AU

B obk it 2R OB R O MR N E

WM 24> - %l Ef*- B — B*

AN ZE T2 RREG T CRAGKT o5} » X+ v FOBMMNR BERYUETHH
Lu il s BN 6h Ty 5, BERIIHHCIHN T 2 RERDREROFHD HRD oM
Bo BANRTY YIS TEKEIhLA oV FREAREMIC X - T L, FhIREDY + 2

AL k- TRMEZh S,

WL 2 MoK I F 4T 7 4 FREREH L, BROLXHTT Thbb—BEN, KERE
PGB B LT AENT G, S ABAR2EA LA Iy FRAVW TR,
ZOHBIT X 5 EBERELIEROLO L VABIK, hOX DFEL R B WHATE 3, B
B R X B HEDMF R S & OREE Fie 3513 B3R HOMBERIC Rk Y @AM E U bh,
ARTHERTLECH Y, fcb A DBAE T TLHMTH ST LA/ AL,

1. &8 8

Fitke o » } EERORBERE, & ﬁ%ﬂzu
IDWQOEbLMELL+/«W<7u«7Jrz
b5 v RS ¥, X 15V FRBALET 2—X
Aty Fr—TFiRk Y, HHEIOMLBREET
BHETAEHEMYEE L TRDBATV-5, ZOHET
11D B RIOFHYDBERLRD T B LiTinh,
T a—X ERBALSRTILENRD S, £ TR
5 v FRAISFER A VT, HBHho&RMIZE
i AMRBER R AN ORD, BRI L - TRAKRD
BEMELLLRD XS ETHHEN2~3RAL LN
T\ 5, Osborn Vi3 y B2 2 + 5 v F{fllifnd &M
HLTBEEEYY vFVv—va v Fo— 7 CRE
L., 7 BOMINELIV L5 —Fiie AT
2 IV BBz, tOBHMELRERLTS
Sk BV ts, ¥4 Derr & Osborn® i3y B H
AR BY L Y AREELTCR 5 v FEAS» LD
T, FOELREETRRTIHELMAG I, hbd
W Fh BERTAEIRRD B 12002, BERD
ﬁﬁ&—zmmu%ﬁb.mﬁmoﬁﬁmmﬁﬁkﬁ
BETB LW IDOBEMNLFLT 5, LHLOY
AV BRI — R R R N IR
Micich, LOIREMAFE—ICsE LoXEy

MASEI AR 2R
* BRAZRRBISRR T239 BARWEKRI-10-20

—130—

ZFHL, REEMULBACRECHENCH 24E
0&@%%”60
fmmbtdﬁwioﬁﬁux}7Vbo%ﬁ
u;aﬁﬂ%&%ﬂﬂ?a:am;ormﬁ$%*»
BHETHB. A5 v FORREIET B ni=
AVZTYV v I REAL, TOEMYER 5V A%
AVTRET S, = OHEMREROMEIE Fiz
B LTV, e b R b Eae i
»Y, BOEEL e LBREI TR/ 3L
LOEELZPRRVOT, hETDTa—XEhT
R T—REMCBIT ZREROFEINR, B
NERTH L 20TB EAMNES.
2 EBERLIUHE
Bz AV BN v R ks HEAIh TV 3
LOLRALSY 4D 0T HE 160mm, I X 240
mmARE 4.8/ ThHB (Figl). FHRBK X 587
REBIL, AR Y O - RROBYEIE
F 370w, BT HME LR L5 B#AK
HARPMTB X5 LTHB. ZOH v D dic
Fig. 2kt X 5 hREFERL Ah, FIEDEH
WE LT, H3VIEAR USRI RAcELE e
AR OER L, RtRAISICHROIENESEY 5~
AREAL, TOITHRIFTVRAOBRRRLS L 51T
LTz ALY v I CeEREL, £EOLRR Sy
Fefri, 00X 15v=ik D.C6V khnxic

TRAFEBLE



Pressure
O] regulator
Comixsstion
Transducer s
output leed
input

—Transformer

Gas Mg('

Fig. 1 Schema of the sfrand burner,

F

i

200 damper \ s soring
Fig. 2 Apparatus for measuring the strand
weight,

L&, 37 1lmm OLHNT 3 L 0.5 VoIHNE
BB, CORETIX] 8 bz h 62.5mVOHHHE
N3 X5, IANVXFY v ITDRIBICADY
ML THD, ThBiNid vy IS r S s
W, a7 TR AvT vy A—EB 213 C, fER
KB B BEORMLBRIET S X5 L, HKkHE
22} 5 Y FREERVCFR 2 B2 51215
fodic, 0.18¢ DAL REY FvBY 2S5 Y FD
EEH1ImmidizLTikY, ThiH S VORERXN
ATHRBIEX SV FRFKTBI5LE,

= OMRRMEHREN ORDI-R F 7 ¥ FORRID
B AW/t b, 56 LHIELTE .

