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SUMMARY

A. Froblem

- The purpose of this survey is to evaluate the effects of sea states
on the operation and maintenance of radar, radio, and sonar shipboard

. : equipment.

B.: Background

Little research has been conducted on the effects of sea state condi-
tions on the operation and maintenance of shipboard equipment. The
present research extends the available data cn the effects of sea states.

C. Approach

Operation and Maintenance Evaluation questionnaires, requiring eval-
uvation of the effects of sea states, were administered to students and
instructors at Class "B" and "C" Schools.

D. Findings and Conclusions

1. Operation Questionnaire

Both operator and equipment performance are increasingly hindered
as sea state conditions become rougher. However, most ship operating
time is in lower sea states.

‘The types of problems that hinder radar, radio, and sonar opera-
tors can be grouped into problems that hindered all of the operators and
problems specific to each type of equipment. Examples of common problems
include seasickness, equipment displacement, personal balance-motility
problems, seating difficulty, and fatigue. Examples of specific problems
include radar scope difficulty and radio interference.

The types of problems. that hinder equipment performance include
problems common to radar, sonar, and radio equipment and problems specitic
to each type of equipment. Common problems include equipment displacement.
Specific problems include quenching for sonar equipment, radar signal de-
gradation for radar equipment, and transmitter adjustment for radio equip-
ment. -

While the rough sea environment has little effect on the stated
desire to make a career in the Navy, it has a somewhat areater effect on
the desirability of sea duty. Consequently, it would seem that a stable
ship, such as a semi-submerged type, would enhance the desirability.of
shipboard sea duty.

Each of the Operation Questionnaire samples believed that the
overall operation of their equipment would be "some" to "much" improved
on a completely stable ship.
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2. Maintenance Questionnaire

While maintainer performence is increasingly hindered at hicher
sea state conditions, most ship operating time is at lower sea states. A
greater amount of equipment maintenance is also required at higher sea
states.

The types of problems that hinder maintainers include problems
common to radio-radar maintainers and sonar maintainers. Problems include
seasickness, equipment displacement, maneuverability problems, safety
hazards, and pitch and roll conditions.

The types of problems that require equipment maintenance. include
corrosion-water damage, antenna problems, and equipment displacement-
vibration problems for radio-radar equipment. Topside equipment damage,
vibration and shock damage, and equipment displacement required maintenance
of sonar equipment.

Again, for the Maintenance Questionnaire subjects, the rough sea
environment has little effect on the desire for a Navy career and a some-
what greater effect on the desirability of shipboard sea duty.

Each of the Maintenance Questionnaire samples believed that the
overall maintainability of their equipment would be “some" to “much"
improved if placed on a completely stable ship.

E. Recommendations

ha Based upon results of this limited research, it is recomwended
that:

1. Research to determine the feasibility of developing stable Na?y
ships be expanded.

2, Further personnel research be conducted to more accurately assess

the effects of unstable ship conditions on personnel and equipment
performance and equipment operation and maintenance.
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SEA STATES AND SHIPBOARD OPERATOR
PERFORMANCE AND MAINTENANCE

A. PURPOSE

The Advanced Design Group of the Naval Undersea Research and
Development Center is studying the feasibility of a new semi-submerged
ship concept that is expected to greatly improve ship performance, would
;equire little technological risk, and could be developed with a short

ead time.

Operational capabilities of current U. S. Navy ships are severely
hampered in rough seas. Conventional ships tend to roll, pitch, and
heave, which results in water over the aack, slamming at the bow, and
high structural stresses (Lang, 1969). Fifty-eight percent of U, S. Navy
combatant ships are over 20 years old, with an average age of 17.5 years,
whereas less than one percent of the Soviet Navy ships are that old. Spare
parts are not available for some of our oldest ships, and rust and corro-
sion are taking a high toll (Lang, 1969).

Relative to conventional ships having the same displacement, the semi-
submerged ship concept is expected to provide:

Greatly improved seaworthiness at all speeds.

Higher speed and greater maneuverability.

Improved sensor and towing performance, and more stable aircraft

and weapon launching capabilities.

Lower wave drag.

Increased topside weight capacity and deck space.

Greater propulsor efficiency and burst speed capability by using
polymer drag reduction.

7. Level flight in most sea states by using control surfaces.

8. Reduced vulnerability to torpedoes and cruise missiles. (Lang, 1969)

oYy O WM -

The semi-submerged ship concept is expected to provide ships with a
substantial improvement in the effectiveness with which shipboard personnel
can perform their tasks in high sea states. The operational need for such
a ship concept depends greatly on how well shipboard personnel are able to
perform their tasks in the rolling, heaving, pitching environment that
exists on current ships. That is, does the current shipboard environment
with rolling, heaving, and pitching have a significant detrimental effect
on shipboard personnel performance? Therefore, the present research was
conducted with the following objectives:

1. To determine the effects of motion on shipboard personnel
performance, including operator and maintainer performance.

2. To determine the effects of motion and other effects of rough
seas on shipboard equipment, including equipment operation and
maintenance requirements.




3. To determine to what degree the rough sea environment affects
the desirability of shipboard duty and to determine how im-
portant it is to the desire for a Navy career.

B. BACKGROUND

Baker and Buckner (1966) conducted an extensive literature review
on the effects of motion on human performance to determine the avail-
ability of data relevant to the operators' task aboard an air/sea craft.
Two hundred and thirty reports were studied, including eight reviews of
the motion sickness literature published between 1942 and 1955. The
eight reviews covered from 42 to 382 technical papers. They concluded
that there have been virtually no studies designed to answer the ques-
tions of degree of impairment or duration of impairment in any motion
environment similar to the air/sea craft operational environment.

Warhurst and Cerasani (1969) in a study conducted aboard the USS
GLOVER, found that (1) ship motion causes an irrelevant stress on crew
members; (2) some irrelevant stress may actually be beneficial; (3)
the effect of roll stabilizetion equipment is diphasic, it reduces in-
tolerable roll amplitudes but tends to induce higher linear accelerations;
(4) roll stabilization should be active from dead-in-water through flank
speed since mission requirements include extensive operations at Tow speeds.
Except for this study, 1ittle research has been conducted on the effects
of sea states on the operation of shipboard equipment. The present
survey attempts to extend available data on the effects of sea states on
shipboard equipment and personnel performance.

C.  PROCEDURE

1. Questionnaire Administration and Population

a. Operation questionnaire. The Operation Questionnaire (See
Appendix A} was administered to 127 members of the Fleet. The question-
naires were administered to: 37 students and instructors at the Radarman
(RD) "B" School, Fleet Anti-Aircraft Warfare Training Center, San Diego,
California; 66 students and instructors at the Radioman (RM) "B" School,
Service Schools Command, Naval Training Center, San Diego, California; and
24 Surface Operator Training Instructors, Fleet Anti-Submarine Warfare
School, San Diego, California. Table 1 presents background information
for the subjects administered the Operation Questionnaire.

b. Maintenance questionnaire. The Maintenance Questionnaire (See
Appendix B) was administered to: 17 students and instructors at the
Electronic Technician (ET) "C" School, Service Schools Command, Naval
Training Center, San Diego, California, and 35 Surface Maintenancs Instruc-
tors, Fleet Anti-Submarine Warfare School, San Diego. Table 2 presents
background data for the subjects administered the Maintenance Questionnaire.
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T:ble 1.

