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Specifications

1. Title of the Invention

Composition for Ignition Motors

(2]
.

Scope of the Patent Claim

1. a composition for an ignition nmotor which 1s characterizec
by the fact that a composition for igrition motors. which 1is
made from a3 birder, oxidizirg agent. corbustiorn acgert, andé comnbustion
| catlyst, contains 53-82Z wt% ammonium perchiorate as the
ox:idizing agent, “-3 wt% poror as & corbustior acert, and

T-3 wt% aluminum as the corbustion agernt.

3. LCetailed Explarationr of the Invention
This invention pertains to ar improved comrbustior for

igrnition motors which is used i1n solid fuel rockets.

!

!

i

!

i

, In further detail, this 1nvention pertains to a compositior

! for igrition motors with a hich generationrn of heat. high

i compbustior rate, and low pressure (illegible) which 1s characterizec

; by the fact that it cortains a mixture of a smecial oxidizirg
agent and a special combustion agent.

Heretofore, with regard to spark plugs fcr solid fuel rocketns.

priming powder, which has been made into pellets after fuel,

! such as (illegible), aluminum, etc., and an oxidizing agent, such

as (illegible) nitrate are mixed at a ratio of about 3:7 andé a

t small amount of binder, such as nitrocellulose, 1is added,

; are placed in an ignition chamber. Fowever,

é with this type of spark plug, there is a limit to the combustior

‘ time range. Moreover, there are problems in that either
the igrnition delay time during combustion is long or the
flammabilityof the priming powder is insufficient. There are
special restrictions in the use of large rockets or land-stage
rockets. Thereupon, an ignition motor in which a uniform mixture

| of 2 binder, oxidizing agent, and other additives was placed in
the ignition chamber was developed in order to solve the aforementionec
problems. Although flamability was good, regulation of combustion
time was simple, and ignition delay time was short with this type
of composition, it canrot be said that this compositior was
sufficient in the required properties of the amount of generated
heat, combustion rate, and pressure index. Therefore, ar

ignition motor composition displaying high performance in special
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applications came into demand. That is, conventional compositions
for ignition motors consist of, for instance, a binder. /494
which is made by adding a hardening agent and plasticizer to
the main synthetic resin component, such as hydroxylated
polybutadiene, carboxylated polybutadierne. etc.. an
oxidizing agert, such a potassium perchlorate, ammonium perchlorate,
etc., a combustion agent, such as macnesium, aluminum, etc.,
ard a combustion catalyst, such as iron oxide, a cupri:c chromic
oxide compounéd, etc. However, with this type of compositior,
the amount of heat generated is about 1250 cal’ g, the
combustion rate is about 0 mm - sec. ardé the pressure index
1s about 0.6. In contrast to this,
the demanrds from a high performance composition are about 1400 cal/c
of heat generated., a combustion rate of about 22 mm/sec or more,
arcd a pressure index of about 0.5 or less. Nevertheless,
when the combustiorn rate of the aforementicred conventional
compositior for ignition motors is increased from 20 mm/sec
to 22 mm/sec or more by adjusting the mixture ratio, there are
problems in that the pressure index becomes higher andéd therefore
the high performance in demand is rot obtained.

In general, the pressure index is a value that displays the
sensitivity of the rocket propellant and ignition motor composition
for the combustion pressure. The correlaticn between the combustion

pressure and pressure index can be expressed with
1

P -CXK l1-n
[ n

(In the equation PC is the combustion pressure, C is the constant,
Kn is the ratio between the combustion surface area (Ab) and

the nozzle throat surface area (At) (Ab/At), and n is the pressure
index.) According to this equation, for instance, when

the pressure index n is 0.5, the combustion pressure Fc is
proportional to 2 times Kn and when the pressure index is

0.75, the combustion pressure Pc is proportional to 4 times

Kn. Consequently, there is concern over explosion of the

ignition motor when combustion pressure is more thar the established
value, even though there is little change in the nozzle throat
surface area and combustion surface area. Therefore, a composition
for ignition motors with as low a pressure index as possible is

in demand. However, no rules establishing a technique for lowering

-3
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the pressure index with a compositior for ignition motors has beer
discovered and therefore, 1t has been extrzmely difficult to
lower the pressure index to, for example, 0.1.

As a result of carrying out ernest studies or. a composition
for ignitiorn motors in order to solve the aforerertioned

problers and to obtain the required properties, the irnventors
completed this invention upon cdiscoverirg that wher boron is
contained as a combusticrn agert 1n a composit:i:orn f{or
ignition motors, which uses ammonium perchliorate as the
ox1dlzing agent anrd aluminur. as & combusticr agert. a h:ch
amouﬁi_of heat is cgererated. the pressure :ndex, 1s not 1ncreasecd.
ard a high combusticn rate 1s ontaired.

