RPN uw‘}‘. v,ﬁ..,_,»r:&:a.‘ \gwnrww-%«w» R .,x.,p s
s

gs, épecific’ﬁtions or
PO¢ her h an in connection \ With
Procurems opgr tion, the U.S.

‘Qve;nmu.pt

e %i.‘,

* any obhgation
have formulated,
c.-. qneclflcationa

uacture, us,e or
felated theréto."




j;*‘w~/°)é\fﬁ

i - R

Ti Nosof 44
fé\S‘fi%.%\;i’a -sfa:a.;sﬁ mw '

4P(2)66918
s NOVEMBER 1951

e ‘
g !
3 ~ 1]

.S. REPORT 4E(2)66904,|||

Magneéric Characteristics. of
“"Non-Magnetic'' Metallic Materials

in Strong and Weak Fields.

~NS=011-083 -~ N5-013-118 - -

AN?éAP&;i-Io. MARYLAND

:i_'__{,‘g;__ﬂ_.;;_,,_;_u,w,,* _ —.___Comparison of Properties. . :

M e g it el ST Rt T M em pme e T ey I R e ﬁ"f,f,"‘""‘rﬁz?’\-‘;" -



. -
w7 1: < o
o ;

il W
o Il

LI
)

R 5
TN

E.E.S. REPORT 4E(2)66904,
4P(2)66918

N5-011-083 - NS-013-118

U. S. NAVAL ENGINEERING EXPERIMENT STATION

Annapolis, Maryland

+Magnetic Characteristics of
"Non-Magnetic'' Metallic Matérials
Comparison sf Propertics
in Strong and Weak Fields -

By

7 M. K. Gross
Mechanical Metaliurgy Branch

Approved by

Submitted by

W, C. Stewart
Superintendent
Metallurgical Laborats

-

— i - - — —— e ——

F. W. Walton

Captain, USN
Director

. -



| i o S |
i ' E.E.S. REPORT 4E(2)66904,
3 ;R}‘)‘ ‘
* - =
Sl L el ABSTRACT
- .7 - - 7IY.. Thie is the zecond report relating t6 the magnetic properties of
5 e "non-magnetic" or feebly magnetic metallic taterials. The {
r report contains both weak and strong field magnetic data on a ‘
: wide 'v‘tariet'y of materials such as brasses, bronzes, ‘cuptonickel
¥ a alioys. nickel-base alloys, wrought and cast austénitic stainless
? st'eels, austenitic stainless steel weld metal, precipitation: -hard-
} ening stainless steels, and austéniti¢ manganese steeis. Tabu-
; latioms include strong fi¢ld normalk petrmeability and coetrcive
. force measurements, weak field normal and "ideai" perraeability Y.
. measuréments, and normal permeability at various temperatures. ‘
¢ ¢ o In additio#i to conclusicns relative to the correlation of test
| results, the report contains gen‘eraiizations in the form of recom-
R A mendations as to the expected magnetic behavior of the various
- "~ -types-of mmaterialss T T T :
,&\:‘ —- "r
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INTRODUCTION

1. This is the second report on the magnetic propertiés of ''non-
magnétic'' metallic materials. In writing this report, it is assumed
that the reader is farniliar with the first report, reference {aj, which
déscribés in considexable detail the magnetic properties of many
types of materials in strong magnetic fields (100 to 200 oersteds). It
is the purpose of this report to present the data obtained in weak fields
(0-1 eersted) by the U. S. Naval Ordnance Labofatory, White Qak,
Maryland, and tocompare thése data with strong field determinations.
This test was autliorized in reference (b)

DESCRIPTION OF MATERIAL

2: Both fertous and non-ferrous metals, ccnstituting a wide variety
of constructional alloys, have been tested. As the composition and
mechadical properties of nearly all of these materials have véén pre-
sented previously in reference {a), thése data will not be fépeated.
Instead, the materials are identified by commercial designations, to=
gether with brief descriptions of the ¢ondition of the material at the

‘time of test.

METHOD OF TEST

3. The Fahy Low=-my permeamdier and the procedire useéd in de-
‘terrnining the normal permeability and ccercive forcé of the various
materials at the Station have béen fully described in reference (a).
Thé Naval Ordnance Laboratory, at the request of the Bureau of
Ships, Bureéau of Ordnance, and the Station, determirned the following
additional magnétic charactetistics:

(2) Normal permeability (u) at 40°C; +24°C, +49°C in a magnetic
field of 0.5 oérsted.

(b) Normial permeability {u) at +24°C in & magnetic field of either
20 oersteds (1/2' diam samplés) or 7 oe rstcds (1" diam samples).

(c) 1deal permeamlity at 24’(3 in a magnetic fxe'd of 0.5 oersted. i

(d) Intrinsic coercive force (iHc) and residual induction (Br) at
+24°C after subjecting the samplé to a magnctxzmg force greater

__than 2000 cersteds.
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4, I we assume the sample to be in .a symmetrically cyclically mag-
netized condition, i.e., the induction will trace 2 hysterésis loop with
reversals in magnetic field, then the above propertiés aie defined in
the fellowing way: Normal perrneability is the ratio of the norma’L im-
duction (B} to the rmagnetizing force (H) where B is the sumi of the two
factors: the magnetizing force acting (H) and the intrinsic¢ induction
{Bi). The coeércive force (Hc) is the magnetizing foiice réquired to
reduce the normal induction (B) to zero. The intrihsic coercive foré=
(iH_c:) is the fna”gnetiz’ing force required to reduce the intrimsic¢ induction
(B3i) to zero. The residual induction (Br) is the induction remammg in
the material after the magnetizing force has beén réduced to zero,
The "ideal permeability' differs i¥om thé normal permeability both in.
magnetic environment and techniqueé: ‘The coiditicns surrounding the
ideal" tests were proposed to simulate the effects caused by mechani-
cal shakihg under service conditions. As such, the samples are
“jdealized" by applying a 0.5 oersted d-c magnetic field and then
super-ifposing an ax< magnetic field of 50 oersteds or greater: The
a< field is then ir.inisted to zéro. The sample is pushed out of its
search coil without changing the d— field and the fluxmeter is read. :
The fluxmeter reading thus obtained is proportional to the magnetxaa-
tion of the sample, B-H. The ideal permeability is then computed

as{u ideal =1 + B}‘f y-

\avhru

5. In thany instances, samples too large for testing at EES were
furnished NOL by the Station and other agencies. On several
occasions, samples tested at the EES were unsuitable for testing at
NCOL. Inany event, thé available data on all of the matenals sub-
mitted to NOL to date are ‘mylndqd ih this report.

RESULTS OF TESTS CN NON-FERROUS MATERIALS

Copper -Base Alloys

»

