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On Some Viscoelastic Analyses of Mechanical Properties of

a Solid Propellant under Constant Strain Rate Tension

By
Kozo KawaTta, Mineto Ipa, and Akira Honpo

Abstract : Viscoelastic analyses of mechanical properties of a polybutadiene-ammonium
perchlorate propellant BPT-1 under constant strain rate tension are carried out. It is clar-
ified that time-temperature reduction rule can be applied to the values of tensile stress at
break o5, associated ultimate strain €,, yield stress og,, yield strain €, €,=0./E, and
associated stress 0, in the temperature range from +70°C to —30°C, and shift factors
ar for these values can be described by WLF equation except very high and very low
temperature regions. This shows that shift factors based upon WLF equation may be
applied to 0m, &m, 0y, &, 0L, and £, worthy of attention in view of failure criterion of
solid propellants. New important facts that €, and €, are nearly constant for reduced time,
are found. The facts offer a new basis for maximum principal strain adopted as empirical

failure criterion in practical grain designs.
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ot TOWR, COREOBMWESN 0, WO T S &; BAIBH 0. ChicHBET 30
TH En; BMRIES 0y, BIRO TS &y; E1=0,/E, RIS 0L KDWT, FR-EEREHH
+70°~—30°C O®HEHTIRILDC &, BHHEMK ar BIBRMHME E, Ko TH, LTo o0y,
€, Om, Em, Oy, €y, OL, EL WOV THFHBMPEBRNT WLF R TR TE I ENHELHIC
Ehle, COTLERBEERBREOHEADLSFLULBEHINTWVS 0n, Em 0y, &, 0L, €1 I
20Th WLF R 2MBEDOEATCELCELERTODTH B, T, €1, & BNMEREIC
MU, BEALE—ETHE2LVIHFLLVEEREENAONL. COFER, EBEORHTH
WORTWVWAWARED KT AMN BRI BV T AR —EBICHET I EEE-TNBDIC
MU—D2OEERXRLELD, COBBRIHICBRABIQICTERZODOTHL, B3 BER
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1. ¥ 2 H» &

BT OM R B ORE, FHREKEEOSTICE L TiE, BREEEE 2RI
JREED H S BE RV SN TS, Chid, HRNtESRET 2BHEREE DD
OFBRERANEL, HEEZZNEFNOH—DERICE > TROLT T EEARETE 00,
COHMILRIALERTHD, ERAETHVAEHREBHEEREIRT 52 —20FRLEL
THERThHA. COBREEREDS EERIERIT, Avitay—HBEL] RR-EE
OEBEFE[2], HE-REEREMRIS] REETFEND. TbDE, HERETITEbOALE
FMEOTABEERD B EQREMD, ZDREICHIE L THBEOR Yy —VvEEZ TP L,
HOBETOREMBE—BILOLNEENHITETHS.

BerolE, UIFAEETEONILT — 2 2R (BE) <2 - TBETHT LI
X > TAKEE (master curve)[4]5 15 & EOBRFHE LD, BENRE (shift factor) ar 28
BondbIThHsH, BEOHEKELTOD logar oE LTIR, —o0ORFBRRNELTHE
A&7z WLF RSB EEl 262 E N TS, Elp &k S BEE-REREDT
X %34, thermorheologically simple V5. %< OFES>FYE DOB/NEFHERD HFEH
WEICE LT, CORENREDONTVS. T OESTFHRMMEOM/NETHER T OB
BEEMmEATEIC b EAET S L), T.L. Smith SickhFREni.

BEAHEERIIER S — Y FTH 5% OBRILFIZEDR T 2K 25% T L REHTFTH
AL DLV ->TEND, CZOMEOBEEICOVTS ORM-REHRFROROILOT
EHBEE I TS (T. L. Smith[7]). < T, bhbhOEEERT 3 HROBEEE
WS, BEHERT, CoMBEATERINEBEIOELEEVT AHELRY OERT — £
CH ESVTRE L, BIC—5ED THEONIER, BEEELERRT SO TRIEEESN
TOVABEKIES On, On ICHIGT B0 H en, BRIED 0y, RIOTH &, BXT 01, &L
(BHEBRIK) IOV THRBOBE AT E & L. LT, BEHEREK ar OFEE £
B, MimfRichic->Tih~N5.

