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April 7, 1936 

S'; (!DY l)F' PRF.SSURM-i rli::CORD~;D ON COPl-'ER CRUSHER 
CYLI HDERS 'iHEN USED FOR AWRE THAN ONE ROUND 

(I-n ConnRction •rith Project RB 116). 

Abstract 

::-.ocords of ~ll'e~3t'rea ?mre obt .. ,lned by nsin::: the same OOJ:Iper 
or-. .uhar >:!z :i:l!.~ers :for sever:..l rounds. ~se were ~Jompared with the 
•_lrossures o·,,.ctined by i.ha usual raethod during the t'irinc of pressure 
ro•mds 1 '1 the 105 r!l!Il, 18" and 14" <.Une. 

Introduction 

The Coast Artillery, when enga~ed in tdrget practice, 
t•- kP.s pressures on each tri11.l shot. IJurine the record 
series, ho'l'ever, time does not permit the renoval and 
replacement of ~auges er.ch round. They, therefore, leave 
major c;. llber g~.Uf~fla containing copper crusher cylinders 
in the i<Un during the aeries Lnd assume thfl pressure 
recorded on these coppers is the maximum pressure occurring 
during the series. 

It is the purpose or this test to evaluate the errore 
retmlting from this assu111ption. 

Proceil ure 

Additional g.:.uges contc.ininp: test coppers were inserted 
in pressure round as follows: 
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Gun No. of Rds, No. of Ot.uges 
Med, Gal. ~it.,]or g.ol. 

12 11 1 2 1 

ll·l" 17 9 1 

105 mM A.A. 27 2 

·.a th one exception, gauges containing test coppers were 
dies.s'lembled anc:l the copoerA meastired each time they were 
subjected to a nressure. G~uge containine copper No, 19 
v•as disassembled aftP.r bP.ing insertPd in seventeen rounds 
of the 11•• gun, at which time, it was found that gas had 
leaked by the obturating washer. 

The lenr,the of the comprPe.sed copoers we:re measured to 
the nearest thousandth of an inch. Irrer.ul.s.rities of the 
fnces of cor1pressed coppers and the lack of time between 
rounds made greater p:reclelon impossible, 

Results 

The results of thP pressure measurements are given in 
Table I. 

The results :recorded d.uring the firing of the 12 and 
14A guns ~ere quite different from those recorded during 
the firing of the 105 mm f,Un. Therefore two sets of plots 
were made: Plot No, 1 Etnd Plot No, 2 cover the firing of 
the 12" and 14• Erun and. Plot 3 and 11 cover the firing of the 
105 mm gun, 

In plots Nos. l, 2, 3 .s.nc:l 4 

~Pt ve (pti - Pm) are plotted, The symbols 

are deflnec:l as follo~s: 

Symbol Definition 

Increase in uressure for any one 
round as reoordecl on test copper. 

Pressure previously recorded on 
teet copper, 

Mean pressure recorded on 
uncompressed coppers, 
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In plots 2 and ll, only positive v~-;lues of pt1 - Pm 
are used, 

Discussion 

From plots No. 1 and No, 2 it appears that when loose 
mediUI!I CHliber gp_uges, h<-ving the nresent prescribed piston 
clearances are used in 1211 and 1411 guns which have approx­
ime~tely 0,02 SP.conds pressure duration c;.~d subjecting them 
to a pressure not exceeding 34,ooo lb/in i 

~. Precompressed coppers may be subjected to uny 
number of pressu2es, providing such pressures be at 
least 2500 lb/in less than the previously applied 
pressure, without showing addition~l compression. 

