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AIR MODE

TECHEVAL REPORT

Section 1

INTRODUCTION

1.1 Backg round. The MR 12 SSDS was developed to provide the Navy with two
distinctly different diving capabilities, using the same diving system. The
f i r s t , and mos t importan t, is a shallow water salvage capability for use when
a lightweight diving system is unsuitable ; and the second is a deep dive capa-
bil i ty for use when saturation diving equipment is impractical or not available.
The MK 12 system replaces the older MR V “hard hat” system , which had been the
ntandard in the U. S. Navy since 1918. The Navy Sa lvage Dive rs capability has
bee n seve rely rest rained due to lack of research and development in diving and
the failure to use modern materials and production techniques . In a survey
conduc ted by the Navy in 1971, it was determined that a single diving system
meeting Navy requirements was not available commercially . Subsequently in
1972 , development of the MR 12 SSDS commenced. Diver safety , mobility and
and comfort were the basic criteria for the MK 12 SSDS, and the desi gn in-
cludes the following features :

General

- S ta t e—of—the—ar t  materials and production techniques .

- Complete in terchangeability of parts .

— Reduced overall system weight.

- Increased diver sa fe ty .

• He lme t Assembly

- Reduced helmet noise.

— Increased f i e l d  of vision.

- P- .I s it i v e  and negative buoyancy control.

— Reduced repair time .

Dress Assembly

— Provision of a dry dive r envelope.

— Improve d diver weigh t distribution .

— Redu ced possibility of diver blowup .

-. improved diver mob ility.
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— Spare  part s .

- W e l d in g  s h ie l d .

Wi th  t u e  above features tire N K 12 SSDS is a major step forward for the
U . S .  Navy Salvage Diver. In addition to the above characteristics , th e MR 12
system can interlace with a wet S u i t  or hot  water  suit as well as a dry sui t
for bottom work . Further , the system is m ore f l e x i b l e  in that appropriate
ta;k~ c-au be I n  rined in a sw i mming configuration .

1.2 D e s cr ip t i o n .  The MX 12 SSDS , air mode , consists of a helmet assembly,
a dress assembly and support equipment. The helme t , of fiberglass con—
s t r u t ton , may be used wi th eithe r air or mixed gas as the breathing medium.
The d i v i ng  d ress  includes a dry suit , an ou ter chafing garmen t , a jocking
harness and w e i  gh t . t . d d i v i n g  boots . Two , f o u r  and f i v e  poun d lead wei ghts , to a

ii n rm n of 60 pounds , fit i n t o  the c~~l. t , th I gli and hip pockets , r c .- ; I I : r t  ivel y ,
of ttm ~ o u t e r  g a r m e n t .  The h ip  wei ghts am opt onal and generally are r e q u i r e - I
when working in sh a l l o w  water or when using underwater t o o l s .  Supp or t
e q u i p m e nt s  cou sin  t of a helme t test and spare parts k i t  , a d i v i n g  dress
f l - p a  r k I t , a deck edge f l o w  meter , and an imp rove d commun i carl on / s t  rc u g t l i

1h i c .  I - I  r s u r f a c e/ d iv e r  c o m m u n i c a tio n s  t l m c  ~g 12 SSD S in t e r faces  w i t h  c t h o r
t i m e  H e l lo , Model 3315 or time i lK 12 Com mn u i i i  c i t  i o n s  S t a ti  ens (N CSI. )  . W e t  sui ts
a o l  swim scm i t s are i n d i v i d u a l,  i ss u e  i ten s .

1. ‘1 P r ev ious  Do I ic iencic ’s .  The f i r s t  MX 12 SEDS tes t  and e v a l u a t io n  p e r i o d  s i n
1 -1 / 3 and is reported in NED U I n t e r i m  Report  No.  7— 7 4 , Technical E v a l u a t i on  of the
Su r f a c Suppor t ed  Diving Sys tem USN MA RX X l i .  t I n  s y s t em was found  to be
- up e r l i r  i n  eve ry aspect  ex c e p t  for  n i i s o i o n  and  l i f e  s u p p o r t  r e l i a b i l it y ,

- n e}~ d i d  not  mt~e t  s tan d a r d s  because  e t  t h e  fci U ow i n g  f o u r  ar eas

“ ( a )  A v a i l a b i l i t y

(h) l Ie l i l t v e n t i l a t i o n  (..\Ci M ) Iii t I ~~ :i i  r mode on l y .

( c Our rh i I i L v  of I i i  ens  St  , i f l  t vo l  me I I  ry  . I -

( i i )  C 15 : 111 0 i ( l it  i 001; j i l t 1 I I i b  i 1 i t v (rn  i X e ~‘:m o s ic) .

i t  1 ron li n t - ;  I i  t i~ . report I F ’  u t e d  h i m

ill 1m~ t

‘n ‘ d i i i  \ 1 V( . Si  1; I i  I V t I )  i f l 5 I ’  I I I I ’  V O l  Vi i l l  . i r  1 in t i l t  i i i  ‘ ‘ I i i

I a amid I i i i ,  . 1 1 11 j ; i i  i i :  I ia L i  - - 1 . - c l ;  i i  I 1 t t  I t ills Ill pr i (  . i l , I ’ - I I c ~
.‘li i c i i  e i i  m e - i i i  iii i- i t ~~~~~ ‘i i i ’ , I I  I I ’  V t 1  V . I S  i up, t ir i . . ‘ I I . .i -

I I I  , . m  hi s~I ‘ I 1 II clii i i i ’  I I I ~ ill I I a l l  ~ V 1 I I I ~~ t I I I  i mI t I h i O t i  .

:1
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“Contro l Valve. Modif y th e Internal  mechanisms of the va lve t o  p r o v i d e
helmet ventilation of no less than 6 ACFM at 250 feet while using air with i no

greater than 50 psi over lottom pressure for a driving force .

“Communications. Provide permanently mounted qu ick—disconnec t  fixture ;
for comm unication transceivers.

“Seals. Change helmet/necking seal arrangement to a horizontally mounted
0.-ring/marmon clamp arrangement. This will ease the helmet donning and doffing
procedures as well as reduce the possibility of 0—ring failure.”

Diver ’s Dress

“Unisui t .  Provide a permanently attached thin (1/8 Inch) solid rubber
cape Inside the Unisuit  in areas subject to excessive chafing, such as around
the neck and across the shoulders. Except for tearing , thi s will reduce the
posBibility of suit leakage.

“Warm Water Suit. Fabricate a lightweight dry constant volume suit to
complement the system fo r use in warm water. This will provide the system
with both a cold water dry suit and one to use in warm water.

“Boots. Fabricate weighted rubber diving boots with a full range of sizes
rather than a single size as was the case during the T & E period.

A n c i l l a r y  Equipmen t

“Tools. Ensure that standard “off—the—shelf ” tools can be used through—
out for maintaining the system , rather than specially manufactured tools.

“Communications . Continue searching for an improved communications system.
T l i . ~ recommenda tion is made in view of the fact that T & C data clearly points
out that the system utilized was only equal , but not superior to the Navy stand-
ard  system In  speech in te l l igibi l i ty.”

1.4 Correct ive Action.  All  of the items mentioned above have been corrected
except as is noted in the paragraphs which fol low , but some of the proposed cor—
rective actions proved to be unsuitable during component development and testing.

1.4.1 Helme t Assembly

Sup~~ly~~~alve (Old Control Valve) Subsequent to the 1973 T & E period ,
research at NEDU determined that regardless of depth o flow of 6
ACFM was required for CO2 flushing at the most severe attainable
work rates (CO 2 production 3 l iters per minu te ) ;  see NEDU Research
Report 16—74 dated 16 July 1974. During the component test and
development phase it was determined that the required helme t driving
pressure fo r  an air f low of 6 ACFM at depth was from 35 to 50 psig
ove r bot tom pressure.  To obtain these driving p r e s su r e s , console

- - 
over bot tom pressure ava i l ab i l i t y  was reviewed.  It was determined 

- —~~~- -‘--. -J-- - ~--’
, _
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that conso to ever  bu t  torn pressure was a func h o ;  of in e rn~ I h OSe f r I c —
t I m~ rr (line loss) and gas density. P r e l i m i n a ry  t e s ts  have dc i: - 0151 T at  C I
t i i ~~1 ( ‘ O I l ’ S )  I - o c r  h~~~ t t  in ;)  p t  055111 5 of  60 p, 1 g f o r  a 200 t . o c t  1;;; 1 1 1 c i  I
and 100 psig f r  ;t 600 foot  uml i i  i c~~l ;i rev i de t1 ~ r’)ri I ; , i  a u  t I i . ’
to all depths dowfl to 2 ) )  Ys;; .

Seals (Breech Ring) — The opt j e l l s  h e l m e t/ su i t  seal sys tem wa:  d e t e r m i ne d
to be a barrel 0—ring in the upper (helmet) breech ring with a positive
p in latch mechanism.

1.4. 2 press Assemb ly

Dry Suit — A dry suit utilizing the sante mate r i a l  but  of a notab ly
different desi gn than the Unisu it is now being used with time MK 12
SSI)S. As ind icated in MK 12 SSI)S Report No. 6—75 , Air Subsystem , Dry
Suit Evaluation , the location , contour and bonding of the dry suit
seams reduced seam stress and the possibili ty of seal failure . During
TE CHEVAL there was no noticeable wearing of the dry suit nor did the
seams leak.

