
C 
Pre 

105-8 LBS. L)" 

F I G U R E  2 .  

I I '+ -- Suction - - -+k--Compression --y-- Combustion ---X--- Exhaust --- 4 
l l l 

T.C B .C T.C B C 7.C 
F I G U R E  3. 

CONNECTING ROD BOLTS-4CYCLE DIESEL E N G I N E .  
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CONNECTING ROD BOLTS FOR DIESEL ENGINES. 

The Uicsel Engine Vsers' Association harc reccntly carried 
oiit ,tu investigation as to the advisability of annealing or hcat- 
treating the connecting rod bolts of Diesel engines a t  intervals 
with n view to assnring the continiled reliabilitv of these small. 

L 

hut liighl;). important, links in the 1nrchani5m of the engine. 
X nilmher of makers, users, and others %ere consulter1 and, ss 
mipht, perhaps, be expected of such a highly contro\ersial 
matter in t11c prcbent po*ition of the ar t ,  \\idply varying views 
were expressed. and 110 nnthoritativc. finding could be pronounced. 
The in-restipt~tion. hovercr. ~ i c l t l ~ d  otller information respecting 
more obscure factors infli1encing the stresses on the bolts and 
other aspects of the problem of interest and value to the user, 
no lees than the dceigner of Ilie.cl engines. 

A portion of the Association's sunlmarg of the inxcstigations 
on this part of the work which appears likely to  be of interest 
to n a ~  a1 readers is given belov ; this includes for compIeteness 
the illustration of the generally knonn effect of inertia forces 
for a four-cycle, single-acting, engine. 

Tlie mccllancinl force5 acting upon the ronnecting rod ijolts 
arc the inertia forces originating irl ihe piston, the centrifuptl 
forces originaling in the  crank anti in ymt  ill tlie connecting 
rod, arici tlie force, 5ct 111: 1')- tlw .ecuri~ig of tlrc holth. in addition 
to stresscs arising from piston and pistun ring friction. Thcse 
are the normal forccs which are necebsarily providctl for as 
required in the dcsign of the bolts a t  either end of the connecting 
rod. Stresses due to  impact in the hearing caused by bearing 
clearances should also be taken into consideration. Abnormal 
stresses are those caused by excessive impact dne to improper 
bearing clearances and to  excessive piston friction, usually 
taking the form of slight, or more or less ecvere, piston seizures. 
The bolts are in tension during the latter half of tlie exhaust 
stroke, arid during the first half of the suction stroke (see Fig. 1). 

An actual indicator diagram illustrated in Pig. 2 has been 
developed nnci corrected for inertia forces i n  Fig. 3, from which 
i t  will bc. seen that  there is a fluctuation of stress in the bolts at 
the points X and Y. An explanation of Fig. 3 is ns follows :- 

The cylinder cliruen~ions are I lig-in. diameter by 28#-in., tile 
mean effective prcssure being 105.8 lbs. per sq. in. a t  175 revoln- 
tions per minute. 'rhe crank pin dimensions are 3 ins. diameter 
by ins. Jong, and the length of the conn~cting rot1 is 5 . 3 3  
that  of the crank. The weight of the piston is ttbolxt 775 lbs. 
and the connecting rod 663 Ibs., so that the total moving masses 
are ;&bout 1,318 lbs. The co-efficient of speed irregularity is 
,l,i, and the mean velocity of the crank pin is approximately 
16.8 f t .  per second. The clearance of the I~ottom end was four 
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t]lonsantlt,hs, :~nd these data have been utilised to co~lstruct 
the  figure. wliere cxurvc ( a )  represe~lt.: actual #a> ljreh-ure on 
the top of the pihton, ( 6 )  15 the cllrvt. repre\erltirlg the wcight of 
tlie piston, (c) i.: the acceler,~tior~ cnrvc of the recij)roc;~ting i ~ ~ i t l  
part of the rotating mas-es, and ( ( l )  sllowh the correctrti cur-vth 
of the pressure on the crank pin irldicatirig that  at tllc points 
X ant1 Y there is a fluctnation of .tress. 

III view of tlic clearance on the hearings the load t:\l<t~.; the 
form of an in~pact .  alld. therefore. the net force or1 tlic corlnrcting 
rod bolt c7annot he mea5ured tiircctly off the curve ( c l ) .  but involve.: 
a bet of calcnlation\ of ;L rather complicated nature. C'11rve ((1) 
of courhe neglects ihe inertia of the crank webs, and any fri(atlon:~l 
losses which pre-ent. 

