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ABSIKMI

This report descriLes and illust rates the desigmr
An. operation of a safety-ignition derice (SID) that

was developed for &me with a 750-lb solid-propellant
apogee rocket notor (designed by the Jet Propulsion
Labs). This device, used in combination with the
Applicatioms Itechnolc-y Satellite for .CASA, is prinar-
ily inte=ded to prevent ignition of the rocket notor
during ground handling and prelaunch operations, and
in orbital flight provide reliable ignition of the
apogee rocket mntor with a high degree of safety and
operati onal reliability.

Based on an extensive test and evaluation progran
cooducted during this development, the design recommended
herein is considered suitable for the desired applicatim.
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1. I N "1JUCTION

Research and development wo-k was initiated- by HDL in Decenber
1964 on a safety ignition device t,'ID) for the Applications Technology
Satellite (ATS) apogee rocket notor. This device was requirvd to pre-
vent prenature ignition of the JPL ; pogee rocket motor during ground
handling and prelaunch operations while in the safe position, and
per&-it reliable ignition o,. th- apogee motor in the armed position.
The design specifications f-nrthe required that the SID perform with
a high degree of safety and reliability and that it be compatible with
the:

(a) Existing configuration of the rocket motor (illustrated in
sect 2.3);

(b) Weight and (G characteristics dictated by propulsion and
payload of the motor (illustrated in sect 2.3); and

(c) Environnental conditions experienced by the rocket during
prelaunch and flight. 2

In addition to the above general requirements, the SID was required
to produce an output-pressure signature at a tern erature conducive to
reliable ignition of the pyrotechnic charge in tl e rocket without
causing excessive motor chanber pressure, and at the same time be com-
patible with the squib-driver electric output. The SID was placed in
the armed configuration by an electrical signal from a blockhouse
console.

Two SID designs--designated A and B--were developed during this
program. This report describes and illustrates the design and opera-
tion of those two devices. A detailed test-data rv;port containing the
performance of Design B (shown in frontizpiece) v 's submitted by HDL

to NASA in June 1967. That report a is concerned specifically with an
evaluation program that was directed toward establishing the design
and determining the overall capabilities of the SID with respect to

the desired application.

Upon authorization by National Aeronautics and Space Agency,
Goddard Space Flight Center, request number S-70031-G, dtd 3 Dec 1964.

2 "Environmental Qualification and Acceptance Test Specification-

Spacecraft Testing," prepared by Goddard Space Flight Center,
No. S2-0101.

"Report On Evaluation Program for Safety Ignition Device for Appli-
cations Technology Satellite Rocket Motor," comnpiled by Martin Nelson,
June 1967.
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2. GNTERAL DESCRIPTION OF SID DESIGNS

2.1 Design A

Design A, which established the basic configuratioi-, employs
an out-of-line nechanism, an associated drive system, and a switching

system.

2.1.1 Out-of-Line Mechanism

The out-of-line mechanism shown in figure I consists
of three parts-a lower body, an upper body, and a core inclosure, as
shown in figures 2, 3, and 4, respectively.:

The lower body contains the O-ring seal between the
upper and lower bodies and the lower-core shaft bearing. Also incor-
porated in the lower body is a curved slot with which a pin in the
base of the core mates, thus limiting core rotation. Externally, the
lower body provides a seat for the closure nut (item 4, fig. 5), which
holds the unit in the rocket-motor casing, the closure O-ring seal
groove, and the mating threaded section to retain the Alclo basket
shown in item 1 of figure 5.

The upper body contains two squib cavities with the
necessary porting to conduct the squib combustion products to the pas-

sages in the core. An upper-core shaft bearing and its O-ring seal

are contained in the upper body.

The core inclosure contains two pairs of ports, either
pair of which may be aligned with the ports in the upper body. One
pair of these ports (sect B-B, fig. 1) conducts the squib-combustion
products into an expansion chamber within the core itself. The other

pair of these ports (sect A-A, iig.1), displaced 60 deg from the first

pair, merges into a common port on the axis of rotation and conducts

the squib combustion products through the lower body to the Alclo
basket (fig. 5), which is the next element in the pyrotechnic train

if armed.

2.1.2 Drive System

The associated drive system (fig. 1) employs a pair
of linear solenoids attached to opposite ends of a rod with a gear-

toothed rack along one side. This pair of solenoids drives a pinion

: Illustrations appear on pp. 17- 39.
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gear on the core-shaft extension. One of these solenoids accomplishes
the safing function; the other accomplishes the arming function. A
third and smaller solenoid engages a latching device on the side of
the drive rod opposite the toothed rack, locking the rack in either
the safe or armed position.

2.1.3 Switching System

The switching system illustrated in figure 6 employs
four micro switches that are actuated by cam surfaces machined on the
drive rod. These switches limit the switching functions for the sole-
noids and provide remote indication of the safe or armed position of
the SID.

2.2 Design B

Initially, Design B was intended to provide only an alter-
nate drive system for the out-of-line mechanism employed ir Design A.
As Design B evolved, however, additional switching requirements were
imposed upon the system, limiting the quantity of micro switches
required in view of the limited space in Design A. Design B utilizes
a reversible d-c motor and a worm-and-wheel drive system, which is
inherently compatible with printed-wiring-type switching devices.
Consequently, a printed-wiring switching system was developed to accom-
modate the required switching functions.

During this period of development, Design A had progressed
to the prototype hardware phase and units were being field tested. The
results of these tests indicated that isolation of the output port
from the squib ports during squib firings in the safe position was not
commensurate with the desired application. An investigation of this
problem resulted in full development of Design B.

The basic igniter unit for this design is shown in figure 7.
This unit consists of an upper body and a lower body that inclose a
rotatable core.

2.2.1 Upper Body

The upper body is shown in figure 8. It contains a
central stepped cylindrical cavity-with which the core (fig. 9) mates-
and two diametrically opposed ports. In cross section, the two ports
are threaded at the outer end to accept the squibs and extend downward
at a 45-deg angle from the threaded portion until they intersect the
central cylindrical cavity.