~. Th~t precompressed coppers, ~hen subjected to 
pressures of from 0 - 2500 lb/in less thhn the 
previously2applied pressure may record pressures 
1000 lb/in greater than the maximum pressure to 
which they had been previously subjected, 

S· That precompressed coppers, when subjected to 
pressures greater tht.n the previously Co.ppli~d pressure, 
may record pressures as ereat as 5000 lblin in excess 
of the presl'ures to which they "have been subjected a.s 
measured by uncompress_ed coppers. · 

From plots No, 3 Hnd No, 4 it appears tJ1L .. t when loose 
mediwn O«liber gaugP.s, b.-.ving the present prescribed piston 
clear;,~nces are used in 105 mm guns which have approximately 
,01 sec. pressure durhtion2&nd exposing them to a pressure 
not exceeding !J.4,ooo lb/in ; · 

~. Ad.di tional coMpression of previously compressed 
coppers m~.y t'-ke place even when the subsequent pressure 
1e 7000 lblin- less than the pressures previously 
recorded. 

The diffP.rence of these results as co~pared ~ith those 
recorded during the 12 and 14" gun firinge may be explained 
by the difference in the time of exposure to pressure. 

Attention is invited to the peculiar results obtRined. 
during the firing· of the 105 mm gun ao shown on plot 3. 
Here we find th.:. t when the pressure applied to the test 
coppers is greater than the pressure previously applied, 2 the pressure recorded by the teet coppers may be 4000 lb/in 
lese than the pressure recorded by unoompreeeed coppers, 
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The foJ.lo,.,inf expl•.nation is offered for these results. 
When unco1:1preesad C'lP'•ers are used in !':uns such as the 
105 mm 1n v•hich Eo. r,;.pid rise in pressure takes pl<' ce, the 
pistons in the g"uge hHve a. greater VP.locity than Y'hPn 
partit-.lly compreRsed cop:JP.rs are ·,.sed. Likpwise the 
friction of both the piston and obtu!'a ting cups ,.,ould be 
less ,..i th uncor~.1r-essed coppers since they would st!:rt 
moving at a relf.tively low pressure. These oonditions 
would tend to result in over shootin~ when unoo"'oressed 
coppers are used, Under such conditions uncompressed 
coppers might record higher presF.ures than·would partially 
compressed coppers. 

Obviously the two records which show approximately 
double this amount of difference o~nnot be explained by the 
Rbove conditions. It is thour~t these may be explained by 
pinching of the pistons, 

It should be stated most eCJphe.tlM.lly thl1t the pressure 
relations given in the preceding are only approxirn~te, The 
probable error of the reading of2the single gauge is of the 
order of mRgnitude of 1000 lb/in , Hence the values given 
in the preceding paragraph have lhrge probable errors. 

Major caliber gauges, only, are used for more than one 
round by the Coast Artillery. Since the results presented 
in this report were obtained principally by the use of 
medium c~liber gauges, the oispersions are probRbly much 
greater than if major caliber gauges having adequate piston 
clearances had. been used, 

From report entitled 11 Reoport on Some Sources of Error 
in Piezo-tlectric n:nd Crusher Gauge Measurements" by R. H. 
Kent, it is evident thflt "'ith the present piston clearances, 
pinch in€' of the pistons should begin at re h, ti vely low 
pressures. 

This inference is confirmed by recent tests during 
which comparative data of the effect of various piston 
clearances were obtRined, See "Report on Investigation of 
the Cause Underlying Erratic Pov•der Pressures Obt'.lined by 
Crusher Gauges• by C~ptain T. K. Vin ~nt. 

In view of these factR, it is tt.ou~ht probable that 
when gauges hhving properly designed clearances are obtD.in­
able, this teet might be repeated and results having a much 
greater degre~:> of accur,!;.cy obt, .ined, 
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(' The undersipned is I'IUch ind,.·r:ted to Mr. R. H. Kent for 
ad. vice and cnnsul ta tion. 

