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1. INTRODUCTION

Recent oceanographic instrument development has moved largely in
the direction of untethered packages known variously as free vehicle ,
pop— lip, autonomous or free drop systems . Release of an expendabl e
anchor is typically effected by either an acoustic recall or .i presi t
timer device. We will discuss an economical release timer w h i c h  i s
intended to activate a wide variety of release mechanisms .

Traditional instrument design cften incorporates release elec-
tronics into the recording package . Although t i l l s  somewhat simp 1i fi~•s
t h e design , due to the common power supply and pressure housing, it
limits the reliability and versatility since the release system is
dependent on t h e integrity of the main pressure vesse l. Also , r e l e l~~e
electronics become susceptible to interference from nearb y c ircui t r y
and the built—in nature makes changes  such as multi p le release opt ions
dIfficult to implement. Our intention was to construct a t o t a l l y  inde-
pendent , low—cost t i m e r  w h i c h  could  a c t i v a t e  r e l ease  d ev i ce s  wh cse
active elements include explosive bolts (Sessions , l Y f l ;  H i l l , l 9 .~~,
explosive guillotines (Olsen , 1973), squibs (Sokolowski and M i l l e r ,
1968), wire corroding devices (Iloegeman and Pav l icek , 1974 ), w a x  melt-
ing devices (Suckling , 1Q75), and solenoids (Morrison and St e r n h e r l ,
1973). The r e l ea se  package  cons i s t s  of (1) pressure case and c1c~’-
t r o n i c s  h o u s I n g ,  ( 2 )  electronic timer , (3) release mechanism , and
(4) release test set.
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2. PRESSURE CASE AND ELECTRONICS HOUSING

The pressure case , including end caps , is fabricated from 606l—T6
aluminum (Fig. 1). The design dep th is 7000 m ; all  press ure cases are
tested to 12,000 psi, eq uivalen t to 8500 m wa ter dep th , before install-
ing electronics. The polyvinyl chloride (PVC) electronics housing pro-
tects and insulates the circuitry from the case; a second PVC tube
supports the batteries.

The battery pack is assembled by soldering No. 18 stranded wire
directly to the terminals of three “D” size alkaline cells so tha t they
are connected in series. They are then mounted in line in the PVC tube.
The lead wires enter the electronics housing through a 0.25 inch hole
in the bulkhead separating the batteries and electronics. The printed
circuit board is held prisoner in two grooves at either end of the
housing .

3. ELECTRONIC TIMER

The block diagram of the release timer e l ec t ron ic  c i r c u i t r y  is shown
in Fi gure 2; c i r c u i t  de t a i l s  appear  in the schemat i c  d i ag ram (Fi g.  3) .
Complementary  Meta l  Oxide Semiconduc tor  (CMOS) i n t e g r a t e d  c i r c u i t s  are
used th roug hout  because of t h e i r  inheren t  low power dissi pa t i on , h ig h
noise immunity, and noncritical power supp ly requirements.

The release t imer c i r c u i t r y  can be divided into nine functiona l
parts:

I. t ime base oscillator
2.  f i r s t  and second b i n a r y  d i v i d e r s
3. AN D/OR s e l ec t  ga t e
4. preset down counters
5. time interva l programming  swi t ches
6. ze ro  c o i n c i d e n c e  d e t e c t o r
7. low—pass f i l t e r
8. squ ib  f i r i n g  c i r c u i t
9. battery pack

The t ime base oscillator c o n s i s t s  of a low f r e q u e n c y  q u a r t z  cr\’stal
with amp lifiers (in Al) to sustain oscillation . The first binary divider ,
Al , divides the primary 18641 I-h z signal down to 1.1378 Hz. The ANI)/OR
gate then selects either this time base generated signal or art external
test signa l to feed tile second binary divider , A3. The output front A 3
is one pulse per ‘3601) s, or 1 hr , when the input is 1.1378 Hz. Crystal
specifications indicate a frequency variation of +0.0065% to —0.O25,~
over the tempera ture range 00 to 70° C , which greatly exceeds the condi-
tions experienced in deep ocean use . This variation produces a maximum
timing error of about 20 sec per day .
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Preset counters AS , A6 , A7 , and A8 form a four decade down counter
whose contents decremen t by one each t ime a pulse arrives from the second
b inary divider , A3. The counters are programmed for the required time
interval (from 1 to 9999 hr) by four  b inary coded decimal switches S3 ,
S4 , S5, and S6. Depressing the reset switch loads the contents of these
switches into the counters.