- That 1s, this invention pertairs to @ composition for ar
1grnition motor which is characterized by the fact that a compesition
for ignitior motors, which 1s made from & binder. oxidizing
agent, combustion agent, and combustior catlyst cor.tains
58-82 wt% ammonium perchlorate as the oxidizing agent, 7-3 wt%
pcron as a combustion agent, and 7-3 wt% alumirum as a combustion
agent.

The reason for using ammonium perchlorate as the aforementiorec
oxi1dizing agent is that 1in contrast to the fact that although

a high combustion rate 1s obtaired when boron mixes with potassium
perchlorate as the oxidizing agent, for instance, the
pressure index becomes 0.5 or more, the combustion rate is then increased
3and the pressure index is 0.5 or less with a mixture of amrmonium
perchlorate and boron. Moreover, boron and aluminum are used
as the aforementioned combustion agents because although
the pressure index does not 1increase, the combustion rate cdoes rot
increase with a mixture of ammonium perchlorate and aluminum alore,
and on the other hand, a sufficient amount of heat is not
generated when ammonium perchlorate is mixed with boron alone.

When the aforementiored ammonium perchlorate content is
less than 58 wt%, it is insufficient as an oxidizing agent.

Moreover, when the ammonium perchlorate content exceeds 82 wt¥%,
the content of other components is reduced accordingly. which
has an effect on the properties of the composition for ignition
motors and makes manageability of the composition poor. It is
particulary preferred that the ammonium perchlorate content be 60-75 wt%.




Moreover, although an average ammonium perchlorate diameter of

10-200 v m is normally used, it is preferred that the ammonium
perchlorate be tiny particles of 1-30 um.
When each of the boron and aluminum combustion agent contents
are less than 3 wt%, the desired combustion properties are not
displayed. Moreover, when these contents are greater than 7 wtX,
there is a problem from the point of manufacturinc in that
the crude mixture is not fluid and therefore, it 1s cdifficult
to obtain a uniform mixture. Moreover, even 1f it is possible
to obtair a uniform mixture, ar increase in corbustior properties
is rot obtained. The preferred boror and aluminum corterts is $-96 wt™.

Moreover, uniform poron and aluminum particles with a diameter

NeJ
i

of 0.1-12 .m are usually used. =

Conventional metallic oxides of iron, copper, chromium, etc.
are used as the aforementioned combustion catlyst. For instarnce,
ferric oxide, copper-chromium oxide, etc. may be used. However,
ferric oxide is preferred. A small particle diameter 1s preferred
for the combustion catalyst. Normally, a diameter of 0.0l-1Curm
is used. The combustion catalyst is usually 1-8 wt%.

4-7 wt% 1is preferred.

The aforementioned binder is made from mainly
hard synthetic resins with hardening agents, plasticizers and
when necessary, other additives. Normally, about 10-20 wt% of
the binder is used in the composition for ignition motors.

Liquid polysulfides, dicls, triols, hydroxylated polybutadieres,
carboxylated polybutadienes, etc. are examples of the aforementioned
hard synthetic resins. With regard to the hardening agents,
dioxim compounds are used for the aforementioned polysulfides and
di- (or tri-) isocyanate compounds are used for the diols,
triols, hydroxypolybutadiene, etc. With regard to the bonding
agent, imine compounds, or imine compounds and epoxy compounds
for the carboxylated polybutadiene, are used. Moreover,
dioctyladipate, dibutylphthalate, dioctylphthalate, etc. are
used as the aforementioned plasticizer.

The aforementioned composition for ignition motors from
this invention displays high performance with about 1400-1500 cal/g
of heat generated, a combustion rate of about 23-27 mm/sec, and
a pressure index of 0.40-0.49.