Background Information for Uperation Questionnaire Samples

Information RD "B" School RM "B" School ASW School

Rating Frequency Freauency Frequency

Radarman 35 0

Radioman 1 61

Sonar Technician 0 0 24

Communications

Technician 0 0

Not Specified 1 3 0
Total 37 66 24

Pav Grade Frequency Frequency Freauency

E4 4 1 0

ES 8 15

E6 14 34 10

E7 3 8 4

E8 0 0 0

E9 1 0 1

Chief (li’ﬂ/egsade unspec- 6 5 9

Not Specified 1 3 0
Total 37 66 24

Present or Last

Sea Tour-Ship Type Frequency Frequercy Frequency

Carrier 2 N 1

Cruiser 2 5 1

Destroyer 23 13 17

Amphibious 3 13 0

Mine Sweep 1 5 0




Table 1. (Continued)

Information RD "B" School RM "B" School ASW School
Present or Last
Sea Tour-Ship Type Frequency Frequency Frequency
Submarine 1 6 N
Auxiliary 1 7 0
Other 3 6 5
Not Specified 1 0 0

Total 37 66 24

Previous Sea Tours

Mean Years @

Mean Years b

Mean Years €

Ship Type
Carrier 1.00 .56 .25
Cruiser .51 .24 .29
Destroyer 3.14 1.09 5.21
Amphibious .84 .86 .00
Mine Sweep 27 .33 .54
Submarine .16 .83 17
Auxiliary 54 .67 .29
Other .05 .24 .50
Responsibility for
Equipment Frequency Frequency Frequency
Operate 7 8 3
Supervise Operation 17 27 14
Supervise and
Operate 13 31 7
Total 37 66 24
llote --
A= 37
by - 66
“N=24




i Table 2.
' Background Information for Maintenance Cuestionnaire Samples

Information ET "C" School ASW School
Rating Specialty Frequency Frequency
Radarman 2 0
Sonar Technician 2 35
Electronics
Technician 13 0
Total 17 35
Pay Grade Frequency Frequency
E4 5 0
E5 4 2
E6 4 N
E7 1 6
E8 1 1
E9 1 0
Chief (Pay grade 1 15
unspecified) _ _
Total 17 35
Present or Last
Sea Tour-Ship Type Frequency FregLency
Carrier 0 0
Cruiser 1 0
Destroyer 5 34
Amphibious 6 0
Mine Sweep 0 0
Submarine J 0
Auxiliary 2 0
Other 2 1
Total 16 35




Table 2. (Continued)

Information

ET "C" School

ASW School

Previous Sea
Tours-Siaip Types

Mean Years?

Mean YearsP

Carrier .53 N
Cruiser .06 .00
Destroyer 1.53 5.29
Amphibious .06 .09
Mine Sweep .00 .23
Submarine .00 .03
Auxiliary .53 .14
Other .29 .26
Responsibility
for Equipment Frequency Frequency
Maintain 7 12
Supervise Maintenance 4 12
Supervise and
Maintain 5 11
Not Specified 1 0
Total 17 35
Note --
AN=17
by = 35
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2. The Questionnaires

a. Operation questionnaire. The Operation Questionnaire (See
Appendix A) was designed to elicit evaluations of the effects of three
different sea states on operator and equipment performance. The Question-
naire is divided into two sections, a Background section and an Evaluation
section. The Bac«ground section deals with the subjects' rating, pay grade,
past and pres=2nt shipboard sea duty experience, rough sea environmental
effects on desivability ¢f sea duty and career motivation, type of equip-
merit being evaluated, and the subjects' responsibility for the equipment.

The Evaluation section is further divided into three subsections.
Each subsection is headed by a critical incident type statement which de-
fines a sea state. Subjects were asked to think of a time when their ships
were operating in three different sea states. A number of questionnaire
items which were to be answered with regard to each sea state follow each
critical in.i.ent statement. The items include 5-»~int ratirg scales
evaluating rhe degree to which the operator's performance was hindered
at the sea state, the amount of time that the operator's performance was
hindered at the sea state, the degree to which equipment performance was
hindered at the sea state, and the amount of time while the ship was opera-
ting at sea that the ship was in the sea state. Each rating scale item
consists of the descriptive terms, "very little", "little", "somewhat",
"much", and "very much." Each response was scored one through five with
"very Tittle" scored one and "very much" scored five. Two open ended ques-
tions were also included in each subsection. One asked what type of problem
hindered the operator. The other asked what type of problem hindered
equipment performance. A final question asked how much the overall opera-
tion of the equipment would be improved if the subject's ship was fully
unaffected by all sea states.

b. Maintenance questionnaire. The Maintenance Questionnaire (See
Appendix B} was designed to elicit evaluations of the effects of three
different sea states on maintainer performance and maintenance require-
ments of shipboard equipment. The Questionnaire is divided into two sec-
tions, a Background section and an Evaluation section. The Background
section contains the same items as the Background section for the Operation
Questionnaire.

The Evaluation section is divided into three subsections. Each
subsection is headed by a critical incident type statement which defines
a sea state. Subjects were asked to think of a time wher *ei- <hips
were operating in three different sea states. A number . ,_:stionnaire
items which were to be answered with regard to each sea state follow each
critical incident statement. The items include 5-point rating scales
evaluating the degree to which maintainers' performance is hindered at the
sea state, the amount of time maintainers' performance is hindered at the
sea state, the amount of equipment maintenance required at the sea state,
and the amount of time while their ships are operating at sea that their
ships were in the sea state. The rating scale items contain the choices
"very little", "little", "somewhat", "much", and "very much", and were




scored one through five. Two open ended questions are also included.
One asks what type of problem hindered the maintainer at the sea state.
The other asks what type of equipment problem required maintenance. A
final 5-point rating scale asked how much the overall maintainability
of the equipment would be improved if the subject's ship was fully un-
affected by all sea states.

3. Analysis of Rating Scale Items

a. Operation questionnaire. The experimental variables consist of
three sea st-*e conditions; high, medium, and low; and three types of
shipboard equipment; radar, radio, and sonar. Each 5-point rating scale
item in the Evaluation section of the Questionnaire was analyzed using the
design presented in Table 3. Because of funding limitations on the scope
of this survey, no statistical tests were computed.

TABLE 3

Experimental Design for 5-Point Rating Scale Items

Type of Equipment

Sea State Radar Radio Sonar
Low a a a
Medium a a a
High a a a

Note --

a
Each 5-point rating scale item in the Evaluation section was
analyzed by type of equipment at each sea state.

b. Maintenance questionnaire. Each 5-point rating scale item in the
Evaluation section was also analyzed using the experimental design presented

in Table 3. No statistical tests were computed due to funding Timitations
on the scope of the survey.

4. Analysis of Open Ended Questions

a. Operation questionnaire. The open ended questions in the Evalua-
tion section were content analyzed using an a posteriori approach. That
is, categories were allowed to emerge from the written responses so that




the categories would best fit the empirical data. The results of the
content analysis are contained in the Results and Discussion section.

b. Maintenance questionnaire. The open ended question in the
Evaluation section were also content analyzed and the results are
presented in the Results and Discussion section of the report.

C. RESULTS AND DISCUSSION

1. Desirability of Sea Duty and Career Motivation

a. Operation guestionnaire. Subjects were asked to rate the effects
of the rough sea environment on the desirability of sea duty and on career
motivation. Results of these ratings are presented in Table 4. The rough
sea environment apparently has little effect on career motivation for each
of the samples, but a comewhat greater effect on the desirability of sea
duty.

