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PREFACE

ABOUT ENERGY TECHNOLOGY MODULES

‘

- » - 4ahe modules were developed by TERC-SW for use in two-year postsecondary technical

institution$ to prepare technicjans for employment and are useful in :ndustry for up-
d3ting employees in company-sponsored trailning programs. The principles, techniques

. N ! - ) - .~ g
and skills taught in the modules, bagsed oh tasks that energy technicians perform, were

l .

obtained ‘rom a naxlonw1de advisory cgﬁmlttee of employetrs of energy technicians. Each

‘ * module was wrltyen by a technical expert and approved by representatlves froh industry.
A.modﬁlé’cbntains the following elements:
.
i ) . ) . " K
Intgoduction, whrch ident: fxes the topic aad of ten ineludes 2 evazionale for
studying the material. . . i
Prerequisites, which identify the material a student should oe familiar
. with Before’stu&ying the module. . )
! . 1:3 - L]
. @b-ectives, which clearly identify wh at the 5student 1s expected to knéwWw for sat-
. 1sfactory nodule completicn. - The obi ctive§, stated in terms of action-orianted
behaviors, include such action words as operate, méasure, calculate, identily
and dffine rather than words g%th many :aterpretat:ions, such:as Xncw, under-
stand, learn ané apprec:iates. ) .
: Subiect Matter, which prese\?> the backgrouna tneory, and technigues s D portise
_¢ *  to the objectives of the moduls. Subject matier 1s nfitten with the techniczal
stydent in mind. ; . ‘ N
4 . ™
e Zxerc.ses, which provide practical pr?blems to which the student zan app.y tals

-

28w knowledge.y

Laboratory Materials, which rdentify the equipment required to complete the
laboratory procedure. -

2 -

iaboratorv Procedures, which is the experiment section, or “hands-on" portion of _
he module (including Step by-step instruction) designed to reinforce student

i — — - .

-earn§1g

Data Tables, which are included in most modules far the first vea
courses td help the student learn how to collect and osrganize dat

nces, which are included as suggéstions for supplementary read:ing/
[} . .
1ewing for the studens:.

er

[

-

. »
<, wh}ch measures the st ce.t‘s achievement of the prestated sb;ec:ives.

‘ .

-
1
?
f




CONTENTS

érefacg

Module MS-01 Belt Drives

Module MSLOZ Chain Drives . . >
Module MS-03 Gear Drives

Module MS-04 Drive Train Components‘I
Module MS-05 * Drive Train Componenfs II
Module MS-06 ﬁinkages
Module Mé;O] Fans and Blowers ’

Module MS-08 Valves \



'ENERGY TECHNOLOGY

v

- MODULE - MS-01

*

CONSERVATION AND USE

" .y
1

’

-

v e .

M s s

3
o

BELT DRIVES -

’

A -

*

LR |

CENTER FOR OCCUPATIONAL RESEARCH AND DEVELOPMENT™

&

[




© Cgnter for Occupational Research and Development, 1981 ‘

This work was developed under a contract with the Department of
Education. However, the content does not necessarily reflect the posi-
tion or policy of that Agency, and nq official endorsement of these
materials should be inferred.

All rights reserved. No part of this work covered by the copyrights
herson may be reprogduced or copied in any form or by any means —
graphic, electronic, or mechanical, inciuding photocopying, record-
ing, taping, or information and retrievals systems — without the ex-
press permission of the Center for Qccupational Research and
Development. No liability is assumed with respect to the use of the in-
formation herein. - . *

-~

ORD:

CENTER FOR OCCUPATIONAL RESEARCH AND DEVE‘LOPMEM:/

.
~

Aruitoxt provided by Eic:




INTRODUCTION

Belt drives comprise the most widely-used 'medium of
\ ¥> ’ poWer transmiss;on in" industry. Thelr popularity exists * - .
. because of their efficiency, compactness, quietness, and ‘
reslllance (capacity to _absorb load shock) . . '
Such drives utilize the follow1ng beLt types flat )
belts, round belts, or V- belts. V- -belts are the most . -’ “.
‘ commonly-used of the three types, largely as a result of
. _ their wedge shape that. causes them to be held firmly into
the'grooves of pulleys under load. Vdriab1e5§peed pullevs
and belts provide a system with the capacity to change .
speed durlng operation. ‘ .
The proper installation and malnteﬁance of belt drlves
. sacan result in substantjal energy conservation and equipment "
> protection. For example¥ if a ge drive system with a .
"number of belts is adjusted 1 manner ‘that" the belts . .
are much too tight, the fo 1ow1ng ma functlons, among others,
can occur: (1) premature t dama and wear, (7) bearing
failure, and (J) 1ncreased 1oa on drlve motor, requlrlno

- o

N more energy. e P

:" €

a ) This module introduces befit dr1ves and dlscusses their s
design, "instailation, use, intenance (1nc1ud1ng trouble-

-

shooti g procedures), and conservatlonal operatlon In the

-0

2 .
! N

L4 . - |

e RRERECUISITESE,‘ -

- .
> y - R
: . R

K
2

¥ The student should have-complet&d ‘the £6llowing Unified
Technlcal Modulés “Concept Modules 170,“”Fche;” 2-0, "Work,"
6-0, "Power”” and 8- 0 "Force Transformers';.and Application

o

»

: L T ) MS-01/Page 1



Module 8M3, “Drive{Systems." One year of high school algebfa
[ <
, also must have been completed.

OBJECTIVES -

’

Upon compietion of th{f module, the student should be
to: ' ' f
List the threesmechanical systems most oftqn use& to
transmit rotary mechanical power. s
Given.each of the following types of- belts, cite at
1éast one specific application for each type:
Round belt.
Flat belt.
V-belt. -
Double Angle V-belt.
Banded V-belt.-
Link;d V-belt.
g. Positive Drive belt.
h.. V-ribbed belt. )
i ‘Variable-speed belt.k . -, .
List‘at\}east twopadvantages and disadvantages of the
below. listed belts: ~
a.”. Flat belts.
V-belts., )
Linked V<belts. \
Positive Drive belts.
V-ribbed belts.
Cog,and notch belts.
Describe the design characteristics which distinguish

£

-

»

the following: . .

ua; Round belt pulleys. -
' b "Flat belt -pulleys.

c. V-belt puileys. ’

N
-

Page 2/MS-01,




5.

6.

7.

8.

'

PO

10.

1I.

12.
13,

o

‘the‘applicable manufa®turers' table, and an over- or

Detérmine the width and length of a belt from the

v

.7ode4printea upon it., )

Given the diameters qf,fhe'pulleys in a“flaqtbelt‘
syste%,‘tﬁe center distance between them, and' the
appl}cable formula, calculate the belt léngth requ1red
for the system to operate eff1c1ent1y

Given the diameter and rate of revolution of a flat-
bel¢ pulley and applicable-.formula, calculate belt
velocity. C v - -

Given the diameter of one pulley in a belt gystem,
calculate the most energy-efficieht diamet\r for the
other pulley.

<

‘Given g spring scale, a straight edge, a ruler, and

under-tensioned belt installed in a ‘belt-drive system,

check ‘tension of belt according’ to procedures outllned Y

in the module, and deterﬁlne correct tension’ for belt.
Descrlbe at least two ways an impropérly- ma1nta1ned >
belt &ystem can. lose energy. \ - ’

Given a belt with gne-or more-of the following defects,
identify all defects, and cite at least one ‘possible
cause for each: ’ . . )
a. "Fabric rupfure. ' s L
b.- Cover tear. '

: Worn sides. - . 7
d.~ Cross Erackingl ¢ - ' \
e. Burns. ‘ . -
f. Gouges.- - : v

Describe how. properly te install a V belt on pullef?
Given a V-belt system with one or more of the following

) defects, inspect the system, correctly diagnose all,

defects, and c%te at leasp one cause for each defect:

- L}
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.a.
b.
_ 46.
' d.
' e.
f.
\ -
»
" -
% .‘"

Misalignmeﬁt of pulleys..
lncorrect V-belt size. \
Defective belt.: -

e

Improperly ma&ched belts
Defective sheaves. o

Incorrectly tens;onad belt.

-

-
.
. . -
.
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' SUBJECT MATTER
—_t ., . e T
. MEC.HANICAL" DRIVES

A Three-systems are used meret extensively than. any .others

2

. to transmit totary méchanical-power (Figuré 1): -

*

Belts and-pulleys.
Chains and sprockets.,

[N

I3

+ % Gears.. | . . .
' These -systems are called "drives,'" and are used to
% s " ’ . . - ~ .
transmit power between adi%cent shafts, as illustrated in :
Figure 1. T . s
. * / , - ' 1] . - ~
, L R |
~ . . . - Al
.t -. N .. i o. './ .
. .Figure 1. . Belt, Gear, :and.Chain Drive Systems.
T P P
. * v,
N ¥+
t ) . - -
( .
- ' ‘ ,. )
- T +MS-01/Page 5
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A ) %. .
~ < THE BELT DRIVE ~ \

Belts and pulleys/normally are used to transmit power

between two parallel shafts. One shaft is the driver; ‘the

other theydriven. Belt drive$ transfer force throﬁgh-fric-.
. tional contact between the surfaces of the belt's ‘and df the .
grooves on the pulleyé. These drives commonly gre'used be-
. tween ;hafts too far apart to be coupled etonom@éally with
‘gears. - They are important in industry and, in one form o
another, have been in-use for a long time. Some of the\
equiést applications were in spinpihg wheels, lithes, wind-
mills, and waterwheels. -

’

Ty

- .

v
\

. A\l
[

‘ TYPES OF BELTS ‘

L . Figure 2 displays thq,threé most ﬁrequentLy-uSed belts =
I " (a) the round, (b) the flat, dnd (c) the V-belt. Each belt

' type requires a special pulley, as shown; and each is suited

l for its own special applications. Other belt types, many of

E " which are discussed later, are variqtibns?oﬁ’these three basic

P gegign's. l’ . >
\ o
{ .

, y
| * ta) Round" Belt (b) Flat Belt ki
’

. (c) V-belg

c ol -

., Figuré.2.” The Three Basic ?éif Designs.

—

. -
P

. . f’{ . « “-
\ } . : ) R .o,
- - P;%e«é/MS-Ol o
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-

Round belts (Figure 2a) are designed to handle light.
loads.. Usually constructed of neoprene oOr of some other .
synthetic material, they are employed in llght duty equlp-

14

ent, such as sew1ng machines aad tape recorders. Pulleys .

,fo‘ round belting have a concave face to f1t the belt's .

cross section. L J

\{oday, flat belting (Figure 7b) is not used in industry
for power transmission ae frequently as before, although it~
is widely used in conveying. ' * . -

The V-belt (Figure Zc), the most widely usgd of the ’
three basic types, is dlscussed in detail in a later section

-

of thlS module

FLAT BELTS « -
>3 .
. fAlthgugh flat belts are,bulky and- less flexible than
V;belts, they, are simple, strong, and resistant to dusty
conditions. : ' S -
Flat conveyor beltlng moves eoul, brick, sand, cement;

glass, soybeans, fertilizer, scrap metal, wood chips,,deter-'

gents, and many other materials. There .are special food-
handling belts that resist greases and’ odors, Teflon belts,
used to convey_ materlals that are”being. spray painted; dnd
" belts made of spgc1a1 rugged materials ‘for handling sharp
pieces of metal. Such large sy%tems, if improperly set up
or'1mproper1y ma1nta1ned, can waste energy. Figure 3 shows
a, typ1ca1 flat-belt ¢onveying system Takeup $CTrews are
used to adJust friction of the belt on the pulley -

J - ~

-




. .
- . A .
b . ¢
T .
«® ‘
> ﬂ"ﬁﬁ . TAKEUP PULLEY L
]
. MOVEABLE GARRIAGE
. T . v
- =~ J
. ~ N
‘ o i Figure 3. Flat-belt Conveying System
[ . ) with Takeup Pulley, ‘
~ . - - ~
4 ‘ “Pulleys for.flat-belt applications can be either flanged o
(made with a rim on each edge of the pulley) or crowned; Fig-
ure 4 iliustrat;es both. The crowned pulley has a raised, v !
! . sloping surface, ‘or crown, designed to prevent a flat belt = '
. —
‘. from slipping off the surface. -Pulley sizes range from a few
, inches to over ten feet in diameter. , ' ’
| B . - ‘ . T
- FACE .
. . ¥ ¥ ' .
v‘.‘ . ’i /
- | o
. 9 L)
+  |FLANGED
RIM <7 ‘
. ..’ . R o - . =
4 e ==, . £,
PPy . : — .
: Ve e %&1; M
. TR S 5 -
. . (2) Crowned Pulley (5) Flanged Pulley . .
. ) \
2 - \\‘ \ ‘
- : . ! . -
: . . Flgu?'e 4. Crowned and Flanged Puilleys. , . ,

L " " U Page 8/MS-01 | - Co . y
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_Equation 1,

LENGTH MEASUREMENT 'AND CALCULATION
N .

The technician should ensure that these belt-drive
system% ire economic:and‘egéfgx-efficient. The actual
design of a system is ultimately an engineering responsi-
bitity, however, the technician may be called upon to access,

and even to redesign, outmoded systems. An important first
etep in this process is to detefmine the actual length of
flat belt;ng needed for efficient operation. .
Direct 1engfh measurement often is the simplest and '
surest method Thls method involves the use of a long steel
measurlng tape that is adjusted over the aligned pulley
crowns in the same path as the belt. To this measured 1ength
a reasonable length should be added for the joining process
where applicable. - ;
Sometimes, direct measurement is impractical because of
pulley location.

as shown in Example A.

In this case, 1ength can be calculated with

L —
-2 D O - 4* : :
Lb = ZZC + 1.6 (D + d) + 42c ‘Equatlon 1
where: | v ¢
-
L, = Belt length needed. . ,
L. = Center distance between pulleys. ) A
-D = Diameter of large pulley. >e
d = Diameter of small pulley.
o

| NN
C e

-

MS-01/Page 9
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EXAMPLE A: FLAT-BELT LENGTH CALCULATION.

Given: 24" diameter of,large pulley = D
9" diameter of small pulley = d
72" center distance between pulley = zc.

Find: Belt 'length required (L)

Qa

{Solution: -Use Equation 1:

' . 2
=20+ 1.6 (D +d) + O -d)°

L
b T _
(::%ubstituting: ' ,
, T (24 - 9% .
, L, = (2x72) + 1.6 (24 + 35\+ e
- 144 ey 15
= 144 + (1.6 x'33) + 532
= 1447+ 52.8 + 0.78
L, = 197.58". | .

W

: BELT-SPEEQxCALCULATION ’

Flat ﬁéits are manufactured to operate most efficiently_
at a pqrtiéular speed"statea in the manufacturers! specifi-
cations. At any other speed, frictional and electrical energy
losses pccﬁr. The actual speed of a flat belt can be calcu-
lated by the use of a stroboscope or special tachometer to )
find the T/min 6¥/;E; pulley to which the belt is attached.

> - :
. .
{
. > .
N \ . R
. LY L] ’

Page 10/MS-01 : o
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A f’

o W

where:,‘\K

o 8 =
" [] [] []

‘ Once this speed and the diameter of the pulley are known,

N

actual belt speed can be determlned from Equation 2.

D

M= 777 . Equation 2

Speed of belt in ft/min.
3.14. ¥

Pulley speed in r/min.

" Pulley diameter in inches.

' Equatlon 2 1is ut1117ed to calculate flat belt speed
in Example B.”

.- -
3
At -
‘4
i

L]

EXAMPLE B:

CALCULATION OF “FLAT-BEET SPEED.

Given:

Find: .

T+

Solution:

-

A 6 0 d1ameter pulley rotating at 3 revolutlons

per second. —

Belt veloc1ty

Use Equation 2.
\' ]
T _ D . : : .
M= 1—2"7“'1 . < ) L X

.» Convert all quantities to appropriate units:

- D=6'0"= 72" I o

) M=3RPS = 3 x 60 = 180 r/min,

Substitut? in. equation: . o .
C M= 2 x s 180 L
=6 x 3.14 x 180 o '

M =

3392 ft/min.

MS-01/Page 11,
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Calculated belt speed should, be checked against the
manufacturer's specifications to ‘ensure that the belt is
operating at or near optimum’spéed; otherwiee, the belt may :
Belt speed must ’
Once the N
belt speed

can be calculated Manufacturers' ‘specifications<then aTe

consulted for the best belt for the job. s

These few s1mple calculat1ons ca%not be employed to

be overloaed or inadequately tensioned.
also-be considered when a new system is designed.
rate at which the driving shaft revolves is known,

design-a complete drive for &' spec1f1c application. Formulas
for design are complicated and may be found in engineering
textbooks.

are used best to dezjrmine the efficiency of existing drives. .

- The length and speed calculations just discussed

N

A

. > . T,
‘in-power transmission.

THE POSITIVE-DRIVE BELT

b .

The positive-drivé belt

o N "

Figure 3. The,?ositive—
Drive Belt. .

Py

Page 12/MS-01 .

-
.
¥

(Figure.5) is a unique concept ?

'Essentially a flat belt with teeth,

it comb1nes the advantaees of
the cha1n and of the gear- w1th
those of the belt. The belt
teeth which” fit into corres-

Nors 6-‘-\(‘- »

pdnd1no pulley teeth, prov1de
a'drive with no slippage; that
is, a '"positive' drive.

Because of this lack of
slippage and the compactness of
poéitive-drive belts, they are M
used widely as "timing belts" .
in engines.

Among the other advantages
of positive-drive belts are the _

following:




L

s
s

i

Ut Most flat.belts age spliced to make fhem endless. They ) N

The belt ‘teeth throw off heat.
- They_operate with less tension and, therefore, with

less bearing load.

+

- They have a high speed range — up to 16,000 ft/min.

@) »

« They require no tensioning devices, such as idler

>« They can be used on drives having up to 600 hp.
« They require little maintenance.

-

pulleys.

-

- They are cg;t— and energy.-efficient.

.
L]

They are long-lasting. .
. Although at first utiljzed primarily in synchronous
dpplications, positive-drive systems are gaining a wider .

I . . .
acceptance, even replacing chains, gears, and standard V-

belts in some operations. (In those systems, however, that
é;;§ess great load shock, the positive-drive belt may.not
allow. enough absorbence of sﬁbck, unless an appvopriate
shock couplin® is used.) '

~ “°

e

MAINTENANCE OF FLAT BELTS

. ’ PN

-
~

‘ , . . N
SPLICING OF FLAT BELTS'
- s L

f
can, be spliced with cement; with lap, butt, or apron lacing;
or with hooks and plates. Belt splicing is made easier when . -
special belt clamps are employed to hold the belt straight.
A straight’ splice is required to assure proper belt operatign.
Splicing techmiqués are available from various belt manufac-

turers. ' s - . . .

’

- f ‘ . 1 —

»

R , MS-01/Page 13
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TROUBLESHOOTINE\OF_FLAT BELTS

X

Table 1 preésents corrective measures for flat-belt

problehs. Alignment is‘critical: The- first alignment step

is to adjust both pulley shafts to parallel by first measuring

\ [y - .

. the distance between each end of the shafts.
.are separated by long distances, a trial-and-error' method must -

be used.

‘When pulleys

If the belt is straight, the'pullefs can be aligned

by adjusting them on the shéfts until ‘the belt runs straight

on both p@lleys.

When the pulleys are close,sthe alignment

L

method for V-belts 'can be used. \ T
L . - D
% &;; TABLE 1. FLAT-BELT TROUBLESHOOTING.
N - - -
-lg,TROUBLE ot CAUSE CORRECTION

Belt Slipping
or Squealing

Belt
Stretches:

Belt Runs
off Pulley

Belt Whips
and Flaps

»

(2) Belt too thin
(b) Belt too_narrow

- (c) Pulley cfown too

high

(d)- Drive overloaded |

(a)_Belt too thin

- .(b) Belt too' narrow

(a). Pulleys out- of
alighment

jb) Center distance:

too great

-

"(a) Loose belt

«|

=~

(b) Belt too narrow

(c) Belt too thin
(d) Belt crooked

(e) Motor poorly
braced °
(f) Lopsided pulley

(g) Crooked shaft

(a)

1- (b)y
. 1‘(C)

(d)

X

-(a)
(b)
(a)
(b)

(a)
(b)
(c)
(d)

(e)
(£)

(g)-

Use thicker. belt
Use wider belt
Reduce pullgy
taper ., ;
Increase drive #
capacity ~

Use thicker belt
U§e.wider belt

Align puileys

Shorter center
distance

Tighten belt .,
Use wider bvelt
Use thicker belt
Straighten joint
lor replace belt.
Brace motor

. . <
Replace or repair
pulley

Replace or repairj,

shaft .

LY

A3

Page 14/MS-01
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Table 1. Continued.
TROUBLE CAUSE CORRECTION
| Cracked (a) Belt tod tight (a) Loosen belt
OQutside Ply (b) Pulley diameter . (b) Replace with
. too small “ larger pulley
Cracked . —(a) Belt too loose |- (a) Tighten belt
Inside Ply (b) Pulléﬁocrown (b) Reduce crown
) ' too high : taper ‘
. , (c) Belt too ‘thin _(c).Use thicker belt
(d) Belt too narrow’.| {d) Use wider belt
(e) No belt dressing . (e) Apply belt
. . S~— dressing
Belt Runs (a) Belt stretched .{a) Replace belt if
1 Crooked . when forced over problem serious
T - pulley ) ) ‘
. .o (b) Belt unevenly (b) Resplice or
J - ' spliced _replace
. (¢c) Pulleys out of (c) Align pulleys
T . alignm&ht
. . i - " . A
.Belt Runs to (a) Belt too slack: (a) Tighten belt -
. One. Side o (b) Belt too thin . | (b) Use thicker belt’
+ .| Driven Pulley (c) Belt too narrow (c) Use wider belrt
: S {d)/Belt crooked _ (d) Resplice or
. ‘replace
(e)~Pulleys out of~ (e) Align pulleys
allgnmenv =
Belt Weaves (a) Pulley wobbles - (a) Secure pulley
Backward and ' Q;qperly“on
. Forward, - ° P shaft -
causing belt (b) Bent shaft > (b) Repair or re-
wear - N < place shaft
- (c) High Spot on (c) Repair or re-
T pulley pLaCe pulley
Belt Peals (a) Belt sllppage . (a) Tlghten belt
and is « o (b) " Proper dressing - (b) Apply dressing
Covered with - not applied to : made ' for belt 7
Grain : __belt ..
- (c) 0il oreother ~ , | (c) Stop from reach-
' material being "« ing belt; clean
. thrown on belt . |° the belt and
.o . : ¢f - '5scrape off grain
(d) cfemical fumes | (d) Stop from reach-
v : . <, ing belt if pjgc-
T s tical
® ¥ '
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' V-belts are vital.tq i
possess a t1ghter grip. than
sion efficiencyas high as

cross section.

