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BALANCING

* The technique of correcting or eliminating
unwanted inertia forces and moments In
rotating or reciprocating masses.

 The two equations to determine the
amount and location of the correction

2 F=0 and 2M=0

Assumptions N IF

» Upwards force is positive & |

«Counter clockwise couple is positive. ~ Reference plane
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e 1.2F=0&2M=0
— Complete balanced
e 22F=0&2M#0
— Unbalanced being due to a couple.

o F

&
e 3.2F#0&2M=0

— Unbalanced being due to a single resultant force in the
reference plane.

Ref: Plane
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Ref: Plane

e 4. 2F#0&2M#0

— Unbalanced being due to a single resultant force which
locates at a distance z from the reference plane and

F
Ref: Plane | z T




Inertia Forces and D’Alembert’s
Principle

e 2F = F,+F,+F;, the resultant force will not be
through the mass centre, and results the
unbalanced force system.

* The effect of this unbalanced system is to
produce an acceleration, Ag, of the centre of
mass of the body. 2F = mA; (1)

 Taking moment about centre of mass of the
body results the unbalanced moment system. It
causes angular acceleration, a, of the body.
2M=l;a (2)
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Balancing of Multi-cylinder In-line
Engines (Analytical Method)
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Example (1)
e 2 stroke, 2 cylinder, In-line Engine

L 360
— Firing interval = 7=180°

wrad/s
"




Continued

® | cosD|sin®d | 20 | cos2d | sin2d | x | xcosP | xsind | xcos2d | xsin2dP
d,= 1 0 0° 1 0 0 0 0 X 0
0°
b,=| -1 0 |360° 1 0 X -X 0 X 0
180°
0 0 2 0 -1 -X 0 X 0
Primary Secondary Primary Secondary
Forces Forces Moments Moments
Balanced Unbalanced Unbalanced Unbalanced




Cylinder Strokes for Various Crankshaft Angles for 180° Connecting Rod Spacing

Connecting Crankshaft Rotation/Stroke Type
Rod Crank
Cylinder Angle (%) 0 to 1807 150 to 360° 360 to 540° 540 to 720°
| 0 Power Exhaust Intake Compression
2 L&D Exhaust Intake Compression Power
3 60 Intake Compression Power Exhaust
4 540 Compression Power Exhaust Intake
f & ) cosg. sing. cosl. sinlg. (i—Tlcosg. (i — lsing. (r—Thcosdg (1 - 1hsindé.
| 1 1 1 | 0 1 1 0 1
2 180 -1 1 | 0 -1 1 1 1
3 36l 1 1 | 0 2 1 2 (0
4 Rl -1 1 | 0 -3 1 3 1
Totals (} ] 4 ] -2 ] b (}




Cylinder Strokes for Various Crankshaft Angles for %07 Connecting Rod Spacing

Connecting

Rod Crank Crankshaft Rotation/Stroke Type

Cylinder Angle (") 0 to 180° 180 to 3607 360 to 540° 540 to 720°

| (l Power Exhaust Intake Compression

2 G Power Exhaust [ntake Compression Power

3 180 Exhaust Intake Compression Power

4 27 Exhaust Intake Compression Power Exhaust
i $, (%) cos, sing cosl, sinlg. (i —Tlcosg, (1 —1lsing, (1 — 1lcos2$, i — 1isindé,
1 0 | 0 1 [ 0 [ 0 [
2 o0 0 | -1 1 0 | -1 1
3 1 & -1 0 1 [ -2 0 2 [
< 20 0 -1 -1 1 0 -3 -3 1
Totals 0 0 0 [ -2 s -2 [




Cylinder Strokes for Various Crankshaft Angles for 0, 90, 270, and 1807 Connecting Rod Spacing

Connecting
Rod Crank Crankshaft Rotation/Stroke Type
Cylinder Angle (") 0 to 1807 1580 to 3607 160 to 5407 540 to 720°
l 0 Power Exchaust [ntake Compression
2 G Intake Compression Power Exhaust Intake
3 270 Exhaust Intake Compression Power Exhaust
4 150 Compression Power Exhaust Intake
i . (%) cos, sing. cos2. sin2$. (1 — Dcosh, (1 — 1lsing, 1 — 1cos2é. (i - Tlsin2é,
| (] | (] 1 0 0 0 1
2 a0 0 1 -1 (] 0 1 -1
3 27 0 -1 -1 (] 0 Y, ~2
4 150 -1 0 1 (] -3 0 3
Totals 0 1 1 (] -3 -1 1




i . (%) cos, sing. cos2f. sin2g. (1 — Dcosh, (i — 1lsing, (1 — 1cos2é. (i — 1lsin2é.
1 (] | (] | 0 [ 0 1 0
2 a0 0 | -1 (] 0 1 -1 0
3 27 0 -1 -1 (] [ -2 -2 0
4 180 -1 0 | (] -3 0 3 0
Totals 0 0 0 (] -3 -1 0 0

i $ (%) cosd: sindg: cosli; sindg. (—T1lcosd, (- lising;, (1 - Tlcos2y, (1 — 1lsindé,

1 0 1 0 1 0 0 0 (} 0

2 Q) 0 1 -1 0 0 1 -1 0

3 270 i -1 -1 0 0 -2 2 0

4 L &0 -1 0 1 0 -3 0 3 0

5 L& -1 0 1 0 4 0 - 0

b 270 i -1 -1 0 0 -5 -5 0

7 o i 1 -1 0 0 b -4 0

3 0 1 0 1 0 7 0 7 0

Totals i 0 0 0 0 0 I 0
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Balancing of multi-cylinder V-
Engine
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