Table 4

Mean Ratingsa for Desirability of Sea Duty
and Career Motivation for the Operation Questionnaire Samples

Item RM “B" School RD “B" Schooi ASW School
{ T 7
NB ' x€ NoX NoX
1 ]
| |
Desirability of ‘ | !
Sea Duty 65 | 2.51 37 3. 24 13.04
]
Career Motivation 64 '2.00 7 2.00 24 12,12
|
! 1 |
Note --
4 very little affected, 2 = little affected, 3 = somewhat affected

4 = much affected, 5 = very much affected
b Number of subjects

¢ Arithmetic mean




b. Maintenance questionnaire. Again, the rough sea environment ap-
parently has little effect on career motivation, and a somgwhat greater
effect on the desirability of sea duty for each of the subjects adminis-
tered the Maintenance Questionnaire. Mean ratings on the two items are
presented in Table 5.

Table 5

Mean Ratingsa for Desirability of Sea Duty
and Career Motivation for the Maintenance Questionnaire Samples

Item ET "C" School ASW School
—_— = —
NE ., xc N X
o l
Desirability ‘ |
of Sea Duty 17 ' 2.94 3% 3.1
l {
Career Motivation 17 | 2.12 35 \ 2.34
! L |
Note --
a9 = very little affected, 2 = little affected, 3 = somewhat affected,
4 = much affected, 5 = very much affected
b

Number of subjects

© Arithmetic mean

2. Sea State Evaluation

a. Operation questionnaire. Mean ratings for the 5-point rating
scale items evaluating the effects of sea states on shipboard personnel
and equipment performance are presented in Table 6, Table 7, and Table 8,
for the RM "B" School, RD "B" School, and the ASW School samples.

For each of the samples, operator performance is hindered very
little at low sea states, a great deal more at medium sea states, and
somewhat more at high sea states Along with increases in the amount that
operators are hindered at rougher sea states, operators are hindered a
greater amount of time at each sea state as conditions become rougher,
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Table 5

Mean Patings % on the Operation Questionnaire for the RM "B" School Sample

Ttem Low Medium High
Sea State Sea State Sea State
LRINC v X HoloX
Operator Performance . . f
Hindered 6 . 1.29 65 . 3.12 64 : 3.89
t f '
Amount of Time ' . 1
Noerator Hindered 66 ' 1.29 65 |, 2.92 63 « 3.71
! |
Equipment Performance ' ' i
Hindered 66 . 1.39 64 +2.27 60 | 2.92
. ! (
Amount of Time Equip- ‘ ' {
ment Performance . \
Hindered 66 11.32 64 , 2.33 60 . 3.02
Amount of Time ' ! :
at Sea State 66 : 3.26 65 ' 2.63 63 . 1.68
' i
: 1 1
Note --
89 = very little, 2 = Tittle, 3 = somewhat, 4 = much, 5 = very much

b Number of subjects

¢ Arithmetic mean
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Table 7

Mean Ratings a on the Ooeration Questionnaire for the RD "B" School Samnle

tem Low Hedium | High
€ Sea State Sea State Sea State
NP X N X NoioX
) } I
] [} !
Operator Performance ' ! |
Hindered 37 +1.40 37 ' 3.49 35 t+ 4,57
] t |
Amount of Time I I
Operator Hindered 37 ,1.38 37 | 3.27 35 | 4,37
. |
Equipment Performance '
Hindered 37 : 1.40 37 1 2.89 35 | 3.97
i t
Amount of Time ) |
Equipment Performance , ' |
Hindered 37 | 1.38 37 ' 2.70 3% , 3.89
Amount of Time | | '
at Sea State 37 , 3.38 37 1 2.8 35 : 1.54
I
! . .

lote --
L very little, 2 = little, 3 = somewhat, 4 = much, 5 = very much
b Number of subjects

¢ Arithmetic mean
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Table 8

Mean Ratin_qsa on the Operation Questionnaire for the ASW School Sample

It Low Medium High
em Sea State Sea State Sea State
T L 1
N X© X Nox
) ' 1
' ; i
Operator Performance . ' |
Hindered 24 ' 1.33 24 ! 3.42 24 1 4.79
\ !
Amount of Time ' ' i
Operator Hindered 23 . 1.30 24 ' 3.50 24 | 4.7
1 |
Equipment Performance ! ! !
Hindered 24 ' 1.17 24 3.00 28 ' 4.75
1 |
Amount of Time ‘ ' |
Equipment Performance : u (
Hindered 24 : 1.17 24 |, 3.17 24 | 4.58
Amount of Time ! ' l
at Sea State 246 .+ 3.33 24 | 2.92 24 , 1.83
[} | L}
i 1 i
Nete -~
@ = very much, 2 = little, 3 = somewhat, 4 = much, 5 = very much

b Number of subjects

¢ Arithmetic mean




Equipment performance is also hindered to a greater extent as
sea state conditions become more severe. Again, along with increases
in the extent to which equipment performances are hindered as a function
of rougher sea state conditions, equipment performances are hindered a
greater amount of time at high sea states than at lower sea states.

While both equipment and operator performances are hindered to
a greater extent at high sea states, little ship operating time was in a
high state, somewhat more time was spent in a medium sea state, and much
of ship operating time was spent in a low sea state.

“Operator Hindered" question responses and "Time at Sea State"
question responses are presented graphically in Figure 1 for the ASW
subjects. The graphical presentation shows the relationship between the
operator being hindered and sea state conditions. At a low sea state
operators are hindered 1ittle and much ship operating time is spent at
the Tow sea state. While sonar operators are hindered to a greater de-
gree at high sea states, little ship operating time is at high sea states.
Stability of the means for the items is evident.

"Equipment Operation" question responses and "Time at Sea State"
are presented graphically in Figure 2 for ASW subjects. Again, as for
operators being hindered, at a low sea state equipment performance is
hindered 1ittle and much ship operating time is at a Tow sea state. While
sonar equipment operation is hindered to a greater extent at high sea
states little ship operating time is at high sea states. Stability of
the means for the items is also evident.

b. Maintenance questionnaire. Mean ratings for the 5-point rating
scale items evaluating the effects of sea state conditions on shipboard
maintainer performance and equipment maintenance requirements are presented
in Table 9 and Table 10, for the ET "C" School and ASW School subjects.

For each of the samples maintainer performance is hindered little
at a low sea state, a great deal more at a medium sea state, and somewhat
more at a high sea state. The higher the sea state, the more the main-
tainer's performance is hindered, and for a greater amount of time.

While the maintainer's performance is hindered more and for a
greater amount of time at higher sea states, ships operate most of the
time in lower sea state conditions.

A greater amount of equipment maintenance is also required as

sea state conditions become more severe. However, in general, Tittle
equipment naintenance is required as a result of sea state conditions.

3. Open Ended Questicns

a. Operation questionnaire. Results of the content analysis of open
ended quéstions for the RM "B" School (radio equipment) subjects are
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Table 9

et

ET "C" School Maintenance Mean Ratingsa

Item Low Medi um High
Sea State Sea State Sea State
—_ —— —~ —
Nb Xc N X N X

~

cmemy

Maintainer Performance

: | :
1 t 3
] ] [
§ Hindered 17 *1.53 17 v 3.76 15 ' 4.53
1 ' [}
] Amount of Time : I )
{ Maintainer Hindered 17 ., 1.47 17 , 3.59 15 14,87
; 1
! Amount of Time : . '
| at Sea State 17, 3.35 17 , 2.82 15 +1.60
' 1
. Equipment Maintenance . \ :
, Required 17 4 1.59 16 2.25 15 ! 2.60
1 ‘ '
[} ) l
Note --
Ll very little, 2 = little, 3 = somewhat, 4 = much, 5 = very much

b Number of subjects

¢ Arithmetic mean
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Table 10

ASK Scnool Maintenance Mean Ratingsa

Item Low Medium High
Sea State Sea State Sea State
] [ l_
Wooxe NoX NoroX
] ]
Maintainer Performance ' ' :
Hindered 3% 1+ 1.74 35 ' 3.9 33 \ 4.79
[}
Amount of Time ' ' '
Maintenance Hindered 3E 11,80 35 , 3.9 33 : 4,85
t
Amount of Time \ ' -
at Sea State 5 , 3.29 3% + 3.17 33 1+ 1.91
| ' '
Equipment Maintenance : ' I (
Required 35 \ 1.20 35 , 1.9 33 , 2.18
! Z .
Note --
a9 - very little, 2 = little, 3 = somewhat, 4 = much, 5 = very much

b Number of subjects

C Arithmetic mean
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presented in Table 11 and Table 12 for the "Operator Hindered" question
and the "Equipment Performance Hindered" question. Complete coding out-
lines are in Appendix C for the "Operator Question" and Appendix D for
the "Equipment Question."

