
JOINT DISCUSSIO N O N STRESSE S I N CYLINDE R BLOCK S

MR. G . ELLis 1.—I shoul d like t o as k
a questio n o f Messrs . King , Erickson ,
and Stockett . Jus t ho w muc h troubl e
in servic e wa s cause d b y th e residua l
stresses i n thes e castings ?

Mr. S . J. STOCKET T (author). —If yo u
have a  tensil e residua l stres s i n service
and othe r tensil e stresse s ar e super -
imposed on that, it is very easy to exceed
the yiel d o r eve n th e tensil e strength .
In th e case of these blocks that w e ana-
lyzed, quit e a  numbe r o f fiel d failure s
were being experienced. S o it wa s quite
important i n tha t case . I n othe r case s
the residua l stresse s ma y b e beneficial.
If yo u have a  compressio n stress an d a
tensile load is applied upon it, the y bal-
ance eac h othe r ou t an d th e residua l
stress ha d don e a lo t o f good.

MR. T . E . EAGAN 2.—There i s on e
question I  wis h t o as k about th e test s
that wer e made .

Were thes e block s give n a  stres s
relieving treatmen t o r wer e the y i n th e
as-cast condition ?

MR. R. J. KIN G (author).—In m y case,
as cast .

MR. MARTI N A. ERICKSO N (author). —.
Same in ours .

MR. STOCKETT.—Our s wer e too . On e
thing I might add. Som e of these blocks
that we analyzed were rough machined,
others wer e jus t a s cast . The y wer e
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where:
w =  transvers e stress ,
W =  transvers e strength,
p =  tensil e stress, and
P =  tensil e strength.

MR. ERICKSO N (author's  closure). —
In answer to Mr. Ellis' question, we are
convinced tha t residua l stresse s influ -
enced th e failure s i n th e engin e block
discussed in the paper. We know also of
other case s in large cylinder blocks an d
plastic casting s wher e annealin g had t o
be adopte d i n orde r t o ge t u s ou t o f
trouble.

In stresse d area s wher e the operatin g
stress fluctuates h i tension and compres-
sion residua l stres s i s usuall y relieve d
after a  few cycles o f operation provide d
the maximu m stres s valu e reache d i s
sufficient t o produce plastic flow. For a

* Technica l Director , American Cast Iro n Pipe Co. ,
Birmingham, Ala.

several serie s of blocks and w e had sev -
eral differen t conditions . But as far as I
know, none of them were stress relieved
—at leas t w e didn't stres s reliev e them
before w e made our analysis. They were
as th e manufacture r supplie d the m t o
us.

MR. J . T . MACKENZIE 3.—This ques -
tion o f combine d stres s i s frequentl y
one o f bendin g an d tensions , a s Pro -
fessor Schlic k worke d ou t som e year s
ago the relatio n between them which is:
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fluctuating load condition where a mean
stress occurs , the effec t o f residual stres s
on failur e become s mor e significan t a s
the magnitud e o f th e mea n stres s in -
creases.

In the case of the cylinder block where
a hig h value of mean stress occurre d as
a resul t o f th e residua l an d assembl y
stresses, th e operatin g o r fluctuatin g
stress was limited t o a very small value
(see th e modifie d Goodma n diagram ,
Fig. 6 ) i f failur e wa s t o b e prevented .
Recognizing th e dangerousl y hig h leve l
of residual stress hi this problem and the
relatively hig h cos t i n it s remova l b y
annealing i t wa s decided t o reduc e the
magnitude b f th e operatin g stres s b y
adding material t o the critically stresse d
area. Sinc e thi s chang e wa s mad e n o
failures have been reported ou t of many
thousands o f cylinde r block s produced.

In answe r t o Mr . T . E . Eagan , th e
cylinder block used in the investigatio n
and thos e teste d t o failur e h i dyna -
mometer tests were in the as-cast condi-

tion. Annealin g o f thes e block s whic h
are designe d fo r hig h production woul d
be a n expensiv e item, an d therefore , i t
was decided to reinforce the block at th e
critical sectio n rathe r tha n t o anneal .
In some cases where it i s not possible to
add stock it may be necessary to anneal
hi order to avoid a major design change.

MR. KING (atUhor's closure). —It might
be wel l t o stat e tha t ther e ar e othe r
stresses presen t i n the cylinde r block in
addition t o th e residua l stresses . Dy -
namic stresses arising from gas pressures
and inerti a forces , an d therma l stresses
are als o presen t i n cylinde r blocks .
However, hi this instance we found that
the significan t stress—th e stres s tha t
might resul t in failure—was the residua l
stress. At the critical section as shown hi
Fig. 1  both th e dynami c stresse s an d
thermal stresses are quite low. Measure-
ment o f the dynami c stress in thi s area
has indicated a  maximum value of about
500 psi. The thermal stresses were almost
immeasurable.
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