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The article describes the general arrangement and function ‘of a newtest rig designed and fabricated by the authors
-for testing and measuring chamber pressure, forward thrust and spin rate devejoped by spin stabilised rockets on
firing under simulated flight conditions. ’ g

Almost all the rockets so far in service are of fin stabilised type. Now there is a tendency to expeti-
ment with spin stabilisation for some types of rockets eitherby itself or in addition tothe fin stabilisation.
* This is particularly so-in the case of antisubmarine rockets for achieving high accuracy. '

Very often static firings are required to be.conducted for measuring some of the design parameters
of both the rockets and the propellants. These firingsare carried cut on test stands or rigs. Ideally
these test rigs should be capable of simulating all the conditions to which the rockets will be subjected
toin dctual flight. : e : 4 A ’

‘ As the design of spin stabilised rockets is still new in India, test rigs for these had not been designed

so far. It is also not possible to get realistic measurement of the various parameters of spin stabilised
rockets on test stands for non-spinning rockets. This paper describesa test rig designed specifically for
‘measuring the forward thrust, chamber pressure and rate of spin of a spin stabilised rocket on firing.

....... : . DESCRIPTION
el el - Fig. 1 shows the general arrangement of the
10— ) = ‘ test rig along with the rocket assembly. The body
1d- gl i ; base (2) of the rocket chamber is screwed on the
e | r f;j . dummy warhead (3) which has the same rota-
P ————— A © ‘tional moment of inertia as the actual warhead.
! |

The dummy warhead has a through axial hole-
“which. is filled with a ~ continuous - fluid columpn

A © (petroleum jelly). The body base (2) of the
A ~ o tocket also -has a through axial hcle, connecting
/ o ’ the rocket chamber to pressure measurement

chamber of the reaction head (6) through the
dummy warhead. The bottom end of the dummy
warhead is located inside the pressure. chamber
. of the Reaction head (6) which is filled with the
same fluid medium (petroleum jelly). A thrust
ball bearing with spherical seating ring (4) is
fitted at the entrance of the pressure chamber
in order to isolate the rotation of the warhead
from the reaction head and still transmit the
thrust. Two ‘O’ rings (9) are fitted between the
pressure chamber wall and the dummy warhead
stem to prevent leakage of petroleum jelly under
pressure and thus.to avoid occurance 'of eriatic
, results. One end of Piston (7) rests squarely on
Fig. 1—General arrangement of the test rig assembled withthe ~ the bottom, plate f)f th;etf%t rig Wher?a's the other
rocket (1) Rocket motori,' %Zﬂ) Bo%ieta?Z)adTal;I:‘;zz oli)' a’fl}lle gg;ﬁf, end of the pl.StOn slides lnSId(? the thrust chember
(\gi)tl?gﬁggcg agga.egigow P:,f’:, .P,’: P,) - Piezosgauges witl% of the reaction head' T.he PISton and the thrust
_ adapter, (6) Reaction head having pressure and thrust measure- chamber have been designed toA.ha,ve ]us!; suffi-
ment chambers, (7) Piston (8) End plate subassembly, (9) ‘O’ cient clearance for a.ccommoda.tlng a fluild film

g&%e(zlv&)é xﬁ:ﬁﬁgﬁ?ure subassombly, and (11 &, b, o, d), to prevent any metal to metal friction, and

yot small erough to prevent any leakage of the fluid con.tai_m?d in the thrust chamber of tl_x,e reaction
head. The pressurechamber and the thrust chamber of the reaction head are connected to the Piezo-gauges -
. (5P, BP,, 5Py, 5P,) through cross drilled holes which ‘a.re“ohreaqded to accept the gauge a.d.a,ptors.‘ These
gauges are connected to the recording instruments kept in the remote control room. The continuous
fluid column is carefully maintained between the Piezo-gauges and chambers during assembly.
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The rocket, d.ummy warhead and reaction head are all axially aligned by use of four guide rings (11a,
11b, 1lc, 11d). Each of these rings is fitted with four radial screws with balls attached to their front
‘ends. These balls contact the surface of the dummy warhead by serewing the screws in or out as required.
These balls lend . lateral support to the assembly but ensure free rotation of the rocket during the firing.
They also do not prevent slight axial movement if any.. To prevent the rotation of the reaction head,
a guide ring (11a) fitted with flat- end screws is used. These screws 1ocate themselves in vertical grooves
in the reaction head. :

FUNCTION -

On ﬁrmg the rocket, the gas pressure developed in the rocket chamber is transmltted to the fluid in
the ‘pressure chamber’ of thereaction bead through the fluid column inthe dummy warhead. The pressure
is recorded by the Piezo-gauges (5P, & 5P,) fitted fo the pressure chamber. A continuous permanent
‘record of the chamber pressure versus time is obtained from the recording instrument.

The flow of gases from the rocket chamber through the canted nozzles at the rear end causestherocket
tospin about its geometrical axis and also to thrust forward. The forward thrust is transmitted through
the spherical seated ball thrust bearing to the wall of the reaction head which in turn transmits this thrust
through the fluid column in the thrust chamber of the reaction héad to the piston. The pressure of fluid
inthethrust chamber istherefore proportionaltothe thrustandismeasured by the Piezo-gauges (5P; & 6P
fitted to thethrust chamber. A permanent continuous record of the forwald thrust versus time is obtained
. from the recording instrument. .

The Actual Thrust= (Pressure mea’suréd by Piezo-gauges Pj or Py)X(area of piston)

A small permanent maguet is fitted to the outside surface of the dummy warhead while a reactance
coil is fitted to the stationary test rig at the same level as the magnet. The minimum air gap between
the coil face and the magnet face is maintained at about 10 mm. A pulse voltageisdeveloped inthereactance
coil every time the magnet passes the coil during the rotation of the dummy warhead. These pulses
are recorded against a time base and thus spin of the rocket versus time is recorded. From this, it is
possible to measure both the maximum r.p.m. and the angular acceleration of the rocket.

Thus three types of continuous permanent records
showing the development of chamber pressure, forward
thrust and rate of spin of the rocket against a time base
can be obtained from the recording instrument connect-
ed through Piezo-gauges to the pressure and thrust
chamber of the reaction head of the rig. Thus peak
values of these parameters as well as time of burning
of the propellant can be measured.

Fig. 2 shows the photogiar.ph of the actual test rig
designed and fabricated by the authors along with the
rocket a,ssembly ready for firing.

- C O NCLUSION

The test rig has been tested for successtul test ﬁrmg
of spin stabilised rockets developing a maximum forward
thrust of 2000 kgf while spinning at & maximum r.p.m.
0f 4000. It is mechanically robust and dynamically
well balanced and capable of precisely recording cham-
ber pressure, forward thrust and rate of spin developed
by the spinning rocket under flight condition.
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