For the "Operator Question", at a low sea state, the most frequent
responses are "No Problems", "No Answer", and "Seasickness." At a medium
sea state most frequent responses are "Personal Balance-Motility Problems",
"Seasickness", and "Equipment Displacement.” Again at a high sea state,
"Personal Balance-Motility Problems", "Seasickness", and "Equipment Dis-
placement" are most frequent. "Equipment Displacement" is defined as move-
ment of equipment or tools.

For the "Equipment Operation" question, most frequent responses at
a low sea state are "No Problem", "No Answer", "Transmitters Out of Adjust-
ment and Noise", and "Antenna Problems." At a medium sea state, "Trans-
mitters Out of Adjustment and Noise", "Antenna Problems", "No Answer", "No
Problem", and "Equipment Displacement" are most frequent. At a high sea
state, "Antenna Problems", "Transmitters Out of Adjustment and Noise", and
"Equipment Displacement" appear most frequently.

Results of the content analysis for the RD "B" School (radar
equipment) subjects are presented in Table 13 and Table 14 for the "Operator
Hindered" and "Equipment Performance Hindered" question, For the "Operator"
questions (See Appendix E for complete coding outline) at a Tow sea state,
the most frequent responses are "No Problems", "Mo Answer". "Seasickness",
and "Sea Return." At a medium sea state, "Seasickness", "Personal Balance-
Motility Problems", "Seating Difficulty", "Fatigue”, and "Radar Scope Dif-
ficulty" are most frequent. The same categories are most frequent at a
high sea state.

For the "Equipment" questions (See Appendix F for complete coding
outline) at a Tow sea state, "No Problem", "No Answer", and "Sea Return"
are most frequent. At a medium sea state, "Sea Return", "Antenna Problems",
"Radar Signal Degradation", and "Equipment Displacement" are most frequent.
The same categories are most frequent at a high sea state.

Results of the content analysis for the sonar operators' “Operator
Hindered" question are presented in Table 15, and Table 16 contains results
of the "Equipment Performance Hindered" question. Most frequent responses
for the "Operator" question at a low sea state (See Appendix G for complete
coding outline) ure "No Problems", "No Answer", "Fatigue", "Scope Problems",
and "Miscellaneous." For a medium sea state, "Seasickness", "Seating Diffi-
culty", "General Operation Difficulty”, "Fatigue", ana "Miscellaneous" are
most frequent. "Seasickness", "Seating Difficulty", "General Operation
Difficulty”, "Personal Balance-Motility Problems", and "Equipment Displace-
ment" are most frequent at a high sea state.

At a Tow sea state (See Appendix H for complete coding outline)
the most frequent responses are "No Problem", "No Answer", and "Miscellan-
eous Problems" for the "Equipment Operation Hindered" question, At a
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Table 1

Radio Operator Hindered
Open Ended Question

Low Medium High
Category Sea State Sea State Sea State
. a, d . blp.d . C | pankd
Proportion® ! Rank ™ |Proportion :Rank Proportion™ 1 Rank
| |
1. Seasickness 63 .25 : 2 32
2. Equipment ! '
Displacement .01 | 8.5 J2 |3 63
3. Perscnal Balance - ' | |
Motility Probiems .06 | 6 .30 l 1 24 | 2
4. Seating Difficulty 0 ! 85 .07 ; 5 .06 | 5.5
{
5. Equipment Problem .09 | 4 .07 l 5 .07 | 4
6. No Problems 32 .05 | 7.5 .01 : 9
7. No Answer .25 | 2 .07 | 5 .06 ' 5.5
Miscellaneous .07 l'5 .05 | 7.5 .05 |7
|
9. Fatique .03 : 7 .02 ' 9 .03 | 8
|
| ' ]
lote --

Proportion based on 69 responses

Proportion based on 84 responses

Proportion based on 103 responses

Categories were ranked from most frequent to least frequent
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Table 12

Radio Equipment Operation Hindered

Ooer _nded Question

Cat Low riedium High
ategory Sea State Sea State Sea State
L] I r
Proportiona; Rankd Prooortionq P\ankd PronortionC. Ra‘nkd
1 1
|
Transmitters Out : | '
of Adjustment | I
and Noise 12 3 20 23 2.5
' [
Antenna Problems .09 ) 4 .18 | .24 '
| |
Equipment [ |
Displacement .01 I8 .15 ‘ .23 2.5
| I
Electrical Power | | |
Loss .01 8 .04 .04 7
| | |
Equioment
Heating .07 5 .04 | .04 | 7
i .
General Damage ! ' |
to Equipment .04 6 07 .07 | 5
I
No Problem .32 | 1.5 g4 | .04 ' 7
Miscellaneous | | I
Problems .01 | 8 .01 | .02 9
|
No Answer 32 1.5 g ! 1 [ 4
|
| I |
Note --

Proportion based on 69 responses
Proportion based on 74 responses

Proportion based on 84 responses

d

21

Categories were ranked from most frequent to least frequent




Table 13

Radar Operator Hindered
Open Ended Question

Category Low Medium High
Sea State Sea State Sea State
Proportiona: Ramkd Proportiorp E Rank.‘d Proporti cnci Rank ¢
} \ t
1. Seasickness 1 b3 .28 | ] .30 { 1
i
2. Equipment | ’ ]
Displacement .00 i 10 .05 | 6 .06 | 6
3. Personal Balarze- : | |
Motility Problems .00 ‘ 10 .19 : 2 .20 2
{
4, Seating | !
Difficulty 00, 10 a4 3 a4 |3
| i
5. Equipment Problems .05 b6 .00 | 1 .00 ‘ 1N
|
6. No Problems .39 | ] .02 | 10 .02 | 10
7. No Answer 246 2 .04 : 8 03 | 8.5
8. Miscellaneous 03 '8 04 18 .05 : 7
{
9. Fatigue 05,6 a2 b J 4
|
10. Radar Scope I I |
Difficulty .05 | 6 .09 5 .08 | 5
11. Sea Return .08 | 4 .04 : 8 .03 | 8.5
| | |
Note --

Proportion based on 38 responses
Proportion based on 57 responses

Proportion based on 66 responses

d Categories were ranked from most frequent to least frequent

22




Table 14

Radar Equipment Performance Hindered
Open Ended Question

Low Medium High
Category Sea State Sea State Sea State
T 'Y} ” X
Proportiona;Rankd Pro;artio#ﬂ Rank" ProportionCIRankd
n 1
' ! |
1. Sea Return .15 t3 .29 o 13 | 4
| 1
2. Antenna Problems 05 5 a7 1 2.5 .25 : 1
[
3. Equipment ! ‘ |
Displacement .00 t 9.5 13 ' 4 .15 | 3
[
4. Electrical Power I I I
Loss .00 1 9.5 .06 | 6 .06 7
5. Equipment Heating .00 : 9.5 .00 ' 10.5 .01 110
[ |
6. General Damage ! | ,
to Equipment .05 5 .06 6 .07 ' 5.5
|
7. No Problem .33 : 1.5 | .02 9 00 M
8. Miscellaneous ! ! |
Problems .03 v 7 .06 | 6 .07 , 5.5
9. Mo Answer 33 1.5 04 | 8 04 |8
‘ |
10. Radar Signal i ' '
Degradation .05 | 5 7 | 2.5 .16 | 2
11. Equipment Secured .00 : 9.5 .00  110.5 03 19
I
! , 2
Note --