T st results for the copper

re }_\_lnl’gﬂ in _"l"nl\‘l- YA E’xce;; for

c‘érrelatmn between the laboratones

base
L s

alioys tested at EES and NOL

the 80;20 cupronickel ailoy, tne€

appears to be good. Moze will

be said, ‘however, on this correlation later in the report.
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TABLE 1]
< E.E.S. REPORT 4E(2)66904
Magnetic Properties of Copper-Base Alloys 4P(2)66918
3 i S R 3 e TTTTNOL Data ey ) R
Normal | 'Ideal
NOL A A EES Data at +24°C
Specimen Normal « at He0.5 H=20 H=0.5 Normal
Material Grade Shape] Diam Described Condition Source Remarks|[ -40°C [+24°C [+49°C] at +24°C|at +24°QiHc | Br 100H [200H | H,
Wrought bar . General a
Brass SAE-72 Rod (1" Original size 1-3/16" rod machined to 1" rod Motors Co. NM-21 1.04 1.04 1.06 1.05 1.75 25, 151 2,58
Wrought bar " IGeneral A
Naval Brass SAE-173 Rod | I Criginal size 1-1/8" machined to 1" rod Motors Co. NM-22 <1.004}<1.004<1.004 <1.004 |<1.004 |- <0.02
Rod brass - as cast General
Red Brass SAE-40 Rod |1/2" |Original size . 505" -machined to 1, 2" rod Motors Co. NM-26 <1.02 |<1.02 |<1.02 | <1.02 <1.02 J21.08}0.07
46B18 Cl1 1 : Ampco %
Al-Bronze (Ampco 12JRod [1/2" |Sand cast Ampco heat #P7923 Metal Inc. 1.23 {1.19 .20 1.20 1.54 [29.72)7.69 |1.17 |1.18] 1
Wrought bar General a =
Al-Bronze Ampco 18 Rod |1 Original size 1-1/8" machined to 1" rod Motors Co. NM-16 1.16 1.1 J1.20 1.19 - }1.25 17.3615.68
46B29%a t : Ampco :
Al-Mn Bronze {Ampco 64)Rod !1/2'" |Sand cast Ampco heat #07770 “iMetal Inc. 1.22 1.22 (1.20 1.23 1.33 12.1013.68 {1.27 {1.24] 1
46B17 : Ampco : :
Al-Ni Bronze (Ampco 45)|Rod [1,/2" |Ampco heat #LN3143 Metal Inc. {<1.02 li.04 <1.02 }<1.02 1.04 3.16§1.80 j1.02 |1.02] 0 |
Bison Bronze : a 3
Al-Ni Bronze Rod |I" Cast Foundry Co. 1.24 - {1.22 ]1.19 ]1.23 1.23 1.26 |3.00 |1.26 J1.06] O
, J.H. Jolley _ ] i -
Mn-Bronzc(Wroughtj 46B15e Rod |1/2" |As received & Cu. VvV 27595{1.08 1.09 |1.11 1.10 1.11 39.215.14 |1.09 11.09] i = ¢ a4
: Cramp Brass A > S
Mn-Bronze(Cast) 46 B3f Rod 1" As received (cast) lron Foundry | CHT 430 | 1.09 1.09 {1.09 1.11 1.25 10.552.57 1.09 j1.10f O .
46B3¢ Centrifugally cast Ampco o : o Ses 1 < ' : §
Mn-Bronze . - {Ampco 62)Rod [1/2" |Ampco heat $P7962 . == - IMctal Inc. 1.10 }1.14 Jj1.09 1.10 {1.15  J25.21]3.13 |1.10 ' s i
Manganese bronze-as cast - Original size- |[General e . A ; ]
Mn-Bronze SAE-43 Rod |1 test bar billet-machined to 1" rod : fMotors Co. NM-24 11,10 11.10 k.12 11.12 1.17 18.3514.76 - A
46B8i : ; Ampco i1
Leaded 1in Bronze |(Ampco 7liik>d 1/2" |{Sand cast Ampco heat #LN3136 Metal Inc, : <1.02 |<1.02 j<1.02 |<1.02 <1.02 |- <0.02}1.00 |[1.00]| O o
Leaded Tin Bronze ‘5_91;? Rod [1/2" [As cast : EES : <1.02 l<1.02 [<1.02 [<1.02 <l:02 |- <0.0211.00 |[1.00}] O
46B32 . Wrong
Tin Nickel Bronze |Type | ect. |- As cast NRL Shape : 11.00 {1.00} 0 =5y
46B32 Wrong
Tin Nickel Bronze |Type Il Rect. |- As cast NRL. Shape 1.00 {1.00] 0 : )
High tensile manganese bronze-as cast : :
Original size-. 505" test bar-machined to General : 2
Bronze SAE-430 |Rod [1/2" |1/2" rod Motors Co. [ NM-25 [1.27 h.27 [i.s1 1.3 1.42 |1.67 [3.05 : i
) Gun metal as cast General : A s
Bronze SAE-620 |Rod |1" Originai size 1-5,8" rod machined to 1" rod |Motors Co. NM-13 <1.004|<].004|<]1.004 |<!.204 |<1.004 |- <0.02
Valve bronze-as cast - Original size -. 505" IGeneral
Bronze SAE-622 |Rod |1/2' |test bar-machined to 1/2" rod : Motors Co, NM-14 <1,02 |<1.02 |1.02 <1.02 <1.02 |- <0.02
CEY 4900 :
s Wrong
70:30 Cu-Ni Alley Reci. |- As received {wrought) {Stouk) Shape 4 1.00 [1.00 [ O
- 3 Sand. Fdy. &
80:20 Cu-Ni Alloy Rod {1/2" |As-cast centrifugally Mach. Co. 2.84 1.97 |1.65 1.86 1.96 = - 1.50 (1.29 | O
Sand.Fdy. & 3
80:20 Cu-Ni Alloy Rod |1/2" |C ast centrifugally Mach. Co. ! 1.84 1.94 1.48 |1.48 | 0
! Bridgeport !
Cu-Si Alloy 46B27a Rod [1/2" |As received Brass Co. AHP-20 |<1.02 [<1.02 |<1.02 |<l.02 <l.02 |- <0.02 [1.00 {1.00 | O
. 46B28a Wrong
Cu-Si Alloy Class 1 Rect. |- As cast NRL Shape 1.10 -j1.10 | O
2 American
Cu-S§i-Mn Alloy Rod |1/2" |From wire .185 x ,775 Brass Co. Too short 1.00 |1.00 O

4 HT 1.0 < 3
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’ 7. Table II is a tabulation of results obtained at the Station on severai
aluminum bronzes. Examination of this data reveals that q\uenching_

. from 1200°F is not effective in reducing the as-cast perreability of the
Ampco 18 alloy. Quenching from 1650°F gave inconsistént results in
that it reduced the permeability of the Ampco 18 but increased that of
the Ampco 45. In general, the double treatment (Treatment D) sub-
stantially lowe_ed the permeability of all of the alloys tested except
Ampco 45. This alloy was initially low, however, in the as-cast
zondition. '

8. Analysis by the Statistician's Office of the composition and perme-
ability data of Table II resulted in the following:

(a) The concentration of iron is an important factor in de’tex:mining
the permeability of these alloys.

(b) The concentration of nickel has no effect on the permeability
of these alloys. :

{c) Manganese content does affect pérmeability. The nature of its
effect, however, is not clear-cut. Alloys having .03% Mn or more give
a different reiatioaship with Fe than those having less than this amount,
the higher Mn alloys tending toward lower permeabilities.

- TABLE T S e e e

Effect of Heat Treatment on the Room. Temperature Magnetic Properties
of Several Aluminum Bronze Samples Furnished by Ampco Metals, Inc.

| = j ) S rvg.Normal Fermeability () & Avg.Cocrclve Force H.
Total |[Treatment Treatment Treatment Treatment
. - Chemical Composition-% | No. of . A __ B P S o . D -
Specification | TCu [ Al TFe [NT [Mn|Samples[100H]200H |H[302::]200H {Hc [100H[200H K {1004]|200H|H,
Ampco 18-5.C.7 86.10[10.62|3. 11| .13/ 01f & t.25d 26 2 frasli st et iiart o f1ie il s o |,
Ampco 13-5.C. | 84, 34{1C. 70[4, 7t} . 22{.01 8 Jr.ar|i.s2lafi.aBfi.s2| a4 i3s3l 232434 2
Ampco 46-5. C. | B1.59)10. 32]4.38]3.59{.10 4 1.2501.26 2 : - {1.10(t. 10| 2
Ampco 46-5,C. | 7§ SA[10.385.33[4.66].03] 4 1.351.38 |1 1181181 1
Ampco 46-5.C {78 08|10.235. 79{s 86).02| 4 1.6901.74] 6 132038 2
. Ampcao 46-5.C. [ 79 78]10, 0914.30{5,76{. 02 4 1.3501.39) 51 t.18(1.20] 4
Ampco 46-S.C. | 79.95[10.04[6.01[3.95[.0¢) 4 1.43[1.45. 2 11,231,291 O }|: ’
Ampco 45-Ext. | 81.2819.90{2.98]5.12] %] 3 1.0511. 050 Botifeir)ofroosti.os] o
e e e Amipeo A4S Exro-bar o rt geglacea e go g — 3 TSI OS O[T T T LT 1] 01, 041,06 0 | ;
Treatr. ent A - As Cast
Treatment 1} - leated to 1200°F - Quenched
Treatment ¢ - Heated to 1650° - Quenched
Treatrneat. D - lleatéd to 1650°F - Quehched then heated to 1200°F - Air cooled
- 4
. ¥
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between EES and NOL appears to be good. There iz a difference;
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Nickel -Base Alloys

9. Results for the nickei-base aiicvs are tabulated in Table III. It will

‘be noteéd that only two samplss have been tested jointly by EES and NOL.