"is rugged and dependable

prov1ded in the outer layer

strength; the inner 1ayers

rubber (usually synthe¢1c9
The V-belt's shapé&cau

pulley, or sheave, groove.

pulley tends to bulge unaer

1

1

Figure $. Multiple
V-Belt Drive.

efficiently at full capacit

A V-belt'ca

V:BELTS

ndmstrlal operat1ons because they
o?her belts and a power transmis-
95%. Figure 2c shows a V-belt

nyiransmit large loads because it

Steel éf fibér reinforcement is .

of ‘the belt to increase tensile

are constructed of compressrble .

“" °

ses it to wedge firmky 1nto ‘the

3

The section going around the
load dnd to press firmly againgt
the flanges for 1ncreased trac-"

”

tion. ”Four or more V-helts

often are placed on a pulley

| as shown «n the multlple V-belt

hdr;ye in Figure 6. All belts

. on a multiple drive must be.

:matphed in length.

-+ ' Pulleys for V-belt drives’
often are calledi"sheaves."

,E%anda d-sheaves. are ét@tﬁcallyu

‘balanced in order that they can

. be operated at r1m speeds of up
to 6 OOO feet per minute (ft/min).

Wo&t electric motors operate m jbre'

.(0
y and speed (w1thout _having the1r'

- speed reduced greatly by’ a qnotor control) ' RPN
s (. '
§ : ‘
¢ - i : I d
Page 16/MS301 . o ' —
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DESIGN VARIATIONS

2o gt - . ) . A . l
‘ \\ There are several variations of the basic V-belt ‘ :

CW design, as jindicated by Figures Y and 8.
“y The doubleé-angle V- be1t is constructed with g "v" !
shape at both top and bottom sur face, and both surfaces ¢
may contact different pwlleys rotating in different direc-
- \
e "tions. (A double angle belt system® is shown 1£ter as v -
i * ."Serpentine' drive in Figure 9.) . -
) Banded V- belts are multlple beI}S permanently bonded
s by a tie. or band at the- top'- They are used on drives to
. Pnevent belt roll o{f, jump off, or wh1p (Belt whip 1i$
Co a klnd or 1rregular flapping movement ) ' . ‘
t
- ~ s
. ~
. \.-x i
L. - l
» . ¢
« 7 | . tcyv-ribbed Beit | - s . (d)Linked V-pelt . 7 '
—' ‘ ‘ - (';- . .A- > -
Figure 7. V-belt Design Varlafiiysu »
N b g )
* ¢ A -

N . -
. .
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- .
. !
v < . \
V-ribbed belts are manufactured with’ mu1t1p1e sharp ) )
"Vs" that provide excellent grip in a narrow width, although L

they require -large belt tension and precise alignment. .
Uigkgd V-belts are constructed of flewxible links of o

rugher or neoprenegand fabrlc, held together by studs and -~

washers. Links on these belts 'can be.removed to match the -

tension requirements of different. drives. T e

The flexibility and heat-dissipating ability of the basic
- V-belt is -enhanced when grooves or notches are made into the
_bottom. The cog belt and notch helt are espedlally designed 4
to -be more flex1b1e and to throw off heat more rapidly than

the conventlonal V- belt

hd - 4 . .

‘

VARIABLE-SPEED BELT DRIVES '
In many 1ndustr1es, the necessity arises to change the

speed of a driven machine durlng operatlon Variable- speed ,<f

pulleys and belts (Figure 8) accompllsh this feat when the (/\

two halves of the pulleys are moved closer together or farther

apart, forcing the belt to ride higher or lower in thé pulley

and to change the speed of the driven pulley. ‘The’ variable-

speed sheaves‘'shown in Figufe 8 operate as follows> The driver -

ﬁuliey contains the shifting device that changes its pitch; —~ ‘

thé driven pulley is.spring mounted and merely Serves as-a

reggstance to hold the belt tlghtly Other systems utilize

idlers or even two shifting pulleys in synchronlcatlon.
Such drives require flexible, wada belts having great

. cross-sectional strength. Both the belts éhﬁ the sheaQes

should .be checked for wear periodical%y. )




IS
]

SPRING

<

-
- MOUNTED SHEAVE

e

SHIFTING,MECHANISM

[

.
3

Ay

Figure 8.. Variable-speed Belt and Pulleys.

-~ ’ Y
-
EN

FORMS OF BELT DRIVES

>

Figure 9 idlustrates:the five major configurations of * -
Openﬁ'Turned, Crossed, Serpentine (which uses

belt drives:

W,

¢
<

N either  a flat belt or a double-angle Yifelt),‘and M

/

ule. .

;.’7

—p———

-

~ . _ SERPENTINE

>

- Figuye 9. Forms of Belt Drives. .

.




.V-BELT‘S&%ES AND MATCHING NUMBERS

7

> : o C - .o
V-belts aré‘ﬁ§§€2§§:%§§§ sizes,-ranging:from 1/2 to
1 1/2,inch widths. Numbering systems are used to indicate
width, duty type, length, and matching number of each belt..
These codes ‘are marked on kack belt and vary with each manu-
fac;urér‘ for example, -a typical marklng such as B210
" “can be interpreted as follows: - ] !
J * B indicates that the width is 21/32 1nch that is a
i standard.industry, code. The common width de51gnat10ns1
~for heavy industrial belts are A (1/2"), B (21/32M),
C (7/8M), D (1 1/4"), and E (L 1/2"). .
210 indicates the belt\length in inches. The last-
digit indicates tenth Jf an inch. The B210 is 211.8
inches in length, or slightly longer than the bejt
number, which is measured along:the inside surfa$ET\
(Most V-belting is endleas, or unjoined; however,
also is manufactured in iengthy rolls for use'on line
shafts or when extra-long beits dre required. .Such,
belting is spliced with hinged'metal,fastepers.)

50 indicates the matching number, in\order/that belts
used on a multiple-belt drive can be matched precisely
in 1ength (If the beits-aré jot mat hed, some will

.-be loose and others tlght whleh’reduqes belt 11fe )
‘Matching numbers represent sma11 1ncrements of. 1ength
within a given nomimal 1ength Belts W1ll operate
.properly if the numbers are grouped w1qP1n the 11m1ts

s -

.given in Table 2




/.

~ ‘ . k -

TABLE 2. LIMITS OF BELT MATCHING NUMBERS.

<

Belt Length Matching Limit ’ -
Up to 100 . _ Use only 1 number s
100 to.200 - Within 2 consecutive. numbers

. 200 to 300 - . Within 3 consecutive numbers
300.to 400 Within 4 consecutive numbers
408 to 500 Witha consecutive numbers
500 and Up | |- Withim” 6 Gonsecutive numbers

Match No. 50 indicates a belt of standard nominal
length. Nos. 51, 52 and 53 are successively longer
belts, and Nos. 49 48 and 47 are shorter ones. " ,

' ) ‘\,‘\l
\ T a,'. P}

PULLEY SIZE . , .

3 ’ .
The relationship between pulley size and power 1s

important' Pulley ratio (the ratio of the diameter of the
- laxge to the small pulley) should be 3:1 or less, 'in order
th t full power can be applled to a belt system. The use
‘ of manufacturers’ spec1f1cat10ns virtually assures the
N .correct pulley ratio; however, when several different set-
uﬁs are possible, the energy technician should select the
drive that will come closest to giving full power. When
the diameter of one pulley is known, calculatlon of the most
energy-efficient des1gn for a system can be accompllshed as
shown in Example C. . - LTS

s .

~

EXAMPLE C: PULLEY SIZE CALCULATION.

Given: Large dlameter pulley is 12". .
Find: Best diameter for small pulley.’

s .
- MS:Ql1/Page 21 °
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Example C. 'beniinued. -

Solution: .

- »

Equation 3

v

Wiy Hw
—
[ 28]

V1T

= 5 = /4n dia}e{er\(\inimum. )
\ 0 . * e »

§

[J

Pulley size tffebts pulley speed. If two pulleys are
the same size, they will rotate at the same speed; however, ¢
when the drive pulley is smaller than the driven pulley, the
driven‘pulley.wilﬂ turn slower: /»1 |

>

MAINTENANCE OF V-BELT DRIVES

A minimum of preventive ‘maintenance will stop many of
the more common energy ‘losses associated with belt drives. .
Drives should be inspected regularly. CAUTION: Lock the ‘ -J
on-off switch in "off" p051t1qn when inspecting ‘or repairing

-

belt drives. - ’ ) \

I

%

SHBAYE ALIGNMENT IN V-BELT DRIVES
Precise sheave alignment is required and.is accomplished
as follows: (1) Shafts upon which the sheaves'are fitted must’
“be aligned honlzontally or in the same degree of angle. (2)
Parallel shaft and--groove alignment usually is accomplished
simultaneously. Such allgnment is illustrated in Figure 10a,
- in which a stralght edge 1s used to prov1de an-accurage align- .
ment. (The stralght edge 1tse1f perhaps a board must be

‘Page 22/MS-01 ‘1
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straight and unwarped.) An alternate method, shown in
.Figure 10b; makes use of a line pulled taut. Even more
precise alignment can be accomplished when the shafts are
lengthy: measurements are made between the shafts at botﬁ
fggf. K . ;

s

N . - -

STRAIGHT EDGE .
. / -
-
r .

‘ ADJUST TO BRING FACES OF SHEAVES TRUE’ . ¢

(a) Alignment With A Straight Edge

’ PULL LINE TAUT . H [g

USE CARE AS LINE l&EASILY DISTORTED
(b) Alignment With A Line -

¢ Figure 10. Alignment of -Shéaves and Shafts.

V-BELT INSTALLATION
~ Belts should not be forced onto sheaves by so-called
"rolling" action, which stretches ti#fém and breaks their
. < fibers. Rather, the below step-by-step  procedures should
be followed: BN g .
+ Loosen the adjustable tension mOunt
« Slip the belt around- the sheave grooves. When
installing more ‘than one V-belt on a multiple
drive, make sure that all the.belts are matched
a - and that they all are slack on the same side

(usually the top side).

* : E MS-01/Pagé 23




« Adjust the mount to tighten the be1t to approxrmately
the correct tension. . .
Start the unit, and allow the belt to "seat" in the -
sheavefgrooves.

- Stop the unit, and tighten belt to correct tension
as follows:

BELT TENSION

5

~—Because belts tend tolsliﬁ, when chains or gears do not,

belt tension must be tested regularly to prevent excessive
wear and reduction of mechanical enetrgy. Since tension in
a belt system'is so important’, some type of tensioning device,
such as an idler pulley or a jacking screw, often. is used.
Whenever possible, the slack,part of the belt should be at
the top of the drive, to allow'greater .arc contact with the
pulleys. Tensiom should bes checked at specified inspection
intervals. ;Because'new belts stretch and ''seat" into the
" sheave grooves,'their tension should be checked after they
. have run 24 to 48 hours,
Belt tension often is determined by use of a pocket
"Tensiometer" (Flgure lla), available from belt manufacturers
The Tensiometer is used as follows: (1) The belt span

length is measured (Figure 11b). (2) The large "0" ring on
the Tensiometer 1s set for '1/64" for every inch of 'belt span.
(3) The small "0" r1ng is set to‘ykro (4) The larger end of
the Tensiometer is pressed downward at the center of the belt
span (Figure 11c). On a single-belt drive, the Ten51ometer
is pressed until the large "0'" ring is even w1th the bottom
of a straight edge placed on the out51de r1ms of the two
pulleys; on a mu1t1p1e -belt drive, it 1s pressed until the
large "0" ring is even with the top of the adjoining belt

v

% * 5 .
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(if taut itself). Each belt in the drive is measured,
and the avefage reading 1is obtained. (5) The position .
of the small "0" Ting now™has changed to indicate the
pounds required to deflect the belt: gé) Belt deflection
tablés frqy the belt manufacturer's catalog are cheeked——

for the proper tension in pounds.

— BE ‘ .
_ Lr SPAN
N . .
e .
SMALL o
llol' l:'
ﬁme”/'ﬂ
 —
O L4
r«-ﬁ (b) ldentification of Belt Span
&< x
LARGE T2
uon '%'
mNG/ 2=
33
=
1 ¢
(3) Tensiometer (c)/Nbgasuring Belt Deflection.

\ ¢

Figure 11. Use of tiie Delt Tensiometer.

o

A spring scale and a ruler also can be used to check
tension, as explained in Example D. . *

MS-01/Page 25
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EXAMPLE D: CHECKING-BELT TENSION.

L

Solution:

A V-belt and pulley mechanical drive. Belt span
is 32",

Belt tension.

_ SPRING SCALE
STRAIGHT EJGE

f \ / -
X
-*Hold a straightedge parallel to the. belt, top
surface, and place a ruler level and perpen:
dicular to the straightedge.
+ Use 4 spring scale, and apﬁly a perpendicular
force to the belt at the midpoint of the span.
. This force should be that required to deflect
the belt 1/64 inch for every inch of, span
) 1ength; for example, a.32-inch belt should be

def}ected 1/64 x 32 or 1/2 inch.

&

NOTE: B?{t qgnufacturers provide tables that
list the recommended belt deflection force
for their belts. These tables take into
account such factors as sheave sizes, r/min,

etc.

a

/ff"—"
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. TROUBLESHOOT ING. OF V-BELTS

Table 3 provides extensive V-belt and sheave trouble-

~thoroughly.

. shooting procedures that should be studied and discussed

TABLE 3. V-BELT TROUBLESHOOTING.

(c)

- .
TROUBLE. - CAUSE CORRECTION
Belt Slipping (a) Not enough tension | (a) Increase.tension
(b) .Drive overloaded (b) Increase drive
: capacity
(c)- 0ily drive (c) Correct o0il or
: grease condition
Belts Syuealing | (a) Drive overloaded (a) Increase drive
.o capacity )
' (b) Heavy starting (b) Increase tension
load :
(c) Not enough arc of (c) Lengthen center
: contact distance
Belts Turned (a) Broken cords from (a) Reduce drive®
Over running belts onto centers when
) sheaves installing belts
- . on sheaves
(b) Not enough tension | (b) Increase tension
(c) Impulse loads (c) Provide pivoted
. motor base ox
spring loaded’
idler ) -
Repeated Belt (a) Shock loads (a) Incregse tension
Breakage ) 1 or increase
& - drive capacjty
e Wt (b) Broken cords from | (b) Reduce drj
“F T . running belts onto centers afhen
sheaves instalXing belts
) on-s
Foreign objects (c) Provide protec-

tive guards

MS-01/Page 27
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¥ .
Tab}¢ 3. Continued.
TROUBLE CAUSE CORRECTIOQN.
Rapid Wear (a) Worn ‘sheave (a): Replace sheave
T . grooves
(b) Sheave dia. 'too (b) Increase sheave
small " diameters .
(c) Misalignment (c) Align drive
(d) Drive overlcaded *(d) Increase drive

(e)

Belts rubbing

capacity
(e) Provide running

Agieafadté
\

©

Underside
Cracked or
Belt. Hardened

H

(a)

Excessive heat

ta) Provide ventlla-
tion for belt guard
covering and/or
correct slipping
condition |,

Excessive
Whipping:
¢

-

(a)

Drive centers too
long

’

Pulsating load

(a) Reduce drive gen-
ters or provide ™.
idler. pulley(s)
Review flywheel
requirements of

drive .

Hot Bearings

Too much tension
Sheaves too small
Sheaves too far
out on shaft

Decrease tension
Use larger sheaves.
Place sheaves as
close as p0551b1e
to bearings

(d) Belt slippage Increase tension °
(e) Poor sbearing (e) Observe recom-
condition mended de31gn and
malntenance
Some Belts on (a) Belts not matched.| (a) Install matched
" -[Multi-belt ° set from one manu-
Drive Loose ‘ - facturer
(b) Some grooves > (bl Remove burrs from .
;f damaged . or replace sheave
(c) Loose belt inter- (c) Replace belt
nally damaged .
(d) Not enough tension| (d) Increase tension
Tie Band (a) Worn sheaves (4) Replace sheaves
Separatlng (b) Sheave misalign- Qgﬁ Align sheaves:
from Belts ment : '

i

Page 28/MS-01




Table 3. Cofftinued.

. >
- ]

* TROUBLE CAUSE™ - - CORRECT ION
*Worn Belt Sides | (a) Normal#wéarO ‘o ‘(a) Replace‘bélf
(b) Misalignment, grit | (b) Align sheaves;

R s

or dust

clean

o+

. Narrow Spots

&

Broken cords from
prying or running .
belts into sheave
grooves

. Replace: belt’
\

-
-

K}

Swoiien, Spongy.
andfor Cover .
Stock Loose

Deterioration‘f;oh
exposure to o0il,
greaSe, or chemi-
cals

Use befﬁfr belt
guards |

Spat Wear or-
Burns )

Siippage when
starting or at
peak loads ~

B

Increase tension
~Oor use system
with mg{e belts

Ply Separation

-

Bélt runnihg over -
too small a sheave

. Us'e larger sheave

-

Replace belt, and|

Belt —.Broken internal
Excessively cords and/or ex- reduce tension if
Stretched - cessive tensioning necessary
Frayed or (a) "Misalignment (a) Align sheaves
Gouged Belt (b) Rubbing (b):Remove obstacle
Sides (c) Damaged sheaves (c) Replace, sheaves
* 7
Belt Rides Low (a) Worn belt (2a) Replace belt )
in Grooves (b) Worn grooves in (b) Replace worn
. sheave (s) -7 sheave (s)
. ’ ‘NOTE: Top of belt,
. should ride 1/16"
" above top of sheave
) at resg. )
; : 3 —
Shiny Groove (a) Worn sheave ' (a) Repfg;z\sheave
Bottoms (b) Worn belt (b) Replake belt
Worn Sheave (z) Normal wear (a) Replace sheave -
Sides (check’ (b) Loose belt (b) Tighgen-belt
with template) | (c) Dusty coénditions (c) Eliminate dust

A

if possible

. -

N
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* ° " V-BELT DRIVE SELECTION« Lo ?

aw

" tables.

- W

. : ’ - '
The selection df the propéfﬁvgbelt drive'for a particular
application cin be Bimplifiéd‘by”the usé_nf manufacturers' \\\_-’;
~ Whije it is possiblé to ‘calculate requirements for a
"non-standard V-belt" by using formulas and pefforming stress
analyses found in ergineering textbbbks, guch calcuiatfpns“_ - -
normally are‘unnefeséary. The use of such manufacturérs'’
tables Qi}l allow the technician t¢.select a.system and to
compare costs of alterhative systems‘imm%diétély."The pgoﬁessc

of selection also. permits t technician to.take advantage of°'

-the data manufacturers . have,gathered over the years.
' The tables also“providéja/qﬂﬁck and easy way to perform
existing systems.

an energy-advantage ‘analysj Using

them, the technfcian can select several systems to meet the

Fd

same need and compare their relatiwe costs.

.2 - 3

en ¢
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Ce EXERCISES

. - . - .

"

¢ = -

’;\ 3" wide belt, 250" long, is u\se?ﬁo drive a pump from
an electric motor.
and 24" diameter. Calculate how far apart the shafts

‘must -be to use fully the belt length. - . ©oT

The motor and pump sheaves are 9"

- A 3 inch diameter fr&t belt pulley rotates at ¥100 r/min.

What is the belt velocity?

A mechan1cal drlve system has a driver pulley g 1/2"
dlameter and driven pulley 21" diameter. If the recom-
mended drive ratlo is 3:1, calculate a new diameter for
the driver pullé&

.drive ratio 1ncreiies?'

- What happens to the drive as the

-~

LABORATORY MATERIALS

2
2
2

—

—

CAUTION!

T Bea, et
Q §, ’H’.

), -
Belt drlve, cons1s¢1ng of~a,motor,‘sheaves (preferably
The belt drive.
may be a special one constructed for the laboritory, or °

with at least two grooves), and belts:

may consist of an available piece of equipment- such as .
an air compressor similar to that shown in Flgure iz.
0.to 48 oz spring scales.

straightedges,

12" steel rules.

Do not adjust equipment while it is runhing.
Observe all safety rules. Repldcé guards after,

equipmeﬁt is adjusted,

/ o ) .
.
.



LABORATORY PROCEDURES

&

Motor and drive.are set up by inStructor as illustrated
in ‘Figure 12. This belt drive ‘may-have one or more of

'

?

- the following defectss

Pulley misalignment.
Incorfect V-belt size.
Defective belt(s).
Incorrectly-tensioned
belt(s). |
Improperly matched
belté (if the systen
i belt d}ive).
*» Defective shedye

~

Figure 12. -Typical
Belt-d;ive Setup.

4
1

Instructor starts drive. Oﬂs'rve drive in operafion, and
note all symptoms of possiblggﬁefects. Complete items

1 — 4 of Data Table 1. )

Instructor stops drives Inspéct drive as follows:

52 Compleze Data Table 2. )

b. Inspect belt for signs.of abnormal wear.' Compléte

‘.. items 5 — 11 of Data Table 1., : Yo

c._h'fheck’ﬁélt tension. Use'progedurég\gﬁilﬁhéd'below:
< } MeéSuie belt span (Figure 13};<?ecd§d*in Data
Table 2. 2 8
© + Use a spring scale, and apply a perpendicular
force to the belt at the midpoint of the span.
» The force should be that required to deflect
the belt 1/64 inch for every inch of span

~“Jength. 7 (A 32 inch belt,, for ‘example, should -

- -

Page 32/MS-01
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. ) ~figure-13. Belt Spen. oy

°7 ' DEFLECTION -
- — BELTSPAN L .

be deflected 1/64 x 32 or l/t'lnch ) Record
belt deflectlon and deflection force in Data
Table 2. '
. If a '"Belt Deflectlon Table'" for these belts
is available, compare the measured reading
with that in the Table. ’
d.  Chetck pulley allgnment. S
» Position stralghtedge against pulley
+ Rotate: pulleys, and.note whether or not
‘contact of either pulley W1th straightedge
S .7 is disturbed.
- . Complete items 13 - 16 of Data Table 1.
e. Inspect pulleys. Complete Section E. )
f. Review.Sections A through E.. Inspect drive for
° T causes for all defects, and list posslble causes
-in Data Table l&\J .
g.” List the steps which shoold be followed to correct
drive defects in Datad Table.l.

[

f
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DATA TABLES

7.