Proportion based on 39 responses
Proportion based on 52 responses

Proportion based on 67 responses

d Cateyories were ranked from most frequent to least frequent
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Table 15

Sonar Operator Hindered
Open Ended Question

Low Medium High
Category Sea State Sea State Sea State
3, d . b d . L d
Proport1oﬁ; Rank Proport1onq Rank®| Proportiorfi Rank
| |
: }
|
1. Seasickness .04 "6 .26 : 1 .32 [
| |
2. Equipment : ! |
Displacement .00 8.5 .06 : 8 .07 {5
|
3. Personal Balance- | ' !
Motility Problems .00 , 8.5 .09 I 6 2 : 4
|
4, Seating : I l
Difficulty .00 ' 8.5 .14 | ¢ .20 I 2.5
[
5. General Operation ' ! |
Difficulty .00 ' 8.5 R | 3.5 20, 2.5
i
]
6. No Problems 40 03 9.5 0. ' 9.5
|
|
7. No Answer .24 | 2 .09 I 6 .00 I 9.5
l
8. Miscellaneous 08 ! 4.5 03 ' 9.5 056
| |
9. Fatigue .16 3 R | 3.5 .02 I 7.5
|
10. Scope Problems 4,5 .09 6 02 7.5
|
| l

|

.08 !
|

o

Note --

Proportion based on 25 responses

b

Proportion based on 35 responses

c .
Proportion based on 41 rasponses

d Categories were ranked from most frequent to least frequent
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Table 16

Sonar Equipment Operation Hindered
Open Ended Question

Category Sea gthe SegegigTe Seg]ggate
ProportionaERankd Proportion%Rankd Proportioﬁ; Rank
1. Quenching .04 : 4.5 39 1 32
2. MNoise 00 8 1 : 3.5 | .10 : 3
3. Safety Problem .00 | 8 11 ’ 3.5 .06 | 6
4. Sonar Signal | ‘ |
Degradation 00 18 42 26 | 2
5. Vibration .00 : 8 .00 | 10 .06 | 6
6. General Damage | ' !
to Equipment .04 | 4.5 .04 , 8 .06 I 6
7. No Problem 46 1 .07 : 55( .00 | 9.5
8. Miscellaneous | | |
Problems J2 13 048 00 | 9.5
9. No Answer .33 : 2 .07 | 5.5 .06 : 6
10. Water Problems 00 18 04 8 06 | 6
| | |
Note --

a .
Proportion based on 24 responses
Proportion based on 28 responses

c
Proportion based on 31 responses

dCategories were ranked from most frequent to least frequent
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medium sea state "Quenching", "Sonar Signal Degradation", "Noise", and
“Safety Problem" are most frequent. "Quenching", "Sonar Signal Degrada-
tion", and "Noise" are most frequent at a high sea state.

b. Maintenance questionnaire. Results of the content analysis of
open ended questions for the chool (sonar equipment) sample are pre-
sented in Table 17 and Table 18 for the "Maintainer Hindered" and "Main-
tenance Required" questions. Complete coding outlines are in Appendix I
and Appendix J for the "Maintainer Hindered" and "Maintenance Required"
questions. For the "Maintainer" questions at a low sea state, "No Problem",
"No Answer", "Equipment Displacement", "Pitch and Roll Conditions", and
"Miscellaneous" are most frequent. "Safety Hazards", "Personal Balance-
Motility Problems", "Equipment Displacement", and "Pitch and Roll Condi-
tions" are most frequent at a medium sea state. At a high sea state, ’
"Safety Hazards", "Personal Balance-Motility Problems", "Pitch and Roll
Conditions", and "Equipment Displacement" are most frequent.

For the "Equipment Maintenance Required" questions at a lTow sea
state, "No Answer", "No Problem", and "General Equipment Damage" are most
frequent. "No Answer", "Vibration-Shock Caused Damage", "General Equipment
Damage", "Normal Maintenance Problems", and "No Problem" are most frequent
at a medium sea state. At a high sea state, "No Answer", "Vibration-Shock
Damage", "General Equipment Damage", "Equipment Calibration", "No Problem",
and "Topside Equipment Damage" are most frequent.

Results of the content analysis for the ET "C" School subjects (radio
and radar equipment) are in Table 19 for the "Maintainer Hindered" question,
and Table 20 contains results for the "Maintenance Required" question. Complete
codinag outlines for the two questions are in Appendix K and Appendix L. At
a low sea state, "No Answer", "Personal Balance-Motility Problems", and
"No Problems" are most frequent for the "Operator" question. "Personal
Balance-Motility Problems", "Equipment Displacement", "Safety Hazards",
and “No Answer" are most frequent at a medium sea state. At a high sea
state, "Personal Balance-Motility Problems", "Pitch and Roll Conditions",
"Safety Hazards", and "No Answer" are most frequent.

For the "Maintenance Required" questions at a low sea state, "No
Answer", "Normal Maintenance Problems", "Corrosion-Water Damage", and "No
Problem" are most frequent. Most frequent responses at a medium sea state
include "Equipment Displacement-Vibration Damage", "No Answer", and "Normal
Maintenance Problems." At a high sea state, "No Answer", "Equipment Dis-
placement-Vibration Damage", "Corrosion-Water Damage", and "Antenna Problems"
are most frequent.

4, Limitations

The present research presents valuable questionnaire data concerning
the effects of sea states on shipboard equipment operation and maintenance.
However, the validity of the findings may be somewhat limited by limitations
inherent in the questionnaire approach. The data is based on questionnaire
responses; no experimental evaluations of the effects of sea states were
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Table 17

Sonar Maintainer Hindered

Open End Question Responses

C Low Medium High
ategory Sea State Sea State Sea State
! | T
Proportiona:Rankd Proportionbi Rankd| ProportionC: Rankd
1
| |
Seasickness 00 18 04, 5.5 05 6
|
Equipment ‘ '
Displacement 1 |4 .22 : 3 2 4
| [
Personal Balance- ‘ 3 |
Motility Problems .06 7 .24 |2 .19 ! 2
|
|
Safety Hazards .09 | 6 .27 I ] 40 (]
Pitch and Rol1 ' | l
Conditions 1 ' 4 .16 | 4 .16 ;3
|
No Problem .29 1 00 ;8 00 |8
|
No Answer .23 |2 04 155 05 | 6
l
Miscellaneous SRR 02 7 05 | 6
| , l
Note --

a .
Proportion based on 35 responses

Proportion based on 45 responses

c .
Proportion based on 43 responses

Categories were ranked from mcst frequent to
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Table 18

Sonar Maintenance Required
Open End Question Responses

Low Medium High
Category Sea State Sea State Sea State
Proportiona‘;Rankd ProportioannRankd Proportiod% Rankd
| ! !
1. Normal Main- | ! |
tenance Problems .06 | 4 h 1 4.5 .05 7.5
| I
2. Topside Equipment ! ! [
Damage .03 | 6 .05 , 6.5 .08 1 5
3. Vibration-Shock , I '
Caused Damage .00 ; 8.5 .18 | 2 21 L2
4, General Equipment I ' |
Damage N | 3 13 |3 15 I3
i
5. Equipment Dis- I | |
placement .00 l 8.5 .03 | 8.5 .03 | 9
6. No Problem .26 | 2 1 : 4.5 .08 | 5
7. No Answer .49 1 .32 ] .28 I
8. Miscellaneous .03 | 6 .05 : 6.5 .05 : 7.5
9, Equipment | l (
Calibration .03 ' 6 .03 | 8.5 .08 ‘ 5
I | l
Note --