As was expected, the permeability of ""R' monel is in excess of that
desired and this material is not considered to be acceptable. Monel 326
is a new low permeability monel developed by the International Nickel

"Company. This alloy is similar to the standard monel except that the

nickel content has been reduced to approximately 60%. The sample
tested at EES had the following composition:

Ni - 59.3% Cu - 38.2%
C -90.14 Mn -1.21
Si - .13 Fe -1.07

In general, the Curis point of this alloy appears to bé near -40°C:
Accordingly, the normal permeability measurements made at -40°C
and shown in Table III exhibit @ wide range of values. The results
obtainéd for monel 326 - Heat No. M 9119-BL should be noted.
Originally, specimens of this heat were furnished in the form of i*
diameter bars taken from hot worked billets or shieet bar. Mesasure-
ments indicated a high perineability at £°C. However, after further

hot reduction to 1/4'" thickness. the normal perineability dropped to a
low value.

Aluminum Base Alloys

10. Because of their high electrical conductivity, aluminum-base alloys
have not been investigated in this program. Howéveér, two alloys bave
been tested by NOL and the resuits are included in Table IH.

RESULTS OF TESTS ON FERROUS MATERIALS

Austenitic Stainless Steels - Wrought

11. This category comprises the largest group of materials tested
joinily by EES and NOL. Tableé IV presents the results obtained to

date. The metallurgical features of these alloys have been discussed

Ll

towever, with respect to ideal permeability vs EES riormal permeability,
the ideal perméability showing a large increasé with but a slight increase
in hormal pex,‘m,‘gability.

-t

v s, b el e g e— e g

; . - - A S e e A o UK,
e T, Y T BT e e i, o i Y PR T o i



g

KNt PP

R e H‘

E.E.S. REPORT 4E(2)66904

-

TABLE 111
4P(2)66918
Magnetic Properties of Nickel-Base and Aluminum-Base Alloys
NOL { NOL Data EES Data at +24°C
Specimen ; :
3 g Normal » at H=0.5 | Normal | ldeal 1 Normal » 6
. x
: l H=20 H=0.5
Material | Skape] Diam Described Condition K= -, -Sodtie Remarks -40°Q +24°C| +49°Q at +24°C| at +24°C| iHc Br |100H | 200H | Hc
i :
: Nickel Base Alloys
“"K" Monel] Rod |1/2" | As received - age hardened N.Y. Naval Slupyard. .. <1.02 | <1.02 |<1.02 |<1.02 <1.02 - <0.02|1.01° |1.01 o
W & Rod 1" Age hardened General Motors Co.| NM-11 <1.004 <1.004]<1.004]<1.00448 1.01 |25.80} 0.15
-“R*" Monell Rod-|1I" Cold drawn, criginal size 1-1/8" rod W Sl NM-12 9.4 | 16.8e [19.0e - . 123 0.96] 25.18. ]
: Annealed - 1600°F; half hour soak, water ' : % ; . a i
O Rod }1" quench, original size 1-1/8" machiced to v NM-12 30.0e | 16.50 |46.20 | - 127 0.31) 8.66 i
1'" rod = : i
#S' Monel|] Rod j1/2" | Cast, aje"h;rdencd - 1090°*F - 5 hrs Norfolk Naval Shpyd <1.02 | <1..02 |<1.02 1.01 <1.02 {73.72] 0.8811.01 1.0l o
Monel 326} Rod [1* As received Int. Nickel' Co. MecltNo_ B787-BL ; ; 1.02 f[1.02 Yo |
= 2 Rod }1" - 5 - 2 M-9119-BL 31.0 i.01 9.20% 1.02 }
. o Rod | 1" * : % B u #1 9119 B-L 61.0 1.03 ] 5.21% 1.02 -
v | Bar |- 3 bars 174" x 1/2" x 6" T : M-9119-BL #4 1.02¢
= " Bar |- "3 bars 174" x 1,2" x 6" 0 S M-9119-BL #2 T.02¢
b - Bar |- 3 bars 1/4" x- 142" x 6" . ! M-3113-BL #l = L.04* :
% v | Bar |- _ |3 bars 1/ x1/2" x6° 0 T I M-9119-BL #3 o T T Fe ERYL 2 S e e =
” * 1"Rod {1 . e R i = 3 s = st IM-9120-BL b.60 1.02 1.27 1.02
" * | Rod [1” BT o : T™M-9121-8L Z.46 1.02 | 1.04% 1.02 =
" * Rod |1 —— = ' M-9123-BL 1.05 1.01 1.03% 1.01
2 29 Rod 1" 25 1 & =5 M-9124-BL 4.89 ‘o2 1.26% 1.02
' o Rod: 1" = ) % M-Q125-BL 1.67 1.01 1.03* 1.0l
i 7 Rod |1" > = = 4 M-9130-BL 1.51 1.01 1.03= 1.02
=5 1 s Rod |1 - - - S M=-9131-BL 2.36 1.02 1.04% 1.02
u e Rod |1" o o 2 M-9132-BL 4.1l 1.02 | 1.11% 1.02 -~
T | Rod [I" T B I M-9140-BL 2.68 1.01 | 1.03% 1.01
2 , Rod jl" = v : M-9141-BL 1.34 1:02 1.03= 1.02.
- L Rod [1* ! it = M-9142-BL 1.24 1.02 1.03* 1.02
" ] Rod JIv - Z i : M-G143-BL 2.89 1.0l | 1.05% i 1.01
i 1 Rod [1': 2 M-£l44-BL .87 .01 1.03s 1.01
H | Rod |I" D T g M-9145-BL. Z.38 1.02 | 1.03¢ 1.02
& " Rod 1" L b X #2 ¢120-BlL. 6.27 1.02 1.12% 1.02
o 45 Rod 1" 1 by x #3 9124-58L 7.09 1.02 1.05* 1.02 !
o L Rod |1 X & ey #4 9142-BlL~ 1,48 1.¢2 1.01% 1.02 |
1 [
Alvtoniamn Basce Alluyas g
. 1 !
{Aluminum % Cast aluminum-precipitation hardened i 1 :
{355-T7) |} Rod |1/2" |Original size-.505" machined to 1/2" rod |General Motors Co. ' [NM-27 <1.02 |<1.02 [<1.02 I<1.02 <1.02 |- |<0.02 _
luminum : 5 As Cast e : :
{(SAE 33) | Rod |1/2" Original size-.505" machined to.1/2" rod General Motors Co, }\'M-ZB kK1.02 |<1.02 [<1.02 |[<l.02 <1.02 - <0.02 il
® H=0.2 {
H¥7.0
* ] :
o°C 6

