A282 714
\Wlﬂﬂi\lﬁlﬂ“ﬂl\mﬁ\ﬂ\

)

AD

TECHNICAL REPORT ARCCB-TR-94018

EXPERIMENTAL HEAT TREATMENT
OF BERYLLIUM COPPER ALLOY

KATHRYN E. NOLL ' D T l C

ELECTE -
- JUL 2 91994

94-23973
L

20X May 1994

US ARMY ARMAMENT RESEARCH,

Bh. 4B UBEVELOPMENT AND ENGINEERING CENTER
90  CLOSE COMBAT ARMAMENTS CENTER
Wy 'BENET LABORATORIES

WATERVLIET, N.Y. 12189-4050

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED

DTI® QUALITY INSPECTED 8

94 7 27 1,4




DISCLAIMER
The findings in this report are not to be construed as an official
Department of the Army position unless so designated by othcf authorized
documents.
The use of trade name(s) and/or manufacturer(s) does not constitute

an official indorsement or approval.

DESTRUCTION NOTICE
For classified documents, follow the procedures ir DoD 5200.22-M,
Industrial Security Manual, Section II-19 or DoD 5200.1-R, Information
Security Program Regulation, Chapter IX.
For unclassified, limited documents, destroy by any method that will
prevent disclosure of contents or reconstruction of the document.
For unclassified, unlimited documents, destroy when the report is

no longer needed. Do not return it to the originacor.




=

 DISCLAIMER NOTICE

THIS DOCUMENT IS BEST
QUALITY AVAILABLE. THE COPY
FURNISHED TO DTIC CONTAINED
A SIGNIFICANT NUMBER OF
PAGES WHICH DO NOT
REPRODUCE LEGIBLY.




Form Approved
[ REPORT DOCUMENTATION PAGE Form Approved
[ Waslic rapurting burden for this coliection of informetion is mum.gnMwmmmmmmmmm
mummmmum mﬁncolh«bnohm mmngﬂng mma other aspact of this
m.mmi.um um-am umm«mmmwmmﬁwm|mwm !2151
5 Y (Leave ) J2. uron? DATE 3. REPORT TVPE AND DAﬁS COVERED
May 1994 Einal
'Y ﬁ AND SUBTITLE 5. FUNDING NUMBERS
BXPERIMENTAL HEAT TREATMENT OF BERYLLIUM COPPER ALLOY AMCMS No. 6126.24.H180.0
PRON No. 1A12ZRLQNMSC
& AUTHOR(S).
Kathryn B. Noll
[7. PEAFORMING ORGANIZATION NAME(S) AND ADORESSIES) 3. PERFORMING ORGANIZATION |
Benet Laboratories, SMCAR-CCB-TL ARCCB-TR-94018

Watervliet, NY 121894050

% mmmomome AGENCY NAMEzS) AND ADDRESRES‘ 10. SPONSORING / MONITORING
AGENCY REPORT NUMBER

U.S. Army ARDEC

Close Combat Armaments Center

Picatinny Arsenal, NJ (7806-5000

BB Yt T~ — Yt Yty
11. SUPPLEMENTARY NOTES

P R
123, DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Approved for public release; distribution untimited.

——————
13. ABSTRACT (Maximum 200 words)

A cold-rolled beryllium copper alloy, in bar form, was expetiencing deformation (bowing) during machining. Several experimental heat
treatments were performed in order to develop a procedure that would alleviats this condition. These treatments consisted of (1) an age-
hardening (overaging) and (2) & solution treatment and age-hardening. The minimum desired ultimate tensile strength (UTS) value was
achieved in both heat-treating experiments conducted. For the age-hardening experiment, any aging time between one-half hour and two
hours would obesin the desired UTS. For the solution treatment and age-hardening experiment, aging for ons-half hour or grester at SO0°F
would fulfill the UTS requirement. Our recommendation for the remaining beryllium copper bars was a one hour age-hardening at 900°F.

[14. SURIECT TERMS 1S. NUMBER OF PAGES
Beryllium Copper, Heat Treatment, Age-Hardening, Oversging
16. PRICE CODE
7. SECONITY CLASSWICATION ] 18. SECURITY CLASSIFICATION ] 19. SECURITY CLASSIFICATION | 20. LIMKTATION OF ABSTRACT |
OF REPORT OF TS PAGE OF ABSTRACT
UNCLASSIFI"D UNCLASSIFIED UNCLASSIFIED UL

e ——
1] S : Standard Form 298 (Rev. 2-89)