2 Proportion based on 35 responses

b Proportion based on 38 responses

¢ Proportion based on 39 responses

d

28
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Table 19

Radio-Radar Maintainer Hindered
Open End Question Responses

Category Low Medium High
Sea State Sea State Sea State
. a' d . b d . C, d
Proportion~' Rank™ | Proportion ' Rank™| Proportion ;Rank
4 i
| |
1. Seasickness | 06 5 095 .05 | 5.5
2. Equipment ’ ! ‘
Displacement .00 t7.5 .18 2.5 .00 7.5
|
3. Personal Falance- ‘ ! ;
MotiTlity Problems 21 2 .32 (1 .27 1.5
| |
4. Safety Hazards .00 ( 7.5 .18 b 2.5 .18 3.5
5. Pitch and Roll | | .
Conditions .06 L5 .05 | 6.5 .27 . 1.5
6. No Problems .18 3 05 1 6.5 00 7.5
|
f
7. No Answer 41 a4 s 18 3.5
| 1
8. Miscellaneous 06 5 00 8 .05 | 5.5
|
+ ! '
Note --

a Proportion based on 17 responses
b Proportion based on 22 responses

c .
Proportion based on 22 responses

o Categories were ranked from most frequent to least frequent
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Table 20

Radio-Radar Maintenance Required
Open End Question Rasponses

Low Medium High
Category Sea State Sea State Sea State
T Al
Proportiona.Rankd PrOportioanRankd Proportion®| Rank?
+ ' '
Normal Main- ' , |
tenance Problems .29 2 .22 ' 2.5 .00 6
l [
Corrosion-Water , |
Damage 12 | 3 .00 ' 6.5 .20 t 3.5
Antenna Problems 00 6 06 | 45 20 1 3.5
Equipment Displace- ‘ | l
ment/Vibration |
Damage .00 | 6 .44 1 .25 |2
No Problem 05 4 00 1 6.5 00 |6
No Answer 53] 22 las| s 1
I
Miscellaneous .00 : 6 06 4 006
l
I
Note --

Proportion based on 17 responses
Proportion based on 18 responses

¢
Proportion based on 20 responses

Categories were ranked from most frequent to least frequent
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gathered. While the research relies on the ability of subjects to judge
the effect of factors that influence their performance, experienced Naval
personnel were used as subjects. Another factor that may limit the gener-
ality of the findings is the lack of statistical testing of hypotheses.
Within the scope of these limitations, the present research extends the
available data concerning the effects o sea states on the operation and
maintenance of shipboard equipment.

5. Stable Ship Effects

a. Operation questionnaire. Included in the questionnaire was a
5-point rating scale asking if the ship was fully unaffected by all sea
states, how much the overall operation of the equipment would be improved.
For the samples the overall operation would be somgwhat to much improved
[RM "B" School (X = 2.93, N = 54); RD "B" School (X = 3.45, N = 31); ASW
School (X = 4.08, N = 24)].

b. Maintenance questionnaire. Included in the questionnaire was a
5-point rating scale asking if the ship was fully unaffected by all sea states,
how much the overall maintainability of the equipment would be improved.

For the samples the overall maintenance of the equipment would be somewhat
to muc?]improved [ET "C" School (X = 3.38, N = 16); ASW School (X = 3.94,
N=234)].

E. CONCLUSIONS

1.  Operation Questionnaire

Both operator and equipment performance are increasingly hindered
as sea state conditions become rougher. However, most ship operating
time is in lower sea states.

The types of problems that hinder radar, radio, and sonar operators
can be grouped into problems that hindered all of the operators and prob-
lems specific to each type of equipment. Examples of common problems include
seasickness, equipment displacement, pnersonal balance-motility problems,
seating difficulty, and fatigue. Examples of specific problems include radar
scope difficulty and radio interference.

The types of problems that hinder equipment performance include problems
common to radar, sonar, and radio equipment and problems specific to each
type of equipment. Common problems include equipment displacement. Speci-
fic problems include quenching for sonar equipment, radar signal degradation
for radar equipment, and transmitter adjustment for radio equipment.

While the rough sea environment has little effect on the stated desire
to make a career in the Navy, it has a somewhat greater effect on the
desirability of sea duty. Consequently, it would seem that a stable ship,
such as a semi-submerged type, would enhance the desirability of shipboard
sea duty.
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Each of the Operation Questionnaire samples believed that the overall
operation of their equipment would be "some" to "much" improved on a
completely stable ship.

2. Maintenance Questionnaire

While maintainer performance is increasingly hindered at higher sea
state conditions, most ship operating time is at lower sea states. A
greater amount of equipment maintenance is also required at higher sea
states.

The types of problems that hinder maintainers include problems common
to radio-radar maintainers and sonar maintainers. Problems include seasick-
ness, equipment displacement, maneuverability problems, safety hazards,
and pitch and roll conditions.

The types of problems that require equipment maintenanc~ include
corrosion-water damage, antenna problems, and equipment displacement-
vibration problems for radio-radar equipment. Topside equipment damage,
vibration and shock damage, and equipment displacement required maintenance
of sonar equipment.

Again, for the Maintenance Questionnaire subjects, the rough sea en-
vironment nas little effect on the desire for a Navy career and a somewhat
greater effect on the desirability of shipboard sea duty.

Each of the Maintenance Questionnaire samples believed that the overall

maintainability of their equipment would be "sowe" to "much" improved if
placed on a completely stable ship.

F. RECOMMENDATIONS

Based upon results of this limited researcn, it is recommended that:

1. Research to determine the feasibility of developing stable Navy
ships be expanded.

2. TFurther personnel research be conducted to more accurately assess

the effects of unstable ship conditions on personnel and equipment
performance and equipment operation and maintenance.
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1. Rating:

2. Rate:

3. Shipboard Sea Duty
a. Present or last shipbcard sea duty:
1. Ship type: [Jearrier [(Jeruiser [Jdestroyer [Jamphibious
(Omine sweep [Jsubmarine (Jauxiliary

(Jother (specify)

2. Ship name:
b. Past shipboard sea duty*

Ship Type Years of Shipboard Sea Duty

Carrier

Cruiser
Destroyer
Amphibious

Mine Sweep
Submarine
Auxiliary

Other (specify)

4. How much does the rough sea environment affect the desirability of
shipboard sea duty?

O very little O 1ittle () some (Jmuch (Q very much

5. How important is the rough sea environment to your desire for a career
in the Navy?

(O rot important () somewhat important ([} verage importance

(] above average importance [ ]extremely important
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6. Type of equipment: [Jradar (Jsonar (Jradio [Jother (specify)

7. Your responsibility for equipment: Doperate Dsupervise operator

Think of a time when your ship was operating in a light to moderate breeze
with one to two foot waves an¢ a smooth to moderate sea state.

8. How much was the operator's performance hindered by this sea state?

Overy 1ittle ([Jlittle (Jsome [Jmuch [Jvery much

9. While operating at this sea state how much time was the operator's
performance hindered?

[ very 1ittle [Jiittle [Jsome () much (] very much

10. What type of problem hindered the operator?

11. How much was the equipment performance hindered at this sea state?
Overy 1ittle [Jiittle [Jsome [Jmuch [Jvery much

12. While operating at this sea state, how much time was the equipment per-
formance hindered?

Dvery little (Jlittle (Osome ([Jmuch (] very much

13. What type of problem hindered the equipmel.t performance?
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4. While operating at sea, how much time was your ship in this sea state?