Warm Water Suit — After considerable research and developmental e f t o r t ,
it was de termi ned t ha t  a l i gh t w e i gh t  dry  su i t  was not r equ i red .  The
final MK 12 helme t configuration resulted in a helmet that was neu-
trall y buoyant in the water. T h i -  feature allows the MK 12 helmet to
i n t e r f a c e  wi th  a neck seal (neck d o n ) so t h a t  t i me  wet suit or swi mi
suit can be used for warm w at e r  a p p l i c a t i o n  and a swimming configura—
t ton . With this new flexibilit y t i l e  MX 12 SSI)S f a m i l y  of d i v i n g  dress
can incl ude swin suit , wet suit , hotwater suit and dry suit , wh i ch
meets  a l l  t empera tu re  r eq u i r e men t s  of a s u r f a c e  suppor ted  d iv ing  sys tem.

t . -~.3 Communica t i ons

Communications Sta t i on  — A communi cations s t a t i on  has been deve loped
by NCSL which appears to meet 11K 12 SSDS requirements. Presentl y
identified an tire 14K 12 Communications Station , this unit was used in
TECIIE VAL and w i ll be used in OPFV AI . F u r t h e r  word i n t e l l i g i b i l i t y
tes t i ng wi l l  be requi red  for  both the air and mixed gas modes.

Helme t Quick  Connect — The electrical harness in the helmet was
modified so that plug—in connectors are used for both earphones
(transceivers) and the microp hone.

1. 5 1.vatt mation . Tile technical evalu it ion , op e r a t i o nal  phase , of the
MX 12 SSDS , air mode , Advanced 1)cveloptseut Model (ADM) is outlined in P ;I~~’s
l ECHEVAL lest Plan Project T/S 283, da ted  December 1975. 

. -
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Section 2

MANNED TEST RESULTS

2.1 Ceneral . Tb. MK 12 SSI)S , ai r mode , was tested in two con f igura t ion s:
(1) the dry  sui t with the adjustable helmet exhaust valve , and (2 ) the wet
suit with the ambient helmet exhaust valve .

2.1.1 DIves were conducted at the water front , east pier, NCSL (59 dives);
the OSF wet chamber , NEDIJ (26 dives); and Stage II, Gulf of Mexico (191 dives)
for a total of 276 dives. Training was conducted in the NEDU equipment test
pool and at the NCSL pier and included 132 dives. Altogether, a total of
408 dives w~s made in the ~( 12 during TECHEVAL. Although training dives
will not be in cluded in the data collected and reported herein , it is
worthy of mention that there were no material failures or dive aborts
dur ing the t raining period. Upper and lower temperature testing was con—
ducted separa tely , and the dive totals for this phase are not included above.

2.1.2 The total number of divers involved was twenty—seven; twelve from NEDU
and f i f t e e n  from various f l ee t  units . However, the IlK 12 team , comprised of
one Officer , three thief Petty Officers and one Master Diver, all made
occasional dives . A standby diver in the ready status (MK—l Bandmask)
was maintained for each dive.

2.1.3 Test procedures were varied as follows :

4 
(1) Bottom times were increased/decreased as task , weather, and

time dictated.

(2) Tasks were changed as tools and equi pme n t were available and
-
‘ 

were time dependent.

(3) When app rop riate , an equal number of dives was performed In
each configuration . -

‘

2.2 Summary Results. Summary results of TECHEVAL diving are shown in
Tables 2—1 , 2—2 and 2—3.

t S

it
’
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TABI I- : 2— 1

~-1 X 1 1 ~ SDS

TE CIIE VAL D [ V I N ( ;  SUMMARY

Total TECHEVAL dives — 276

Dry su i t  — 154
Tool — 4 2
Max. Limits — 16
Rel iability — 96

Wet suit — 122
Tool — 1 7
Max. Limi ts  — 10
Rel iabil ity — 95

Total training dives - 147

NEDU IlK 12 — 72
Fleet Divers — 75

M X 1 2  — 6 0
M KV  -15

Total  ALL d ives — 421

MK 12 - 408
1 1 K V  — 15

Intal aborts — None

6
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TAI~LE 2—2

~i}: 12 SSDS

TEGIEVAL SUMMARY RE SULTS
OPERATIONAL AND TECHNICAL -

~p~~-ational Characteristics IlK 12 Developmental TECHEVAL
Objectives Results

Normal Working Dive Lim it (NWDL) 200 FSW 1/ 200 FSW
Maximum Dive Limit  250 FSW 250 FSW 2/
Total Time of Dive Limit 5 hours 5 hours
Lower Temperature Limi t 29 ° F 27 .8° F 3/
Higher Temperature Limit 1200 F 120° F 3/
Se a State  4 4
Maximum Water Curren t  2 k ts . 1.5 kts.  4/
Noise Level <90 dbA <90 dbA
CO2 Ventilation, Surface Equivalent Max. 2% 1.6%
Flow Capabili ty at All Depth s 6 ACFM 6 ACFM

NOTES :

1/ SOR 46—54 states NWDL as 200 FSW; the Diving Manual s tates  NW I)L is
190 FSW. This l a t t e r  value is the acceptable normal working dive limit.

2/ The system was tes ted successf ully during the unmanned tests to 300 FSW .

3! Unmanned test ing.  Manned diving was l imited in the lower temperature
range to 3 50  F by a cooling equipment m a l f u n c t i o n  ari d in the upper temperature
range to 93° F by order of the NEDU Senior Medica l Officer.

4/ Limited by sea conditions prevalent during the t est  period .

I~ll( 12 Developmental TECHEVAL
Technical Characteristics Objectives Results

L i f e  Support  Rel iabi l i ty  (RL) ‘0.975 0.989 1/
Confidence 95% 95%

Mltsion Reliability (RM) >0.90 0.992 1/
Confidence 

- 902 90~
Uperatlonal Availability (A0) >0.75 0.903 2/

Confidence 90 90%
Ecact on Time (TR) <30 m m .  19.9 m m .
Turnaround Time (TT) <20 m m .  7.4 nUn.

~oin Time to Repair (?~TrTR) 
c 4 hrs. 0.22 hrs.

NO i i-; S

1/ 276 dives with no aborts.

2 / Demand usage t ime , 146 . 7 hours ; down t j me , 10.7 hours.

1 
~~~
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TABLE 2—3

TECH~ VAL SiTh~1ARY RESULTS

PHY S ICAL

Physical Characteristics

Buoyancy

Required. The system , when manned , is to be neutrally buoyant with minimum
weight addition under normal operating conditions . Diver buoyancy control , both
positive and negative , Is required.

Actual. The IlK 12 SSDS (air mode) has proved to be neutrally buoyant with
weigh t variations determined by diver prefi~ri nce. All TECHEVAL divers were able
to demons tra te b uoyancy con trol , both positive and nega t ive . Some divers developed
skills to provide very fine vertical positioning (hovering).

Weigh t

Required . Dry weight of the sys tem should be minimi zed. A sy s t e m  dry
weigh t of less than 115 pounds in  the operational air mode is desirable.

Actual. The basic Ill( 12 SSDS (air n ,de) dry weigh t is 100 pounds i n c l u d i n g
normal diver weights of 40 pounds . This weight is approximately half  the MX V
(air mode) dry weight of 195 pounds .

Envelope~~~1mens ions

Required. The diver , when f ully dressed , will be able to pass through
submarine and dive system hatches or climb , unassisted , th rough a cy lindrical
trunk 30 inches deep and 24 inches in diameter.

Actual. This has been successfully demonstrated in the air mode

.8
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2.3 Test 0—1: Suitability.

2.3.1 Purpose. To d e t e r m i n e  the operational suitability of the 11K 12 SSDS
to suppor t  a working diver f rom the s u r fa c e  to depth . For purposes of the - -

TECHEVAL , maj or equipmen t fa i lu res were de f ined as fa i lur~ s which could cause
(1) an abort , (2) serious injury to divers or tenders , or (3) reduced system
ope rational  capability . All other fai lures were considered minor.

2 . 3 . 2  Data Analysis and Results.

To ta l dives considered , test 0—1 — 276

Dry su i t / ad jus tab le  exhaust  valve — 154 dives

Wet s u i t/ a m b i e n t  exhaus t va lve  - 122 dives

Average bottom time — 13.8 ruin .

Average total dive time — 21.9 ruin .

Aborts - 0

Equipment failures

Malor
Helmet (None) — 0

Dress
Jocking harness — 2

• ( tripped underwater)

Support (None) — 0

Majo r Total 2

Minor
Helmet

Microphone failure — 1
Communica tions wh ip leaked — 3
Air whi p leaked — 3
Exhaus t valve , Improper — 1

assembly caused leaks
- 

8

Dress
S u i t  breech r ing  l ug ,  — 11
adjustment

Dry suit , p in hole leak — 1
Dry suit , zipper fai led — 

-

13

9
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Support
Comm./strength cable , — 2

p rotective cove r
shred ded

Minor Total 23
To tal F a i l u r e s  25 

—

2 . 3 .3  Reliabili ty.  Both Li fe  Support  (R L) and Mission (RM) Re l iab i l i ty  were

considered fo r  the total  system dives dur ing  TECHEVAL as well as the to ta l
dives in each of the two diving dress conf i gura t ions .

Stan dard
Rel iabi l i ty Confidence No. dives

0.975 95% 120 wi th
- no aborts

0 .900 90% 120 wi th
7 aborts

TEC:EVAL
Sys t em:

RL 
0.989 95% 276 with

no aborts

0.992 90Z 276 with
no a b o r ts

D r y  s u it / a d j u s t a b l e  exhaus t  valve :

RL 
0.981 9~ 71 154 w i t h -

no aborts

0.985 907 154 wi th
no aborts

Dry suit/ambient exhaust valve :

0 .976 95% 122 wit h
no abo r t s

0.981 90~ 
122 w it h -

~~

no a b o r t s

I n

_ _  
_ _  -~~~~~~~~~~~~~~~~~~~~~



- T~~~—~~ - 
-- 