§
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% TABLE 1V
; ‘ Magnetic Properties of Wrought Austenitic Stainless Steels ‘
]
EES Data
OL Data
" at 424°C
ks Specimen Normal g at H=0.5 No;mal ld:ll Normal &
; : H=20at |H=0.5
|3 Material Shape| Diam Described Condition Source P.emarks -40°C | +24°C | +49°C| +24°C |at +24°C} iH, Br 100H) 200K ] Hc
R
i
Stainless Sleel-AlSl 304 Rod | 1/2"| From wire . 188 x . 755 Carpenter 1.35 1 1.3 | 1.36] 1.41 2.40 [126.6 [141.0 |1.38] 1.66] 30
’! v R JE*| From wire . 188 x . 755 Carpenter 1.56 ] 1.55] 1.55] 1.64 5.01 |108.5 [192.0 [1.56]| 2.06{ 37 |
‘ ™ = " | Rod | 1/2"] Cut from bar stock D. K. Manig. Co. = T.08 ] 1.07 | 1.06] 1.07 | 1.22 |I56.7 | 36.69[1.08] 1.13] 0
a S T v | Rod 1/2"] Machined from 1" bar s 3 S 1.34 1.35 1.4)3 1.59 2.33 13.09] 12.83]1.28] 1.33] §
? W s TR od | 1/2°| 3/4" bar pulled in tension reduced 28. 3% _ 1.30 | 1,34 | 1.37 ] 1.46 | 2.57 | 42.59] 37.03]1.34] 1.43] 10
H O X e od 1/2"13/4" # tension spec. reduced 30.0% H 1.4 ] 1.91 1.97 | 2.04 8.60 73.72[193.8 |- >3.0 -
E " [ [ " od l/Z" Machined from 1-5/" as rec'd bar S o 2 % I 1.62 1.60 1.55 1.91 3.10 STBO ..93; i.\} l.“ F3
f 2 ' * " | Rod 1" - [ Annealed. Machine straightened & centerless ground] Armco Steel Corp Heat No. 69217 <1.004] <1.004]<1.004] <1.0044] 1.01 306.0 1.92§1.01] 1.05] ©
i ; = x
¢ " " 0 e | g, | g = Joasaled;; SOCpeNsm ApproximATEL; 10/ Gache = ¥ Heat No. 18791 1.04 | 1.04 | 1.04| 1.048 | 1.39 |356.0 | 39.56 [1.09] 1.18] 16
straightened & stress relicved
' . Annealed, cold drawn approximately 2%, machine Heat No. 18693 .
i " o 1ot oo Rod 1/2'" | straightened & stress rehieved 52 . turned down from 1.1) 1.15 1.14 1.19 1.15 151.5 12.21]1.18]| 1.44} 34 ’
: : %/8" by NOL
3 oy 5 " " JRod 1" Hot cold forged - 5% cold reduction Gencral Motgrs Corp | NM-3 <1.004{<1.004]<1.0 1.004 A] 1,01 75.53 0.70
: Stainless Steel-AIS] 3031 Rod 1" Annealed & hours at 2000°F, water querched : o T S ] Ve Tool T Tool | 1ol [ 1.0} af 1.23 34.00] 0.13
s 3z * " | Rod 1" Annealed, machine straightened & centerless ground | Armco Steel Corp Heat No. 60720 “1.09 T.16 T. T T.T2a) 1.10 204.0 79.30)1.031 1.04 2
= o * " | Rod 1" Cold drawn General Motors Corp NA-S <1.004}1.004)<1.004] <i.004 1.03 490.0 5.91 :
¥ Stairless Steel-AlISI 304 Rod IF' Cat from bar D. K. Manfg. To. <]1.02 [<1.02 [<1.02 [<1.02 <},02 113.7 0.45]1.00] 1.00 ]
8 ** Z " |Rod | 172" |Asrec'd Machined from 1" diam bar.shol prenes FES Stock <T. 0% 7<1.07 [<I. 02 1<1.02 1.04 T170.7 | 1.43 1.0l 1.00] O
? s = ' TRod 1/2°[As rec'd. Machined down to 1/2" diam D. K. Manf;. Co. 1.30 | 1.27 1.32 { 1.55 ].2.03 -3 10.7] 9.17J1.23 ] 1.26] 6
: g g 7 {Rod | 1/2" | Machined {rom 3/4 Tamalter 27 9% :¢d by sws-n; m~ﬁﬂa@uﬂ’* e o R T 1,02 [<1.02 j<ik.02 [ ).08 -i<i.02° [233.0 2.40 {1.01 | 1.01] ©
z GRS TI7Z [ Tension spec. 5 : — | i.87 | 2.43 | 2.45 | 2.72 |25.5 | s8.66]432.0 |- >3.0 | =
& L e s el e S pery machmed:{rom T bnr and twisted to rupture 1 e e s ! 25
»: 1 . Takceo ; | Rod 1/2 S alab c NPt achine ve 112" diagre— 3 (,j.xt down to3 1.07 1.02 07 1,06 1.22 1317.4 §9.30 1.08(1.12 9
- = W % 7 [Rod | 1/2" | Machined irom 1-5/8" @ as rec'd b F_ um:g, Cev., - T <1.0Z |<1.02 |<1.0Z |<1.02 |<i.0Z | 46.20] 0.15]1.00]1.00] ©
7 e =% IR 2 1. 008" pul'led~reduc-ed diar 23.3%, elongation . .. I'Turaed down t i 2
§ : . Rod . | 1/2+ ], ot i ) BES s««m : e ”‘.‘l’..""m;‘w NorL - |€1-02 |€1.0z <102 | 1.02 <1.02 [154.3 | 8.23[1.02]1.04] 3
B R w v |Red- | 1/2" Spec. machined from T.008" bar pulled in tension, e e a i At : ;
: ° A v reduced 37.5%, elongation 55.7% 3 EES chk . 1.04 | 1.04 | 1.05 | 1.05 1.37  [166.3 | 40.62 [1.06 { 1.15 | 16
:’2 _“' i Sl v v JRed 1" Heated 1900°F 20 min. quench in water e :Rr Ue\*s. lrorStctl qug 4{%!8: Gl <),004[<).004<].004) 1.01A 1.02 | 17.61 0.27 |1.02 {1.02 0
£ : o .7 |"'Hot" cold worked, forged from 2" @ 1o I-1/0F, e L Tl e : ‘ 5 2
= Sl S i : = finished. Forged 1o 1- 1 /4" while cooliny from HOO Foto PN Sids =2
g; =he's e Rod 11" 4 block. 1" $xb" specimen mac ixmed & stress relieved, Wertern Gear wb\"i“‘ ol T'S!”"-‘m"’ o £1.004 [<1,004<1.004{<]1.004A 1.3, 73.0 3.30
.4 i Tl 2°hrs at J075°F s Su sty 5 : 5] ot )
éf e et i "Hot"” cecld roiled as Specimen L plus sBo: T g EET e TR § SRR 0 S e S o
£ 3 c o JBud B )5 Ging 1o Almen ,012£.016 A & then pickled i TlZ WA WERECH | 'Specimen D «1.004 |<1.004/<1.004| l.ox_q .01 [z2s.0 | 2.21
! i S R e i . |""Hot" cold rolled as "Specimen C lus nitridin T R o R T g :
: e R R heaiing prodeid. 4F TEN Mg R A et YSpeciren B Ly | a2 | o1a4s [ 134 [200.0 [86.10
= " " JRod j1" ]As received ; : D, K. Manlg: Go. T Heai N6, 24246 | 1.20 | 119 [ 1.21 | 1,294 | 1.¢0 19.69 [ 10.48
AHZ=T.0 T :
7
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: (contd) |
A Magnetic Properties of Wrought Austenitic Stainless Steels
= , §
B e e i s e e — e | Sim—— - —— - T —— ————— S M .
. , - ) o T NOL Data EES Data |
- at+242C b : E
NOL : ‘ 1 o o - -
Specimen Norninlg =zt H=0.5 Nérrmal| ldeal b ) .Normal ,({
- u '
T ' ' 1 T H=z20at | H=0.5 i L y
Mazerial | ShapefDiam D escribed Condition Source Retnarks -40°C |49 | #19°C [ #24°C  lat +24°C iH, Br 1 100H | 200H | Hc
: e e |Roa | 1v | Anneal - atmosphere controlled furnace at 1900°F  Ipi K. Mawtp Co. Heat No. 24246 1.04 | v.05) 1.05| 10058 a.1¢ | 15.87{ 11.99"
Stainless Steel -AISI 304 ) for 1 hr - cooled i1n atmospheré anr - _ ) . : E S T
N SR Rod l;' Annealed, open {ir¢ at 1900°F for ‘| hr, wWater lie 1 No 2424¢ 108 | 1.081 1.09 ) 104 117 B lZl 331 16,17 IR S | -
L °¢ | | Quenched & sod:umhydsidedescale at 780°F for I¢ min ’ ' - et T ’ S e T N R T . st
i ] o w 17 | Mill anncaled g Lukens Steel Co. Teat No 40113 1.02 § 1.02] 1.0z | 1.02&8] 1.0z | 15.27) 2.98%1 | |
RS Mill andealed, >lrc>s‘cl'cxcd at’1500° F ., *!-r\-F C ] . . Heat No, 90113 1.02 1..02 ] .01 ] 1.0286] 1.02 ] 55.44)] 1.657 R RS - .
T [Mill anaealed ' T Tear No 30626 <1.004]<1.003] <1.004] <1. 00444 <1.008 | 21.29] 0.92]. il O
l" *Mill annealed, sfreas relirvedat 1\00 F.Shes-F.C. | . . et NG 4069 1.0} 1.03 1.04 1.04A1 1.13 |7 56,37 56477 B .
- " | MGIT annealed ] Heat No. 50534 ] 9.51  1.72 | V.77 1§ = 2787 12.05] 13.01 ] 1 1. . -
T [Mill angcaled, stress relievedat 1500°F, = nrsoF .. : Tieat Mo (034 .33 | 1.39 1 1,41 ] 1.448| 2.28_ | 37.20] 33.41 ] | . | R
- e ; T/Z7| Forged and Anncaled - NMcli na. 41043 1.02 j<1.02 |<1.0% ] <1.0ZB| 1.05 | 57.65] 1.58]1.01 | 1.00] O, SN
w v v |Red | J72 | Forged, an~caled, stra:in fehicvedatl 1500 FX4racF. C. Nielr No, 11043 1.0 | 1.06 | 1.05 ] 1.04A ] 3.14 | 48.37 | 4.28 1.01 [1.01] O |
% % v TRod |i/Z'|Forged,anncaled T ' TMelt No. 41039 $ PT.02 |<1.02 1<1.02 |<1.024A ] 1.04 | 57.25] 0.64]1.01-]1.01] 0 |
T_ = 7 " |Roed | 172" Forged.anncaled, s!r.\x’x'eht\cu 3t 1500°F, F hirs-F. G : NMel: Na 31044 1,02 |<1.02 J<1.02 |<r:02& | 3.47 |.52.27] 1.48.1.01 J1.01] 0
T T i 1 T - T T ’ - Heat No 19835 T i S ~ R E ’
" © -“iStainless Sleel AlSi 30: <Rod ~ ] 1772~ [ Anncaled, bumper straighicncd’ . ) AFire o Bred, T maTRyE GGw T o 1. 00 .02 <P 02 f<i .02 <3, g2 - - <<0.02 [1.00 RSO0 O Tz —
. B ] . A ) B - ) 21 32 by NOL ) , i : IR B
St;;nl§§ Steel-AISl 309]/Rod | 1" |Aancaled, machine Straiyhened & centerloas  faund ) Hear No 19098 2,73 3.70 3,72 ] - ©110.8 5,93 0.31°12.47°].2.56.1 5 -
~smn1é_js Ste\-.i-Al‘:l 310]Rod [T [Anncaled, machine str .\.;_mcncd L centerless round e 7 » Heat No  40~9¢ | <1_004F<1.004{<1,004]<1.004A[<l. 004 | - ]<0.02 [1. oo 11700 ©
Slamless Slccl AlSl 316 .Rod 1 ched* 1900°F, ZO msn Qc.c’xc!- 11 wnter Ruwtless IrorSteel Qorg i 4.S18¢c C1 9 ] <l.004 -."l_OO'{, 1.004]<T.004A]|<] 004 [ ::::!:oeyed - l.‘OO T1.001 0 —;q
" o " o :”Rod 1/2" A‘;rece'»eu Biatonr Nawal S Ay 1 st \OlL turned down -~ 1 02 <1.02 7 ’ <} (;Z‘_ ) ’ ) (.1.00 , i,oo 6 ' :55
. . .o . | . L N _ <28 .'g(. R ! . R L R
I : ) 1 3 ‘ ,)\s rec-c:'i/'e'd. specimen turacd to 0.622 and palic! - B NOL furned down T § N -7 ) =
” - * » Rod j!,2"{rn tension, .old reduced 26" . - ‘ - tw i rod, max <1.02 |<1.02 l<1.02 ¢} 41.00 §1.00 | 0 L ‘
_ L. R N __ N B - . _ <tressy 86,000 - i b - L. o ’ T
T wmwIRod _[17 [Nitrided T . o kard Motar Car Co. | #1 T e T ISy 105 | 1.19Aa | 1.28 [135.3— (57,03 | | : -
[Stainless Sggcls;\lsyszl Rod |1~ | Nitrided . i - T T 34 L 1.3: | 1.38 | 1.44a8 | 2.05 | 270 63.05 | ~ | .. |. | -
i - Roc | 172" [Heat pAIGE, amnraied and preglcd - T 1,20 [ 1.22 11,24 | T.2§ 1.55 | i2.407] 3,71 [i718 [1.20] 2 :
S;axnless Slccl-/\lSl 34/ Ro_g! l,'Z‘ VYorou it pipe stabilized 40 1-00°F . R - SlT.ex Ter o2 d<r.02 j-1.02 ) f<l.02 - <0 .02 |1..00 11,00, 0O
= T VT v g = ; -1 .
" " A Rod 1427 3 ¥ar mitrided wol (n"‘ e ci.0t2 e 1.02 f-1.02 [<1.02 <1.02 16.86 | 0. 15<
L T TRed P17 [Nitmided - CB & fa stabiliied T T ) vy - T TS TT0 [ d 2Ta | 1.2s 4.7 [ 72.56 1 . | i
. ICyclops 19-9 DL . _ |Rod |1 Hol cold fGF 0@ - 25% colg ridu: Lion Giretal RMutaen ooy PRI T8 T 1. 040 | 1.03 | 1.034 | 1.05 ] 29.73 1.29 il N o B
' Timken 16-25:6 [Rod |1~ [Hotvold for,ed - 297 ol reduction . NMoY C ] 1.6t jev.v0dl<1.004] T004A Tol | - J<ow02 | | T 17 -
K - i , Machincd from 3 5 bar, acatl tfrgied s ampletely, {7 77 B - 1 T T | T
Uis‘caloyr Rod IRERS bar marrea D3O 14D Wests, hoose Lleo G “1.02 §~1.02 [<1,02 |<1.02 <1,0? - <0.,02 [1.0C | 1.0l 0 1
* ", ) i ) . Sper. mastaned from ension spu st 3 B diarn T T ’ H — T i . ) L !
) - o R?d-. j_/-l Lafter bern: roduced 12.3% ‘ £1.02 p<1.02 (<1.02 <1 .02 <r,02 ) - ,_<0‘.‘02 . _}'-01__
Thermallay 30 i Rod |1~ AS ZeLeives e :"‘ Amer. Brake Sioe Co. J Code Noo 51-209 [ <. 004} <1..004]<1.004]<1.004A] 1.01 54.83 [ 0.20°7(1.00 [ 1.00 [" 0
Thompion Alloy | Rod 1 Nitrided ) e Furrars dlotae Car Go "__.-a; — i 1. 11 .10 1.13 A ] .40 | 94.80[ 29.64 I
aH = 7.0
.. = - - i
‘_ . i
! I
v I
»-‘—,-... . - v . - '
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] B se\,.pxtat:en Hardening Stainless Steels

