal shear in the box girder can be raduced from
these signals.

Vertical Bending: Refersnce signal.

After Hatch Cormer: Four, three-arm strain gage rosettes
will be placed in an athwartship array under the deck
between Frame 143-144, Jjust forward of the after house.
Of interest here 1s the tronsfer of longltudinal stresg
(from all sources--torsion, vertical bending, etc.} from
the box beam ligament structure in way of the holds to
the ralatively complete and rigid hull at the house.

The gross hatch corner stress concentration wiil also be

evaluated port and starboard. Original suggestion of ADS,

ag_‘



TABLE II - (CONT'D)

Channel(s)

GAGE GROUP & (Recorder Ho. 2, Mode C)

~roseftes are located at ene of the follewing positions:

GAGE, GROUF 5 {Recorder No, 2, HMode D)

Channel(s)

but this and following locations shown tec be of concern
in California wodel work and British, German, and Japanese
‘model and full-scale tests.

This gage group Is the same as Gage Group 3, except that the

5 Rogsettes at Frame 226-227 (hatch transition)
S Rosettes at Frame 258-2860 <{hatch transition) and
4 Rosettes at Frame 290-291 <{aft of Fud Deckhouse)

Since Gage Group & consists of 14 rosetres with 3 elements per
rosette for a total of 42 separate signals; some means was required
to allow for a selection of lnpurs into the 12 recorder channels
available,

A patching wmit designated the "Rosette Selection Box™ (RSB) has
been installed in the starboard box girder at approximately Frame 272.
Tnis unit takes the 14 rosette signale as inpute and by means of patch-
lng cable allows the operator to select any 4 rosettes as input ta the
tecorder. The conly restriction is that all elements, i.2., the A, B,
and C arms of any rosette must be recorded together,

1 VYertical Bending: FHReference signal.

2,3,4,5 Gages in Transverse Deck Glrder: Four single gages mounted
at the corners of a transverse deck girder, Frames 242-244.
Double-5 bending in girder used as measure of torsicnmal hull
deflection at that frame. Similar to BOSTON arrays. Or, by
PSU selection, four single strain gages around the hull sec-
tlon at Frame 240 {2 top, 2 bottom)} to measure strain die~
tribution at this location.

6,7,8,9 Gapes in Trangverse Deck Girder: Samc as above at Fraomes
194-196,

In addition to the four coraer gapes, four additlonal single
element gages have been placed at the midpoint of each
dimension of the girder. Four 2-glemznt shear gages have

TABLE I1 - (CONCLUDED)

10,11,12,13  Gages_in Tranaverse Deck Girder: Same as mbove at Frapes

In a manner sImilar to the resette selection technique
it was agailn necessary to select four of twelve aignals
available fur recording. This time s similar Glrder
Selection Box (G5B) was installed in the starboard box
glrder at Frame 194.

The selection was limited to three possible combinations
due teo wiring and bridge requirements.
The three possible patches ave:
(1) 4 commer pagea
(2} 4 wmidpoint gages .
{3) 4 shear gages

It {s possible to mix signals but additional changes are
required at the signal conditioning equipment

iB-80, . .

TABLE III - ADDITIONAL DESIGN CRITERIA FOR
THE INSTRUMENTATION SYSTEM

been installed at the quarter points of the two side walls.

The system should be semlautomatic, and suitsable for date
collection on manned vovages during the 1972-73 and 1973-74
operating seasons.

The data should be 1n a format compatible with previous
investigations to make maximum use of programs and technlques
already developed.

The aystem should have both flexibility and expansion capabllity
g0 that as date are obtained and analyzed changes and edditions
to the parameters monltoved could he accomplisghed with o minimum
of difficulty,
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FIGURE 2 - SL-7 INSTRUMENTATION SYSTEM



TPYINTY “SNOILYI0T ¥IONASNYYL - Ve FUNSId

SILIATTH WAIHE @

FUSHE aveeoisaol J RSN N

DS §533US TIYMNITNLIONOT Avwy

D965 wogw' O so3ascvdl 7

NUYIHE  FIIHEIAIS

WHIHS TbNeISHol

SCRRLS OarQMIE TYLABRION TUNITALIONOT
SsToLS oAgnSE Twoi2zon, vl anllsneT
WA Tn CNTd TIot m. HOLId
YRIZBWOIRIIIY IVolliTuialgd

2B Nverd w
- e —

e y——p T —

e OgE>V

é—n
B
=
-

I\

T

- v
-

§ _ﬁ -

L A

v

W

=)

WORE IIUYFT o IEYS SwoInQNPS HoN 3 Miitd
2 qTeN 26S ¥l B0 -L8 37 PIIHE IUS
F¥ILA S O HRIFINT TV s LIFF IR — TBis Fivg 35¥5 3 6%
172590 s IREAes” wevdf

WS B LV POVD VIS

LNyt

a1f MEOAE wif *TL os1 wof] H2 ey af7 ya eSS A7 *I1 ONY w12 oMl 4§t um.. LT TR Y ¥
3 v 1 N -
}

L T usr o/ obslodr #i wn) ok oBfel s e5 ob af er ef e o
—t—t—t +——1 1 + t } } 3 § 4 T } + t — t + 1 + + T 7 + t T —
= _ T [ T ) \\ i
dp el franH >0 ] Vi 1
" g S UM ! ! | vﬁo____‘ :
] ~ —| el b A » 2 rH La Ot R K of g 201 # wq7H l
i i il H Y <= T S T — = 1T
F o — - i

: B L\ ——
& AT < LB, TS

™ k=N R TE sy
= LT AerLWIOT XDV AIHTATW
FIAIP K S25°YS
YILEWeNIIRDY TepollrIsad




GET -8 vF

535 NedI QA i SNT]

I3AE

wodw LI
SB7-FET ST IS FIIATRGIL

.m
5

4

o7 HELET

LT T

~—z
, Pl

=]
Vi LO LT DT ]

B OF7 o=t
TIO6D NI
FtlYy WyaoZp —wd oo VA

. G T TR o

P wzmkn\r/r -

L
E

T
pavgd

/
P oy |

- Lt
éNZ

MerLEIOF IS} WIASTY Gy ik eFi iy

F FTvizer

BT

O%2-B5F ot
"B2z-%22 oAt
TOLLDS0Y gl £- 6

@<l —— Ay

Yequh D xog auﬂ el B

N

N o
Fais agis

Q371¥L3Q “SNOILYOO0T ¥IONASNWYL - 9€ JunsId

I mﬂ.r nw_\muwr\.\nwml

SHHIVON MEE - T

[T

o LA

L )

sFHF0y WoUg -

NS Ao | e d——— by

2AIS Awaf )

= NRICEL::

PETTET IS
EIa-rea

SHOWD INAMND ITUIASUIL g

}

ol




Fr a8-8g9 .
o SrpEancie  MA franst B R IR w.a ]
e ! -
Hcsar1d [ewvere) | "D iecime—g
1c_i_gnp.sl - C-TIimMPe-
i reete U | G Sepcavesn
. !
] INSTRmMENT Room SemESpE 1 AR, [ } C-LSBP-8
Ja-12 fc-in87-5 1R -8 ,
JB-i+ —“'“ 1ee Fz 178 f
. ar '
D B, B ——C)
| 1\ 40F Telm. P 2/ 29 & Tk,
163 Teominae, e TE kM, C::-os CoF TedM.
@3 @
L1207
Lz
47
{ C-P£ -1
TB-20 Ja-re L | T5-15 e -zt Je-10 - -]
FR 19 Frito +4 FRHS FRI78 FR T8
MiDsHI P MibsHIR 612 [ oS Lswsit AT C . MIBIP oG,
STEER NG MACHINERY s 43 FAr Kaars
GEAR FLAT i1 39 Tewmnag doA Taam,
2o Tekm, 20 TERmM, 7 TEam, LOF Tedr,
78-19 A oz
Fr1%e
CS LEVEL FR IS mrbsine
TE
T ot | -] e-TAkq <14
JA-13 I TeR,,
JR-17
FR9 ] AR
STéd gt 248 T kAL
Tusn &L ¢85 |
£ TE/m, ~ 1
| { NSVAC o He TR ;ﬂi:z
- wove R i A
G-208 CikeuniTs T FR ibo m D
| [§] ”';Eﬁ.}ue L o TorwEn
|C—FGF?5=-I‘II==~1 | ST A Tewn, |40 & TERM,
~ == 4o F Y&Rm . o F Team. |
IFG T ] _
| pRireae S = {cisesq]
R Greosk - P11 | s
T FR 8L % L - Gotfen SipeINELL
- R3aAS N — siocswecc @ ) e

<

2 88- 89
SHESHEL 1A,

F2 18- 198
FRAML (o pRRE R

| —{ € Ctma-9
| c-TSmS$-9
- - - ER I1Bé by
roo [CBosT ik | e LB .
AR r&G f"i A\ ’ ‘
Furret = Ls7s-7
B {C- %sﬂ'?H Cc~LVES~-
Voww ££ 188 5y
i Froaisl,