'
Y .
" DATA TABLE 1! TROUBLESHOOTING BELT DRIVES )
S TROUBLE | yeEs| NO | DESCRIBE | CAUSE | CORRECTION
1. Excessive-Noise? | 1 ' '
2. "Belt Squeak? 21 . .
3. Belt Squeal? | A7~
A —_ .
o 4. Belt\Slippage? . ) ' - SR A
5. Belt Fabric . ot A d
' Rupture? ’ .
6. Worn Belt Sides? | | ol
! 7. - Bellt Base . 1. Qg*_ s o ) . .
Cracking? = ' ‘
. 8. Belt Cover Tear? Q; ' . ‘
9. Belt Burns? - ‘ N
1L0. Belt Gouges? ‘ { & v
111" correct Belt? € |
12.. Correct Belt T ;
Tension? ) . : .
“ < . o * - - }
13. - Pulleys Aligned? | . C 4 o .
. h4. New Belt 1/16° | = - ’ ; - ‘
Inch Above Top ‘ ' | R
‘ . Groove? ;
- - ¢}15: Shiny Groove ' . ) : ’
Bottems? . . - o | -
oot * }16. Pulleys Chipped, }=*. /
: Bent or Cracked? '
P~ 4 ! A; ' i /
- . ’ - f[l ’ \ ‘i
\ ' . ;
. Page 34/MS-01 10 '
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DATA TABLE 2: SPECIFICATIONS AND MEASUREMENTS

I Type Belt & ‘ - No. of Belts ‘
~ | Manufacturer d
“ Nominal Length
Matching Numbers ] .
R Nominal Width
Nominal Thickness B ) f’ ?
Center Distance between Pulley Shafts (Belt Span)
/ ’ Belt Deflection (measuredl
Belt DeflecEion Force (measured)
. REFERENCES
’ w\ -
- Carmichael, C., ed.’ Kent's Mechanical Engineers Handbook. .
v T Desién and Production. New York:A‘John Wiley andNSons, .
; Inc.,.1975. a ’
Dr ve Design. Akron, OH: B. F. Goodricﬁ, Engineered Systems -
, . Division.
' Fundamentals of Service: Belts and Chains. Moline, IL: \
, Deere § Company, IQflu : v , . =
. Industrial Drives Catalogue. Cleveland, OH: Eaton Corpora-
tion, Industrial Drives Operations, 1978. ’ A,
Mcpgnald, William C.; ed. Power Transmissions Handbook.
| Julian'J. Jackson Publications, Inc., 1968. '
Nelson, Carl A. Mildwrights and Mechanics Guide. 2nd ed. ¢
. Indianapolis:' Theodore Audel & Co., 1972. ° ‘
'
wk R . -
- , ‘ /

&

C . MS-01/Pdge 35




T TEST -

1. What are the three mechanical systems most often used
to transmit rotary mechanical power?
. - S
v d ‘. .
&
2. —Give at least one applicationydf the following belts: v
a. Round belt ) .
’ b.” Flat belt \ v -
c. V-belt )
- . d. Double Angle V-belt )
e. Banded V-belt \PX
- £, Linked V-belt _ .
_ g. Positive ‘Drive belt > )
7
~ h. V-ribbed belt °
. - -
i. Variable-speed belt
3. What are at least two advantages and disédvaﬁtdges of
these belts?
a. Flat belts.
I \
b. .V-belts. . ’
, .
"¢, Linked V-belts. |
_ -d.] Positive Drive belts.
e. V-ribbed, belts. i
¢ . ’ ’ 1-
f. Cog and rotch belts.
L
. Q ‘

* ' ‘ AN




What are the design characterif&ics
‘the following pulleys? "

a. Round-belt pulleys. . o |

that distinguish’ |

b. Flat-belt pulleys. .

]

c.” V-belt pulleyé.

What, is the width and length of a C105 belt?

»

-~
¢

A flat-belt drive system consists of two pulleys, with
diameters of 30" and 10"; the span between them is 61".

What is the proper belt length for efficient operation?
(Use Equation 1.) '

e

’
- e P P

I



.

shaft.)

-~

Calculate the belt speed for a system in which a flat

belt -is ridin§ upon’ two pulleys, one of which has a

diameter of three feet and is rotating at five revolu-

tions per second. - (Use Equation 2.)

.
I3

!

A drive system is being mod nized. One pulley is

almost new and is retained; Yt has a diameter of 34".
What is the most energy~effiqiiyt size for the second '

pu;ley?

L]

(The second pulley is“attached to the motor .

-
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What are at least two ways through which an improperly-
maintained belt’ drive can lose, energy?

Give at least ‘'one possible cause for these V-belt mal-

functions: /

a. Fabric rupture.
)

N

b.  Cover tear.

L .

c. Worn sides.

d. Cross cracking.

e. Burns:

f.  Gouges..

»
-

What is the correct procedure for installing V-belts?

¢




< ‘ - v

. ‘ ‘\

\ 12. Discuss® how the belt drive examined in the laboratory
procedure might have been better maintained. ‘
s .
Ve
1 o
' -
N ! )
- + ; //\
* -
' MS-01/Page 41
Q “ ) . ‘.

ERIC . | 46 .
i R .

e




"_ENERGY TECHNOLOGY ||| -
qfl :" . . : CONSERVATION AND USE
.~ MECHANICAL DEVICES AND SYSTEMS |

. . , >

.. .. ' MODULE mMs-02 - RN
“o i cHaNDRVES . - ||

. <1 . )

s
P

UPATIQNAL RESEARCH AND DEVELOPMENT




- INTRODUCTION'
% ‘ /

\_—

A chain drive is a positive power-transmission system
having zero slippage. The drive consists of a chain whose {
links mesh with toothed wheels called ''spregkets." Such
drives are utilized wﬁen (1) the distance between shafts is.
too gfqat for ecpnomighl gearing or when (2) no slippage, .
such as that exhibited by most belt drives, can be tolerated.

The first practical chain drive originated in about
1873 as a kind of detachable metallic belt, first used on
agriculturalgﬁ%chinery. Although the first bicycles operated
by direct drive with no chains (Figure la), the development
of the chain drive made possible the invention of thegpchain-
drive bicycle (Figure 1lb), which made use of a large drive

v sprocket and a smaller driven one for greater wheel speed
and, thus, a smaller front wheel. ' .

(a) Early ngh-Whoolod - ' {b) Rover Satety Bicycle
8lcycle * (Chain Whee! Drive)
(Direct Wheel Drive)’ .

i s ]
L J . . '

»

" Figure 1. Bicycle Designs.

/7
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Since then, the chain drive -has been used in motorcycles,

&

. automobiles, snowmobiles, chain saws, and: in a variety of in-
’ dustial machines. o - ' -
This module -discusses the design,-use, installation and ”»
maintenance of drive chains and emphasizes the energy economics

of these systems. : . .

~

PREREQUISITES S g

-

The §tudent should have completed the following Unified
Technical Concepts Modules: Concept-Modules 1-0, "Force,"
2-0, hWork," 6-0, "Power,'" and 8-0, "Force Transformers"; and
Application Module 8M3, '"Drive Systems." One year of high

" school algebra also must ha&e ‘been completed. s

Upon completion of t;::\;gauye, the stud;nt should be-

able to: ‘ ' : . "
1. Given sketch of the foilowiﬁg types of chains, identify.
‘ each chain correctly; and cite at least one specific
. -E application of each: . ‘
a. Roller chains __ - . - .
PN b. Rollerless «chain.. ) ‘ .
v “%¥¢. - Detachable link chain : .
. d. Silehtjchaigﬁ - . 4
‘ e. Pintile chain.
' -2 Given an unlabeled s of pargs of a roller cbain,

correctly label each part; and describe how the final

chain 1link is assembled. vi) v .

S
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»

Given the number 6f’teeth bossessed'by each sprocket of
a chain drive, the center distqngg/bgtween them, and
applicable formula, calculate proper chain length for
that drive. . .‘*

"Given the diaméter of a sprocket, r/min of the drive,

and. applicable formula, calculate sprocket.speed.
Describe how increasing sprocket size, increasing the

number of teeth on a sprocket and decreasing the speed

- v

of_a- sprocket w;iiksffect energy balance and life: of a
chain-drive system. : i

Explain how sp?ockets are a11gned by (1) parallel-shaft
adjustment and by (2) axial adJustment. -

Describe two ways in which tension can be adjusted on .

a chain drive." N o -
Given the center distance between two sprockets and
™applicable formula, calculate chain slani

Descrlbe how proper lubrication of @ chain drive in-

. Creases its energy eff1c1ency

<

2
c
N
~

[ . . £l

e —— e — A = egen =y = P
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. . PR
CHARACTERISTICS OF CHAIN DRIVES

»

.

Like belts, chains are used for power .transmission,
for conveyance, and'for timing. Chain drives transmit ‘
power with higher efficienty aﬂd do not slipyOr creep,

. like most belt drives. They are compact; easy to install;
do not.deteriorate due to oil, grease, or sunlight; and
can operate at high temperatures. Since chains require
more operating time to stretch and elongate, they requjre
1es§ frequent adjustment than belts; however, they are
rather noisy and requi;é frequent lubrication. Most chains

will accept very little misalignment.

E)

TYPES OF CHAINS

There are several different typeé of drive chaigs.
Each type has its own special features and is well suited
to its particular applications. A few of the common types
of drive chains are illustrated in Figure 2. .

' The rollerless chain (Figure 2a) consists of a‘series
oﬁfliﬁks and pins. This chain is used at low speeds when
‘chain wear is not ¢ritical. It\dqes not absorb friction
well. 7—\ )




. (A) Rollerless Chain
AN Low Speed

-

(b) Slient Chein ’

P
Lannl

(c) Detachabdle Link Chain
Slow Speed - Light -

Losds 'im!.h.
. . : C=_~_ 9

{d) Pintlle Chain

Slow Speed -
Abrasive Conditions

- NOTE: Arfows Indicate
) ‘ (e) Roller Chain Direction Of Movement

-

ngbre 2. Five Types of Chains.

5

v

. The silent chain (Figure 2b)~is a seriqs of flat-links
with teeth. -~ The sprockets for this chain resemble,épur gears.
As the chain passes ‘over the face of the sprocket, the teeth
. . engage the ggar-like surface; however, because the sprocket
& teeth do not profect through the chéin, the links enter and
leave the sprocket smoothly and almost silently (Figure 3).
The links 6n the detachable link chain-(Figure 2c) are
replaced easily. This chain is inexpensixe angd f§ used for
slow speeds and light loads. ‘

a
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The pintile chain
(Figure 2d) is a series pf _ ;
.- iron 11ks held together by ‘ CHAIN 'LOAD  BINS £ At

a pin. It is used at 1ow
peeds —often outdoors,

o where it is exposed to the

) \
SPROCKET

ROTATION

"o

weather and to abrasive
conditions.

- Roller chains are the Figure\?. Silent Chain

most commonly-encountered and Sprocke

chain drives. They can. be
used for virtually any appllcatlon, from prec1§pr ins
_ments to power transmission. ‘These chains are constructe
of alternate roller and pin links. Roller chain parts are
illustrated in Figure 4"fn assembly, the links.are connected
- * alternately, as in Figure 5.

s

PIN LINKS %

. - -

- — L

o)

ROLLER LINKS

/ ausmnes ROLLERS INS
- / . ,
. Figure 4. Roller “Figure .5. Roller
~ Chain Parts.. , _ -Chain Assembiy. .
> . ’ , N - ‘ -

’ . In opération, the %ins turn inside the bushings, while

S
the rollers turn outside the bushings. The roller contracts
the sprocket teeth, guides the link 1nto place, and absorbs
‘ most of the friction. - ) )




Al # .:b
£ @ ™ ﬁ
. T - \ R S
. L
The ends of a rolisa chdin usually are joined with a
special 11nk called aMtister link" (Filgure 6). P
‘ i ‘\" ]
A W -
100 i N
Figuyé 6. Roller Figure 7. ~ Roller" )
Chain Master Link Chain Pitch. -

R4
Iy ~

The "pitch" of a roller chain is the distance between
the center of the rollers, or ‘the space between the 11nks

(Flgure 7). The pitch, the rollér width, and the roller
d1amete; have been standardized and are part of the American

standard roller chain dimensions available in most.mechanical
engineering textbooks and handbooks.

‘Roller chains are
manufactured to meet the standards of the Amerlcan Natioral
Standards Institute (ANSI) .

¢
-

)

;
;
;
¥
;
4 ! 1A
. ’ - A
St A\ .
: A
: ¥
1
3
.
® 1

- CHAIN LENGTH

For chain to be properly‘ten51oned
correct 1eng§h

L
. w‘\\;',
it must be the Ay
(Ten51on1ng is explalnig/under Maintenance.).
Chaln length tan be calculated from Equatlon 1 ) . .
. ) L R
- ) .
“ . . R ta .
' Ny +Np . + N» ' .
! = + + 2 .
\\_J/ L. > (4Tr2 T, ) 28, Equation 1, B
' * ’ ® Q '
J < “s 5 N
. ® ‘ L ® . ’
¢ R . . ‘ -
t ' ¢ !
Page 8/MS-02 ’
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where .

-

’ Lc = chain length needed.

N.. = number of teethAih'iéfge sprocket.. ,
N2 =.number of teeth in small sprocket.

n = 3,14, , - ' ' i —
o’ . \ . . . N
L. = sprocket center distance in inches.

Equafidﬁ“l”i§iused”tomsoivemaiprUg}em“inLﬁxampigmA7-~Lf—~"*~_4~—~

L]

~ EXAMPLE A: GALCULATION OF CHAIN LENGTH. . S .

Given: Driving sprocket with 22 teeth. Driven sprocket

. wh\? 36 teeth and a sprocket center distance of

, ., ‘ X "o 32, . E
‘nt Find: . 'Length Lé of chain. .
. Solution: Use Equation I: oy
N _ Np + N, + Na\ “~ .
. ' Lc 2 * (4n3 2 ) = 22 [

Sy ,
Substituting: . : \4/'

36 + ZZ (36 "+ 22)2
~EE——— J//Ld(’ 1Y)77 x ] = el +x 12
_ S8 3364 )
, o '_’2—+W'+24" ,

=29 + 7.1 + 24

- " (- . ' . 1.

L. 60.1 ’ B ,

{The length then would have to be ad;usted to- the clesest \v,ﬁ !
manufacturers~standard chain length. ‘ N
8 L X
D / ..) ~
¢ . r,‘
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SPROCKETS

The toothed wheel through which power is;transmitted‘;s
termed the "sprociet." In operation, the links of the chain
mesh with the teeth of the sprocket to maintain a positive
speed ratio betwgen the Driver and the Driven sprockets.

. If the chain has(an even number of pitches, the sprockets

- ‘have ‘an odd number' of teeth, and vice versa. This feature‘ :
preventS’a'single link from contacting the samé sprocket tooth
each time the sprocket turns and prevents uneven wear and .
excessive vibration. c L

. Sprockets connected to the same side of a chain .revolve
in the same direction; those conpected td opposite sides

revolve inwopposite directiens..

N .

TYPES OF spkocx‘m\i

Sprockets.are manufactuted to standard dimensions for
. ,\ each type of chain. There are- four basic types of sprockets,
) the choice of which depends upon cost, location, ease or
—————-—access; -and-removyal—for maintenance-(Figure 8). - - - - -
- ‘  Sprockets should have no fewer than 12 teetll because a,
~ small number of teeth increases the amount of impacthf the
’ chain seating on the sprocket. Impact will be reduced if the
« ) _numBgf of teeth of the'sprocket is increased or if the speed
is decreased. Chain pull also will be reduced as the sprocket
. size is increased., A larger sprocket allows the use of a
lighter chain. - ) ' ‘

s 4

-

I BB



~ ‘
S ‘
. B 13
. ) ‘
(2777 V77770 %
o (a) Plane §Pla;o (b) Hub - One Side
¢ . Y,/ ) 1§ ‘\—
- : 2\ Z
PN N% .,
' ' (c) Hub - Bpth Sides _ (d) Hub - Detachable
. ) & ., R . >
Figure 8. The Four Basic Types of Sprockets.
' ~ . ‘ . : , .
SPROCKET SPEED
“ When performlng an eﬁErgy- or economy - advantage ana1y51s )
on a chain drive, the energy techn1c1an/3hou1d determine "the
speed of the sprockets. - When the diameter of the sprockets: ,
' . . and the speed of the drive sp}ocket are known, the speed of '
the Driven sprockef can be calculated from Equation 2. i
r/min Driver. _ Diameter. Driver . - S - ’
] ¥/min Drive = Diameter Driven - Equataon 2 ‘
4 ’ . Y A “
. .- ' : ) . \
‘Equation 2 is used to solve a typical problem in .
Example B. ° R o C
. o 5

'R
[OF .

MS-02/Page 11
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EXAMPLE B: CALCULATION OF

SPROCKET SPEED.

"{Given: Driver sprocket diameter = 12". . .
Driven sprocket diameter = 24'".
o r/min of drive = 1000'r/min.
Find: r/min of Drivea sprocket.
Solution: - Use Equation 2.

r/min Driver _

~

Diameter Driver

r/min Driven -

r/min Driven

Diameter Driven

/

L
/‘3"

Diametef Driven

L

r/min Drive x

Diameter Dxive
_ 12 " B
= 1000 x .5 r/min ,
r/min Driven = 500 r/min. s
. o W

~

) Once the speed of the driven sprocket is known, the
technician can determine if the speed of the drive can be
‘reduced without loss of peérformance. The cost of increasing

the sprocket size compgred with the savings that could be
realized b& using a lighter chajin should be examined. If
a larger sprocket, with more teeth, and a lighter chain,
operating at lower speeds, can be substiEEEEé for the old
drive, considerable energy and monetary savings can be realized.
Using different tybes of sprockets and chains also can '
help's?ve energy and materials; for example, the "hunting’tooth“
sprocket is designed for just this purpose (Figure 9). The
’ arrangement of the teeth allows each tooth to contact the chain
only once every second revolutioﬁ; thus, chain and sprocket

This sprockef must be used with double-pitch

& ' . . . .

wear are reduced.
chains.

R4
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Each tooth rests

every other revolution.
The double-pitch chain
provides the required

DOUBLE P?CtECHMN

_space for the extra- set
of teethr

SPROCKET POSITION

The position of the

sprockets in the drive

*

should be considered care- ‘ . .
fully because if arranged JFigure 9. Hunting Tooth
improperly, their life, - ' Sprocket.
ahd that of the chain will

be shortened.” Figure 10 displays some of the acceptable

’

arrangements; however, a and particularly c should turn -
in the 'opposite direction indicated by the arrows if the
sprockets were moved very close together.

4
-

N }

Figure 10. Sproéket Arrangeménts.

-
¢

MS~0§/Page 13




|

IDLER SPROCKETS -

The small sprocket of a chain drive usually is the
‘Driver sprocket, and the large sprocket is the Driven one. .
The chain Bhould‘wrap around the small sprockgz‘by at least
120°. The length of the chain is getermined by the center
distance between the*§prockets.\

As a minimum, the center distance must be greater than ) -
one-half the sum of the sprocket diameters, to prevent the
;eeth.of the sprockets from interfering with one another.

Long center distances between sprockets should be avoided,

or the chain will whip. .
Some chain drives have adjustable centers, which allow

center distances to be adjusted by movement of the sprockets.

If a drive has a fixed center, it - may be equipped with an

idler sprocket.
Idler sprockqts

-
* e eon , should be no, smaller ~ .
l / than the Driver and ~
o= e should engage chains
: S! if the slack span

(Figure 11).
(b) Vertical Drives Whem«drives

1]
have. fixed centers

and when no idler

sprockets are used,
the exact. center

distance and chain |
length must be com-

=T . puted carefully.
(¢) Three-Sprocket Drives ) Three-Sprocket ’ .
' Reversing Drives ’

Figure 11. Proper Location
of Idler Sprockets.
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. SELECTION OF CHAIN DRIVES

The easiest way to select the proper chain drive for
a partlcular application is to_use manufacturers' tables.
Several systems can be designed quickly and their relative
cost and energy benefits compared. As w1th belt drives, .
the technician 51mp1y follows an ea511y understood step- bx-

o e e e o - ~

steb procedure

—

. - Vi
MAINTENANCE '
Proper maintenance of chain drives will result in

considerable energy and monetary savings. "The Qreas covered
in this sectlon include sprocket "alignment, cha1n Lnstalla-

\Elon, chain tension, 1ubr1cat10n,‘troubleshoothg, and storage.

14

ALIGNMENT

N . \ .

Alignment is important in belt-drive systemedigjis
critical in chain-drive ones because metal chains are in
direct contact with merél'sérqgkets. Correct alignment is
achieved when (1) the'sprocket shafts are parallel and‘QZ) ..
. when thé sprockets themselves. are positioned axially in such ,

a manner that the rows of teeth on both sprockets are in the
same plane. ki '
To ensure that the shafts are parallel, align them

horizontally with a machinist's level,” and adjust them for

parallel alignment with a feeler‘bar or measuring stick R —

(Figure 12a). The distance between shafts on both sides

of the sprockets must be*equal. Once the shafts have been

aligned properly, ‘they must be bolted in place to maintain
velignmene during opgration. )

MS-02/Page 15
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-
. SHAFTS ,PARALKEL. ! SHAFTS NOT PARALLEL w
, r
Y
v,
l - ]
— ﬂf%ﬂ !
L,:d STRAIGHY-EDGE_J L'd
(b) Sprocket Alignment . ) .
.4 - ' )

.

Figure 12. Shaft and Sprocket Alignﬁent. /

Sprockets are aligned akially with a straight edge pressed
‘against them (Figure 12b). For long center distaﬁces, a wire

~stretched taut can be ’sed instead.
When a shaft is subject to."end float" (the in-and-out

movement exhibited, for. example, by shafts of éiégkfgéyhotoré);
the sprocket should be-aligned for the nonmal running position.
The running position calt be determined by chalking the shaft
‘ and by then‘scribing a line in the chalk’oppoéite a convenient
¢ fixed point. The’shaft is stopped, and is blocked into its
running positiom while the sprockets are being aligned.

'CHAIN INSTALLATION -

v E

L]

Chain’ installation is.simplified when the following

J procedures are observed:

. t
- . .
3 ”
. . . .
. L3 : ' .
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(D Remove thg_;hain pin or connecting link. . -
(2) Wrap middle of chain around one sprocket, and
‘w// bring the two free ends together on the other
> sprocket. . .,
(3) Insert the pin through the links of the chain ends.
! (4) 1Install the {rege plate of the connecting 1link.

. (5) ﬁasten the plate with the cotters or spring clip.
oot T (6Y TLightly tap the~end of the conmecting Tink-opposite
the free plate to bring the outside of the plate - ’
snug against the fastner. This procedure will®
ensure that the link is flexible and that the
connecting link does ﬂotlsqueeze the sprocket teeth. .

