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ABSTRACT

Steels of the HT grade of Specification 4885 are
used for ship construction in the as-rolled condition
and as such possess relatively low resistence to im-
pact at low temperatures (high transitiou temperature).
In an effort to improve their tensile ana notch tough-
ness characteristics steels of this analysis were
cguenched anc tempered and tne resulbs of tensile and
notched bar bests show that yield strengtiis of 70,000
p.s.i. are obteinable in most of the steels at tempering
temperatures in the vicinity of 1000°F and that the
transition temperature is lowered about 70°C (15&°F)
at this yielc strength level. Nick-bena weldability
tests on the heat treated material show an improvement
in fracture characteristics over the as-rolled steel
but a slight loss in the ductility as measured oy the
angle at maximum load.
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Introduction

1., The investigation of the properties of quenched and tempered
hi-tensile steel was authorized by BuShips letter JJ46-1-(25)(334)
of 9 November 1945,

Statement of Problem

2. Steel of the HT grade of Specification 48S5 is used in the
construction of ships in the as-rolled, or "as-received" condition.
An interest in obtaining higher levels of yield strengths and im-
proved notch toughness characteristics without sacrifice in weld-
ability prompted the investigation of the uenchec and tempered
properties of this particular grade of Navy steel.

Knovn Facts and Theoretical Considerations

Se It is generally known that heat treatment (cuenching and
tempering) will im rove the mechanical properties of steels and
that tempering at high tempering temperatures results in low-
temperature toughness (low transition temperature). However,
quantitative data on steels of the HT analysis are lzcking,

Narrative of Qriginal .ork Done at this Laboratory

k. Eleven steels of varying thicknesses were selected to cover
composition ranges above, below and within the specification limits

of the HT type steel. Their chemical analyses are shown in Table 1.

These steels were guenched and tempered to four hardness levels
produced by tempering two hours at 600, 8C0, 1000 ana 1200°F.  The
mechanical properties, low-temperature impact, anc welded pro-
perties were determinec.

Methods

5a For all tests except those on weldability plates measuring
6" x 8" were .uenched from 1650°F. in a jig to ensure constant
quench conditions throughout the investigation. This jig is shown
in Plate 1. The water enters the bottom and then passes through
two displaced screens in order to ensure lamellar ilowi over the
entire depth of the jig. The water flow is measured by a mano-
meter attached to a pitot tube at the water inlet,
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6. A distance ecual to the plate thickness was sawed off the
four edges of the plates after heat treatment and before sawing
out the tensile specimen blanks. This was done to eliminate
nedge effect". Inaividual blanks from each steel were then

tempered two hours at 600, 800, 1000 and 1200°F. and water-cuenched

from these tempering temperatures.

7 The transverse tensile properties were obtained by using
the strip-type tensile specimen shown in Plate 2 since a conven-
tional .505" diameter round specimen machined from the center of

a cuenched and tempered plate would not include the hardened areas
of the plate. The strip-type specimen was chosen because it in-
cludes the entire thickness of the heat treated plate. Yield
strengths were obtained at 0.2 percent offset.

8. The impact stuaies were made using the Charpy V-notch type
specimen cut longitudi ally to the direction of rolling. The
notches were macihin:d perpendicular to the plate surfaces, Pre-
liminary studies o. the effect of notch location (Plate 3) showed
that this type of notch location produced the most reproducible
impact strengths ana frecture types.

O The notches of re;resentative specimens froi each steel
were examined at 50% anc compared with a template o. the notch.

It was founa thet notch radii varied only slightly and in no cases
were notch contours sufficiently disturbed to warrant rejection of
the specimen.

0 Transition temperature curves were obtained for the steels
in the "as-received" and in the quenched and tempered conditions,
Four tempering temperatures, 600, 800, 1000 and 1200°F. were used
and the tempering treatment was followed by a water cuench. About
thirty impact specimens were broken for each curve, duplicate
specimens being broken at each testing temperature. At tempera-
tures where a spread in impact values was noticed, five or six
specimens were broken. The averages of the readings were pletted
on the curves. The deviation from the average for all specimens
in all series broken in the brittle range near the "knee" of the
transition curve was + 8 percent and increased to # 16 percent

at temperatures midway between the high and low energy levels.

il The specimens broken at temperaturesabove room temperature
were heated in bsths of hot water or hot oil. Temperatures below
room temperature were obtained using either alcohol and dary ice

or isopentane and liquic air. All specimens were held within 20,
of the testing temperature for a minimum of 5 minutes and then at
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the testing temperaturc for a minimum of 3 minutes before quickly
removing them from the bath to the Amsler impact testing machine
for breaking. The estimeted time for transfer from the bath to
the moment of impact was 6 seconds.