FIGURE 4A - TRANSDUCER, JUNCTION BOX, AND CABLE

DIAGRAM, AFT SECTION




3

NGIL23S QuyMd0d4 ‘WYHIVIQ 379¥3 ANV

X089 NOTLONNS “¥3IINASNYYL - d¥ F4NDId

Lol psey
qatearse g w .
e S-B-aTY"2
|2pry5 ot a5 H g PR lﬂdu__
I R B o Ty
wu. [ S-t-458-0 - *__
“
g 31 INS U | __
99t-592 @d | __
\n.-mh.w-u—ilm_ __ _
.—Mmﬂ\_-u:nnv

YA
SSEFINT Y L -lnul_
Iei-bhad o L

___.u.__:nhq\h.‘ )
CLT-L8T ¥y !
_SZS . — |

_ 7 HIHD Sl
_ —vvu.vvmmm

‘laxy L Dby

e LS

"y RL Qo7
N Dt a8t YAl
QRIS 19 LS
i X 4047

£L-®r

@ ® 22 |

392522 ¥4 > avon op2-EHT YA

Lo P A k_h
Wasd oot “ay 2L Fed _
Yoy E Eieotr-10
bEF ¥ 50% ¥4
1-95 E-2C
_ gl 497
N I ETR G
wml.\xnw.u I
o T
oG &w 7 oz
0Fs ¥ <2-9r
_ N..(x_\-..u_ _
.?‘\ﬁﬂ\wr#.
mm 73 mv
B
27
P ey FL Ao WIIL A2D
F1 Wyl pod Wy3L BOT
qu:..i:‘h \My’ 3 Fevevnd
| AP @ 2¥
BL 7 FS 202 24 i L
b-8L 2-9r 1
{ | :
e i
Ptz { 0. _
Y pIHTIES | | P




-10-

B. Tramsducer Cabling

In order to comnect the transducers to the junction boxes and from there
to the instrumentation console, a series of Intermediate Junction Boxes (1JB's)
was ingtalled in the vicinity of the transducers. This technique permitted standard-
ization of the strain-gage cable lengths and conmection of the individual gages in—-
to half- and full-bridge circuits in the IJB's.

Each 1JB carries a number and letter designation. The number refers to
the junction box (JB) it feeds, and the letter indicates its size and capability.
The transducer cables run from the IJB's to the JB's along routings selected to
minimize interference, and to maintain the watertight integrity of the box girders
and various hold locations. All wiring to JB's and IJB's has been marked to agree
with the drawings to facilitate maintenance. All cable entrances to JB's and IJB's
are through watertight fittings which alse provide the necessary mechanical support
Passage through watertight bulkheads is accomplished using watertight fittings of
the type already in use aboard the wvessel.

IV. INSTRUMENTATION EQUIPMENT

As previously stated, the major portions of the instrumentation system are
located in the Instrument Room (Figure 2), with wvarious transducer assemblies
located throughout the ship. A remote monitor unit has been installed in the night
mate's quarters (05 level aft), which will be used as the instrumentation engineer's
berthing area during manned voyages.

A, System Console

The system console is divided into three functicnal areas. The left-hand
portion of the console, as viewed facing the unit (see Figure 5), contains most of
the signal-conditioning and recording equipment. The large box~like unit at the
top left is the Program Status Unit (PSU). This unit monitors all signals and
provides local control for setup and test operations, In addition, selection of
the inputs for Channels 2D, 3D, 4D, 5D, 104, and 11A is made from the front of the
PSU. A series of lighted indicators informs the operator which of four possible sets
of measurements (Modes A, B, C, or D) has been selected for Recorder No. 2, and a
pushbutton provides a means of changing the operating mode manually during setup
and test. The two large panel meters and their associated selector switches enable
the operator to monitor the inputs of Chammels 1-13 on both recorders.

The lower two-thirds of*the left cabinet contains the 50 channels of
strain-gage signal-conditioning equipment. This equipment provides the necessary
excitation, control, and amplification circuits for 50 individual strain-gage
bridge circuits.

Because only 25 separate signals can be recorded simultaneously on the two
magnetic tape recorders, it was necessary to provide an efficient means of changing
the inputs to one of the recorders (No. 2). A multisection stepping switch,
capable of operation either manually or on a timed basis, was assembled and
integrated into the strain-gage signal-conditioning equipment.

The center portion of the console (Figure 6) is the operational control
area. The heart of the system is the control panel located in the middle of the
console beneath the clock. This unit selects the Mode for Recorder No. 2, and
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provides all of the indications required to menitor the operation of the system.
Some of the capabilities of this unit will be discussed below under the heading
"System Operation.

Beneath the control pamel (also referred to as the "Programmer") are two
panels associated with an additionmal four channels of strain-gage circuitry. The
upper panel also containsg the meter and selector switch used to choose a triggering
channel for operation in the "high-stress" mode. 1In addition, the left-hand
cabinet of Figure 6 contains the following items:

1. A visual indication of rudder angle,

2. RPM indicators from both shafts, to be installed in the
location directly below the rudder angle indicator.
These RPM indicators will be identical to the units al-
ready installed aboard the vessel, and will interface to
the same circuits.

3. Wind speed and direction indicators will be installed in
the other blank panel.

4. At the bottom of the left-~hand cabinet are various power
supplies used to energize transducers and other electronic
units within the system.

The right-hand cabinet of Figure 6 contains a wave data acquisition system.
This receiver and tape recorder may be used later in the program to acquire wave
acceleration data from wave buoys. The recorder can be used for voice narrations
during calibration and other special tests. The other panels of this cabinet con-
tain an oscilloscope, vacuum tube voltmeter, and fluorescent light. Figure 7 shows
an additional tape machine and oscillograph to the right of the main console,
These are used for reproducing data tapes aboard ship to verify system operation and
for quick-look analysis of the data. All tape recorders and the oscillograph have
been shock-mounted.

B. Ship-Motion Transducers

In addition to the strain gages, transducers to measure ship motions have
been placed in moisture-tight NEMA Type 4 enclosures at various locations through-
out the ship (see Figures 3 and 4). Four of these enclosures contain accelerometers
and their associated circuitry. FEach box is attached to a steel mounting plate
which has been welded to the overhead by the shipyard. A hinged cover provides
access to the tramsducers and the various internal adjustments.

A fifth enclosure contains angle-sensing pendulum devices for measuring
pitch and roll. This unit is mounted near the vegssel's center of gravity. The

specifications for the accelerometers and pendulum units may be found in Appendix
A,

C. Signal Monitor and Alarm Unit

This remote monitoring unit is installed in the operator’s quarters and
allows monitoring ol the selected triggering channel, providing an indication
whenever the system iz in a recording mode. If the system is left in the "high-~
stress” mode (see Section VI) and begins recording due to the presence of a large



-14-

L 3T T s e s e e
s Ay L e T e T T e ey
. B L T Ty IRt
. »;,m\»,, PO AR TN
. B P A LI greadty, o g o wg
PR Soamerr e loar Ve e Ve e s vl
Vo R TR A i
S s e ey, gl e st |
I b R wwMMwW N\“ngvw wx
DU RN e
R R
L e vy ;, 9»>,m\umqmm»‘ u,y( sw R ¥k b o
T AL Cis ,mewwm«m\ .Aw o iw , .,
e s A L i A K .
PRy v‘r I <,g, b eyt Aﬁ¢\\2’\9h(',' R y"i)xu,mo gty < s :
O " AR & o ZJ“J‘”»‘M« \we« .
D e - [ARIPEHOR - St “ .
A e G m<»u<n}'3\‘ xwmm.\‘mu.m R

Wy aesdvnarn w

GeBeRE  aban werae Ty
Vil tete we ()vi;ux,c
et vt b 2 et

Cnh g ey # 2

e rpead g e s
?XS{’HO‘ ‘m,vw\y PRI R B . v ¢ ’
boAnRt ] L Ao w:‘rw}w. . PN I Y \w we ,
ARSI E N S A I
B e A A NN
DT e el
&
5

ROIEa :
T e A
BRPIEN »»we:«

b g
o s e e £ e
: et am e S b merpeve HA0R
it - o s e e
vi o

T N

B R L
B4 S P T A wiense 1

: G e Tt S \WW,‘g w
: ' »‘!A‘m mJ

R TR A
R ey »‘,.“\«,?,,
RS O A T P T
S ettt e e g DY PR ;
B A e oyt )
4 # cee e audesn C3RER

e N A
§ e R e »,m,w » PRE
Cran ad e

P LR L

A
s L s @R 3 aakee e R e
A, S R A
wrs Ng\r(\’Hﬂg’ﬁ) oy pEE TR A O »(mw’\ y
m-:m\‘b«.m»wmwnwmu\\ P A R DR T ‘*‘??WN‘ flsdb ot
) ;W"*’"‘“””‘:,:",“?Jf?“: w: ik PSS HRAAY, . \m i by !
T T A T A e o i M) W\(‘JVH‘I
g e e 18 R TR e : o ‘M AR
vt o e e
ww«l

g i
T R R et s 221 o
e e www_w‘w "
P, - v i s s ‘: o
Poe inn uA” [ :
Crgpran g0 e

