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SUBJECT:

» allure analysis of two split roll pins from Omaha Public Power District

INTRODUCTION:

On July 23, 1991, three roll piny (one broken into several pieces, one cracked, the third in an as-received pin)
were received at the Union Pacific Research and Developmeat Laboraiory for failure analysis. A request was
made for determination of failure mode, as well as ascertaining whether the failure of the pins was incurred due
to environment and or use, or whether the failure was due to manufacture.

MATERIALS SUBMITTED:

anos

Three 1/4-inch outsioe diameter, three-inch long split roll pins

Two pages of hand-written ootes from Mr. Dr, Bob Lisowy).

Two assembly prints, identificd as: A-5617 20d AC-1096A respectively.

A copy of the ANSI standard pertaining to taper, straight, grooved, and spring pins (number of standard
illegible).

¢. A hand-written note, on stationary printed for Donald G. Flegle, dated 7/18/91, stating that the machinist
who installed and removed the roll pins used no lubricant.

All of the aforementioned materials are shown in Appendix 1.

CONCLUSIONS:

1.

Having assessed the various mechanisms which cause embritilement ir sieels, temper
embrittlement is the cause for failure of the split roll pins submitted.

The approximate double-shear strength of the pin shows that the pin wouid fail under » load
of 6,916 pounds. The reported design strength of the pia is 7,700 pounds. The pins appear (o
be correctly hardened and are of the proper cross-sectional area for the reported mechanical
properties.

Since subsurface cracking was found in all of the pins, and all of the cracks emanate from lines
of inclusions, the pins had failed prior to installation, and not due 10 the operating conditions.

Due to the segregation found in the micro-structures, and the tempered martensitic micro-
structure; the failure of the pins is attributed to cither heat-treatment, or the manufacture of
the steel itselfl during solidfication of the ingot. By reducing the amount of banding, and
carefully controlling heat-treatment processes, this type of embrittlement will not occur
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when heat treated. The bardness level of all of the pins was relatively uniform. Listed below in Table 1 are the
hardness values as measured wath the converted Rockwell *C hardnesses (HR¢), Listed in parenthesis

Table 1 Micro-hardness Knoop scale and HR¢

Pin 1 Pin 2 Pin 3

513 (48) 525 (49) 545 (50)

From the hardoess devel it is apparent that the steei is in a heat-treated condition. In order 1o determine the
characteristics of the micro-structure(s) and the cause for failure, it was necessary to rely on microscopical
analysis.

The fracture surface from Pin #2 as observed in the SEM s shown in Photograph 1. The “rock-candy” type
appearance is a characteristic of intergranular failure. For carbon steels to [:i?'w such a manner some type of
embrittlement phenomenon must be present. In geoeral, there are five common mechanisms which cause
intergranular failure in steels The first is stiess corrosion eracking (SCC). Three specific characteristics must
be present for SCC 1o oceur. The first is an applied tensile stress, secondly, a susceptible material, and thirdly,
a corrosive eovironment. After extensive discussions with Mr. Chuck Bloyd <« O.P.P.D on August 2, 1991, 1t
appeared that the eovironment under which the pin operated was relatively free of corrosive agents. Based on
this inforunation SCC was rejected as the cause for failure.

failure is caused by the internal stresses which are present during rapid cooling of the steel during heat-treatment
During cooling of the structure some areas cool more quickly than others which causes uneven distortion of the
part and cracks form przferent.ally at the grain boundaries of the material due to thewr lower strength during
cooling. As alluded 10, quencn cracks are generally found in large components with relatively large changes in
section. Clearly, the split pins do not conform to such a geometric condition; therefore, quench cracking was
also discounted as the failure mechanism.

In certain conditions the addition of certain lubricants and anti-seize materials which contain metals can embrittle
steels, known as liquid metal embrittlemert. Liquid metal embrittiement requires a liquid phase to be present
during the normal operation of a component. According 1o the information provided (and as evdenced by (he
material the pins are manufactured from) there is no possibility of liquid metal embrittlement bewng the cause
for failure.

Hydrogen embrittlement is a relatively common cause for intergranular failure. Generally, if mono-atomic
hydrogen can enter the micro-structure of heat-treated sicel, the embrittlement mechanism will occur. In order
to iemove the hydrogen, it is only necessary to beat the part for a given amount of time. Since the pins were
reported 1o have been in service for approximately 50 to 100 cycles at temperatures reaching 140°F, hydrogen
embrittlement is not a likely source for failure,

The fifth method for embrittlement is referred to as temper embrittlement. Io general, reference is made to
cither one-step or two-step embrittiement. One-step embrittiement, commonly referred to as 350°C
embrittlement is found in high-strength low-alloy steels which have quenched and tempered mariensilic
microstructures. In general the steel must be tempered for shurter periods of time (approximately one-hour)
and below 400°C A feature of one-step embrittled steels is intergranular failure along prior sustenitic grain
boundaries. The presence of phosphorous, nitrogen, possibly sulfur, and manganese can all influence
embrittlement. Two-step embritilement occurs i some tempered alloy steels that are isothermally aged between
375°C and S560°C, or are slowly cooled after tempering. The presence of tin, antimony, or phosphorous (in order
of seasitivity) is necessary for embrittlement to occur [4]. The cotical emission spectrometer used (o determine
the chemical analysis on the pins is not capable of detecting tin and arsenic in its current configuration
Manganese is known (o act as an embrittlement *enhancer®, and as can be noted from the chemistry shown in

