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Bapo 
fatertown Argeaal 
Problao G<«10 

Eyaluation of Pressure Bore Queuchln« for Ouns, 

|.:T- 

OBJECT 

To demonstrate the Influence of pressure bore quenchln«*POn 
the structural unlfomltles and physical properties of gnn tubes. 

crovsioas 
1 Two comparable 76 MM gun tubes were rough^tumed and bored 

and were subjected to similar heat treatment with the exception of a 
oressure bore quench and a routine immersion quench, 
While neither gun hardened throughout at the breech, Brlnell hardness 
«„roav* md transverse tensile and impact tests at several locations 
fro^breach to muzsle failed to demonstrate any metallurgical advantages 
of the bore quench. * 

? Detailed longitudinal tensile and impact tests and micro 
examinations at bore, midwall and outside surface,, of each gun confined 
the above conclusion. 

3. Por the particular gun tubes.employed, it is concluded that good 
immersion quench practice is equally te effective as pressure bore quenching, 

in 
M & .- 
g, H. Z0BKI& 
Colonel, Ordnance Dept. 
Director of Laboratory 
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In view of the succeaeful ipray quenching of cast amor anjJhe 
resultant use of lower alloy steels, considerable 
ulaced on the probable value of a technique for improving the water 
quench of gun tubes. To this purpose, one of the production quench 
tanks at thTwatertown Arsenal was fitted with “ t0rpeI^ 
the quenching of Individual guns with water forced at high présure 
through the bore. Preliminary laboratory experiments with 
cylinders*had indicated that a forced bore quench wi^ the «yUnder 

tank of water resulted in a more effective quench at the here than 
at the outside. 

T1IST PROCSDUBl 

Two gun tubes. Watertown Arsenal castings 3J-851 and 3J-3S5, 
were available from pilot production of 76 UM M115 guns and wore 

T-ti arlv suited to evaluate the merits of pressure bore quenching. 
hLt. . .ct.1 fr» rout in. produotioo of 3' «»»»If- 

ZhZ* and -ad h..u rooih machla.d f ^ 
treatment to the overall dimensions shown in figure 1. ladle analyses 
and complete heat treatment are listed in figure 1, Items 1 »cd 
resoedtively. while Item 3 list, the midwall physical properties 
obtained from breech and musale discs cut after 2 discard. 

from ladle analyse, and from practicailyidentixalr esponjé to äs.s’üä rr.r«s?o r-1 
'¡¿ZlS'Yïld. hardened throughout and that the breech t^ioQ*f(" ' 
h«A not This was confirmed by the appearance of the Charpy fractures 

t thn muz «le crystalline at the breech) and by micro exam* 
íÍ1 nroî .eïlr!rîî.c. li3J-851. ^wn in figure 2. TheoreUcally. 
however either gun could be hardened throughout the breech section if 
ïr™; of quenrwere ^ficiently increased, and it was this possibility 

• Watertown Arsenal Beport Ho. 632/ô» 
Hollow Qylindere." 5 ."ibruaiy 1943. 

"Quenching of 
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t» Chole, of 

? ‘¡Si 'm'«f (’without fur toar tr.atm.ut a. »pr...htatl« 
U'*-85l) vas cut for *•» otber (sj.865) was reheat-treated 

^tnan ^at cooparabl6 Becuons (3riear® 
1, Item 4). 

™«tr« 3 «how. the general layout oí the höre quench 
f /fííuíe wL inetalled in the tank and the .ingle gun (3J-866) A cone-ha.ed figure ™^in^ # ^ f#Teral feet ^der water. 

lowered to tne bore at approximately 100 gallons per minute 
later was flowing .. ., >,rwecii statrted to immerse in the tank. 

"^cuS^Ä^ach »d had t..a »alatala.d la motl.a h, hol.tla* 

and lowering with the crane. 

s 

( • 1 
? 

t - 
li. 
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th’D PISOUSSIQH 

Bar!1er in this report data havr been submitted to «»taJll8h 
t h 2J-051 and 3J-865 were directly comparable on the basis of * .T-, nwerall machined dimensions and response to initial 

Í^'t™^Í7^trrSÍl^1™á=h practlc.. 1 compart .oa of p^.lcü 

Tr^T^T£TT^Z CaîîTÂrï. U 
^^’frU^f.iîl^ctïrn^tlu.d la th. ap^r ah.tch of 

Appendix “A*. 

S: iùf.r.ao.. la OU.a^ P-JJ-. ^h tuh.. 

*° rîi'lïTÂ™ Ä d'Äout. tut at midl.agth (3 l/8- llTZLJ.) Lr?u:“.Tto.ard th. hr..ch, th. ...tloa. ha- aot 
hardea.d'^if’rmly throuehout th. -11 thicka.». Ih. tr.ad la harda... 