A7k T

T 12. Permeability data on the precipitation hardening stairiless steels
‘ are tabulated in Table V. The mechanism of precipitation hardening in
, these steels is not too well understood, but information contained in ref-
‘ erence (c) indicatés that chemical composition is an important variable. :
If In general, hardening occurs in one of two ways. First, an alloying '
. element is added to the steel which has a highér solubility i austenite,
i ’ thé non-magnetic phase, than it does in ferrite, the magnetic phase. By
¥ proper manipulation of heat treatment, it is possible to make the steel
I entirely austenitic and then to ‘pax“tiﬂl’y transform this constitutent to
o, ferrite with subsequént precipitation of the hardening paase. In the
_ second method, the annealed structure consists of a mixture of austenite
and ferrite. By suitable heat treatment, the ferrite and a part of the
o austenite is transformed to a hard non-magnetxc phase called sigma.

H
4 13. The first desé¢ribed hardeﬁing’ mechanism ix‘woli}es the formation
of magnetic ferrite and unless closely controlled, thé permeability of <
the hardened alloy will exceed the prescribed limits. The 17-4 PH,
17-7 PH, and AISI 322 steels are of this typé. It is unfortunate also
that the ferrite is not always completely transforimed to non-magnetic
, sigma p\as' durmg the second mentioned hardening procedure. Such is
£ ' ‘the case for the AISI 329 steel.

E e e e — -

e

14. In general the precxpxtatxon hardemng stainless steels constitute

a group of materials whose use must be advised with extreme caution,
as delicate control of analysis and heat treatment are required to re-
main within the permeability limits.

o Austenitic Stainless Steels - Cast
° 15. As in reference (a), weld fmetals and non-magnetic ¢ast irons have :
been included under this group. The results for these alloys are shown !
in Table VI. ‘ s |
i Austenitic Manganesé Steels 1
16. The metallurgical features of thése alloys have also been described

e e

= T ""in reierence (a). Table VII presents the data on these steels. Attentmn
2 is called to the two alloys which have been noted in the table. Both
alloys were supplied in the form of 1' diaméter cast bars. It is not un-
usual for cast and heat treated austenitic manganese steels to have a

) "skin'' of decarburized material on the surface. This skin is high in

i ferrite. The apparent discrepancies in results are due to the fact that

) ‘ NOL tested the materials with thé skin intact, whereas the Station ma-
chined 1/2" diameter specimens from the core of thé samples.

mi . P
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- TABLE VI E.E.S. REPORT 4E(2)66904 ‘
‘ 4P(2)66918
Magnetic Propertiées of Cast Austenitic Stainless Steéels
- = T - “NOL Data - =
o - INormal [/ Ideal ~ 3
NOoL No.rmal # at H=0. 5 # ‘ B |EES Data at +74’C
Specimen N __| H=20 | H=0.5 {Normala_ |

R Material S}':’:L’* Diaf Desuribed-Condition Séurce .| Reniarks. J<40°C *24 C +49°C [at 424°C atJtZi‘l'-C IMH,:; - Br . T00H ZQQH Hc

i RS ) ’ o ’ Lebanon ' St N A ¢ : 1, ’ ‘ T
Cus ype 304 Rod [1;2" | 2050°F water quenca - L - 22 heat C7514]| Steel Foy, .06 [1.07 [1.07 [l.08 41.10 ‘9‘:“5“3‘ . 0.88 1.08 :l,JQS- .0

1 Rod

2650%F air quench = Lo - 2! Heqv BSQ78

l.rbBanon

Steel Fdy.