2.2.2 lower Body

rigure 10 ilustrates the !mer body, vbl-J is a
stepped cylindrical base that =-tes with the upper body and loses the

bottom- of the core cavity. In cross section, the lower bo&.; h.s two

ports in its surface that extend dward toward t.be center at a 45-
deg angle and intersect a larger vertical port that extends to the
lower surface. This porting arrangeent is a T-configuration.

2.2.3 Core

The core, illustrated in figure 97 is a solid cylinder

that has been c -t at_.a on parallel sioes, leaving a thin, full cylinder
at the bottoa and a rectangular parallelepiped section viah curved

ends for the renaining height. In cross section, the core has a port
at each end which extends at a 45-deg angle from the curved surface of
the parallelepiped section to the base of the thin cylindrical base.

2.3 Theory of Operation - Design B

When the three parts of the basic igniter unit are assenb-:ed.

the core is capable of a 60-deg rotation. In the extreme clockwise
position, the assembly is in the safe position, and the ports in the

core are displaced 60 deg from the ports in the upper and lower bodies,
effectively sealing the ports in the lower body and placing the expan-

sion chambers adjacent to the ports in the upper body.

In the event of an accidental squib firing in this position,

the combustic-i products will impinge upon the upper curved surface of

the core, forcing its base tightly against the lower body and sealing

off the ports in the lower body. The combustion products are contained
within the expansion chamber.

Neither squib can ignite the other, because the two expansion

chambers are not interconnected. However, if ioth squibs are acciden-

tally fired simultaneously, comblistion products would impingupon the

curved upper surfaces of both sides of the core, thus providing a

greater sealing force than that from a single squib.

In the e:treme counterclockwise position, the unit is in the
armed position and the ports in the core are aligned with the ports in

both the upper and lower bodies. The expansion chambers are isolated
from the ports in the upper body. Upon initiation of the squibs in

this position, the combustion products pass through the two squib ports,

combine in the central port, and then pass into the Aiclo basket. It

should be noted at this point that a single soiiib is capable of igniting
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ri-ak~ame tic-ertf;(1. 11) 1ticb, thrqc t-he

Zrz-2=eeet, rotates the core.

Tcorporated in the drz're rstea is tbe nai!sa1:-= ca-

the==z' 5afimm lever clockulse zpprouiiatelY 71 dez- I= its first

itsz 1,ia -giitig rbegge vorn fahteponu
tI" deie of teF sae levr it s %7he never cannot_ arm th ei
Vth Aror n hseen.Ms tis tonttheleve e.-4i::ed a pint the -e onsithe

izme 5raed fbohe tm hee arid svten icts th wrne~rringety60
degr~ plcizgtche Thi nte rogsafe eposit is ataced t the toperot
itse wora wheel, and the s tio er worsnt vi supporte wbye orkpint
thae aerie icree intate pobod. MElercalo coniwtec deice.n

thes5e two elemtents is accor-plisbed vith spring zonracts. This switchI ' coribines the eight switching functions required, as described below

Switch No. 1 connects one end of squib No. I to the "sauib
NO. 1 fire Lead in the armed position and to ground in the safe posi-
tiori.

Switch No. 2 connects Ub-e other end of squib -No. 1 to I'squit
No. 1 return~ in the armed position and to ground in the safe position.

Switch No. 3 performs the notor cutout, or linit functions,
in the arod or safe mnode; also, it performs the indicator functions
for these twxo positions,

£ Switch No. 4 parallels the miotor limit switch functions of
swi-.ch No. 3 and provides redundant safe or armed indication.

Switch No. 5 short circuits both ends of squib No. 1 to
ground in the safe position and removes this short in the armed posi-
tion.

Switch No. 6 short circuits both ends of squib No. 2 to
ground in the safe position and removes this short in the armed posi-
tion.



swie: 50. 7 CoeCts ~ed ad of qaib 3V*- 2 to the s b
So. 2 retarw im thbe armed positiom azd to> Co-*=d i the. safe pc%irjOc..

s-ltcz No. 8 cvmcts the other e~d of si-,-ib 56. 2 to _sq-_1b
No. 2 retzr ofth a~ positim a--3d to Cground != tbe s.lle p"fLticc.

The emd of the cable a.-acehed zlocg the pertpbery of the
stator terUlntes, in.ts wo emctors, ut-AihD i to tneW spacerraS~t
inter!mal iiriz baress-n 15-pin Casc UMU-15-M-l tkat carries
the coctrol and indicating circcaits, and mue 9-pin Ea--93-33-1
that carries the squib-driver ci rcszts. 7h cont rol and indicati~g
circults ame comeected thmagh the =issile wiring hazzess 2=4 crbilical
cord to the control paeI (f ig - 13) located im the 1.z~sck coasole of
the blockhouse.

Figures 14 and 15 illustrate a checkgyat bcK that is used to
indicate the safe or armed pesitioms of tb& device at any tine before
installation of the rocket motor in the spacecraft. Ibis checkut box
is a passive indicating izrstirinent and has no control functions.

An exploded view of the complete unit is shown in figure 5;
the assembled unit is diagrammed in figures 16 and 17. Figure 18
shows the assembled apogee rocket motor.