12. Charpy specimens from each of the steels were treated to
determine their susceptibility to temper brittleness. Samples of
four of the heat trested steels were air-cooled after tempering

2 hours at S800°F. The temperature range of tihe onset of brittle-
ness was obtained. For tie remaining steels samples which had
been originally water _uenched from the tempering temperature of
1000°F. were reheated to 1000°F and allowed to furnace cool, All
the specimens in this group were broken at 0°C. anc their energy
levels ana fracture characteristics coupared with the original
series broken at the same temperature. -

13. For evaluatin; weldability plates meessuring &' x 12" were
water-guenched fro. 1650°F. in a commerciel quenching tank and
then tempered at 12U0CF. for two hours followed by a water quench,
These plates were then subjected to the standard NREL Nick-Bend
Test procedure (1). Airco 78E welding rods, 3/16", in diameter,
were used at 175 amceres, 263 volts, reverse polarity and 6"
travel per minute, The wela bead was deposited transverse to

the direction of rolling. Duplicate specimens of welcded and un-
welded plates in both the as-received and heat treated condition
were broken. Loaa~deflection curves weie recorded for each speci-
men and compared with the series of stanaards shown on Flate 4.

Data thained and Discussiog

14. The tensile pro_ erties ana representative photomicrographs
(the latter taken near the surface of the plates) of the eleven
steels are shown in Plates 5 through 15, It is evident that those
steels having an analysis above and close to the maximum in the
present 4855 Specification will give yield strengths above 70,000
p.s.i, after cuenching and tempering at temperatures up to 1000°F,
Two exceptions to this are steels No, 396 and No, 527 whose yield
points fall below 70,000 p.s.i. at tempering temperatures of 1000
and 800°F,, respectively, It is believed that these steels did
not respond properly to the heat treatment even though their
chemical analyses are such that good response is inaicated. Those
steels below the specification did not respend to heat treatment
and will require a more drastic quench than given them in this
investigetion,

15, Six of the steels, namely 492, 577, 394, 396, 494 and 333
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exhibit anamalous yield strength behavior as affected by tempering
temperature. The yield strengths for these steels appear to be
lower at the lower tempering temperatures than would normally be
expected. Another series of bars was pulled to check this behavior
and produced the same results.

16. The notchec bar impact test results are given in Plates 17
through 28. An sttempt was made to isolate the temperature of the
onset of brittleness to a temperature range of about 10°c. Accord-
ingly each curve is presented with two letters, D and B. These
letters represent, respectively, the temperature o. the last ap-
pearance of a completely ductile fracture ant the temperature of
the first appearance of a partially brittle fracture. The improve-
ment in transition temperature as a result of cuenching and temper-
ing at 1000 or 12009F. amounts to an average lovering of about
709C. (158°F.). An attemrt to correlate chemical analysis, hard-
ness, tensile strength and other variables witih transition tempera-
ture failed. This was ascribed to such unknown factors as process
variables, age and strain hardening rates, variations in harden-
ability, etc. Table 3 gives a compilation of the data showing the
change in the temperature of the onset of brittleness. This is
given by a range of temperatures, the first temperature being the
temperature of the last completely ductile fracture, the second
being the first appearance of a partially brittle fracture. The
next column gives the cverage of this range ana the last column the
temperature at which an impact value of 15 foot-pounds is attained.

18. The results of the temper brittleness series (Table 4) show
that only one of the eleven steels, No. 577, is temper brittle.
This is evident from the upward shift of about 21°C. (7C°F) in
transition temperature for the air-coolea specimens compared with
the specimens water-quenched from the tempering temperature. The
remaining steels show no embrittlement due to furnace or air-
cooling after the draw. However, the tempering temperature of
800°F which was used on four of the steels may have been too low
to indicate any susceptibility to temper brittleness.,

19, The results of the Nick-Bend tests are given in Table 2.
In the unwelded condition tiie bend characteristics of the heat
treated plate specimens generaliy show higher maximum loads than
the as-received specimens. The angle at maximum loac is slightly
reduced, however, indicating a slight loss in ductility. The
failure types are in some cases improved by heat treatment.