• Valle regular Quench practice doe. not force water through the bore. 
While regAlar que ^ iderabl# now under the action of a “steam 

Uf” lid SÏÏ agitation of the load. It 1. nov practical ^^ttempt 
an evaluation of the quantity of water involved, but the condition. 

are definitely not stagnant. 
1 



1. cnn.»* in f d.aU -1 
BTldsnced in both tub s y Uuzile Charpy testa at 18 - 20 
all sections other than tue * associated with through hardening 
foot-pounds 1116 * resistance for the relatively high tensile properties 
and have no mal impact Dractice snows comparable hardnesses 
That the tube quenoned in b quenched gun is definitely 

softer ^"^rKUtUn1; may be a.cïited to lac, of agitation 

during quench or to chemical variables. 

To demonstrate further the ^ 

regular anh boreloaation. (See Figure 1 and lower 
longitudinal tests * *taile of B8flIpllng). Figures 4 and 5 show 
sketch of Appendix A ior a»wa »idwall section and outside 
longitudinal tensile an ^ " t tive structure at each location. Chemical 

srrtMúf «.rÄr.4*j ^ 
across the section. w ^ - 

L^nudl-X »ICall 
favorably with the UñBaT|taft tendencies. As sntioipated from 
and confim the absence of directional tanoencis ltron..r than the 

hardness data, a0^^ie¿Ue®aantially to martensite as evidenced 
midwali and bATe b^nquenc^d Js.n^ ^ kidwall-section. tóow 

Ua«. i ï«rl» rejected darl^' to. deto and have a cry.talUne cr 
partially crystalline fracture. 

, locate exactly the maximum section which had In an attempt to Ucate «»«w ^ ^ ^ (fron »D“ location 
hardened throughout, the lea6tüirisöf^^camination of these 
forward) was notciied and ü traces of crystalline structure in 
fractured 24' from the muzsle. It is indicated 

at^ Z wllÎ JcLess aï this point (1 3/4') is probably the maxima 
gun section which had hardened uniformly in the quench. 

it. cn^cjintRiTICMS 

, which influence through hardening in 
I» „Mr»1 con.id.raUaa. »dl <(cU(n thlcrn... and qu.nchin« 

tn. coieded toat chan«.. U 1>‘‘« 
^ l'^ xîU. if 'cflv. in correcting fallar, t. harden to to. 

""WT 

IMUI i mi 



■idnall section durin« a water quench, liidw&ll softness is associated 
genirally with the rejection of ferrite during the quench and with 
crystalline fracture of a T-notch impact teat, and the condition is 
commonly spoken of as the result of "slack quenching." Assuming good 
water quench practice, however, "slack quenching" can he cofrected most 
readily hy first, reducing the wall section if possible and/or second, 
by increasing the hardenabillty of the composition by alloy additions. 
This recommendatioh presupposes necessarily that the chemistry is based 
on sufficient carbon content ainimun) for satisfactory hardening. 

In view of the above generalities, it is not surprising that the 
pressure bore quenched tube failed to show maricedly improved midwall 
hardness; the investigation has served primarily to demonstrate that 
there muat have be^ua adequate water circulation in the bore during the 
regular immersion quench. Undoubtedly, the quantity was substantially 
less the 100 gallons per minute used In the pressure bore quench, 
but coirparative physical properties and micro studies indicate the 
immersion quench to have been equally effective# 
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TABLK I 

COMPARISON OF PHYSICAL PROPERTIES. PRESSURE BORE QUENCH VERSUS REGULAR QUENCH. 

Rafer to Figuro 1 (itor;» 2 and 4) for details of heat treatment and test 

Test Location .... 
Cun W'.ll Tliicirnesa 

Disc "Ar^ ^^ 
3-1/2" 

Disc m2* 
5.1/^ 

Disc "C" 
2:17^ 

Disc "D* 

QUN 3J-865. PRESSURE BORB QUENCHED 

nriivpel 1/4,, boro Dría e! At fflldwall 
Tee 3(2) ■«Yoja outside 

Yield Strength, pa 3^ 

401 
558 
365 

401 
546 
383 

401 
372 
404 

404 
372 
394 

130,000 
125,000 

125,000 
122,000 

143,000 
135,000 

142,000 
146,000 

Tensile Strength, pal 

Red. of Area,£ Fracture'4^ 

Impact, ft-lh3 Fracture 

172.500 
171.500 

170,000 
169,000 

181,000 
177,000 

180.500 
181.500 

42.8 C.P. 
46.5 " 

44.5 C.P. 
45.7 " 

46.1 C.P. 
46.5 " 

43.6 C. 
44.1 " 

15.5 Cryst 
14.9 * 

16.3 Cr^st 
16 

16.8 Cryst. 
15.9 * 

14.2 
15.6 

QUN 3J-351. REGULAR QUENCH PRACTICE 

, 1/-}" from bore 
Brinnel At ^iiwall 
Testa(2) 1/4" ¿von ontalde 

415 
375 
415 

404 
303 
408 

401 
388 
422 

415 
398 
415 

Yield Strength, pcl(3> 

Tensile Strength, psi 

Red. of Aroa,< Fructurci4' 

