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Multi-Stage and Clustered Rockets
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Multi-Stage Rocket

"A rocket having two or more engines, stacked one
on top of another and firing in succession is called a

multi-stage. Normally each unit, or stage, is jettisoned
after completing its firing. The reason rocketeers
stage models is to enable the uppermost stage to
attain a very high altitude. This is accomplished by
dropping mass throughout the burn so the top stage
can be very light and coast a long way upward."

www.nasa.gov 2
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Engine Types

Ejection
Charge

Delay Charge

Black Powder
Propellant

www.nasa.gov s



Prod| EngineType || 1ot O | MW | s [puian| et | W |
Meac| Sec | O Sec,

SINGLE STAGE ENGINES (GREEN LABEL)

1502 1/4A3-3T 0e25] 32 1.0 | 28 449 | 1.1 025 | 020 | 56003 085 57&9
1503 1/2A3-2T 1.25 2 20 | 57 B3 | 1.9 0.3 020 | 56 |006| 1.7%] 87&9
1507 AZ-AT 250 4 20 | &5F 68 | 1.5 05 027 | 76 [0.12 350]) X9
1511 ATO-3T 250 3 3.0 | 85 13.0 | 249 08 028 | 79 |0.13| 3.78| §7e9
1593 1/ 2A-2 1.25 2 20 | &7 ga | 20 0.3 053 | 150006 156 19
1508 AR-3 250 3 3.0 | 85 10.7 | 24 0.5 057 | 162|011 ] 3.12| 8769
1201 B4-2 L0 2 4.0 1113 | 132 | 3.0 1.1 070 | 198029 833 E790
1602 B4-4 L0 | 35 | 99 13.2 | 3.0 1.1 074 |21.0]10.29| 833| 8799
1605 B2 L0 2 4.5 127 | 121 | 27 0.8 063 | 193 022 &24) E790
1606 Be-4 L.00 | 4.0 | 113 | 121 | 27 08 071 | 2001 [ 022 | 624 8799
1613 CE-3 T0.00 3 4.0 1113 | 153 | 34 16 0.82 | 24.9 044 | 12,48 §290
1614 Cie-5 10.00 & 40 [ 113 | 153 | 34 16 041 |25.28 044 [ 12.48| 2299
1622 C11-3 T0.00 3 o0 1T 220 | 44 0.8 114 | 322 | 039 11.00)E10.99
1666 D12-3 20000 3 140 | 396 | 329 | 74 16 1.49 (422 |1 0.88 (2493 |512.99
1ea7 D2-5 20,00 L W00 (283 | 329 |74 16 152 [43.1 | 08824093 51299
1673 EQ-4 20000 | 150 | 425 | 250 | 56 28 200 |56.7 | 1.27 | 35.80|81849
1674 ES-& 0.0 [ 12.0 | 340 | 250 | 56 2.8 200 | 567 | 1.27 | 358051249
UPPER STAGE ENGINES {(PURPLE LABEL)

1504 1/ 283-4T 1.25 4 1.0 | 28 B3 | 149 0.3 021 | 0|00 1.75%) E1E9
1554 AR-5 250 ) 20 | 57 13.3 | 3.0 0.5 062 | 176 | Q11| 3.12] 8769
1a07 BE-& L0 B 25 | 71 12.1 | 2.7 08 078 |22.1 1022 | 624| 8799
1615 Ce-7 10.00 T 25 | 71 153 | 34 16 085 |269 044 [ 12.48| 2299
1668 Di12-7 20000 T 80 (226 | 329 | 74 16 1.55 [44.0|0.88 (2493 |512.99
1675 EQ-8 20000 ] 10,0 | 283 | 250 | 56 28 200 |567 1.2 |35.80|81849
BOOSTER STAGE ENGINES (RED LABEL)

1616 Ce-0 10,00 |None | 4.0 [ 113 [ 153 | 24 16 080 |22.7 1044 [ 12.48| 2299
1665 D120 2000 |None [14.0 | 396 [ 329 | 74 15 1.44 (409088 (2493 [512.99

GHD ENGINES - FOE USE'WITH K GLIDERS |BLLE

1505 ATOPT 250 | None 3.0 | 85 13.0 | 249 08 026 | 74 |Q13] 3.78| 8769
1659 D11-p 20000 |None | 160 |453 | 276 | &2 18 1.55 [44.0|0.88 (2493 |512.99
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Important Considerations

e Tight coupling between stages

o Straight line separation (look into properly
methodology for coupling the stages)

 Engines properly secured to rocket body

e Engines installed in proper configuration (nozzles
pointing downward)

WWw.nasa.gov s
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Ensure Upper Stage Ignition

* If engines in direct contact, pgg.3
tape them together using
cellophane tape. After
Ignition the upper stage
will melt the tape and
jettison the lower stage.

o If there is a gap between
engines, venting holes
must be placed as close to
upper stage engine as
possible to allow the hot
gases to push all the cool
air out of the inter-stage
tube.

Masking Tape

Cellophane
Tape

WWW.nasa.gov s
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Stability

Offset ® CG 2

ThruW
= Deflecting
* Force

Force Acting On Fins Opposes
Other Forces

Force On Left Side Can Be
Balanced By...