20. The as-receivea plates after welding show serious losses
in duetility and changes in failure types. If the angle, at-maximum

'-’ai‘_'ﬂ
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load is used .s the criterion for evaluating weldability, the
quenched and tempered material is slightly inferior to the as-
received material., However, the failure type must also be con-
sidered in this evaluation. Heat treatment of the material has
obviously lowered the temperature oi transition from ductile to
brittle failure and, therefore, guards against the occurrence
of a brittle failure as influenced by other features such as
notch conditions, geometry of the structure, increased strain
rates and a decrease in the temperature at which the structure
is used.

Conclusions and Recommendations

22. Quenching and tempering of steels of an analysis covered
by Specification 4835, HT grade, improves the yield and tensile
strengths. A yield of 70,000 p.s.i. is obtainable in most of

the steels when tempering temperatures as high as 1000°F. are
used. The transition temperature is lowered about 70°C. (158°F)
when tempering temperature of 1000 or 1200°F are used, Certain
welded properties of the heat treated plates are slightly inferior
to those of the welded as-received plates, but the heat treated

plates exhibit improved failure types and fracture characteristics.

23, It is recommended that additiens of ather alloying ele-
ments in small percentages, such as nickel or molybdenum, be
added to the basic 4855 composition for the purpose of improving
the hardenability to facilitate "through hardening" and better
uniformity of structure throughout the plate thickness. It is
felt that this will ensure maximum physical properties in the

plates.
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Chemical Analyses

Steel Nominal

No. Thickness -

In, C Mn 31 S Cr Ni Mo Cu v Tis  Al¢
591, = 0edb 1.2} 0332 07028 ;04 0,09 0,16 0.02 0?15 0,04 0,014 0,005
L92 11 016 1,28 0?30 0020 0,020 0.08 0,08 0,02 0,10 0,005 0.015 0,02
601 1 0.15 0,88 0,19 0,028 0,038 0.08 0,20 0,015 0,07 OfQ28 0,012 0,01
S5t 3 _.0-17 099 0,22 0,017 0,015 0.04 0,10 0,02 0,13 0,03 0,005 0,01
394 1-1/8 0,17 1,30 0,23 0,031 0.023 0,21 0,03 0.005 0.0L 0,005 0.028 0,023
396 1 0.16 1.37 0.2k 0,020 0.027 0-19 0.07 0,005 0.015 0,005 0.03 0.023
527 1 0:.17 5,30 0,22 0:016 0.026 0.05 0,03 0.01 0,02 0.005 0,05 0,01
531 I 0,17 1.52 0,36 0,028 0.026 0,08 0,07 0,01 0,15 0.005 0,02 0,019
Ih9h 7/8 Qe22 1.57 0428 0,024 C.02 0,20 0.21 0,01 0.20 0,005 0,017 0.01
20k 1 O,k 1.20 0,24 0,023 0.033 0,03 0,05 0,01 0.02 0.005 0,02 0,01
333 1 018 1.12 0,17 0,017 0.025 0.04 0,12 0.02 04,22 0,005 0,005 0.015

