
e 
110  

o 

• 
F ILE  C + ' Y  ,O.' 

0 	T A 	A 	Senteber 2nd,  194. 

REPORT 

of the 

ORE DRESSING AND MTALLURGICAL LABOUTORIES, 

Invcstizition ro, 14s9. 

The Simu1taneou3 quench-and-Draw  Heat 
Treatment of L7-Fdr, A.Ï.0,  Sbcto 

• i 	 ' 

(Copy No, 



e 

'Abstract 

, This report is an account of a method of 
heat treating 17-pdr, armour-piercing elot in 
such a manner as to be able to develop the desired 
hardness pattern and ballistic properties in Ma 
operation. This operation consiste of quenching 
a shot into water to a depth of 1  in °  from the 
forward edge of the driving band and holding for 
15 Minutes °  

The advantages foreseen for this heat 
treatment are2 

1° The operation of tempering the base 
of the eaot is entirely eliminated » 

 by quenching the ogive and part of 
the body, permitting the base to 
cool In air. 

2. Valuable induction machines are 
released for other purposes °  

Less labour is required for this 
process° 

There will be no backlog of hardened 
shot waiting to be base-drawn »  thus 
minimizing another danger of  cracking <,  

The possibilities of cracking are 
minimized by permitting at least 
4 'Inches of the shot s, Which includes 
the sensitive driving band area9  to 
cool relatively slowly. 

• Satisfactory hardness pattern and ballistic 
properties were developed by th;ts method of heat 
treatment. 
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of the 

ORE DRESSING  AND METALLURGICAL  LABORATORIES. 

Investigation No, 1489. 

The Simultaneouo Quench-and-Draw Heat 
Treatrent of 17-Pdr 0  A.P.C. Shot. 

OriFin  of  lieuesI:  

In  a letter dated May  28th,  1943,  Mr. G. J. Manson, 

of the Ammunition &Ill Gun Production Branch (Shall  Division),  

Department  of Munitions and Supply, Ottawa, Ontario,  requested 

that these Laboratories investigate thoroughly all  phases of 

the  heat treatment cf 17-pdr 0  A.P.C. shot. 

Material Used: 

Ail  dhot  used in this  investigation were taken 

from  a  shipment of  1b0  17-pdr 0  A.P. shot (from Lot D) 

supplied by the St. Catharines Steel Products Limited, 

St, Catharines, Ontario, 
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These shot, the heat number for which is unknown, 

had the following composition: 
Per cent 

Carbon 	 - 	0068 
Silicon 	- 	0 0 33 
Manganese - 	00 81 
Phosphorus - 	0,026 
Sulphur 	- 	00016 
Chromlum 	- 	0.73 
Nickel 	- 	00 80 
Molybdenum  - 	0,21 
Vanadium 	- 	00 033 

••■•■••••• 

This  is within the specification limits  and is a 

fairly representative heat °  

General Discussion: 

The  present-day methcd of heat treating  17-pdr 0 

 An P n  shot, in  Canada, is to br!eng the shot to  a temperature 

of  approximately  1500° F 0  (this temperature varies with every 

heat)  in a gas-fired tubular furnace °  The shot are quenched 

into agitated oil of a temperature of  130° F. and held in 

the bath for 13  minutes. The whole shot is then drawn at 

a  temperature of 250°  F.  for  3 houra  and the base only is 

then tempered by induction  to give the  hardness pattern 

shown  in Figure 3,  This hardness pattern  was obtained by 

a survey conducted on  heat-trected shot sent  to these 

Laboratories by  the  St. Catharines Steel  Products Limited 

(covered  in P 0 M, Lab. Report  No n  5e:J3 9  July 22 71d, 1943) 0  

Proof papers up to July 2Ist, 1943, have  indicated 

that shot heat-treated  as described above perform satisfac-

torily at plate proof, It is  ulderstood that the one objection 

to this type of heat treatment is that  the àhot have a  tendency 

to  crack  during all stages of production °  In nome  heats 50 

per cent  were found to have longitudinal cracks. 

For  this  investigation, it was decided to experiment-

ally employ water as a quenching medium  because (1)  water 
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(General Discussion, conted) 

quenching can give  a broad range of  000ling rates;  (2) water 

will harden this steel right through to the  centre; and (3) 

this section of steel when hardened by water  apPears:tà have 

tangential - etresses  in compression : at the  surfaWand :cracks 

apparently rarely occur when the surface la  under.:CoMpreetion. 