3. HISTMR OF SID DREL T

3.1 Squib Selection

In the initial phases of this progran. it was assumed that
the sane squib developed for the SYNCOM progran would be applicable in
the ATS progran and would be provided by !XASA. However, the squibs
were not available anid HDL was directed biy XASA to conduct a squib
evaluation progran,- in which the following squibs were used:

Navy-type WCK-lA

Special Devices 101575 (SDI-Gerini)

Special Devices I

Hercules

Hi-Shear PC-37

Of the igniter squibs evaluated, the PC-37 was considered the most
applicable for the SID application on the basis of -its capability to
(1) meet the space requirements of the apogee rocket motor; (2) with-
stand such tests as the pressure output, flame temperature, gap,
safety and propagation, and no-fire current; and (3) withstand

Reported by Nelson, June 1967., op. cit.
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~T± ~ :es~~~ -~ribratonm, aecelertiom, amd tberizal
T'4= rhe Occ.p: -_ftknacter sties of tkis i1i :er _4Vaib are listed

3.2 Xterzals Esed

%bere'ver potb-s ble, ==Cenetic zateria Is were Lzcvrprzted
i= he fi~a desigm. 7tw e ter_-l for imdivide3I piece ;arts inclade

zacmagz'etic corzrono retsisti-og steel, tUta--du allay, fihezglass,
teflan, and Waricas -lmrd alloys. The basic igziter, care, ;S~r
arnd lower Ibotdes aere cx~suced with AISI 303 corrosica-zesistimg
stel by Glide-lize Cbrp Ofzynesloro, Ilr).Te posts aAd
Screws msed to faste-e these panis tagetber %2re fabriczted by URL,
usizmg titai= allay, 6Ab-E--028. rb arious other piece parts
7fere "Ma of alsmairnm al loys and ~aza~rdby the Blad 1bl azd Die
Capa-y (Wksigtm, D. C.). Additional specification and data onm
specific piece parts axe give in R)L frgiimertin Part List and Draw-
ing - rs 11006117 and F11006777 respectively.

3.3 Physical Properties

Total weight of the asseabled SID-loaded with the squibs
and ready for flight-is apprcuirzately 5 lb. rigure 20 sbos its
center of gravity and zonnt of inertia -

3.4 SID Assenbly

The nchanical asseirbly and electrical wiring is covered in
the complete enrgineerinrg drawing package, Parts List No. 11006777 and
the top assenbly drawing F11008777. Quality control and inspection is
described in JIDL drawings C11009008 and C11009009,. respectively. This
inciudes Cotact-osition ctheL" of the stator board, using IIDL contact-
assezzbly fixture F1108674 and contact-preload inspection in which a 0O
continuity gage and a N--00 continuity gage were used.* A lo-pressureI. (15 psig) test was also used on the assenbied SID's to determine if
the 0-rings were installed and functioning properly. The setup for
this pressure test is outlirsed in JIDL draving C1109012. See appendix
A for assembly details.

3.5 Problem Areas

During the development phase, it was determined that the
operating pressure of the rocket motor was higher than first suspected.
Thus., the pressure within the SID igniter chamber increased. To cam-
pensate for the increased pressure, the upper- and lower-body retain-
ing screws were increased in number and size. In the early design B
development phase, six (6-32) UNC titanium screws were used to fasten
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the appr =d -lower b~le-s togther- 1= the f±I es 3., 10 (W0-32)
0Y tit-f= $C1.WS =e~Sed. protoype i? f c ts 4S ere

-jecke'__! to 5000~ s*iz, tic= d1lSs se led ame nd sezd
70-st VeSMIt KsCOV-r= t.at :b-e xrssembled desIg= 5 is cz~able o~f witL-
SLz-ndirC 5000 alg Itkat, 2MY dCC.bd2ticc to the L irtidaal ;Qrts

TO S~kISW the dr-iresoni-re 2X- irmt-tS for high-
UW speed, dlreCt C=Wff Wtth little Or Z.D Cost, Ze.*e-Sible diectiM
amd nia1.nre size, a 2anrtic brzke , redzcticc gear, a su -it-~ 6-C
electric mo~tor wa =±wrprartd - Thsmotor (PAMr 5o. 43%5), -
f24-tured by Globe Indmtxtes, lac (Daytocn, (Mio)., izcor-jozates a.-
* Aectric nizzgtl c brake Wized I= series U-ith tiae noter armtre vind-

Problems were en-cr~niered with thisf motor im that it had stick-
1=9 brakes a=d an ezrtic operating curret. It was deterzi1ed that
the air Cap between the disc and coii bou~simng cgi-ed after a period
of clerationa. All moters were returmed to the na nacturer and
resbimmed to correct the air gap. Also, the motors vere recalibrated
fcr a correct running4 current and braze-dropeut current. After this,
each motor was operated 100 times and then recalibrated to cmapens-te
for wear. Although the natzfdacturer rebuilt and rechecked each motor
to imnprore its reliability a rebuilt motor failed a bench check at
WDL during October L967. After replacing the motor in the SID., the
unit perforned properi,. Inspectioc with the brake-1xvasing corer
removed indicated that the air gap was between 0.002 and 0.004 in. and
that tihe brake was draggizng on the braking disc. 7he brake was
reshimd to the nanfacturer's settin-g of 0.005 to 0.007 in., after
which the motor operated correctly. Based c~- these results, HDL has
concluded that pe-riodical ins~pections should be ad.of the brake air
gap and operating current to insure proper operation of the electric
notor.

3.6 Inspection Procedures for Test and Orbital Flights

3.6.1 Test Flight

Between 11ay and July l&66, eight apoigee motors -&ith
SID's were fired in a dy~namic rocket-motor test and one fired statically
~rith a simulated spacecraft at Arnold Air Force Base (Tullahoma Menn).
These SID's were modified specifically for test purposes, differing
from flight hardward by inclusion of three pressure taps. Two of these
taps were positioned in the lower body of the unit and the other in the
upper body, as illustrated in figure 21 (HDL drawing No. 11008671).
The two taps in the lo-er body monitored the burning pressure deve.Loped
in the rocket motor. The pressure tap in the upper body monitored the
squib and SID cavities, as well as the ignition and burning pressures.

14



All tests verv cocsided csfltha q~z if-; zg the SM for =se
It the apogee rocket monoCr.

Z.2OrbItal-Fligt Pseparatticm

After the safte? -Iiiai device 7xks qaiallfied for
aein- this zpplictim, the Mct Were c3becked and praed for i-

~nt to the Lzsterm 1est ft -tt Cape vea=edy,' Flom"ida, for Orbital
flight. Ms SIMts vere cbecked fr

01) 3lectrtcal e~rkouly, =si-- the SID Electrical
Cbeckoa! ?roeare 1,1 as describhed 1= appeadi1z S.

(2) -Swic-crwamt c~tzc- msistance, =-im the -51
Sa itcb-Ci rcmi t Coatact Resist-nc Cbei~Aut Procedure 11, as described
i= appendix C.