T rroed down
ta 1,27 rod

<l.02

11,03

1.03

‘C,a\s}zfl?‘ype) 347

‘Rod

12"

2050°F water quench - L - 22X\
heat D8905

Lebanon

| Steed bay.

1.40

1.43

1.49

1.

70

not detd

‘Cast-Type 3l¢

CNLY 7030

1.9l

715 ]

Tz

EER

13

T Cast.18:8 Cb TRod | 1,2" |CGasting . Urane Co, 2.10 ‘ N td
Cast-25-20 "IRod 11,2" As cast + A\&S \366 hcm Y- -Uﬂ j Mich 51, Cast Co. CrTl- o 1 <h. 02 §<1.02 }<1.02]<1.02 <}.02 - ] »

i T ] . - ‘ u\ST IRON o ‘ N = L
i ) T B Stramgnt Line Fdy. ) ol i 1

- & Mach., Co. . S 4

Ductite Ni-Resist Rod {1;2" | As recerved o Jlai. Nicke! Co, 1.03 |<1.02)y.02 |<}.02  ]1.19 5L.42]2.11 [1.02 Fl.03] 1 _ i
Ductile Ni-Resist Rod 1; 2" | Anncaled at l :.00 F-T hi ar coul u‘ ) " 1.05 [1.03 [1.037 [1.05 =~ [1.38  129.12f2: 04" 3 - J
._Ductile 'Ni_Resist Rod | 142" tAnnEaled af 11350°F-1 ar furnace cogled . T1.03 "j2r. 02 [1.02 TF. 03  [1.10 64 287 Rk

i 3 As cast - Origiml size 1.2" rod- Cenceal Motors - - ] - i e
Cast Iron-Ni Resist [Rod |1,2" [ machined to 1. 2" fFed Co. <1.02 [1.03 p1.02 ]I.03 1.28 32.‘,;04‘ ] 2

"Ductile NizFesist "

‘Origimal 3vze 17277 fod-machined to 17

General Mators

Type 2 _ {Rod  |1". |rod - As cast coadition . i .Cuorp. {1.06 {1.03 [1.02 |1.03 106 39.37 I T
Sk - ] o i ' \‘-LLD METALS S ) S ] N A
“Y9-9 Weld Electrodes 5, 32" - '“ | i =4 T .
_{Chromend K) As deposited | _ Arcos Carp, .15 . Lisii. 1| 4 =
18-8 Cb Weld TElectrodes 5. 32" - i - I A e T il AR
(Stainweld ASCh) _ L | -las deposited———: T Thancoln .ET’ 1. 2.06 3,35 _12.0612.29 § 17 %;g
19-9 Cb Weld B Electrodes 5/32" stabilizea at M.W . Kellu_ i T o ) . S . =
(Long. weld) = Rod |1;2" |153%0°F . ] ) Co 1.2 o40.77 0,79 fl.91l . 13,32 27.41) 45.801.73 ¥1.92 | 20. S
19-9 Cb Weld j Elecirodes 5732 stabilized at M.W Feliony - 7 il i i T
(Ttans. weld) Rod |[l:c [1550°F o ) cq. T short ) N . J . fr.04f1.04 L .
T i ) A i - ML W Ketloye VWeid made SRR B R e S R K
. 19-9 T1 Weld Rod _{1/2" [Eléctrodes 3732 as deposited Co. i M EES 1426 11,30 |1.3b [1.34 .57 132.04}19.14f1.3% 11,38 | 2 :
~ “18:13-2 Weld_ Tk I T Weld made ) i T = 1 T
(Chromend KMo) AElectrodes 1/8" as deposited Arens Corp, at EES ; 1.05 .22 T1.02 .02 | o s
'25-12 Weld ~ ) ‘ o Weld made _ T . IR P !
(Chramend HC} . TBiectrodes 5,32 as deposited Arios Curp. at EES 1.57 2.0L LTI, 54 1.60 | 8
- Weld maade o b o ) -
25-12 Ti Weld Rod |12 {Electrodes 1, ¥6" as depos:ted at EES 1.05 J1.07 [1.07 | 1.07 1..09 30.36/4.01 |1.08 {1.G9 i 2 v
25-20 Weld ‘ 1 - Weld made ~ ‘ = N T
(Chremend HCN) ) JElectrodes 1, 8" as deposited ‘Afcas Corp. at BES . 004 <1..004 ‘ f1.00 1,00 {0 <
25-20" Weld | Rod 172" |Electrodes 5,32" stavilized at 1550°F M. W.Kellopg Co, <1.021<1,02 J<1. 02 <1.02 ’J_UZ - _;‘.;;“THjéo_‘,foiz_;l;,_p;o';f‘1;_@;: 20 o
Stainlcss 304 & WCld; " JAnncaled parent metal and 15% | Luxenc-Speed- - iFd Dits b oo == = ‘ = +- = .
b Metal=l9:9-4-308 ——Rgd— 1172 Tweld metal Co, crankcabe 1.08 {1.07 [1.09 |1.1] 1.38 155.84116.88) _ e

T Stainless 304 & Weld]”

‘Metal 19:9 + 308

Anncaled and sodrum hydr:d (lc'éc;énlx‘ng

process -

Lukens Steeél
Co.,

§1 esel
«rankcase

.08

T

23

.25

Stainless 304 & Weld
Metal 19:9 + 308

Rod

1/2"

JAnniealed plus sodxum hydrldc dcscalmv

process plus streess rclxcyxng 1500° -
3 hrs « FC

P Lukéns Stéel
L Co,

#2 Diesel
crankcase

.08

o

.27

16.95 |l

L

Frogalloy Type M -

Norfolk Naval

Weld made

'}.00 |1,00

S N A

Weld

A
H=7.0.

———— .-

Electrodes 1/4" as deposited

Shipyard

at EES
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TABLE VII
‘_Magr‘xeti-c Properties of Austenitic Manganeése Steels

NOL
Specimen

’ . 1) R ) L - © . 'NOL_.Dats - +

- — ’ ' A "1 Normal | ideal ™ ‘ B , EES:DQQA

7N N ¢ : at +24°C

H=ZO B .H;‘O: . ’ k Norn}:al/( T \
‘at +24°Clar +24°cliH. 1 Br T TG0HZ00H{Hc |

Norma! g H=0.

(1%,

)
&
v

.
a

. Material FShape] Diam Described Condition Sowpi&— T Rémarks [-40°Cr[FeatCH+ ;

Hadfreld Man. Steel o
1% €, 13% Ma)_ . _ ...} Rod

Ahnealed at 1950°F - 1.2 hr - Taylor- X
-quenched N ; v < ' 02 | <1.02 4<l.02 4.06 . )

Wharton i<l.0z2 f<1.02 '<l1.02 - b e G 0...
Boston NOL turned - .

I Hadfield Man. Steel

3 ‘ 12’ : ‘water
[RC. 3R M), . pRod 172" fwated

. As xeccwed . .