#* Total Ti

Aecid Soluble Al
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Table 2

NicksBend Test Results

Steel ' Specimen ! Maximum ! Angle at ' Failure !
No, ! Condition ! Ioad=-lbs, ' Max, Load ' Type '  Remarks
! e ! Degree ! !
s Recld — Plate T 27,250 1 71 e
'As Rec?d — Plate ! 26,400 ' 63.5 ' AL ¢
1As Rec'd - Yelded ' 22,975 ! 2L ' C2 'Brittle Fracture
TAs Rec'd - Jjelded ' 21,750 ! 18 ’ C2 !!'Brittle Fracture
594  VHT* - Plate 1 29,600 ! 55 ! Al !
1HT* - Plate ¥ 30:125 ¢ N T
'HT* - Welded 1 360 Y 2 b |, 3
THT% — Telded ' 25,050 ' 19 e
1 1 ' 1 1
S 1 : [ [ 1
1As Rec'd - Plate ' 28;050 ' 66 g |Gk, S
'4S Rec'd - Plate ' 27,900 ! 66 ! Al !
1AS Rec'd — Welded ! 26,725 ' L3 i B 1
L92  1As Rec'd - Welded ! 26,200 ' 38 v e @
1HT - Plate B v Bls o |
'HT - Plate ' 29,550 6lie5 ! Al !
THT ~ ijelded t 7950 t | Hl R B
1 1 1 1 1
ar - T 1 g [ 1
'As Rec'd — Plate ' 27,L60 ! 59 ! B2 IBrittle Fracture
1AS Rec'!d - Plate ! 27,500 ! 63 5 Bl :
'A8 Rec'd - Welded ' 24,700 ! 37 ! B2 !Borderline (2
! ! ' ' t 1 Failure
601 'As Rec'd - Welded ' 23,750 7 30 ! R2 ! n n
'HT - Plate ' 30,250 ! 615 t Al 1
'HT ~ Plate ' 30,200 ? 6545 ! Al !
'HT - Welded 1 25,350 ' 3L r a3
'HT - Velded t 25,050 ' 35 G g [ 0
1 1 < ! 1
'AS Rec!d - Plate ' 16,800 ' 66 A i ' i
'As Rec'd - Plate 1 17,550 t 68,5 ' AL !
1ASs Rec'd -~ Welded ' 17,125 ! L6e5 ! B2 !Brittle Fracture
14S Rec!d ~ Welded ' 17,600 ! Llie5 L B2 !'Brittle Fracture
5T 'HT - Plate 18,860 ' 59 ! A1 1
THT - Plate t 185890 ¢ 58 & L'ag
'HT - ljelded t 17,450 ! 26.5 ! Al !
'HT - Welded t 18,250 ! Blie B ! Al 1
1 1 1

1

1

#HT = Heat Treated: 1650°F - 1 hr. per inch - WRQ
1200°F = 2 hrs - TQ

sl

SYTINN
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Table 2 (Contt'd,)

Steel 1 Specimen ' Maximum ' Angle at ' Failure !

Noe, ' Condition ! Load-Lbs, ! Max, Load ! Type ¢ Remarks
! 4 ! Degree ! !
TAs Rec'd - Plate V21,975 T 60 t Bl 1
'As Rec'd - Plate t 22,250 1 63.5 ! Al !
'As Rec!'d -~ Welded t 19;350 - ' B2 !

394 'As Rec'd - Welded ' 17,425 t 12 Y &2 1
'HT - Plate Y. 22,425 o5 T A !
t*HT - Plate T 22,575 ¥ 125 v AL t
*HT -~ Welded ' 19,600 t 316 T Al '
THT ~ Welded ' 20,600 U L i 1
3 1 [ T 1
'As Rec!d - Plate '+ 205725 t 88 T | Bl !
'As Rec'd - Plate ' 20,775 1 85 ARE !
*As Rec'd ~ Welded * 185000 L ¥ B 'Brittle Fracture

396 Yis Rec'd - Welded ' 18,360 Ll 3aS LA ) Ductile Fracture
'HT -~ Plate r 19,710 r. 57 1 A !
'HT - Plate 1 19,430 T B85 ¥ AL !
THT - ijelded ! 2035175 ! 26,5 ! A2 !
'HT - Welded 39,450 ! 26 3 A> !
! 1 2 ] 1 1
'4s Rec'd - Plate !t 16,650 t a7 ¥ AL !
145 Rec'd - Plate t 16,750 b 68,5 YAl !
'As Rec'd - Welded ' 16,000 t  40.5 t Al 'Borderline A2
! ! : ! L] ! Failure
'As Rec!'d - Welded ' 15;525 1 35 t a1 L "

527 'HT - Plate 1 183910 ! 58 1 A !
'HT - Plate t 18,510 £ 57 AL L
'HT ~ Welded 1 163450 gl =5 1 & !
'HT - Welded t . 19,000 bk e 2 3 -

e s i e ags i BT " 0 ' y _—_ . 3

1is Rectd - Plate t -~ 17;000 ' &7,5 b, | &3, 5
'As Ree'd - Plate ! 15;550 1 G745 e !
'As Rec'd ~ Welded ' 14,750 P 235 A !
TAis Rec'd - Welded ! 13,750 ! 16.5 t A2 !

531 'HT ~ Plate v 19,460 A t Al
'HT - Plate t 19,440 t 58 1 Al !
'HT - Telded Y 153000 AL 1 r A2 t
VHT - Welded t ' 13,5 v 42 !