~~~~~i~z~z -  : - - - - - -  
~
-- -- -

2 . 3 . 4  Turnaround Time (TT) . No a t t e m p t  was made during diving operations to
expedite turnaround time . However , in most cases the next diver was completel y
dressed and needed onl y to don the helmet used in the previous dive to commence
the next dive . With divers that are experienced in the use of the MK 12 SSDS ,
tu rna round t ime can he reduced to seconds.

The TT average (mean) for the total 276 dive missions includes down time
and repa ir time.

TT (mean) = 7.4 minutes

TT (minimum) = 1.0 minute 1/

1/ On numerous occasions TT was less than one minute.

2 .3 .5  Reaction Time (T p) . The initial set up and pr o—dive checks were con-
ducted slowly and thoroug hly to ins t ruct new personnel in the proper use of
the 11K 12 helmet test set.

TR (mean) = 19.9 minutes

TR (minimum ) = 6.0 minutes 1/

1/ This time was established by MX 12 development personnel , who
were very familiar with the MX 12 system and procedures.

2.3.6 Diver Efficiency . On—site interviews and post—TECHEVAL h uman Engineering
Dst a Sheets provided a subjective appraisal of diver efficiency attainable with
the MX 12. (See Section 2.10).

2.3.7 Communications. Two diver communication stat ions were evaluated during
the TECHEVAL : The NCSL—developed MX 12 Communication Station and the Helle
Model 3315.

The MX 12 Communications station has several advantages. The station permits
party line communications between up to three divers and the topside tender.
The standby diver may ~se either a MK 12 helmet or a MK—l bandmask. Power

s t p ~it ( 5 wat t s )  is high , app roximate ly tw ice as powerf u l as the Helle station ,
which means strong, positive communications. Finally, the system is equi pped
wi th  a head set which permits the tender to remain in the  vicinity of the
d i v i n g  superv i so r .

The Ilelle Communicat tons St ition b y compar i son  has low o u t p u t  power , has
no party line capability, and requires the t o - I c r  to remain at the station. The
He lle stat ion is compat ible wi th  MX 12 SSDS , but the q u a l i t y  of p e r f o r m a n c e  of
the Helle was poo r when compared w i t h  t he  ~ K 1? SSDS Coirnuinications ~t iti ons
(NcS f )

L

~
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2 . 3 . 8  Donn u g j D o f f in ~~. I)uring d r i  s u it  e v a l ua t i o n s  -u r s i u c t e d  in November  1975 ,
Dry ~ u L t  d o n n in g  time averaged 1.6 m i n u t e s  and d of t i ri g averaged  0 .55 m i n u t e .
Dur tii .~ TE CHE VAT t he n e x t  d ive r  was  usual  lv  d ressed , e x c e p t  fo r  the h e l m e t , un it  i n - ’
fo r  t he  p r e v i o u s  d i ver  to C - ) : up l e t s  his d i v e . In t i s -  i s s t s i ce s  t h a t  dLsi:ii n~ /
doffing was timed , donning averaged 4.1  minutes and doffing averaged 2 . 1  e t i n u t
I t  sh ould  be no ted  that  the TE CHEVAL dry  s u i t s  were  rio t p roper l y s i z e d  and cr 0
c>~cc s sive Ly t i gh t  is f i t .  Recen t l y a c q u i re d  ~ u i  t s  are  p ru~-e r1 y s i z e d  and si l l
likely result in improved donning and doffing times.

Time d su r face  decompression (Sur— 1) ) p r o c e dur e s  were exerc ised .  This evol-
u t i o n  was time d f rom leaving 40 fee t  ot  w a t e r  is the s u r f a c e , undress ing the
d iver  and e sco r t i ng  him to the chamber.