011-quenching tâls section of steel  hasa tendency 

to leave tensional stresses at the surface which  are the 

prime cause  of cracking, In fact, so many of  these shot are 

cracking that it may be directly attributed to the method of 

quenching which is setting up tangential stressee in  tension 

at the  surface, 

Exe.erimental  Work: • 

It was -decided to quench the shot in  'such a - mariner 

te eliminate entirely the base draw  treatmentherefere, 
• 

the.shot  was quenched in water to a  predetermined ,distance 
.,_.. 	.,•: 

tromthe base,  thereby permitting the  nose  and  shOulder.  to 

harden to the centre and the base to cool slowlytO  fOrM-a 

,.softer constituent at the base with the  hardness increasing 

i toward the shoulder. 
- _ 

A fixture was designed suéh that the depth  of 

immersion  of the shot could be adjusted and the  velocity of 

the water could be altered to give various cooling  rateS 0  

A photograph  og this fixture appears as Figure  1 herein, 

2 
112e112...91-EMIELLIIMAËL.ea: 

A  great many shot had to be quenched in  the fixture 

described  above,because of the 4 variables involved, namely, 
„ f • 

(1) Velocity of water, 
(2) Distance of  water from base, 
(3) Time of immersion, and 
(4) Quenching temperature. 

It was found, finally, that a desirable hardness 
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(Results of Experimental Work, cont'd) 

pattern could be obtained by quenching from  1500° F o  and 

immersing the  shot to a depth of l in, below the  forward 

edge  of the driving band.  The shot is held  in  water, flowing 

at the  rate of 3.7  cu ,  ft. per minute,  for 15 minutes and 

is than  immediately placed in a low-tcnperature  draw furnace 

and held at 275°  F o  for 3  houri,  

Eight shot were prepared  Y.n this manner and permitted 

to P age for  3 weeks, Three of these were sent to the 

Catharines  Steel Products Limited plant where they were ground 

to size, banded, and oapeed o  They were then sent to the  Port 

Dalhousie proving ground for p -covirg e  The results of proof, 

which were satisfactory,  are shown in  Figure  2, 

Of the remaining five shut, two were slit  in half, 

wet-ground to remove any tempered  Toaterial, 8,-,d polished  for 

Vickers hardness readings °  The two shot had a hardness 

pattern as ihown in Figure 4 0  

The other three shot were placed in hot concentrated 

Eel  for 15 minutes. No crack& wart found after this treatment, 

an indication that any stresses whfch  were at the surface of 

the shot were compressionalo 

CONCLUSIONS:  

l o  The following heat treatment results in a desirable 

hardness pattern and, if the few tests oonducted are  to be 

accepted  as a  criterion, gives ballistic performance  equal 

to  ihot pr9duced  by the  presenoe method  of  heat treatment: 
t.  

COIrd4 	hc7h7 s  («eonntInf=g  
/  edge of  the drieng band (weter flowinc 3,7 

cu 0 ft 0 /min o )4LxiRoft.d  for 15 elnutes, and  transfer 

41  at once to  a.low-Itemperature_gurnace at  275° F. 
 for  3  hours,  Alr-cool or."--e:t  ex„: \  D  In  no  instance  was a crack found  in  a  ahot quenched 
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(Conclusions, contwd) 

by this method nor were cracks p1;;bduced after etching in hot 

HU, indicating that there are Compressional stresses at the 

surface -- a desirable conditione 

3. Experimantel  work conducted  haa shown  that  when 

this steel  is hardened,and tempered in  the range of 1200°  F. 

to 900° F o  and subsequently slowly  cooled, it is  brittle. 

This condition  is known as "temper  britt1ene5s>7 ce t;;:â 

baie of the ahot  is cooled at a mode •ate rate and  is never 

hardened,  it is unlikely that the steel will  be brittle » 

 nor is the  hardened portion tempered in the brittle  range. 

4. Thia method of beat treatment, whic:h produces  shot 

of the  same hardnesa pattern and of apparently equal »  if not 

superior»  ballistic properties to present production  shot »  

is a  very simple methods  requiring leas time  than  the me‘nod 

now in  use. 