T A S
b T
- whw}‘ |

www;waﬂ;%é&,
ek a o e By
1 ' r:wn‘yw&c“mm

R y .
LS e,

T e

PR

B ' . ., ST S S s
By b w0 p LT e e e h
L W\m\” & /| . wﬂ 44 1,,;; L

s e & !
PETAEIEA . o
v e 4
TN } B . ¢ [ T
b eyt et o gv il 1 ,"; ke Pt
iy liw g , sl m‘J,‘ ! s
i I ‘*‘: s ey I Lk byal
o o

[

T el LR e
£ LR R
! ik 5 - i b

- Frwomawsy <., =1 .

setepae n b A

it gy

T Y
&

R : a y
. C ey o, s b4 o 3
B . 7“\% E}. e et
vt ,max;«‘ww ‘%:—: w' / i A3
A o o ey . i d
»;“’» g 5\" & ),‘ly“ \ .l‘( E '
. T Yo o P % '
" L FR I el L S
oo ey ) L RSV T i Ve 1
S B L R “ ‘g, at mﬁmm
i) P T e e
Vo By i ¥ L I . “ RUEETY i
i wa)‘({ bRt :’.‘,&‘w kN o 'E | - B p “W ,‘W}‘,, wgm\ %\m,, 4
o & T e TG
" . i - Lo w»&y&k LE*.
!

i an s FE GE fa iy
Wty de ver reestdR

Y N )

‘ %
I H
T :
R o oihy
. H SR TR N A

& T o ) :
. N PR '-)ms‘ A L I A “memw = e '
ol n R r R : ;
ERICL AT & MR SR PR AN »M Teeen e v o

G i " RN
e w;\w‘kwﬁw,w”uy;r‘,\,..w.m‘khm“ﬂ S

i
Ve
booeare lrvin . s i

o Ty

A s e
st

H,w, ns;‘,,mvmnwu/r LA y
IR cO e T
* AR T SURA

AR Y ST

g A

R i SOp——
e R 7‘% g @Mﬂmm, ;,"'%\)\Mw\ ST N ‘f:g — . :
" Pt " ' il . i "y

Py
Mwu”’ ad

e v ‘,. »“«\w\\\,'\ R war k3
P RN,

"ttt o e e

s PRI TN ¢

et
- fopoe -

e o T } ' ™
I RO ORI A ‘}‘\M ok Pl i
PN e gy “4““"“‘”“”"'!"‘, < a3 > 51‘

S gt 1 Htipg Tk pedn
IR m Baprny oo
N T+ T ]
Mo g a1 gt e Tt

oy aatin Ly

i LEEY i
TR S T
SRR - & FRANE

>HM1‘FW k ”‘wh’)

.2 E}m o
H

e b e
B
x:

ot
A A T
R

i

PR

A ¢
! ' o AR e ST
v i . oL L o Gt g e o0
& g ; R [
i ) 4 )

b

L1

FIGURE 7 - PLAYBACK AND ANALYSIS EQUIPMENT



-15-

signal, an alarm is initiated at both the console and in the operator's quarters,
and a high-stress indicator is energized. 4 parallel reset pushbutton at both
locations allows the operator to silence the alarm. This monitoring system must
be turned ON and OFF in the Instrument Room, and performs strictly a monitoring
function.

V. TRANSDUCERS

The various strain-gage bridge circuits (described in detail in Appendix B)
and the additional transducers have their outputs permanently assipgned to record-
ing channels. A single set of measurements has been assigned to Recorder No. 1,
with no changes or options. The second recorder, however, operates sequentially
with four groups of input signals. The selections were based primarily on group-
ings required to perform the various data analysis tasks. A common chammel,
vertical longitudinal bending stress, is recorded on both recorders in all modes
to provide a reference signal.

All signals designated "Gage Group 1" are recorded on Recorder No. 1. Gage

Groups 2, 3, 4, and 5 are recorded on Recorder No. 2 in Modes A, B, C, and D,
respectively.

A. Functional Description and Channel Assipgnment

Table II provides a brief rationale for the various transducers installed
aboard the SEA-LAND McLEAN. This description, in conjunction with Figures 3 and
4, presents a concise picture of the overall transducer installation.

Table IV is a somewhat similar tabulation by recorder Channel and Mode
which gives additional information as to the available options and method of selec-
tion in those cases in which a recording channel must record more than one measure-
ment. Table V provides a listing of the various signals and their equipment assign-
ment. This information is required for the setup and tonitoring of excitation
levels and amplifier gains.

B. Neutral Axis and Center—of-Gravity Locations

There is frequent reference in figures and tables to gages located at the
neutral axis (NA), in particular for the shear gages aft at Frame 87-88, forward at
Frame 265-266, and amidships at Frame 186-1/4. The following are the neutral axis
locations:

Frame 87-88: 10.8 metres above base line
Frame 186-1/4: 8.8 metres above base line
Frame 265-266: 11.6 metres above base line

For practical use at the time of installation, these basic dimensions were
changed to distances above the tank top at each location by subtracting the tank
top heights above the base line:

Frame 87-88: (Deep Tank No. 4) Tank top 8,37 metres ABL
Frame 186-1/4: (Double Bottom No. 4) Tank top 1.86 metres ARL
Frame 265-266: (Double Bottom No. 2) Tank top 1.86 meters ABL
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TABLE IV - RECORDER CHANNEL ASSIGNMENTS

¥O. 1 RECORDER CHANNEL ASSIGNMENT - ONLY MODE

CHANNEL FUNCTION CPTIONS METHOD OF SELECTION
1 Longitudinal Vertical Bending Stress
2 Midships Torsiomal Shear NONE
3 Wave Height
& Rell R
5 Pitch A
6 Hull Aceel, Mid. Vert. R
7 Hull Accel. Mid. Trans. D
8 Hull Accel. Fwd. Verr.
9 Hull Accel. Fwd. Trans. W
10 Ship's Operating Parameters 1

Multiplex ch.

11 Longitudinal Horz Bending Stress )
12 Shear Fud., - Port z
13 Shear Fud. - Sthd.
14 Compensgation

TABLE IV - (CONT'D)

NO. 2 RECORDER CHANKEL ASSIGNMENT - "A" MODE

CHANNEL FUNCTION OPTIONS METHOD OF SELECTION
1 Longitudinal Vertilecal
Bendlng Stress
2 Long. Gage Stbd. Deck
(Stress) (Top)
3 Long. Gage 5tbd. N.A.
(Stress) (Mid)
4 Long. Gage Stbd. Bottom
(Stress)
5 Long. Gape Port Deck
(Stress) (Top)
6 Long. Gage Port N.A.
(Stress) (Mid)
7 Long. Gage Port Bottom
(3trass)
8 Shear-Aft-Port
9 Shear-Aft-Stbhd
10 Deck House Accel, Deck House Accel. Aft - Long Any 2 by Coax Patch on PSU
Fud. (Vere.) (Patch Status Unit)
11 Deck House Accel. Deck Mouse Accel. Aft - Trana. VWhen Recording Wave Height FWD
Fud. {Trans. ) Accelerations are desired.
12 Box Girder Shear Top
13 Box Girder Shear Bottom

14 Compensation
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TABLE IV - (CONT'D)

NO. 2 RECORDER CHANNEL ASSIGNMENT = “B" MODE

CHANNEL FUNCTION OPTIONS METHOD OF SELECTION
1 Longitudinal Vertical Bending Stress
Aft Roserres:
2 No. 1 Element A NONE
3 No. 1 Element B H
4 No, 1 Element € A
s No. 2 Element A R
& No, 2 Element B ]
7 No. 2 Element C
8 No. 3 Element A ¥
9 No. 3 Element B !
10 No. 3 Element C y
11 No. 4 Element A E
12 No. 4 Element B ’
13 No. 4 Element C
14 Compensation
———
TABLE IV - (CONT'D)
NO. 2 RECORDER CHANNEL ASSIGNMENT - "C" MODE
CHANNEL OPTIONS METHOD OF SELECTION
1 Long. Vertical Bending Stress -
Fwd Selected Rosettes:
2 No. 1 Flement A Any 4 of Selected by compector
14 Fwd Rosettes patch im Rosette
3 No. 1 Element B may be selected Selection Box (RSB)
located in stbd tumnel
4 No. 1 Element C R1~Rl‘ FR 290-292 near Junction Box 5
5 No. 2 Element A RS-% FR 258260
6 No. 2 Element B RIO-RUO FR 226-227
7 No. 2 Element C
8 No. 3 Element A
9 No. 3 Element B 1
10 Ne. 3 Element C
11 No. 4 Element A A
12 Ko. 4 Element B :
13 No. & Element C !
14 Cotpensation




TABLE IV -~ (CONCLUDED)

NO, 2 RECORDER
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CHANNEL ASSICMMENT = "p" MODE