After the programmed number of hours has elapsed , all the counters
contain zeros, causing the zero co incidence de tec tor , A4 , to change f rom
a low to high state, app lying a h igh logic level to the low—pass filter
comprising R9 and C7. The low—pass filter prevents narrow spikes caused
by the nonsynchronous counting of the preset down counters from trigger-
ing the squib firing circuit.

Af ter a 3 ~ts delay , the output of the low—pass filter rises suffi-
ciently to turn on transistors Ql and Q2 which , in turn, trigger the
silicon controlled rec tifier , SCR1. SCR1 activates the release mechanism
either with the energy stored in capacitors C8 and C9, or direc tly f rom
the ba tteries , depending upon the option chosen when the timer was assem-
bled .

3. 1 OPTIONS

Two methods of activating the release device are available. One
option is suitable for release devices requiring a high current pulse
such as explosive bol ts, and the other option for devices requiring a
continuous current such as wire corroding devices.

The pulse option requires that components Rl3, C8 , and C9 be in—
stalled and jumpers 1 and 2 left out. Thus two separate battery packs
are required : 4.5 V (VI) for the electronics and 24 V (V8) for the
squib firing circuit. The filter capacitor C6 and energy storage capac—
itors C8 and C9 must have working voltages greater than the battery
voltage V0, and they mus t also be low leakage and long life types to
insure that the batteries are not discharged excessively before the
release is activated.

The 24—V battery can be a mercuric—oxide type since only the leakage
current of the capacitors need be supplied to sustain a charge on the
capacitors. The 4.5 V battery for V0) supplies a continuous current of
approx ima tely 100 UA to the electronics. A 1—ampere—hour capacity bat—
tery safely operates the timer for 6 months.

The cont inuous curren t op tion requires tha t compon en ts R 13, C8 , and
C9 be omitted and jumpers 1 and 2 be installed. A single 4.5—V battery
pack then powers both the electronics and the release mechanism. The
battery pack must have sufficient capacity to supply 100 ijA continuously
to the timer , while retaining sufficient energy to activate the release
device after the programmed time interval . The ambient operating temper-
ature of the batteries must also be considered in calculating the required

6
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capacity since capacity decreases with decreasing temperature. A battery
pack of three “D” alkaline ci-Il s i s  suffici ent for most applications .

4. DOUBLE RELEASE ME CHANISM

The electronic t ime r is desi gned to activate various release devices ,
as described above . ~~e illustrate rifl e such double release device which is
used with bottom current meter moorings .

Figure 4 shows the arrangement emp loying two explosive bolts , either
of which separates an anchor from t h t ’ instrument above . With the excep-
tion of the explosive bolts , W II SC p r e p a r a t i o n  is ex p la ined by Byrne and
Mitiguy (1977), all parts are either available off—the—shelf or need only
minor machining of standard stock. The device is tested to a static load
of 400 kg and is used with a working load of 20 kg. Since larger , stronger
explosive bolts are available t h e  double release can be rated for greater
loads , simp ly by scaling up th~ mechanical parts while retaining the iden-
tical trigger devices . For long submers ion the bolts should be electri-
cally isolated from tI ~~ aluminum pIr t s; -tlt ernatively the aluminum channel
and angl es co uld be rep lac ed by stainless steel.

5. RELEASE T IMER TEST SET

The release t imer  t es t  se t  is a portable , batt ery opera ted , self—
contained unit designed to test th& i n t . -~~r~~ty  of t he  release by exercis ing
all of its functional parts , individual].~ md together , at an accelerated
ra te  j u s t  p r i o r  to launch ing .

