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Research and Development of KSR-III Apogee Kick
Motor

In-Hyun Cho*, Seung-Hyub Oh*, Sun-l1l Kang*, Jong-Sun Hwang**

ABSTRACT

The basic research on AKM(Apogee Kick Motor) for space launch vehicle was carried out.
AKM which will be used as 3rd stage solid rocket motor in 3-stage Korean Sounding Rocket(Ill)
has been developing. KM is a solid rocket motor using composite propellant based on HTPB and
is composed of composite motor case and submerged nozzle. To develop KM rocket moto
satisfing a given set of requirement, firstly the full-scale KM with diameter 520mm was
designed, then sub-scale motors reduced about 60% were manufactured and tested. Full-scale

ground firing test is accomplished two times.
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Table 1. Design reguirement of KM motor
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Fig. 2 Full scale KM configuration
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Table 3. Internal Ballistic Analysis Input Data
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GAMMA 11739 H] G
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N 0.4%06 ALEE A4
TC 33080 K Ahvlsm 25
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Fig. 3 Full scale KM pressure contour
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Fig. 4 Full scale KM thrust contour

Table 4. Internal Ballistic Analysis Output

Data
¢ = we | sug
Total Burn Time sec 6.955
Web Burn Time sec 6.816
Weight of Propellant kg 83.8
Total Impulse Ibf-sec 50579.8
Specific Impulse sec 2739
Average Pressure psi 813.1
Average Thrust 1bf 7272.4
Maximum Pressure psi 931.1
Maximum Thrust Ibf 8554.6
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Fig. 5 Sub-scale KM
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Table 5. Internal Ballistic Analysis Output Data

& = lies IRERdS
Total Burn Time sec 4.136
Web Burn Time sec 4.055
Weight of Propellant kg 171
Total Impulse Ibf-sec 8064.1
Specific Impulse sec 213.8
Average Pressure psi 800.9
Average Thrust Ibf 1949.7
Maximum Pressure psi 935.5
Maximum Thrust Ibf 2441.3
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Fig. 6 Sub-scale KM pressure-time curve

Wt teen)

Fig. 7 Sub-scale KM thrust-time curve
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Table 6. Sub #1 Ground Test Result
Analysis Data

Propellant Weight 16.89 kg
Burn Rate Constant 0.02279 in/sec
Burn Rate Exponent 0.48060
Throat Dia. Initial 3786 mm
Throat Dia. Final 3880 mm
Exit Diameter Init 177.17 mm
Exit Diameter Final 17720 mm
Web Thickness 60.80 mm

Ignition Delay Time

. 7 ms
Total Burn Time e
. . 3842 msec
Web Burn Time
. 3509 msec
Maximum Pressure 1029
Web Ave. Pressure 917 DS?
Total Ave. Pressure pS?
. . 850  psi
Maximum Thrust
2737  Ibf
Web Ave. Thrust
. 2354 Ibf
Total Ave. Thrust .
2180  Ibf
Total Impulse
8376 Ibf-sec
Web Impulse
. 8261 Ibf-sec
Specific Impulse ~
Burn Rate Coeff 250 sec
1.1282

Throat Erosion Rate| , 15609184 in(ps)®/sec
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Fig. 8 Sub-scale KM #1 (KMS-001)
pressure-time curve
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Table 7. Sub #2 Ground Test Result

o] 448 YEpih

Analysis Data - Isentropic #AFO 2 =FWFo] deojdni
7pAstE AF wFHe 11E AR 9%
Propellant Weight 16.94 kg au
Burn Rate Constant : 0.02230 in/sec s
Burn Rate Exponent : 0.48570
Throat Dia. Initial 36.92 mm Table 8. Full scale #1 Ground Test Result
Throat Dia. Final 39.00 Analysis Data
mm
Exit Diameter Init 147.00 Propellant Weight 83.69 kg
mm Burn Rate Constant 0.02236 in/sec
Exit Diameter Final: 147.37 mm Burn Rate Exponent : 0.483
Web Thickness 60.80 Throat Dia. Initial 67 mm
mm Throat Dia. Final 68.62
Ignition Delay Time 9 mm
msec Exit Diameter Init 218.37
Total Burn Time 3511 msec mm
Web Burn Time : 3343 Exit Diameter Final: 219 mm
msec Web Thickness 103
Maximum Pressure 1101 mm
psi Ignition Delay Time : 11 msec
Web Ave. Pressure 965 psi Total Burn Time 6384
Total Ave. Pressure : 934 psi msec
Maximum Thrust : 3106 Web Burn Time 5926
Ibf msec
Web Ave. Thrust 2599 Ibf Maximum Pressure 953
Total Ave. Thrust : 2513 psi
1bf Web Ave. Pressure 842
Total Impulse 8823 lbf-sec psi
Web Impulse : 8687 Total Ave. Pressure 812
Ibf-sec psi
Specific Impulse 236.0 Maximum Thrust 8225
sec Ibf
Burn Rate Coeff. 1.1410 Web Ave. Thrust 7154 Ibf
Throat Erosion Rate 0.00004904 Total Ave. Thrust 6892
in(psi)®®/sec Ibf
Total Impulse 43999
Ibf-sec
233 %ngoi ZIEE}’ Qj_j‘:Aig Web Impulse 42396
_ Ibf-sec
1) A= Specific Impulse (R4) : 238.5 sec
- KSR-IIl AKM 45 &<l Burn Rate Coeff. 11319
- KM 23z diw T2 A 9l Throat Erosion Rate 0.0000235
SRS KRR In(psi)”/sec
- Aed A% 9%
2) N An v e 1Y 120 944838 1379 GEe
S 23de] AAN AALT 2AE BEFEA a9 B3] $9 AEE Helzt 943 237)
g gzar] A% AaAdel PG o 9 A 15719 FAleke 2FekA ekst
& 3 8o 2zt HAA FHF ALY = AKME 7EHog 739 FE 7147
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Fig. 14 AKM ground firing test preparation
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