CHANNEL |, FUNCTION OPTIONS METHOL ¥ SELECTION
1 Long. Vertical Bending Streaa
Transverse Girder:
2 Fwd No. 1 Hull Long. Gage Stbd - Top Two position selector awitch on
Program Status Unit (PSU)
k] Fud No. 2 Hull Long. Gage Stbd - Bottom | selects & aingle strain gages
- around hull at FR, 290
4 Fud No, 3 Hull Long, Gape Port - Top
5 Fwd No. 4 Hull Long. Gage Port - Bottom
6 Mid Selected No, 1
Any 4 of 12 signals, 8 mingle | Selected by comnector patch in
- 7 Mid Selected No. 2 gages and 4 shear rosettes in| Girder Selectlon Box (GSB)
trannverse girder FR. 194-196] located in starboard tunnel at
8 Mid Selected No. 3 FR. 194-196
9 Mid Selected No. &
10 Aft Ho. 1
11 Aft No. 2
12 Aft No. 3
13 Aft No. 4
14 Compengaation

TABLE V -~ SIGNAL CONDITIONING

RECORDER NO. 2

50 CHANNEL EQUIPMENT FUNCTION ASSIGNMENTS
Rack] Position TB | Amplifien CH Function "
0 0 1 1 2A | Long. Stress Gage 5thd Top (LSTS)
1 2 2 3A | Long. Stress Cage Sthd Mid Stress {LSMS5)
2 3 3 4A | Long. Stress Gage Stbd Bottom Stress (L5BS)
3 4 4 5A | Long. Stress Gage Port Top (LSTP)
4 5 5 6A | Long. Stress Gage Porc Mid (L.5MP)
5 6 6 7A | Long. Stress Gage Porc Bottom (LSBP)
6 7 7 8A | Shear Aft Port (5Ar)
7 a 8 9A Shear Aft Sthd (5AS)
a8 9 11 12A | Box Girder Shear Top (BGST)
9 10 12 13A Box Girder Shear Bottonm (BGSB)
1 2] 11 1 28 | Aft Resette No, 1 A
1 12 2 3B B
2 13 3 4n c
3 14 4 3B No., 2 A
4 15 5 6B B
5 16 6 7B c
(] 17 7 8B No. 3 A
7 18 8 9B B
8 19 9 108 [
9 20 10 118 No. &4 A




TABLE ¥ - (CONT'D}

_6‘[_

[Rack ; Position , TB Ampllffer cH Function
2 0 21 11 128 B
1 22 12 13B [ : n
TABLE ¥ - (CONCLUDED)
2 23 1 2C Fwd Selecied Roseite Ho. 1 A
k] 24 2 3c B
4 25 3 4c c Racl Posltion TB Anplifier CH Function
& 5] 47 13 1| Long. Vert. Bending Streas
3 26 5 5¢ No. 2 A {Both Recorders)
6 27 5 6C B 7 48 14 11| Long. Horiz. Bending Stress
+Recorder Ho. 1)
? 28 & 7c G
&
8 29 ¥ Be Ho. 3 & § spare ?
50 15 Spare
9 10 8 sc B ? Spare L
3 ¢ k)§ 9 10¢ c
4=CHANMEL BACK HECORDER NO. 1
1 32 10 11c Mo. & A
— Simal Power
2 n 1 1z B Positlon Conditioney Supply Amplifier Cll Function
4
3 3 12 13 ¢ Midships Tarsional
1 1 1 1 2 Shear
4 35 1 2D Pwd Trans. Gluvder Ho. 1
or
5 36 2 3D Fwd Wull lLong. Gages Ho. 2 o
on PS5 Suitch Shear Pwd Pore
6 37 3 4D Ne. 3
2 2 2 2 12
T 38 4 5D Na. 4
8 kL] 5 6D Mid Selected Tranc., No. 1
Shear Fud Stbd
9 40 6 m Glrder at G5B vo. 2
" 3 3 3 3 13
4 0 41 7 80 fio, 3 -
4 Spare
1 42 i} 9 Ho. &
2 43 9 100 Trans Girder Aft No, 1 M ST e = T
3 44 10 11D Ho. 2
[ 45 11 12p Ko. 3
5 46 12 13D Ho. &
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Distances from the tank tops to the neutral axis, therefore, are (in feet):

Frame 87-88: 7.9 feet above tank top
Frame 186-1/4: 22,76 feet above tank top
Frame 265-266: 31.94 feet ahove tank top

Due to the erronecus use of the wrong tank top height, the shear gages at
the aft location were placed 18.2 feet above the calculated level of the neutral
axis. The data from these gages will be monitored carefully and compared with that
from the other vertical shear gages.

It was originally planned to locate two transducer boxes at the loaded
center-of-gravity of the vessel, 399,32 feet forward of the aft perpendicular and
42.65 feet above the base line, in Hold No. 7. Since there must be some structure
present to which to attach the boxes, the forward side of Frame 178 was selected,
in Hold No. 6. This location is accessible under all conditions, and is compatible
with planned cable routings. The longitudinal location of Frame 178 is 31 feet
farther forward than the true loaded center—-of-gravity, and the vertical location of
the transducer boxes is 5.5 feet lower than the desired height. In addition, trans-
ducer boxes which, ideally, should be mounted on the centerline are slightly to port
because of interfering structure. Corrections for the actual locations of these
transducer boxes will be made during data analysis. Exact box locations are
tabulated in Table VI.

C. Transducer Summary

The following sections and the data in Tables VI and VII identify all sig-
nals completely. Table VIIF lists the abbreviations used in the tables and figures
to identify each signal. When more than one signal of a type is used, a number
designation follows, as, for example, when four gages are installed around a trans-
verse girder location. In the case where two gages are wired into a shear or dyadic
configuration, one of several means of identifying the individual gages is used. 1In
some cases the gages are identified as the forward- or aft-oriented component rela~
tive to the ship., If orientation is along a horizontal axis, the gages are identi-
fied by a "IV or "B" for "top" or "bottom" component. In the case where two shear
stress ‘configurations are wired to form a complete bridge, an additional numbering
system has been applied identifyving the gages by number and by location, either port
or starboard side.

When gages have been installed to form a 3~arm rosette the elements are
identified by the letters A, B, and C. 1In all cases the "A" component 1s oriented
fore-and-aft, the "B" component at a 45-degree angle to the left (counterclockwise),
and the "C" component in an athwartships direction 45 degrees (counterclockwise) to
the left of the "B" component.

1. Strain Gage Signals

Table VII summarizes all of the pertinent information associated with
each strain gage signal.

Z. Transducer Signals

Table VI provides a complete tabulation of the characteristics of the
various transducer assemblies, Pertinent electrical characteristics are listed as
well as the exact location of each transducer box. Calibration signals for these
devices are obtained by generating a fixed voltage level at the console to simulate
transducér cutput of a known value, and using this output to set up the various re-
cording channels.
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TABLE VI - TRANSDUCER INFORMATION {Revised 1/15/73)

i Signal Locaticn i+ Transducer Range | Full-Scale Sensifkivicy !
Forward Hell No. 2 Carzo Bold Sotra Model 100, + 53's 1.50 VDG 0. 300 W/ )
Vertical Accelegaricn Second Deck, 14-1/2" 2/% 072 Accelero- {1z offset due

Fwd of FR. 290, neGer to mpencing)
40% Port of £ 3
$5°3" Above Base
Line on Overhead
Forward Hull Same Sefra Mode} 200, +5g's 1.45 vIC 0.2%0 v/@
Tromsversze Acceleration S/N 071 Accelero- (No offset) |
merer
tddship Fell Ne. & Carge dold Satra Model 100, + 2p's 2.10 VR© 1.05 v/g i
Vertical Acceleratlon 23 1/2" Fwd FR. 178 /8 068 Accelerc— (ig offsut) |

! 11 1/2" port of & lpeter f

i 30° 11" Above Tonk Top
Midship Hull Same Setra Hodel 100, &+ 258 2.114 VpC 1.057 v/g
Transverse Accaleraticns S/N 070 Jcceleto— {¥o offzet)