- . N

>

CHAIN TENSION AND SAG ~ : S
Once the shafts and sprockets are aligﬁbd properly and
a chain of the proper length has been installed, the chain
tension must be adjusted to prevent equipment failure. Unlike
belts, chains mfst not be-tightened around the sprockets, but
" should havé enough '"mid-span movem;nt," or "flex dimension"
T YTinthe slackTspan to equal 2% ~to"3% the distance between B

sprocket centers for
. ¢ .
vertical drives. For

horizqntal drives, the
movement should be.be-

- tween 4% and 6%.
o - ,-"7,) .

4 . -
The mid-span-move-

4

ment is measured between

points A and C of Figure J* AC = Total Possible Mid-Span Movement
13" :$Vhén the measured Depth df Free Sag = .866 AB, approximately

value is obtained, if is -
e . o . Figure 13. Slack Span.

1

R
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]

compared to a table such”as Table 1 to determine the proper

mid-span movement.

\

-

~e #

S~ 4

TABLE 1.. RECOMMENDED POSSIBLE- MID-SPAN MOVEMENT‘AC.

Tangent Length Betwesn Sprockets.

Drive
Center=Line— | S" [ TO" [ 15" 20" 130" 140" 60" [80" 100"} - ~_
Horizontal to 45°f .25" [ .5 |.75" ] 1 f:.s"}j2" | 3" | 4" |5S"
Vertical to 45° .12 .25 .38 »5) .75]1 1.5 2. {2.5

L *

\ . y .
The most conVvenient meﬁﬁaa of measuring mid-point movement

involves the measurement of sag, as illustrated in Figure 14.

‘The chain is pulled -taut on one side
and a straightedge is ﬁlaced on top

" of the chain at both sprockets and
over the slack portion of the chain..

A measuring’stick is pressed against
the chain at the mid-point tg deter-
mine the sag distance from the chain
gt that point to the bottom of the
strarght»edge.i,rhe measured sag
distance is multiplied by’ two to
obtain the mid-point®movement (since

‘mid-point movement is the total

deflection on_ both the bottom and "~
the top of the straightedge).

Equation 3 can be used to determine the flex dimension.

-

Equation 3

X 4




. s
flexing dimensions. -
percent of centergdlstance desired (in this
case 29)
center distance (tangent length) between , —
sprockets. .
Equatlon 3 is employed to solve a problem in Example C.

? v

EXAMPLE C: CHAIN TENSION.

“IGiven: Chain/spraocket, system center distance = 20".

Find: Flexing dimension.

Solution: From Equation 3:°
' ) £=10.02 2

0.02 x 2? - fg\\\\;,

2.0 x, 102 x 2 x 10
b

. tt
f ="0.4", or approximately %2

Many manufacturers prOV1de tables that can be
.used when checking tension.” If these tables
are used, proceed as follows:

+ Measure total pessible mid-span moveme

of chain. ‘
’\*\xeasure distance between shaf ("tangent

length,' 'Figure 13), and Y0cate flexing
dimension in a table such -as Table 1.

a
-
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) r
Chain drive~tension should be checKed after the initial
100 hours of operggidn due to chain stretch. Thereaft r, it
should be checked at §00-hour intervals. - As chains we'r and
stratch, they do not mate properly with sprocket geeth. A
badly-worn roller chain rides far out of the tootskpockets.

Y

\ ' . ‘\\ I) ' ’
LUBRICATION

N
~

-

Although chain drives fransmlt energy more efficiently
than most belt drives, theﬁaygpmssess one disadvantage:
«~ They requlre adequate lubrication. The rollers and bushlngs

“ of roller chalns are, in coqstant movement as the rollers

engage th® sprocket teeth./ Although both parts are made of

hardened steel,.hgﬁijﬂzzg%éiigiénand the chain will elongate.
K
This elqngation is normal but be slowed doWn by proper:

lubrication. Lubrlcatlon/also reduces. frlctlon, thereby

saving energy and reducing 'ex¢essive chain and sprocket wear
" -Some’ chains ‘n'be ubgiéa{éd manually; others require-

semi-automa;icvor autgm E}éflﬂbricatiqn, as illustrated in

Figure 15. . ™ T -
. | -
v { N v
METHOD OF sl [ f7 . © e AUTOK -
LUBRICATION]  AUTOMATIE, /|~ ° ' AUTOMATIC ;- , .
. 3 \
7
Dnp Cup 0l Both OitDisk _ | Oil Spreem
’ . - g . B
- Contact bmsl;; o .. Choindips - Qif disk lhre;s Pump sprays
' 3 AP‘PUCAVTION ‘dif'ct dip ' © into il v . lube up on choin oil on choin
- OF -~
LUBRICANT
' p
Conveyors ond -7 A4 ) ¢ .
K £ Elevotors. Drives-low fo Prives—mederate Drives-
INO O Drives in low maderate hotse- to high horsepower high horsepower
EQU",’ME”T horsepower ond powerond speed <. | ond spni and speed
. speed ronge .

) “Figure 15. Chaln Lubrication
‘Semi-automatic and Automatic.
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Table 2 illustrates the relatlonshlp oféshaln speed

to the method of lubrication. ¥ ~

TABLE 2. CHAIN SPEED AND LUBRICATION METHOD.

Chain Speed * Lubrication » -
R <7
Less than 600 ft/min  ° A (
600 to 1500 ft/min . B i

v C

Method A - 5-12 drops/min, shallow pan. or ‘mandal

Y Over 1500 ft/qin

application brush or oil can.,
Method B — 20 drops/min or greatﬁr immersion o0il pan.
Method C — Continuous o0il supply using pump.

<

Consult manufacturers manuals for correct type of

© lubriecant to use.

SPROCKET INSPECTION °

Sprockets should be repiaced whén wear cghses'the teeth
to have ‘a hooked appearance (Figure 16).. A special gauge
can be used” to check wear on a roller chaln ,Another less.-
convenlent method is to measure the 1ength of the chain and
to compare that measurement to the speeified wear limit.
Chain manufacturers have established tabdes of maximum-ieng?h.
When a.chain ‘stretches to its 1imit,lit\shqu1d be replaced.

MS-02/Page 21
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«Figure 16. Worn Sprocket.

u

TROUBLESHOOTING OF CHAIN DRIVES ~

¥

troubleshooting procedures that

Table 3. prov1des extensive

~

cu'ssed thoroughly.

_'sprockets.

£
* A new chain will be
ruined if operated with QM_/,
badly-worn sprocket; there-
fore, both the sprocket and
”tne chain should be replaced
By the
same token, a stretched or
»wern»ehainfwi%}—ruén—ney

.
>
13

at_the same time,q

i

roller chain ahd sprocket
should be studied and dis-

>
A

. :
. ./ ' . !
.%. TABLE 3. ROLLER CHAIN TROUBLESHOOTING. ;j%
TROUBLE CAUSE_ CORRECTﬂﬁ?
Excessiye‘ (a) Sprockéts not allgned ' (a) Align Sprockets
2 _ Noise (b) Improper slack (b) Adjust tension,  *.
‘//f B (c) Inadequate 1ubr1ca- (c) Lubricate properly
| t;on ) : “
, (d) Loo'se casings or (d) Tighten bolts, :
°  bearings . . brace casings
(e) Chain or sprocket (e) Replace ) ,
. badly worn . <} oL
_ (f) Chain pitch oo large (f) Replace chain
d Wear on \ Sbrockets nof aligned,, Remove chain, and . "
Chain . . o1 shafts not parallel align sprockets
Sides and . . and shafts
Sides of . _
|Sprocket ..
Teeth ) ¢ , ‘
— ) R .&. . 7 ,
) . o7 .

Page 22/MS-02




.den loads

(¢} Matérial build-up
in sprocket teeth

(d) Inadequate . 1ubrica-
«tion :

" (e) .Corrosion of chaln
or< sprockets

~(£). -Sprockets poorly -

.' ’ J
: ol v
¢ * ) J - r 1)
<" g " '
‘ L] N >, ‘?:'. ) = ’ ”'.} N N ) : ’ “‘
Table 3. Continued. : - ) . M .
*J TROUBLE _CAUSE - ' .CORRECTION
* " |Chain 1 (a) Chain ddes not fit (a) Ensure the spﬁocke%
. {Climbs : sproéket ) .bottoms are' small
. “ISprockets ) enough .ot
) (b) Worn chain - . | (b) Replace chaln (and
. . . ustially the sprock-
' o ' : . ets) -
. (c) Not emough chain -(c) Increase wrap: re-
‘ ©_wrap. . -place with' new sys-
N h } tem or use' idlers to
. give more wrap
. . (d) Exce551ve chaln (d) Adjust centers, . take-
d N . wrap : up, or idlers.
o : (e) Material bu11d up (e) Remove build-up
on sprocket teeth '
b Broken ‘(a)~Cha1n speed too (af Use sprocket with
Pins, . high for sprocket more teeth and chain
lBushings,. pitch size with shorter ppitch
[ or Rollers| (b) Heavy: shock or sud- (b) Reduce shock "load

" '(¢) Clean sprog§et§

(d) Lubricate properly

(e) Protect from sub-

', -~ stances causing it
(£) Check for wear

R

.
CZ 1

““(b) Pulsating-load

“(¢) Stiff ilinks

(d) Chain-wear

| fitted ’ -

Chain ~ | (a) Worn sprockets (a) Replace )
Sticks to (b)Y Lubricants too - | (b) Lubrlcate pvoperly
Sprockets b heavy ’

' (¢) MatEfial build -up (c) Clean sprockets

.on;sprocket teeth - N

Chain ‘:.g (a) Excessive siack (a)'Adjust idlef§, take-
Whips ' ‘ . up, or centers ’

' (b) Reduce. lodd or in-

‘crease chain drive
with stronger one

. (c) Remove stiff links

or lubricate them

(d) Replace chain

s
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Table 3. Continued.
TROUBLE - CAUSE "’ CORRECTION
Stiff (a) Improper lhbrication | (a) Clean and lubricate
Chain (b) Chain corroded (b) Protect from corro-
sion
(c) Excessive loads (c) Reduce. 1oads
(d) Material build-up on | (d) Enclose chain; lu-
joints bricate often
(e) Side plates peel (e) Prevent-chbain from
! rubbing
(f) Misalignment (f) Align properly
Broken (a) Foreign material (a) Remove material
Sprocket (b) Chain or sprocket (b) Check clearances
Teeth rubbing .
(c) High shock loads (c) Reduce loads or use
, ’ * sprockets -
(d) Chain climbing (d) (See under 'Chain
sprocket teeth . Climbs Sprockets.")
Cotters (a) Excessive vibration (a) Reduce vibration
Fall Out (b) Cotters striking (b) Eliminate obstruc--
obstructions tion ot use riveted °
N S chain
(c) Cotters improperly (c) Install cd%gprs prop-
“installed - erly
Chain a)y Exce551ve speed (a) Reduce speed
Drive b) Improper lubricant (b) Use proper lubricant
Becomes (¢) Insufficient lubri- (¢) Increase frequency
Overheated cation of lubrication
. (d) Chdin too deep 1n 1 (d) Set oil léevel - to
0il bath (of bath-- | recommended height
- lubricated drive)
(e) Chain too fast for (e) Useé o0il stream system
bath system ' . : -
(f) Chains, sprockets, '(f) Remove obstruction

or shafts rubbing
against obstruction

O

s
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CHAIN STORAGE
¥ . :

, 3

.Chains should be stéred indoors and ‘away from heat and
mdisturgl If they must be stored on eqﬁipmen;, observe the
folldwing‘pfocedure: .

Remove chdin from equipment’

Wash chain in diesel fuel.

Drain diesel fuel from chain.

~

Mount chain on equipmgnt, and apply a coating of heavy
grease to chain and~sprockets.

Remove storage grease and dust; relubricate, ahd reset

chain before returning equipment to operation.

‘

°

A
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. . EXERCISES

1.

w

4,

[y
'
Y

A 4-inch diameter sprocket is driven by a motor rotating
at 1100 r/min. What is the speed of the sprocket?

. - A
v )

-
.

~

W

A chth'drive.has two sprockets with diameteré of 2 1/2
and 4 incHes respectively. ‘What is the minimum center
distance for the sprockets in this drive?

L

The two sprockets of a chain drive héwe 20 and 60 teeth
respectively. Center distance is 3 feet. What is the
proper chain length for the drive? .

4 . - - ¢
D) .

‘

v v

Two drive shafts are connected by a chain drive system, ‘
67" apart. Calculate the permissible chain-slack.’

o

v
- ~)

Describe at least 3 methods of.luﬂricating a chain-drive

system, and list their specific applications.

. @
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LABORATORY MATERIALS

Y

o 1l - 110V a.c. motor.
Sprockets and chain.
2 - dtraightedges.
2 - 12" steel rules.
1 = level.
» 1 —.yardstick.’ ’ - ,
CAUTIbN! Do not adjust equipment while it is running.
Observe all safety rulesﬁ ‘Replacé guards after
') _ equipment is.adjustedw ,. .

LABORATORY PROCEDURES

- —

1. . .Motor and drive are set
up by instructor as
illustrated in '‘Figure

‘ - 17. Chain drive may '
B have one or more of
< . -the following defects:
) }/ : '. a.. Defective pins,
- ' "busﬁings, or rol- o
. lets. ,
o ’ b. Defective chain.
o ' c. Defective sprocket. .
d. Incorrect chain \
. tension. )
” e. Inadequate lubri- - 0 -
cation. : Figure 17. Typical Chain-
2. Instructor starts d;iVe. Drive Setup for

. Laboratory.
v Qbserve the drive in ’

MS-02/Page 29
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- “

. N .

operation, and note all’symptoms of possible defects.
Complete items 1-4 of Data Table 1. o

3. " Instructor stops drive. . Inspect drive.
a._ Complete items 1-9 of Data Table 2.

b. Inspect chain, chain parts, and sprockets for signs
: of abnormal wear or breakage. Use Data Table 1,
items 5:<12, as a checklist.
c. « Check chain tension.
 Measure total possible mid-span movement of
- chain (Figure!lS). Record in Data Table 2, item

10.

& "

. B AC = Total Possible Mid-Span Movement
Depth of Free Sag = ,868 AB, approximately

\ . .
. " Figure 18. Total Possible Mid-span.
. Movement.

- Measure tangent length between sprockets; re-
cord in Data Table 2, item 11.
\ - Compare reading to recommended mid-span move-

ment:

'

Tangent Length Between Sprockets

=

Drive
Center-Line 3" lo” 15" | zo" | 30" {40 | 60" | 80"
Horizontal to 45° ] .25" § .S" {.75" ) 1" |J1.5"|2" 3" 4"
Vertical to 4535° .12 .25 .38 51 .7311 1.8} 2
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+ Complete item 13 of Data Table 1.
d. Check sprocket alignment. -

+ Measure distance between shafts on both sides
of sprockets to check pardllél alignment. En-
sure that both shafts are level. o .

. Place straightedge adjacent *to the sprocket
hubs -and touching the sprocket; rotate sprock-
ets and check whether contact of either sprock- )
et with straightedge is disturbed. '

+ Complete item 14 of Data Tabl€ 1. : 7 ) %

DATA TABLES

»

DATA TABLE 1: TROUBLESHOOTING CHAIN DRIVES

TROUBLESHOOTING — SYMPTOMS AND DIAGNOSIS — CHAIN DRIVES

XES | NO |DESCRIBE | CAUSE | CORRECTION| - 1

1. . ExcesSive Noise? ' / O
2. Chain Whipping? . : : g ‘
: , |
3. Chain Climbing . N |
‘ Sprocket? ) - ) - SN
2 " t i

4. ghéih Clinging
to Sprocket? ., ’ i

5. Worn or Broken ’ .
Pins? s -
6. * Worn or Broken .
- Bushings? >

7, Chain Worn? - -
' 8. ~ Chain Stiff?
Chain Corroded?

10." Foreign Material .
on Chain Parts? - -}, ) s

c” ) . . MS-QE/Page 51°
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. DATA

[ 4

TABLE 1. Continued.

11,

Chain Adequately,
Lubricated?

12.

13.

Chain Sticking?
Correct Chainr , °~ $

Tension?

14.

Sprockets Aligned?

15.:

Sprocket Teeth . ‘ ,
Broken or Worn?

i 16‘

"Correct Numbet of’
"Teeth for Drive?

Sprocke'ts Have

DATA TABLE 2: SPECIFICATIONS AND MEASUREMENTS

-

.

-

O 0 ~3 O N =N

10.
11.

12.

‘Driven Sprocket Size

‘Motor Shaft

_ Between Sprockets

Tyég Chain (no of chains)

Manufacturer

Nominal Length (obtain from mfg. table)
Nominal Width '

Driver Sprocket Size,

Driven Shaft -Diameter

‘Lubrication Method ,

Chain Tensioning Method

Idlers Provided Pulley -
Rotation facing end of

Mid-Span Movement
of Chain (measured)

Tangent Length

Recommended Mid-Span
Movement (from table)

-l
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TEST

Y

1. * Identify each type of chain sketched below and label”
' them in the appropriate spaces. List at least one
specific application for each tjpe.

a

Chain type ' | Chain/type

>

Specific application Specific applipaéion

I

L)

Chain type - Chain type '
Specific application Specific application
- /

Chain type
Specific applicatibn"

l} ~@

-

MS-02/Page 35




2. Label the parts of the roller chain sketched bel6 , and
describe how the final link will be assembled.

e O/Q'JOP 0. 0),

3. Given: Driver sprocket with 24 teeth, Driven sprocket’

with 48 teeth, and a sprocket center distance of
2'. - .
Find: Length of ‘chain L

. - Ny + N + N» —
Use: LC 3 + (4w2 2 ) + 2 2
» <
' o
. ’ ”~
AN
g £
V]
™~
4. Given: Driver sprocket diameter = 15", :
Driven sprocket diameter = 24",
r/min of drive = 1200.
Find: r/min of Driveny ‘ ’
o . _ . . Diameter Driven
. Use: r/min of Dr{ en.= r/min Drlvg X Diameter Drive *

4

2

3~ , Page 36/MS-02




5.

6/

4

7.

L
-~

How will increasing sprocket size, increasing the number .
. ! . .
of teeth on the sprocket, and decreasirg the speed of

the sprocket affect the energy balance and life of a _ °
chain drive system?

-
¥
N -

. ; . ) . . ®

Explain how.sprocketskang aligned by (1) parallel-shaft
adjustment and by (Z)faxial adjustment.

A ~

-

l.\ :

-

B Ne—

~

Describe two ways in which tension can be adjusted on a
chain-driveisystem.

: ', MS-02/Page 37/./
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8. Given: Chain/sprockgjﬁ;yé%em 6;nier distance =40".
Find: Permissible chain slack. “w
Use: f = 6.02 gc‘ . '

1
<

t9, How will proper ksbrication increase the energy ‘efficiency
of a chain drive?

N v v . - ® . \
N e <
P ‘
. .
. .
’ .-
~
-
. A ¢
'
* . ) v .
.
- -
~ 3
.
{ -
. .
5 1
. N
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.
» K
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. . .
- <
\-’ /
7
- . A
.
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~ ¢
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.+ ' INTRODUCTION

L

" “tn this,module? gearing terminology is discussed, and
‘aetual physical characteristics and everyday applications

‘are deta11ed
understandlng of why gears actually work the way théy do

are rntroduced

Only thbse calculations necessary to an .

,~A,11m;ted descrlptlon of gear maintenance
and lubrication is included. Energy economics is emphasized
wherever possible, ‘Most importantly, the technician is

introduced to gear-drive characteristics. | /

-

.o . PREREQUISITES

P
- !he student should have completed the following Un1f1ed
Technlcal Concepts Modules Concept "Module 8-0,

-and Application Module§ 8%3, "Drlve Systems,"

.

"Force
Transformers"

and 8%4‘ ”Gear Trarns.

.3 ¥

o . OBJECTIVES.

) 1. ﬂeflne “the beIow terms: toT % '
.« ~ a.  Forge: . . ’ . RN
< ; R ' e . _— )
L . b.  Work. | o
< .o s c. Powe . - o : ' . .
" ’ L] : I ' ° ' - ‘ -
A d. . Horsepower. ) . R
. oy e, 'Mechanlcal advantage T L e
. ) s f - . ‘ ’ -
I Torque. ", N .
2 I . : * /,-'.' .
e g, Pltch-clrcle, . . . ' . 7
?’ hi- P;tch dlametep A .t ;,L\ R
' . . ", S Lo
e i, Addendum. -~ - . & .7 . . .
. c . ¥ . . «
o N - : . P A » . .— ~ .
. . . . L. I
2 9 ¢ N q . - - -
, i e ae - _ MS Oo/Page 1
’ ¢ s ’ " Ao . o‘; -
. o - . . . e °

" , \

L

]. __ Upon completlon of %hlé’module, the student shoulq be
3ble to: - : K

¢

-

4




*
j.o o« Clearance. \ " .
k. Diametral pitch. ‘ B )
1. Pinion. T
m. Face of gear. % ’ -
n. -Face of tooth. ' ‘ A :
o. Flank of tooth. : .
pP. Involute curve. \,
q. Presgﬁre angle. ) . . . ‘
T. Backlash. ‘ . " N

5. Gear ratio. ) ¢

~

t. -Excessive backlash. Cow

u. Helix angle. .
Given all variables, use applicable formulas to calculate

any or all of' the following «quantities: o

a.. Work. K - .

b .@ Power. -~ ‘ .

c. Horsepower. ' , ‘ ?
d. Torque.

e. Mechanical advantage. .
f. Gear ratio. ) 2
List five condltlons in which gear drlves should be usgk
1pstead of belt or chain drives™ )
List three Gses for gear drives. ‘ ‘
Given unlabeled sketches of any or all of the follow1ng

gear types, identify each; briefly describe its distin- '

.guishing characteristics; and. glve at least one application, .

advantage, or disadvantage: | v
a. Straight spur. e R
b. Hel;cal spur. ' Jf
c. Herrlngbone. . <L L .
d. .Plain bevel. . :%i\\ ‘ ’ .
e, "Spiral bevel. e @
£.%~ Zprol, R o : $’ ’

» ., i

Y *
" ' T s —

™



) q'
4 . . 7
EY . & - (\\\ \
& > h ‘ / Y
» . 2 ¢ . .. ‘}‘- // * *
g: Crossed axis helical. V ) - ~
1 - s ~ M
h.  Hypoid. , ' ’
) . i. Worm. .- -,
j. Rack and pinion. ) - . .
. ° . . » » [ ’ . . ’.
6. Cite distinguishdéng charaetéesristics of (1) simple, - g
A 3 (2) compound, (3) reverted, and (4) planetary gear : / )
trains.” ' , ‘ e . o
- 7. Describe how a planetary-geiar’train can be used. to give )
. different speeds to a shatt. -+ , .
. 8. Describe operation of a-méchanical,different#al. .
. . Cite two general reasons for failure of a gear sxsteﬁ.
- : ) .
" 10. Describe gear lubrication, and state why it is necgssary. \
» r -
- . ' N . U
o ’ , . N
. . . .
[ 2 N \ S ? - ' . <
. \ . - &
. s . ¢ . 9 '\
B R ": ‘_' | . - ) B .
- U N E4
o e . . N [ ' ’
. ~, 7 a
L 1 . .
I it .
. >3 ) .
' . % v . ¢
. . - ) . X
. . B ] ‘ ,
- . - - _ . i - \
’ v . ’1
¢ - . ~— * - 3 - (‘l,’ .
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o » L .
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S qu.JEoT MATTER

v e

‘wheel w1th teeth‘%ut into it's circumference,

The gear prfhcgple is, 51Mp1e,-probab1y this 51mp11c1ty
lead.to its early inven'tion and use. AT gqar is merely a
These teeth
maintain a precise angﬁfar relatlonshlp between two shafts

while transmitting .motign £rom‘ one shaft to another
- The gear is a def1n1teg@mprovemem€ over the s;mple

‘friction drive created whenktwo wheels aré placed on parallel
shafts touching- each other and when the wheels touch each . -

other in thé. ﬁanner illustrated in Flgure 1 .

