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1 fuel economy,  recipr g
~ of an engi e precision balanced. B

~ need to be weighed for this precision balancing includ the s

S e S e R e e 0 ernk enid. O
e S T L e T

.~ ConnectingRod Bearingsand Inserts  qono forse
ek B R Weig
O abely DIBE i e TR T

. P. (1 neries engines, . . Weigh
| all into two general classifications. eigh
- The first group is in-line engines, and these engines do Weigt
| : : " We.g - it . . ik
~ the 5ame€ side ol the cranks
 classification of engines covers tk
£ alanced crankshaft
- requires bobweights. Some engines in
 determine if the dampener .
 weighted. If they are, the; R TR
balancing the crankshatt et
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I, thiés sttampting 16 rédiios the welght of the Hesvier -
f1ston 1t 1s found _t at enough welgt cannot be, Losi
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plstony pressmg an alununurn slug 1nto te
that goes with the hg't piston. However, s]
only be done w'lt ‘the consent of te owner If it
" done, the customer should be notified that this particu-
larplstonpmmus ‘always be placed Wlt-'" that plston

~ otherwise, the engine would be unbalanced. '
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o achieve a good balance, first the crank ends and then
 the pin ends of the rods must be made equal in weight.

o Jothe, or in some cases a vertical mill. In order to  Tolerance: ither all +3 gram or % gram.
preven t SCOI’lng O terlng grooves an d lan dS a plece 0 f . _. e
hght gauge str1p steel should be Wrapped around the is ‘match We1gh1ng 1_$_ accomphshed by uslng a pre-
plston (See Flgure 2. ) he wrdth of this strlp of s:__f'eel -'C181on's'cale plus te #329521 We1g1ng DeVIce
”‘should ‘be such that it protects the piston from the with the #329526 (car) Or #32952 (truck) Rod
chuck jaws. In those ‘ca's‘e‘s where the plstonls balanced dapter ‘When mounting the rod on t_e adapter care
with the p1n1n place ‘the steel ‘wrap should be long should be taken so tha_ree 'mOVernent of the adapter s
enougl to extend over the pin hole so it will prevent the not hindered by the bearings contactmg an oil hole, or
pin from coming out when the piston is rotated _m_ the  partingline.
Tathe. (Usually, the pin is removed from the piston wh
match Welghlng, however, in some cases it 1snecessar to
match weigh the two as a unit.) When piston and pin are
matc welghed as a umt cautlon 'rnust be taken to keep
“the pin and piston together and the ownersouldbe
" notified, indicating that the various pins and pistons are
"-?'.;not 1nterchangeale Welght rem0val is accomplished on
~ the inside of the plston skirt. 'elgt should eremoved
frorn the plstons in tesame place the plston manu-
facurerremovewelgt usually on the inside surface of
~ the piston skirt. | 3 iy

A grinder, or preferably a belt sander, should be usedto
remove weight from rods. The manufacturer rovides
balance pads of adltlonal ‘material for easier weight

removal (If pads are not avallable all t;e grlndmg

should be made along the length of the rod, néver_across

from sreto-SIde _smce decreasmg t_,lcness affects the

sirenctl Aiceitly, desressieg the. depths stfécts the

srength many times more.)

~ Weigh all of the crank ends of the connecting rods as
- shown in Flgure 3. When the welgt of the crank ends of
the rods have been found, the heavier crank ends should
ematced removmgwelght See Figure 4.), so that
are made equal in weight with the lightest crank
“end of the connectlng rods. This weight should then be
recorded for future reerence and for determining the
weight of thé hobweight . ;

ure should be taken not to weaken or compromise the
strengt of the plston If an'oﬂ control ring is locate"'f__. at - ber
the lower end of the sl 1rt extreme care should be taken *the

siston at its thinnest section. Th veight should
Or determlnmg thewelgt of he

'The pin ends of the connecting rod should be matched
weighed usmg the same procedure as was used on te
crank ends of the rods. (See igure 5.) ewelgt ofthe
pin end of the rods should be recorded for future L
the

son nood xepacement ot some future date.