i meter i
Forward Deckhouse Wheelhouse Qverhead Setrz Model 100, + 5g's 1,375 Vbe 0.275 v/g
VYartdieal Acceleration 04 Lavel, on ¢ at 5/0 Q69 Ascelero- (lg ofiset)
FR 307 1/2 7 acter
%} Forward Deckhouse Sage Setra Hedel 100, + 2.5g"s ] L.GO VBC 0.640 v/g
i} Tronsverse Accelerstion 54N 1361 Acceloro= {No offset) ]
! ety \
i
Aft Deckhouse Fan Room Overhead Setra Model 100, 4 2.5g°s ) 1.6@ vDC G.842 vig I
Longitudinal Acceleration) 05 Level, 17 to Port S/N 1362 hccelero- {No offses) |
of g’, FR 130 waeter '
1 Aft Deckhouse Sape Setra Model 100, % 2.5g%a{ 1.72 Vi 0.686 v/g !
| Tramsverse Acceleration /W 1360 Accelera- (¥o offset)
metar
Midship Pitch 26" Pwd of FR 178 Humphrey Pendulum + 45° +2.25VYDC | 0.05 V/degree
26" to Port of & Model CP17-0601-1
30' 11" Above Tank Top S/N H3390
Midship Roll Same Humphrey Pendulut + 43¢ + 2,25 VDC | 3,03 V/degree
Hodel €P17-0601-1
S/H N2075
TABLE VII - STRAIN GAGE SIGNALS -
e — Calibratlion
Signal Chennel Logcaticn Circuit Resister Level
(App. B) {ohma) {pat)
Recorder Ho. 1 Ovethead, port and sthd 1 305K 8,200
LVBP/LVES 1 tunnel, FR 186 1/4
TSMP /TSMS 2 Port =nd stbd sldeshell 3 71.38 5,000
Hold 6, N.A., FR 186 1/4
LHBP/LHBS i1 Port and stbd sideshell 2 309K £,200
Hold 6, N.A., FR 186 1/4
SFP 1z Pore eldeshell, Held 4 & 143K 5,000
FR 265-266 '
SFS 13 Sthd sideshell, Hold 4 4 L43K 5,009
FR 265-266
Recorder No. 2
LVBP/LVES 1A,B,C,D Querhesd, port and schd 1 309K 8,200
tunnel, TR 186 1/4
LSTS ZA Overhead, sthd tunuel, s 1568 &,208
FR 186 1/4
LMs 3A Schd sideshell, Hold & 5 1548 8,240
N.A., FR 186 1/4
LSBS 4A Sthd sideshell, Hold 6, 5 154K B 240
near bottom, FR 186 1/3
LSTP SA Qverhead, port tunnel, 5 154K 8,240
FR 186 1/4
LSMP 6A Port sideshell, Hold 6, 5 154K 8,240
N.A., FR 186 1/4
LSBP TA Port sideshell, Hold 6, 5 154K 8,240
neat bottom, FR 186 1/4
SAP BA Port aldeshell, Hold 9, 4 143K 5,000
18" sbove N.A., FR 87-88
SAS 9A Sthd sideshell, Hold 9, 4 143K 5,000
18' above N.A., FR 87-88
BGST 12A Overhead, stbd tunnel, 4 143K 5,000
TR 186 1/A
BGSB 13A Deck, sthd tunnel, 4 143K 5,000
FR_186 174 —
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TABLE VII - { CONCLUDED)

FR 78-80

Calibration |
Signal Channel Location Circuit Resistor Level
(App. B) (ohms)  (psi)
ARIA.B,C, 2B,3B,4B Port end, transverse & 182K 10,000
girder, TR 143-144
ARZA,B,C, 5B,68,78 Sthd .end, tranaverce
girder, FR 143-144 2] 182K 10,000
AR3A,B,C 88,9E, 10B Sthd tunnel, inboard, 6 182K 10,000
FR 143-144
AR4A,B,C 113,128,138 | Sthd tunnel, outboard, & 1825 10,000
FR 143-L44
R1FA, B,C, 2C,3C,4C Overhead, port hatch & 1828 10,000
corer, Hold 2, ¥R 290
R2FA B, C, 5C,6C,7C Overhead, agbd hatch [ 182K 10,000
corner, dold 2, FR 290
R3FA,B,C &¢,9C,10C Overhead, ctbd cunnel, & 182K 10,000
inboard, FR 290
R4FA, B, C 11C,12C,13C | Overhead, stbd tunnel, & 182K 10,000
cutboard, ¥R 290
RSFA,B,C Overhead, trans. givder -]
sthd end, FR 258.260
R&FA,B,C Overhead, trane. girder, 4]
stbd end, FR 253-260
RIFA,B,C Overhead, frems. zirzder, &
athd epd, FR 258-260
RBF&,3,C Overhead, =thd zunnel &
inboazd, FR 258-2580
R9FA,B,C verhead, 2tbd cunnel &
gutboard, R 252-260
R1OTA,B,C Overhead, trans. girder &
sthd end, FR 226+227
R11FA,B,.L Overhead, trang. girder [ i
gthd end, TR 226=-227 H
R12FA,B,C Querhead, zranc. girdex & ?ﬂ
gthd end, FR 226-227 b
RIITA,E,L Overhead, athd tunael
inbonrd, FR 226-227 [}
Bl4FAB,C Overhead, sthd tennel
outbeoard FR 22§-227 6
= A ~+ 4
TGF5-1,2,3,4| 2D - SD. Stbd slde, trans. girder ] 18210 10,000 ¢
FR 262-244 i
HLSS-T ai} Sthd side, top Meld 3 & 1828 10,000 i’
zft FR 290 I
HLSS-B D Stbd side, borcem, Held 3] 6 1828 10,000 |
aft FR 290
HLSP-T B Port side, top, Mold 3 6 182K 10,000
afc FR 290
HLSP-B D Port slde, botton, Hold 3 & 1628 10,000
aft TR 290
1T6M8-1,2,3,54| 6D - 9D Sthd end trone. girder, ] 182 10,000
FR 196-196
TCHS-1%,2%, | e ap 6 182K 10,000
Ix, 4%,
TGSS-1x,2x, 6D - 9D 4 143K 5,000
Ix,4x
TGAS~1,2,3,4) 10D - 13D Stbd side, trang. girder ] 182K

19 ,oou
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TABLE VIIT - SIGNAL NOMENCLATURE

Symhol Meaning
AR Aft Rosette
BGSB Box Girder Shear Bottom
BGST Box Girder Shear Top
HLSP Hull Longitudinal Strain Porc
HLSS Hull Lengitudinal 5train Strarboard
LHBP Longitudinal Horizontzl RBendlng Port
LHasS Longirudinal Horizonral Bending Starboard
LSBP Longitudinal Srress Botrono Port
L.SBS Longitudinal Stress Bottom 5tarboard
LSMP Longitudinal Stress Mid Port
LSMS Longitudinal Stress ¥id Srarboard
L5TP Longlrudinal Stress Top Porc
L5TS Longitudinal Srress Top Srarboard
LVBP Longitudinal Vertical Bendlng Port
LVBS Longitudinal Vertical Bending Starbeard
Rl-lAF Rosecte 1-14 Forvard
SAP Shear aft Porc
A5 Shear Aft Starbeoard
SFF Shear Forward Port
5F5 Shear rorward Starbeard
TGAS Transaverse Girder Aft Starocard
TGES Transverse Girder Forward Starboard
TCM5 Transverse Girpder Midshin Starboard
TGSS Transverse Cirder Shear Scarbeard
TSMP Torsronal Shear “id PFaort
TSHS Torsfenal Shear Mid Starbeard

3. Ship Parameters

Several ship operating parameters will be monitored and multiplexed on-
to a common data chamnel on Recorder No. 1. The following is a brief description
of the instruments to be used to provide these signals.

a. Rudder Angle

A Hose-McCann Model 27R rudder angle repeater has been installed in
the console. A modification to its mechanical linkage was made so that a potentio-
meter could be attached through a shaft coupling. The repeater is energized from
the existing rudder angle transmitter, and the new potentiometer provides only a
slight additional shaft load.

The center-tapped four-arm potentiometer is excited by a DC voltage,
and the polarity-sensitive output is proportional to rudder angle signal. The
visual display allows the operator to monitor thig function for loghook entries.

The exact levels to be used will be reported after some operational experience is
gained.
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b. Shaft RPM

Two Henschel propeller shaft RPM indicators, identical to units in-
stalled elsewhere on the ship, will be installed in the instrumentation console.
These units have an output scale factor of 6.0 volts per 100 RPM. The visual dis—
plays are calibrated at 150-0-150 RPM. Each indicator will provide a DC voltage to
the multiplexer proportiocnal to RPM. The wvisual display permits the operator to
monitor these functions at all times.

c. Wind Speed and Direction

A wind speed and direction system will be installed when scheduling
permits. The system will be the Bendix Aerovane System, modified to provide outputs
suitable for recording on magnetic tape. Both indicators will be imstzlled on a
console panel. The wind direction indicator will provide a zero—to-360 degree dis-
play, the cardinal points indicated. The DC output will be from zerc to 3.6 volts,
The wind speed indicator will have a range of zero to 120 knots with an electrical
output of from zero to 10 volts DC.

d. Course

The final operating parameter to be measured is course. The origi-
nal intent was to obtain this signal from the gyre system and record it on the
multiplex channel. However, the gyro system aboard the ghip is presently handling
its total repeater capacity, and there is no way to obtain a course signal without
installing an additiomal gyro.

Since there already exists a strip chart recorder as part of the
gyro system, course information will be obtained from these records after they are
no longer needed by the ship., Course data will be entered via punched cards into
the computer program in a manner similar to the hanrdling of other logbook data.

VI. SYSTEM OPERATION

This section describes the various operating modes of the system, and the
means by which signals are selected for recording. Before each voyage the instru-
mentation engineer, or system operator, will be given instructions as to the signals
to be recorded, and any changes to be made during the voyage. These instructions
will be based on analysis of previous data. The operator will maintain an accurate
log of system status and performance.

A, Signal Selection

The operator has several methods by which a selection of signals can be
made. These are presented here for a concise listing of his choices.