Overy 1ittie [Jiittle [Jsome [Jmuch [Jvery much

Think of a time when your ship was operating in a fresh to strong i
breeze, 4-12 foot waves, and a rough to very rough sea state.

15. How much was the operator's performance hindered by this sea state?
Overy 1ittle [Jiittle [Jsome [Jmuch [Jvery much

16. While operating at this sea state, how much time was the operator's .
performance hindered?

Overy little [Jiittle ([OJsome (Jmuch [Jvery much
17. What type of problem hindered the operator?

18. How much was the equipment performance hindered at this sea state?
(Jvery 1ittle ([Jiittle {Osome (Jmuch [Jvery much

19. While operating at this sea state, how much time was the equipment per-
formance hindered?

Overy 1ittle [Jiittle [Osome [Jmuch {Jvery much

20. What type of problem hindered the equipment performance?

21. While operating at sea, how much time was your ship in this sea state?

Overy 1ittle (Jiittle [Jsome ([Jmuch (Jvery much
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Think of a time when your ship was operating in a moderate to whole
gale or storm, 20-40 foot waves, and a high to extremely high sea state.

22. How much was the operator's performance hindered by this sea state?

(O very little ([Jilittle [([Jsome [Jmuch [Jvery much

23. While operating at this sea state, how much time was the operator's
performance hindered?

Overy 1itt1le ([Jiittle ([Jsome [Jmuch [Jvery much

24, What type of problem hindered the operator?

25, How much was the equipment performance hindered at this sea state?

Overy 1ittle [Jilittle [Jsoame ([Jmuch ([J very much

26. While operating at this sea state, how much time was the equipment
performance hindered?

Overy 1ittle ([Jiittle [Jsome (Jmuch (O very much

27. What type of problem hindered the equipment performance?

28, While operating at seu, how much time was your ship in this sea state?

(Jvery 1ittle [([Jiittle ([Jsome ([Omuch [Jvery much

29, If your ship was fully unaffected by all sea states, how much would the
overall operation of this type of equipment be improved?

Overy 1ittle [Jiittle [Osome [Jmuch (Jvery much
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APPENDIX B

Maintenance Questionnaire

As part of a program to develop better Navy ships, you are being
administered questionnaires to determine the effects of sea states on

shipboard equipment maintenance.

Answer questions 6 - 26 with reference to your present or last

shipboard sea duty ship type.

o Preceding page blank
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l. Rating:

2. Rate:

3. Shipboard Sea Juty
5 a. Present or last shipboard sea duty:
1. Ship type: [Jcarrier [Jcruiser [Jdestroyer (QJamphibious

3V

(Omine sweep [Jsubmarine (Jauxiliary
(Jother (specify)

2. Ship name:

b. Past shipboard sea duty:

Ship Type Years of Shipboard Sea Duty

Carrier
Cruiser
Destroyer
Amphibious

! Mine Sweep

, Submarine

Lo Auxiliary
Other (specify)

T

f

4. How much does the rough sea enviromment affect the desirability of
shipboard sea duty?

(O very 1littie [J1ittle [Jsome (Jmuch [Jvery much

5. How important is the rough sea environment to your desire for a career
in the Navy?

(O not important []somewhat important ([ Javerage importance

. (] above average importance [ ]extremely important
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6. Tvpe of equipment: [Jradar ([Jsonar [Jradio {J)other (specify)

7. Your responsibility for equipment: [Jmaintain (Jsupervise maintenance.

Think of a time when your ship was operating in a light to moderate breeze
with one to two foot waves and a smooth to moderate sea state.

8. How much was the maintainer's performance hindered by this sea state?
Query little ([Jiittle ([Jsome [Omuch [Jvery much

3. While operating at this sea state, how much time was the maintainer's
performance hindered?

Overy 1ittle [Diittle [Jsome ([Jmuch [Jvery much
10. What type of problem hindered the maintainer?

11. While operating at sea, how much time was your ship in this sea state?
Overy 1ittle [Jiittle ([Jsome ([Jmuch [Jvery much
12. How much equipment maintenance was required because of this sea state?

Quvery little [Jiittle [Jsome [Omuch ([Jvery much

13, What type of problem required maintenance?

Think of a time when your ship was operating in a fresh to strong breeze,
4-12 foot waves, and a rough to very rough sea state.
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: 14, How much was the maintainer's performance hindered by this sea state?
O very little D little (Jsome Dmuch O very much

{ 15. While operating at this sea state, how much time was the maintainer's
performance hindered?

Overy 1ittle ([Jiittle [Jsome (Jmuch [Jvery mxch

16. What type of problem hindered the maintainer?

17. While operating at sea, how much time was your ship in this sea state?
; Overy 1ittle [Jiittle [Jsoe (Omuch  [Jvery much
: 18. How much equipment maintenance was required because of this sea state?
: Overy 1ittle ([Jiittle [Jsome [Jmuch [Jvery much

13. What type of problem required maintenance?

Think of a time when your ship was operating in a moderate to whole gale or
storm, 20-40 foot waves, and a high to extremely high sea state.

20. How much was the maintainer's performance hindered by this sea state?

O very 1ittle (Jiittle ([Jsome (Jmuch (Jvery much

21. While operating at this sea state, how much time was the maintainer's per-
formance hindered?

Overy little [Jiittle [Jsome (Jmuch {Jvery much
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22, What type of problem hindered the maintainer?

23. While operating at sea, how much time was your ship in this sea state?
Overy 1ittle [Jiittle (Jsome [Jmuch ([Jvery much

24, How much equipment maintenance was required because of this sea state?
Overy 1ittle [Jiittle [Osome [(Jmuch ([J very much

25. What type of problem required maintenance?

26, If your ship was fully unaffected by all sea states, how much would the
overall maintainability of the equipment be improved?

(O very little (Oiittle Osome {Jmuch ([Jvery much
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APPENDIX C

Radio Operator Coding Outline

Seasickness
Code in this category mention of seasickness, illness or discomfort.

Equipment Displacement

Code 1in this category mention of flying or sliding objects, picking
up or avoiding moving objects, drawers sliding open, objects falling
from racks.

Personal Balance-Motility Problems

Code in this category ention of difficulty in moving about, being
unbalanced, inability to self-nasigate, having to hold on, being
bounced around, coordination proolems.

Seating Difficulty

Code in this category mention of chairs not remaining stationary,
not able to stay seated, not able to stay at equipment position.

Equipment Problems

Code in this category mention of equipment problems not covered by cate-
gory #2 above. For example, shifts in frequencies, had to shut down
equipment.

No Problems

Code in this category responses of "none" or "no problems" or similar
response:s.

No Answer
Code in this category if subject did not respond with a written answer.

Miscellaneous

Code in this category responses not covered by categories 1-7 above.

Fatigue

Specific mention of being tired or fatigued, but not seasick.
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APPENDIN D

welio Poulpment Operation Coding Outline

Sranomd tters gt O Adjustment and Noise

Transmitters irifting, unstable. Lose tolerance of transmitter. Unable
to heep on frequency, unstable. Out of phase. Fquipment picks up noise,
oseillations.

Antenna Problems

Specific mention of antenna breaking, clunking. 3alt or water on antenna.
Wires associated with antenna damaged. Loss of antenna.

fquiprent Displacement

Fquipment moving, sliding, bounced around, shifting. Drawers opening.
Yibration loosens, vibration.