PORCE WHEELS
“TOGETHER - -

Figire 1. Friction Drive.
* r.

' "BRESSURE TO } 7.

)
® . .

-

“In this friction- dr1ve system, the .shafts turn at

dlfferent speedd unless the ratio of the *angular
energy losses and .

4

velocity between them{ remains the same,

slippage occurs. The problems of energy loss and sllppage

" ¢an be solved 1f zgach cyllnéer is provided w1th gear teeth

o

that ensure a more p051t1ve ratio between the gears ‘than
possible by friction alone. ' Gears can ma1nta1n bath the :

ratio of the angular velocity and a constant speed ratio .
between shafts.

as belng the mos£ efficient mechanlcal drive. ,°

The'se abilities give them their reputation

- .

3
. . » .

. . \ f  MS-03/Page 5. |
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" Figure 2 illustrates a 51mp1e gear drive that consists
of two gears. .

WHEEL 1 v
8 TOOTHED \

| cEAR whEEL -\\

r_——WHEEL 2
24 TOOTHED

GEAR WHEEL

Figure 2.. Gear Drive.
Lo

&

'MECHANICAL BASICS

Before® gears andngear drives can be disoussed in depth,

1

certaln mechanical concepts must be presented espec1a11y the !
conoepts of force, work, ‘power, horsepower, mechanlcal advan-
tage, and torque: . .

+ A force causes a change in the motion of an obJect.
< + Work is the measure of change that force produtes when', .

it 'dcts upon somethlng,,thls change-sometimes 1s referred
to as "dlsplacement Work is the product of force and
s, dlsplacement. . - C e
* Power, the rate at which work: is done, is equal to work
_.divided by time. ) o 3; . - ::
. "Horsepower" is the term used in-mechanical systems to
measure power,, and oné horsepower is equal to ~

~ P Y

N

550 ft-pounds . 33,000 ft.gounds . . -
D sec . min . , -,

6/MS-03
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©+ In most mechanical systems, the smalier force is used
to move the iafger force. The use of a crowbar as a
Jeverh/fdr éxample, enables a man to "overcome' the
force of gravity and to 1ift an automobile. The crow-
‘bar is ‘said to have a "mechanical ad?antage.?

‘e Torqué is a force qppliéd in a way that produces rqﬁary
movement; for instancé, a hand twisting é screwdriver

. appliesaa rotary force, or a torque, to the §crewdriver.'

'Force can be expressed in pounds; displacement, in feet.

Because work:is the product of force and Qisplacemenf, it can
be edpressed in foot:-pounds. Power and horsepower, measure-

. ments of the rate at which work is done, cam be expressed in
S0 Manf'fbot-pounds per unit of time. The following equations

" depict these relationships: \ ”\Q~?}

- 'Work = Force X Displacement . Equation 1,
o | - _ York ! . ..
. ’~?ower 'iTTﬁg . Equation 2
c - _ Work (Time in . -
« - HOTSepower = foe33 500. minutes) Equation 5
or T ‘
T ‘ _ Work . ° (Time in s
- . Horsepower = Time X 550 seconds) Equation {1 &
‘ .. o ‘ . . ~
- Torque = Force x Rotational Distance Equation §
. o 1
' _ Tprqué'x r/minV'(When tordue . .
. Horsepower-= 5752% is expressed Equation 6
, . L in ft-lbs)
T Torque = Horsepower x- 5252 Equation ‘7
- T/min . -
. "' . ¢ B » .
Mechanical . Larger Force =, , ] Equation 8

Advantage Smaller Force

. ¥ The auantity 5253 is merely a constant used to convert
torque to horsepower. ., ‘

| L . o > MS-&%/Pagg 7
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'Examplbs A and B demonstrate how these concepts are used .
in" typical problems.
¢

L

EXAMPLE A: FORCE, WORK, POWER, AND HORSEPOWER.

Given, A-man who weighs 195 ?ounds uses a lever in a
mechanical system to raise his automobile 36
inches off the ground in 10 seconds.

Find: Force, work done in fte1bs (foot pounds), power °

hsed, horsepower (hp) exerted, and torque used. _

u
4
~N
i
/ ’

Fdrce

Wogk

'ﬁfjution:~

Power =

)

’ HoMepower =

10 x

195 1bs.

180" -
12 -
180
12

195 x
195 x

195

x 180

2925 ft-1bs.

= 292.5 ftelbs/sec.

10 X 550 x 12 .

= 0. SS"hp{’:

¢

. Torque
. If the car

advantage oﬁ.thlg system is %=

195 x 6 = 1170 ftilﬁs.

wéfghs'1170 pounds, ‘the mechanical
1170 _ 6 b'

o o -

4

-o




}
.
. _EXAMPLE B: HORSEPOWER.
N\
Given: A gear drive 16 inches in diaméter, rotates at -
. 275 r/min because of a force of 1200 pounds.
~;‘\J Find: Horsepower of the system.
Solution:. ~—— 1200 Ib.
‘ 275r/m;>/ : '
“ ] ;
18 DIAM .
¢ Work DETN( pgrce x distance '
revolution, )
. = 1200 x = x D x r/min -
‘ : ) 16
\ , = 1200 x 7 x (73) X 275
. Work per _ ) -
_£evolution = 1,382,300 ft-1lbs
) _ Torque x r/min
-‘Horsepower 337000 i o
r/min = 275
7. 6 Torque = F x d
oo e . =1200 x R x1zE : u
., Torque = 800 ft-1bs. ot
{ — : '
Substituting:
' 3 - 800 x 275 3
33,000 o -
/ . s Q. .. 2 > .2
o - ¥8.0 x 10% x 2.75'x 10 .
/ ' . 3.3 x 10*- : N
' hp = 6.6. ] A
- - , , — .
- f ;
<

.. ) /-’ ‘. (7\\' \/’
P S N MS-ij'Page 9 ’ ©
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GEAR BASICS

"

Gears normally are ugsed to transmit torque from one

shaft
to another. These”shafts‘ﬁay operate in line, parallel, or at -J
an angle to each other.
Gears ‘should be used wheae— .
3' + Centgr distapces between shafts are relatively small.
. Consfant, accurate speed rat®os between shiafts must

be
+ Shaft’ speeds are not appropriate for belt drives.

aintained.

y * Relatively high torque must be transmitted.
The direction of motion from one shaft to another

. e

must be changed.

When an even number of gears rotate, direction is reversed
——-—<{Figure 3a)+ —Rotation in the same direction results when an
- odd number of gears are used (Figure 3b).

<. ) ¢ - .
» O } G
DRIVER DRIVEN DRIVER  IDLER DRIVEN
* [ ' (2) Even Number of Gears. (6) Odd Number-of Gears *
~ ' . ' ’ ~
. : ? Figurg 3. Gear Rotation.
. }
t Y
&~ R - -
. R ) B
TERMINOLOGY N 0
" ; . \

Gearing terminology (Figure 4)_is highly speéialized, and
- 4 basic knowledge of terms.is required of tHe technician.
Several of these terms are important, as are those terms in .,
" Figure S . ' ' - . |
" Pige 10/MS-03 Lo - ~ Do
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7

Focd of gears] . )
\ Fdcs of. tooth ’
’ ' i
" Tooth spoce )
. 8
Circular i
' , pitch
Adc_!e-nldum ll , i )
circle T~ L dum (adius . X
Addendum < _\oeder : ’
_ Pilch ircle edendum
~ .
gy . ’ .
Figure 4. Gear Terminology.' : . .
. -

v " N
.. 3
~

. Between the ”addendum c1rc1e” and the: "dedendum c1rc1e
is the ”pltch circle,™ whlch is 1mportant because it is
the effective size of the gear. Toaunderstand better e

the significance of this c1rc1e, consider two ‘meshed ‘

When the teeth of thé two gears .mesh,

each gear has ana

gears (Figure 5).
_they overlap each other; consequently
- effective diameter of a little less than its oltside-

diameter. =This 1esser dlameter is the-"pitch dlameter, N
which may have to be determlned when a replécement 15 ‘

ordered. d D .
. "Addendum": Radial distance from the. p1tch c1rc1e o et
outside cirgle of gear. . g syt
J i ! w0, .
- . - 9 . ~
\ N \‘ - - L .
. * Nl
« e
L , MSi03/Page 1L
AN $ ‘(7 , ‘ > t i




°

PITCH DIAMETER PITCH DIAMETER ' ,
.‘_ .
OF PINIONd ] OF GEAR D P

' ! PITCH RADIUS . )
. OF GEAR . -

.- v - # ‘lee———ceNgER DISTANCE C———
. ~ " *

Figure 5.” Meshed-Gears.

. '"Dedendum": Radial distance from pitch circle to bottom .
N, - of space between teeth.. When two gears are meshed, the
T ;. attendum of Gne protrudes iﬂ%o the dedendum of the other.

: .+ "Clearance'": The difference between 'the addendum and
° . dedendum. Clearance ;hould be computed carefully kto

’ ensure‘tha; gear rides on pitch c1rc1¢l’ld does not *
L } "bottom out." . - - X . - o
. "Diametral pitch" : Number of' teeth on a gear, d1v1ded
‘ by its plﬂth diameter. The diametral pitch of a gear is R
’ s used to 1nd1cate the Iéiailve size of its teeth JIt is :

e a convenient number in gear calculatians but is nmot an
S actual dimension. Diametral pltch. can_be -calculated from = %
’ ¢ ° " s - 2 k
27 * o, - . \’f?,":‘:

37 . . e / * . ~F .

ERIC -5 SELAPEE
5 [ , ’ . [
- . T oy Vo -
. N4 * - : R 5 . .
’ M ¥ L ‘ -




Equation b; pitch diameter from Equation 10; and. -
v number of gear‘teeth from Equation 11: . -

4

, }’_N M - ’ .
Co ’ P’-‘ﬁ . Equation 9 .
D = % ’ ) Equation 10
' ' «N = DP l Equation 11 L
where S ‘ / PR

- P = diametral piteh. i ' S
N _=/number of teeth. ‘

.D = pitch diameter.

- "Pinién": When two gears mesh, the smaller gear is ;
. ,called the ”piﬁfg;“” . : )
. "Fale of gear"' Thlckness of gear measured parallel ;.
. to the axis of rotation. ' ..
. "Face of tooth": Contacting surface of tooth from
pitch circle’ to addendum circle. o .l
'« "Flank of tooth": Contacting surface ef tooth from . . '
pitch circle to dedendum circle. ' N ij
‘The teeth of nearly all standard gears are ”1nvolute” PR
(Flgure 6) in shape. An. . oL .
‘involute-shaped toofﬁ . - Lo < i N
results in-a corftact point ~ L T = .
,that rolls w1th little: . - L
slippag®. The, involute is ) -
a geometrical curve formed ¢ ] )
-by”the unw1nd1ng of .a strlng
around .a cylinder. Eagch 1., .
toothr/£/a~gear wheel i§ . - - 20y
flnvolute on each-of 1ts ¥ ) : -
", two faces."T@e point of Flgute 6T00$Kp;g?i Inyolute -
. ™ - o | | E

7. SRR S . S S T i
’ ‘ T . I MS-03/Page 13 }
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1.r

the involute is cut off to provide clearance for the meshing

gear teeth.

The involute tooth has the following advantages:

+ Contacting tooth surfaces are always-at constant speed

ratios.

s+ The tooth is strong and rigid.

S : >

+ The shape of the tooth: permits easy entry and exit of

matlng tooth

. Tooth cuttlng methpds are economlcal and universally

ava;lable

- Permits gears to mesh in both forward and- reverse

directions.

tooth prof;}e and the 11ne normal to a p1tch surfdc

A~
’

-

[}

- .
4 ’ .

(Flgure

7a). The pressure angles most often used ar® 14.5 and 20&

degrees.
w111 not - mesh

v

uué “NORMAL
70- PITCH
« SURFACE

PRESSURE ANGLE

; BITCH  CIRCLE
RADIAL LINE-
TOOTH -PRCFILE

Gears w1th‘d1fferent pressure angles (Flgure 7b) .

ONEGTIQN OF GEAR
DRWING FORC

.
~a

. { ag.
j i % 7.

14 12° ‘ il . —

o b) ° - g -
, © Figure 7. Pressure = Figure 8. Backlash (learance.

' Angles, S . S o
E) L

y o . v - f"\ L o K . - T -
.l When two properly-cut gear teeth are meshed, there ,should:

°

]

o he a spécethetween the)noﬁ-dfiving-side‘ofathe tooih of the



|

Dtlver geﬁ? and .the Drlven gear tooth behlnd 1t‘f¥'

,Thls space is called the ”backlash" of the géar.

‘/

“meshlng clearance and to provide adequate lubrlcatIon s?ace
'between the gear teeth. #Backlash should be kept to @ m1n1mum

/1n order that oears properly mesh and transmit power w1th

max1mum,eff1c1ency ’ . .

’ "Gear ratlo isVthe)relationship of the- number of teeth )
oftone gear to_the number, of teeth of the other meshing gears.
As there is a def1n1te relationship between the number
teeth, on a gear and its pitch diameter, the gear ratio

~ can be expressed as the ratie of the pitch diameter-of

N v : r ' \§~
< Number of
. _-Driven Teeth . s 1
Geat Rat}o i,Nﬁhber of - &quatlon_lzl
o s Driver TTeth°‘

fge&rs (Equation 12).

-

Ay 2

oot - 4 . ) -
Equation 12 is used to calculate gear ratio in Example C.

»
°

.8

-

0

- T " ;
EXAMPLE C: CALEULATING GEAR RATIO.

o Given: drlven gear haVLng 60 teeth meshes with-a
s ‘drlver gear having 30. teeth

‘Fina:ﬁ, ‘Gear ratlo of the system.
Sélution: Use Equatlon 1z, 7

-

1}

N

- Vumber éf
. . .~ Drivén Teeth' .,
Rat}gtf Number_of - ¢t
Drxve? ‘Teeth ..
60 :

e
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.t ?YPES OF GEARS - . .il
> . ’ - i

PARALLEL -AXEIS\GF:ARS_ — o * |

» . . :

. There ar§ three types of parallel-axes géaié (Figure 9): I
C - Spur. T =T / : R
7 v “;,ﬁglicalr". - . A ‘ o
*—~, 7+ Herringbone. L ow - '

PARALLEL AXIS

\ tévai Straight spur ", {b) Helical spur (c) Herringbone

! L} * . 4
- . ) : - ’
o Figure 9.. Parallel-Axes Gears.
. . [ 2 ) P
S ’

4

’

In all-these systems, the shaftsiare parallel to one another.

¥ ' Parallel-axés-gears,freqyenqu are used .to change the qupd/ }
., torque ratio of a turning’ sha’ft. - :
“ 'Spur gears contain straight teeth, cut parallel to the : )/,

o

- gear's axis of,rofatibn (Figure 9a). Since oply one or two

" ...-teeth of mating gears mesh ‘at a time, these gears are rather ;
'noisy, have,high vibration Tevéls, and ofter\are used in slow- o
épeed operations. Spur gears, éspecially those with high ) :
praéiirg angles (20° or\higher), can be &sed to transmit heavy
1oads.) . N L \

o

3




The helical geaf (Figure® 9b) is a spur gear having its
teeth set on a helical curve. Because, at any given-time,
the teeth of two meshed-helical gears are in various stages
'of‘iagﬁ-bedring (rather than being suddenly loaded and
unloaded, as are étraight-cut gears), the¥ operate more ¢
quietly and smoothly. The helical, cut also makes the gear
less subject to stress damage. Heliéal gears often are
used in'higg-spepd applications and in many machine trans-
missions. ) . 1

The herringboné gear (Figure 9c) is easily identifiable
because the pattern of its teeth looks like the spine bf a
fish. These gears really dre double helical gears having
téeth angles reversed on opposite sides. This arrangement
causes the thrust produced on one side to be.counterbalanced -
by the thrust produced on the other side. Herringbone gears
are used for quiet, high-épeed, heavy-load applications,
such as turbines, genéfatq;s, and ship and submarine trans-

missions..

INTERSECTING-AXES GEARE\

An intersecting-axes gear can be used to

these gears are mounted intersectdat right angles.’

" plain bevel teeth are cut paréllel to the axis (Figure
- 10a). The two gears are called the "ring gear" (larger,
driven .gear) and pinion gear (smaller, driving gear). The
plain bevel is used in 1ow-speed applications not subject

-~

to Kigh loads.

-

-




,5}
! ARS W
s L,
/f«
, {
» }“’f -
‘I;}(;'Jy
e *
A7
A F . .
! -
_—
. J
-
¥ L -
s g),

(2) Plain Beve! (b) Spiral Bevel (c) Zeroi® Bovel

e

- &

‘ : Figdre lO. Intersecting;ﬁxes Gears.
d
‘Spiral bevel gear teeth-arg*éurved and have more engage-
ment oveflaﬂ‘fhan plain bevel ééars when they mesh (Figure 10b).
They run, more smdothly than plaEn«bevel gears and can bear
higher loads. Unfortunately, they impart more.axial thrust

ybalanced, run quietly, and can-carry somewhat larger
¢ than plain bével gears.

7

NON-INTERSEETING, NONPARALLEL-AXES GEARS

’
N\

This famflx of gears is used_;o transmit power between
shaft's whose axes d not meet and are not' parallel to each
other (Figure 11).

Crossed-axes helical gears (Figgre 1l1a) are the- simplest
of this family-and the easiest 'to manufacture.. They also can
‘be mouﬁtedueasily b§cause sﬁall misalignments of shaft angle

or of center distance are not critical. The 1dad-carryin§
( ) .

-

g
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(a) Crossed-axis Helical (b) Hypoid
- 1

Y < LR )
. . [}

Figure 11. Non-Integseqting, Nonparallel-Axes Gears. L

capacity. of these gears is limited because of the small
meshing area of their teeth. L . ‘

The hypoid gear is similar to the_spﬁfal bevél gear,
"except that its pinioﬁ?axis is offset above oT below the
ring-gear'axis (Figuqé 11b). These gears are smodthe; and
quieter than bevel gears, but are not:asveﬁfiqient, due to

¢ .

&L .
the sliding action of the teeth. . . . .

The worm geaft ﬁctually'is°a sgrew,‘in’which the power
source normally operates at a high speed  and the’ output at
a slow speed with high torque (Figure 12), ‘Because of its

design, a worm gear reduces speed and increases torque

12). Sinﬁg the driven géar;'cai;edﬁxhe "wheel,"

v

. foe .
' . C . T MS-03/Page 19
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WHEEL GEAR

WORM GEAR

- . 4
Figure 12. A Worm-
Gear DrivVve.

\

%

MOVING-AXES GEARS

.countin

Stand
havé 1, 2

. WOorm'gears may

,43, or 4 threads. )

worm can
7the number of starts
d of the worm. They
ilable with left- or
righ#¥hand threads. .
ﬁ}fhgaspged ratio of a

ﬁorwegear system 1s the ratio
ofﬁ?he\number of gea;‘zéeth.\
t95$he number of worm threads.

o .
/.
)
,
/

at the)

AN

-

Many practicai applications of mechanics require that
rotary mofkon be converted to linear motlon.' One of the

meckénlsms used to make thls conversion is the rack-and-pinion
A rack consists of a straight .

3

gear arrangement (Figure 13).

2

3 : i * bar having involute
ROTATION ¢

PINION N
gear teeth cut into

one surface. It

ﬂbrmafly is meshed
with a pinion, as
depicted in Figure 13.

2 : of the pinion causes
P RAGK IS FREE TO MOVE  « = P e
. ,IN THE SUDE the Tack to move on
. T INPUT I | . . ‘
i the "slide." Fric- -

tional losses between

Figure 13. A Rack-andLPinion the rack and the slide
, /Gear Arrangement. .
wi ) ’

z ~ e

il - °

\

The-rotary motion




»

can b&a veryqserious problem.
require careful lubrication.

.‘L
-
~

GEAR TRA

An arrangement of two or mor

called a '"gear train." The simp

*

Consequently, rack slides

R

INS

.

e gears in a series is
lest gear train is the

s

B
familiar pinion and gear arrangement (previously illustrated,

in Figure 5).
‘and only one gear per shaft.
A compound gear train (Figur

‘

e }4) has a fixed center,

The simple gear train always has fixed centers

“but more\than one gea% per shaft.

A "reverted" gear
train.is used when in-
‘put and output shafts
.must have the same '
axis (Figure 15).

In a planetary gear

train, which has at

"least one unfixed center M

COMPOUND
(Top) 'NPUI GEAR (1) COMPOUND (2)

COMPQUND

of rotation, the¢ outer

ring has internal teeth

0 ﬂ
D’ UTPUT SHAFT

NI
that mésh wish tceth on INPUT ’. X
. i SHAFT \J OuTPUT
the smaller, planet gears. coupouno
The plgnet gears mesh 2" s )
with a "center," or o ) ) /
Figure 14. A Compound

“sgn;“ gear (Figure 16).
When power .is applied
\tovone member of the planetary. s

‘ Gear Train.

’

ystem, and a '"brake' is

applied to restrain a second member from turning, the third

§ember will become a power output source,

n the following cases:
1 ° i

or, for example,

¥

MS-03/Page 21
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X,

COMPQUND
SHAFT

Figure 15. A Reverted Gear Train.

[

-

+ If the sun gear
is 'driven, and if'
a brake:.applie€d to
the ring gedr, the
planet gears rotate
around thé ring

‘e

gear, forcing the

. planet c4§rier to,
rotate in the same
direction as the
sun gear, but at a
slower speedu

« If the plamet gear
garrier is driyén,

and if a brake is applied to the ring gear, the planet
gears rotate around the_ ring gear, forcing the sun gear
° to rotate in the same direction, but at a faster. speed.