)/~1~--;-~~~. 
H. H. t/r~if, I 
Lt. co"l:·. , Oro. Dept., 
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I r '.;JUL ~·210N O;..> lill"!UL'i''l OBHUITID DUlU:<G rE'J'i' ' 
Date Gun .Bd. lean Major 1:ed. Ijed. :Lied. Teet Test 

uo. hdi- Gauge Gauge Gauge Gauge Copper Copper 
aated Press. Press~ Press~ Press A No. 1 No. 22 
Press~ 1b/in.: 1b/1n 1b/in 1b/in 1b/1n2 1b/in 
1b£jn --

10/~4/35 105 nm 1 <::5,700 25,950 25,470 25,800 25 0 800 
~be .Uo. 2 36,600 37,600 36,000 34,500 34,700 
6222 3 33,260 34,650 31,660 34.860 34,650 
P13 4 44,000 44,750 43,250 40,400 35,500 

5 37,700 38,900 36,550 40,400 36,500 
10/29/35 12" Gun 1 21,400 21,300 21,460 21,460 

1868 1.:2 
No. 29 

11/4/36 14" n.c. 1 11,950 11,150 12,250 12.450 40,400 35,600 
~ad. 2 14,700 14,500 14,700 14,900 40,400 35,600 
1910 3 19,950 20,100 <:0,460 19,..:50 40,400 SJtid 
No. 18 4 26,450 30,100 29,500 19,600 40,400 

5 28,850 29,050 28,600 28,900 40,400 
6 34,<.00 38,360 29,800 34,600 40,400 
7 25,950 31,800 26.400 19,600 40,400 

11/11/35 14" D.IJ. 1 11,250 10,700 11,600 11,400 40,400 
~od. 2 30,450 31,025 31,025 28,700 31,0:.!6 40,400 .-·, 1910 3 31,550 33,350 30,550 32,300 29,950 40,400 
No, 18 4 31,700 30,900 33.050 31,360 31,500 40,400 

5 28,300 30,300 2B,700 28,460 25,800 40,400 
6 28,000 30,400 29,800 26,700 25,150 40,550 
7 31,500 ~2,300 31,500 30,700 ~d. 40,550 
8 30,850 32,300 30,300 30,700 30,100 40,550 
9 31,350 32,600 32,600 28,900 skid 40,5150 

10 31,050 31,600 ::a,35o 30,250 40,550 
11/14/35 105 nm 1 37,800 37. :.!50 38,360 

;.a lro. 1 
11/15/35 1.!1 :.ro. 7 3· 38,300 38,100 38,500 

105 DID 4 37,700 40,400 35,000 
~i3 6 36,600 35,650 41,500 - - - - 41,300 

6 39,700 39,250 40,200 
7 3::J,350 39,250 39,450 
8 41,300 40,950 41,700 
9 41,~00 41,900 40,550 

10 4.1,700 41,300 42,100 
11 40,600 40,..:00 40,950 - - - - 41,300 
12 40,800 40,550 40,950 
13 41,100 40,950 41,300 
14 40,100 39,800 40,400 
15 37,500 38,500 36,550 
16 38,900 38,700 :>9 ,0150 - - - - 41,900 
17 Z8,<:oo :~7 ,450 38,900 
18 40,000 39,050 40,950 

v· 19 34,100 .>7,100 31,050 
20 ~6,050 z.? .~so 34,850 
21 35,950 ;:::;,100 39,800 
22 37,550 37,100 36,000 - - - - 42,300 
28 38,100 38.000 38.150 

6 
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~ '..BU: NO. I 

/'""' T.'J3U! .. i~IOlt OF RE1UL:'3 Oll1 UllED }JUai~~G T:~3~ 

Date Gun Rd. .i.iean Test =~a-at ·.rest Test Teat Teat 
:io. Ind1- Coprer Copper Copr~er copper Copper ~oppor 

ca. ted l'l'o, 3~ ITo. f, No. ~ No. ~ Iio. 7 No. 6 
?ross~ 1b/1n 1b,lin' 1b/1n ib/in 1b/1n2 1b/in2 

1bL1n 

10/21/35 105 rmn 1 :Ofi,700 
-~be .Jo. ., 

•• 3G,800 
s;::2G 3 :33, ~;50 
1'13 4 44,000 

5 :17.700 
10/-~/?.5 12" Gun 1 ;o1,400 19,000 19,100 19,600 

1868 ~.:2 

_:o. 29 
11/•1/35 14" D. ~. 1 11,950 19,1GO 19,600 11,\100 11,400 

:.odvl 2 14,700 19,100 1\l ,cOO 14,500 14,500 
1910 3 19,950 ,;1,100 ..;o,8oo 19,450 :.0,950 
.do. 16 4 Z6,450 31,050 30,250 31,650 31,;:.00 