The tests include :

1. uteasurenent of role - se t ioer supply current (CUR )
2. measurement o t ime base oscillator period (OSC)
3. f u n c t i o n a l  t e s t  of b i n a ry  d i - ,-i d e r chain (Dlv)
4. measu remen t  of r e ] e i~se t i r ~er battery voltages under load
5. v e r i f i c a t  ion of prc g r ir :r -i ed t im e  i n t e r v a l (HR)
6. f u n c tI o n a l  te st of s9uib f i r i n g  c i r c u i t

‘rhe N rst te st ~~1h< ) in t i l e  chee l i t  If the r e l e a s e  t imer is the
measuremen t  01 , i k ~~~e U t  r~ U ’ w h i c h  i n d i c a t e s  t he  general  hea l th  of the
i n t e g r a t e d  ci~~c u i t ~; ; su l se q u e n t  t e s t s  ( M ( , D lv , I I R)  a re  f u n c t i o n a l .

A b loc k d i a~t r am of t h i r ’  t e s t  sot  is - . } tUWI I in  Fi gure  5; c i r c u i t  deta i ls  .
appear  in the  ~c h e m at i c  d i a g r am s  ( F i p s .  6 — 8 ) .  The power source fo r  the
test  set cons i s t s  of t h r e e  a lka l i n c  I S D c c)  ls c o n n e c t e d  in series to pro—
duce 4 .5  V. The t e s t  se t  draws  a p p r o x i m a t e l y  350 mA.

The time base oscillat er ,‘~- u e r i t e s  a 1 MHz s ignal used for  checking
the release t ime r c o u nt e r s  a o l  d i v i der s  at an a c c e l e r a t e d  r a t e .  A 1 kHz

8
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re ference  signa l , generated by a divide—by—l000 counter (A4, AS ) ,  is
used as a time base for making period measurements.

The numerical d isp lays (DPI , DP2 , DP3 , DP4 ) used in the tes t set are
Hewlett—Packard 3 type 5082—7340 which contain a decoder , LED drivers , mem-
ory, and an Input for blanking the display without destroy ing the contents
of the memory . The blanking fea ture is used for conserving ba ttery power
by having onl y one display on at any given instant . A decade counter , A6 ,
with 10 decod ed decima l outputs is used as a disp lay seq uencer for dr iv ing
the blanking inputs. Since there are only four disp lays , the decade coun—
ter is reset to zero by the fifth output (Q4). The counter is driven by
the 1 kHz reference signal so that each digit is on for 1 ins out of every
4 ms.

The first test requires the function selector switch in the CUR posi-
tion and the release timer power switch OFF. Power is supplied to the
release timer by the tes t set and curren t is moni tored by the ammeter.
The supp ly cur ren t  varies between d i f f e r e n t  units , but  should not exceed
100 hA. Excessive current drain implies that one or more integrated cir-
cuits are defective and should be replaced. The voltmeter monitors the
test set battery voltage which should be at least 4.0 V.