.
>

PLANET WHEELS ’ .
ROTATING ABOUT «

OWN SPINOLE

‘ ROTATING
PLANET

CARRIER

g
~ N

Figure 16. A Blénetary Gear Train.

.

- . ’

"
.
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“o o, ‘ s
Depending upon which‘mémber is the driver and which

is the-braked, the planetary rotates at different speeds.

This chéracteristic makes it especially useful in'automob_ile

transmissigns'. ] S ’

The differential (Figure 17) is a gear train that

'produces an output proportional to the difference between

two inputs. In automobiles, it i's used to transmit. power
around a corner to-the drive axles and tB allow each wileel
to rotate at different speeds andg still propel its own 1load.
There are dozens of various differential arrangements.

s

BEVEL RING GEAR
g MOUNTED ON

—AXLE ‘
DIFFERENTIAL GEAR
(SIDE . GEAR)

4 DIEFERENTIAL PINION
‘ BEVEL PINION

“ -

<DRIVE SHAFT

DIFFERENTIALGEAR
ASIDE GEAR)

L4 PINION

. DIFFERENTIAL CAGE
: AXLE

Figv[re 17. An-Automobile Differential.
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. , _ ~ MAINTENANCE
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. . . ’ - ’
v , A .
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LUBRICATION : ' ‘

~ Gear dfives require careful.and frequent lubrication
to reduce gear wear and to keep the drive operating at peak:"
eff1c1ency
Gear 1ubr1cants range from m1nera1 0ils to complicated . '
formulas containing many 1ngr¢d1ents. In small, simple gear

”" units, simple~oils are used. Special gear arrangements, or
) gears operating under special or unusual conditions, require
spec1a1 1ubr1cants. These spec1a1 0oils usually contain anti-
friction and ”extreme -pressure’ additives.
) " 0ils in modern power transmissions must have spec1a1
. qua11t1es .for example, the ones below: ‘ o
- . WQ§t~be free of sediment apd water, to prevent
. sludge and rust.
o ' « Must be foam-resistant, to prev%nt'oil from
e ) foaming when it is agitated. ,
. « Must be chemicaily'stable,'to withstand heat
and agitation. | ‘
« Must act as a coolant.
’ ’ }°'Must prov1de a protective film. ' RS
4 , Must ‘have enou&h fluidity to coat surfaces of . '
’ all load,bearlng parts '
) . Both-the Society of Automotlve Engineers (SAE) and the } P
. American Petroleum Institute (API) have established standards
“and classification sysstems - for gear:pils. Selection of the
proper gear lubricant }s important, and manufacturers speéifi— \\,

cation always should be followed: L i

.
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The consequences of iImproper lubrication are serious:

b 18), usually i§‘E§ﬁ§ed/by
contamlnated 0il or the
' incorrect type of 011 but
also can be cgused by the
running O0f gear trains
under excessive loads for
10ng'periods of time.
« Gear-tooth scofing ana
galling is ‘caused by .
"metal-to-metal contact
of mating gear teeth
(Figure 19)-.
softens the metal,

. Geat—to&%h pitting (Figure

*

s
A |
-

r

-

‘Figuré 18.._ Gear
Tobth Pitting.

High temperature produced by frlct;on

cau31ng the teeth of -one- mating
- gear to tear particles of metal from the teeth of

thé other gear. . ,

.

3 B A

4

| Figure 19.
Y ¢ : f

:
LY

.Scoring and Galling.. .

. Abrasive wear is caused by contaminants such as

?
abrasive -dust.

A d




Generally, most.gdar drives fail because they are

¢ = lubricaied improperly Occa51onally, incorrect 1nstallatlon
and exce551vé‘1oad cause the problem<
e S )
. > - . ' . . . ) .
° ' ADJUSTMENT - ! - \
>~ ! L . . . ’ e ?
Gear trains must be. adjusfea when installed. Three kinds
N of adJustments are required: f . T )
. Clearance, or play between’ gears (backlash)
;o . + End- to-end movement in a gear shaft. N
T ] + Gear alignment. P - .

Excess1Ve load also causes gear-tooth _wear and breakage
Also,_sudden shock load may break gear teeth..

R 0N

INSPECTION AND TROUBLESHOOTING < S a

\ . . . o at
. . . LY

© f
Manufacturers usuall?‘supply spec1f1c troubleshoot1ng
<\&nstructlons For the equipment they mangfacture. There are,
- however a few general procedures .that should be followed JAin

. the 1nspect1on and troubleshootlng of gears‘- “ o
’ “Inspection. . C ‘7f ST
- ' + Check for proper lubr1cat10h and for impurities
S ~ in-oil. T .
o ' .+ Inspect éears for signs of wear”or breakage. \}\
N, ’ : :' Gear-tooth piptfng, caused by contaminated
‘ 0il, too little 6il} or excessive loads.
-~ 'caused by .
. o ‘ poor-quality oil or lack of ‘lubrication.
’ Abras1ons or f1ne teoth scratchés, caused by

_ ) ' dlrt, grlt or ‘metal gart1cles 1n,gears

-Gearwtooth,scoring and galling,

7

’

‘.




N . *Broken.or cracked gear~teeth, usually caused ”{
by too much backlash or by excessive Lo

. overloading. '
' ~+ If inspection reveals tooth damage oT Wear,‘foilonl"
.. ¢ the trbrbleshooting procedures listed below.

T

Troubleshooting
+ Gather Informatlon on hlstory of operation of unit

by ques ioning ‘the operator' obtain information on
mainte ance and lubrication procedures, past fail- _

" . ures, and hours of use. ' AT : '
. + Disass mble unit. = - ° ~ \ |
S Keep oil sample in order that it can be checked |,
| for 1mpmr1t1es - ‘ 'j°
"’= , Ddrlng dlsassembly, check for 1ncorrect1y-
.t nstalled or aligned parts -and missing .
L iarts AP rRN

Clean and ;nspect each part closely; detgrmlne

o type of failure. )

. C e Consultbmanufacturer S troubleshbotlng guideline

to determlne causes and correqxlons.

- H
Y . A - !
. . v
2 * ) ’
- 4 " .

i

|
o B 1SEIECTION OF GEAR DRIVES .

L

- Gear and gear train maker prov1de all”the 1nformat10n e

.

_ the tecfinician néeds:to, select @n energy- efficient and o
. ‘economical drive The te&hnician would consult manufacturers'

\ *manuals anﬁ'fqllow the procedur s there outlined. These '
procedurea, usually 51mp1e and stralghtforward 1nvolveton1y o
the most basic* of calculatlons Several different systéms Rt

o . medt the need;,tnerefotg, coSts and ﬁnergy -efficiencies of:?_, B

red 'and the final selection & ™ | _

— - TN

oo -these. systems shguld be comp

L

carefully made. .-
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EXERCISES

-
~

The Driver gear of a simple gear train has 60 teeth;

the Driven gear ﬁ&i:ig_ff5£h' What is:the system's

ratio? .

.
.

A gear 16-inch- in diameter rotates ag 315 r/min Recause

of a force of 900 1lbs. What is the system's horsepowel?

]

-

"+ LABORATORY MATERIALS

. -
Miscellaneous gears: Spur; Helical; Spiral Bevel; Herring-

- bone; Worm; Rack-and-Pinion.

-

+ Spur gear large enough to allow instructor to label its

o

parts. (Refer to Step 3.)
'Spur'and worm-gear set.
Auto, truck, or tractor gear box having cutaway sectiqns;
" with manufacturer'$ manual. (Refer to Step 5.3 .
Miscellandous gtars with evidence %f excessive -wear, tooth
breakage, rubbing, etc. : ’

1

Rules, vernier gages, and calipers.

1

From a get‘of gears provided by the instructor; identify
the_fdllowing g?ars% and list them in Data Table 1.
‘a. Straight spgr;,

Heligcal spur.:.

Hergfigbone.

Plain~beve1.

Spiral bevel.

’

¢

-

A

LABORATORY PROCEDURES .

AT . ’




A

:.‘ Zerol().

f

g. Crossed-axes.helica}.

h. .'Hypoidm

i wSrm. _

j. Rack;agd¥pinfbn.' ‘ .

After ail‘gears have been identified, list (in%apbropriate
spaces in I_)até Table 51) distinguishing-ggharacteristic's olf
each geaY and as many specific applicatidns, advantages,
gnd disadvantages of each as p0551b1e

Each of the following parts of a spur ‘gear have a number
labeled on it; use Data Table 2 to match number with

-

proper terms: ~o
a.~ Addendun.
b. ngenduu. ‘
Face of gear. .« f}
Face of\}Qoth.
Flank of: tooth.
- Pitch circle. - | : -
Measure p1tch diamete¥, and count number of teeth in spur
gear; calculate diametral p1tch from Equatlon 9; emnter
results in, Data Table 2. L
Perfprm the follow1ng procedures, using,a truck, tractor,
or auto transmission box hav1ng sections cut out of_front,
middle, and’ rear ca51ngc¢o expoqe 1nterna1 gears -
a.’ Identlfy gears in gear box; 115t them in Data Table 3,
b. In%?ect gears, using lower portlon of Data TaPle 3
as a checklist.
Detewmine from manufacturer's mauuaf“yhich lubricant
is recommehded for this transmission.
'Trace power flow from input shaft to output shaft for

all fd(\ard gears. .

o




R DATA TABLES
N> .
-
DATA TABLE 1
Gear . | Distinguishing - Specific Applicat"ion%,
Characteristics Advantages, and Dis-
. e " advantages oo
— Y b
1. , .
2., ' . )
- - - J '
3.
) 4.
% - \Q
5.
6. .
7. .
e N
8. /
9. ’ *
( y
10. ~
7
N
./1
]
’j ) I




Co .
DATA TABLE 2

~Part Nhﬁber . Part
1. )
J2. ‘
‘ 3. .
) 4.
5. ) ™~
6. '
* . | Pitch Diameter \\
. Number of teeth \
| Diametral pitch N
. ‘ .
“ \ - DATA TABLE 3 e
- /
Types of Gears in Transmission: ¢
2. -
3. >
4 -
|
5.
6. g A
‘ Yes No Possible Cause
Gear t00th_pitting?“4_ “
Gear tooth scoring or .
galling? . . ‘
Abrasive wear? h
Tooth breakage or'
cracking? _—

¢

> o

_' . - \

— R .
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s TEST
1. Define-the following terms: . .
a. Force.
b. Work. .
o -
» ©
c. Power. \
A
1, /’I
- d. Horsepower. .« . ya -
e r r
e. Mechanical advantage. "/A;K/
o
f. Toraqug. , ,/’ ~ -
- .- 2 ., N
’ L .
. L N ﬁ\%o‘ww’
g. Pitch citcley Sy
- r . . R
h. Pitch diameter. . ‘
. . ‘:3' . ) s ~u
i.  Addendum. . CoL

je

k.

.

Clearance.
\ .‘ . .
Diametral pitch. '

4 . v
1. Pinion. '\_Nw . .
m. - Face of gear. . .
.\‘ oY ’ ‘ )
n. Face of tooth. ‘
’ * "
0. Flank of tooth.’ »
N ' \ ) 7
P Involute curve. ’

A
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N

q. Pressure angle.

T. Backlash.

s

S. Gear ratio. )
t. Excessive backlash.
u. Helix angle.

‘ , N

t]

~

2. Given: A gear drive 18 inches in d1ameter that rotates
dt\360 r/min due to a ‘force of 800 1bs. £
Find: Horsepower of system. ‘ .
L
L. - -
‘. ,I
“’\ - -
¢ .
3. LlSt five condltlons in which gear drlves should be' used )
- ‘
instead of belts or chain drives: - -
o a. - ’ 4
b g | |
. . . . »




)

List three uses for gear drives:

4.

A ]

Identify parts on each of the unlabeled sketches;

briefly describe each gear's distingQishing character-

istics; ‘and list at least one applicatipﬁ{an one

advantage or one disadvantagé of each:

Type

Characteristics

~ Advantages

Applicatioﬁs:
Advantages

- Disadvantages

Type AN

[

Characteristics

Applications

LN

Disadwantages

-

'
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P ,a. ¢
— v -
: g ,
, 4
%
) s
Type
LS
Characteristics
T . g
y i Applications 5
- Advantages -
Disadvantages
. . ,\\\\ .
’ :

t
6. Cite the‘distidﬁuisﬁing characteristics .of the simple,
compound; reverted, and R&anetary gear trains.

,
C -~ R - -
' -
- < = .

’ .

'v
..
v . .. - L. SR

Describe how.a plaqetafyfgeér train-can be usgd to give
different speeds to,a shaft. ‘

b %
% .
. ¥ . P ‘
¥ Yy /
- . - - Al
: S . . 7
"’ \ ' - - .
". -
- . . - . /
 j——— . - /
* .
S . : . - M a /

) - . : o/
8. Descgibe the operation of a mechanical differential.

- -
T




- 4 o .
10. Describe gear'lub;icationq@nd why it is

3
AN

PSR R : :
two general redsons for failure of a gear system.
) : L

w

&

<

°

P

.
x

¢

.
’
°

necessary.

- <
i
f
e
L . N '°
.
L . : .
Y @ Q . < ,
& . WA . “ 1
4
’ .
¢y N
B ¢
. 4 - ‘ b
.
-
>
. .-
, ¢ .
¥ - -
-
. . ,
had
-
e PR
. A .
N A ‘
: . = -~ . .
‘ . : -
‘- .
2 - ,~ . |
-~ " v c— .
" N %
\.
-
.
v 2 -
: 3 .
-
3. ¢ . v
’ . N b
3
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. " .
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' o P
3
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INTRODUGTION ‘

©

N The three\faslc drive systems —which, remember, are
the belt drive, the ‘chain drive,-and the gear drive - depdﬁd
upon drive’ traift components for their ‘operation. Two of the
more 1mportant components are shafts "and bearlngs, both of
which are the subjects of this”manual. .

This manual also discusses shaft keys, key seats in
shafts, and keyways in pulleys and other components The
§1fferent types of bearing housings are. descrlbed and thelr&
importance explained. . N g

Proper maintenance of shafts and bearings can result in
very substantial energy and monetary savings; A knowledge
of the necessary maintenance procedures is a.requirement for
‘the energy technician because of the frequeﬁcy of attention

4

demanded by these components.

-

PREREQUISITES < |

'

The student should have completed one year of high
school algebra. ' .-

'OBJECTIVES

-

Match the follow1ng terms and definitions:

Shaft. ] A. A shaft. enlarged under

hktaliiyu“ ' y the pulley. ’
Bossed shaft. . Axial and parallel
Shaft'expapsion. ' C.° Piece of metal that
Shaft alignment. " " locks.shaft and pulley -

tdgether.




4

6. Describ® three ways in which bearings can be damaged

‘ . Y - “ ‘
Keyway and keyseat., - D. Key groove in;pullex§ 5
‘ Shaft key. o key, groevé in shaft. . )
‘ . ' E. Process for, adding \
K. ‘ ’ . o metat to shaft. ' ):;',
- ‘ E F.- Effect of temperature ..
’ ‘ ) , change. )
) SN - . G. Transmité power., ' / )
2. Explain the uses of these plain bearings: o * R Lo
a. Journal ! - '
"b. Stave. - ' LT
c. Sp11t (used with shim). ‘(' . ' .
d. 'Solid. L TT—
e. Thrust. “ | ¢ ’
£ Flanged thrust. )
g. Grooved split. ‘
h.  Sphericd® plain. ‘ )
3": Identify and describe the two types of frlctlon and which’ % i
' type is experienced by plain and” antifriction bearlngs. . A )
4. - Define these terms for antifriction bearings: - ?
' z%ﬁ\\Radial.' “ ‘ ' RN f ' “
" b. . Thrust. . ) o
c. Combination.,: . ) .
*'d. _ Expansion. ‘ \ v "
e. ™ Roller:’ . , g !
f. Self-allgnlng 2 ' -~

5. Given unlabeled sketches of various bearing mounts, -
identify each type and discuss the use of each. -
~ L

v

and hoM-sﬁch\damagé can;bévpreVented.

7. List the advantages of oil'lubrication and of grease ' "
1ubrrcat10n . )
8. Identlfy where pulleys or. coupllngs should‘be located ‘
on a shaft relatlye to the bearlngs ~ . ‘
Page 2/MSA04 : ) ' b T
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on centers of aﬁaut 8 feet. Pulleys,

OoT. rlo;d ‘couplings should be pos1t10ned near

V 3 1‘? < v .
, fJf
S .
Ve I -
. e [ ¢ .
- L . . i \
e | o SUBJECT MATTER
-—\‘,‘ ’? . "_;‘T_,__.—”‘—_,'::—_-,‘ . * * P :
- ‘ N W - ‘
i ’ “‘\ :' - ‘ F ‘ '\’
T o
The shaft forms an*&ntrlcal part hf almost all power
. transmission equhpment. Its basic fungtion .is to trapsmit ,
) ¢ po&er from the deer source to driven ¢omponents suchias :
pulleys, sprockets gears, and couplings. (Figure 1). . .
. “Some shaftSMare -
. . the com onents of moto¥s -
¢ ' and are called "motor . ) g ,
"~ shafts." Others are- 4 -, »
connected to motors by . ny. e
N /A_ < g '
. other dr1ve\comp0nents X WA
— ? L
. and range in lemgth - r’*\»\
,from‘zery short to many .o .
t Al
feet in length. iFlgure L
- " 1 dgpicts such a|"line U B 1 4
] shaft." = - I ’ ‘
L | PILLOW BLOCK
o A - BEARINGS
7 smaBT sacinG. ) "
' T Figure 1. Shaft. in Belt Drive. .
Line shaftmmg . .. )
y normally is spadad . 2 . .

sproekets,_clutgﬁes;

earings-toa )

y "\ prevent shaft bendlng,,deflectlon ans vibrdgion: ngh-
speed shafts requ1re shorter centers. - . Lol
) - .t | 3 ‘- L . " -3
* o, .
T . i \, -, . ‘ » o .
~— ” v .' d h 2ad %
. -~ . A - e W
+ k . y . .
: . . , - "~ MS-047Page 3 o
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BOSSED "AND TURNED -DOWN SHAFTING . Co
Heavily-loéded pulleys often are fitted to bossed shafts —

those hdving an eplargéd section under the pulleys but turned

to a smaller diaméter'at,the bearings to allow for smaller,

, more economical bearings. '

«

FLEXIBLE ‘SHAFTS

~ Some power drivé and remote control operations are well
suited for use with flexible shafts, which exhibit the follow-
ing‘advantages: freedom of locating power source and @riVen ¢
compdnents; replaces universal joints, couplings, énd shields,;

. accdracy of alignment; and low cost.
-~

Wt

SHAFT EXPANSION ey

& Heatvoften transfers through a highj;emﬁhgg%ure procgsé
to’'the shaféing, which expands.. The longer the shaft, the
gréater the expansion. Unless "pxpansion,% or "floatigg,"
bearlng units are utilized, some of the bearings will be
damaged by the end pressure exerted by -the expandlng shaft. * -
“Except for the anchor bearing, all bearings on a shaft. subjgct
to expan51on should be of the expansion’ type (dlscussed under

bearlngs) . Nl

¢

ALIGNMENT I

_WTWU“ET—mGTE—gthtS‘tTHnsmltt1ng power'from‘cne*to the,—
other must be aligned as follows: ‘

[

»

‘Page 4/MS-04
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.

. They must be parallel. Ensure that the distance
is the same between the shafts at the ends. .

Y, . - They must be.on the séme axis if end-to-end.

f£gundations, the effects of eat, Vv brati n, worn bearlngs,

etc. Although Some bearings

> ited misalignment, precise alignment reduces wear. v,

.
¢

» o

METALIZING OF SHAFTS

v
- .
. ~

)

Shafts often develop irreéular areas at the points at
which they coqtéct the bearings. These irregularities are |,
caused by wear, misalignment with bgarings, and other rea- *~
sons. They can be removed if the wofn area is metalized
and refinished on a lathe or other means. . The process of

metalizing is the technique of spraylng a metal coating on:
a metal object. Aluminum or zinc in the form of wire 1s fed
into a spréy gun, where it is ‘melted by a flame and sprayed
or deposited on the surface. 'Another procp%s is called
"vacuum evaporation.'" (Some_pulleys can be repaired by -
metalizationgﬁf '

<

BENT SHAFTS

’

3

vibration. Tﬁey should be replaced, although some of them
can be stralghtened in an emergency. They should be removed
for stralghtenlng, as bearings will be damaged if they are

Bent shafts wear out bearings and cause excessive

-
—

» . .

“hammered on the equlpment.

‘MS-04/Page 5
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SHAFT SELECTION ‘ - . ﬂ\
f -,‘\ ~
Shaft size normally is selected when the equipment is .
designed, althoughemodificatioﬁs sometimes are necéssafy,'
'eépaggally to accommodate thrust loads (iogds at the ends
of a shaft-or at the sides of pulléys and other cSmponents
connected to it). Should a-larger’ shaft bé'required{ the
~technician can extract adequate inforﬁation on proper size
from manufactdref§"cataiggs andgmanuais. Some of ‘the fac-
tors in selection are the distance between shaft-supports, e
the torsional moment (twisting action) in the dr?ve,‘and the

¢ degree of shock load upon equipment startup.

b

Id

SHAFT KEYS AND KEYSEATS

Shaft keys fit into grooved "keyseats'" in the shaft and

&

into grooved "keyways" in the component attached to the shaft
(Figure 2) . . .
o The purpose of the key
is to lock the shaft and 4ts
drive member firmly together

(Figure 2) in such a manner’

as to prevent slippage between

the two. -

*fhe square key (Figure 2

_ and Figure 3a) is, perhaps,
‘the most widely-used type.

’ . ' /The flat key (Figure 3b) .is
\ Figure 2. Square Shaft Key.

a pépular type, as well. The

<

\ ~ set screws in the .hub should
— . .7 be tightened oh the key to
B : prevent it from tipping under
. . load.
™ page 6/M5-04 .
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(s) Square

(b) Flat

Dy

(?5 Saddle

t ’ )

d 3
*é%
%
. .

_ (@) Fiat side

@y

(e) Round Taper

p—_

r' o
’ \ OR

(t) Oftset

-

(9)‘ Feather.

?U 7

D

(h) Woodruit

" Figure 3.

Shaft Keys and Keyseats.

* When shaft g}ooves are not used with ‘a hub,

key (Figure.3c) is acceptable for light duty.
The flat key'lllustrated in
a keyseat, hut with’ a shaft end flattened on one

igure 3d¢ is not used

key usually is tapered for a close fit. Similar

the sad@}e'

fde.. «This
o this key

is the raund taper key (Figure 3e); both types are for light

duty. PR '

8

Figure’Sf depiéts the offset key,<Which adjusts for a

shaft groove of different width than the hub groove.