1. Program Status Unit (PSU)

a. By coaxial patch cables, the operator selects which two of the
four deckhouse acceleration signals he will record on Channels 10A and 11A.

b. By positioning a selector switch on the front panel of the PSU,
the operator selects whether he will record the four corner signals from the trans-
verse girder at Frames 242-244, or the four single strain gages around the hull sec-
tion just aft of Frame 290 on Channels 2D, 3D, 4D, and 5D.
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2. Girder Selection Box

In the girder selection box, starboard box girder, the coperator
selects via patch cables which four of the twelve signals available from the trans-
verse girder at Frames 194-196 he will monitor. Selected signals are recorded on
Channels 6D, 7D, 8D, and 9D.

3. Rosette Selection Box

. At the rosette selection boxes, also in the starboard box girder, the
operator selects which four of the fourteen rosette gages installed will be recorded
during the "C" mode on Chanmnels 2 to 13 of Recorder No. 2.

Any or all of the above selections can be changed during the voyage by the
operator with a minimum of difficulty. Logbook entries will be made when any signals
are changed and a listing of all signals recorded will accompany each reel of data
tape.

B. System Operating Modes

Before discussing the various operating modes, the data "interval” which
is used for all operating modes should be explained. To facilitate data analysis
and to conform to previous standards, the data interval (or record) length will be
30 minutes of real time. The first minute of each interval will be a "zero"
period. During this period all inputs are removed and the various amplifier out-
puts are recorded for future determination of system noise and DC stability. The
second minute of the interval is used for calibration. Various methods described
in Appendix B generate output signals at preset levels., This information is used
in analysis for data scaling. To facilitate automatic data reduction the calibra-
tion level is not comstant during the whole calibration period but rather is turned
ON and OFF 10 times during the minute. This modulation of the calibration signals
provides a means for identifying these signals for the data analysis routines.
During the remaining 28 minutes of the interval, data are recorded in normal
fashion. Both tape recorders operate at 0.3 inches per second using frequency
modulation techniques in order to obtain the required low-frequency respomse. Data
bandpass is 0 to 50 Hertz.

1. Automatic

The primary mode of system operation is the "Automatic' mode. The
system is placed in this mode by the operator shortly after leaving port and it
generally remains in this mede until just before re-entering port. The purpose of
having an automatic mode is to allow for a statistical sampling of data based on a
known time-separation of data intervals. The system has been adjusted initially to
start a data-taking period every four hours. Because of the great number of signals
to be monitored, the system requires four 30-minute data intervals to record at
least one interval of all channels assigned.

Recorder No. 1 records the same information for the four intervals.
Recorder No. 2 is automatically switched to a different set of signals for each
interval and thus records Modes A, B, C, and D. After the first few voyages it is
anticipated that the number of gignals can be reduced and consolidated on Modes A
and B. The data sampling, therefore, can be for a period of omne hour of every four
instead of the initial two out of four. In the Automatic mode, no operator func-—
tions are required other than to make loghook entries, imsure proper operation,
and maintain an adequate supply of tape on both recorders.



26
2. Manual

The system is placed on '"Manual" or continuwous record mode when sea
conditions are such that data is of particular interest, In this mode the system
will continue to cycle through the A, B, C, and D recorder modes until reset to
Automatic or shut down. Tt is generally advisable to go into this mode when sea
states correspond to Beaufort Numbers 7 or 8, and to continue recording while data
is at interesting levels, It is most important to watch tape usage when on manual,
for the two tape recorders are runmning continuously.

3. High-Stress

In order to provide a means for initiating a recording cycle only
when high signal levels are present, a "High-Stress” mode was incorporated into
the system. In this mode the system is energized, but not recording until the
selected signal exceeds preset limits. One of five signals may be selected for
this task:

1) Longitudinal vertical bending
2) Longitudinal horizontal bending
3) Midships torsional shear

4) Shear forward port

5) Shear forward starboard

The signal to be used as a trigger is selected by means of a five-position
switch on the center panel of the operator's console (see Figure 6). The signal is
then displayed on the large panel meter to the left of the selector switch. By the
use of two adjustable 1imit arm settings, the exact level at which recording will
begin is determined by the operator. Once operation has been initiated in the
high-stress mode, recording will continue until the system completes a "D" Mode in-
terval of recording. The system will then switch into the "A"™ mode. If the high-
stress condition still exists the system will go through another two-hour record
cycle. If the high-stress signal is no longer present, the system will revert to
a standby mode and cease recording.

The "High-Stress" mode is frequently used as a standby condition in which
all portions of the system are rTeady but no actual recording takes place.

VII. ADDITIONS*

Plans are being made to add several additional features to the overall instru-
mentation system.

A, Ocean Wave Height Radar System

Of primary interest is a means to measure wave height during recording
eycles. An "Ocean Wave Height Radar System" (OWHRS) is being developed under sepa-
rate contract by the Naval Research Laboratory in Washington, D. C. Upon successful
development  and installation of this device aboard the SEA-LAND McLEAN, wave height
information will be recorded on one of the data channels of Recorder No. 1.

The OWHRS measures the distance from a ship's deck to the nearby ocean
surface. These high-resolution range data will be used along with ship motion data
gathered by inertial sensors to determine the height of the ocean waves. The prin-
cipal characteristics of the OWHRS are:

* Note: Subsequent to the drafting of this report, the three systems
described in this section were installed and operated satisfactorily.
These systems, and the data collected thereby, will be the subjects of
separate reports. Ed.
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Wave length 3 Centimetres
Pulse Width 2 Nanoseconds
Pulge Repetition 10 KH=z

Peak Power 100 Watts
Antenna Diameter 60 Centimetres
Antenna Beamwidth 3.5 Degrees
Receiver Noise Figure 8 dB

Range Resolution 30 Centimetres
Data Rate 100 Hez

The tyansmitter-receiver will be mounted behind the parabelic antenna at
the outboard forward corners of the wing of the bridge (03 level). The cabinet con-
taining power supplies, timing circuits, and signal processing circuits will be
located imside the forward deckhouse.

The antenna beam will be directed in azimuth to be perpendicular to the
bow wake, and in elevation to he 70 degrees below the horizom. The output analog
range signal connects to the bridge junction box.

B. Tucker Wave Meter

As a supplement to the OWHRS, it is planned to install a Tucker Wave
Meter. This device consists of pressure transducers and accelerometers mounted
below the waterline port and starboard amidships. The pressure transducers sense
the increase and decrease of pressure due to waves. Ship motions are subtracted
automatically by the accelerometers, resulting in an output analog signal propor-
tional to wave height.

C. Scratch Gages

Two mechanical scratch gages will be installed on the SEA-LAND McLEAN
adjacent to the midship vertical longitudinal bending stress gages. The scratch
gages consist of simple extensometers with mechanical amplification which cause
a stylus to make a mark on semsitive paper. Over a given period of time the total
strain range experienced is indicated by the length of the line scratched on the
paper. A battery-driven clock and motor mechanism then steps the paper ahead for
the next time interval,

Scratch gage data from the SEA-LAND McLEAN will be correlated with elec-
trical stress data from the instrumentation system, Once the proper relationship
ig established, measurement of the length of the scratched line will establish the
total stress range experienced due to all causes. A scratch gage will be installed
aboard each vessel in the SL-7 class to gather, quickly and inexpensively, many
ship-years of stress data.



MICRODOT INC. WELDABLE STRAIN GAGES

APPENDIX A

STRAIN GAGE AND TRANSDUCER SPECIFICATIONS

SG 189 Series

120 Ohm Quarter-Bridge "'Flexlead Strain Gage"

For Static and Dynamic Measurements from 0° to 180°F.

1.5 Hominal

DESCRIPTION

Micsodot Ine. Model 5G 189 "Flexlead Strzin Gage''

rep a ial 1 waterproafing
stiain g2ges on an sconomical basis, The "Flexlezd Strain
Gage'' 15 a pre-tested, waterproofed zssemhbly that
combinas lhe ease of installatzan of Microdot Inc.
Weldable Strain Gages with a minimal cost. Tins gage 1s

INTEGRAL LEAD WIRE/CABLE

The “'Flexlead Sirain Gage™ has a standard cable lenglh
of 140 feel as dzlvared iram stock, The ving jacheted
cable consists of three 22 AWG twisted, stranded, tinred
copper conductors with color coded vinyl msulation on
each lead wre.

RUGGED CONSTRUCTION
Censtruction of 1he “Flexlezd Stramn Gege’™ 15 so rugged
ihat it can withstand direct hammer blews. Dasiga and
constructicn features include inherent shielding of a
one-piece fifzmaat encased r its shell by highly

ounide i ing powder. The
pages are designed to perferm under severe moistura,
shock and vibratizn conditions

EVERY MICRODOT INC, STRAIN GACE IS PRE TESTED
AT THE FACTORY TO ITS MAXIMUM CPERATING
TEMPERATURE TC ASSURE PROPER OPERATION M
ITS INTENDED AFPLICATICN,

SIMPLE, RAPID INSTALLATION
The *Flexlead Stram Gage" fisalf can be easily installed
in less than b4 minutes using ordinary low energy
discharge spet welding equipment. A series of
spat welds quickly makes the gage an inlegral part of the
test structure, asswring 1009 Eransmission of

strains. No ives nor !

hermebically sealed and bl
and is suitable far aver a &
rznge af 07 to 180°F and to pressures of 100 psa.