Moreover, the composition for ar ignition motor 1s, for
instance, molded irto the desired shape after a mixture 1s
obtained by weiching out, mixing and blending the raw materials.
That 1s, a uriform substance is obtaired throuch the moldirc
sses of 1rjectior molding (or castirs', harderi:a. ara
finishing. The risk of fires or explosiorns Juri=ge the aforementioned
TIXING Process 1is as great as the load exerted orn the mixer or
mixture when the viscesity of the mixture 13 hish. Moreover

there 13 3 strong poss:iblity that btibbles wil!l rorr irside tre

Told when the viscosity of the mixXxture 13 hizh Surine the afcrerert: red
rclding preocess. When tubbles are forred 1rside the corpesitiorn
the ccrbustior surface area exceeds the established value ura

combustiorn pressure gquickly increases ih gocoraance with the

alorementicred correlatior of PC-CKn IT-rn | woreover.

the cormbustion rate Vb inCreases with ar 1ncrease 1n corbust:ion
e C

sure PC according to the correlation V. -abo 1s the corbuss:or

res - Vb
ate ard a i1s the constart). Therefore. there is a chance that the
ion motor will explode with a sudder geometric increase
the combustior pressure. J{onsequenrtly, in order to manufacture J
a very reliable compositior without any danrgers during marufacturira
ard without any bubbles cduring molding, the aforementiored mixtur=e
must have a suitable viscosity. Ir general, there 1s a tendercy
for the viscosity of cornventional compositions for igritior
motors., in which a large amount of tiny particles have been mixecd.
to be high. However, with the composition for igrnition motors in
this invention,the combustion properties mentioned above can
be obtained and a viscosity with which safety, manageability., etc.
during the mixing and molding processes car be improved, cr that 1is.
a viscosity of about 100 kilopoids (KPS) or less at
the conclusiton of mixing. car be obtained. Moreover, the
ccmposition will have sufficient mwecharical strencth for
practical application.

Furthermore, a composition for icrition motors 1is used
after it is placed in an ignition motor equipped with
a primary ignition device and the ignitiorn motor is thenr placed
in the ignition section of a solid fuel rocket motor. However,
the composition for ignition motors in this invention is sparked
bv the primary ignition device and has a short ignition delay time




of about 30 m sec. Consegquently., reliability of rocket motor

1gnitior 1s increased, and at the same time, simultaneous

ignition of several rocket motors is improved because the i1cnitior

delay time is curtailed. Ir addition, the weight of the

igrnitior motor compesition is decreased arnd the pressure 1rdex 1s

recduced because the 1gnition delay time is curtailed. Therefore.

1t 1s possible to recuce the total weicht of the 1gritior ~otor i
ard therety :1mprove the mass fraction {propellant we:icht rocuet

motor total weight! because the safety factor with recari o

pressure resi1stance oY the 1gnition motor case car bhe Slariaszod.
N \(» R Y ~ v ~ 1+ -~ - - e R T e e R T e - 2 e b
AEeXT . ThNe JCmpositlon TOor LIrition rotors n IS L Ex :

will be explained 1 concrete “erms with exar

ples ard -~crp

exarmples. All nurbers and % 1n each example are tasec on weilght.
The compes:itior for an i1gnitior mctor fror this invenrntion

was made 1nto 3 mold using the mixture compesiticon shown in

Takle 1.

That 1s.binder (A) was obtained bv mixing 1200 parts

carboxylated polvbutadiene as the mair binder solvert. 30 parts

tris- l-(2-methvl)ajirijiniru~ phosphirne oxide (abbtreviated as
MAPO belew) . 10 parts 3,4-epoxvcylcohexylmethvl-3, 4-epoxyvcylccohexare
carboxylate (abbreviated as EMEO below), and 30 parts weight

dioctyl adipate as the plasticizer (abbreviated as DOA below).
Next, a mixture of 400 parts aluminum (mean diameter of 8 um),

400 parts of boron (mean diameter of 1lu m), arnd 480 parts

ferric oxide (mear diameter of 0.1luW m) was uniformly dispersed
in binder (A). Then 5440 parts ammonium perchlorate (mear diameter
of 154 m) was added and the mixture was blended in a vacuum

for about 30 minutes at approximately 60° C. After this mixture
was placed irn a molding device with a diameter of 130 mm andé
length of 150 mm and bubbles were removed in a vacuum,
it was returned to normal temperature. Then the mixture was placec
into a drying vat at about 50° C and left to dry for ~ days to obtain

the desired composition for ignition motors.

*Translator’'s note: term unknown: transliteration of Japanese
phonetic characters.