(3) Low pressure at 15 psi for oce-balf hr, Using
figure C-1. N3o loss of pressure was ind~czt" ft this cbeckout

After coupieting these ckieckout procekurte with sat-
is fzctory results, the units were shipped to the test range wbere tbey.
were sub.,ected to an incomdng-shipmnt inspection and a prei-aun:
checkouat. A copy of the procedures used by the Eastern Test 3a±Ce is
ccctained in. appendix D. Following this inspection and checkout., the
units were =ad-e available to -3PL for instaliation. of the igniter bL-sket
and assenblr with the JPL apogee rocliot aotor.

4. S UMMARY

The SID) design B has been deterairned applicable and reliable for
use with the 750-lb solid-propelY-ant aoogee rocket notor, based on its
Perfornance in two orbital -flights-7 December 1966 and 6 NCov i967
aboard the ATS-B and ATS-C. respectively. rThe final satellite in the
ITS series is schedaled to be launched in -August 1969 using the SID)
final design.
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NOENCLATRE FOR FIGLRE 5

(1) Alclo basket

(2) Igniter lower body

(3i O-ring

(4) Closure nut

(5) Igniter core

(b) Roll pin

(7 Shaft

(8) Igniter upper body

(9) Lock washer

(10) Post A

,')a) Post B

.1) Socket head screw

(12) O-ring

(13) Cover base

(14) Cable clamp base

(14a) Cable clamp base

(15) Manuai safing lever

(lo) Spacer

(17) Base, motor mount

(18) Motor mount

(19) Shoulder screw

(20) Worm gear

(21) Worm wheel pin

(22) Worm wheel

(22a) Roll pin

(23) Cleat (one omitted for clarity)

(24) Motor assembly

(25) Manual safing release pin

(20) Printed wiring switch rotor

(27) Printed wiring switch stator-cable subassembly

(23) Covet
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SAFETY IGNITION DEVICE
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Figure 6. SID Design A switching system.
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7igure 8. Diagram of SID Design B upper body.
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Figure 9. Diagram of SID Design B lower body.
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Figure 10. Diagram of SID Design B core.
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0 1. RECOMMENDED F' RING CURRENT 6. INSULATION RESISTANCE
5 amps appied to one bridgewire or to sacb bridg e 100 megohms minimum insulation ressistanice -hen
over a temperature range of -65OT to, .165 0 F rustuts in 500 VDC is applied between shorted contact plus and
a 3-niill~second or loe function time the cartridge body.

2. HIGH ALTITUDE 9. DIELECTRIC STRENGTH
H.s been testec to and performs satisfactorily at VithstJLod3 500 VAC (zinc) applied between the
550.0CC :eet Can be expecteno to per.orm in con- contact pins shorted together and thc cartridge
citionh approach.ng a complete vacuum body for 1 minute without breakdown. No arc-

over, breakdown, or a transient increase in leakage
3 HtiR?.ETIC SEAL current is detectable.

As, cartridge.. arc checked .at a differenial presure
of jpproximattly ,0

6
rnm of Hg for a leakage ra~e Q) 10. STATIC SENSITIVITY

not to exceed I x 10-
6
cc of Helium per second asrP No ignition occurs when a 500-micromnicrofarao

capacitor charged with 5000 volts is discharged
4 HIGH AND LO TEMPERATURE between the contact plns shorted together and the

Has been tested s iih satis.factory. performance inI cartridge body at 700T at ambient pressure
temperature r'nge of -300OF to -300 0 F.

11. RADIO FREQUENCY HAZARDS

O 5. 34INIMUM ALL-FIRE CURRENT Test sampler were exposed to a range of B moega-
Minimurn recommended all-fire current is 3.5 amps to cue cycles to 10, 000 megacycles with a power input of
bridgewire or to each bridgewire at ambient conditions. . 10 watts to each bridgewire. All cartridges tested
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6. ENVIRONMENTAL CAPABILITIES subsequent firing tests.

Hi~midity to- M.IL-STD-304. 2 VRG EKPESR
Shnock: 200 'C' in each of three orthogonal1.AERG PAKRSUE

air xeo to. Cartridze PSI (Ambient Teal Chamber Size (C.C.)
Vbaint.MIL-E -8272 in each of threo orthog- PC37 6005 10.0

onal axes.PC3 600.

Salt Spray to: Federal Test Mdethod STD No. 151. 13. UNIT WEIGHT

(D0 7. NO-FIRE CURRENT The assembled cartridge weighs less thtan .04 pounds.

Cartridges stabilized to -350OF were subjected to 1-amnp,
1-watt current applied for 5 minutes to both bridgewires
simultaneously and were then fired ai ambient temperature U.S. Paten. No 3.135,.200
without evidence of degradation of performance .. ~

DLy Bay Standards Page Ntumber

2-1720-8-E
1/2L2U POWER CARTRIDGE Cartridge Aibsombly Part Number

Appoved, GAS AND HE6AT GENERATING PC37, PC43

Figure 19. Output characteristics of Hi-Shear-37 igniter squtb.
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APPENDIX A. - ASSEMBLY DETAI LS

All component parts of the safety device were inspected visually
for damage and defects before assembly. The procedures follotwed dur-
ing assembly of the SID required that the:

(a) Squib ports in the upper body be protected with

suitable plastic plugs, and that the plugs and
thread on the bottom of the lower body be given
similar protection with suitable plastic cups;

(b) Screw heads be inspected at each assembly step

described below, and that the screw heads would
be replaced if any burring was indicated;

(c) Worm and motor (parts 20 and 24, respectively of

fig. 5) would be assembled in the shop before
assembling the unit and attached to the cable

stator board assembly (part 27) during sub-
assembly; and

(d) Fasteners would be nonmagnetic.

Using the designations shown on figure 5 (body of report), the
SID was assembled in the following steps:

Step 1. -Assemble parts 5 (core) and 7 (shaft) with part 6 (roll

pin), and apply Molykote to base of core.

Step 2.- Assemble parts 8 (upper body) and 12 (0-ring), taking

care not to damage the 0-ring.