126
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-

-~ 0il 'or dry lubricant.

o

x—
[}

When a hub must be moved often for a very short distance
@iong the shaft axis, the long Peaﬁhegr§ey is attached by

screws ;ntojthe shaft keysea¥® (Figure”§§3.

Figure\Sh illustrates the Woodruff key, which is both
flat and circular to adjust for tapered shafts. This design
minimizes the tendency of keys to tip when load is applied. -
These features aré Tesponsible for its wide use in light duty

applications, such as machine-tool construction.

Some key‘méterial, especially the flat type, is manufac-
tured in blanks several inches in length.  This méterial.is
termed "key stock'"; it can be cut to the desired length.

BEARINGS
)

- The proper maintenance of bearings can result in sdbstan-‘
tial savings of equipment and down time. The two principal
types of bearings are plain and antifriction. A beafing is
a device that éupports in br on it a part that rotazés, slides,
or oscillates. Shafts are the most commgn devices that rotate
within a bearing. (Some;imes:the‘;haft is stationary and a
Qouéing rotates around it, as with a front automobi%e wheel.)?

*

PLAIN BEARINGS ) \ o -

Plain bearings (Figure 4) contain no'rolling elements;
that is, the solid bearing surfaces contact the shafts dis
réétly, separated only by a thin film of lubricant. Plain
bearings are Eonstructed of materials softer than the shaft
material. These softer materials often are impregnated with

s

.
L] - ~

Page 8/MS-04




N

. . . &
r - " ~
K . < -
SHAFT JOURNAL * . -
AREA ' ’
‘ ! THRUST
(] - @ SURFAGE
. BEARING
(a) Journal Bedring nl (c) Solld Bearing ' (e) Thrust Washérs

and Shaft Surfsce

o . . ;. @ \j. ‘ ;

STAVE 4
.{b) Stave B?rlng; ; (d) 8piit_Besring d (t) Flanged Thrust
R / - Besring

Y

Figure 4. Plain Bearings.

The journal bearing supports radial loads, or loads
exerted radially from the shaft. It is positioned on the
éhaft'as illustrated in Figure 4a. The journal bearing may
be only half a bearing (Figure 4b), used when the load is
oﬁly upon that part of the bearingt* This "part bearing" is

not to be confused with the splithbearing‘(Figure 4d) that

‘is split in two for ease of installation on continuous shafts
and easy shaft removal. ‘ :

Split ‘bearings have the added advéntagé of being easily
repaired. High spots on the inner surface can be scraped
off with a half-round scraper or a three-cornered one. The .
high spots are idéntified by use of Prussian blue or Red lead,
which is placed on the shaft surface in the bearing area and

_which g;ansfers to the high spots of the beéring when the

bearing 18 placed on the shaft.

7

i . )

: "MS-04/Page 9

1

PP

. 128




*

Split bearings (Figure 5) must be tightened to achieve

a proper '"running fit." (This.expression is not to be taken
ip the sense, 'He had a'ruﬁning fit.") A running fit is a
, . - ~— snug, but not tight, grip
‘ of the bearing halveivgn j
the shaft. Metal shims -
often must be used, -as '.
~illustrated in Figure 5. .
The shims must not touch
y ,the shaft because they
- would interfere with proper
, lubrication and cause shaft
wear.,
The thrust washers r
e illustrated in Figure 4e
- ‘ accept force applied at \
Figure 5. "Shaft Running in their sid®s. The flanged
a Split Bearing. thrust bearing supports ST
(; . #  thrust loads at the énd
/1/// ' : '{ © of a journal bearing that also supports .
. _radial loads. . D :
/ " The spherical plain ﬁéarihg (Figure. 6)
' performs like a ball joint. Its primary
-~ B ' §': vallie lies in its capatity to accommodate
'%g? ‘large degrees of misalignment.  Other fea-
' * tures include high capacity, ability to '
handle low-frequency shaft oscillations, .
Figure 62 and easy installation}®
< . Spherical Plain o -
) Bearing. . ‘ ,
/ . .
, hd 4
\ N - ) -
" Page 10/MS-04 S ' - ce
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" - Mounted Plain Bearings

Plain bearings often are mounted in pillow blocks,
flanges, and other housings similar to those in which anti-
friction units are mounted. . (Antifriction mounts are dis-

v’

cussed later and are illustréted in Figure 10.)

.

EY

+ \ . o®

L :

, Lurication , N ’//"“J .
~ Ad .

Most plain bearfngs are lubricated through an oil inlet '
at the top or, ‘'sometimes, the side (?igure 7). The graove
allows the lubricant to spr:§d along the entire journal. sur-
"face. Circled or 'crossed grooves

do not seem to be as effective

in most instances as straight
grooves. Bearings over seven
or:eight inches in length should
be equipped with more than one »

0il inlet. .
Split bearings must be Figure 7. 0il Groove
chamféred, or beveled, at the = in Split Bearfing.
inside joints.(on both hakves) ‘
to allow proper distribution of lubrieants (Figure 7).
h * Bearings manuféctured to exacting spbcificatiohs normally
perform well if the shafts upon which they ride are in good
a condition. Those bearings prepared in the plant of Babbot's
ma%grial (an alloy of copper, tin, and altimony) m have
if;Zgular.surfaceé that cause overheating and other problems:

~
-

if not carefully prepared. .
Table 1 lists the major troubleshooting-procedures for

_____plain bearings. . oo

| s

., ®
" MS-04/Page 11
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TABLE 1. TROUBLESHOOTING OF PLAIN BEARINGS.

S

\ TROUBLE CAUSE™ © CORRECTION
Bearing Over- (a) Out “of o0il’or. wrong ‘(a} Increase oilké%gw
. heated and/or .grade . and use corre
Lo © | Wears out too J - , grade
Quickly (b) Dirt in oil - - ].(b) Replace oil
_ . . (c) Bearing not aligned | (c). Allgn
with shaft ' \ ‘
, (d) Uneven bearlng sur- | (d) Replace bedring -]
’ Cow face - or scrape inner
- I T surface |
. : s (e) Bearlng too tight (e) Loosen bearing;
- 0 ’ L . : use thicker shim
’ (f) Wrong grooving (£). Replace bearing
' +(g) Excessive operatlng (g) Incrque'water
. , temperatures . flow if water-
. s 5 ~ . - ‘ cooled unit is
« ' ‘ ) | - used; if not;
. ‘ ’ ’ consider the 4se
, ) ‘ of ong ¢
, (h) Wrong bearlne mate- _(h) Try~other mhterlal
rial
) (i) Uneven shaft sur - (1) Metalize shaft
face /
(j) Hot shaft.from (j) Use heat. gﬁscs on’
. process shaft to .dissipate
' heat // ,
CAUTION: -Never pour cold water on a hot bearing or sﬁf%t; this
. ' procedure may break a housing or "warp compofnents.

}

.

ANTIFRICTION BEARINGS

Antifriction bea?fhgs experience less friction and main-
tain closer tolerances than plain Eea)iﬁgs, which must with-
) ) stand sliding friction. ’'The "rdlling friction" exhibited by
antifriction bearlngs 1s comparatlvely small because  there is-
S@ 11t;le relative motlon between the bearlng surfaceggand the

- - - i A Y -~ -

»
.
-’ i ]
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ring surfaces.® The more importa?f terms used with ball
o -

14

bearings are-given in Figure 8a!;and the terms used with
roller bearings, in! Figure 8b. . 'v.

. -~ —

(2) Bar B'oqunsr

t

b4 o

°

All antifrictién bearings can Be’capegorized according
to ;ﬂeir functions:"radial, thgust; or combination. )
Radial bearings (Figures 8 .and .9) radiate out from a
common center and bear loads apﬁlied:radially, or perpendic-
ular to the axis.) Thrust bearings take axial loads, or those
applied to the bearing sidesL(Eigure 10a). Combination bear-
ings bear a combination of radiall 'and thrust loads. ‘
¥ ' N ' '

Radia]l Bearings :

.

. . . ® 'o.
‘Figure 9a displays the most populaf radial bearing -

the double-groove type — which e;hipité excéllent contact .
between the balls and the deep grooves in wggch they ride,
& ~

w

¢

~MS-04/Page.13
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This.bearing can accept .

, considerable thrust . .
(a) Double Groove (b) Self-Aligning Ball . load, buﬁ must be pre-
- cisely aligned between

: : - " ‘shaft and housing.

' Such precise alig§-°

, ‘ ment is not required

‘ "with the self-aligning . \
(c)fuwm'smg. () cﬁmmmatnmug L. ball bearing (Figure 9b), E

» B 3

« which has two rows of

HQUSING

balls that ride on a
spherical surface, oyer .

which the balls can ro-
)tate side-to-side. This

{e) Journal

"free action allows for

- < slfght-angular misalign-‘
Figure 9. ‘Radial Bearings.. ment. - ' ’
’ S x oA . The” f1111ng -slot
T " " . bearing” (Fagure 9¢c) con~
. \ . tains rather large balls for maximum radial load but will handle -

.light thrust forces, as well. . ' . : .
The gyllndrlcal roller bearlng (Figure 9d) coﬁtalns cylin-. ,

der shapeé rollers capable of bearing-much greater 1oads than

. ballfﬁbarlngs. (Balls make contact at Small points; wheregsh
rolling cylinders make contact along their entire length.) ) :

Somé designs contaih two yows of rollers, for very close toler- _ .

. ances. ' )

¢ CL The journal bearing, as illustrated in Figuﬁe 9e, is :
. ‘%- nstructed Qf&gﬁng rollers of small dlameter, which often .
{gﬁu{gnﬁﬁg:?ﬁde dlrectly én a shaft. - The journal bearing is used when ‘
' /space 1is 11m1ted and when a moderate load is,applied'gt a .
: ‘% glow to-medium speed. This ‘bearingwill, ovgrheat at high speeds.' R
T !;%v "'"""'4! ¢ P .t ‘:.‘ i
L , | .
- Page 14/MS-04 .
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\\\*“Fh:ust\hearings . EES

.-thrust bearing (Flgure 10c) 1is an excellent choice. Its -

.

-

"~ _ One of the most interesting bearings is the clutch ‘ ’

type (Figure 9f), which allows rotation in only one direc-
tion apd allows free.'overrun' in that direction. When

the housing’ or shaft move in an opposite direction from thé
overrun positions, the bearings are Wedged between tapered
slots in the outside race to lﬁck the housing and\shaft.
Thesg“bear1ngs are used in b conveyor rollers, motors

-

s 4

(as_backstops), rack indexing drives, etch
Needle bearings contain long, sﬁall -diameter rollers.

. These dp1ts can be used when there are close tolerances
between small shafts and housings. .

. Antifriction'ball'screws ride upon specially-threaded

shafts to provide linear motion. The balls ride in the LT ‘
grooves to provide freg‘motlon. Antifrictlon-"way bearings"
"also provide for -linear motion apd’friction-free positioning
of machine 'parts or. of'objects_being handled by machiheryxf

-
<

The ball thrust bearihg depicted in Figure 10a rides

ein the grooves of two racesy or "washers." This bearing . \' .

'supports force applied to its sides, but must be run only ’

at sTow and medium speeds because h1gh speed causes exceés1ve
loadlng, by Eentrlfugal force, at the outer portlons of the

~washers. . : ' S RN .
The cylindrikal roller bear1ng (Figure 16b) fs tapable

of bearing éven greater thrust loads, bug not at high speeds.

When h1gh speeds must be accommodated the spherical roller

lower. friction (than the straight roller) and steep angular
position allow it to operate at high speeds; to adfommodate

- = . 4 g \ a
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. }{igh‘thrust loads and even

moderate radial 1oads, and : .
to maintain alignment (or to -
adjust for some misalignment). -

For extreime 1oad condi -

> ) tions, the V-flat ‘_th:cus_t.,h_e‘ar______
. | Q‘ 1ng (Figure 10d) #s the ideal,
\ ‘ ' choice, either for new instal-
) ] | lations or, for replacement.
- % : (e) s%’;ﬁ',‘ff' ' This design achiéves ‘true ;
1 Y tolling motion between t}';e_ ..
. % tapered rollers and botﬁm R o
; races; “there is no sliding .
. (B c{:::::i:uu_ (d);\;;zi:: 'at any 1p01nt. The or‘u'e flat.
, ’ race permits some radial dis-
i pl'acement); -
S iiig’ure 10. Thrust Bearings. . . h
. = - e ) . i ;
- + - Combinationb Bearings
. v ‘ . . N : '
@ ) Although some of the radial
A ‘ <. © ‘and thrust bearlngs will accommodate
() Tapered Roller a combination 1oa.d there are® two .
. ’ s . _‘pr1nc1pa1 types of basic combination
R ‘ . ~ bearings. These types are the tapered
‘ Co ~@\ _ roller (Figure 1la) and the spherical N
\ (b) Spherical Roller . roller (Figure 11b).
N - : The tapered roller bearing con-
' Figi;re 11. Y. sist$ of slightly tapered, slightly
Combination Bearings. cone-shaped rollers that. rotate be-

-

tween tgpered raceways, This bearing -

- d RN

. .
. P
- . c
- ~ - - °
Y -
. .
. .
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is w1de1y used o carry-radlal and ax1ai§10ads that act
51mu1taneously The rad1a1 1oad normally is greatep than
_ the axial. One of the more desirable features of this
bearing is 1its capacity to be adjusted for close or loose -
tolerance. - (The front’ wheel bear1ng of the automobile is

-

a good example.) o

The spherical roller bearlng (Figure 11b) ~-contains arc¢-
shaped outside surfaces that ride in race grooves that match.

. This de51gnf§1lows the bearing to pivbt and, therefore, to
operate when the shaft is displaced angularly. This capacity .
to accept nisalignment is the reason the bearing is termed
"self-aligning.” It is a heavy-duty unit designed for large
radial loads and small thrust loads. As 'the thrust load
-increases’, .the speed must be decreased if this bearing is to’

"be used. Another desirable. feature of this bearing is its
ﬂcapaeity to operate;wellhunder‘greater vrbration 4<han most

other bearings. .

v
.

3

L >
»

Mounted Bearings

‘Mounted bearings (Figure 12) -are those mounted in
. housings that can be attached to support surfaces. Housinés
often are fitted with "expan51on" bearings — those bearings
“which can move aX1a11y a certain distance to av01d the
thrust1ng of bear1ngs on opposite end’s of a shaft that floats

or expands when heated. 'Most mounted bearings-are of the
.self- a11gn1ng type to accommodate some misalignment.

The pillow block (thure 12a) is the most popular
'‘bearing’ mount because of 'its adaptability. It may be mounted
in the middle of .a shaft or at the end; if at the end th;. ..
end closure un1t (Figure 12b) often is used because Rhe shaft

MS-04iPage 17
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(¢) Flanged ) (1) Cylindrical

3

4 ~

i

Figure 12. Mounted Beariﬁgs.

end is covered for safety reasons or to prevent foreign matfer

from contacting’the&§héft end, or bearing. The pillow block

is designed to be bolted to surfaces parallel to -the shaft.
The fiangg bearing, (Figure 12c) mounts to surfdbes per-

—

‘pendicular to the shaft. ‘e -

- Page 18/MS-04




‘ Aithopgh most housed bearings are mounted by bolts,
-the hanger unit (Figuré 12d) is suspended at the end of
a vertical pipe or rod. Tt is utilized in some coﬁveyors
and in other equipment in which shaft movement is permissable
or desired. v ;

Take-up units such as the one illustrated in Figure 12e -

are employed,as belt-tightening andig%%?t adjustment devices,
The housing slides in a metal frame whe¥ an adjusting screw,

to which the h&hﬁizg/ﬁs attached, is turned. =~ °
The cylindricat’ bearing #Figure 12f) is used when suit-

able holes for it can be provided Vlthln the frame of the
machine.
Bearings also are,mounted in idler pulleys and sﬁrockets.
g 4

.

- . - \
\\\\ -Shaft Alignment

\
Linear shaft misalignment (Figure 13a) is extremely
destructive to bearings.. When shafts are coupled out of
line, they exert added pressure - .

on the bearings; the result is

A}

frequent Pgar%ng {epla?ement. “ _ i Th
+ Angular misalignment, if not - I

(a) Uinear Misailignment

too great, can be‘héndlqd by
the proper coupling or by self- .

aligning bearings. ' -

Belt Tgnsion ' ) ,AL () Angular Misalignment

N

[
7

If belts are tensioned Figure 13. Misalignment.
too tightly, they will fail;
and perhaps more importantly, such excessive tension results

in rapid bearlng wear and, thgs, more down time.

~

MS-04/Page 19
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Shock Loads

* ° g‘
> . - .

Heavy-duty drives having large shock loads at start- up
should be equipped with the. approprlate clutch or shock.cou-
' pling, in order to avoid.the tremendous pressures exerted upon

i »

bearings, shafts, and other components. .

Bearing Installation . ' °
?} ‘ Béarings should be inétalled carefully, as follows: -
* Clean shafts and bearlng housings thoroughly.
. Clean dirt out of keyways, splines, and grooves.
+ Remove burrs and slivers.
* Clean 4nd oil bearing seats. .
y ' --Press bearing on straight and square.
o « Press onl\on the ring that takes the tight fit.
* Press bearings.unfil théy are seated against the
shaft or housing shoulder. .
Bearings should not be struck directly during installation.
I pgssible; they should be pressed on thé shaft by an arbor °
press or other special unit. -If, 'however, they must be tapped
onto the shaft, the bearing should be started on the shaft,

‘which then is placed into a close-fitting Pigﬁ- The pipe is

then tapped (with some insulating material between it and the
hammer) to force the bearing into place. Heavy blows must not

+ . 1 -

be applied.

«
y ~

If a bearing is d1ff1cu1t to force onta a shaft when cold,
it can be heated evenly- and moderately to 200-250°F to expand

’

the inner ring. Another methed is to cool the shaft -in dry ice.
Similarly, bearings must nbt be-struck directly during

removal. When possible, special tools should be used.
N X : > )

4 o
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R Vibration’

\ r

Bearing damage can result. if they are vibrated exces-
. - . . .
—sively while not turning.. Some means should be found to
reduce such vibration; flexible couplings ot clutches can

provide relief in many instanges. . _ .

[

- . i 3

L 4 .
Current Through Bearings a -

- e ! .

4

, " Eleéctric current that arcs through bearings y}}l produce
burn damage.. This current may originate from stray mdgnetie
fields in the machinery or from the process of welding when
the ground must 'pass through the bearing: A1l motors should
be grounded: properly and maintéined p}operly.

Lubricants

n 4

The type and amount of lubrication required depends
upon the bearing design,'the load it must support, and the
speed of OpEration. Much of the required informatiom 1is
available in the -catalogs of the manufatturers.

The thre; principal lubricants are oils, greases, and
solids of which have certain advantages. In general, grease
is utlllzed in heavy-duty Operatlons since it is confined
to hou51ngs easily, offers better~bear1ng protectlon, and
requires less frequent re-lubrication than oils. Overlubri-
cation can be as damaging to bearings as underlubrication.
When using a grease gun, open plug at bottom of most hou51ngs

l to allow excess grease to drain off when machine runs a few -
minutes. Then replace plug. . , o

. : MS-04/Page 21
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In high-temperature conditions shafts can be equipped
with cooling discs that dissipate heat. Some pillow blocks
are equipped with cooling coils through which water is passed.

Lubrication Systems Y

The simplest oil supply system is_the oil bath, in Wthh
0il is contained in the bottom of a bearing hou51ng at a level
just high enough to enter the bearing. This method is suit-

.able for low or moderate speeds.

.Circulating oil systems are ideal for large drives that
operate under severe'conditions such as‘high ambient tempera-
tures and high power and speed inputs. O0il temperature often
is controlled automatically.

The spray, splash, or mist systems are excellent for high

speedS‘and”for‘veytitét—nperatib’T““““i—'“““ﬁ”“ -
The wick system is suitable for very high speeds because

‘the wick supplies a small quantity of filtered oil to the

bearing. Wicks must be cleaned occasionally, dried,:and're-
saturated before further use. . ’
Grease systems are 1mportant components in all plants.

Confusion sometimes arises about prelubricated bearings that
have no provision for re-lubrication. These units are de-
signed to operate over a specific perlod or life in equipment
that does not experience extensive, heavy-duty operation.

- Even when heavily sealed, commercial bearings require
re-lubrication, although good seals prevent over-greasing
and dust contamlnatlon.\ A bearlng housing such as a pillow
block should be filled only one-thirdeto one-half full. \
More 1lubricant -than this will be churned «and will break down,
causing'the bearing to fajl. If the hou51ng has a bottom -
drain plug, excess .grease can be forced out, as descrlbed

-
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under "Lubridants." A few housings are equipped with
grease quantity regulators, which are overflow chambers
for excess grease. c '
The grease that comes in a new bearing may.last a year
or two in light and .medium service and at average tempera-

ture.. Most bearings, however,.should be cleaned of the old

grease about once @ year; new grease then should be worked
by hand into the clean bearings. All grit and dust must be
avoided. A convenient tim® for such an operation-is during

the annual maintenance shutdown of most plants.

Accurate records should be maintained for the lubrica-
'tion intervals of the bearings on each machine. Remember
that some bearings will require more frequent 1ubr1cat10n

than others. y

-Troubleshooting

Table 2 provides bearing troubleshooting procedﬁresg
that should be studied and .discussed thoroughly.