' Another relatively common cause of intergranular failure in heat treated steels is quench cracking. This type ol
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‘B"’ Designation: A 682 - 80

Standard Specification for

Steel, Strip, High-Carbon, Cold-Rolled, Sp.ing Qualty, General

Requirements For'

This sandarg # waued vnder i liaed desgration & &8
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Thit stondard has hown gpreoneg B wne b gpencies o ihe Depor mpn
Mondardts fv the apeciflc et of iiawe which Aat hown adlopend M

1. Scope

1.1 This specification covers the general requirements for
cold-rolled carbon spring steel sinp 10 coils of cul lengths
Stnp s classified by size as & product that 18 0 2499 in or less
i thickness and over 3 10 23 Vie in. in width inclusive

1.2 The maximum of the sixcified carbon range 18 over
025 % 10 135 %, inclusive

1.3 The anove shall apply 1o the cold-rolled carbon spring
steel stnp furnished under each of the following specifica
uons issued oy ASTM

ASTM
Title of Specificanion [Desgnhation
Seenl Corton Sinp Cold Rolled Marg L niempered A LR
Sering Qualiny
Sl Corton Sinp Coid Rolied Sof Uiniempered A bR
Senveg Qualiny

NOTE A compieie meine companion 10 Specilcauon A 687 has
been developed « Specification A 8EXM  therefore no metnc equiva
enis are presented on this specificauon

1 Referenced Documents

2.1 ASTM Siandards
A 370 Test Methods and Definiuions for
Testing of Stee! Products’

A 700 Pracuces for Packapng Marking. and Loading
Methods for Steel Producys for Domestic Shipment’
AT51 Test Methods, Pracuces and Terminology for

Chemical Analys  of Sieel Producis’
E 3 Methods of Preparation of Metallographic Specimens*
E 44 Definitions of Terms Relaung to Heat Treatment of
Metals'
E 112 Test Methods for Determining Average Grain Size*
E 527 Practice for Numbenng Meiwals and Alloys (UNSY
2.2 Federal Standards
Fed. S1d. No. 123 Marking for Shipments (Civil Agencies)®

Mechanical

S arp— -

——

" Ths speci fication 1 under the jurisdiction of ASTM Committes A | on Sieel
Sainien Siee and Relaterd Allovs, and o te direct responutality of Subcommitiee
AD) 19 on Sheet Steel and Siee! Sheew

Curremt edivion approved July 27, 1990 Pubiished September 1990 Ongpnaliy
Pblnhed as A 682 - ') Last previous sdivon A 682 - B9

¥ Annua! Book of A5TM Siendargs. Yol 01 0)

Y Annual Book of ASTM Siandards. Vols 0101 01 0) 01 04 and 01 0%

* Annual Book of ASTM Signdards. Yol 0301

' Annual Book of ASTM Siandwds, Vol 0102

* Avastable from Sandardiaton Documents, Order Dest Bldg 4 Secuon D
W0 Mobtnns Ave. Philsdeiphia. PA 191115006 Atn NPODS

o Devense Comuli the Dol Iager of Spwciliogioni angd

ke Deparimen: ol [iense

Fed Sitd No 183 Conunuvous Idenufication Marking of
lron and Sieel Products®

2.3 Milnary Standards

MIL-STD- 129 Marking for Shipping and Storage

MIL-STD- 163 Steel Mill Products Preparation for Ship
ment and Storage’

1 Terminology

V1 Deliyiiions

110 burr~mewl displaced beyond the plane of e
surface by shitung or sheanng

V1.2 decarburization—refer to Definions E 44

V1Y Jot<the quantity of matenal of the same 1ype, size,
and finish produced at one ume from the same cast of heal,
and neat treated in the same heat-treatment cycle

4 Genersl Requirements for Delivery

41 The requirements of the purchase order, the inds-
vidual matenal specificanon, and this general specificauon
skl govern in the sequence swied

4.2 Products covered by this specificauon are produced 10
dec'mal thickness only, and decimal thickness tolerances
apply

S Manufacture

S0 Melung Practice—The siee) shall be made by either
the open-hearth, basic-oxygen, or electnc-furnace process It
s normally produced as a fully killed seel Elements such as
aluminum may be added in sufficient amounts 1o control the
susiemuc gran size

52 Cold Working Procedure

$.2.1 Pnor to cold rollng. the hot-rolled stip shall be
descaled by chemical or mechanical means

522 The sinp shall be cold rolled by reducing 1~ thick-
ness al room temperature (that is, below the recrystallizavon
lemperature)