Sur—D , Average - 2.2 minutes

Sur-D, Min imum - 1.6 minutes

12

_ -~~-—-- -



— — - ---- -.
~~~~ - - -~----- -

~~-—-- - . -———.- ••.•-—. ——-w-,.-•---~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
---- -•,----- - - ----- .- - -- - - - .  —.- - - --- —

2 . 4  Test N—i: R c U ab i l~~~~

2 . 4 . 1 P t-t ose. li~~ purpose of this t e s t  was t -  eva lua te the m a t e r i a l  r e l i a b i l i t y
of the MX 12 SSDS .

2 . 4 .2 Data ~~~jj~is and Results. Mean ‘ u r n -  Be is’ a Fa i lu re  (MTIIF) f o r  each
~4K 12 system used in TECHEVAL was computed using the total operating time
d ivided by the total number of major f a i lu res  occur r ing  dur ing this  period .
The confidence limit was computed for the system as a whole.

MX 12 System ADM #003 — Operational Time/Fa i lures

72.4 hrs/l = 72.4 hrs

MX 12 Sys tem ADM #006 — Operational T ime/Fa i lu res

70.5 hrs/l = 7 0 . 5  h r s

MX 12 EX #2 — Operat ional  T ime/Fa i lu res

3.8 hrs/ 1* 3.8 hr s

All Opera t iona l  T ime/Fa i lu res

146.7/2 * = 73.4 Irs

MTBF at 90% conf idence  2 8 .3  hours

Ne -~a j  or f a i lu res  occurred du r ing  p r 4 --dive er p s ~t - -d ive  checkout periods .
Both maj r f a i l u re s  occur red  when the d iv ing  s y s t  -m s w e r e  in  u r n -  wa ter , and
neither of these failures are the type which can be d e t e c t e d  d u r i n g  p r e — d i v e
checks . None of the failures were in the life support systems or resulted i s
a mission abort.

; y 2 I s i aj o r  l a ~ l ur e s  occu red  d u r i n g  TE Ch V \ L .  ~- 1~ ii! F- .X P 2 h~~1mc t wa ;
r iefl y as indicated wi th no f a t  lures , hut d i v i s i o n  by z e r o  n r ’ \-i d ~- - -; w e a n i n g —

ie 45 data.

/
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2 .  . l  ~~~~~~~~~ I l t u  purpose u t  t h is L e s t W O S  to evaluate the , i ; i i n t a i n a h  i i i  t y  of
the ‘11< 12 SSDS .

2 . 5 . 2  D~ t~ Anat~ sis and Results . ‘I’h~~u -  r n : - i e no c r i t  L c~~1 e q u i p m e n t  f a l  t w o s
d u r i n g  TECIIEVAL . The majo r  f a i l u r e s  u earring dur in g TECHEVAL did not result
in a dive abort , but these failures could , in the proper circumstances , con-
tribute to or result in an abor t  s i t u a t i o n .

F a i l u r e  Probable Cause Corrective Act ion

Yocking Harness (2) Diver e -:ert lea caused 1. Diving partner
the harness to come assisted in re—
unla tched 1atchin ~- h arn ess .

2.  Commenced re design
of l a t ch  to ensure
p o s i t i v e  lock .

Mean Time To Repair (MU~). This factor includes Mean Time to F a u l t
Locate (MTFL) by definition .

Fault Repair Part
Failure Locate Time (heur ~ ) Time (hours) Number

Major , J ocking Harness (2) 0.2 0.2 N/A

M :s)r Ite;;r; (23) 2.4 5.2 N/A

MTF L -
~ 0 . 2  = 0.1 hrs . MTTR = 0 . 2  = 0.1 hrs .

( M a j o r )  2 (Ma jo r )  2

~- 1~~H. 2 . 4  = 0.10 hrs. MTTR 5 .2  = 0.23 hrs .
( M i n o r )  2 . 3  (Minor) 23

~rIrL 2 . 6  = 0.10 br-; .
( A l l )  25

MTT R = 5. -
+ — 0.22 hrs .

(A l l ) 25

iuTA L C }IEC K—OU T_:~~~~~ T h -  t o t i l  cher i ~- ‘ u i  t t no , p re --live and post— dive , was 6
O j’ I E 5  54 minutes.

Time per dive :
414 r - ; i n u t  v -

- = I . S r u i n ,  p er  d iv e
276 div e:;

I ”
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Average check—out time per diving day :

414 minutes
16 diving days 25.9 m m .  per day .

MAINTAINABILITY COMMENTS

a.  Test Se t .  The test  set proved f u n c t i o n a l  and adequa te .  However ,
due to a change in the helme t pre—dive procedures following
TECHEVAL , the present 0—15 psi gauge , used in the rel ief valve
test , will be replaced by a 0—30 psi gauge for OPEVAL .

b .  Saf ~~~,y Hazards . No s a f et y  h a z a r d s  were encounte red dur ing  TECHEVAL .

c. Equipment Re ce ipt Condition : E x c e l l e n t .

~1. ~~~~nt Maintenance Time : Average dai ly repair time — 0.32 l ;rs .
Average daily reaction time — 0.35 hrs . Dai l y total —0.7 hrs .
TECHEVAL to tal — 10.7 hrs .

e .  ~p~ ç~ al Tools or M a t e r i a l  Required. None .

f .  Condit i on of Spares Upon Rece iRt : Es - vile-nt.

g. T r a i n i n g.  The formal t r a i n i ng  fo r  N E a L  and Fleet div - r n w~v

considered adequate to permi t indivi duals , without supervision ,
to perform 11K 12 maintenance ~roperl~ and q u i c k l y .
The only instance of repairs require d , beyond tIre capability of
the assi gned pers onne l , was the dry suit zipp er rep lacement.

B . Safet 1j )evIces. Dur ing  TE CHEVAL al l  s a f e t y  devi ces p e r f o r m e d
as desi gned.

1. A I r  SuQP l~y Non—Return Valve . Although adequate , a change
is unde r c o n s i d e r a t i o n  to standardize Navy non—return valves.

2. Ai r Su2p~y RelLef Va1ve . On the -;urfacc and at near surface

depths the valve will l i t i  when x e es s i v e  florn is f o r c e d  t h r o u g h

j  
the al r supply sys tern. When the valve lift v;l , there was nt
noticeabie change in helmet noise nor was an air draft detected
on the face .

3. ~~~~~~~~~ Exh aust Valve . Tlit- diap hragm i n  the e x h a u s t  va lve
• is a one—way valve to reduce  the p o ssibility of helme t flooding

in c e r t a i n  helme t attitudes .

15 
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4. E l e c t r i c a l  Devices. When using the ~ ( 12 SSDS Co;nmunications
Station (NCSL) 8 mu ii amps at 20 volts d.c. art- sent to the

microphone preamplifier in the helmet. Even when wet , this
poses no hazar d to the d iver .

i. Maintenance D i f f i c u l t i e s .  None e x i s t e d  dur ing  TECIIE VAL .

j. Pertinent Maintainabi1i~y Factors: The ~( 12 is a very easy system
to work on, correct and maintain. Troubleshooting is normally an

obvious deduction. -

“I
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2 . 6 Test M—3 :__O~ erationa1_Availability~~~~~

2.6.i Purpose. To determine the  p r o b a b i l i t y  t h a t  the  MM 12 SSI1S will he
operationally ready , when needed , at any point in time .

2.6.2 Data Analysis and Results. Operational availability is computed using
demand usage time divided by demand usage time plus downtime . Demand usage
time is that time during which the equipment can be operated to minimum
specified standards . Downtime is the total time resulting from all mainten—
ance actions and from administrative and logistic maintenance delays.

Standard

A0 0.75 w/90% confidence

Actual

A0 = 146.7 = 0.932
157.4

= 0.903 w/90% confidence

17
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2 . 7  Test M—4: Conr~ atibility

2.  7 . 1 Purpos e .  The purpose of this  t e st  is to dci ’-  mine tir e conrp at ib  i li  ty
of t i r e  ~~ 12 SSDS w i t h  s u p p o r t  equ ipmen t  and  the phys i ca l  envi ronment .

2 . i .z  Data Analysis and Resu l t s . Tire f o l l o w i n g  was ob ta ined  by observing
the effects of interfacLig the MK 12 SSDS w i t h  associa ted  equi pment and the
operating environment.

— During TECHEVAL there were no detected effects on the MK 12 SSDS due
to shock or v ibra t i on .

— The helme t air a d a p t e r  is b e ing  m o d i f i e d  to accommodate  a ba r re l
0—ring f i t t i n g  on the a i r  hose whi p ( l e a d e r )  thereby  e l i m i n a t i n g
a source of air  leakage .

— The helme t communications cable a d a p t e r  h a s  been changed to the
ba rrel 0—ring type to e l iminate  a po ssible  source of leakage .

— In a heavy sea nea r  the surface the MK 12 is q u i t e  l i g h t .  Howeve r ,
i t  is easily controlled by tire diver.

— When the microphone becomes wet , tire-re can b a severe attenuation
of d i v e r  to su r face-  c o mmu n i c a t io n , e sp ec ia l l y in  the we t  su i t  con-
f i g u r a t i o n  when a neck dam is u s ed .  h ow ev e r , he b l o w i n g  on the
microphone , thereb y d i sp lacing the w~~Ler  from the diap iragram , this
probl em is resolved eas ily ,  even at depth .

— The desi gn of the quick relen;e buck I , - on the j o c k i n g  harness  has
been changed to eliminate the possibility of inadvertent release.

— The lens c o a t i n g  on the we l d i n g  s h i e l d  can n ot  w i t h s t a n d  sal t w a t e r
fo r  prolonge d per iods  of t ime . Tir e c o a t in g  w i l l  d e ter i o r a t e ,
e s p e c i a l l y  about  the edges .  Correct ion of this p r o b l e m  is being M

investigated.

- -
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2. 8 Test M~~~~~ S~p~ or tabil~~~

2.8.1 Purpose. The purpose of this test is to assess the supportability
of the MK 12 SSDS in the operat ional  env i ronmen t .  Th is t e s t  cons i s t s  of
evaluating the actual log istic support available and exhibited during
TE CUE VAL .

2.8.2 Data Ana1y~~~ and Results. The one instance of supp ly  downtime in-
volved the No. 2 prototype (EX #2) helmet that was delivered to the dive
site with out a complete set of spares . The fa i lu re  that resulted from this
oversigh t was ne i the r critical nor major , but i t  did create the only supply
downtime s i tua t ion . It  is noted that the EX 1/2 helme t was used on ly dur ing
p a r t  of one day of TECHEVAL while ADN ~1t~O6 helme t was being modified to
acco rodate the Kintec electrical fitting.

LOCISTIC SUPPORT INDEX

The Logistic Support Index (LSI) is computed by dividing the total
s u p p l y  duwnt lme  by the number of critical and major failures experience d
w i t h  the  MM 12 SSDS .

A l t h o u g h the failure was less than ma jo r , a small leak in the exhaust
v a lv e  d i d  occur because of the situation stated above , and spares were  no t
irnnied - r t e ly  available .

1 Su ~ pjy Down time = 1.6 hrs  = 1.6
No.  of Failures 1

ft view ot  the above , insuffi cient data is available to de te rmi n e a
n&- anin~;tu 1 LS I .  Howeve r , r h o  spare parts available were adequate to permi t
ii -- ~i - J  v arid p rop e  r maintenance , bo th c o r r e c t i v e  and preventative .

I

I

-

I.
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2 .9 N - s t  ~t -h : 
- 
Technical I)oc: t: ~~~- r i  ta t on

2.9.1 Purpose. The purpose of this test was to evalua te  the adequacy of