For the CUR test , a high logic level passes through switch S1A to
gates A3 and Al7, forc ing gate con trol f l i p—flop A2 (in the test set) to
reset , which brings gate control signal KA and K b to logical “1” and “0,”
respec t ive ly . In th i s  cond i t ion  the AND/OR gate ~~ ( in  the timer) routes
the output from the first divider , Al , to the second divider , A3 , corre-
sponding tc’ the normal operating state of the release t imer. Power is
supplied co the release timer from the test set 

~~~ 
supply through switches

S1D and S1C , via the ammeter , M2 , thence to V ) D on the test  socket .

D u r i n g  the  second tes t , the  f u n c t i o n  se lec tor  swi t ch  is in t h e  U SC
pos i t i on  and the  release t imer  power switch ON. This test  checks the
t ime  base oscillator , the first divider , and the AND/OR gate . The numer-
ical disp lay shows the average period of 10 cycles of the output from the
first divider; a reading of 8789 indicates that the circuits are function-
ing pr oper l y. [n the OSC position the ammete r  is disconnected while the
voltmeter monitors the release timer battery voltage (which should be at
l ea s t  4 .5  V ) .

B a s i c a l l y ,  the OSC measuremen t is made by counting the 1 kHz refer-
enc- t- si gna l for  an in tegra l  number of cycles of the sigrv’ l being measured .
ih5- a c c u m u l a t e d  count displayed thus become s a measure of the  average
pe r iod  of the  signal with an effective reso lu t ion  of 0.1 ms fo r  a 10—cycle
c o u n t .

r r r p U~~~ T U  T R ~~~~E N A M E S  D O E S  N O T  I M P Ly  ~~J D O ~~ S F , I F N T  r~ V T 5 C E N V I R O N —

I T A L  P[  F A ~~ C~~ LA ~ r O P A t OP E S , N O A A .
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Flip—flop A2 In the test set is kept in the reset state as in the
CUR tes t , putting the release timer in its normal operating state. The
output from the AND/OR gate in the release feeds through solid state
switch SW2 (A8) into the 10—period counter A5 of the test set. The out-
put from AS goes to the input of A15, the counter and reference gate
controller . One—half of AlS is used as a one—shot. The second half is
a divide—by— two counter whose output controls the 1 kHz reference gate.
This 1 kHz signal Is alternately gated on for 10 periods and o f f  for 10
periods of the input to A5 .

The counter and reference gate controller , AlS , also genera tes a
signal wh ich rese ts the decade counters A9 and A1O to zero before  each
counting sequence. The 10—period average of the input to A5 accumulates
in A9 and AlO and is passed on to the disp lay buffers All , Al2 , and A 13 ,
and then to the displays DP1, DP2 , DP3 , and DP4 .

In the third test, the func tion selec tor swi tch is set to the DIV
posi tion . Proper opera tion of the second divider in the t imer is che cked
by fe ed ing an ex ternal 1 MHz signal into the divider and measuring the
period of the output. A count of 4096 indicates that the second divider
is working properly. As in the second test , the voltmeter monitors the
release timer battery voltage and the ammeter is disconnected .

Gate control flip—flop, A2 , is forced into the set state by switch
Sl~ and gates A3 and Al6 . KA is now at logical “0” and K~ a t logical
“1. ” This combinat ion causes the AND/OR gate (A2 in the release timer)
to connect the test set 1 MHz signal to the inp ut of the second div ider ,
~\3. The output from inverter A4 in the release time r goes to tile d i v i d e —
by—100 counter , A7 , through the solid state switch SW1, thence to the
period measurement circuits described in the OSC test. Note , however ,
tha t the display shows a 1000—period average rather than a 10—period
average.

The f ina l test  ve r i f i e s  the programmed time interval  and checks the
in t eg r i t y  of the  release timer ba t t e r i e s  and f i r i ng  c i r c u i t .  The f u n c t i o n
selector switch is set to the HR posi t ion.  The test sequence is started
by f i r s t  depressing the RESET switch to zero all of the test set counters
and then dep ressing the START switch. The countdown of the pr~ gra mmed
t ime interval on the release timer is accelerated by dr iv ing it with the
1 MHz signal from the test set.

When the f i r i n g  c i r cu i t  is ac t i va t ed , the  numerical  d i sp lay  show s
t h e  number of hours set on the  release time r , which should correspond to
the number set on the programming switches . The ammeter monitors the
firing current , which is limited to approximately 1 ampere by the dummy
squib resistance in the test set. The voltmeter indicates the condition
of the  release t imer b a t t e r i e s  under t h i s  heavy load . The FIRED lamp
lights when the firing current flows. After a few seconds , the  RESET