Vol. 36, Ne. 3, 1975

FOHETONMERE S b DML ppgld b,
BEERY  r=(dW/d)/(ogA) ELTRDSD

ZENHBED, THITA TS v FOWFETS L UEEE
R—EIc &, ciXER r=dW/d)/W/D) Litd
F— S ORENRMUTHS, HALLT TV MR
BYVFv7r 4 FROLD2HFTHS LAtk PSI,
PS2 LEERT3).

3. BRERLSLUSR

3.1 —REHTFTTORE

VDR 7 a—XERELFALEIIR, HyK
EN%—gi LTI L, Fig.3 i2EHH17.3 kg/
cem?(g) LB 3RRTHB. MBORNDOLHW T

T
:1'{1‘ J.
i 1 T
\ \i P&!

T T
! [~4U
I !*‘*":*
E;nq°:ﬁﬁlm"hi
S I

Fig. 3 Typical record at constant pressure
{propellant ; PSI)

L B{AD & FRAKBEBIC, R} 5 v PR
SoOMNBEBIRELLLDOTHD, EX T Y ER
B2 OB8DEEZTIRRAR D DETHRERELD,
7=~ & ORBOBACLBMAIERPELTFL TS,
Fk P LoMiROB FMLER £%  TtHB30
i3, HRr—HI T30t R + 7 P TARER
FHRIZMI LTV 522, E0MBRPRL DI
2BThHB, FigdiZc DX 5 hmMId L\ BAT

5é€ﬂiﬁffwﬁh

j ; i l

Fig. 4 A sample of the weight decrease rec-
ord for non-uniform .ignition,

— 131 —




H30, EHLTHAIS5Y FOLE—REIBALE
{4, BLOBEROHLLHALT, FRBLIES
CHABEH DRI b, XV EVREERERTLIC
£he LEMRSTZOHMEIFT—5 L LTREYTH
b, AT AL EOSE - LR OlBEI YR
Bo = ClEA LKL D KBED X 51T T
WEARRE, 12EA CHBMSELL TV 3850
ABRHD SRERPF L ITH LBRBER Y Rd A, £ T
5 vADI TIIREICIZA + 5 v FOMINE) Che
<, BREEH 2 BUT & BHEITTIR & T ORFOBIMEA N
AZADB NN Eb 2TV 5, thbiEE L TRERD
FAROEIFNEE SV, shie2wWTikgEdT
3 (BRCIMER LR P ER LAY, ELLIR=
TRMHAHFMOBPRTHS),

—EBENDY & Tk, HENBIUCHEEY—EM
TLR 7y ERM2E, MRIRINZEPTS
HThHd, bLAS Y FORH 3B LAEL
KL MBS B L, RERPVODF LM E 2L
WL LThENs 4B BB L, T cidid
SESH DN CREELAES LARNERT S, B
AR—E b BEN—E et il 2 bifh
3, TicbbRERVIhEI BN TIRD 525, £
BHEOLRBYDHBREMS - EAHED, LicdisT
HBoHRLHENS, TheT—F L LTRAT 305
YIRS L, BRI BBELL L Bbh 35
HiFeRMilksDT, 7a~XEX 1ilEOHS
F— 3 bnsLBbh3s,

COHBTREL AU LDT o RT Y AL
€, —BIOTE CRBFIZE 4~ ORPER Y RD S = &
TECH B, Fig.5 124y 17kg/cm*(g) WHnEL TH
ELEATDHY, RAMTOREDOBTONTL AL

TR
[y
:/i'

——5

. : il BE

Fig. 5 Typical record for two pieces of
strand bonded together,

.

BTHBZLMED, KBIOWA, #ALFVEF
HBREANY—ZI L TB{ XTI CDY. BE
WiZR o T Thitbioy, MEFO a9 b
R Rk S22, RESEENOMME, TEE

—132—

7, EhThOBBERFIZL > TREDN, o
ALc#R e, B 50kg/cm® B ¥ T b4
MEERIL I HEE 5 Th D,

3.2 HEBRICELGESHISEIETSEHTTO

e

AR NC FE IR PERRIZ, & 2ot thr i i 2
L3 ¥T, —RIOFE THIENTHOBREER LI
RSB L kKD, Fig.6 12 PS2i o\ T8
S Jr% 3. 8kg/em?(g) & 11, 3kg/em® () 1= 2 Bk

. I"
-2 L,
-

A:

b . o e

[l

-

Fig. 6 Typical record for two pressure steps
(propellant ; PS 2)

BE2 2 B80RBCHS, o iWHLEX S
Y FORZIX 60mm THBA, 100mm EED LD

MTE, ZoREOENEM I3 ~ 4 BRhic.