Naval ~ idown to 1™ 1 ), ‘ - ] 1 ] |
_Swmipyard rod <1.02 {<1.02 - Je¥o0z L T ]1.00]|l.00]0 ‘

" Hadfield Man: Steel

la%e, 3% M) - I®ed |1

S rcc

INOL turncd : . : iz
Boston laown 10 1 1 1 ' :

H . - — N g .
_Naval - rod max - ] ; . -

€ived = spEcimen turned 1o 0.622"
Smpyara stress |i~,200(1.02 [<1.02 <l.oz | ] +1.07./1.01:40

uuco n te nsi1on - cold redu ul 267 L ress | ) L .

ke €, 13% Ma) . C T TR
Hadfield M'{m Steel” 7 T b
i '('l‘/'a C.. 13 e Mn) L

o o " Amer. Brake |Code No. : ) ) ‘
Shue Co 51-218 1.36 (1.35 k1.36 [1.39 [|2.71  [si.22 52.0001.00(1.00 {0 Y

‘As received ) ) ] Shoe . - 1 R fl
; = o R ER - co . 3 1L 1 - —=A

Jessop 9 -

) “Fhila. Navy | Werong . ’ : 4. S A : f
I T R 1.06/1.00]0

Jessop 9 -
{.4%C, 137c Mn 3. D/c Nx 47« Cr) ‘Rod

;2" |Mach:

(4% C, 13% Mn.3.5% Ni, 42@;'{)5&5«5‘: <. _|As received . | Yard spape 1 . 1 . g L 0 10§
Jts"sog Fe T T R f.' b B T ) Fhila. Navy ) } 14 o 1 - 1k
(4% C,13% Mn 3. 7‘/- Nx 4 é:r)~' Rect |+ {Cold reduced in tension 15% ] Yard ) s X 1 1.0411.07]5

"“' o i T i T Jrusops IR R T ' M T =1

aed from 1 diam bar Steel Co. ) .02 .04 )5

<1.02 j<1.,02]| <1.02{ 1.0 <1.02 }70.31}-0.14 {1.00}1.00]0 o

Jessop #9 - - ;

Spec.

mMachined fFom 3.4  diam aftes Jeasops ‘ ! -
! Jtension Feductroroi 3.1 Steel Cu, ) 11.08 1.08 t1.09 {1.10 [1.14 1204.9/108.3}t1.1371,32(28

[ MA-Nt Steel — '
(1% C,14% M!}J .':3'/3.;Ni~)j_ o |Rod

L.04% C.13% M0, 3.5% Ni,4% Cr). ‘Rod_ |

[As received with scale Wharton

Taylor~- | 1 € ’ JaY
1. 01 1. 701 1201 1.01 1.01 _ |105.0f3.04 [1.00[1.00{0 -

- Mn<Ni Steel

(8% C,14% Mn, 4% N |Rod |

Amer, Br.‘uk;‘ : T
<)k. 004} <1.004 <1.004 1.01 <1.,004 [124.4{1.15 {1.00]1.00]0

| As received with scale Shoe Co. k. 004) <1. - 94 .

Jessop iZOO

(3% €, 1% Mn, 1%, N;) ) Rod ’

Pulled’

Tnitensvon FIE% rédud tinn an Jessops

Steel Con. <1.02 [<l.02| <1.02|<1.02 |<1.02 |26.98}0.15 [1.00(1.00 |0

Jesqop IZOO

A.3%°C, 11% Mn, 77.:N) ,jta'gd g

Jarca

Je S5G§5 i ) 1 . . . 1 :
«1.02{<1.02 {<1,02 f<1,02 l<L.02 l- {<0.02]1.00]1.000

AMachined from 5/ 8" bar Steel Co, . . b<1.02 1.02 . ) .0 <], ( 1= , ;

1 Mn=Ni Stcel

_Natural fimish (hot rolled) . . oo b S S - :l\-ﬁ-v”!"')

Crucible ASTM ) 1 AN R R e - =

289=46=T {<i.004(<i.00%[ <. 004]<1.004 {<1.004 ]2.73 {<0.02{1.00[1.000 }

(3% C, 11% Ma, 8% Ni) __  [Rod
B e B SRS L AT v A T T

2% Cr). , :‘R\oc} -

As rec

Amcr. Brake [[Code No. ‘ T ’ LA : ‘ g
Shoe Co. 512239 Tv.32 Juosr .31 J1.33 [2.29  [53.03)30.50 [1.00]1.00 0

cived

Midvale Non«mag ( 7'7C Sf !

IMn, 9% Ni, 4% Cr) Rod ¢

i
JAs rec

Midvale Heat No.
Co. S/ 9435 <1, 004[<1.,.004[<1.004 |<1. 004 1.00

ewved - cold worred

———— .~
’
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Correlation of Permeability Data

17. It is desirable from both a practical and academic standpoint to
detérmine the relationship that éxists between EES and NOIL, permeability
measurements. Examination of the data contaifed herein, indicated

that the materials could be separated into two groups. The first or
non-ferrous group is composed of the copper-base, nickel-base, and
aluminume<base alloys. The ferrous group contains the wrought and

cast austenitic stainless steels, the precipitation hardening stainléss
steels; and the austenitic manganese steels.

18. The room temperature relationship for U, 4 (NOL) vs # ,,(EES)
and M 4. (NOL) vs i ,,o {EES) are shown for the non-ferrous materials
in F_ig_u)rcs 1 and 2 of Plate 1. The normal permeability at 100 berstgds
was selected for comparison purposes because these resuits generally
exhibited a closer correlation with the NOL data.. The upper 95% con-=
fidence limits are also presented in the figures of Plate }. These
Timits are useful in 'determinihg the maximum acceptable U 100 (EES)
which will insure a ¥ o o {NOLj or a “H i4ea (NOL) of not greater than
2.0. For example, the limit in Figure 1 indicates that if KU 100 (EES).
is approxxmately 1.5. then there is only one chance in twenty that

- Y, . (NOL) will be greater than 2. 0. Consequently the value Ill“ = 1.5
becomes aa acceptancé limit . Likewise for the case llu..l {Figure

19. Figures 3 and 4 of Plate ! show similar relationships for the
ferrous alloys. As mentioned previously and as shown in Figuré 4, the
ideal permeabilities for the féerrous materials are quite variable. The
acceptance limits for M, o and M ., of the ferrous alloys are f o, S 1.6
and g, ¢ 1.08, respectively

20. Except for the monel 325 material, temperature appears to have
tittle effect on the normal permeability of the various materials. The

variability of monel 326 has bzen mentioned previously in the text.

Supplemenfarx In!ormatlon

-y

G e 2) except that in this-instance the limit is- y—.;.<~1 4. _

21. In addition to the permeability measurément. shown in Tables [ to
VII inclusive, NOL has conducted two supplementary investigations, One
investigation was to determine the effect of varyirig the amplitude of the
diminishing a-c field on the ideal pgrméabi'l’ity, and the other was to
deterrine the effect of mechanical vibration oh permeability. The
results of thése tests are presented heérein as a matter of record.

13
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-22. The results of varying the amplitude of the diminishing a-c field

- per sccond while in a 0.5 oersted field.

in Plates 3 and 4.

E.E.S. REPORT 4E(2)66994,
4P(2)66918

on five samples are shown in Platée 2. The data indicate that the ideal
permeability increases with increasing amplitude, and that some of the
alloys are completely idealized by as little as 15 oersteds, while others
are 5till incompletely idealized at 50 oersteds:;

23. In order to compare the: effects of 1deauzatxon and mechanical
_shaling on permsability at 0.5 cersied, eight sampies, which exhibited
idzal permcab;l'txcs greater than two, were vibrated mechanically along
t};.e;" axes at stresses of the order of 10, 000 psi at a rate of 23 cycles
The stresses w.fe appliéd by
means of an eleétric haminer (Master Hammer; Model 1R, Styie V-199,
Dayton, Ohic). Table VIII shows the resilts of this test. The data indi- °
cate that permeability is increased by mechanical vibration, but the
effects are small as compareéd with the effects of idealization.

TABLE VIII
‘Comparison of Effects ot idealization and Mechanical Vibratioi;frfs .
in a Magnetic Field on Permeability at H=0.5 Oersted - . . .. ‘
' Permeabuity at H=0. 50ersted.ar_; w&m
. | - M#charnicai* ‘ L
| Material _ L Normal Vibraticno j“_'"’iii‘éai** T
AlSI 320-:'Wxx"'oug_ht . L77 2.03 ] 3.10 '-
AISI 302-Cold Red. 30%. | _ 2.02_ ) - 2.05  _— | 7.76
-| —AISI 302-Cold Reduced 138 | 1.47 - 2.40 '
AISI 302-Cold Reduced "L 43 | 1.66. - 4 3.BI.- o ocp oo T
AlSI 302-Wrought 1,39 | 1.51 2:33° - |~
AISI 320-Cold Red. 28% 1. 36 1.42 2.57 )
AISY 304-Wrought 136 1.51 | 2.03
19:5 CB_- Weld Metal | 1 86 | 1.92 3,32

* At approximately 10, 060-15,000 psi and 23 cps
** From: 50 oersteds a-c pcak

JRS NS

24, lt was rccogmzed early in the program that unusual magpetic re-
quirements would pose a problein in the procurement and inspection of
shipboard components. Faced with this problém, the Bureau of Ships
expressed a desire to obtain a simple field inspection device for inspect-
ing low permeability materials and structures. Such a device, called a
permeability indic¢ator, has been developed by the Station and is shown

The Bureau has been furnished with thirty-six indi-
cators for distribution in the field-.