sw i tch should be depressed to reset the firing circuit , since this test
loads the batteries heavily.

14
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I f  the h igh current pulse activator option is used , the FIRED lamp
will momentarily light and the ammeter will Indicate a pulse of current
when the firing circuit is activated . The n umeri cal d isp lay shows the
programmed time interval. The 24—V battery is checked under a 540 ohm
(45 mA ) load by switching the Battery Check switch to Vb . The voltmeter
indicates half the actual battery voltage .

Switching the function selector to the HR position toggles gate
contr ol flip—flop A2 to the reset state , forcing the release time r to
its normal operating state.

A logical “1” from switch S1A—4 through gates A18— 3 and A18—4 forces
the output of Al4—l5 to a logical “0.” Current flowing through relay
coil RL 1 closes the relay contacts, completing the path from SCR1 in the
release timer through the dummy squib resistor R16, ammeter M2 , meter
shunt Rl7 , and to ground return. SCR1 can now be activated and it will
latch “on” if triggered . In the other tests , the relay is not energized
and the relay contacts are open , preventing SCR1 from latching in the
“on” state.

When the RESET switch in either the test set or the release timer
is depressed the following actions take place :

1. The numbers set on the programming switches in the release
t imer are loaded into the four decade down counters AS , ~\6, A 7 ,
and A8.

2. Decade counters A9 and AlO in the test set are r eset  t o zero
and disp layed .

3. Dat a latch A2 is reset.

4. Relay coil RL1 is de—energ ized , opening the squib current pa t h
and enabling SCR1 to turn off if  p r e v i o u s ly ac t i v a t e d .  The
relay is dc—energ ized as long as the RESET switch is depressed .

5. Gate cont ro l fli p—flop A2 in th e test set is r e s e t,  c a u s i n g  t i le
A N D / OR gate , i\2 , in the release timer to gate the t i m e  base
signal from the first divider , Al , to the second divider , A3.

When t h e  STAR ’I s w i t c h  is depressed  the following a c t i o n s  take place:

1. Gate control flip—flop A2 in the test set is set , gating tile
test set 1 MHz signal into t h e second divider , A 3 , in tite release
t imer .

2.  Each pulse f r o m  i n v e r t e r  A 4 — l 3  in the release t i m e r  i n c r e m e n t s
coun te r s  A9 and AlO in the  tes t  set and dec remen t s  c o u n t e r s  AS ,
A6 , A7 , and A8 in the release timer.

15
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3. The squib f i r ing  c i rcu i t  is activated when the coun t reaches
zero in A5, A6 , A7 , ~~iid A8 in the release t imer .

4. The an~neter registers the squib current .

5. The voltage drop across the d ummy sq uib resis tor causes the
LED to g low and toggles the data latch flip—flop A2 to the set
state. This strobes the data from the decade counters A9 and
AlO into display memories.

6. The display shows the count accumulated at the moment the squib
circuit was activated.

The release timer log sheet (Fig. 9) and release timer par ts list
(Fi g. 10) are included in this report to assist the reader in utilizlag
this system.
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Release Time r Test and Preset Procedure

1. Release timer and test set power off.
2. Connect teat set cables to release timer. Match notches on teat

p lug and test socket , equib cables are size coded .
3. Switch to “CUR”.
4. Teat set power on —— record supp ly current.
5. Release timer power on.
6. Switch to “OSC” —— record period after second counting cycle.
7. Switch to “DLV ” -— record period after second counting cycle.
8. Switch to “HR ”.
9. Depress release tim er “RESET”.
10. Depress “START” on test set —— upon firing , record current and count ,

then reset immediately (firing mode draws 1 amp from batteries).
11. Remove cables from release timer.
12. Depress release timer “RESET” and record reset time .
13. Check and grease 0—rings in end caps.
14. Assemble release timer into pressure housing , purging with dry nitro—

gen or argon , and screw caps hand tig ht.
15. Connect to release mechanism .

Retrieval and Storage Procedure

1. Disconnect cables and put unfired exp losive elements in a safe p lace.
2. Thoroug hl y wash release in fresh water.
3. Allow release to come to ambient temperature before opening in a dry

p lace.
4. For storage , purge with dry nitrogen or argon and sasmisbie.

Release Timer Log Sheet

U p e r a t o r _ -

Re l e a se  I! (on e i i d c a p )  
_____________ ____________________________________

PC board  I~ (on t e st  soc k e t )  _________________________

P rese t  h o u r s

S u p p ly  c u r r e n t  ______-— _____________ ( 100 
~ 

a)