5 28,550 ~1,200 :!1,350 30,700 31,650 31,:!00 
6 34,..;00 37,.£:50 Z-5,500 37,100 33,~~50 31,;.;00 
7 25,950 37,:;50 35,500 

11/11/35 " 1 11,Z50 37,250 35,500 
::. ;\('! ,450 37. ;50 7.5,500 
3 5J,550 37,450 ~5,500 

'1 4 31,700 37,450 35,500 
5 ::..e .~\OO 37,450 3f.,500 
6 ... o,ooo 'Z·7 ,450 35,500 
7 ~~l,GOO 37,450 35,500 
8 ~~0,050 :•7 ,450 35,500 
9 ::11,350 Z7 ,450 ::;r.., 700 

10 ::a,oso 37,450 3~. 700 
1, /1l. l:~r: lo5 ~~ 1 ;~.7 ,coo ... , -··: .v 

'l .:o. 1 
11/15/35 ' -· .... .;:;o. 7 3 3e,:'•OO 

105 Imll 4 :w,?oo 
;::_:~ 5 3c,.;oo - - - - -- - .. 41,<'00 

6 :'9. 700 3G,450 
7 :;g .~50 39,100 
6 41,~·00 
9 41,,:00 

10 41,700 ·- 40,400 
11 40,1>00 41,300 
12 40,800 
13 41,100 39,400 
14 40,100 40,400 
15 :;7 ,500 - 40,950' 
16 38,900 - - .. - - - - .. 41,700 
17 3B,:;OO 
16 40,000 
19 34,100 - - . 41,100 
20 35,050 
21 35,950 41,500 
22 37,550 - - - - - - - .. - - 41,900 
i::3 30,100 
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'· ( !I' .JlULA~IOll OF .RB'!U:i.1'S 03T ,r:;;;n DOR!llG Til1T 

Date Gun Rd. 1fean Test Test '~est Test 'rest Test 
:1o. Ind1- 'Joppor Copper 'JoJll)Eil' Copper Copper Copper 

cated :ro. 1~ lio. l~ :llo. 1! No. 1~ rlo. 11 No. 22 
Press'\ 1b/1n 1b/1n 1b/1n 1b/1n 1b/1n 1b/1n 
1bL1nH 

10/24/35 106 111111 1 25.700 
·rube llo. 2 36.600 
6222 3 33.::!60 Ill 

P13 4 M.ooo '8 
5 37.700 :;I 

10/29/35 
0 12" Gun 1 ;U 9 400 "' 1688 1.:2 t: 

No. 29 G) 

11/4/35 14" n. a. 1 11.950 
ID 
t-

; ;.:od.l'i110 2 14.700 
.., 

'- G> 
!To. 16 3 19.950 ,() 

4 :!6.450 'Cl 
5 .se.s5o Q) 

M 
6 34.200 ..0 

E 7 25,950 30,900 ;:9 ,950 30.700 OD 

11/11/35 14" n.c. 1 11,<:50 - - - - - - - - - - "' 10.700 - - - - - - - Ill - -
:.:ode1 2 30,450 31,500 31.350 3.:.,100 ..,; :::8,100 Ill 

r"' 1910 3 ~~1,550 :Y •• 700 Zt1,Z50 3:0.400 .... 33.050 
No. 16 4 31,700 ::'"'>,700 31,350 32,600 'd 33,050 

5 ~s.roo 34,700 31,350 :'.:2,600 .., 
3:3.050 0 

6 .;!8,000 34,700 31.350 32,600 :e: 33,050 
7 31,500 34,700 31,500 33,050 ~<;3,200 
e 30.850 34,700 ~1,800 33,050 Leak 33,200 
9 31,350 34,700 3~.~50 34,000 Under 33,400 