Furthermore. the viscosity of the composition after the aforementiored
vacuum miXxing was measured with a B viscometer. These
results are shown along with the temperature during the measurements
irn Table 1.
Next, the combustion properties, ccnsistin¢e of combustion
rate, pressure index, amount of heat generated., 1c¢rition celay
time. and spark delay time, and the mechanical strength of
the corposition for i1grition motors made 1rn this way were
measured with the foliowing methods and the results are

showrn 1n Tavle 1.




no.
examples comparative examples
composition
and
properties —~._ 1 z 3 4 B : _
- pinder (a) 15 1 - Te ) It -
\) 4
= binder (B! - - 14 - - _ -
= ammoriur perchlorate o= 2l e £r ks - T
- potassium perchlorate - - - - - -5 ~
. % aluminum 3 - 3 - N - -
=z boraon 3 - : 3 - oo =
.:l:- £ i3 - i _ -
- ferric oxide = - :
- cupric oxide
mlXture viscosity
combustiorn rate
30 kg cme., mm sec
w pressure irdcdex Q.45 2,32 0.48 Q.44 DLEZ TLET 25
- heat generated 1430 1455 140C 1440 1270 133C 1263
< = cal.'g
) 1griticn delay 17 15 22 20 42 a1 :8
Iz 3 time msec
3 spark delay 410 400 420 450 500 500 48C
- time Tsec
maximum stress ~20.2 18.7 5.7 6.1 TO.0 38, IRS
—_ kg/cme
’_’:U ~ = -~ A -~
ce maximum stress 35 4 31 45 31.3 28 32
- o deformation
oo
T W~ %
< - - . .
g modulus of elasticity 'S 70 26 80 94 1le 3
s il
(= kg, //cme
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a) Jombustior rate and pressure 1ncex

X “he compbustior rate fvb) urcer each rniltrcger. gas pressure °f
> I pl

30 kg em®. 50 kg’em® and "0 kgfcm© was measured using a strarc

with a lerngth of 3mr, width ©f 5mm arc ‘i1llecicle) of 100 mr

ned molcs. The pressure 1rcex ‘ni was Trner

rrelatior 'provigec that a 1s & cors*ant

< Lrount ¢ ererztec
Tre avount ¢ hezt fereratel Irlr rhme zigrerertiTres SarpLles
N353 Teasured unier rLlTrooer gas presaure il <z or T ousiro
2 Curp-TyYpe calcrirener mzde oy Shinzou
- Ixrmisior Zelas riTe
The 1gnit:ior el ay “.me L1s & Teasure 2% the i1gnitiIn Tzpelosity
2f 3r 1Inition mohnor for rcockers This =.:7e 18 38 ZaotZ &8 1% .3
shorc., It was reasura2d 1n the foll NG e That 15, the ~c-.:z
oz zigorementionad compesition f 27 LINl1TICN TMOLOr Was
made 1nto & cylindrica. grain with an inter-a:l
S:zmetor of 34 mm, outer diameter of 54 mm ozng lercth of 20 &, l
This was then placed 1ir an Irgrti:orn mos2r with an electric 1gri-er
zhe algrerenticred priTarv igrnilticon Jewvice and pressurce pick

ther attached tc a rocke=

co S
havirg an internal Ziameter o 0 mm, exterrnal diameter of 13C =m,

ard lerncth of 500 mm and z pressure pick up. Combustior

tests were then carriec¢ out. The pressure-time curve of the
1tion motor and rocket motor were simultaneously measured

with an Oscillograph at this time. The time from the point when
the comrcustior pressure of the igritiorn motor increasecd until the

pcirt when it reacheé 5% 0of the maximum corbustior pressure

. ci the rocket motor was measured as the 1igrniticrn delay tive. ;
1 - -
' &) Spark celay tire

The svark delay time is a measure of the flammability

of the compositior for an ignition motor. The time requirec to
ignite samples when the aforementiored samples were expcsed to
20 cachz/sec of laser light was measured as the spark delay
time.

e) Mechanical strength

Tension tests were carried out at 25° C with a stretchinc

rate of 50 mm/minute and a 500 mg tension tester using a

~10-




dumbbell-like sample with a total lergth of 1Z5 mm, a

a thickness of 10 mm, a 50 mm distance between mark li

width of 25 mr.,

res,

a 10 mm width between mark lires and a 12.5 R curve betweer

the grip and the mark lire. The maximum stress, maxim

ur stress

deformation ard moculus of 2lasticity 't *this %t:i:me were rmeasured.

Example 2
A composition for 1gritior motors wlth the compos
. ~ple 1 was rma

ard rechanicz. strencth were rezsured with the same rethocas
as irn EX3rple . The resul+vs are showr 1n Table 1.
Exarple @
Other trar the fact that the feollowirc vinder (B) was used
1n place ¢f birnder (&), a compositior for i1crnition motors with
the mixture shownrn 1r Table . was made as 1n Exarrle 1. The viscosity
combusticZr provertiées and mechanical properties at this time were
measured with the same method as ir Example 1. The results are

Bincder (B) was obtained bv sufficiently mixing 735
hvéroxyla

parts 1sophorore diisocyarate 2s the hardening acenrt.

ted polvoutadiene as the main tincer material,

1%y, COTLus=-1ion propert:i:es.