=Inother factor nhich enters illto the question of the deter. 
minntion of tl1e nlalrinlilnl pos5ible stresa to which a connecting 
rod bolt may be submittet1 ih the co~isideration of the torsional 
vibration of the crank shaft. It is estelltial to  take into considers- 
tion the natural freclue~~c;).. of the hjatem, colisisting of cr:tnli- 
%haft, fly wheels, $C., and to ensore that  i t  does not coincide with 
the inlpulses originating fro111 t h e  vrtriation in crank effort, 
because even a slight approacll to  the bjiicllronisirlg frequency 
woultl introcluce considerable strcss on the collnectirlg rod 1)nlt. 

1x1 the course of the c~onsideration of the n~ecl~enical stre,-,c> 
occurring in  the connectirlg rod bolts there was a sharp difii.r.ence 
of opinion as to the effect of the  initid bolt, Le~~sion clue to 
tightening t>he nut upon the total load upon the boltq. It \nu> 
maintairlcd on the one hand that,  in the case of the b~ittorn 
end corlncclinq ~.otl boltb. the initial stress is rniploycd i n  
holdi~io- I hc parts of the hottorn end hearing togctf-ler, ixrid, until 
th r  inertia force exccedq the nmoullt of the initial slreis rio 
additional loatl is 1)1rt upon t l ~ r  bolt+. On the other hantl, the 
riew \var strongly Iwld that tire inertia strcqs Is 'itipplenle~ltary 
nnd atltlitional to the initial stresq upor1 the bolts. These latter 
vien s were r?euilloped iq considerable tletail reference being mndc 
to the Hat hottonleci. 01. Jlnrille type of connecting rod, anti 
t o  the jn\v patter11 in n-hich the bottom end consists ot only 
t\$o main portion*, the difference in the n a t ~ ~ r e  of the problem 
being ~lotetl. The argtlment proceedecl as follow.. :-- 

111 oonsideri~ig %lie stresseh produccd in connecting rod bolts, 
the cr:i~llc enti of the rod and thc bulth are nssunleti to  be of the 
same material, tlius sinrplifying the reasoning. It shoulcj, 
however. be borue in miri(l f,liat all rni-~terial is clastic, and that, 
stress and strain callnot h? separated. J u ~ t  as hoon as any 
material is s ~ i h j ~ c t e d  to arly kind of strcss, no matter how small, 
there is a corresponding strain or deforma~tion. 

When the t)olts arc tiglltened I I ~  (see sketch) they hecome 
strained in proportioii. Also the resulting compressiue force 
acting 011 the parts A, R ,  C', prodnce. a I-rlatire strain in those 
parts, sincc ill n body at  rest one fwce c7annot act alone, but 
rnust ha le  an ecl~lnl opposi~ly for(-?. TIiis corupre.;sive force 



produces a corrrsponding yrc..--urc. ,it thc jointq of AB and BC. 
Hence, when a p1111, ho~\cver  -niall. i-- produced in the connecting 
rod, clue to inertia forcvc. &C. .  ctltial opposing force (crank 

effort) mu-t act on ('. 'L'hese opposing forces. therefore. reduce 
the pressure a t  the joints of AB and BC, and proportionally 
relieve the compressive strain in the part R, which amount of 
strain is added to theinitial strain in the bolts, and as stress and 
strain are inseparable, any increase in strain must necessnrily 
result in increased stress. 

The total pull ilne to inertia force, &C., cannot be added n holly 
a\ additional stress in the bolts, hut such an amount must be 
adrled which is proportional to the relief of conlpressive s t r ~ i n  
in the part B. If the part R clid not cxiht, and parts A and C 
only formed the end, the rfxahoning moul(l be cliffererit, I)ecause 
no additional stress can hc added to the bolts until the prreqtrre 
a t  tllc joint A(', tllie to tlie initial stre-q in the bolts. ha. been 
overcome. 

The reaboning given shore v-as >ribjected to rsperirnclita1 
demonstrtttion carried out acciirntely with effective nlid hilitable 
irlstruments as described and illnstmteci by riiagranis (not 
reproduced). 

