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ABSTRACT

This Report describes further firings carried out to obtain information on
the lateral and vertical displacements of HESH shell fired from the 120 m.m,
gun in Conqueror,

Values are given for the laterel displacements due to drift and crosswind,
A recommendation is made to campensate for the vertical displacement of the

shell due %o bairel wear,
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¥, V.R.D E, Reseerch Trials Group.
INTROCUCTION

¥.VR.D.E. Report No, TR7 dated 2Cth rebruary 1957, couteins iniomaation
orn the effects oi drift, crosswind snd gun barrel wear on the luteral
and ver+ical displucements of HESH Shell fired froau the 120 mn, Gun in
Conqueror, As only one gun was used duriag the trials, it wos con-
sidered desiralle to suage further trials using five other pgun barrels
in various stages cf life, The results and resommendations given in
this report are based cn both sets of firings, i,e, six barrcls,

1RIALS FROCEDIRE

2.4 Five i2C mr, Gun berrels (ons new and one in each of the four
quarters of life) were used and series of HES Ammmnition (10 rourds
per series from the seme batch) were fired as shown in Table 1.

Table 1.
i 1 T
' ; Range (‘IQB.)
r 5 |
| New 1 1 | 1
1st Qtr. 1' 1 1 | 1
2nd Qtr, N - |4 At 41000 yds.
| 1 series with Ch,
avure at
9% F, one other
+ at 114°F
3rd Qtr. 1 | 1 1
Lth Qtr. ) [ 2 1 1 series at 1000
| | anl 1 series at
! } 4500 yd. with
¢ ' Ch. tsmperature
. ' at 90 F.
e ; e ’ e~

N.B, Charg~ temperature was controlled at ?OOF except where
stated.

2,2 For all firings the guns were insirumented using the F.V.R.D,E,
muzzle boresight and reference telesccpe technique, thus any
effects ol gun bend were eliminated, Muzzle velocity and the
speec. and éirection of the wind were recorded during the flight
of each round, Details of ammuniticn used and the measurenents
of each gun barrel are given in Appendix I,

RESULTS

3.1 Drift and crosswind

The posit.ons of the mean points of impact have been plotted
according to the speed and direction of the wind and they are
shown in Fig, 1. A straignt line through each set of points,
fitted by the Meihod of Least Squares, gives the precise values
shown in Table 2.
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Table 2,

: ! Lateral Jdisplacement due to :
‘l Range \ . Ne, of S.ries |
l (ya.) . Drift ' Crosswind i fired i
-  (irs.) | (ins./10 f.p.s.) | |
L i | i

! 1 f i
1; 1000 | 25,14 | 21,79 -* 17 i
+ 1500 | 53,67 | 53,36 | 14 '
- 2000 | 83.72 : 12C.7 43

i

—

The differerces between the old values (shown in Report TR.7) far
dcift and crosswind and these given in Table 2 above are shown in
Fig. 2.

Vertical displacement of m,p.i. due to barrel weer

A plot of the mean points of impact of 2l. series from Report Tik,7

(* gun) and 2C series from 5 guns fired in this trial, is shown in
Fir. 3 where vertical displacemert against barrel wear shows that
using the angles of uangent elevation recommendel it is possible to
drav o straight line through each set of points with the same angle
at the three rongss of 1000, 1500 and 2000 yds, This allows the use
of the same simple method of compensating for barrel wear, which is
to offset the sigrt datum (the zero range setting for HESH) according
tc the state of wear, as sugpested in Report TR.7.

Te angles of tangent elevation recommended are those found neces-
sa1y midway through the first quarter of life, These together with
the changes in tangent el:avation found necessary to compensate for
drop of the m.v.i. duc to barrel wear are shown in Table 3 below and

in Figre L4,
Table 3

- — ——

| Range Tangeni | R . 1# 5 ,
i(yd») . elev, (miu,) Compensating Methois (1) and (2) :

|

| ! |
1 1000 | 24 ! (4) 0.3 min, per 0,0% in, of barrel wear
41500 L8 f measured at 1 in, o, of R, or

! 2000 7.5 | /2) 1.0 mn, per quarter of barrel life.