tire Operations and Maintenance (0 & N) m a n ua l  , and o t h e r  p r i n t e d  m a i n t e nan c e
aids . - -

2.9.2 Data Analysis and Results. The 0 & N manual required some modification
due to changes in procedures , sys tem desi gn and associated equipment .  In
gen eral , however, the manual was complete and useful for the operational
maintenance of the MM 12 SSDS , air mode .

Ne arly every diver remarked about the need for  more t ime to adequatel y
assess the manual.

The younge r , less exper ienced  divers rd Led  more on the manual than the
others . A requirement exists for  formal t r a in ing  in the ~-fl( 12 SSDS pr ior  to
ac t a r t  use of the system .

Add it ional pho tographs are desi red by the dive rs to be tter ill ustr ate
the manual text.

The existing manual is easy to read and understand. The terms , acronyms
and abbreviations we re clearly understood.

The s yst e m  checks and t e s t s  and t h e i r  procedures were considere d adequate
c’ i thout change .
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2.10 Test H—l: Operating Equipment

2.10.1 Purpose. To assess the adequacy with which t i r t -  e q u i p m e n t  was designed
to p rovide a work environment that  fosters eff ective pro edures , personnel
safety and which minimizes discomfort , di s t ra ct i  u n  ~i s1  uay - t h o r  f u c t o r  that
degrades human performance or increases error.

2.10.2 Data Analysis and Results. Human engineering quest ionnaires  were corn—
pleted after the initial dives and at the end of the diving period by bo th
NEDU and Fleet divers . In the sections below , p e r t i n e n t  dive r comment is
summarized and evalu ated.  I t  is noted that these r n c s - n t s  are directed at
deficiencies and that dive r acceptance of the MM 12 SSDS a i r  mode was enthus—
lastic. In the final debriefing of the Fleet divers , 14 of the  15 divers
agreed that given a choice they would p r e f e r  the MM 12 SSDS over the USN MM I
Bandinask for  any given underwater task.

2.10.2.1 Design for operation

Helmet Assembly

a. Noise Level. Two divers commented on instances of high i re - uni t
noise level. In unmanned testing, the s ing le- major discrepancy
of the MM 12 helme t was the excess ive  noise level at depths  greater
than 100 FSW . A new helme t liner material and an improved air
supply diffuser have been incorporated into the helmets and have
reduced the surface helme t noise level by 9 dbA. This should
result in acceptable noise level at all depths for a typ ical . 

-

mission profile . In operation , however , the noise level was
not considered disturbing by the di ve rs , and communications
were generally excellent throughou t TECHEVAL .

b. Exhaust Valve. On two occasions t i r e  chin button pulled o f f  t i r e
p oppet sha f t , and seve ral divers commented that  the p l a s t i c  chin
button was unsatisfactory . The chi n b utt on has be en red esi gned
for future procurement. - -

c. keech Ring Latch Mechanism. On several occasions the breech ring I -

latch was difficult to release , due to a slig ht misalignment of the
su i t  breech ring lugs. The hole diameter on the breech rin g lugs

was increased to allow for slight mis aliguments. In addition , the

lugs have been beefed up to increase durabil ity. Thes - two corrective

actions have solved the interference and misalignment problems in

this area.

d. Side Viewpurts. Three diver s o b j e c t e d  to the  d i s t o r t  ion inher ent

In v i e w i n g  th roug h the s i d e -  v i e wp o r t s .  kiren m o v i n g  t b -  eve s  from

• the f ront vlewport to the side , the ;- - r i - an g - i r : -  t o  move . Ul ii l i -

t h I s  pirenoTnenor. was initi a ll y d i - - f t i c  t I ng , most  d I y e -c s  b c-cam e

accus tomed  t o the side vi  ewpor t  s vt ry  q u i e t -  I v . 1hese vi i - w p i  r t s allow
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add i t i er - i l  I ig i i t  int o tin - h e l m e t  and p r o v i d e  good p or i phera l
vision. Itre advantages are considered to far outweigh tire dis-
tortion disadvantage.

e. Stability. Initial l y a few divers comp lained that the helmet
slipped forward when the divers were bending over. On analysis ,
in each Instance it was determined that the helmet was improperly
jocked down into position .

Dress Assembly 
- 

-

a. Dry Suit Sizing. Several divers commented about the dry suit
being sized too small. The dry suits us ed during TECHEVAL were
not sized f o r  the U . S .  Navy diver population. This required a
one size down grad ing  f o r  all of the dry  sui ts , i.e. medium
becam e small , large became medium , etc. In the dry suits procured
for OPEVAL, this discrepancy has been corrected.

h.  Boot Sizing. A few divers complained about boot fit. Two types
of off— the—shelf boot were evaluated during TECHEVAL , and in
general , the boo ts were too narrow and poorly sized. This
p roblem will  be corrected for  OPEVAL .

c. Weigh ts. The divers agreed unanimously that the MK 12 must have
additional weight for certain tasks or water conditions. Con-
sequently, hip weight pockets for four 5 pound weights irave been

designed into the outer garment to correct this problem . All
divers commented favo rabl y upon weight loca t ion , low in the thigh
and calf areas.

Support Equipment

a. Communication Cable/Strength Member CoverinZ. On two occasions
the pol yurethane jacket covering the cable was severel y cut by
barnacles. This is the first recorded instance of damage to this
coating In four years of MM 12 diving. Careful reevaluation as
to the suitability of this cable is being conducted , and it is
likely that a substitute cable will be required .

b. New Standard Navy Hose. Th is hose , MIL— H—28 15E , was popu l a r  w i t h
both d ivers and tenders . Several divers commented t ha t  the hos e
could be kinked more easil y than  tire olde r hose , but this did
not cause problems operationally. Tire hose was s u b j e c t e d  to the
same barnacles  mentioned above with  onl y minor abras ion damage.

2. ’
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2.10.2.2 Desi gn fo r  ~ a i nt a in ab i l i ty

He -m et Assemb ly

a . General. The divers had no adverse comments on the maintenance
of the helmet and it -~ components .

b. Metal Finish. The black chrome coating used on all external
metal surfaces was satisfactory . However , in some high wear
areas it de teriora ted , i.e., supply and exhaust valve handles.
A new metal finishing technique called ImpreglonTM is being
investigated.  Ini t ial  tests of impreg lonT M treated metals have
shown excep tional resistance to electrolysis while prov id in g
an anti—friction , anti—corrosion surface.

Dress Assemb ly

a. General.  The ent i re  dress assembly proved very durabl e du r in g
TECHEVAL and required a minimum of main tenance .  —

b. Dry Sui t. One small leak occurred at the back of the neck.
This was a small pin hole leak tha t did no t a f f e c t the dive
and was easily repaired upon s u r f a c i n g  wi th a thermal plastic
repair stick. In addition , one z ippe r fa i led  during dress ing.

2.10.7.3 Testing Equipment. The only p iece of sys tem t e s t  equipment , the
helme t test set , operated satisfactorily during TECHEVAL.

2.10.2.4 Communications

a. Communications Station. During TECFIEVAL two Comniunicatioas
Stations were evaluated , the Helle Model 3315 and the ~~ 12 station
(NCSL). The NCSL station was far more popular with the diverr
since party line communication was possible , and the amplifica-
tion was significantly higher with less distortion . In addition , - -

the NCSL station was equi pped with a remote headset which allowed
the tender to remain in the vicinity of the diving supervisor.
Word intelligibility tests will be performed in June 1976.

h .  ~i r -  -j b n n e .  One helmet microph ma - f a i l e d  ar -rd required rep lacement.
The a un t  proved u n s a t i s f a c t o r y ,  and a new mount  has been p rov ided
f o r  OPEVAT .

2.10.2.5 Environmental Conditions

Helmet  A s s e m i r ly

a. ~~~~~~~~~~~~~~~~~~~~~~ ~ a_ ~ ~ L’- r-~. I l t e  ( i n : p re - - ;  i n n  (1 r i n g
se.il s iisc -d in these adapt or:-; I c i ~ -d w i t -n n e t  adequn tel v t I gir t —

er r ed down and were respons lb  I i  - I or so r r e  down t m e  do r i n g  i t  ; }

These adapters have been redesigned to barrel s— r i n g  r e - i l : wi n
s h o u l d  e l i m i n at e  t h i s  p rob l em .
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Support  E q u i p m e n t

a. Weld ing  SI r i e l d .  l i r e  gold  c o r i t i r l ; Or. 1 ; -  v e i l i ng  len~ us pe-elcel
and flaked during the underwater too l testing. A modified lens
is being in vest igated.

2.10.2.6 Hazards and S a f e t y

Helmet Assembly - 
-

a. Supply Valve. A few diver comscsr td t h at  it may be possible to
jam the supp ly valve in the shut pos iti urm After a review it
was concluded that the chance of this fai1ure was extremely
unlikely ,  that a constant bleed valve was not required , and that
the original design was adequate.

b. Flow. Three divers considered that helme t air flow was insuffi-
cient and that the system as designed cou ld cause C02 b u i l d u p .
In each case an examination of the dive profile and the diver ’s
techniques determined that there was no failure in the MM 12
system. Rather, through diver inexperience or neglect , flow vs.;
low because the supply valve had not been opened s u f f i c i e n t l y
to prope rly flush the helmet.

Dress Assemb ly

a. Jocking Harness Latch Mechanism. The harness latcir mechanism
became u n f a s t e n e d  u n d e r w a t e r  in two i n s t a n c e s  e i t h e r  due to d ive r
e x e r t i o n  or by snagging on an obstruction. A positive securing
device for the latch has been designed for use during OPEVAL .

b. Jock ing Harness. Several divers recommended that the bitter
ends of the harness straps be fastened down. This is parti cu—
larl y des irable when using underwater rotary tools. A review
of the problem determined that the strap ends should be tucked
into the harness.

24



_______ - 
-. -. 

_____________ -
~~~