EXTHBTHC L TETH S,

Fig.7 ix PS2 o CENL:RM® 2 ke
s THDH, #3kg/cm® H & 13kg/cm? ¥ TO
REERN—MOPWECH BNIZ EiTieD, PS1 12

Fig. 7 Typical record for variable pressure
(propellant ; PS 2),

24T 1 ~35kg/em® OENAMY 1~15, 10~25,
20~35kg/cm® D 3 BYRSIT 7M1 THADE Bk ST R
iz, 1~15kg/cm®* DOWA O B F% Fig.8 iwxl
to
ZOX5RLTHLhBREY—EENTTOH
B L $ic Fig.9, 1007 L, Sho0E»686
Mk e, EIrAERCER TR RIE

N —BeLTHOhS DR W—8 ¥F LTV |

3, tOEFICRERYHEThMITERE P
ks L, TBERIEMCRLTHRDEELYT

TRKIRIESEE




| P—"”H*  ea e

‘Fig.8 Typical record for variable presrure
(propellant ; PS 1),

zc L] L] L] L AR L] LI
x c% prop. PS1

o0 c
§ L o variable ]

<F pressure E

"Io
o B ST %0
P (kg/cmt)

Fig.9 Comparison of burning rate data obt-
ained at constant pressure and for va-
riable pressure (propellant ; PS 1),

[y

20 ST 4

1.0 4 two pressure, steps

b ovariable pressure

osf ! - —
St x ]
[ Ih“l" :

x ‘l prop. PS2

0.1 Ln 2 AL i il

1 5 10 50
P (kg/cm?)

Fig.10 Comparison of burning rate date ob
-tained at constant pressure and for
variable pressure (propellant ; PS2),

BPARIENERRBT o LAV THB S5, 2hb
DN SMREBIRERDBDIZ, = = CHEEX#
SR LD, tovAlhEF4VIvRE LTHE
LEMEBAT 5D, H5VIRER I ERLHe
EERHERS OEYRDBC EXHEITHS ),
3.3 M) AWML BSMHTREFHOKE
EMIIVROIFIZRR oY FORE Wolth
1z, REARABHIC X 3HNHIRF L35 G Hmb
2 T3, LEXHTaZebdhkRETHE

Vol. 3%, No. 3, 1975

kigh, eIV, REHZRBIVBERNAD
HEXEThETh pp g par R} TV FOWTERY
A, B3k l, BERY r BROLREX -2 5ETO
Bk 6o 2+2& W, F, GREREA KDL 5
2ied,

‘V—-gS ppAr dt (2)
F=22_ap (@)
Py
]
G= Pagj: Ar dt ()

4 BENA, BEIHARRESHALTHE

Pa=—}%7*—g  pa Pa=—RLg A (5)

&:fID. ﬁﬁﬁzkgﬂﬂﬂzﬂ) 7’9, Tc z‘dJ:U‘pp
Ax—@eETHL

AW e "

%F—- —Pp SRvToA—( r dp 27‘—) (7

-R:T;( l-j:rdt)?%—ﬁ?:pr

(8)

s,

HNAFEEBNDLBEHU LGS, FoBROMSEr
EBPYERDBIDI, WEEER r=ap” TR HE
h, EHOE{LRY dp/dt=K L L T—& L{EEeT
5%, (VR

AR — —pgAr (14+0) 9

ey, zzT
C=Cp+Cq o)
Cr=—(2n—1)aKgP*-* an

_(n+2) Pt
Co=—ta +1)“”+( (n+l))

Xap™® a2
Thb, Cr BREENHR, Co BBRHOE BXEh?®
AWBRTHRETHS, a, f RTORT Y | OBE, B
$EHA, BERAAATR EHEMCKRDO LB HTD
%o

w=—gRoT PR 09
FRCHEALESeR5Y | PS1E 20T, Cp
Co BXUC®2Rp2E Fig. 11 X523, (1R

—133 —



i

of 4+
3

3 “"’E [
o

> !