This gquartar bndge, sell-temperalure compensated
Eaga employs a mckel.chrome zlloy one piece strain
filament, housed 1n a starnless sizel shell, The gage is
eilher compensated for use on a test specimen with

4§ ppm or $ppmI°F. temperature coeflicient of evpansicn
(specifiad on order).

This gage will funchian in hot water. sea water,
conerete, or like media, and is weally sulted for
reinforcing bar applcations,

ECONOMICS

The '"Flexlead Sirain Cagz" allows the test enginesr to
immediately perform sirain tesis which require water
proofing, wath a lower aktrition rais at less installed cost
than ever helore Enginezning and czchiniclan ime may
row ke spent tesling rather than prapaning for and
waiking fo testh

The lewr base cost of this gage, combrned wilh the
5 1o 10 minuie total irstaifation ime, will effect an
excellznt cost savings to every user while greatly

g the reli of the llation due ta the
pre tesbing of Lhe strain gage.

FIGURE - A-1

basdizg or curing processes ave required. A clean,
unomichzed surfzee is all that is necessary fer rigid
attachmznt, Metal stiaps are avallable for atsachang the
<able to a flal surlace, or "'Flex Ties" are available fur
tying the lzad wire 1o 2 diameter, such as 2 renforcing
bar. {Ses accessozies below.)

RECOMMENDED ACCESSORIES

1. Microdot nc. Model SG 066-L cab’e sxteasion kit

2. Microdet Jac. Model 5G 020 installation kit, including
sample weld Tlanges, metal siraps (weldable) for
sacering the cable, and installabion instrections. Each
lat contains sufficient matesial for installaticn of ten
Model SG 189 strain gages.

Micredel Inc. Maedel SG 0BI reinforcing bar msialladion
kit, same as ekowe, eveept pfashic "'Flax Ties" are
substituted for metal cable straps. Each kit condaizs
sulricient mzterizl for instal'ztion of tan Model SG 139
strain gzges.

Microdot Inc. Model SG 090 bridge completion notwsrk
individually matched ke each gage Completely sealed
and pofted

w

=
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ZLTCTRICAL SPCCHICATIONS
Stin Go, e Rosiclance,
flareat resistince, 120 ohm =3.5 ohm

xcitalion Current:

et value up to 50 malliamps

rmum valure, 100 to 300 milizmps depending tpon
enyircnmental lcmperature and test specimen material

a

I
Tnowlalicn Resis'once:

Additional Environments:

The slrain gages have been subjecied to the folicwin
swdrenments and levels vwathout delenoration of
perlermance.

Lincar Sinusardal Yioration: 3b g. 20 to 2000 cps
Stalic Acceleralion: 50 g

Shoch: 100 g half sine, 7 millisecond dusation
Acoustie Nowse: 150 db

MECHARICAL SPLCIFICATIONS

Strin Gage Condizurations:

i
(93 megehms mmmum at amb.eat lemperature and 50 ¥OC Rifcrence dimensional outtine drawings are shown

IPERFOMNAMCE SPECIFICATIONS

[Gage Facter:

hoevmnl value, 1.8

\

Todcrenoe controd from rerorted value = 3%
‘Fatrd Shain Loved:

v GOGO micromches perinch

]

YFatie Lile:

iEv._u 15 10 cveles at =1000 microinches per inch

[iran-w-rso Seasill

ity:

Feel milbfe {hne wold belween stramn tube and mounbing
ffanged

EOARDNICHTAL SPLCINCATIONS

Comrnsated Toppsialure enge:

dlurerdity 1000, @ 100 F D 100 psi

Aarareat 3irain vala Tomperzbire:

She ddodel SG 159 strawn pogoas factlary adjusted to a

isw-:if;c unmountrd terminal <lopa value wathin a toler-

pace of 250 micramchesfinch When Lhe unit is moented

iz tormia sl stape rs O wwithin + 80 micronches{inch
var the range of £5° to 1507°F.

o Focter Ghange wiin Tomperaiure:

1 faclor varims anver seby wilh lemperature

s vaximately 165 per 1007F over the compensated
cmacralure range.

Micrainehfinch

FI bie &dynaeic nesrneenein: 07 to 1807F. at ] ATMS.

on front.

Electrical Cennections:
{Color Code}

Red —Active

Biack— Common
Whiie— Common

Strain Gage Mounling Flange Malerial:

Stainless sieel” AlS| Type 321

Tesl Specimen Materinls:

Intended iar mounting on weldable ferrous and non-
ferrous materials excluding alummum and magnesiv

ONDERING INFORMATION

Model No. 5G 189 followed by —6 or —9 to dencte &
9 ppm temperature coefficient of expansion of test
specimen Material,

[T | S— —

1 _—
—du0 =~ - :l

— oo o +1p3 4267 4300 400
_Apparenl Strain ws, Temparalure Curves {Typlcal) °F

FIGURE - A-1-A



LINEAR ACCELEROMETER

INTRODUCTION

SETRA’s linear accelerometer Model 100 is a
unique concept in transducer design combining the
salient features of many types of accelerometers,
Powered by dc excitalion, Modet 100 produces a
high level dc oulputl signal proporlienal to the
sensed acceleration weclor. The transducer faith
fully responds to inpul stimulus lrom steady stale
up 10 Lhe natura) frequency of the seismic syslem.
The gas saueeze film damping tnsures a reasonably
constant  amplitude response over the entire
1emparature range of —G5 to +250F,

DESCRIPTION

Maodel 100 accelerometer is used in much the same
way as a strain gage lransducer. Both types of
transducers are Tour terminal networks which can
be grounded at only one point, either al an input
or at an output terminal, but not at both points.
Power supply requirements are also identical. A
single supply can be used 10 excite one or many
transducers in parallel” At the culput terminals the
Maodel 100 accelerometer delvers approximately
100 times the output signal woltage and 10,000
times Lhe output power of a strain gage transducer.
Maise and power Trecueney pick up problems are
virtuatly non eastent when using this instrument.

Read out equipment required for the Model 100 15
extremely simple, anything from a voltmeter to an
oscilloscope may be used. The output can be used
to power a control loop or a relay without
amplification. Signal Llransmission by cable to
rermnote read out equipment is quite simple because
of the high power level of the culput signal.
Special cable with controlied capacitance 15 not
required as is often Lie case with some olher types
of accelerometers.

* Under Whis gordilicy ihe oulpoat lormunal parrs must nel have a
ecmmar connezhcn

FIGURE - A-1-B

WModel 100
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FEATURES

The outstanding features of the Madel [00 include:
# Response to sieady slate acceleration,
» High natural lrequency.

o High output signal voltage with low cutput
impedance,

DC output with dc exciiation.
Temperature insensitive damping,
High overfoad capatulity.

Compact, lightweight.

Lowr cost.

Low excitanion power requirement,

© O & 8 & 0

QPERATING PRINCIPLE

The non pendulous ecceleration sensor consists of
a differentiul cenecitar i wlach the moving plate s
constrained 1o reculicrar probon hotwen two
fixed plates by a unique system of flexures. A new
principle ef transduction* uwiihzing the most ad-
vanced integrated cicuitey and solid state com-
ponents resufts in a compact design with a high
degree of accuracy anel eetiability.

Because of the umgue design of the acceleration
sensor, the transducer is completely immune 1o
damage caused by static overlaxd. The sensor 15
mounted i the stainless steel instrument howsing
in a way that isofates it from ihe effects of
mounting stramn and thermal shock and yet docs
not impair  the transmussion ol the  hughest
frequencies

"Pavents pending

STANDARD RAAXTRILM APPROXIMATE
ACCELERATION STATIC MHATURAL
RANGES ACCELERATION  FAEQUENCY
t1g 1009 220 He
1259 11009 3650 He
L rioog 490 Hr
110¢ 2100q 704 He
1783 2009 1100 Hr
: * 70 1550 Hr
11009 *500g 2200 He

PERFORMANCE SPECIFICATIONS

ELECTRICAL CONNECTEDNS
. Posilive excianen Yellow .
Negative exevlat on Brown

wn n tre direction of arrave proguces

i.— WD -y

T | 5 — | —

B oo v
SAGo R RELLtevl OF CAALL ALAPERDR

Ranges ... . tigtox t00g

Direction of Sanatinly . Perpendicuiar 1o Lhe bats,

Tramwveris Accel 3] o < D01g'g.

[ ETCT. T RO PSRN reasmtenrienrers GEp$Queze D 0.7 2 0.1 of criticst at 77F. Rato s

spproximately 15%100F,

Excitation®

Full Aanga Outpug ..,

. Bvaltsde a1 approx 20 ma,
. Approx * 15 wolts °°

Outpd IMPEHAREE oot o oees crveer s eersmrans s e e AEPrOK AGOTY,

Zero QuIpUt L e e s <t 150 mv a1 77F with rero scceleration

Ambient Temparature Limiz

-G5F to +250F,

Thermal Zero Shift | L. o e < 2% ol Full rangef 100F from -65F 1o +250F

Thermal Coellhicient of Sensitewity . . . oee. o0y < 1% of fyld range. 100F {ram -B5F 1o +250F .
Combined Non- Lineanity and Hystdresd .. ..ooennone < 0 75% of tull range pulpul.