Step 3,- Assemble purt 8 (upper body) (8 and 12) with part 5

(core 5, 6, and 7), being careful not to damage 0-ring.

Step 4.- Apply Molykote to center section of Part 2 (lower body).

Step 5. -Assemble parts 2 (lower body), 3 (0-ring), 4(closure
nut), 17 (base, motor mount), 8 (upper body), and 5, 6, and 7 (core
assembly) with 9 (lockwasher) and 10 (stud), 10a (stud), 11 (screw)

and torque to 40 in.-lb. (Units to be hydrostatically tested were

removed after this step.)

Step 6. -Remove squib cavity plugs and base-thread guard. In-
stall test squib plug and assembly to pressure-check fixture (HDL
drawing C1109012). Unit must not lose pressuze in 30 min. Remove unit
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from fixture and remove test-squib plugs. Replace thread guard and

plastic plugs.

Step 7.- Assemble parts 13 (cover base) and 14 (cable support).

Step 8.- Assemble part 13 (cover base) (13 and 14) to tested

units.

Step 9.-- Assemble parts 21 (pin) and 22 (worm wheel), and stake

21 (worm-wheel pin) after it has been screwed into place.

Step 1O.-Assemble parts 10 (lever), 16 (spacer), 18 (motor

mount), and 19 (screw) on unit. Asser.ble parts 22 (worm wheel) (21

and 22) with 22a (pin), taking care as it can be assembled in two ways.

With parts 15 (lever) on countercloclwise, part 22 (worm wheel) should
be able to rotate on part 7 (shaft) 180 deg without moving part 15
(manual safing lever). The worm wheel (22) is now rotated until it is

in line with the hole in part 6 (core assembly) and the pin (22a) is

pressed into place. Moving the manual safing lever (15) as far as it

will go clockwise puts the unit in the safe position.

Step ll.-Inspect for ports closed in safe position. Then inspect

for opened and aligned parts in the armed position, making sure that

parts 15 (lever) and 18 (motor mount) move freely without drag. There

must be no indication of wear on parts 15 and 18 in five of six times

of testing. Approval inspection for this step must be given by

assembly supervisor.

Step 12.-Add parts 26 (switch rotor) to 22 (worm wheel) with the

screws provided. After the inspection for this step, parts 27 (cable

stator board) will be added and 14a (clamp) put in place.
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APPENDIX B.- SID ELECTRICAL CHECKOUT-- Procedure I.

A. With the unit in the safe position and connectors P1 and P2
disconaected, check each of the 28 terminals as follows:

STATOR BOARD TERMINAL NUMBERS

1. fa) Continuity with pin 9 of connector Pl.

(b) Open circuit with all other terminals and all other
pins of connector P1 and P2 and ground.

2. (a) Continuity with pin 7 of connector P2.

(b) Open circuit with all other terminals and all other
pins of connectors P1 and P2.

(c) Open circuit with ground.

3. (a) Continuity with Pins 6 and 9 of connector P2.

(b) Continuity with terminals 8, 9, 10, 13, 18, 19, 22,
23, 24, 25, 26, 27, 28, and ground.

(c) Continuity with pins A and B of squib connectors 1
and 2.

4. (a) Continuity with pin 1 of connector Pl.

(b) Continuity with terminal 14.

(c) Open circuit to all other terminals, all pins of
connectors PI and P2 and ground.

5. (a) Continuity with pin 2, 5, 10, 11, and 12 of connec-
tor P1.

(b) Continuity with terminals 6, 11, 15, 16, and 21.

(c) Open circuit with all other terminals, all other
pins of connectors Pl and P2 and ground.

6. (a) Continuity with pins 2, 5, 10, 11, and 12 of con-
nector P1.

(b) Continuity with terminals 5, 11, 15, 16, and 21.

(c) Open circuit with all other terminals, all other
pins of connectors P1 and P2 and ground.

7. (a) Continuity with pin 2 of connector P2.

(b) Open circuit with all other terminals, all other
pins of connectors Pl and P2 and ground.
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8. (a) Continuity with pins 6 & 9 of connector P2.

(b) Continuity with terminals 3, 9, 10, 13, 18, 19, 22,
23, 24, 25, 26, 27, 28, and ground.

(c) Continuity with pins A and B of squib connectors 1
and 2.

9. (Same as 3 and 8.)

10. (Same as 3 and 8.)

11. (a) Continuity with pin 2, 5, 10, 11, and 12 of connec-~tor Pl.

(b) Continuity with terminal 5, 6, 11, 15, 16, and 21.

(c) Open circuit all other points.

12. (a) Continuity with pin 4 of connector P1.

13. (Same as 3, 8, 9, and 10.)

14. (a) Continuity with terminal 4 and pin 1 of connector P1.

(b) Open circuit with all other points.

1 15. (a) Continuity with pins 2, 5, 10. 11 and 12 of Pl.

(b) Continuity with terminals 5, 6, 11, 16, and 21.

(c) Open circuit with all other points.

16. (Same as 15.)

17. (a) Continuity with pin 4 of connector P2.

(b) Open circuit with all other points.

18. (Same as 3, 8, etc.)

19. (Same as 3, 8, etc.)

20. (a) Continuity with pin 8, connector P2.

(b) Open circuit with all other points.

21. (a) Continuity with pins 2, 5, 10, 11, and 12 of cornec-

tor P1.
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(b) Continuity with terminals 5, 6, 11, 15, and 16.

(c) Oven circuit with all other terminals, all other

pins of connectors P1 and P2 and -round.

22. (Same as 3.)

23. (Same as 3.)
I

24. (Same as 3.)

25. (Same as 3.)

26. (Same as 3.)

27. (Same as 3.)

28. (Same as 3.)

B. With the unit in the armed position and connector P1 discon-
nected, check each of the 28 terminals as follows:

STATOR BOARD TERMINAL NUMBERS

1. (a) Continuity with terminals 4, 5, 12, 14, and 15.

(b) Continuity with pins 1, 4, 9, 11, and 12 of
connector PI.