6. Chemical Regquirements

6.1 Limus

6.1.] When carbon steel stnp s specified 10 chemical
composition, the compositions are commonly prepared
using the ranges and limits shown in Table 1. The elements
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decarbunzation reporied should be the average depth in both
the amount of free fernte icomplete decarbunzation) and the
affecied depth 10 the point “vhere carbon conteni appears 1o
be the same as the carbon content of the sinp (partial
decarbunization) under investigation. In some instances, it 18
necessary 10 reson 1o hea! treatment of the specimens 10
reveal decarbunzed areas more accurately

8. Mechanical Requirements

8.1 The mechanical propenty requirements, number of
specimens. and test locations and specimen onentation shall
be in accordance with the applicable product specification

8.2 Unless otherwise specified in (he applicable product
specificution, test specimens must be prepared in accordance
with Test Methods and Definitions A 370

8.3 Mechanical tests shall be conducted in accordance
with Test Methods and Definitions A 370

9. Dimensions, Weights, and Tolerances

9.1 Tne thickness, width. camber. and length 1olerances
shall conform 1o the requirements specified in Tables 4, § 6,
T8 and 9

9.2 Flamess—It 15 not practical 1o formulate flatness
wlerances for cold-rolled carbon spring steel sinp 10 repre.
swent the range of widths and thicknesses in coils and cut

lengths.

10. Finish and Edges

10.1 Surface—The surface requirements shall be as speci-
fied in the product specifications

10.2 Edges—Cold-rolied carbon spring sieel stnp shall be
supplied with one of the ‘ollowing edges as sy ecified

TABLE 4 Thickness Tolerances (Pius or Minus), Cold-Rolied
Carbon Birip Bieel Inciuding High Carbon Strip Steel

Norww Over M0 o
1Wnwes e w23
‘:';' el :" ” e b r
160- 280 0028 00X2 00
126 1598 0022 002t 0042
070 1048 oo 0022 ooue
Qal OBe Doe oo 0024
030 0099 4 001s 000
020- 029 o010 0013 00s
0508 0008 omo 0012
010 014§ 0005 0008 @010
« 010 0003 0006 D008

A MeRsre M b o mare 1 RO sage W O AaTower e | R Bl ey
e Lt weer 8000

313

TABLE & Wusth Tolerances tor Eoges Nos 1 & 5 ang §
Coid Rotied Carbon Sprng Siee! Sunp

Wt om0

e ——

werr

t o \ T v
e Swrts Wt Somoted Teos e Over o

1 R Lrow
1 Over ‘40 & ve UV W Pwrw 0008

i Ove 07 0128 ww veve 0 008

. Over ‘401 M P w002 v 008

“ T ') vo VMM w002 0 02¢

. Owe 20 ¢ v 0P 10 003 o 0e?

4 Over ¢ 0 6 O w0 04 vy 0t

§ Over ‘410 & 10 00 wo Perw 0 008

. Over % 104 o DA ww terw 0 008

s Ow bwi ma 0126 w0 0 008 rwi 000

¢ Over § 10 20 re 8w o0 e oo

$ Over Wiwddve e 0080 w0 0023w 00

¢ Over 40 0TS w002 rer 008

3 O V0 2 vee 0249 10 0 025 o 0o

¢ Over {04 s 02499 10 0035 v 0

(3 _vaho‘m DM 0O v 0w

TABLE &  wWidth Toiwrances for Edge No. 2 (Mill) Cold Rolied
Carban Spring Steel Sinp

W Yo e

e oty 1 W Towrarems Over ana Unoer
Over ‘4 10 F vr Y-
Over 208 v te
Over § 10 10 o L
Owver 101018 v L]
Over 14 10 20 vt . ]
Over 20 10 23'% L2
1021 No J«A prepared edge of a specified contour

(round or square) that s produzed when a very accurate
width 1s required or when an edge condition suitable for
electroplating 15 required, or both

1022 No 2—A natural mill edge carned through the
cold rolling from the hot-rolled stnp without addivional
processing of the edge

10.2.3 No 3«<An approumately square edge produced by
sliting on which the burr is not eliminated Thus is produced
when the edge condition s not a cnitical requirement for the
finished part. Normal coling or piling does not provide a
definite positioning of the shitting burr.

1024 No ¢—An approuumately rounded edge This edge
15 produced when the wadth 1olerance and edge condition are
not as exactng as for No. | edges.

10.2.5 No S-~An approximately square edge produced
from slit edge matenal on which the burr is eliminated.

1026 No 6--An approuimately square edge. This edge 1s
produced when the width tolerance and edge condition are
not as exacung as for No. | edges

1. Workmanship

11.1 The steel shall have a workmanlike appearance and
shall not have defects of a nature or degree for the grade and
quality ordered that will be detnmental to the fabneation of
the finished pan

11.2 Coils may contain some abnormalities that render a
portion of the coil unusable since the inspection of coils does
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Hondoses (30g.) of llpine : 49 4l = 477 48
Vil Shicgll & 800. 477 > 238, eps
%3{-..7‘(.. e S Tn bl Si-vif. ~> /19, 2805
FezA(C)
Fe2(0.029) 119,26

Mf.”%.ﬁef"““/%“”b‘ sibee B I00l, Zinade




