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DEVELOPMENT OF ADHESIVE FOR BONDING THE THERMAL PROTECTIVE COATING
AND LOAD-BEARING CASING OF THE MAIN SOLID ROCKET MOTOR

When rocket hardware is developed special attention is paid to improvement of materials and compo-
nents used for the products. At present the 51-K-35 adhesive is used to bond the interior thermal protective
coating (ITPC) and load-bearing casing (LBC) of the main engine (ME) to produce a main solid rocket
motor (SRM). Formulation and procedure for applying the 51-K-35 adhesive was developed in Russia and
patented. Development of the adhesive composition to bond thermal protective coating and load-bearing
casing of the main solid rocket motor is a subject of great interest. [dx.doi.org/10.29010,/085.8]

Keywords: main solid rocket motor; load-bearing casing; interior thermal protective coating; adhesive.

Introduction main engine on the basis of the environmentally

friendly components available in Ukraine in order to

Due to cessation of the 51-K-35 adhesive delivery, minimize the dependence on import components sup-

the task was assigned to develop a domestic adhesive  ply and to produce main solid rocket motors within the
for bonding ITPC and the load-bearing casing of the  time limit without threat of technology breach.
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In accordance with the task assigned, the adhesive shall
comply with the following technological requirements:

1. Ultimate peeling strength of adhesive bond:
polymer composite material of the load-bearing casing
based on carbon fiber impregnated with rubber binder
shall be not less than 0.196 MPa;

2. Ultimate pull strength of adhesive bond: cured
rubber with uncured rubber mixture, after thermal
treating is not less than 1.176 MPa;

3. Ultimate pull strength of adhesive bond: LBC
material with 1001 rubber, after thermal treating is not
less than 1.176 MPa;

4. The adhesive shall be water-resistant;

5. Operational temperature for adhesive bond shall
be: from 60 °C below zero to 100 °C above zero;

6. Adhesive shall be efficient and preserve its prop-
erties after long-term thermal treating (for 25 days at
temperature 70-80 °C)

In accordance with Yuzhnoye SDO statement of
work, SE UNIKTI DINTEM developed and supplied
the test butch of adhesive to bond the interior thermal
protective coating and the load-bearing casing of the
main solid rocket motor.

That is why the aim of the work is to test the
strength provided to the bond of the interior thermal
protective coating and the SRM load-bearing casing
and to determine:

1. Ultimate strength of uniform separation of the
adhesive bond: LBC material + adhesive + TPC (not
less than 1.176 MPa;);

2. Ultimate strength of uniform separation of the
adhesive bond: rubber + adhesive + TPC (not less than
1.176 MPa;);

3. Ultimate strength of bond peeling: LBC material
+ adhesive + TPC (not less than 2 H/cm);

4. Ultimate strength of bond peeling: rubber +
adhesive + TPC (not less than 2 H/cm).

To check the efficiency of the developed adhesive, a
program was developed to produce plates with differ-
ent composition for subsequent testing in order to con-
firm the required properties of the adhesive bond. In
accordance with the developed program of Yuzhnoye
SDO, the plates were manufactured to study the pro-
vision of strength in the bond of the interior thermal
protective coating and the SRM load-bearing casing.

To produce the plates the following materials were
used:

- "calendered rubber mixture 1001" TU U 22.1-
00152135-146:2016, 1 mm in thickness;

- highly elastic polyamide sheet (IIBII-Y) TU U
13.9-16287311-162:2016 ;

- adhesive DV-05-01 TU U 22.1-00152135-
152:2018

- pre-preg based on:

- epoxy matrix system Araldite LY 1135-1
A/Aradur 917 CH/Accelerator 960-1 Huntsman
(Huntsman binder), or
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- epoxy binder 9/IT-10 that consists of modified
epoxy resin K/TA-2 TU 6-05-13-80-76 and hardener tri-
ethanolamine titanate TOAT-1 TU 6-09-11-2129-93,

and one of the following carbon fibers:

— carbon fiber Tenax-E IMS65 E23 24K 830 tex
(China);

— carbon fiber Tenax-E IMS65 E23 24K 830 tex;

— carbon fiber TC 36P-12K.

The tests were conducted on samples cured in
accordance with the procedure for producing main
solid rocket motors as well as on samples cured with
additional thermal treatment (TT) at temperature
75 °C for 14 hours.

Test results are given in tables 1 and 2

Test results for adhesive bonds given in table 1 indicate
that the best performance of the ultimate pull strength
when separating TPC from LBC was shown by a plate
from carbon-filled plastic based on carbon fiber Tenax-
E IMS65 E23 24 K 830 tex, impregnated with binder
IT-10 (plates NeNe 21, 22) and equals 2.43 — 2.47 MPa
while the statement of work requirement is > 1.176 MPa,
as well as by a from carbon-filled plastic based on carbon
fiber TC 36P-12K impregnated with binder 3/1T-10
(plate Ne 15) with ultimate pull strength of 2.806 MPa.