~~~ lUator pe i lo d  
_______ _________________ 

(8789)

Il I v i d e r  
______________ _______________________ 

(4096)

C o u n t  a t  t i r e t i me 
________ 

(same as p rese t  h o u r s)

Fi re c u r r e n t  
__________ ___________ — ______________

D a t e , t i U l e  ( ( ~ ‘fF) ot RESET 
________ _________________

(a 1cu I~ ted ddtL• , time (GM’l’ ) of f i r i n g  
______________

COITWICLI t a
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Int e& ra t ed Circui ts ——All  IC ’. [ A ]
are Q4OS in ceramic dual—in-
line packages . Capacitors
A1 — 4060 C1 — 5O pF
A2 - 4019 CS , C6 — 0.68 UF 35 WVDC tantal um
A3 — 4040 Cl — 150 pP
A4 — 4002 C8 , C9 — 750 pP 25 WVDC tantalum
AS , A6 , A? , A8 — 4510 Quartz Crystal
Transistors Xl — Sta tek Corp. type SX— 1R , 18641 R z~
Qi , Q2 — 2N2222 A Swi t ches
Silicon Controlled Rectifier Si — DPST miniature toggle
SCRI — 2N4l84 S2 — SPDT momentary contact miniature

Resistor s——All resistors are S6 — SPDT rocket DIP

R I R2 R5 R6 R 7 R8 812 — lOOK 
swi tch Grayhi ll Inc . type 76C04

83 - 22M Miscellaneou s
R9 — 27K Test socket — 14 p in DIP IC socke t
810 — 21 Waterproof connector (2 contact
811 — 47 0 20 , 000 psi) Vector part n umber
R 13 - 22K XSG2BCL

int egrated Ci rcu i t s——All  IC ’ s I B ]
are CMOS in ceramic dual—in—
line packages . Capacitors
Al — 4007 C l —  47 pF
A2 , A15 — 401 3 C2 — 150 p F
A3 - 4011 C3 — 100 p F
A4 , AS , A7 , A9 , AlO — 4518 C4 — 1.5  pF 2OW VDC
A6 — 4017
A8 — 4016 Quartz Crystal

A l l , A 12 , A 13 - 4050 Xl - 1.000000 MHz

Al 4  — 4049 Zener Diode
A16 , A 17 , A 18 — 4001 ZI — MZ4 624 4 . 7  v o l t s

Dls~~1~ y Dio des
DPI , DP2 , LW ) , L)P4 — Hewle t t— Dl , D4 — 1N4002

Packard type 50 82—7340 D2 , D3 — 1N9 14

Res i s to r s  — All  resistors are LED
¼ w a t t , 5’!. tolerance unless LP 1 — Hewle t t—Pac kard  5082—4403
noted o the rwise .
81 — 

Relay

- 82 — 8 . 28  811 — SPDT 4 . 5  vol t  3 . 5  mA coi l

83 , 84 , 86 , 87 , RB , 89 , 811 , Switches
812 , 813 , 814 — 1M Si — 4.-pole 4 — p o s i t i o n  ro tary

85 — 22K S2 , S3 — SPST normall y open push
810 — 12K bu t ton
815 — 68 ~ wat t  S4 — DPUT momentary con tac t
816 — 3.3 Li wa t t  m i n i a t u r e  toggle
817 — approx imate l y  33 cuil l lohin , s  S5 — SP ST m i n i a t u r e  togg le

20 AWG hookup w i r e  wound on
Meters1 h z  2W r e s I s t o r  used as co i l

- M l - vo l tme te r  0—15 Vfo r T i , .  C a l i b r a t e  meter  b y cu t— -

a n d — t r y  method .  M2 — am meter 0- 200 iA

8 1 8 , 819 — 270 1 wat t

~

.
- 

- ~~ - (
~~~) ~ 

,-~
,

/ - ‘
. ‘ (7— ).
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