2. BENHEEERONENEHTORM-BEERRER L ar, E- R EORRMFE(S]

E O3 AEER* (Constant strain rate method) ToO#EME, ar, Er OERIIFEIC O
THEREHROH ZBENTH L.

KL R D F IR B ORI, RBKEEEEBERT 2D TH 5085, EERIEEDK 90%
B NE AR THRARE R TH B E b . SA A TIIEZOBERLE 5501,
[BRENHR DR E DT AORIRIE, 777 AEMETIE, HEAEIRBORGREET
%] &, T. Alfrey oxditill]l (correspondence rule) [9] T3 5.

EFEEEEETNIE, EOTAHEEFRD TiE, é=R(const.)

e(2) =&t (1)

¥ FHE, —FOTAHAFEABCELTERBGAIERNIBIENE, —EENE2AC5ATUOTAEL
2B ) -7, EREEA (T1-ROTAH) 52T, 0FHILBEHIE2RI0 I ELKANE
BENS LN, EREHOBEMUEAEERL .
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E(p) =E/p? (2)
po(p) _EP)_ &
B ===k (3)*
(PR Puip At S (A &
l:d(;iOl:ét: Er (t) ( 4 )

fetZl, € UF A, t: K, & O BEE, o I8, E: MR, E- SRR
F): BB f(O) 0775 2% '
T, BUOTHEEIRO TOBA-OFTAHHBOKVTATOBERN, 200 TATD E(2)
w5z B kit B,
TLOMMIZ T Y e E—BHETHEIHO, JBhERTHICE T/ Ty 2REEE LT
BLoMRk. (4) &b,

T, _[da(ToT)
7Er () _[————ds » (5)
log™*DILICEE LT,
T, _[0Ty/Té dlog(oTo/ Te)
TE’(‘)”[ g/é d log (€/€) —i (6)

122U, Tr RECK), To: HARECK)
LORD HHA OO T HAETRBTOLEOWL ¢ TO 0T/ TE DAL,
DB, (1) 2R TEB Y, —D>ORETECIMERE A<~ 5 EARBBOT, A
DIRIET DB IR O 7 — 4 1© [HE-RIESENE ] ORESERTENE, |t
R EDHTEENS. METE, BB ar OUATHS. HERE To ~ OB
iz t' LLT, CoBa0BEREE ar. &0,
t' =tlar, —¢/éar, (7)

(6) XEEELIT,
Ty , _[0 To/Téar,  dlog(oTo/E TaTo)]
7= e, dlogféar) Lr=estar, o

LROF -4 LB ICBBERERIROL S ICT NIV, JERAR A EREH TR

* HEBIROTHEA-OTHERIE, TP REMWMTHEERNOREDS &I

T(p)=E(p)E(p)=3G(p)E(p) (a)
~ €-(t) =€0 (£>0) (b)
DIBEHEMEEZL 5.
BmApER £, (2) i1,
Er(t)zo,-_(t)/SO (Eo: FOTH) (c)
. E.(p)=0.(p)/e0 (d)
(b) o577 2&EHI
& (p) =¢to/p (e)

(a) &b _
** Jog i3 logio OFEMk. In ERHIF 3.
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BICR-T, EOTAEERRBCEIROAELZMA, TOLEOWELMURICTLTH
ET5. COREABRE, RUOTHEETTNED. COUOolEESEONIS, ETXE
FIcoW0T, FRkBEEo Lic, ft#h oToTe, #i#h e/t(=t) &LTFmy bT2. K
1T, KEEhAERERT e/éar, (=¢) KT B K D ISARKEMR (master curve) #1EAi1Ci3, 7o
DA RS UKREICHT 2L RATES L 45° 2R THERICZ >THHL,
TN ODOHEMIEH O ERTALYICTS. Yok dicdhid, (8)RKD To ik
THRR AL UK ED BV RMREBBESBERE ar, 2525 LI5S, &,
AREEO T S S EELEHEICK T E (@) BRETE 5.

ZOMOFEBRF -2 DBHELD ar EARMBRMNRES.