Destruction of samples cut from plates NeNe 1, 2, 3,
7,8 (pre-preg based on carbon fiber Tenax-E TMS65
E23 24 K 830 tex with Huntsman binder) that
occurred when testing the carbon-filled plastic at val-
ues of ultimate pull strength of less than 1.176MPa,
made it impossible to determine the real strength of
the rubber-adhesive-pre-preg bond, but there was no
destruction of adhesive samples.

After plates NeNe 1, 4, 24 were thermally treated at
temperature 75 °C for 14 hours the destruction pattern
of samples did not change but the bond strength
increased significantly (see table 1).

Bond strength in layers was improved when quan-
tity of binder was increased up to 46.41% (plate Ne 17).
Ultimate pull strength when separating TPC from LBC
was 0.911 MPa as compared to 0.196 MPa of the similar
sample (plate Ne 1) that contained binder 30, %.

When highly elastic polyamide fiber (ITBII-Y) pro-
duced in Ukraine was used for plates Ne 8, 9 their ulti-
mate pull strength when separating TPC from LBC
was 1.451 MPa and 1.037 MPa respectively, while the
statement of work requirement is >1.176 MPa.
However, considering the scatter of obtained results
and increase in mass and geometrical dimensions of the
ME casing it is not advisable to use TIBII-Y.

Keeping pre-preg in the cooler (t=2+6 °C for
24 hours) led to reduction in its ultimate pull strength
(see table 2, plates Ne 13, 14, 28).

When a layer of resin Araldite LY 1135-1 A was
applied on adhesive JIB-05-01 (see table 2, plate Ne 15
without being kept in the cooler) ultimate pull
strength was 1.588 — 2.333 MPa, that complies with
statement of work requirements (>1.176 MPa).
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Table 2

Peeling tests results for samples

Breaking stress upon uniform lamination, G,
Plate No. Plate composition N/cm
1 | 2 | 3 | 4 | 5 |Mean
25 TPC +adhesive +LBC plate laminated while samples were cut
26 TPC +adhesive +rubber 24.03 | 24.15 | 26.19 | 22.79 | 23.30 | 24.09
27 TPC +adhesive +rubber (TT) 17.30 | 17.13 | 19.17 | 20.17 | 19.10 | 18.57
"Load-bearing casing" - IMS65+ Huntsman (30% ,)
28 Rubber +adhesive +LBC 1.7 2.4 0.0 0.0 0.0 0.0
3 e radhesive 187 | 3.02 | 155 | 308 | 1.70 | 2.24
n -
14 +resin Araldite aE(Ii) gdhi(sii}\liiswe(ratio 1:1)+LBC 218 | 235 1 423 | 199 | 1.97 | 2.44

Conclusions References

Adhesive /IB-05-01 has better basic quality ratings  [1] Solovyov V.N., Kardashov D.A. Adhesives and bouding
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fully replace it. [2] Directory for adhesives Hayrapetyan L.H., Zaika L.D.
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recommended for usage in rocket hardware. [3] Adhesive DV-05-01 TU U 22.1-00152135-152:2018
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Homanoeg U. B., 3y6osa T. C., Iloepebnasn E.A., Cyuxoe C. IO., Cumbupruna A. H.

Tocynapcreennoe npeanpusitie <Koncrpykropckoe 6iopo "IOskuoe" um. M. K. SIurensi>. Yrpauna, r. Jlnenp

OTPABOTKA KJIEA NJA COEAVMHEHUA TENNJIO3AININTHOIO IOKPBITUA
1 CUJIOBOI OBOJIOYKU TBEPJOTOIIJIMBHOTO MAPIIIEBOTO IBUTATEJISA

IIpu paspabomixe paxemnoi mexnuxu 0coéoe Humanue Yyoeaaemcs yYcoeepuleHcmeo8anuio Mamepuaios
U KOMNOHEHMO8, npuMeHseMblx 8 uzdeausnx. B nacmosuwee epems npu uzeomosnenuu meepoomonaueHozo
Mapwesozo deuzamens (PITT) ons coedunenus enympennezo mennozauumnozo nokpoimust (BT3II) u cuno-
6ot 000n10uxu (CO) xopnyca mapuesozo deuzamens (M/]) ucnonvzosancs xaei mapxu 51-K-35. Peyenmypa
u mexnonozus namvecenusn xaes mapxu 51-K-35 paspabomana ¢ Poccuu u sanamenmoeana. Paspabomxa
KJlee8020 cocmasa 0Jist COeOUHEHUS. MENTO3AUUMHO20 NOKPLIMUSL U CUL0B0U 000JI0UKU MEePIOMONIUEHO20
Mapwesozo dsuzamens seasemcs axmyaavrou. |dx.doi.org/10.29010,/085.8]

Kuouesvie crosa: meepdomoniushulii mapuiesvlii 0suzamennv;, Cuiosas 000J10UKA; BHYMPEHHee MEeNnio3auUmHoe
nokpvimue; Kietl.
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