... Large Force Close By, Or
Small Force Far Away

FIG. 5 E% -

Fin Area Increased On Each Added Stage wwwnasagov 1
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SKILL LEVEL 2 ROCKET KITS

1302 CC EXPRESS £1559
The CC Express™is a h| h-fhing, twao-stage rocket
ﬂp_lm.lfere-:l by D engines. It soars to 1790 #. (546 m) in
& air.

SPECS: Lemgih: 28.38 in. (72.1 cm
Dia.: 1.23 . (33.7 mmjll:_'Irz )
W 2.7 oz, (75.3
Recevery: 18 in. (45 cm) Parachute
Fins: Laser cut balsa
Max. ARimde: 1790 ft. (548 m
Recermmended Emgines: Single Stage - D12-5
'ﬁ.lm-ﬂage Booster - D12-0; 2nd Stage - D2-7

uires 3!15 in. (& mm) Max™ launch rod (302244)
ml separately.

www.nasa.gov
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1382 COMANCHE-3 52099

A D ergine powered booster stage rocket that roars to

ultra bagh altitudes - over half a mile (805 m) high!

Updated wath laser ant balsa fins and ide decals.

SPECS: Length: 41 in. (1041 cm)

Dia.: 0.98 in. (24.9 mm) WL: 2.1 oz. (59 g)
Booster-Tumble; Main Stage-Two Streamers

Fims: Laser cut balsa

Max. Atibude: 2560 ft. (811 m)

Eecomm¢mded Emginves: EnFlE Stage Fights - AS-3, B4-4,

B&-4, CE-5; Three Stage Flights - Booster: D12-0

Second Stage: C5-0; Thurd e: BS-6, C5-7. Requires

/16 . {5 rmrn) Mas™ laund?l rod (302244) - sold

separately.

www.nasa.gov o
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2109 RENEGADE™ _ 51699
Going staged 15 awesome! Witness a magnificent lift-
off with the Renegade™. It's owver twio feet tall and can
be launched as a single stage or twio-stage rocket.
SPECS: Lemgth: 26.5 in. (B7.6 cm)

Dia: 1.627 in. (41.6 mm) WL: 4.3 oz {1200 g)
Becovery: 12 in. (30 cm) Parachute

Fims: Laser cut balsa

Max. Altitude: 850 ft. {1&50 nh;lj

Recommended Emgines: Single Stage - AB-3 B Bb
C6-5; Two-Stage: E-u::u:-EtnarE CE-I?E nd Stage - AB-5, "
BE-6, C6-5, CE-7

www.nasa.gov 1o
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Clustering

Simultaneous ignition of multiple rocket engines to
attain higher thrust liftoff

WWWw.nasa.gov
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Important Considerations...

e Thrust must be balanced around the centerline of
the rocket

* All engines should be located close together to keep
unbalanced thrust form forcing the model off course

- =* @D &P

2 - Parallel 3 - Parallel 3 -Cluster 4 -Cluster

WWW.nasa.gov 1
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...Important Considerations

« All engines must be ignited simultaneously, which
means igniters must be connected in parallel — not
series

Attach Micre Clips
To Igniter Leads -
As Shown i

Single Engine

ey Two Engine Cluster
Arrangement g

Arrangement

~ Three Engine Cluster
3 Arrangement

WWW.Nnasa.gov 1s
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2119 36 D SQUARED™ 2599
'I'I'reh-;;z ﬁhlj:ﬁ I:-auf1 Ill:lﬁmlgg abiout! t::‘g-:-'lc:ltl're ull
C .5 u esign, a payload sechon,
EEEEI' cut fins an _“aterdidgdam@ThE rocket launches
on two Estes D see model rodket engines.,
SPECS: b 26 . (914 cm)
Dia: 2.217 i ’555.3 T
WL: £7 oz (1 E(E? B
Recevery: 24 in. (&1 cm) Parachute
Fins: Laser cut balsa
Max. ARitwde: 800 ft. (244 m)
Receimmended

Emginves: 2 each 012-3, 2 each D12-5, 2
each D12-7 .

HOT MIX ENGINE SITES WHEN I.M.HEI'III'IE]I
MPORTANT: Requires 3716 in. {5 mim) Maxi™ laundh
rod (302244) - sold separately. The Estes E™
Controller (#2230) 15 recommended to laundh the
two-engine cluster — sold separately.

www.nasa.gov i
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2192 THUNDERSTAR 52099
Designed by Starchaser Industries, the Thunderstar X
Prize entry uses a cluster of two Estes engines to reach
1000 feet in the air. At apogee, a fully assembled

18 inch parachute 15 deployed allowang for a safe
recovery. 1:41 scale

SPECS:

Lemglh: 26.5 in. (673 cm)

Dia.: 1637 in. (41.6 mmi)

W 2.75 oz. (78.1

Becovery: 18 in. dﬁg}m} Parachute
Fms: Laser cut

Max. Abtitude:

1000 f. (305 m)
Recommended Engines: %.m, B, S, 2065
D0 NOT MIX ENGINE SITES WHEN LAUNCHING)

www.nasa.gov s
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