The piston speeds developed by the Diesel engines on the 
books of the Associationvary between G00 asid 800 ft .  per minute, 
thelatter fignre bpirig the sliaxinlusn for the majority of cacca. A t  
the.e piqton speed, the stresses in thc conllecting rod bolts rarlge 
from about 4,500 to  6,500 lbs. per sq. in. Talting the higher 
fipnre as a n~axiru~irn ancl using n high tensile steel there appears 
t o  he ample safety (for ~nediurii piston specds 1111 to 800 f t .  per 
minute) for gcneral service conditiol~s. It will 1 ~ .  conretlerl that  
w r y  .;evere abnormal occurrences are hejonci thc control or 
purview of the dcbigner of a co~nn~el-eial engirie. The fact that 
a broken connecting rod bolt is so rarely met with is a good 
inc1ic.ntion that the st1.e.s limit. employed try mnnufactl~rers 
gciierally are sufficient a114 aniplt.. 

The design of the connecting-rod bolt lias hccsi a matter of 
most careful consideratio~l on the part of rnaiilifacturer.. 113 

order to ensure that  stretching, \+hell i t  ocaurs, shall not take 
place in the thread of the bolt, the shank is turned down to a 
diameter smaller than that at  the bottom of the thread, pilrtions 
being left of full diameter for fittirig parposcs. A groove is 



turned iu the bolt a t  the cnd of the screwed portion and, where 
of sectional area i. required, a fillet of large radinq, 

to the size of bolt, is p ro~dec i .  This design secures 
a n  ample stretching length and ensures that  the bolt is not 
weakest at  the scren thread. a defect ulrich i, serioua in bolts 
llaving parallel shanks of diameter equal t o  the full diameter of 
the screw thread. The latter type of bolt will fail. if a t  all, a t  
the  screw thread immediately belo~v the bot to~n of t f ~ c  nut in 
the majority of cases. The former typc stretches and breaks 
in the shank. Among the numerous minor points touched 
upon during the investigation, that of the fastclling of the bolts 
was not the least important. 'L'he Conlmittcc e~ldorse the 
practice of colnplcting the fastening with a castellatccl nut  and 
split pin, ari arrangenient proriding the most secure fornr of 
locking. They noted with itltercst and approval the btatcnla~it 
of one enginc manufacturer who exprcssed the opinion that there 
shcjulrl be more than one castellation pcr face o f  the nut arid 
more tllarl one holc throng11 the bolt tu receive tlic split pin. 
He recommctided ;b.; many casteJlation.; as the diameter permits, 
and the provision of sex-cr,~l hole.. through the bolt. 'Phis 
practice will tend to prevent irljudiciotrs use of thc spanner in 
tightening the nut, an error of judgmcnt which received a good 
deal of comment on the part of several contributor. to  the 
discussion. A ccrtain type of human nature is very prone to 
avoid the trouble of eaqing the face of a nut I)y forcing the material. 

Somc illurninatins fact- came to light in referenc~ to this 
point. The energy exerted 1)) the worknlarl in tightening a 
nut by hand and firdshing his work by the aid of a hammer is 
n cluite iinlinowrl quar~tity. \Yith snlall l~olts an  unduly heavy 
t,orsional stress very soon causes fracture, but with largt bolts 
of 12-in. diameter and upward\ the danger i.: more insidious 
becauw ~lnsuspccted in the generality of cares. nhile tliere is no 
visible result of the severe punishment inflicted on the mntrrial. 
Several tests nrcre cnrrietl out upon connecting-rod bolts by 
~tlember.; of the A~sociation acting inde~)cndently. Thc results 
obtained were similar. One of the tests is described. the 
p:irtic~rlars of the bolt being a- follo\~a :- 

l )lnmcter - - 4.5 mm. 
I)e[)th of head - - 20 mm. 
'J'hreatl- per irlcll - - 1 1  
1,eptll of nut - - - 95 r111tl. 

Effvctive lerlqth rinrlrr I~eml to toll o f  nut - 410 mm. 
Ovcri~ll lerlgtl~ of bolt - - 460 ~ n m .  
l':longatio~l as fotlnd i~ndcr  a\ rittge sts,litl - .U10 i ~ .  

Assuming a modulus of elasticity of 30,000,000 lbs. per sq. in., 
the tension on the bolt is of the order of 18.300 lbs. per sq. in., 
equivalent to a load of 8$ tons. 

A second illnstrat,ion, given in much fuller detail. indicates 
the effect of the use of excessive force. anct will be found in t h e  
following notea. ('The bolt under conaitieratiot~ hat1 been heat 



treated after service : the rnodull~r of elasticity had heen carefully 
ascertained to be P5 000.000 lb.. per sq. in. after treatment.) 

Stritin \r-hC11 tiglitctlec! up =O.008 in. Strain w1lt.n sloggeit "12 =0.01 in. 
App~nximttte tension in lhs. per sq. in. = 18,400 (11orm:~l t i g h t ~ ~ ~ i n g ) .  
Approsimatr tonsion in Ihs. por sq. in. = 3 ,000  (sloggad 11p). 