Electrcal Cannectant . ... . cceeeeennieenen Two leet of 4-condurtor sheelded cable isheeld grounde:
Cutput Nows <5 mv AMS,

WRIght | e e

Approx 3 az, exclusee of cable,

il AOE A AAmagan by eacTAN0N un t8 T vOIITC O by FAveér ied ANCITATION currant henitid to 250 ma .
=1Catbratod nto ¢ 50 0ODEE 1620 aperais™ inio wad irpadance ol 100 gr greater, DUDLt 2arminals ¢34 B3 1voriad wilhGul ©
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Ya-40UNC-28 X .30 MIN
DEPTH A HOLES

S0LDER TERMNALS (4)

_l__ __ s
2125
Did max &l _Hoead
SEEg—
e .38 ]
- 530 —=
#AX B RELIER 2 00 DiA % 010 DEEFP

NAME PLATE
LOI0 MAK THIKYESS
NOTES 2
L WHEN SURFACE - R~ E MTE MOLLS ON LINE - B- ARE VERTICAL
THE RESISTANCE BEFWEEN PINS 1§ 8 DIVIOED BY THE Toral
RESISTANCE BETHWELY PINS 1 £ SHALL AF O.5 2 0.0r8
2, WHEN ROTATED 1N THE = S5 DIRECTION RESIS TANCE BETWESN
FPNE 23 Wil DEEALFASE,

@ -

148" oS0t iy Ny T

r45°
REF

MECHANICAL TARAVEL
ELECTRICAL TAAVEL

SPECIFICAT ok
W70 AMGE_ a5t w05
2.0 POTENT HMETER
*2.1 RESISTANGE = 2000 DS 58
2.2 PONTR DISSIPATION - 0.5 WATT AT 1 30°F
*2.3  CENTER T AD.ESS OF TOTAL ELECTRICAL TRAVEL FROM
THECRETICAL ELECTRICAL CINTER

THE MAXIMM DEVTAT ION OF ANY COLIBRATION

POINT SHALL BE WiTHIN 19 ©F A STRAIGHT LikE
DAAN THROUGH THE COORDINATES OF -45° DUTRUT
AND +45° QUTPUT, THIS TOUERANGE EAND
APPLEES BETHEEN -4d* AND «d4*.

1.0 DNPING — SHALL DECREASE AWPLITUDE OF DSCILLATION AT
RATE OF 29¢ TO 834 OF EACH PRECEDING HALF
CYCLE GVER TEMPERATURE RAMGE OF +20°F TQ
+s10°F

5.0 WATURAL FREQUEMCY 2 CPS MINIMM OYER TEMPERATURE RAMGE (F
+20°F 10 +120°F

“%.0 NOISE 100 OHS MAKIMLM AT 1°/SICOND M IMK TITH
1 HILLIAW® GOBSTANT WIPER CURRENT

A0 ACCURACY,

T.0  EWYIRGHMENTAL CONDITIONS

1.1 VIBRATION [RCM-QPERAT IMG), 10 T0 30 CA5, 000 INCH EXCLRSICH, PEAX TD
PEAK, 9 PERIODS, 10 MINUTES EACH, 1N 3
BLTUALLY FERPERDICULAR AXES, 20 TD 100 CPS
AT 3G, 18 PERICDS, 10 WIRJTES EACH, 1N )
BUTUALLY PERPERGICULAA AXES

3005 FOR 10 &5, ANY 3 MUTUALLY PLRFENG|CAN AR
AKES

T.2  SHOCK [MON-OPERATING),

7.3 TEWPERATIRE

T30 STORAGE e ~55"F TO A16G"F FOR 48 HOLRS

112 OPERATING A20°F TG 110

| %] INSULAT IOM RESISTAMCE 30 MEGOHUG MIN MM WITH 500 YOO 104 [WMADI-
ATELY FOLLOWING 500V RMS AT &0 CPS H1-POT
FOR 1 MIMUTE DURATICH, ANY TERMIMAC TO CAS.

9.0 WEIGHT, 0.T5 POURLS MAXIMM
0,0 SEALIMG . TOBE SILICON GIL-FILLED AND HEFMEFICALLY
SLALED AKD SHALL HQT LEAK 09 DLFORM UHDER 24
INCHES OF Hv WACLEM FOR 20 MiNJTES OVER
TEMRERATURE OF +20°F Y0 +130°F

1.0 ABWAKS
1.1 1MEMS WARKED WiTH [*) ARE CHECKED {M PRODUCT IOH TESTS. QMNUER ITLMG FOR
REFERENCE JY BE CHECKED ON ORDER BY QUALIFICATION TESTS.

.“ !hi"e‘?rrsi_.—. [
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APPENDIX B

STRAIN GAGE BRIDGE CIRCUITS AND RELATIONSHIPS

GAGE CONFIGURATIONS

The single-element Micro-Dot strain gage (see specifications in Appendix A)
has been selected as the standard sensing element for the SL-7 Instrumentation Sys—
tem. Gages with cable lengths of 10, 25, and 50 feet were utilized in the system.

The gage elements were used in six configurations:

Circuit No. 1 (Figure B-1): Dyadic Pairs, Port and Starboard, Opposite Arms

25" ¥ Pge

\\
o
In many applications in this system a stress gage rather than a strain gage
was required. In order to obtain an equivalent stress gage effect and at the same
time use the strain gage elements, two gages were placed in the dyadic configurationm.

The operation consists of placing each strain gage at an angle 28° to the axis
of interest. This angle was obtained from the equation

_ 1-u
Cos 20 = i:i

where 6 is the angle between a gage element and p = 0.28, Poisson's ratio for steel,

Circuit 1 was used for the Longitudinal Vertical Bending Stress signal., With
the active arms opposite each other, the vertical components of longitudinal bending
add, and the horizontal components subtract. A complete discussion of the dyadic
gage may be found in an article entitled "The Dyadic Gage" by Sidney B. Willizms in
the proceedings of the Society for Experimental Stress Analysis, Volume I, No. 2,

p. 43 (1944).

Circuit No. 2 (Figure B-2): Dyadic Pairs, Port and Starboard, Adjacent Arms

This circuit is similar teo Circuit No. 1. By putting the active arms adjacent
1o each other the horizontal components of longitudinal bending add (since they are
of opposite mechanical polarity) and the vertical components subtract.
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Circuit No. 3 (Figure B-3): Shear, Full-Bridge

.

‘\\ P
\‘/

If two single gages are oriented 90° to each other, and each 45° to a common
axis, then in the presence of pure shear one gage will see tension and the other
compression. This fact has been used in the arrangement of Circuit No. 3, Figure
B-3B-3. The two gages are arranged as shown and the signal obtained is the desired
shear signal along the common axis. If two such arrangements, one port the other
starboard, are combined as shown in Figure B-3, an output proportional-to-torsional
shear is obtained. By changing the order of the gages in the e¢ircuit, a vertical
shear signal can be obtained.

Circuit No. 4 (Figure B-4) Shear, Half-Bridge

By completing the bridge with dummy resistors, a shear signal from one side
only can be obtained. The two independent signals from the two sides can be recom—
bined during data analysis to produce either torsiomal or vertical shear.

Circuit No, 5 (Figure B-5) Single Dyadic, One Location

If stress data from one location is to be obtained, the two elements of a
dyadic pair can be electrically split so that they occupy opposite arms of a bridge.
This configuration was used for the longitudinal stress gage array at FR. 186,

Circuit No. 6 (Figure B-6): Single Strain Gages

In this configuration the single element gage is used directly as the active arm
of a 4-arm bridge circuit. The other bridge arms are made up of 120-ohm bridge
completion resistors. Gage orientation is along the axis of interest.

STRAIN GAGE CIRCUIT OUTPUTS AND CALIBRATION TEVELS

The following are the basic relationships used in designing the signal-condition-
ing and calibration circuits:
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Circuit Qutput Calibration
I
V0 N(GF)(l—p)Gx ER_
3 — = —— i — EY — e
Dyadic stress 7 xS 9. N(GH) (1-) R
i cal
VO N(GF)(l+u)o'X ER_
— = = =
Shear stress v A Gc N(GF) (1+u)R
i cal
R
Str ] Zg = l Ag = (————GF)E € =
arn v, 4 R 4 “c (GPR
1 cal
The foliowing definitioms apply to these relationships:
V0 = output voltage from bridge, volts
Vi = input, or excitation voltage to bridge; volts
N = number of active arms
(GF) = gage factor
u = Poisson's Ratio
o, = stress in the x direction, psi
E = Young's Modulus
9. ~ calibration stress level, psi
Rg = total gage resistance of active arm, ohms
AR = change in strain gage resistance, chms
R = initial strain gage resistance, ohms
g = strain, inches per inch
£, = calibration strain level, inches per inch
R = shunt calibration resistor, ohms
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FIGURE B-3 - STRAIN GAGE CIRCUIT NO.3
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