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Introduction

Thermal insulation of rocket motors and their insulators 
containing double base (DB) propellants were developed 
in recent decades [1]. One way to provide thermal protec-
tion of a DB propellant motor is to apply a polymer mate-
rial between the case inner surface and cast propellant. 
Common characteristics of insulating materials include 
mechanical properties such as tensile strength, elongation 
and adhesion. It is important to say that operating tem-
perature severely influences the characteristics of insulat-
ing materials during the service life and also on the opera-
tion of insulated motors [2]. Therefore, an insulator with 
appropriate thermal properties can prevent deformation of 
the DB grain as well as separation of insulator from motor 
case during manufacturing, storage and operation. In gen-
eral, the matrix in the DB propellant insulators consists of 
organic materials such as epoxy resins, elastomers, rub-
bers, etc [2, 3].

Epoxy resins are a family of thermoset materials with 
epoxide groups (oxiranes) in their molecular structure or 
oligomers and have been recognized as an excellent matrix 
in insulation materials for many years [4, 5]. The most 
common commercial epoxy resin is produced by the reac-
tion of bisphenol A and epichlorohydrin, which is known 
as diglycidylether of bisphenol A or DGEBA [6]. Epoxy 
resins are compatible with DB propellants and have high 
chemical resistance, flexibility and process ability and 
cure at ambient temperature [7, 8]. An epoxy resin system 
consists of a basic epoxy resin, a hardener and a diluent. 
The base resin determines many typical properties of the 
final crosslinked product, such as operational temperature, 
whereas the hardener defines the curing properties such as 
reaction time. Diluents are usually added to modify the spe-
cific physical and mechanical properties of cured resin [9].

Abstract Taguchi method (orthogonal array, OA9) was used 
to design an epoxy insulator by evaluating its glass transition 
temperature (Tg) for using in a double base (DB) propellant 
grain. In this design method, three epoxy resins based on 
diglycidylether bisphenol A (DGEBA), three polyamine cur-
ing agents and a DGEBA-based reactive diluent agent were 
used. The curing process of epoxy resins with polyamines 
was studied by Fourier transform infrared spectroscopy. The 
results showed that the curing process was completed at room 
temperature. The effects of four parameters including resin 
type, curing agent type, curing agent concentration and diluent 
quantity were investigated to design a resin formulation with 
a highest Tg after curing. The obtained results were quantita-
tively evaluated by the analysis of variance (ANOVA). The 
results of ANOVA showed that the highest Tg of 86.0 ± 9.0 °C
was obtained for the optimum formulation of MANA POX-95 
as epoxy resin, H-30 as curing agent and 52 phr H-30. The 
Tg measured by the experiment was 78.0 ± 0.9 °C. In addi-
tion, the single lap shear strength (adhesion strength) of the 
optimized insulator was measured at 13.66 ± 1.02 MPa. Pull-
off test performed on the surface of DB propellant resulted a 
1.935 ± 0.003 MPa adhesion strength.
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