Fig. 11 Effects of thrust and buoyancy on
burning rates,
K=1 kg/em? s, I=5cm, n=052, a=
0.075cm/s, a=0.7127x10-%cm?/kg, =
15. 328kg. s*/cm?,

1oL bhB X5, n=0,5 ¥ K=0 0L 2i1c
Cp=0 LichHENRRZ X 2WBZE Lic v, £5
TV e 2 CHEBSEERMZ BV TOA Cr 2k E
{, HECHEAIhBENTETIE Cr RIEMIZ/A
2 VEA %S, n<0.5 it Cr>0, #>0.5
¢ Cp<0 Ligh, n KOS5 S 8, - K
BREL LB Cr OMMMAILKE e D,

S E382Coizn  Kofliiz, 2 5 v KD
B2 ENMEN p DEBYZIIE, K=0D L g1z
i

Co=—ap 14

&y, Co REHHTS, K30 Ty &2
tr, 72X Fig. 11T po=1 OR¥ Bvidbds X
5K, ENOBEWEZAHTCoizkEL, EHofim
EIICBPL, BRTO L pEVCTADFRIZEM
LT K=0 ofic o B, zhIZZ DL TR
POV RMBBAOEBLERLTVS, { 28 ik
B, TLKNKEL 5L Calt L, EHoW
meFECHiAL AT, po 230 T35 L Co LI
Tt 2,

B Cr & CoMR b D02k LTOMY
CThh, Figll KBS L 5IE HMNIERITME-ES
BT Co LIEBEAERUTHA LMb0 D,
Lo THETuT Y FHEOWTHBERYRD L
5 ETHHE, £V ABIBCEETCORMEY LT,
an %R, THOLLAVT Fig.ll 0X5KR
BHEBYRDD, ThTHEIAIRETHIZAD X
512, 2oV FORIDJDONMES, BEEHEH,
BEAERRT 4D, HEDR2FEIBRLFHD
EGIoOWTHELR T BV 5T i
TLLV BETHHRRKOFEIZL S, EH—

— 134 —

FTeOWMETIECix (—ap) TH b, ait 7oy
Y I OBER IUSHA N A0SR E CE 38K
TH5DCHMICEERES, EHHELTS0IZ1L
CHRrofi¥Eirdne, BEEHOHECHIETS
LERBB, L2L, Fig.ll hndbbMr X510,
e SENTE L C 13 K=0 ot

LTW30TC, REXENFELLTE, ThPTho
HEHT K=0 THot0D L5128 2TC, C=—ap
ELTHIELTO RV S5I2Bbh 3,

3.4 COHEEAVIBORNRER

1) 27Y FOMER SEY—Ee LTI
ENRIE LV, —ETRVWEETLE DO SN kAN
12, MBERLRDHZ ERTETH S,

2) At7¥ Fat¥EHTHNTso0I, —R
EHKETS S ENDETHS,

3) MAMEH A BIHIC X I MPLE M X 58
Y HAMEANCE LD B0, FRRThEYWETSL
EHxp s,

) EhEABRERCELEES L 22, REMER
oMt ER LT, EHOELRY TOBMIED
HFAMMAIC L ED 3 2WRD 5,

4. ¥ =B :

T 2 R [EAHEME SRR NE R 0 i B 52 D Mk
2, Beho2 + v FORBLARNCETSZ
LR X T, BHEELXRDHEDOTHE, ONikY
M, RYYv7 74 FREELRRICOWT, —BE
AL, BERCHDVCIERNICELTSENT T
WEX T L S HRFh#ERE Y. RifICZON
BOBEYELDELROFHY TH D,

1) 72—XR4 AV 7o—FEBALRTLR
Vv, LL, 65 LHR I FOMRBIURE
Y EELTHL LBERD D,

2) MEEL» B hOERYMS 2 Lok
30T, F—-FOEFHELYHDHT LIANNES,

3) 2R kDRI Y FEBALT, ThHoMl
PeR A [T R B 2 Z AR S,

4) HEHEREBERC, vl FiLse
T, HIAEHEEY—ECHENRS,

5) fziRETh T3 BRIEOHEL L 5T
LN TH B,

X [
1) J.R.Osborn, R.J. Burick, and R, F, Panella;

Rev, Sci. Instr., 37,86 (1966)
2) R.L.Derr, and J.R, Osborn ; J. Space.,6, 1120
(1969)
3) C.E.Hermance ; ATAA L, 5, 1774 (1967)

ITHRKEBEE



Continuous measurement of solid propellant burning rates

By K. Yamada, M. tho, K. Hayashi

A new simple experimental method is presented for measuring the instantaneous
burning rate of a solid propellant strand under continuously varying test condition.
The burning rate is determined from the slope of the time dependent weight decrease
curve. The variationin weight makes a strand move which is supported by coil spring,
and its displacement is sensed with differential transformer.

Measurements were made for two polysulfide propellant formulations under various
conditions, such as constant pressure, stepwise or continuously varying pressure,
and furthermore by the use of strand consisted of several pieces bonded together.

This method seems to determine the burning rate easier and more accurately
than before. The effect of thrust loading due to combustion gas injection and the
buoyancy in the high pressure atmosphere on the burning rate discussed in detail,
and it was concluded that the correction is unnecessary usually and very simple even
if it is needed.

(Department of Aeronautical Engineering, National Defense Academy, Yokosuka)
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