.© parts

« D

un
Lat

13.4 parts MAPO as the bonding agent, and 300.2 parts DO2 as

the plasticizer.
Example 4

Other than the fact that cupric chromiuh oxide (mean particle

diameter of 0.1 m) was used ir placed of ferric oxide

as the

combustion catalyst, a composition for an ignition motor with

the mixture composition shown ir Table 1 was made with

the same

method as in Example 1. The viscositv, combustion properties,

ard mechanical strength at this time were measured with the

same method as in Example 1. These results are shown in Table 1.

Comparative Example 1

Other than the fact that boron was used as the combustion agent,

a composition for ignition motors with the mixture composition

shown in Table 1 was made with the same method as in Example 1.

The viscosity, combustion properties and mechanical strength

were measured with the same method as in Example 1. These

results are shown in Table 1. The combustion properties of this

compositior are worse than those in Examples 1-4.

-11-
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Comparative Examole 2

A composltion for 1gnitior motors with the composition showr
1. Table 1, where binder {(A) 1s used as the binder, potassium
perchlorate 1s used in place of arroniur perchlorate (mear ciameter
0f 15 m). arnd poron 13 usec as the onriv other component,
was made with the same methoa as 1ir Exarnle 1. The viscos:ty.
corpustion proverties, and mecharical strencth of the corpesit:ior

at -“hzs time were measured with the sare rerthod as 1n Exanple 1.

The rasults are shown :n Table ! Litheough corbustion rate g
sufiicient with this -omposition, the orther coriustior proRerti=s
zre worse then rthose 1 Ixamples 1-4.
Sorparztive Example

Cther thar the fact that alurmirur was usel as the corbust:ion
IJent. 2 compoesLticon I2r ignitiorn motors with the mixture composition
shown 1n Taole 1 was made with the sare methcd as 1n Exarp.e ..

QO @

Y1scosity. compus<icn properties, and mecharicel strencth at

surec with the same method as in Example 1.

owrn 1n Taple 1. This composition displayed l
inferior heat gereraticn and igritior delay time irn comparison
to Examples 1-4.

“ormparative Examples 4-5

Compositions for ignition motors with the mixture compositions
i Table 2 were macde as in Example 1 with the amount of aluminum,
and oporon being outside the range giver in this invention.
Because the amount of aluminum and boror was large in Comvarative
Example 4, a solid mixture with voor fluidity was obtaired when
*hese components were evenly dispersed in binder (A) and
the ammenium perchlorate was added. Consequently, it was difficult
to mi1x the composition with a mixer and a uniform mixture could not
be obtained. Therefore, the molding process was interrupted.
It was possibls to obtain the desired compositiors with
Comparative Examples 5 and 6 without the aforementioned mixing
problems. Next, the viscosity, combustion properties, and mecharical

strength of comparative Examples 5 and 6 were measured with the

same method as in Example 1. These results are shown in Table 2.




T a—

Although the desired combustion rate was obtained, index pressure

and heat gereration were insufficient with Comparative Example 5.
the desired pressure

ever thouch

Moreover, 1n the case of Comparative Example 4,
index was nrot obtaired as it was a high value of 0.58,
comoustion rate anc heat gereration were sufficient. In adéitior,
ignitior delay time of Comparative Examples 5 and 6 was about 2

times longer than that of Examples 1-1. As can te seern fror

the aforementiored, wher the arourt of zluminur arg toror mixed
is beyoné the rance of this invertion 1t 1s di
m1X the corposition ard when the amourt is less

t
ir this 1rnventicn corbustiorn preoperties cannot be satisfied.

-13-
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Table 2
comparative example no. 4 5 3
composition
ard
properties
; binder (&) 17 17 17
- armmonium perchlcerate <l -l oo
5z aiuvminum z Z e
2% o Toron = z -
z 2 . s 4 5 :
== ferric oxice
- mixture viscos:ity (KPS) - (1llec:itle, z -
(ne- 0 <
corbustion rate
30 kg cmi, mm sec - (11llegible; ZiLA
4 pressure i1ncex - 3.553 0.3
== heat gerneratior cal ¢ - 1280 1420
4 2 igrition delay time - 43 le
é 5 msec
~ spark gdelay time - 530 470
- msec
T = maximum stress kg, 'cm# - 17.3 19.n
ha TN
T e e
sz maximum stress deformatior % - 40 38
£ - . . - -
7 & modulus of elasticity kg/cm< -~ 8z 2

1%

1.