. —————t e e s e
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accuracy and is not entirely foolproof.
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25. The nermeabxhty indicator indicates the normal magnetic perme-

ability of low permeability rhaterials. The mdxcator is of limited
Consequently, it should not be
used as the sole basis for the rejection of matérials. The advasitage

of the indicator lies in its ability to cast suspicion on certain matgi'ial‘s
and thus enable inspectors and others to intelligently examine materials
and structures so as to determine whether or not more elabtorate labora-
tory tests are required.

- 26: The operation of the permeability indicator is based on the mutual
attracticn of a permanent bar magne for a known standard and an unknown
© mnaterial.

The indicator is furnished with three known permeability inserts
or standards, namely 1.2, 1.6, and 2.0. In use, an insert is placed in
the seat of the indicator; the magnet being attracted to the insert by a
force dépéndent upon thé inserts permeability. While holding the indi-
cator in the hand, the projecting end of the rnagnet is placed in contact
with the material bcmg tcstcd It is essential that the contact s !rr:!—acé

be clean and freéé of oxide scale. The indicator is then moved away

in a direction normal to the surface. If the test material has a perme-

ability higher than that of the insert, the magnet will break contact with
the insert as the indicator is moved away: ‘On the other hand, if the
m;w of the test material is lower, ther the magnét will break
contact with the test material as it is moved away. Thus, by inter-

[

_changing inserts, it is possikle to b?afﬁ:‘t*i:h?ﬁrmcabihty of various
materials and structures.

27. Two features of the indicator deserve special meéntion. First, the
balanced béam to which the magnet is attached permits the use of the
indicator in al} posxtions without corrections due to gravity. Second,

the hemispherical ends on the magnet provide point contact with both

the insert and test material. This eliminates to a gréat extent the affect
of ithe shape cf the rmaterials being tested.

GONQLUS’IONS

28 'l‘he' co.aclusxons are based on the data -and_ mforrnatxon,conta ed .

ﬂ!‘

d-appiy only y to feebly- magheuc materials.

'29". It is concluded 'that strong field, room temperature, nornal perme-
ability measurements can predict the weak field normal permeability ¢f
both ferrous and non-ferrous matériale. As one would expect, statistical
variations exist in the results which require the establishment of certain
acceptance limits. These limits insure acceptable weak field perme-~
abilities based on strong field measurements. '
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- Class I~ Tuose fateriais which undoubtedly will have satisfactory

E.E.S. REPORT 4E(2)66904,
4P(2)66918

30. The correlation ‘between ideal permcability . and normal permeability
appeats to be gocd fér the nonferrous materials. On the other hand,
considerable variatioi exists for the ferrous materials. It is concludegd

that the ideal permeability of non-ferrous materials can be predicted

from strong field normal permeability measurernents, but that similar
predictions for the ferrous mateérials are limited to the lower perme-
ability values. - T -
31. Available-data indicate that the precipitation hardening stainless
steels constitute a group of materials whose maghetic ‘:pxj-opcngies_ are
extremely s;e,nsitivﬁé to composition and heat trezatment. It is conciuded,
therefore, that use of these materials must be advised with -caution in.
order to remain within the prescribed permeability limits.

32. Ii general, the conclusxons reached in re!crence (a) rémain valid.
Any corrections or additions have been mcorporated in the recominéenda-
tions.

DISGUSS;I,'ON

33. The metallurgical features aﬁectmg the magnctxc ,propcrtxes of

thevarious materials have been discussed in reférence (a). A discussion

a~ba

of the reenlts Pron.nf.ﬂ herein have heen incorporated in a;;:cr“-‘c

sections of the text. It appears that most of the future work, both at
this Station and NOL, will be directed toward the investigation of newly
developed materials and the testing of questionable materials submitted
by inspectors in the field.

RECOMMENDATIONS

34. The following recommendations concerning materials to be used
in the construction program aré based on the information présented in
referénce (a), this report, and in the literatute. For simplification
the materials have been divided into six categories:

o,
Y o N

normal permeability, ideal permeability, and coercive fo’rce,-especially
at room temperature and higher.

{a) All as-cast, annealed, or cold worked brasses, bronzes, cupro-=
nickel and other copper-base alioys containing less than 0.20% iron.

(b) All fully annealed brasses, bronzes, cupronickel, and other -
copper -base alloys containing iron in excess of 0.20% but less than $%.

ré
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'followmg types: 302, 303, 304, 316, 321, and 347.
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£c) Nickel-base alloys of the following types: "K' monel, "5

monel and incomnel. - - _

(;d), Unannealed 25 Cr - 20 Ni austenitic stainless steel in the form
of castings; weld raetai or wrought material.

ing types 301 302 303 304 305 308, 309. 310, 316, 321 347

(£} Fully annealed austenitic manganese-nickel steels similar to
Jéssop No. 9, Jessop No. 200, Taylor Wharton Mn-Ni, Arnerican Brake
Shoe Mrni-Ni, Crucible Mn-Ni and Midvale Non-Magnetic.

Class Il - Those materials wiiose normal and ideal ';‘ié'rm,eafi)i'ii‘tiés are
less than 2 but which may exhibit coercive forces g{' varying magnitude.

{a) All brasses and bronzes containing 6% or less of iron whether
as-cast, hot rolled, cold rolled, or ahnealed.

(b) All cupronickel alloys containing 0.60% or less 1ron in the as
cast, hot rolled, cold rolled, or hardened condition:—

(c) Austenitic cast ir’ons 'sdch as N'i* - resist Type 2.

— _— - - B e

. oo

—(dy Commercial “anncaled, pxckled and strax;,htened or cold formed
or gng_nﬂ__ng;xed but scale free hot worked wreught austenitic stamless
steels Types 305 and 310. '

(f) Fully annealed, "‘skin free' plain Hadf:eld and mangariese-
chromium austenitic stzels.

Class III - Those materials wheose normal permeability is less than 2
but whose ideal permeability may be greater or less than 2 and may
also exhibit coercive forces of varying magnitude.

(a) Commercial annealed, pickled, and straightened; o6r unannealed
but scale free ‘hot_worked wrouaht, angtenitis stainléss sieeis of the

PGSBS 8

Ciass IV - Those materials whose normal and/or ideal permeability |
because of composition range or treatment, may be greater or less.
than 2 and may also exhibit coercive forces of varying magnitude.

(a) Unannealed cupronickel alloys containing more than 0.60% iron.

— m - e —— X
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(b) Austenitic stainless steel castings conforming to Classes I,
II, and III of Specification MIL-5-867 (Ships).

(c) Austenitic stainless steel weld mietal of the 19-9 and 25-12 types.

(d) Celd worked wrought austenitic 'stainless steels of the following
types: 301, 302, 303, 304, 308, 309, 314, 321 and 347.

(e) As-cast or cold worked Plain Hadfield manganese steels.

(£) Ascast and/or heat treated with "skin' intact austenitic
manganese steels. - B

¥

Class V - Those recently developed materials which appear to have 31
satisfactory normal pcr’ne.muty. ideal permeability, and coercive l
force; but because of composition, tréatment, or insufficient number U
of commercial héats require additional study or tests, ||
!

(a) Nickel-base alloy monel 326. 7 | : K

(b) Precipitation hardemng stainless steels similar to Rezistal - !
3311, Armco 2]1-4 Mn-S, Arimco 214 Mn-S-N, and Armco Special
Cr-Ni -P. i

~{b) BuShips Itr JJ46-1(19)(343) Serial 343 505 dtd 10 Oct 1950

Q‘léég V1 - Those materials which show unacceptable magnetic properties
in the conditicn in which they rnust be used.

' |
- (2) Monel and "R" monel. |

(b) Precipitation bardening stainless steels similar to and including

17-4 PH, 17-7 PH, AISI 322, and AilSI 329. ‘

BEFEREN CES )

P

(a) EES Report 4E(1)66904, 4P(1j66918 dtd 6. April 1951 . . _ . -

(¢) "a Precipitation Hardening Stainle- teel of the 18% Chromium, 8%
Nickel Typ-," by R, Smith, E. H. . yche, and W. W, Gorr, Trans -

Am. Inst, Min. and Met Engrs -» Iron and Steel Division, Vol 137 '
1946, ﬂp”B-345 ) ‘
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