-

'-'_re_- erence and for determmmg ‘the welght o

-

 *NOTE: Most piston manufacturers provide pads from
‘ " which weight can be removed. - bobweight.
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Bobweights are devices attached to
crankshaft to snnula_'}e Vi
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Bob Welgh s consist of
together on the throws by t brated nuts on
threaded studs. Calibrated nuts cannot be interchanged
from bobwelgt to bobweight, or stud to stud. (Letter
on the c 1brated nuts are matc ed ‘to the correct hal
It ls' m oant that

et as a threaded perpendlcular sud and nut The addition

-~ of matched welg ts to these studs increased the bob-

~ weights to its correct amount. alibration of a bob-  METHODS OF CORRECTION
weight may be checked by closmg the bobweight and T T

~ hand-tightening the calibrated nuts. The calibrated nut - Normally, corrections on tecransaft are made on the

- reading should be the same on both nu e ar

cofun_erwelghts using a %-inch drill. Jowever, th erearé

e

- circumstances when tecounterwelgt w111 sow llght

Plcs s compsta it o th e
eQual stac[}]s 0__-_ _m__a__ chweights until the s

- the engine such as stroking the crank or going from an
ex'ernal _'o an 1nternal _"_alance If t_."_”ereare '_revlous drlll-

tain precautions i sssembling and mounting the

bobwelgts are necesSary millable and machineable and i

material to the counterwelghts rill and puta
- plug mfehole and weld a cap "on ' or drill and tap a
ole and screw a plug into the counterwelght robably'
 the safest way is to drill a hole parallel to the. axis of the
crankshaft and press the plug in then peen over teends
__01' pinit. . oo o e e

]

1t tho crnnkabatt s wiiovnally bulanced, Sounserwelghted:
ﬂwheel and dampener, correctlonscan be made on the
ﬂweel and dampener ' el % i peE S

calibrated nuts 50 that both nuts onf
_ 'the same. This automatically centers the match -
on the TOW; ' N e R T S B R S T R
% _ g 2 [ ? oty : ', Hie . {' Bk - f T i It lS lmpor tant that When bala ncmg t,' e

ly w _ eels and;-_;-

e d so th hen the engine is
A e Wﬂl be .ln t :i;e_ same position as when they
?Were balanced 3 PRI S

sure that they are all i 1n t ["e same pOSItlon

Clutch pressure plates may be corrected by drilling on
e St“ds on which the clutch springs are located or

The crankshaft should be placed on the frummion “haiby welding orplugging.. .
* bearings and the bobweights installed. Adjust the crank- It is usually not necessary to balance the clutch disc, but
shaft holdownon the oil sllnger so that t-e crankshaf co i 1t is done it should be ba anced onamandrel and the
will not shift and there is no drag. | correction made by grinding on the edge of the disc.

P ahe i S R A e T same tolerances are use* ‘ or eac part

Once the cranshat has been balanced to the correct added ‘to the ‘cfa‘n; ‘shafwhen balancmg

and bt lancec d down to_th e correct tolerance (. _eme m- S e
‘they must be on the crankshaft when it is balanced. )
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'__:-“'Slngle cylmder and other 1nherently unbalanced engmes
: ( motorcycle outboard ‘go-cart, ‘etc.) require spec1al
i 'balancmg procedures because of thelr hlgh operatmg

However 1t should be noted that the above englnes R s
cannot be brought mto perfect balance Engmes should L
 be prec1s1on balanced for the smoothest operatlon but~“of Brass Bobwelght
hey wﬂl never be as wbratron-free as six or elght' i

| .{; _____ 2 3' -~ Th e : sm all Sl Z e 0 f th e thl’O WS 0 n asman eng1 ne usu any
S SlNG - E CY |N .E R ENGlNES __ ~ require that speclal bobwelghts be built. A SImple way of

SN manufacturmg these bobwelghts is to ‘measure the._-_.- S i
-dlameter and the length of the crankshaft throw. With /o
- thls 1nformat10n plus the knowledge of the requlred IS
Welght of the bobwelght a simple substitution into the
Wi R AL T .yfollowmg formula will glve the approxxmate outsrde*.’;l-
R T A drameter of a brass bobwelght e L e,