Praxcnibed by ANSI Std. 739-18
290102




TABLE OF CONTENTS
Page
L3008 180§ (0 1
PROCEDURE . ... ittt ittt ittt ettt et eaeeraaeaareeaneennaeeneennneenns 1
L34 2] 1) By 2
CONCLUSIONS/RECOMMENDATIONS ... ... iiitiit i iitintrtennenneaeeneneennennnnenn 3
REFERENCES ... ...ttt iiitiiiiiiin i inttinreeatennocnnsenaeeneeeoneeenennneennes 4
TABLES
Solution-Treated and Age-Hardened Samples . ............... ... i0itiiiniennnna... 1
Required Chemical Composition of Beryllium Copper Alloy ..................cvrvunn... 2
Benet’s Chemical Analysis of Beryllium Copper Alloy .............iineniiiinnrennnnn 2
LIST OF ILLUSTRATIONS
Elongated, fine-grained microstructure in the as-received, coid-rolled
beryllium coppermaterial . . ....... ... .. ittt ittt it i e 5
Photomicrograph of fine, spherical gamma-2 beryllium copper precipitates
dispersed in the copper matrix, &t 1000X . ... ... ... i i 6
draph showing overaging times with corresponding hardness values . ... .................... 7
Photomicrographs of overaged samples showing precipitate growth progression ................ 8
Photomicrographs of overaged samples showing precipitate growth progression ................ 9
Solution-treated sample depicting equiaxed grains and small, spherical
beryllium copper PreCiPItaleS . ... ... .t i i e i et et e 10
Photomicrographs of samples after solution treatment with age-hardening ................... 11
Photomicrographs of samples after solution treatment with age-hardening . .................. 12
Graph showing age-hardening temperatures and times with corresponding
hardnessvalues ...............coivvirivrnnnn.. .... 13
Accesion For .
NTIS CRA&I g
DTIC TAB :
Unannounced O
Justification
By
Distribution |
i Availability Codes
. Avail andor
Dist Special




INTRODUCTION

Beryllium copper is used in the manufacture of a rail assembly strip for the 105-mm M119 Lightweight
- Howitzer. The beryllium copper alloy is procured by Waltervliet Arsenal as flat, cold-rolled bars. The strips are
then riveted to a steel rail and the assembly is machined to finished dimensions. The beryllium copper strips
were reportedly bowing due to imbalanced internal stresses in the material produced during the final machining
process. The bowing was causing the bar to lift off the steel rail and resuit in an unacceptable dimensional
condition.

The purpose of our experiment was to develop a thermal treatment procedure that would (1) alleviate
the internal stresses causing the deformation, and (2) produce/maintain the desired mechanical properties in the
material. The experimental heat treatments were conducted on specimens sectioned from the as-received
beryllium copper bars. The specimen size was approximately 2-1/2 x 1/2 x 3/16-inch.

PROCEDURE
The following analyses were performed on the beryllium copper specimens:
J Experimental Heat Treatments

Age- ening (Overaging) Experiment -

In our "overaging” experiment, four samples were aged at 900°F from the as-received
condition. One sample was aged for each of the following times: 1/2, 1, 1-1/2, and 2 hours.

Solution Treatment and Age- ning Experiment

In the solution treatment followed by age-hardening experiment, nine samples were solution
treated from the as-received condition at 1450°F for 10 minutes immediately followed by a water quench. Eight
of the sampies were then aged at the times and temperatures shown below in Table 1. Sample 9 was used to
examine the microstructure produced solely from the solution-treating process.

Table 1. Solution-Treated and Age-Hardened Samples

mm
200°F 300° 400° 500°
15 Minutes - - -- Sample 1
30 Minutes Sample 2 Sample 3 Sample 4 Sample §
60 Minutes : Sample 6 Sample 7 Sample 8 -
Imm
] Metallographic Examination
] Macrohardness Testing
1




RESULTS

Two heat-treating experiments were conducted on the beryllium copper alloy. In this particular
application, the ultimate tensile strength (UTS) desired for the beryllium copper was a minimum of 94.5 Ksi.
This strength corresponds to a minimum hardness value of approximately 92 Rockwell B (HRB) (ref 1). During
our experiment, hardness was measured on all samples to estimate the UTS. Based on this estimate and the
correlation between hardness and tensile strength, we determined whether the desired UTS requirements had been
met.

The beryllium copper is a cold-rolled, full hard (TD04) tempered alloy with a required chemical
composition per ASTM B-196 shown below in Table 2:

Table 2. Required Chemical Composition of Beryilium Copper Alloy

(Weight Percent)
Beryilium 1.80 to 2.00
Nickel plus Cobalt 0.20 min
Nickel plus Cobait plus Iron 0.60 max
Aluminum 0.20 max
Silicon 0.20 max
Copper Balance

Benet's chemical analysis of the beryllium copper alloy is shown in Table 3:

Table 3. Benet’s Chemical Analysis of Beryllium Copper Alloy

(Weight Percent)

Element Chemistry
Beryllium 1.84
Nickel 0.01
Cobalt 0.22
Iron 0.07
Aluminum -
Silicon -
Copper ' Balance

Based on our analyses, the as-received alloy met compositional requirements.