10 31,050 34,700 32,400 34~000 Head 33,400 
11/14/35 105 mm 1 . 37,800 37,300 - - - - - - 34,000 

lU !To. 1 
11/15/35 i.:J. No. 7 3 38,300 37,300 - - - 36,700 

105 l!l!OJ 4 37,700. 36,900 - - - - - - 39,250 
!.:3 5 36,600 

•6 3"',700 
7 39,350 

-e 41,300 32,600 
9 41,200 ;•;9,100 - - - - - - - - 39,400 

10 41,700 
11 40,600 
12 40,800 38,000 
13 41,100 
14 40,100 
15 37,500 
16 38,900 
17 38,:!00 40,600 41,300 
16 401000 :1·6. :'00 

L' 19 34,100 
20 36,050 40,800 41,:<00 
'-1 35,950 
22 37,550 j 
?~ ~~, 1nr- ~Cl 9 t;O(" 
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~t.BIB no. I 

::'ABULA'l'ION OJo' IB'WL'~~ OllT cH!ED DURING ::'!::9T 

Date 

10/24/35 105 !!Ill 1 
·mbe No. 2 
6222 3 
Pl3 4 

5 
10/29/35 12" Ow1 1 

11/4/36 

11/11/35 

11/14/35 

11/lf:J/35 

1888 li2 
No. 29 
14" D.C. 
;~ode1 

1910 
no. 18 

14" D.C. 
l•Ode1 
1910 
:1o. 18 

105 nrn 
;.:1 ~To. 1 
1J. :lo. 7 
105 DliD 

1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 

., 
v 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
is 
19 
.::o 
21 
22 
?!'I 

1lean · 
Indi­
cated 
I.Jress, 
lbltn~ 

25,700 
36,800 
33,250 
44,000 
37,700 
21,40!;> 

11,950 
14,700 
19,950 
26,450 
za,s5o 
34,200 
<:5,950 
11,260 
~~0,450 

31,550 
:n, 7oo 
28,zoo 
:;C,OOO 
:31,500 
30,850 
a,s5o 
31,050 
;57,600 

:m, 300 
Z7,700 
38,500 
39,700 

Test 
Copver 
Ho. 9 2 
1b/in 

11,850 
15,100 
Zl,ioo 
31,350 
::a,s5o 
37,600 
37,600 
37,600 
57,600 
37,600 
37,600 
37,600 
37,-j50 

.m,950 
37,950 

·37 ,950 
37,950 

39,350 .";9 ,100 

Test 
Copper 
i~o. 12 
1b/in 

Test 
Copper 
!io. 12 
1b/1n 

12,250 11,800 
14,900 15,100 
19,600 20,800 
31,950 30,900 
:11,950 31,650 
36,400 38,150 
:15,4oo 

36,400 - -
36,400 -
36,400 - -
36,400 -
36,400 - - - - -
36,400 
36,400 
36,400 - -
35,400 -

Test 
Copper 
ll'o. 1~ 
1b/ln 

13,100 
16,050 
22,300 
30.~50 
Skid 

Teat 
Copper 
No. 1~ 
1b/1n 

38,900 
38,900 

41,;100 - - - - - - - - - - - - - - - - - - -
41,ZOO 
41,700 39 ,BOO 
40,600 

Test 
Copper 
No. 1i 
1b/in 

:31,660 
33,060 
3~1,050 
::;.1,050 
:::39050 
:~3,050 
z.~~ ,050 
; 3,050 
3;.1.050 

37,300 

40,800 - - - - - - - - ~ - - - - - - - - 37,300 
41,100 
40,100 
37,500 
38,900 
;';6,200 

40,iJOO 
- - - - 40,400 
40,~00 

40,000 - - - - - - - - - - - - - - - - - - -
:34,100 40,600 
36,050 
35,950 - - - - 40,600 
37,550 
~a,100 - - - - - - - - - - - - - - - - - - - -

:?9,600 

1 
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