When the nut is tightened up, and assuming that all its 
thleadb havo equal contact with those of the bolt, the tensile 
fovce is evenly distributed throughout the length of the nut, 
but the ten5ile stress producetl in the bolt will vary frorn zero 
in :L bcctional plarle in line wit11 the free or outer end of the nut 
t o  a nlaximum in a sectionnl plane in line with the contact face 
of the nu t ;  hence the strain in that portion of the holt will 
relatively iricrease. The added stress of shear due to torbion 
when tightening up the i ~ u t  may be as much as 17 per cent. of 
the t ~ n ~ i o ~ l  oil tllc holt. (Hence the reason for the failure of 
a bolt at t l ~ e  face of the ~ l u t . )  In dealing with the problenl the 
various portions of thc shark are re-grouped, as in the sketch 
below, an arrangenwnt that does not affect the c:tlcnlations for 
direct tensile stress. 

L:= total lengtli of holt from tllc co1,tact face of heart to o~~t s ide  face of 
nut in position before tightening up = 13& inns. 

I - 2$K ins. = total length of nut. 
sn = & in. = lengtll of s c ~ e v  not engaged .rrith nut. 
p = 6+ ins.= ,, shank ~ ~ t l u c e d  in diamchter. 
y 3 3 7 -  

16.- 9 3  ,, enlarged ,, 
-4 = 1 e57033 sq. ins = area of shank enla~gerl in cliametei . 
B = 1.26286 sq. ins. = ,, reduced 9 ,  

C = 1.33756 sq. ins. = effective area of screw. 



T - 0.008 in. -; total S ~ L L I I L  as ~rrt.usured - U + IT + W ? X .  
I .  = total ctrnlrl in tht. I I I I ~  length l .  
l' - 9 t bcre\x Ie~igth 1 1 1 .  

W =  ,v s f ~ a n k  lcngtlt p. 
S = 8. 
1' = total tensilr strerlglh acting 0 1 1  It.11gt21 ( m  L p , s = 10: ins.). 
T7 G = avemp. total tonsile stress acting on 1t1ngt11 [ I  --= 2iub ins.). 
& 

1: = SI~clul t~a cif elastivity = 23.000,000. 
Unit strebs 
Unit strain 

1' 1- 
Unit s t r~ in  in length I = FcE :. totcl \train - - g '- 1 F C -  

Y Y 
n$ L -- . - - 

CL' . ' - X m = l'. 

S o w  thc total ,train - T = r' 4- V + IIr + S = O.ODS in. 

Yl Y m  p Y s  1- I '  
- - - -t -+-= - 

I C E  CE BE AE L' ( z t b + x + -  '" " 3 
Hence Y =: 22,270 Ibs. 

22271) :. unit t ~ ~ w i l e  stress in area -4 = -- - 14,512 ll-)H. per sq. inch. 
1 ,57033  

Tbc Committee drew attention to the proposal of 
one of the principal Diesel erlgirle manufacturers in Englarld 
(Messrs. Mirrlees, Rickcrto~l & Day, Ltd.) t c  so mark their 
connecting rod bolts that their conditior~ n i th  respect to twisting 
end excessive longitudinal strain cat1 be readily determined 
when removed for examination from time to  time. 

D I M E N S I O N  FOW C H E C K I N G  S T R E T C H  

 LINE^ F019 I N D I C A T I N G  T W I S T .  

On each bolt a definite length, preferably an even dimension, 
is to be marked by means of a centre dot on the thread, as near 
the erid of the bolt as is practicable for an  even dimension. The 



tlirnension to be taken from t l ~ c  ulidcrhide of the head to the 
centre dot. To facilitate the locati~ig of thib clot a bmall portio~i 
of the thread to hc filed clown (see sketch). ~frasurement of the 
clistnnce frorri the licad to  this dot shoul(i he made periodically, 
ilrld ii~ill shoxir if the bolt has bee11 stretclled. A longitudinal 
line should also be markcd on the bolt, this line being preferably 
placcct so as: to  pass through the centre dot. Inspection of this 
line xvill *how if the bolt has been t~iiqted. Whenever :L bolt 
has been materially stretchetf or twisted, i t  shoulcl be rejected, 
and substituted by a new one. A stretch of 2 per ccnt. of the 
length or a twist g ill., measurcd on ttie surface of ;L bolt tliometer 
of 1 in., woultl be considered as justifying a new bolt 
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