2. 1)  Test 11—2 : Personnel and Training Requirement a

2.11. 1 Purpose: lo de-tennine whether the divers ’ tat~- o l  t r a i n i n g  i s
adequate to enable them to operate and maintain the MK 12 SSDS .

2.11.2 Data Airalysis and Results: Operational 1 ~~1 in i nj j .  I i ~e f o l l u w i u g  re —
sponses were recorded on tire “Operating (Diving) Trainin ;~ Asst- asrire nt Que ~~t i o n—
naire.” Since the response to the questionnaire was overwhelmingly “satisfac—
tory ” throughout the range of personnel aspe cts observ ed , the questions are
not summarized by aspect as outlined in the test plan .

Question:

1. C u r ;  you satisiactoril y operate the MK 12 diving system?

Re ;pons&- : 100% Yes.

2. Do you have confidence in the performance of this sys tem?

Response: 100% Yes.

3. Would you have been ab le to operate the MM 12 Diving Sys tem
without formal training ?

Resren e  : 8:r~ Y e s .  ls~1 N o .

Comment: The negative conmient :  w e r e  fr ;:; less ~xperienced
divers with one excepti on. Tbe\ felt unfamili ar with the equi p-
ment  and t ha t  the  o p e r a t i o n a l  t r a i n i n g  v i ;  necessary. One
veteran  d iver  commented “you must l e a r n  b e f o r e  you d i v e . ” These
are va 5 id comments , since the MK 12 SSDS is sig n i f i c a n t ly d i f —
ferent f r u r ~- the MM V and does require adequate crossover tr;~ining.