Flectrical Power Loss

Loss of electrical power, broadcast. Electrical load dropped.

Equipment Heating

Equipment overheats because air conditioning is secured, shut off. Heat,
excess heat. Poor ventilation, overheating.

General Damage to Equipment

Equipment damage; normal electrical, electronic problems; wear and tear
on equipment,

No Problem

Specific mention of "no problems." Use of "none." If no response at all
code under category 9.

Miscellaneous Problems

Code in this category problems not covered by categories 1-7 above.

No Answer

Code under this category if no written vesponse is given.
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APPENDIX L

Radar Overator Coding Qutline

AL e L

1. Seasickness
Mention of seasickness, illness, or discomfort.

2. Equipment Dispiacement

Flying or sliding objects, picking up or avoiding moving objects,
drawers sliding open, objects falling from racks, having to secure
; . equipment.

3. Personal Balance-liotility Problems

Maneuverability difficulty, being unbalanced, balance problems, in-
ability to self-navigate, having to hold on, bounced around, coordina-
tion problems.

4. Seating Difficulty

Chairs not remaining stationary, not able to stay seated, not able to
stay at equipment position, poor seating.

5. Equipment Problems

Mention of equipment problems not covered by category #2 above. For
example, equipment calibration, age of equipment.

6. No Problems

Code in this category responses of '"none", "no problems", or "not
applicable".

7. No Answer
Code in this category if no written response is present.

8. Miscellaneous

. Code in this category responses not covered by categories 1-7 and 9.

g. Fatigge

Code in this cetegory mention of peing tired or fatigued, too much time
on equipment, shortage of persomnel, watches too long, strain on
operator.

10. Radar Scope Difficulty

Difficulty in maintaining plots, getting bearings accurate, affects
detection of targets, difficult to work on charts, difficulty in giving
marks, maintaining hand logs, contacts not held constantly, difficulty
in reading radar scope.
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3.

10.

APPENDIX F

Radar Equipment Operation Coding Outline

Sea Return

Sea return, only if no problem mentioned as caused by. Weather, at-
mospheric conditions.

Antenna Problems

Specific mention of antenna breaking, sea water splashing antenna.
Rotation problems, antenna had to be stopped or secured. Antenna
useless, stalled.

Equipment Displacement

Equipment moving, sliding, bounced around, shifting, flying objects.
Vibration, vibration loosens equipment, jarred loose.

Electrical Power Loss

Loss of electrical power, fuses blown.

Equipment Heating

Equipment overheats because air conditioning is secured. Heat, excess
heat, poor ventilation, overheating.

General Damage to Equipment

Equipment damage, down time greater for equipment, equipment falling
apart, equipment failures, useless.

No Problem

Specific mention of "no problems", "none." General comments indicating
no difficulty. If no written response code under category #9.

Miscellaneous Problems i

Problems not covered by other categories.

No Answer

Code under this category if no written response is given.

Radar Signal Degradation

Fluctuation in signal, loss of detection ranges, reduction of detection
ranges. False impression picked up, target identification difficult.

Radar picks up mostly waves, reduced sensitivity, presentation lost. Track
not kept on contact, not good radar contact.
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ing Outline

Radar

Equipment Secured

X.

No other problem mentioned.
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2.

3.

4.

7.

9.

10,

APPENDIX G
Sonar Operator Coding Outline

Seasickness

Seasickness, illness, discomfort.

Equipment Displacement

Missile hazards, avoiding moving objects, secure equipment.

Personal Balance-Motility Problems

Balance problems, having to hold on, bounced around, «xindin:ztion problems.

Seating Difficulty

Difficulty in remaining in chair, sitting, having to hang onto chair,
strapped in chair.

General Operation Difficulty

Concentration on equipment interrupted, distracted by rolling ship,
unable to determine data from console, unable to operate, difficulty
gaining or maintaining contact.

No Problems

"No problems", "none", other responses indicating no problems caused by
sea state. ,

No Answer
No written response is present.,

Miscellaneous

Responses not covered by other categories.

Fatigue

Tired or fatigues, too much time on equipment, shortage of personnel,
watches too long, boredom, drowsiness.

Quenching and Noise Effect on Scope

Quenching of sonar scope, scope blank due to quenching, sea noise,
quenching.
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APPINDIX H

Sonar Equipment Operation Coding Outline
Quenching
Quenching, quenching effect, equipment quenches.
Noise

Noise interfererce, excessive sea noise, noise generated in system.

Safety Problems

’Safety, safety problems.

scnar Signal Degradation
Reduceu detection range, loss of signal, echo, unable to maintain contact.

Vibration

Vibration

General Damage to Equipment

Wear out equipment, equipment damage.
No Problem

"No problem", "None." General comments indicating no problems.
Miscellaneous Problems

Problems not covered by other categories.
No Answer

No written response.

Water Problems

Not being able to keep water from equipment.
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8.

APPENDIX 1

Radio-Radar Maintainer Coding Outline

Seasickness

Seasick, irritable, nauseous

Equipment Displacement

Having to keep equ.. +ent secured, equipment rolling, sliding.
Personal Balance-Motil. ‘- Problems

Unsteady, unbalanced, lose “zlance, difficulty climbing ladders,
carrying equipment, both hands 1eeded for support.

Safety Hazards

Unsafe to open equipment, hazardous coriitions, safety hazards.
Pitch and Roll Conditions ‘

Extreme roll conditions, roll, rocking, not able to work under conditions.
No Problems

"No problems", "none".

No Answer

No written response.
Miscellaneous

Comments not covered by above categories.
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APPENDIX J

Radio-Radar Equipment Maintenance Coding Outliine

Normal Maintenance Problems

Normal maintenance, ncrmal probliems, normal equipment failures, natural
problems.

Corrosion-Water Damage

Corrosion, sea water in equipment, water, or ice damage.

Antenna Problems

Antenna problems, loss
Equipment Displacement-Vibration Damage

Vibration causes failure, damage, equipment jars, having to secure
equipment because of damage, shock problems, equipment breaks loose
and is damaged.

No Problems

"No problem", "none."

No Answer

No written response.

Miscellaneous

Comments not covered by above categories.
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APPEDIX K

Seasickness
Seasick, irritable, nauseous.

Equipment Displacement

Movement of equipment, equipment had t¢ be secured, gear and equipment
rolls ard slides.

Personal Balance-Mctility Problems

Unable to stand, thrown into equipment, unsteady, unbalanced, having
to support self.

Safety Hazards

Unsafe to open equipment, hazardous conditions, safety nazards, maintenance

is dangerous, mention of danger.
Pitch and Roll Conditions

Extreme roll conditions, rolling, rocking, not able to maintain under
conditions, general comments about rough conditions causing problems.

No Problems

"None", "no problems." General camments indicating no problems or normal
problems only.

No Answer
No writien response.

Miscellaneous

Comments not covered by other categories.
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APPENDIX L

Sonar Equipment Maintenance Coding Outline

Normal Maintenance Problems

Normal maintenance, normmal problems, normel failures, not related to
sea state.

Topside Equipment Damage
Topside equipment preservation, repair of topside equipment damage.

Vibration-Shock Caused Damage

Parts coming loose and damaged, components break down because of
vibration, shock-~vibration inflicted casualties.

General Equipment Damage

System casualties, multiple problems, specific problems not part of
normal maintenance.

Equipment Displacement

Equipment sliding, moving, securing equipment.
No Problems

"No problems", "none," "not applicable."

No Answer

No written response.

Miscellanecus

Comments not covered by above categories.

Equipment Calibration

Calibration, adjust circuits.
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