3. T B & &
COEBRRITRTEVTHEEIRD TR IC L E L. KBREHFOFMBLITOXD
TH5.
1 & H
BRAs®E 1 RICRT. RV ) AXVvADDF v —4H (20°C, 8~10% R. H.) ICfk
FL7.

|1k ERBICHOEE, ®) 72y vRHEE BPT-1

34 5 BEEY% | AE% pa
% & # | CTPB (Carboxy-terminated polybutadiene) 20 33 | LE 0=0.98
i 4t % | NH4CIO4 70} 67} 0=1.95
BT IE | Al % 10 SRR 80 w (HERE)
3-2 HAERK

) v R, EREMRBE RSBV SN T FMH 51014, ¢ 2 TR JANAF
BBRBKAFIR E1R) ZAV, EEREEEAK a=1.3[1I]1& L.
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3-3 HE#E, BIREE, BE
B L B2 TOM 5000 ¢, fEZAE Ston, BED EERMEIZ V=0.5~500 mm/
min O Instron BGAERETH 5. FHL251R O HEHFIZ 0.5~500 mm/min T 5. E
BT — 2R UBRD EERBBBOBRV 220 ERLTHS. BECRRAK 20
bDOIRODWTEMONENHS. JBEIR —100, —80, —50, —30, —10, +5, 20, 40,
60,70°C DEREAE L -t EEMIBERREZL L THOAS KR %15 2 (K81 (—180°C
~+40°C, ¥E £0.5C) #fmLTELNL. —F, SEAZEVHE — 2k 3 SR
(Bla~+200°C, ¥E *=1°C) ZfImLTEoNn k. EREARRIEREET +20°C, 60~
70% R.H. [cffi-h 7.

EREAOREY, FEORTRECELEONTHLH 20 A TREEERZ0OREL S
578, LRROEROBICIZCORED 40 SFEHRT —442E52LE Lk HRIEEED
o—Fe2rTRBL, X-T LHEFCHE-MORNETLEL .

3-4 RAFROEE

ISHRARIES, THRbEORTHREICTT2L0:

i
=
o: A, P: fE, Ao Wk
EB. ODTHEEOHERIRRICL S :
1 1

S QL. T1.3%x50 65x60 3900

& OFHBE (Isec), V: BIIREE (mm/min), lp,: F6H OEHIEM =50 (mm), «:
BRI (R =1.3
PBMEA OBHAICKE, BECRMUICED anEs 0T, BOEOTHHEEIRD &30
ZIEW. HIG, 2R a=1.3 ELTWADTZDERISHEMUNDOEDTHE. DT &
HoMPUHEBELTEL.

4. ERBLUBHOBR
FRETR oM BPT-1 #EDEH-OFHHMROREN 13 D% 2~4 TR, K

16} FIREE V=0.5mm/min

12} ' -30°C

i 1 H L l
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B0 F 5 | € (%)
2K BPT-1 #EDJEH-UT 445K
(5]5R:&E V=0.5mm/min)
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ICoRYE —30°~70°C %R T, IKRICIEZ1EE, E, Om &m, 0, SMNHEKRKTEE, %
1OTAHEENKENRSIZE, LROBEOMARTAENRAONS. 722U, On &m 12&E
DEEDEZIBOINICRTEITHS. B 2~4 ROF—2 L DHENGIEMIR (failure
envelope) 126D L Hic?ss. ARFEIN, F2REAOTENEMMER E-(¢)
DARHIIBE TROLSIC1EE. COBRD ONEBEREK er 3B 8HMoBIDL ST,
WLF HERX*XcELEDLEV T, 1212, BEMAITIRIPP Arrhenius RICHITLTT
NWTLBEHRZIONE. BBAERTREBAIVE LI TOREHHASZZEATY
B, EBRICE LrhbE WLF R D EANThafEmsRons.

wic, log %00 —log(1/¢ar), log %0} —log (ts]ar), €»—log(1/éar), €,—log(¢s/ar),

*logxoaT(T)=;2—Cj_(%:—£—:) Te=T,+50CK)  T,: # 5 2 GEBEE

EFERY =—IDONT, ¢1=8.86, ¢c2=101.6
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