4. Did you have any difficulty deciding what action was necessary in
order to p r o ; - e r l y use tire MM 12 Diving System?

Response: 100% No. k
5. Did you have any d i f f i cu l ty in using the communications support

equ ipmen t ?

Response: 100% No.

6. Is there any sped 1 ft knowledge not co ver e d  in t h e  f o r m a l t a i m i n g
that  you f o u n d  you needed in o rder  to  o p e ra t e  the equi pment?

a puns c : 1002 No.

7. Do ‘-ou b e l i e v e  t ha t  your  ~-fl- - 12 sSDS ni’ rat. m u st  t r a i n i n g  on the
e q u ip m en t  i r i d equa t  e?

R~’:p o n s e :  1 1101- Ye-s. 

~~~~— -- -~~~~~~ —~~~~~~~~~~~~ -_-- - - _-
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8. Do you bel ieve t~ i : r ~ your MM 12 dIving system training is ;rd~~;: ;it e
t or you to c o p i -  ~~~‘ - r r r c r g ~- ;i ’ s i t  r a t  ions ; ?

Response: 92/ Ye - ; . 8% No.

(lo:nment: Tire only emergency training covered was Sur—1 ) procedur es .
h owever , two instances of the jocking harness quick release buckle
being accidentally opened at depth did not result in diver or dive-
partner anxiety. The divers corrected the situation and continued
with their tasks.

9. Are your techniques for operating the MM 12 dive system diffe rent
f rom those taugh t ?

Response: 100% No.

10. Are your techniques for operating the MK 12 dive systt-;- different
than those shown in the technical  manual?

Response: 100% No.

11. Are there any condi t ions  under  which you consider the MR 12 too
tiring (fatiguing) to operate?

Response:  100% N o .

12. What changes would you make to your formal training?

Response: 84% None . 16% comments below.

Commen t : “Longer work ing dives , under more severe condition :-
and more time with underw ater too ls ,“ is suirmiation of the c; :m - ;rt: .

13. Addi tional comments you consider pertinenL to the NY 12.

Response : The genera l  consensus indicates  the d ivers ;  co n e i r L i t ; e
MM 12 far superior to the MM V. Four teen  of f i f t e e n  F leet  d i ’-~~ra
would p r e f e r  the MM 12 to the USN MM 1 Bandmask i f  they were bo th
available for the sam e job .

2. 1 1.3 1)ata Anal ys is and R e s u l t s :  M a i n t e na n c e  T r a i n in g .  The fo 1lt ’~: j i g  r & - —
sponses were recorded on the “Maintenance Training A ss e s s m e n t  (~r r e s t i o n n a i  re. ”
The answers to these questionnaires were , al so , 51li .Or; t all e a t  i s f a c t o r v  r e g - i r - , l —
less of personnel aspect , and t i r e  answers are not su~~nari zrd by asp e ct  an
o u t l i n e d  in the  tes t  p lan .  In the two q u e s t i o n : ;  w h i c h  d i d  n o t  mr -c :  S i t 1 S 1 a r  -

tory cri teria , individual differences related t o  p e r s o n n e l  a s p t - ; - t s w i l ’
reviewed in the comments.

Question:

1. Do y i n  consider your m a i u t e n ;r r i c e  t l r . i i n i i i j ’, i -h ; r a t r -  t .

f a n  1 t~ detect on ti ~ - NE 1 2 - q u i p m e n t ?

- o r ; s e  100% Yes. 26



2. Do “eu cons ider  your  m a in t e n a n c e  t r a i n i n g  adequa t e  to  r ’ t f # - r t i v c l y
fau l t  locate on the  MM 12 eq u i p m e n t ?

Response : 100% Yes.

3. Do y ou  consider your ;:;;lintenancc training adequate for t N , - p i r t s
removal, r e p a i r ,  and replacement  work necessary fo r  the N” 12
equipment?

Response:  100% Yes.

4. Do you consider your maintenance training to be adequate to enable
you to perform the calibrations required on the NY 12 equIpment?

Response:  100% Yr ~~.

5. Do you consider your maintenance training to be adequate to perform
system check tests required for the MM 12 equipment?

Response: 100% Yes.

6. Without formal schooling on the MY 12 equipment , wou ld your N avy
diving experience have been adequate to enable you to satisfac-
torily fault detect, fault locate for this system?

Response: 58% Yes . 42% No.

Comment: All negative r e s p o n - : s - - ; cons s i - red that some fo r ;- ;il
training is r e q u i r e d , even with the technical inu ;rl avai l aN Ii- . —

In general , a negative answer indi cated a lack of  familiarity
w i t h  new concepts introduced in the MN 12 s y s t e m .  The negative
response’ was from those divers with le’-’s experience , those whose
opera tional experience was limited t o  MK V equi pment , and ti-rose
with experience but cautious in their approach to new ecicr i pment.

7. Without for;:al school ing on t i r e  t-t }K 12 equi~ m€: st , would your Navy
d iv ing  exper ience  have been a d e q u a t e  to c-n i l ;  1 -  you to Cope w i t h  1 -~~

the  pa r ts  removal , r~~~1Jr n d r ~Ll acement work necessary  f o r  the
system?

Res ponse:  ~8- ’ Yes .  -~2 No.

C o mm e n t :  The s -inc m t - n  made ’ n e g a t i v e  c o m m e n ts  as; on q u e s t  ion N .  1’

above.  Again , th ee’ cor e ;  i d e -  t i - I  t h a t  there was a need t o  f a m i l i a r  i ~
themselves w i t  ii the  new p; rt - - and cnr)p )nr - ; lr - ;  w ithin the NN 12 

—

8. s I t h ’ - r i t  I ‘ rr :wr l ‘;eh ~~u i  r i g  on t i r e  ~t-1 1 . ’ e q r r i  ; : r r l l t  , w o u l d  - ‘ i r s  N a y
d i v i n g  e x p c r i i s l -  • -  have her -n ade~ u rrti - 1 or v- si t ’  n r s r l i S - - t  i n - i  ( l i e
c al  [b r - ar t Ion n - e n r d u r e ’ s ;n ;n o - I at el w i t h  th t i - ;  s y s t e m ?

Re;;i’ so-c : M 1i21 Y~~s. 1 6 /  No.
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4 Comment : Again  some of the  same divers saw a need fo r fo r mal
schooling when dealing with the adjustable valves.

9. Wi thou t  fo rmal  schoo l ing  on the  MN 12 equi pment , would  you r Na~-’;
diving experience have been adequate to enable you to grasp the
equipment checkout test procedures?

Response: 84% Yes. 16% No.

Comment: The same divers indicated that some schooling was required .

10. Do you find the fault detection/fault locate procedures difficult
to understand and/or follow?

Response: 100% No.

11. Do you find the parts removal, repair and/or rep lacement procedures
to be difficult to understand and/or follow?

Response : 100% No.

12. Do you find the calibration procedures common to this system difficult
to understand and/or follow?

Response:  100% No.

13. Do you f ind the equipment check—out lists to be difficult to perform
or to und erstand?

Response : 100% No.

14. Did you f ind the forma l main tenance school ing difficult to grasp and/or
unde rstand?

Response: 100% No.

15. 18 there any specific knowledge not given you in the formal training
that must be acquired in order to fault detect/fault locate in the

- . MK 12 system?

Response: 100% No.

16. Is there any spec i f ic  knowled ge not given in formal tlaining that n-rust
be acquired in order to correctly remove, repair and~~ ace parts
in the MM 12 system?

Respon’;c: 100% No.

17. 1:; the n any specific skill that you must acquire in o r d e r  t o  c o r r e c t l y
rersiove~ rep~t1r and /or replace part s in the  NP 12 sy st c - t r i ?

2 t-  
~6>°° 

- - , ‘ :  I ()0.~ N o.
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18. Do the  p a r t s  rem oval , repa i r  and/or r e p l a c e m en t  procedures  t h a t  you
use differ from those recoiirnended in the :

a.  F’o rmal  T r a in i n g :

Response: 92% No. 8% ‘r e ’s .

Comment: The negative response related to the availability of tools .
In fact , tools were on station but not always at the affected diver ’s
bench.

b. Technical Manual :

Response: 92% No. 8% ‘i cr;.

Comment: The affirmative response was from the same diver in 18.a
above and related to the Immediate availability of the manual at
his station. The manual was on station.

19. Do the checkout procedures that you use differ from those recomniended
in the :

a. Forma l Tr ain ing:

Response: 100% No.

b. Technical Manual :

Response :  100% No.

20 . Did you receive any contractor/development personnel assistance w h i l e -
f au l t  d e t e c t i o n/ f a u l t  locat ing the  MM 12 system?

-
‘ Response: 100% No.

21. What changes would you like to have made to your formal  (school)  maintenance
training on the MM 12 system.

Response : 100% None.

Comment : Ihoweve r , one diver would prefer to have more t r a i n i n g .

2 2 .  Make any additional maintenance comments that -you eons;idcr p er t i n en t  t~o
the MM 12 SSDS that have not been covered .

Response: 100% None.

2 .11.4 SI1~~1A RY

l i ~~- d i v e r s  w e -r e - c o n f i d en t  in  their . i h i  l i t y  t o  ‘ 1t ( t ; I t r -  a r i d  n r a i i l t r i n  t i r e  NP I

~.l;1Y ~ a I r mode.  I h i u v  p r e f e r  t i r e  IlK 12 sysi c- ’ : t o  o t i ’  - i div i rig (‘c~U I p ;:s l i t  0 .

‘ l i i  ~ - hi- Ic I t - l i i i rig per loc h v - i s ;  c o ns i d er  i - i  i i i t -  I i t  c- t v  t he ma c r 1  I t ‘, • h i t  ( I
less; e x p er i e n c e - r i  div e - cs . p r i ’ f e - l r - I  t o  h i r i v r  m ore 1 0 1 1 1 1  h s i : t i n l e t  i o n  er r  t N I
. y : s t  i - n .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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I.rN~-lANNED TESTS

3.1 General. This test series was designed to demonstrate that the physical
characteristic :; of the MK 12 SSDS air mode meet the required operational char-
acteristics for a Surface Supported Diving System.

3.1.1 Location. These tests were performed in the NEDU Ocean Simulation
Facility (OSF), Panama City, Florida , and conducted during the period 19—28
January 1976. Additional tests to ensure that minor , post—TEC HEVAL m o d i f i c a —  - -

dons to the system meet requirements were conducted in the NCSL Hydrospace
Laboratory from 17—28 May 1976.

3.1.2 Personnel. NEDU Test and Evaluation personnel performed the required
tests, assisted by MX 12 proj ect personnel.

3.2 Scope of Testing.

3.2.1 Conduct. This test series was conducted in accordance with Table A— 3
and Appendix I to Annex A of the TECHEVAL Test Plan , MARK 12 Surface Supported
Diving System , T/S 283.

3.2.2 Specific Tests. Using the final helmet configuration with the new
helmet liner and gas diffuser , the following charac teristics were measured
during unmanned testing :

Flow — (1) Confirm system air f low is at least  6 ACFM at all depths to
250 FSW.

(2) Determine supply valve settings for flows of 2, 4 and 6 ACFM at
selected depths to 300 FSW.

(3) Obtain maximum air flow at 300 FSW.

A P — Measure helme t AP at selected depths to a maximum of 300 FSW
with air flows of 2, 4 and 6 ACFM and with a range of exhaust settings
from open to closed.

Ventilation — Confirm that surface equivalent CO2 level Is less than J

2.0% at selected depths to a maximum of 250 FSW.
I-I

Noise Level — (1) Confirm that helmet noise level at all depths to a
- I maximum of 250 FSW meets the current noise level standard (90 dbA).

(2) Obtain noise level data in t i r e -  several frequency hand s at selected
depths to a maximum of 250 FSW .

3.3 Results.

3.3.1 Flow — (1) Flow of 6 ACFM was obtained to 2h0 i- SW .

- m
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• (2) Flow tabulations are strewn in tir e- l e l  l ow ing  F i g u r e s :

Fi gu re  3— 1 — Suppl y V - n yc Po~ i t ion vs .  Dep th  — 200 f t  . U ; - iU l  lical .
Figure 3—2 — Supply V ai - ’rs P u s 5 i t  Lon vs. Depth — 600 ft. Umbilical.

(3) N :r x i ru u r r i  f l o w  a t  300 i~ i k 5 . 1 9  ACF:-l.

3.3.2 ~~~ 
- (1) The designed helmet ~~ P range is 0.3 

- 2 . 0  psid on the  su r f ace
at 6 ACFM . Test results at 200 FSW a r c :

Flow Exhaust Valve
(ACFM ) (Position) (psid)

2 Open 0.19
2 Closed 1.89
4 Open 0.27
4 Close-i 2.10
6 Open 0.43
6 Clo sed 2 .30

(2) L~’sp tabulations arc shown in tire following Figures:

Figure 3— 3 — H e l m e t  ~~~p vs .  Dep t h , 6 AcFM .
Fi gure 3— 4  — Helmet  ~~ p vs. Depth , 4 AC1-M .
Fi gure  3—5 — H e l m e t ~~~p v s .  Deptlr , 2 ACF tI .

3.3. 3 Ventilation — Flows of both 4 and I’ A ( i N  r o sen t e d  i r i  C02 flushing s iu f f i  —