2. (a) Continuity with terminals 3 and 28.

(b) Continuity with pin A, squib No. 1.

(c) Continuity with connector P2, pin 7.

(d) Open circuit all other points.

3. (a) Continuity with terminals 2 and 28.

(b) Continuity with pin 7 of connector P2.

(c) Continuity with pin A, Squib No. 1.

(d) Open circuit all other points.

4. (a) Continuity with pins 1, 9j, 11, 12, and 4 of connec-

tor Pl.
(b) Continuity with terminals 1, 5, 12, 14, and 15.

(c) Open circuit with all other points.
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5. (Same as 4.)

6. (a) Continuity with pin 5 of connector P1.

(b) Continiity with teminal 16.

(c) Open circuit with all other points.

7. (a) Continuity with pin 2 connector P2.

kb) Continuity with terminals 8 and 26.

(c) Continuity with pin B of squib connector No. 1.

(d) Open circuit with all other points.

S. (Snne as 7.)

9. (a) Continuity with pins 6 and 9 of connector P2.

(b) Continuity with terminals 10, 13, 19, 24, 27 and
ground.

(c) Open zircuit with all other points.

10. (W Continuity with pins 6 and 9 of connector P2.

(b) Continuity with terminals 9, 10, 13. 19, 24, 27 and
ground.

(c) Open circuit with all other points.

11. (a) Continuity with pin 10 of connector P1.

(b) Open circuit with all other points.

12. (a) Continuity with pins 1, 4, 9, 11, and 12 of
co _nector P1.

(b) Continuity with terminals 1, 4, 5, 14, and 15.

(c) Open circuit with all other terminals and all other
pins of connector 1-I and P2 and grouand.

13. (Same as 10.)

14. (Sam as 1 and 12.)

15. (a) Continuity with pins 1, 4, 9, 11, and 12 of
connector P1.

(b) Continuity with term:inals 1, 4, 5, 12, and 14.
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(c) Open circuit with all other terminals, and all other
pins of connector P1 and P2 and ground.

16. (a) Continuity with pin 5 of connector P1.

(b) Continuity with terminal 6.

(c) Open circuit with all other terminals, all other
pins of connectors P1 and P2 and ground. ,

17. (a) Continuity with pin 4J of connector P2.

(b) Continuity with terminals 18 and 25.

(c) Continuity with pin A, squib connector 2.

(d) Open circuit with all other points.

18. (Same as 17.) {
19. (a) Continuity with pins 6 and 9 of connector P2.

(b) Continuity with terminals 9, 10, 13, 24, 27,
and ground.

(c) Open with pins A and B of squib connectors 1 and 2.

20. (a) Continuity with pin 8 of connector P2.

(b) Continuity with terminals 22 and 23.

(c) Continuity with pin B squib connector No. 2.

(d) Open circuit all other points.

21. (a) Continuity pin 2, connector P1.

(b) Open circuit all other points.

22. (Same as 20.)

23. (Same as 20.)

24. (a) Continuity with pins 6 and 9 of connector P2.

(b) Continuity with pins 9, 10, 13, 19, 27, and ground.

(c) Open circuit with all other points.
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25. (a) Continuity with pin A of squib connector No. 2.

(b) Continuity with pin 4 of connector P2.

(c) Continuity with terminals 17 and 18.

(d) Open circuit with all other points.

26. (a) Continuity with pin B of squib connector No. 1.

(b) Continuity with pin 2 of connector P2.

(c) Continuity with terminals 7 and 8.

(d) Open all other terminals and ground.

27. (Same as 24.)

28. (a) Continuity with pin A, squib connector No. 1.

(b) Continuity with pin 7 of connector P2.

(c) Continuity with terminals 2 and 3.

(d) Open all other terminals and ground.
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APPENDIX C. - SID SWITCH CIRCUIT CONIACT RESISTANCE iCHE(OUT-
Procedure 11.

GENRAL

1 . This test is performed to determine any corrosion or incorrect
pressure of individual contacts of the motor, indicator light, and
squib firing switching circuits.

2. The following HDL drawings are required for this checkout:

(A) Electrical Schematic ATS Safety-Ignition Device:
D10979765.

(B) Cable-Stator Board Assy: D11008538.

3. Resistance readings to be taken with an impedance bridge
(General Radio Co.,, Type 1650A or equal).

PROCEDURE

1. SID unit to be cycled to SAFE (S) position. Connector P1 and

P2 to be disconnected from all power sources. All shorting plugs
removed.

2. Connector P1 (DAM-ISP-M1B-I) and PIN numbers as indicated to

be connected to impedance bridge and resistance readings taken as
follows:

A. SPFE POSITION, Connector PI

Pin to Pin Approximate Resistance
(ohms)

12-5 .12

12-10 .12

10-5 .12

11-5 .12

5-2 .12

11-2 .12

B. MOTOR CIRCUIT, Connector Pl

Pin to Pin Approximate Resistance
(ohms)

3-6 55
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3. Disconnect impedance bridge and cycle SID to ARM (A) position.
Connect impedance bridge to pins on connector P1 (DA*-15P-%WB-l) andmake resistance readings as follows:

A. Pin to Pin Approximate Resistance

(ohms)

12-1 .12

12-9 .12

1-9 .12

11-1 .12

1-4 .12

11-4 .12

4, SIDE Unit in ARN (A) position.

Connect impedance bridge to connector P2 (DEM-9P-NMB-1) and
make resistance readings as follows:

A. Short squib connector No. I pins A and B. Short squib
connector No. 2 pins A and B.

Pin to Pin Approximate Resistance
(ohms)

2-7 .13

4-8 .13
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NITROGEN SUPPLY

I. SIDS

2460-67

Figure C-1. Lojw pressure test setup.
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APPENDIX D. -SAFING AND ARMING UNIT OPERATIONS

1. Inspection and Checkout Procedure for ATS Safety Ignition Device

(SIDS) (for use at Eastern Test Range).

General

1. All Safety-Ignition Device activity described in this procedure
will occur in the Cape Kennedy Solid Propellant Area Test Shed.