-
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Table 2 (Cont!d.)

Steel ! Specimen ' Maximum ' Angle at ' Failure !

Noa ! Condition ! Load-Ibs, ' Max. Load ' Type ! Remarks
1 1 ! Degree 1 1
! 1 - 1 1 1
14is Rec'd = Plate I ! 62 T B2 tBrittle Fracture
14s Rec'd - Plate ' 153475 62 nE AL 1
148 Recld - Welded 1! 135750 1 14 R 52 1Brittle Fracture

L9k '4s Rec'd - Jelded ' 13,050 ¢+ 21 Sl 'Brittle Fracture
'HT - Plate 1 15:550 ¥ 52.5 ! Al !
IHT - Plate ! 155700 ! 52 LAk !
'HT - Welded 1 '13,300 S ! Al !
THT - Telded r 12,5600 1 9 r Al :
1 1 1 t 1
¥ | . 1 1 1
4is Rec'd - Plate ' 153550 1 675 L :
14s Rec'd - Phate ' 153450 167 T LAL !
'4is Rec'd - Welded '  16;000 I A2 ! B2 !

504 '.is Rec'd — Welded ! 65,125 ! L3 B2 L
'HT - Plate 177150 1 68 vOAL !
'HT - Plate v 17;100 \ 58 v Al %
'HT - Welded v 153575 i 35 Al !
tHT — Welded ! 15,000 LA ! Al i
t 1 1 1 1
1 1 - 1 1 1
145 Rec'd - Plate ' 163175 ; The5 T & !
'is Rec'd - Plate !t 17;000 Y 96 Al !
'4s Rec'd - Welded ' 14,850 T 37 ¥ Bl 'Borderline Cl
! ! ! ! 'Failure,Brittle
! ! ? ! ! 'Fracture

333 '4s Rec'd - Welded ' 15,100 t 38 r B 2 S i
'HT - Plate ¥ R0 r 52,5 oAl !
'HT -~ Plate 17,840 ! LI E |5 !
'HT - Welded t 16,700 L P L b
¢HT - Welded t 15,600 ¥ 25 LA § !
1 1 ! 1 11
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Table 3

Transition Temperature Data

Steel Quenched Temperature Range of Average Temperature at
Noe 16500F Onset of Brittleness ' 15 ft.-1b, Level
Tempered o¢ 20 OF 0 i
594 As Rectd 65 to 53 59 138 10 50
594 600°F 39 to 29 34 93 =55 =67
594 800°F 0 to=10 -5 23 ~70 -9l
594 1000°F ~20 t0~29 2 -1l -65 -85
594 1200°F ~10 to=19 S 7 ~60 =76
L92 AS Rec'd 55 to 45 50 122 21 =
492 600°F 28 to 18 23 73 -38 -36
L92 800°F 11 to 5 7 L5 60 ~76
4,92 1000°F ~15 to=-25 20 =4 -88 =126
L92 1200°F 22 t0-30 -26 =15 72 -97
601 A4S Rec!d L7 to 36 L1 106 9 L8
601 600°F 22 to 10 15 61 -50 -58
601 800°F 15to 0 7 L5 -57 71
601 1000CF 25 to 10 17 63 ~65 -85
601 1200°F 10 to O 5 L1 -8 -5l
577 48 Rectd L2 to 34 38 100 =15 -L,9
527 600°F 0 to=10 -5 23 ~72 <97
577 80COF =10 to=22 =15 5 =75 =103
577 100COF ~30 to=-40 =35 =31 -80 -112
577 1200°F =15 to=-20 -17 2 ~88 =126
394 As Rect'd 70 to 62 66 151 5 L1
391, 600°F 80 to 70 75 167 =3 27
391, 800°F 1 to 9 32 54 =3k -29
394 1000°F -11 to=16 -13 9 =57 ~71
394 1200°F - 9 to-16 -12 10 -55 67
396 A4S Rec'd 71 to 6L 67 153 ~12 10
396 600°F 36 to 27 31 a8 -27 -17
396 800°F 19 to 9 ¥ 57 L7 =53
396 1000°F 0 to=-10 -5 23 =51 -60
396 12000F 0 to=ll -7 19 =57 ~71

AITIICSHINNN



Table 3 (Cont'de)