Impact, ft-lb3 Fractured) 

123,000 
124,000 

140,000 
140,000 

154,000 
150,000 

156,( 
157,0( 

176,40u 
170,800 

180,00C> 
102,000 

192,000 
130,500 

194,50( 
194,50( 

46.5 C.P. 
41.9 " 

44.5 C.P. 
45.3 " 

41.1 C.P 
40.7 " 

38.5 C.j 
41.9 "I 

16.5 Cryst. 
17.7 * 

18.1 Cryst. 
10 

.1 Cr^î 16.1 Cr^at. 
17.4 

18.1 
19.4 

NOTES 
(1) Discs "A” and "K" after 2” discard from ends of gun as quenched an< 

(2) Each value reported is the average of four tests. 

(3) At,.01# offset. 

(4) C* Cupped 
P« Pitted 

* Irregular 
Xs Lustrous cavities 

SLC* Small lustrous cavil 
LLC= Largo lustrous cavi! 

(5) Standard V-notch Oharpy Specimen. Cryst.* Crystalline 

W.A. 7-14. 

L 



prr lili mi pm AW 

tlon .... 
ThicKTieaa 

Disc Disc "B" Disc "C" Disc "Db 
g-l/gF 

Disc 

PRESSURE BORE QUENCHED. 

1/4" froiû bore 
At raidwall 
1/4* froa outside 

401 
330 
305 

401 
346 
383 

401 
372 
404 

404 
372 
394 

412 
401 
335 

frenpth, psi^^ 

Strength, pal 

Area,* Fracture 

ft-lb3 Fracture 

130,000 
125,000 

125,000 
122,000 

143,000 
135,000 

142,000 
146,000 

179,000 
175,000 

172.500 
171.500 

170,000 
169,000 

131,000 
177,000 

180.500 
181.500 

201,0*00 
200,000 

42.8 C.P. 
46.5 H 

44.5 C.P. 
45.7 n 

46.1 C.P. 
C tt 46 .o 

43.6 C.P. 
44.1 " 

27 .9 C.P. 
50.2 M 

15.5 Cryat 
14.9 ^ 

16.8 Cr^rst 
16 

16.8 Cryat. 
15.9 

14.2 Cryat, 
15.6 * 

18.3 Fibrous 
18.3 ^ 

>1. REGULAR QUENCH PRACTICE 

1/}" from bore 
_ At •nidwall 
i) 1/411 i“ror. outside 

415 
375 
415 

404 
363 
408 

401 
380 
422 

415 
396 
415 

408 
415 
381 

trcngth, psl^1 

Strength, pal 

Area,* Fracturai4^ 

ft-lba Fracture(5) 

123,000 
124,000 

140,000 
140,000 

154,000 
150,000 

156,000 
157 , 000 

172,000 
171,000 

170,40c 
178,300 

180,000 
102,000 

192,000 
190,500 

194,500 
194,500 

204,000 
201,400 

46.5 C.l 
41.9 " 

44.5 C.P. 
45.3 n 

41.1 c.r 
40.7 - 

38.5 C.P. 
41.9 " 

39.8 C.P.LC 
30.3 I.P.LC 

16.5 Cry:51• 
17.7 * 

18.1 Cryat. 
10.1 

1S.1 Cryat. 
17.4 * 

18.1 Cryat 
19.4 

18.7 Fibrous 
20.9 n 

ll) Discs -A" and "KM after 2" diacaru fro.* anda of gun as quenched and drawn 

(2) ñach value reported is the average of four teats. 

MS) At, .01* offset. 

(4) C* Cupped 
p- Pitted 

1= Irregular 
LCÄ Lustrous cavities 

SLC5* Smil lustrous cavities 
LLC* Large lustrous cavities 

(5) Standard V-notch Chorpy Speciawi. Cryst.- Crystalline 

W.A. 7-14-43 Lt. Birch 
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12 o'clock 

t 

Transverso testa from 

discs at locations nAn, 

"B" »"C" ,”D", "E" of 

Figur« 1. 

12 o'clock 

Longitudinal teats from 

disc cut adjacent to "C" 

location of Figure 1. 

PPENDIX A 
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