2. Personnel working with or around SID ts will observe safety
procedures and use protective equipment as specified in this document.

Equipment

1. Safety Glasses.

2. Smocks, flame-proof, static-free cloth (Government Furnished).

3. Ground-straps (Leg-stats).

4. Eight HI-SHEAR CORP. PC-37 Power Cartridges (squibs) (HDL
supplied).

5. Two SIDS (HDL P/N F10979706) delivered, procedure applies to
both.

6. Four HI-SHEAR CORP. PC-37 Inert Power Cartridges (squibs)
with bridgewires (HDL supplied).

I. SID INSPECTION PROCEDURE

1. UNPACK. Remove SID's from shipping containers.

2. Observe letter (S) in Arm-Safe Window. Reference:
Dwg F10979706, ATS Ignition Device (SIDS).

3. Visually check for shipping damage.

4. CHECK AND VERIFY THAT SID IS INERT. (No live squibs
installed.)

5. Using inert SID's, perform switch circuit resistance
and the port alignment check (see procedure A of this appx).

6. Using inert SID's, perform insulation resistance test
(see procedure of this appx).
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7. Measure and record resistance of the four inert squib
bridgewires with the Solids Area Alinco meter.

Inert squib S/N ohm

Inert squib S/N ohm

Inert squib S/N ohm

Inert squib SIN ohm

8. Remove cover from SID's and install two inert squibs in
each of the SIDS. Tbrque squibs to 110 in.lb ±10 in.-lb. Record
squib serial numbers and SID serial numbers. Replace cover on SID's.

9. Remove protective cover from base of SID's and attach
SID's to HDL leak test fixture.

10. Arm one SID with the HDL control panel Dl1008530. Pres-
surize device with 15 psig and seal off. (NOTE: Input N2 to be removed
after SID is pressurized.)

11. Record pressure and time at 10-min intervals. Pressure
should not drop over a 1/2-hr interval.

12. Release pressure from SID's and remove SID's from leak
test fixture.

18. Repeat steps (9) through (12) for second SID.

14. easure and record the inert squib bridge wire resistance
through the SID P-2 connector (refer to PL drawing 10979765). The
resistance reading should be made with the Solids Area Alinco meter.

SID S/N

Pins 2 to 7 (inert squib 1, S/N ) ohms

Pins 4 to 8 (inert squib 2, S/N ) ohms

SID SIN ______

Pins 2 to 7 (Inert squib 1, S/N ) ohms

Pins 4 to 8 (inert squib 2, S/N _ _) ols
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15. Return both SID's to the safe position with HDL control
panel 11008530. Both SIDS are now ready for Electrical Compatibility

Check with ATS Spacecraft.

II. SWUIB INSPECTION PROCEDURE

1. Unpack four PC-37 squibs from shipping containers. NOTE:
Squibs are to be left in HDL safety containers (HDL drawing No. Cl100-
9188) during all electrical checks.

2. Using Solids Area Alinco meter (or equivalent), measure
and record squib bridgewire resistances.

Squib Pin A to B

Squib S/N ohms

Squib S/N ohms

Squib S/N ohms

Squib S/N ohms

Resistance readings should be 1.1 ± 0.1 ohms.

3. Using Solids Area Megohmeter (Gen. Radio 1862-B with
current limited to less than 20 mA) perform a d-c insulation rezis-
tance test on each squib. A potential of 500 Vdc should be applied
between squib contact pins shorted together and cartridge body for
1 min minimum. The measured insulation resistance should be greater
than 100 megohms.

4. Squibs are no% ready for installation in the SIDS.

III. SQUIB INSTALLATION PROCEDURE

1. Remove inert squibs from both SIDS.

2. Install one SIDS on the HDL steel fixture (HDL drawing
C11008823). NOTE: Only one SIDS will have live squibs installed in
it. The other SIDS will be placed in storage until needed. Check
that SIDS is in the safe position. If in armed position return safe
with HDL control panel D11008530.

3. Remove cover from SIDS and install two (2) HI-SHEAR PC-
37 squibs in the SIDS device. Shorting caps should be on the squibs
during installation. Torque squibs to 110 ± 10 in.-lb. Record serial
numbers with respective squib number assignment.
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SIDS S/N

Squib 1 Squib S/N

Squib 2 Squib S/N

4. Safety wire squibs to SID post 11008617.

5. Check that shorting plug is installed in SID connector P-2.

6. Prior to connecting squib connectors to the squibs,

perform the electrical check as specified in Procedure C of this
appendix.

7. Install shorting connector on P-2 and P-1.

8. Remove squib shorting plugs from back of squibs and

connect the SID squib connectors to the squibs.

9. Verify SID's in SAFE POSITION. lV
10. Check that squib connectors are in place (Reference HDL

F10979706) and that squibs are safety wired in place.

11. Install SID covers.

12. Remove shorting plug from cable connector (Pl) and con-
nect P1 to HDL control panel. Reference: Drawing 11008530, Control

Panel Assy and Drawing D1108817, ATS ignition device system.

13. Using HDL control panel, D110085301 electrically cycle

the unit to ARM. Observe letter (A) in windo% of unit. Remove P1
from control panel. Reinstall shorting plug.

14. Remove shorting plug from SID cable connector P2, (DE*-

9P-N11B-1). Connect P2 to Solids Area Alinco meter. Measure and record
the squib bridge wire resistances through the P2 connector.

SIDS S/N

Pins 2 to 7 (Squib 1, S/N ) ohms

Pins 4 to 8 (Squib 2, S/N ohms

Correct above readings for contact resistance readings made in Pro-
cedure A for actual squib bridgewire resistance. Squib bridgewire
resistance should be 1.1 + .1 ohms.
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15. Install shorting plug on connector P2.

16. Remove shorting plug from connector P1 and connect to
control panel Cycle (SIDS) unit to SAFE. Observe letter (S) in window
of unit.