N335 J3LCcYINAN
= 3 1 39> I

Steel Quenched Temperature Range of Average Temperature at
Noe 1650°F Onset of Brittleness ! 15 fte.-lb, Level
Tempered og 98 OF 9¢ OF
. ‘
527 As Rec'd 50 to LL AT 237 =20 =L
527 600CF 70 to 59 6L 147 -9 16
527 800°F 55 to L5 50 122 30 =22
527 1000°F 25 to 15 20 68 -57 =71
527 1200°F 9 to =2 3 3 =55 =67
531 AS Recld 2L to 10 16 61 -39 =38
531 600°F 80 to 66 73 163 -3 27
531 800°F 10to O 5 41 &0 <40
531 1000°F =22 to-35 -28 -18 ~7l, =101
531 1200°F =32 to=h2 =37 =35 -90 <130
L9l A4S Rectd 80 to 71 66 151 =% 5
L9l 800°F 25 to 16 20 68 =51, =65
L9L 100C°F ~20 to=30 -25 =13 ~75 <103
L9 1200°F =31 to=-42 =36 =33 -89 -128
50l 4s Recld 55 to 46 50 122 -29 =22
504 600°F 9 to O L 2 ~66 =87
500 8000F 0 to-11 -5 23 ~76 <105
50k 1000°F 11 t0=20 ~16 g 76 =105
50 1200°F -15 to-25 =20 =l -90 =160
333 As Recld 53 to 47 50 22 3 3
333 600°F 68 to 57 62 14 =35 =31
333 800°F 51 to 42 L6 115 =15 5
333 1000 F 23 to 13 18 6l -22 =8
933 1200°F 29 to 26 32 90 ~38 =36

o



Table L

Temper Brittleness Data

Heat Treatment

1650°F ~— WQ

10009F —~= 2 hrs.—WQ

1000°F —- FC

Heat. Treatment

1650°F — TR
800°F -~ 2 hrs—AiC

Tempe Range Energy

1
1
T
1
1
1
Steel Impact Fracture Test ! Steel of Onset of Level
Number Ftoe=Lbs* Temps®C ! Number Brittleness . Ft=Lbs
! C
!
492 105 Ductile 0 v 59k -18 to =22 73
]
504 G Ductile 0 L 14 -te 6 109
1
Sk 66 Ductile 0 E 5% 6 to = L 5
1
394 69 Ductile 0 E 333 24 to 14 s
1
L9 95 Ductile 0 !
1
527 S Ductile 28 1
1
396 102 Ductile 0 !
1
1

s
¥

Average of three specimens

A3 SSYTINA



PLATE SPECIMEN
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WATER
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TENSILE TEST SPEGIMEN 5114
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NOTE. DISTANGE "X" = PLATE THICKNESS

M-3040 PLATE 2
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TYPES OF NICK BEND FAILURES

SUB TYPICAL
PElTvPE DESGRIPTION STRESS STRAIN GURVES

PROGRESSIVE FAILURE UNTIL LOAD
DROPS TO LESS THAN 50%.

i GRADUAL DECREASE IN LOAD AS
ANGLE 1S INGREASED.

2 RAPID PROGRESSIVE FAILURE.
LOAD DROPS AT LEAST 50% BE-
FORE ANGLE MAS INCREASED 10°
BEYOND MAXIMUM LOAD.

,uu,lcn"‘hnd’

PROGRESSIVE FAILURE FOLLOWED
B8Y INSTANTANEOUS® FAILURE BEFORE
LOAD DROPS 50%.

| INSTANTANEOUS® FAILURE GAUSES
LOAD TO DROP TO NO LESS THAN |
500 POUNDS. k]

/—B |
2 | INSTANTANEOUS® FAILURE CAUSES \

LOAD TO DROP TO LESS THAN D =
500 POUNDS. Angle of Bend

INSTANTANEOUS ° FAILURE AT MAX-
IMUM LOAD. LOAD DROPS AT LEAST

10 %.

i INSTANTANEOUS® FAILURE CAUSES
LOAD TO DROP TO NO LESS THAN
500 POUNDS.

toad

/—CI

2 INSTANTANEOUS® FAILURE CAUSES c
LOAD TO DROP TO LESS THAN L2

500 POUNDS. Argle of Bend

* APPRECIABLE DROP IN LOAD WITH NEGLIGIBLE INCREASE IN ANGLE(USUALLY AUDIBLE)

M-3040 PLATE 4
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