Beither of the two methods shown in Table 3 appears to give adequate
compensation for barrel wear clthough in llethod (1) the adjustments
recommended are made a little more frequently. Ev:n so, carrections
in terms o1 quarter of zun life are probably more attractive to the
User as these cuan probably be based on the number of full Service
charge rounds fired! whereas Method (1) demands o knowledge of ths
bore aiamster at 1 in, C, of R, which may not be readily available,
particularly under battle conditions,

Ly, EFFECT OF CHARGE TENFERATURE ON MUZZLE VELOCITY AND DIJPLACEMENT OF M.P.I.

ll-.1

During the firings reported in Repcrt TR.7 the average charge tempera-
ture was about H8CF varying from series to series from 50 F to 679F.
Subsequent to these earlier firings a heated ammunition wagon has
been taken into use at Kirkcudbright and for these firings the che -ge
temperature was controlled et 70°F (except where stated in Table 1),
Using this cherge temperature the firings of 15 series (3 irom each

of 5 guns in verious stages of life) gave muzzle wvelocities as shown
in Table L.,

1Results from previous trials suggest that barrel wear due to firing
HESH Shell is negligible,
Ny
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Firings with Charge at 709

R

Barrel | ©=ore dia, (in |  Total| Mzan .V, | Total
Lite | (méoan at 1" é:.L :.g% R,) weas of 3 series ' Smread
e thoon 1 .
New l 4701 f | 2583 |
st Qtr, | 4. 757 t) 0,2 | 2574 } -'
2nd Qtr, | L, 784 | )inches 2572 | )60 £,PsSa
3rd Qir, | 14,858 | 2541 | '
| 4th Qbr, | 4,902 ) | 2523 . [

o & -

Further firings, with the gun in 2nd qtr, of life, and using charge
temperatures up to 114“F showed an increase in the nmzzle velocivy
from 2572 f,.3, %0 2585 f,s, The small difierence (13 f.s,) wes
not reflected in the pcusition of the mean points of impactc of the
scries fired,

CONCLUSTONS
5.4 M™e results of fiings of L4 series of HES (i,2, the inert filled)
rhell shows that:-

(i) the lateral displacement of the HESH shell due to drift should
be 29 irches at 1000 yd., A4 inches at 1500 yd, and 84 inches
at 2000 yd.

(ii) the laieral displacsment of the HESH due to a 10 f,p.s. cross-
wind should be 22 inches at 1000 yd., 5> inches at 1500 yd,
-nd 121 inches at 2000 yd.
These valuss supersede those given in the earlier Report TR.7.
5.2 The vertical displacement of HESH shell due *c berrel wear (causcd by
firing AEDS shot) will, unless compensated, have a serious effect on
the probability of hittirg ever when the range to tue target is
known accurately.
REC (MMENDATIONS

To compenscate for th: effect of berrel wear on the vertical displaccment of
HESH shell, it is recommended that the same principle be adooted as
recomnmended in Report TR,7 excepting that the HESH range scale datum

mark be modified Yy the addition of suiteble markings below it, the
marlings representing a correction of 1.0 min per guacter of gun life,

it may be more acceptable to the User if the cursor can be changed at

the intervals suggested with the datum line opposive +he HESH scale off-
set (stepped duwn) by the amcunt required, This should awnid possible
confusion as to which line is to be used in the event cf having several
lires below *he common datum line,

SFCRET
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(H.E.S. PROJECTILE).

120mm. GUN IN CONQUEROR.
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Barrel
No,

L/507

L/509
1,/60

L/428
L/308

E/2001

NUMCLASSIFIED
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APFENDIX I

ARTTICULARS OF GIUN BARRELS

Qtr, of life in Bare dia. (in) No, of HES

which fired, 1 in, C of R, rds, fired,
From new until L.701 at start 261,

end of life, L,97L at end

of firing,

New 44701 30

15t Qtr, L. 757 30

2nd Qtr, Lo 78k 60

3rd Qtr, 4..858 30

Lth Qtr, 4, 502 50

PARTICULARS OF AMUNITION

120 m,m, shell, H,E,S., irert. OY 3-56

Shell Prac, L 143,

120 m,m, Cartridge For Shell Prac,

1. 1646 NH 033, Lot KA 924, CY 1/57.
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Details
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Report TR, 7,
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