R .uts1de lrameter ID A . nw

( See Flgure 7)

i R A T T Sl e b T T s '_ _ "L-Leng th o f cranksha ft throw m mches ' A - -

-mherently unbalanced englne use 100% of the rotatlng | --BW Computed Bobwelght m grams 2 ot
'_-percentage of the reCIprocatmg welght (V-8 engmes SRl ghak 00w B
o usually use 50% of the reciprocating weight.) This higher

p er cen ta ge 0 f the re(:lproca tlng Welgh t IS Shown 1n the e

_ 2 ollo wmg welghts

= The fmlshed bobwelght is then sawed in half so that 1t o

~ may be assembled on the crankshaft throw When the REE
R T L N .bobwelght 1s assembled on the crankshaft throw it can
~ beheld by wrapping with fiberglass type tape ‘This type 2, -
B of tape is strong and should restrain all movement of the- -
R RPN ERALED BT g e bObwelght durmg the balancmg operatlon - .
Percentage of Rec1procatmg Welght R AR e e R ST Y e e T
By Opera tmg RPM Ranges _ R .1 . .
e -In most cases small engmes lack su fficlen t mtern al i .
centage of -  clearance for a counterwelght of the size necessary todo
' ing Weight |  a good balancmg job. In these cases, weight will have to .
|  be added to the counterwelght by tack welding a piece
70 - 007 | : . :' Of 1 /8 9 steel plate tO the 31des Of the counterwelght SR
- * T (NOTE Before cuttmg or weldmg be sure that these '
R ~ plates do not mterfere with the action of the connectmgi -
~ rod.) Even with this additional weight there may not be«" R
el Sl e e e tot"welght to accomplish the highest degree of
i e ' ' ' Y ' ' - precision balancmg In spite of th1s restriction, the
SR Bobwelghts can then be calculated accordmg to the £ crankshaft showld: be balance d to either the normal-' _
e TR - 'crankshaft tolerances or as close as p0381ble W1th1n the

£ 5 ank End of Rod g ‘ f | hmltatlons set by the amount Of counterwelght avarlable e

SR Plston
el Plston Pm S
e };Pm Locks (Both)
S ngs (Set)

N _ Total Reclprocatlng Welght

‘ s *NOTE When more than one rod and plston is. mounted

5 ~.1l m .11 Hole of Throw (est ) gt T L Although the res‘ﬂts Wl“ n°t g“’e a precrsron balance e

Total Rotatmg Welght f‘;}mance of the engme _ e S

% of Recrprocatlng Welght
(See Chart) R I S

B.BWE IGHT TQTAL Heoiiiiiiiiineal

 per throw, multiply this weight by the number = FIGURE 7 Bobwelght Dlmenslons ~

of the rod and plston assemblles on the throw

.



'GEAR |

 CrANKsHAFT-

CAMSHAFT L GEARS

GEAR

L | ' '_ C onnectmg Rod Crank End R R R

CAMSHAFT oN '
V TYPE, BALANCE
SHA FT ON IN LINE&I—:-'- G i e

CAMSHAP T OR

S Cotter Pins

DETHOIT DIESEL 53 71 92 SEHIES ENGINES

Sl Connected to the crankshaft through a small gear are i

_ | ;:'_'_a palr Of Sh _-tS;' drlven by gears the Same Slze as tat On V TYP E .EHOIT DlESEL 53 SEH|ES ENG|NES
- the crankshaft. On in-line engines, the first shaft i is te' ’

i~ camshaft, the second is the balance shaft. On V-type o

~ engines, both are camshafts. The gears on these shafts
- are counterweighted. Also, on the far end of each shaft
~ islocated a counterwelght dlametrlcally opposed tothe
e counrwe1ght on the gear. ' -
R _Of one end should counterbalance tfat of the other end O
SRELRL e e e e R e e b i L . The bObWElght % lS
MR Theoretlcally, all four ends gears and balance we1ghts e AT -
- should have identical ounce-inch amounts of unbalance. =~
RS Because these parts (gears and balance welghts) aret’-.f' BRI
L dlametrlcally opposed, the shaft, when assembled, should
~ have no force unbalance but a de51red h1gh couple
B _unbalance A N L A A R T

. v e Therefore in order to properly balance a Detr01t llesel
- Series engine, bobweights must be used on the crank-
- shaft, and the counterwe1ghted gears and the counter-
e, balance welghts must be balanced on a spec1al ﬁxture el

 E DETERMINING BOBWEIGHTS i
o In order to make bobwe1ghts for the crankshaft on the o

s Detroit D1esel Serles engmes the followmg we1ghts must -
be recorded KR | B RIS b " sage Do ma B

Exam le: V 7 1 Serles

' ROTATING WEIGHT
(should be approx 1460 grams)

o e I ._ R Reclprocatlng Welght (B)
o .The balancmg of the Detr01t Dlesel Ser1es engmes re- Sy
~ quires special cons1derat1on due to the somewhat _ ”-'--'Pm Locks

~ unusual design.