17. Remove (SIDS) unit from steel fixtuie.

18. Remove protective cover from the base of the SID and
attach SID to HDL leak test fixture.

19. Pressurize device with 15 psig and seal off (NOTE: In-
put Ns to be removed after SIDS is pressurized).

20. Record pressure and time at 10-min intervals. Pressure
should not drop over a 1/2-hr interval.

21. Release pressure from SID's and remove SID's from leak
test fixture.

22. SID's should be weighed on a gram balance scale (or
equivalent) to the nearest gram. Record weight.

SIDS S/N lbs

This completes inspection and checkout of SAFETY-IGNITION
DEVICE.
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APPENDIX D (Cont 'd) SWITCH CIRCUIT CONTACT RESISTANCE CHECK-OUT

AND SQUIB PORT ALIGNMENT CHECK.
Procedure A.

General:

1. This test is performed to determine any corrosion or incorrect
pressure of individual contacts of the motor, indicatar light, and

squib firing switching circuits and to check squib rotor port align-
ment.

2. The following HDL drawings are required for this checkout:

a. Electrical Schematic ATS Safety Ignition Device: D10979765.

b. Cable-Stator Board Assy: D11008538.

c. HDL Control Panel Assy: D11008530.

3. Resistance readings to be taken with an impedance bridge,
(General Radio Co., Type 1650 A, or equal).

PROCEDURE:

1. SID's should be in the SAFE (S) position. Connector PI and
P2 to be disconnected from all power sources. All shorting plugs

removed.

2. Connector P1 (DAMUI-15P-NM-l) PIN numbers as indicated to be
connected to impedance bridge and resistance readings to be recorded
as follows:

A. SAFE POSITION RESISTANCE

Connector Pl SIDS S/N SIDS S/N

Pin to Pin

12-5 ohms ohms

12-10 ohms ohms

10-5 ohms ohms

11-5 ohms ohms

5-2 ohms ohms

11-2 ohms ohms

Above resistance readings to be compared with th(xe made on units by
HDL at HDL.
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B. W MIR CIRCUIT, Connector P1

Pin to Pin SIDS S/N SILS SIN

3-6 ohms ohms

Above resistance readings to be compared with those made on units by

HDL at HDL.

3. Disconnect impedance bridge and cycle SID to ARM (A) position
with HDL panel D11008530. Connect impedance bridge to pins on connec-

tor P1 (DAM-15P-INB-1) and make resistance readings as follows:

RESISTANCE
A. Pin to Pin SIDS S/N _____SIDS S/N____

12-1 ohms ohms

12-9 ohms ohms

1-9 ohms ohmns

11-4 -ohms ohms

1-4 ohms ohms

11-4 -ohms ohms

Above resistance readings are to be compared with those made on units
by HDL at HDL.

4. SID's in ARM (A) position.

Connect impedance bridge to connector P2 (DEM-9P-NMB-1) and
make resistance readings as follows-

A. Short squib connector No. 1 pins A and B. Short squib
connector No. 2 pins A and B.

RESI STANCE

Pin to Pin SIJJS S/N SIDS S/N

2-7 ohms ohms

4-8 ohms ohms

Above resistance readings are to tie compared with those made on units
by HDL at HDL.
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5. Usirg suitable inspection lamp sight through port in base of

SIDS to insure that squib rotor ports are properly aligned (the ports
in the rotor should be concentric with ports in the lower body; reer
to HDL drawings D11008612, C10979703.

6. Return SID's to the safe zondition with HDL panel D11008530.
While unit is being cycled, record current drawn by SID motor as indi-
cated by ammeter on control panel. Current should not exceed 190 mA.

SIDS S/N mA

7. Return SID's to the armed condition with HDL panel D11008530.
While unit is being cycled, record current drawn by SID motor as indi-

cated by ammeter on control panel. Current should not exceed 190 mA.

SIDS S/N _______ _______ mA

SIDS S/N mA

8. Repeat steps 5 through 7 for the second SID.

SIDS INSULATION RESISTANCE TEST
Procedure B

1. The purpose of this test is to determine if there is insula-
tion breakdown between the squib signal and return leads on the SID.

There are no squibs required for this test. The test will require the
use of the Solids Area Megohmeter (Gen. Rqdio 1862-B with current

limited to less than 20 mA).

2. SID's to be inert (no squibs installed) and in the armed posi-

tion.

3. Connect megohmeter to SID connector P2.

4. Using megohmeter, place 500 Vdc across pins 2 and 7 on P2 for
at least 30 sec. Resistance readings should be 100 megohms or greater.

5. Using megohmeter, place 500 Vdc across pins 4 and 8 on P2 for
at least 30 sec. Resistance reading should be 100 megohms or greater.

6. Repeat steps 3 through 5 for second SID.

7. Return both SID's to safe position with the HDL control panel

D11008530.
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Pr'ocedure C

1. Check that shorting plugs are installed in the back of squibs
before proceeding w~kth this test, Unit is to be installed on the HDL
steel fixture C11008823.

2. Remove shorting connector from SIDs cable connector Pl.

3. Connect F1I to HDL control panel D11008530.

4. Connect an ac-dc voltmeter to squib connector No. 1. Set
voltmeter for 0 to 3 Vdc range.

5. Remove shorting plug from connector P2 on the SID's.

6. Using HDL control panel D11008530, electrically cycle the
SID's from safe to arm. Observe the voltmeter during this operation.
No voltage should be recorded during the cycling operation.

7. Using HDL control panel Dl1008530J. electrically cycle the
SIDts from arm to safe. Observe voltmeter during this operation. ":0
voltage should be reco~ded during the cycling operation.

8. Set ae-dc voltmeter for 0 to 3 volts ac and repeat step 6 and.
7.

9. Remove ac-dc voltmeter from squib connector No. 1 and connect
it to squib connector No. 2.

10. Set voltmeter for 0 to 3 volts dc and repeat steps 6 and 7.

11. Set voltmeter for 0 to 3 volts ac and repeat steps 6 and 7.

12. Disconnect voltmeter from squib connector No. 2.

13. Remove Pl from HDL control panel.

14. Verify that unit is in the safe position by observing (S)
Safe in window of SIDs.

15. Unit is now ready for installation of squib connectors.
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