ci  c-nt to hold the surface equivalent (S. P . ) 
~~ 

lev el t o  less than 2.1) l a o  shown
in Firir re 3—6. It is noted that CO 2 p i o ~ i i i i -  t i on  w a s  2 liters pt- r m i n i r t  e ( L i ’ N )
with 21 ’ breaths per m i n u t e  (BPM) a t  4 ACl~~l and 3 1 I ’M vi t i r  35 8PM at 6 APIM .

3 . 3 . 4  Noise 1,ev~~l 
— ( 1)  The 90 dbA N a v y  standard for noise level i - ; h i - 5 -J r i p o r

the OSI1A industrial standard , i .es . , work can be perforrrreel at t h i s  n o i  - . - level
for eight hours without hearing damage . The BK 12 SSDS air mode met this
standard fr om the surface to a depth of 100 F SW. Be l ow 100 FSW noise levels
were b i ght in the rn-id—frequency range (500—8,000 hertz) , wh ich result s- i in dbA
levels  of 95 dbA at  200 FSW and 105 dbi\ a t  300 F SW. W h i l e  these  l e v e l s  ar c -  i n
excess of the standard , the tine at t h e i i e - d e p t h s  is g e n e r a l l y  b r i e f , w l r i c - r
n i t  [pat e s  the e f f ec t  of the  exposure. V i r t u a l l y  a l l  de cs F~ p l - eosion  t ime  w I l l  be
performed at depths l e s s ;  than 100 FSW. 1-rem a pr actical point of v i ew  a l l  MN 12
SSDS a i r  mode d i v i n g  w i l l  f a l l  w e l l  wi t h i n  a c c i - p t . n h l e  OSI -IA sound l e v i l s . .

(2)  Ne isv level tahul at tons are sho~m in the  m l  l o w in g  r i p i rc ; :

Figurr’ 3—7 — helmet Noise Level vs . F’r- r -~ ir en v . 6
Fl gin r c  3—8 — Helmet N o i~~~ e Le’ve 1 vs .  F r o qu e - r ie - y , 4 \ 1~ FM .
F’l g u r c -  1— 9 — Helmet Noi~~ - Level vs.  h - i r - j ; r r - r ~~ v , 2 ‘~l i N .

m . 4 0 ‘ I r e  I i r s ;  i e ’ r l  -

1 .4. 1 ( ;e n er a i  . The NP 1 2 SNO S i s - i t ii r i - q I l  I i i  hrel r iic t I . I’ ar i d  0 0 .  \ i - r i  t I —

- - i - i t  j Clfl r,t.~ind.irc1 . i t  i i i  eI - p t h s ~ and  t h u -  f l u i : e  l e v e l r e q I n i r  r -:i n t t o  10( 1 h id- . .
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1.4.2 oise Level. in a m a n i k i n  t e s t  on the  s u r f a ce  the  system i ; 4  I-: -: t r€-i;o-I y
q u I e t , 71 dbA aga in s t  a s t a n d a r d  of 90. At 100 FSW t h e  measured noise  l eve l  is
marg it -i:t l -,.-h en  compared t o  OSUA st and ~i r d .  It s h o u l d  he noted tli;i t (a) wii~~~i 

—

considering t h e normal m - lximum air dive t ime limit o[ 5 l l ou r : , t h e  MK 12 sys t em
Is almost wi thin noise limits , since the 90 db A level  Is ba sed upon an 8 h our
p e r i o d ;  (b )  a s i n g l e  r e d u c t i on  of 6 d~ A W i l l  c u t  I _ I ’ !  se (1 11:_ Id p r e s : i Ir s-  lL  1 in
i J  ; (c) very little is known about noise level e f f e c t s  on t i le  ears at d e p t h ;
and (d) more research is required on this subject before definite judgemcrits
on noise level in a diving system may be made.

3 .5  Summary . The 1-1K 12 SSDS air  mode meets all required phys ical s t a n d ; i - k .
A new helme t liner and a new gas diffuser have reduced the noise level on the
s u r f a c e  by 9 dbA In a simple laboratory test. Continued testing at depths
deeper than 100 FSW will determine if similar benefit will be realized at the
greater depths.

)
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Section 4

TOOL DEMONSTRATION TESTS

4 . 1  Genera l .  This  manned t e s t  ser ies  was dcvel opt - d  to th- :- :on s t ra te  t I i , i t  t hi ,-
1-1K 12 SSDS a i r  mode was compatible with standard Navy underwater tools ,
includ i ng welding and cutting equipment.

4.1.1 LocatIon. This dive series was conducted at the NCSL East Pier diving
station during the period 16—20 February 1976.

4.1 .2 Personnel. NEDU personnel, including MK 12 Project personnel , per fo rmed
the required dives.

4.2 Scope of Testing .

4.2.1 Cond uct. This t e~~L was conduc ted  in accordance with Table A-LI of .-\nnt-x
A and Annex D of the TECHEVAL Test Plan , Mark 12 Sur f a ce Suppor ted Diving
System , T/S 283 .

4 . 2. 2 ~~~e c i fi c  j e s t s .  Dives were p lanned to demon s t ra t e  the  c a p a b i l i t y  of the
1-fl( 12 system t -~ u:~c- the following underwater tools:

— Impac t  wrench (2 t a s k s )
— G r i n d e r
— Hy d r au l i c  C u t t i i i ~ Too l (ENE RPAC )
— W e l d i n ~ equi pment
— C u t t i n g  to rch

4 . 3  R e s u l t s .

4 .3 . 1  Tasks.  A l l  tasks were  p er f o r m e d  in a ;;at i s f ac - t o ry  manner  f or  a t o t a l  of
59 dives w i t h  no abor ts .  Most divers commented that additi onal wei~p lit was
r e q u i r e d  when u s i n g  the underwater tools , particularl y the gr inder , to remain
plan ted  on the bottom . Consequently four additional weight pockets for a total - ‘

of 20 ex t ra  pounds have been added to the dry suit. This t~ - ; - t  ser i e s  was V er y
popu la r  w i th  the  divers , and several i n d i c a t e d  i n  t h e i r  C I - ; - : ; ;t -n t s  t h a t  t h e  dive
s& r i e~; was too b r i e f . Total  unde rwa te r  w e l d in 1-, t i m e  ~~is 2 I i ,~1i r ;~ and 51 minutes
wi t i )  no evidence of e l e c tr o l y t i c  d e t e r i o r a t i o n  on n e t - t i  p a r t F ;  of t h e  ; :ystem.

4 . 4  Summa~y. A diver u s i n g  the MK 12 SSDS is i t - I s - t o  o per a t e  s t a n da r d  Na~~
u n d e r w a t e r  tools and equipment.

4?
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Sect ion  5

MAXIMUM LiMITS TESTS

5. 1 t - i t c r a l .  Th is i:~inne d t e s t  ser ies  W l F ~ deslEned L I )  iii-: . ~i - t  rat t l i t  1h -
MK 12 SSDS air mode is able to dive to 250 FSW , the maximum required air d i v i n g
limit.

5.1.1 Locat ion.  This dive series was performed in the NEDU Ocean Simulation
F a c i l i t y  (OSF) , Panama City, Florida and conducted during the period 23—27
February  and 10—11 May 1976. The May series was requ i red  because the OSF

~1 was not available durthg  part  of the earlier period fo r  ei ther mechanical or
opera tional reasons.

5.1.2 Personnel. NEDU pers onnel , including MX 12 Project personnel , performed
the requi red tests .

5.2 Scope of Testing.

5.2.1 Conduct. This test series was conducted in accordance with Table A— 5 of
Annex A of the TECHEVAL Test Plan, MARK 12 Surfac e Supported Diving System ,
T/S 283 .

5.2.2 Specific Tests. This test series was planned as a group of successively
deeper dives from 50 FSW to 250 FSW to allow the diving team to become accli—
ma ted to deeper diving .

5.3 Resul t s .  A total of 26 dives was conduc ted during this test series with
no abo r t s  to a depth of 250 FSW. In February ,  dives  to 200 FSW were comp l e t e d .
In  May,  dives to 250 FSW were accomplished . Dives to 300 FSW , the extreme a i r
mode depth in the U.S. Navy Diving Manual and the maximum demonstration air
c h i v e  a t d iving training fac i l ities, will be performed at a la te r  d a t e .

F 5.4 Suiiuna ~~~. The MX 12 SSDS air  m ode is capable of diving t o  the required dep th_ I
of 2 ’ O  FS~-/.
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~ecLion 6 —

REI,IAB 1IJ ‘1 TESTS

6.1 G e n-zal . This manned test series was designed to demons t ra te  tha t  the
1-1K 12 5535 air mode could operate in a reliable manner while performing a
large number of dives in a continuous and sustained diving evolution.

i, .l.1 Location. This dive series was conducted from the NCSL Stage II
diving platform in the Gulf of Mexico off  Panam a Ci ty Beach , Florida , during
th e period 17—26 March 1976.

6.1.2 Personnel. Individuals from various Fleet Diving units from around
tile U.S. and NEDU 1-1K 12 Project personnel performed the required dives.

6 .2  Sco~~~~p f Testin g.

( i . 2 . l  Conduc t. This test series was conducted In accordance with Table A— 6
of Annex A of the TECHEVAL Test Plan , Mark 12 Surf ace Suppor ted  Diving System ,-c/s 283.

6.2.2 ~ E~ c i t ic L c s t s .  A total of 140 dives , 14 per day , was scheduled for
this period. Dives were performed in sets of two divers , one in the bo t tom
c- out  ig u r a t i o n  w i t h i  t h e  a d j u s t a b l e  exhau:;t valve in tl,e helmet and the other
in the swimrniii~; c o n f i g u r a t i o n  w i t h  the s::Ii) te l _ I L exhaus t va lve  in the helmet.
Simp le tasks were accomp lished by the d i v e rs  at t e r  :t series of open wat c - i -
familiarization dives. Tasks included: hogging line , pipe square , pipe
f l a n g e , and an indoctrination on the latest version of the Pipe Puzzl e
(Tooker patch , J—bol t patch , and bolting on a cover).

6.3 Resu l t s .

• 6.3.1 Operations. A total of 191 dives -~-as comp leted during this series
w i t h  no abor t s , 96 in t h e  bo t tom c o n f i g u r a t i o n  and 95 in the  swi l:lin i iig con—
I i~~it r a t i o n .  The divers found the ~U< 12 s y s r e l :  c o m f o r t s - - I c  and mobi l e  and
were  able to pe r fo rm all tasks e a si l y.  Routine diving 03c-rations could have
c on t i n u e d  beyond the scheduled t wo  week p er i o d  w i t h o u t  any special  e f f o r t .

6. 3 .2  ~.tiut -t:snce . l’r e— div c , p o s t— d i v i - , and t u r n a r o u n d  -h e c k s  a -  s t l l  as
I Fl: p i s - v C _ .n t  I ‘V - - m a i n t e n a n c e  p r o c e d u r e s  pr oved I f e ct iv e . The re was l~ tt i.e
down t ime f o r  r e p a i r s  and most  it -rial t,tilur es were d isc o v e r e d  d u r i n ~;
r o u t i n e  ch e ek  . At  thit - end of the  di  v iu g  p e r i o d  the  d i v i n g  e q u i pme n t w. is

ii as good a m u t e r l  al conch t ion  :0; at t hii- hegi in in g .

6 . 4  Sw -maz y. ~ ~~ N~: 13 SSDS ii r 1_ I s l e  d l  - - i : t r a t  an t- x c -e l  I -5
capahi i i i  t.y r - liF t t I ni - 5 ( l i _ I -  ing c I p l - : . i t  i o n : w i t h  h i g h  i- -I jab 1 l i tv I igil re s.
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8. 1 General. The TECL IE VA L of the  ~
-
~~( 12 SSI)S was comp leted in a s a t i s f a c t o ry

manner .  While  requirements for several minor equipment modification s became
apparen t during the course of the test period , all par ts of the diving system
fu nctioned as designed. In addition , diver acceptance was positive and en—
thusiastic. A summary of the test results is provided in Table 8—1 .

8 . 2  Required Modif ica t ions .  The system modi f ica t ions  which fol low are the
resul t  of TECILEVAL experience .

8 . 2 .1  Helme t Assembly.

Noise Level — An improved helmet liner and air  supp ly d i f f u s e r  are
required to red uce the noise level. - -

Exhaus t Valve - Redesign of the chin button is required to insure that
the button does not pull off.

Metal Finish — The black chrome coating in some areas requires replace—
meat by a more durab le finish or a better coat ing process.

Air , Mixe d Gas and Electrical Ad~~~~ 
— All  fo ur o f these adap ters

require redesign tc eliminate leaking.

8.2.7 Dress Assembly .

i)ry Sui t  S iz ing  — All sizes of dry suit need to he scaled up to conform
to the  sizing of the Navy diver population .

hov er  B r ec- ch R~~~~ — The lower (suit) breech ring latch fitting requirec
r t - ,~ u o i g n  to ease tolerances so that slight misalignment can be accepted and to
beef up the lug to make it more durable.

Weights — The outer garment requires modification to permit use of mole

J ock i n~~j IarneSI ; — This item requires a positive b c -I; to prevent inadver—
tent release.

Boot Sizin~g 
— Boot-; ire rcqui ri_HI in larger , w ide r  S i / I ’ - - .

8. ‘ . I I ij ij - n ;  - E~ uij~nent .

( , on ’ tmun ;u- , ( C  io n / S t r c - n 1’ t h  P 3 - j o  -\ cable p r e t c ’( t l y e  t l v  I which is z~ore
I i ’- - , stari t to ali ro ; 1(111 is r equ I ri - I .

Ill,

S_________________
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Weld i~ g_ Shield  — Au u n p r o v e d  we l d i n g  lens for underwater use is -;r e q u i r e d.

8 . 3  Conclusion. The MK 12 SSDs is ready for OPEVAL now and will be improvedwith  the addi tion of the modifications noted above.

_ _