A T Connec t1ng Ro d Pm En d CeTE T

L 'The letr01t llesel Serles engmes are counterbalanced' - '

- by a combination of balance weights on the camshafts

s (on the i in-line engine one camsaft and a balance saft_ G
- are used See F1g'l11‘e 8) SR e e

Bt P1st0n Pln
' RECIPROCATING WEIGH . e
o _ (should be aPProx 4421 grams) B ,

R These eng'mes have two p1ston-connect1ng rod assembhes
~ per crankshaft throw. The weight of the bobwelgtwﬂl LA

~ be equal to the rotating weight (found in A above) xtwo
~ plus the rec1procat1ng Welght (found 1n l above) x two

he amount of counterweight lx bobwelght % '

3025 '
277
21

V- 53 Serles
V-71 Series
V 92 Serles

Rotatmg welght 1460 x 2 - 2920
Rec1procat1ng welght 442 1 x 2 x 277 = 2449

Bobwe1ght Total

3o, Han __ ~CRANKSHAFT BAMNClNG

- After the welght of the bobwe1ghts has been determmed SR
- they should be mounted on the crankshaft. The crank-
- shaft should then be balanced, using the left and rlght i

et system of balancmg to the des1red tolerance SR

In hne _pe Detrmt D1esel Serles engmes Bobwelght i

Pt Rotatmgwelght (found in A above)
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R Matchwe1ght

BA N c| N e co u N E RWE | G H , E l G EARS

 endhub

SIS The match we 1g ts and att achlng bolt f or the balancmg e ‘
AR T procedure can be determmed by usmg the followmg_ IR RIS £ Lt
cofermula oo ' ‘

__ 6 5” Radlus ractor

Z f actor

Lo ‘Sample calculatmn cham
Rec1procat1ng welgt from one p1ston & p1n assembly

s e L ok afts WIthout removable counterbalance welghts_ R L R
g S Wlll need to __estatlc balanced once the counterwelgted s o,

L gears '_ave “een balanced. Mount the balanced gearon-
R R e, Make necessary corrections on the counter- gt R
S '“balance We1ght to statlc balance t'e assembly i T

Formula )

__ 4421 X 656 **446 grams

411 STEWART w R N ER IN l u SRIAL BALAN c ER s

] 6530 WEST DAKIN STREET . CHICAGO ILLINOIS 60634 . 312/232 7333 e

| Matchwelghts are placed at a 6 5 1nch rad1us f

T 62 1 - FI‘ URE 9 Counterwe ighted Gear and Matchwelghts ‘

S -'bal ance We1g tS Of the letrolt D1esel - rles engmes canﬂ, ey Sl B R RE e T SHR RE h i

- be accomphs 1ed with a balancing adapter, as shownin e | e S R

COUNTERWEIGHTED GEAR OR
COUNTERBALANCE WEIGHT

P Wlth the adapter balanced the counterwe1ghted ge ar_ TR R R e | -
L should be placed on te adapter and secured to the L _ —J] | EA
.to the s'aft 1n the englne BUC R e -

| The f0110w1ng table hsts the Z factors % (P r

_ on Balanclng leture

BA N CI N G ~ H E co U N E R BA N c E w E l G HT

gm0 _ B Y Qn safts W1t 'removable counterbalance welghts the[_ R T
N .,797. oo VR e % counterbalance weight is balanced with the same pro-

o ~ cedure as that used for the counterweighted gear. Use '
S Sy the same balancmg adaptor and matchwelght as was us- -

R Do _‘fll four components two counterwelghted gears and two;’f Se m

I N R T L e LT b e DT, W ' -counterbalance welgts ‘should be equal in we1ght wﬁi_f’_‘fen-.].j_: _.

e B ~ this procedure is followed. This reduces the “force”
IR Madeup‘OfMatChwelght’bOIt& nut (statlc) unbalance but puts in a de31red couple un-f P

i -remprocatmg welght of that pmular engine.

L
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