The as-received sample of beryllium copper was examined in the longitudinal direction and showed an
clongated, fine-grained microstructure which is characteristic of a cold-rolled material (Figures 1a and 1b). The
transverse direction was also examined and the presence of uniformly dispersed, gamma-2 precipitates,
approximately spherical in shape, can be seen in Figure 2. There were aiso small quantities of gamma-1
precipitates present at the grain boundaries (arrow, Figure 2). The hardness value was approximately 26.5
Rockweil C (HRC) for the as-received alloy.

The four overaged samples were examined for hardness and microstructure. A graphical display of the
hardness versus aging time is submitted as Figure 3. This piot shows that the material softened as the time at
temperature was increased. Based on the hardness correlation, the UTS requirement was satisfied for any aging
time that was experimentally examined. The overaged samples were examined for microstructure as shown in
Figures 4 and S. The beryllium copper precipitate morphologies observed in the samples were consistent with
what normally occurs during an overaging process. During overaging, the once coherent precipitates grow,
coalesce, and become incoherent with the matrix. Once the precipitates become incoherent, they contribute less
to the material’s strength. In the 1/2-hour aged sample, the precipitates were small and uniformly dispersed
(Figure 4b), but in the 2-hour aged sample, the precipitates had grown and were less uniformly distributed in the
copper rich matrix (Figure 5b).

All overaged samples were then machined in a manner similar to the production process. The
experimental beryilium copper s.amples experienced little or no deformation during machining.

In the solution treatment followed by age-hardening experiment, the samples were all examined for
hardness after solution treatment. The hardness measurements were relatively consistent ranging from 46.2 0
51.6 HRB. A sample was also examined for microstructure. The microstructure in Figures 6a and 6b shows
equiaxed grains with small, spherical beryllium copper precipitates. The solution treatment and water quench
retains a supersawrated solid solution of beryllium in copper with small beryllium copper precipitates. The
age-hardening process then promotes the growth and eventual coalescence of the beryllium copper precipitates.
The effects of this process can be seen in Figures 7 and 8. After aging, the hardness was measured in all
samples and is shown in Figure 9. The graph displays the slight hardening that occurred at the lower
temperatures and the rapid hardening that occurred at S00°F. The aging for 1/2-hour at S00°F produced the
desired hardness value of 92 HRB or greater. Age-hardening data for temperatures higher than S00°F are well
documented and therefore were not included in this experiment.

CONCLUSIONS/RECOMMENDATIONS

Both heat-treating experiments, the age-hardening (overaging) experiment and the solution treatment
followed by age-hardening experiment, produced the minimum desired UTS value (based on hardness/UTS
correlation). For the age-hardening experiment, any aging time that was experimentally examined, as well as the
range of times in-between, would satisfy the conditions for hardness. For the solution treatment followed by
age-hardening experiment, the aging for 1/2-hour or greater at S00°F would fulfill UTS requirements. The two
hardness versus time graphs generated showed the heat-treating parameters needed to obtain a hardness of 92
HRB or greater. The overaged samples were all machined in a manner representative of the machining process
and experienced little or no deformation.

Either heat-treating process examined could be used to recover the beryllium copper bars since each (1)
effcctively eliminated the internal stresses in the as-received, cold-rolled material, and (2) produced acceptable
mechanical properties. We recommend that a 1-hour aging process at 900°F be performed on the remaining

beryllium copper bars. The age-hardening process would be less expensive to perform and also less time-
consuming.
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cold-rolled beryllium copper

Figure 1. Elongated, fine-




Figure 2. Photomicrograph of fine, spherical gamma-2 beryllium copper
precipitates dispersed in the copper matrix, at 1000X. The arrows
point to large gamma-1 precipitates present at the grain boundaries.
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(b) 1000X.
Figure 4. Photomi
crographs of overaged samples showing precipitate growth progression
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(b) 1000X.
Figure 5. Photomicrographs of overaged samples showing precipitate growth progression.
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(b) 2000X.

Figure 6. Solution-treated sample depicting equiaxed grains and small, spherical beryllium copper precipitates.
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Figure 7. Photomicrographs of samples after solution treatment with age-hardening. Beryllium
copper precipitates are present both in the grains and at the grain boundaries.
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(a) 100X.

- Figure 8. Photomicrographs of samples after solution treatment with age-hardening. Beryllium

copper precipitates are present both in the grains and at the grain boundaries.
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