Thiel statement is based on the information  received 

that,  in present production, drawing the base and qe-nel-tîz 

after drawing  takes approximately the following  time: 

Zusnch in oil, 13 minutes. 
Base draw, 12 at a time,  5  minutea, 
Quench after draw »  I minute °  

The "Simultaneous Celench-and-Draw" method takes 

15 minutes total time o  

It may be seen  that although the  quenching operation 

takes longer in the proposed  method, one whole  operation is 

eliminated  and labour and costly inductian equipment  are 

released for other  work o  Moreover, in  view of  the  fact that 

the presentbase-draw  machines are unable to  take  care  of the 

number  of  hardened shot it seems to be advantageous to eliminate 

them  if  pose.ble. 

5  The new heat treatment described herein apparently 
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(Conclusions, contid) 

constitutes a cheaply installed and high17 satisfactory method 

of heat-treating 17-pdr. A,P. shot. It seems probable that 

much  time could be saved and valuable equipment released tor 

other purposes (perhaps to increase the production of 6-pdr. 

A.P.  shot). 

However, the main consideration is that this kind 

of  heat treatment offers the possibilities of producing shot 

which  are free from cracks, either longitudinal (a result of 

tangential tensional stress) or circumferential (due to  longi-

tudinai tensional stress), The driving band grooves are 

places Which are quite sensitive to uudden changes in  temper-

ature and it is decidedly advantageous to permit this area  to 

cool  slowly rather than to be quenched and then tempered to the 

required hardness, Sudden çuenching of sections which have 

an abrupt change In section size causes unequal cooling  and 

a crack is a likely recult,  , 

6.  The experimental work was conducted on a single 

heat  only, but ft is unlikely that slight changes  in  analysis 

will have an ill effect on the final result. 

Recommendations: 

Since the results of this type of heat treatment 

are favourable, it is recommended that production on a  small 

scale be commenced in order to positively establie the 

following facts: 

1. That the shot will consistently pass 
ballistic tests; 

2. That the hardness pattern can be 
consistently duplicated; 

3, That the shot will not crack; 

4. That the effect of varying analysis 
has little or no effect on the 
final result. 

A suggested procedure is to construct a  fixture 
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(Recommendationa„ aortic') - 

similar to the one shown in Figure 1 (a modification would be 

to employ a spray rather than flowing water s  so that the 

intensity  of quench could be controlled more açourate17) and 

to install  the fixture alongside the present oil.quenching 

bath,  About 30 ihot could then be quenched from every heat, 

following which they couA be placed immediately in the  low-

temperature  draw furnace at 250 to 2750  F. for 3 hours,  and 

then  they could be magnafluxed to Show up any cracks formed 

by quenching. 

The following test procedure could be used: 

Slit 10 per cent for hardness survey; 

Prove 20 per cent; 

Etch 35 per cent in hot concentrated Hel for 30 minutes, 
then magnaflux to show up cracks (it is assumed that 
if the ihot do not crack after this treatment, they 
will never crack) and 

Store 35 per cent for two to three weeks to see whether 
any cracks develoz during ageing Magnaflux the shot 
to show up  cracks.  

The above procndure should prove beyond a doubt 

the  efficiency of this hoat treatment, Hardness surveys will 

determine Whether the depth of immersion is correct (Since 

changes  in analysis changes hardenability, it may be necsseary 

to change depth of Immersion but this is doubted). 

Etching in Hel will  etermine Whether the velocity 

of  cooling is such es to leave the surface of the shot ln 

compression. 

Provirg, which is, of course, the final criterion 

of  acceptance, will judge the quality of  the ahct. 
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CALIBRATION 

Velocity, 	Hole in 
.11.12j19.2. 	_eat(' 

TRIAL 

Lot 	Velocity, 

AIMINI•■•■■••■••■•■- ■■•■•••■•■••••••■,,.• 

Hole.in 
—2.11111 

2359 
2590 

2576 

Hole. 
Hole  (base 

lodge), 
Hole. 

2319 
2417 
2517 
2477 

Dent. 
Dent, 
Hole, 
Hole, 

3D 
4D 

5D 

(Pue 6 ) 

Eluure 1. 

QUENCHDIG FIXTURE PSED  TO  SIYULTANEOUSLY 
QUENCH AND DRAN 17-PDR 0  A,P, SHCT. 

111M10 

Figures   2. 

Plate No, 
Brinell Hardness 
Plate.Thicknoes 
Proof Velocity 
Critical Velocity 

D26. 
262 - 277, 
123 mo m. 
2547 tqaec, 
2447 

RESULTS OF FIRING TRIAL OF SHOT HEAT-TREATED 
BY SIMULTANEOUS QUENCH-AND-DRAW. 
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