-~

~ TABLE 2. TROUBLESHOOTING OF ANTIFRICTIOV BEARIVGS

‘TROUBLE T CAUSE ) —_— . F >CORRECT_.I,0N

Bearing Over- | (a) Wrong grease (a) Use correct grease

heated and/or | (b) 0il level low (b) Add oil

Wears out .too | (c) Too| little grease (c) Add grease

Quickly (d) Tod\much grease (d) Reduce amount :

' . (e) Not'enough internal Ie)'Replacerzg;paﬂﬂax’
bearing clearance , proper bea¥ing

(f)- Bearing housing out | (f) File housing to
of reund or too allow clearance

- small . or replace it

MS-04/Page 23




AN
Table 2. Continued.
TROUBLE CAUSE CORRECT ION
(g) Seals with too much| (g) Replace seals
spring tension; )
’ worn seals ‘
(h) Seals rubbing (h) Re-align
against parts )
(i) Load unbalanced (i) Balante equipment
(j) Shafts not aligned (j) Align shafts
(k) Dirt or other mat- (k) Clean bearing and
ter in bearing housing; replace
. seals
B (1)- Acid, water, ‘or (1) Add cover or
other matter in "flinger" that
bearing throws off matter
(m) Shaft diameter too (m) Metalize and
small ! regrind shaft to
fit
(n) Adapter too loose (n) Adjust adapter
or too tight N
(o) Bearing damaged (o) Replace bearing
when '"hammered' ’
- on shaft during .
installation ‘
(p) O0il level cup too (p) Reposition cup or
high or too low replace with sight
. S gage . .
(q) Bent shafts (q) Straighten; add
supports if nec-
) . essary )
v (r) Excessive load (r) Consider use of
. ’ during equipment clutch on motor
start-up to reduce startup
load (and to con-
serve electrical
power) .
(s) Misalignment of (s) Shim pillow blocks
two or more coupled ‘
shafts with bear- .
ings .
(t) Irregular shaft (t) Metalize shaf
5 surface . 7;
. ’
Excessive (a) Any of the causes (a) Same as for cor-
Vibration of wear already rections already
discussed discussed

Page 24/MS-04
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Table 2. Continued. - : ; (

TROUBLE 2 CAUSE “ CORRECFHON

(b) Chips, dirt, etc., -Clean bearing
left in bearing and housing; use
when installed new lubricant
(c) Flat spots on Replace bearing;
roller or ball if necessary, use -
from fast starting clutch on motor
to reduce starting
speed or reduce
motor speed (if
possible)
Machine vibration Balance machine
Excessive internal Replace with
bearing clearance proper bearing
Wrong type of Try spherical
bearing roller bearings
No coupling or one Use vibration
of wrong type couplingea

'Sglection.of Antifriction Bearing -

The selecgion‘bf the proper bearings for a given
application can be accomplishegd by reférenpe to manufac-
turers' cataloés: Such data as seal information,‘léad and
capacities, applications, andylhbr%cation for specific beaf-
ings is given in these catalogs:
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-+ 7 EXERGISES,

~1.  When should a shaft be metalized? Check one: (a)
when it is bent. . (b) when too long. (c) _- -

—

{

when it contains surface irregularities.
2. Place a check Qeside each of the beiow bearings that
can align itself automatically: (a) ____ spherical :
<plain. (b) self-aligning ball. (c) .
spﬁerical roller thrust. (d) . spherical roller.
3. What is the purpose of anféxpansion beéring? ,Check one:
(a) . expénds when -heated. (b) ___ adjusts for

linear shaft expansion. (c) _~ jneither of these.

ﬁ\"{.

4

SN _ LABORATORY MATERIALS

,,,,,, - .7 . Laboratory 1 ’ f‘ Laboratory 2. _ - \\\\

1 — drive train assembly of’ - 1 — block of wood; 6" x 63 ‘

n'laggq{ truck, or trathf\\j\Qi x 12". . : '
(including rear axle, . 1 — wood screw. ; .
differential, and drive. .1 — plastic bucket. .
shaft). - 1 1b of sand.

‘ "1 - roll masking tape€. -1 —1lab scale or postage

Rags, paper towels, or other - scale.

material with which to  _ String. -
RN \.;_clegn grease from bear- Light oil. )

6 — round plastic roflers{
1/4" dia. x 8" in length. ' -]
* ’ \

. . ings.

7N\ Ms-04/Page 27
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* LABORATORY PROCEDURES

/

/

oa'a

LABORATORY 1. BEARING IDENTIFICATION

1. Disassemble drive train assembly (rear axle, differenfial,
» and drive shaft} Place all parts, especially the bear-
ings, on a clean surface. o

2. ' Clean- -all bear.lng,s..‘,gxf external gre‘aset Attach a.piece_of
t

.masking ‘tape to each bearing and on tape label each

bearing with a different number .
List each bearlng by number in Data Table 1. Beside each

" bearing llsted descrlbe its type and thg method used to

(92

_ lubricate it. S————ws
4. Discuss why each type was used and why otﬁFr types were

,not used 1nstead ’ . . ¢

LABORATORY 2. BEARING LUBRICATION -

- -
° N
©
a
L] o,

"1. Set up experiment as illustratad. in Figure 1l4a.

- , to -move block.

A'y

t

With the wood block resting onNQEz table (Figure l4a),
slowly pour sand intg the pail to which block Jis gftached
by sfring, untii b ock moves to edge of table. Weigh
sand in bucke% and pfcord weight in Data Table 2.
“queat Step 2, exc«-t place light oil slick on table

under block (Eﬁgure

(92

-, Record sand weight required

4. Repeat'Step.Z hgaizj?éxnept place plastic rollers under'
-cleaned block (Figt
- to move block.

l4c). Record sand weight requlred
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WOO0D BLOCK LIGHT OiL

SLICK

|

PLASTIC ROLLER7 S N

WOOD SCREW 7 AA
STRING /
1 . | —
SAND DE 5
' PLASTIC , )
Y . - &
haY (a) Ory b oil (c) Rollers |}/
i v f’
-

¢

“top?,

N

“5.77 In which of the three tests did the block experience -
— little or no relative motion between it and the table

Figure 14. Sliding-and Rolling Friction.

~o

7~

DATA TABLES

=

-4

. .
DATA TABLE 1: BEARING IDENTIEICATION:

Bearing No.

Type, Location

. Lubrication

-

’ 1
- .*
MS-04/Page 29
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Data ‘Table . Continued.

-| Bearing No: ‘ Type Location " Lubrication
N
v
) . 4 _

-~

DATA TABLE 2: SLIDING AND ROLLING FRICTION.

WEIGHT OF SAND IN PAILS
_ | Dry Table - Oiled Table Use of Rollers
|
" E'
. ~ 1 /
& . ’ )
< l'f'
-
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1. ‘Define the’\following terms: ,
T a. Shaft.

)

b: Bbssed shaft.

c. Metalizing.

d'¢ :Shaft expansion.

»

Shaft alignment.

s

Keyway and-keysedt.

Shaft key. (List seven types.)

-

Explai\_the uses of plain bearings; ipClude the
types: | a ‘

a. Journal.

b.  Staye. .

below

+

i

. Thrugt.

c. , "Solid? .

d. &pl'f (used with shim).  °

C . | :
f. Flan%ed thrust.
g
h

. qud@ed split.
. *Sp?eﬁical p}éiﬁl
) d‘.




¢
¢
4

Name and describe the two types of friction and which

NPy

4,

-~

J.

is experienced by plain and antifriction bearings.

.

\

. ’

Match the following terms and definitions for antifriction

bearings: ) v .
Radial. A, Bearings.eontaiping these
'Thrust. features: .spherical rollérs
Combination. .. or balls on spherical races.
Expansion. . Bears thrust and radial “loads.’
Roller. C. Allows for ‘axial shaft dis- ‘
Self-aligning placement. ' i :
'bearings. D. Bears “loads applied at right

) . angles.to tHe &haft.
E. Bears 1o£ﬁs-appli%djat sides

.

-

of bearing.

Label the beariﬂ? mounts illustrated, and-discuss the

~ *

purpose of each:

< .

. v




. 3 : '
6. Antifriction bearings can be damaged in a variety of
ways. For egch of the causes listed, describe how
damage can result and how it can be prevented.

a. Faulty installation. ) ~ -
o ’ ¢~ !
-~ ‘ )
b. Vibration.,” 7 "7 T T ooom o mon o oommmmmm s o on mom e
k3 - B
c .
c. Electricdl current. ) , <
; ]

IS

“
-

7:  What are tﬂé\advantages of o0il lubrication and of grease
. lubrication? '

»
‘

14

T

8. Where shoufd couplings\add pulleys be located? » Check

-one: (a) . near the center of the shaft; (b) ’
near the end of the §haft; or (c) near bearings.
, P I ‘
N * \ )
D - - ) P
s ' ' MS-04/Page 35 .




W .

(p

S

o+
.

TECHNOLOGY

CONSERVATION AND USE

+

4

>
L)
oc
=

MECHANICAL DEVICES,

AND ."SYSTEMS .

-

.

o

MODULE MS-05

DRIVE TRAIN COMPONENTS I

DEVELOPMENT

™

"’ GENTER FOR OCCUPATIONAL RESEARCH AND

V

vV
ﬁ

\

REELIRE:
o R




C | INTRODUCTION"

A ] +

<

This mddule analyzes the following drive train compbn-

‘ents: (1) seals, (2) couplings, and (3) clutches These

components are important, not only for the prOper operation

of equipment, but also for its protection. Seals, for example,

retain vital lubricants and other fluids; flexible cguplings

protect equipment from vibration-and-limited misalignment;.

and clutches protect against the great stresses placed upon
heafy industrial equipment when suddenly turned on/ or when

a heavy load is placed abrupt%y upon it. Some clutches re-
duce motor power &onsumption and wear of drive components.

PREREQUISITES

One year of high school algebra.

. - OBJECTIVES

.

Upon completlon of this module, the student shoéid be
able to: *. . ) "

1.? Describe, with the aid of éppropriate sketches, how
a gasket seals. ‘ T ‘

2. List and describe the four types of gasket joints.* (Use -

' sketches whenever possible:) .

3. Describe at least four types of non-metallic and metallic
gasket materials and two typés of combination gasket
materials. -t ’ ‘ . '

4. Select a gasket from a given table zzfﬁﬁit a-particular

temperature and fluid application.

" 5. Descrzbe, with the aid of sketches, how an O-Ring seals;

and‘llst four types of O-Ring materials.

. . . $
. . .
.
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6. List at least three types of packing that can be used on.

a dynamic seal. .
7. Describe a mechanical seal, and list two different types.
. 8. Describe, sketch, and 1list the design characteristics

of three types of §igid couplings and six fypes of flexible
« couplings.

9. Describe four types of élutches, and list tHeir design -
" - - ~——haracteristics; .
. 10. Explain how a "dry-fluid" clutch saves energy and protects
’ equipment. ) ’
[ M v - ‘ . o
'\
o
'3
: ’
/. . «
A .:_ ‘;“ ) ¢
i .
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"= . - . _SUBJECT MATTER.

SEALS
A seal is a device used to control the movement of fluids
or gases qhﬂ6ugh a joint or opening: The wide range of opera-
ting conditions and the numerous assembly problems of modern
machines-have necessitated many varieties of seals. Seals
"~ "may be classified into one of two general categories: Static
or dynamic. The stati¢ seal prov1des a seal between two
stationary surfaces and'the'dynamic seal.between moving sur-

faces.

¢

STATIC,SEALS — GASKETS-AND O-RINGS - -,

A gasket is a static seal constructed of such materials
as rubber, asbestos*and metal. A gasket (Figure 1) is designed
to provide a pressure-tight seal between two mating surfaces.
L___?‘ The soft gasket material is placed between the hard flanges
of the gasket joint and deforms.and fills the joint when
p&pssﬁfe is applied to the ,surfaces. Pressure applied to

»

squeeze “the gasket must exceed the pressure on thg_gaskét
or the fluid will escape (Figure. 1b). ‘ _
There are four general types of gasket joints: -
+ Contained gasket joint.
+ Gasket between fiat faces.
e Partially-contéined gasket.
+ Self loading gasket. .
The contained gasket joint (Figure 2) is the most suit-
able joint for high-pressure applications. The gasket is
contained in a groove and pressure is applied when the flange
joints are tightened. The gasket cannof be blown out by
High-pressure fluids. \

U . - ‘ - MS-05/Page 3
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CLOSING
FORCES

l'

N

GASKET JOINTS OR FLANGES

(a) No Load

PRESSURE
LOAD

MOMNNNNANNNN

70000

NNNNANNN

SOFT GASKET MATERIAL

| S (b) Compressed

Figure 1.

Gasket Operation’

N

i) = ) x
. FLANGE BOLTS —3md |~ _—-—  =®—  fup Pnssﬁims
“ ? il ——
GASKET IN GROOVE
N
Contained Gasket Joint.

L}
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.¥ . .
Figure* 3 shows the gasket joint between flat surfaces.

The gasket is not contained in a groove, but is squeezed
between two fIat flange faces. The gasket can be blown if

- the-bolts are not tight. ‘Some gaskét manufacturers provide
metgllic inserts to secure the gasket and to prevent it from

-
.

being blown. - )
o The partially-contained gasket joint (Figure 4) 1is in-
tended to provide the advantages of the f1rst two gasket

joints. It is confined in a groove on its outer edge.

- e
* FLANGE -
GASKET BETWEEN FLAT FACES - 7777777 <a— .FLUD PRESSURE
*+ FLANGE

.

-+ Figure 3. -Gasket Between Flat Faces. .- - - - S

'

*

"The self-loading gasket joint.(Figure 5) is used exten- .
sively in the power, oil, and gas industries for handhole
and"manhole‘c;psures. The gasket is sealed b\\the internal
pressure of the fluid on the cover. The bolt is utilized
to tighten the gasket during increase in vessel pressure.

: When a gasket-is %selected for a pargiculaf application,
the type of serviée it must provide and the conditions it
must W1thstand must be con51dered Table 1 is a typical
ggsket selection chart, Gaskets are -manufactured to meet

/ American Standards Association specificationg.

-~ . -
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GASKET CONFINED ON -

OUTER E,Q_G.E/l 1=

Q

4

FLUID PRESSURE

—f——
——
L
e
——

\&U_
> .
N Figure 4. Partially Contained Gasket.
- - ) tF - LA "
' ~3
- - PULLUP NUTS & BOLTS
. ¥ :
~ l STRONG BACK
P / | R — 3 / -
). Roert d
o 3 .
. ] :
T | RA T S
COVER .. ‘ g
AN GASKET L~
- \ /‘ .
‘ - -
p \
A \ -«
Al -
< Figure 5. Sgdlf-loa;ling Gasket Joint. ‘
» ¥
. + /
o - /
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TABLE 1. GASKET MATERIALS FOR DIFFERENT SERVICES.

Fluid Application . Gasket Material -
Steam (high pressure}...... 'Temp up to 1000°F Spiral-wound comp.. asbestos -
8 Temp up to 1000°F | Steel, corrugated or plain 9
’ Temp up’ to 1000°F Monel, corrugated or plain_ )
‘ . . . Temp up to 1000°F | Hydrogen-annealed iron *
d . Temp up ‘to 1000°F | Stainless steel 12 to 14%
- chromium, corrugated
Temp up to 1000°F Ingot iron, special ring-type
N . joint .
. Temp up to 750°F Cdmp. asbestos, spiral-wound ! -
E—— Temp up to 600°F Wovefi asbestos, metal asbestos
o Temp up to 600°F Copper, corrugated—or plain
Steam (low pressure)...... Temp up to 220°F Red rubber, wire inserted
Water...... e ereeeaeaaeeas Hot, meditm, and Black rubber; red rubber, wire
high pressures inserted g
Hot, low pressures | Brown rubber, cloth inserted
Hot W Comp. asbestos _
WALET v s e nnnranasonnsonme Cold } * | Red rubber, wire inserted -
\ Cold +F Black rubber B
» jCold Soft rubber o >
Cold Asbestos ~
L. Cold < . Brown rubber, cloth inserted -
O1ls (ROt)veeeevenerensesss |Temp up to 750°F Comp. asbestos )
. : Temp up, to 1000°F Ingot iron, special ring-type-
) . joint .
- 01ls (cold)..... heeraeenease Temp up to 212°F | Cork-fiber ) .
. Temp up to 300°F Neoprene comp. asbestos
Alr.oeeenons feeeiseeeesaraas Temp up to 750°F Comp. asbestos '
- * Temp up to 220°F Red rubber
Temp up to 1000°F | Spiral-wound comp. asbestos -
GaS.evuenw Teveoens eeeraees Temp up to 1000°F | Asbestos, metallic .
. Temp up to 750°F .| Comp. asbestos . . ,
\\\\ Temp up to 600°F Woven asbestos .0 . '
o Temp -up to 220°F Red rubber .
3 ACLdS .. iviies s (Varies, see Sheet lead or alloy steel
) YT section—on-.gorro- | ... . __ _ _
sion) . I
{ ~» ' Hot @r cold » | Comp. blué¢ ashestos
. mineral acids Woven blue dsbestos
. AMMOTLIA. s o oovvoovooososssns Temp up to 1000°F | Asbestos. metaliic
. . Temp up to 700°F Comp. asbestos -
\- - Weak solutions Red rubber >
X Hot Thin asbestos
Cold Sheet’ lead . “
~ ! : -
. . \
H ‘L)\-»w“r“"" )

Q. | ‘,— ' -1 E;C}A | -
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j .
. Gaskets are made from noﬂ;ﬁetallic materials, metallic
matetials, or from combinations of both.
Non-metallic gagkets usually are made from oiled paper,

cork, asbestos, rubber, or neoprene and are used on relative&z’/

smoath surfaces at low-pressures and temperatures.
Metallic gaskets are made from copper, aluminum, or cor-

rugated steel and are used at high pressures and temperatures.
A combination of both metallic and non-metallic materials

“greates afbétter seal. The metal in the gasket withstands

the-pressure of the fluid, and the soft non-metallic material
wedges into the groove to provide a pressure-tight seal.

The 0-Ring (Figﬁ?e\6) is a squeeze-type static seal.
" When the ring is squeezed mechanically, the surfaces deform
to fill the groove and-to provide a tight seal. Pressure
from confined fluid also can develop a seal (Figures 7 and 8).

0 - 1

" . . s:



g
r

FLANGES BOLTED

TIGHTLY TOGETHER

L

. -_/\e

Figure 7. O-Ring in Groove. / /////‘
: L 0-Rings can be ’/(

. ., molded into a vaxiety -

of materials. Cgrrosion-
resistant mater¥als

i

such as fluoroelastomers,

. SEAL WITH SOUEEZE « SEAL FROM o .
. INTERNAL PRESSURE teflon, Buna-N, and .
. C - neoprene often arve used,
- : — although thefmost common
Figure 8. T&picalHO—Ring” ‘ material isfrubber. . -

Installation. . Materials must be suite@

to the specific appliq;;
tion. Tabley¢2 lists some standard commercial materials and
the ‘temperatures and QRPlications to which they are suited.

’ » -
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TABLE 2. O-RING MATERIALS AND APPLLCATIONS.

~

POLYMER TYPE ’ TEMPERATURE RANGE » - APPLICATION GUIDE \
N — "
. Buna-N (Nitrile) -40°F to +275°F Mineral.0il and- Hydraulic
-40°C to +135°C Fluids, Water, and Air. - °
Buna-N (Nitrile) -40°F to +275°F Mineral 0il and Hydraulic
-40°C to +135°C Fluids, Water, Air, L.P,, and
Natural Gas. L.P. recognized. . {
Buna-N (Nitrile) -22°F to +275°F Gear 0ils S.A.E. 10 to 120, )
-30°C to +120°C Ester-based Lubricants, Kero-
sene, and Gasolene. ' N 4
Buna-N (Nitrile) -40°F to.+275°F Mineral 0il and Hydraulic :
~40°C to +135°C Fluids-;- Water, and Air. R
Buna-\N (Nitrile), ’ <40°F to +275°F 8 Mineral 0il and Hydraulic )
-40°C to +135°C Fluids, Water, and Air. High
Pressures. .
S.B3.R. ‘ -40°F to 212°F Castor Based -anddother ‘v
-40°C to 100°C Vegetable 0Oils.
S.B.R. -40°F to 212°F Castor Based and other
-40°F to 100°C Vegetable Oils,
Noeprene -22°F to +176°F " Ozone, Oxidation, )
-30°C to +80°C ‘Weather Resistant.
, Polvurethane ' -22°F to +194°F High Abrasion Resistance. )
, -30°C to +90°C
. 4 -~ M R
.), 0 ! X
.. N .
- . ‘ . 4 )
v . { .
: DYNAMIC SEALS , \) T
.. ) . . , —_— .

Dynamic seals are emp1oyed to prevent the f%pw of fluid-
. across a sliding or rotating joint. The gland packing seal
{Figure 9) is the oldest and 51mp1est type. - )
| ' Packlng,.alleak proof materlal is placed around a shaft
' or rod in a packlng chamber and held 1n place by a gland. .
As the pressure nut is tightened, the packlng is compressed
- and forced against the‘sfiding or rotatlng part, thus con- \
trolling leakage Leakage“through the packing material is //%
.» prevented by the mater1a1 itself and by a lubricant contained
+ in the packing.

-

-
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r : . @ Ao
. 3
. » k
: ' _ K—/
. ) : * STEM OR RECIPROCATING ROD - ‘
™N . PRESSURE NUT
% .
A pAcka\] . ’ P
¢ “ st ——— GLAND
" — e s -3
’ - - - . @
. 4 Figure 9. Gland Packing Seal. >
. ’ Vee packing (Figure 10) is a variation of thj glapd -.
seal that consists of formed or molded packing rings having
a V-shaped c#qss section. This arrangement reduces the fric-
-t{on_ between the packing and the moveable alement.
) % R - - - [ <
) . s @
1 STEM .OR ROD
P r ’ LT *
P V RINGS :
N . o 7 SPRING :
» . PRESSURE SIDE * |°
Figure 10. -Vee Packing.
Y -3
\l %‘ — . .
'
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T

Figure 11. U-sﬁaped
Packing.

3
- -
)

steam closes ‘the gap between
* leakage. “ '

/} U-shaped‘pagkingé
also are.used in gland
sealing applications..
Figure 11 illustrates a
shaft or piston-fod seal
that Ebntains molded U- .
cups. The U-cup is fitted
into .a gland and is held.
in' place ﬁy acap or a
retaihing‘ring:_

The {abyrinth paqkiﬁg
(Figure 12) “is a special

« design for steam engines. - .
The packing does not actually .
contact the shaft; rather,

. steam travels through a;series of passages, or ''labyrinths,"
which change.the pressd;e and the flow:- Steam then is‘forced)
. . . ) . o 4 .
- against the small blades mounted on a:stationary tasing. The
. s Y .

the blades, therebfﬂneducihg

—

STATIONARY CASING i

K777 7 7777

g‘jé[ SMALL CLEARANCE BETWEEN
_/ SLADES WHEN RUNNING -

]

|
AN\ g

ROTATING SHAFT

¥

25NN e

7Figure 1z.

Page 12/MS-05°
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MECHANICAL SEALS

Rotating or reciprocating shafts can be sealed By a
mechanical seal placed between two flat surfaces (Figure
13). The design of most mechanical seals is much more
SOphlStlcated than that deplcted in Figure 13, Wthh is tn-
tended to illustrate principles, mot details, of spec1f1c‘
operations. ‘Many types of sealing devices such-as packing,
0-Rings, and V—Rings,'are’installed between the two surfaces.
:ﬁhe mechanical seal also incorporates a force provided by

.a spring-loading apparatus designed to hold the surfaces
incontact.

v

. “XTWO FLAT SURFACES

XL

SEALING DEVICE
- 1 [y

E— PRESSURE PLATE

B
—f

N ROTAT!NG OR'RECIPROCATING SHAFT

Figure 13. Mechanical Seal.
s
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-COUPLINGS

¥
DEFINITIONS

- i

, A coupling is a %evice that coﬁnects two éhafts end- to-
end, The two general categorles of coupljngs are (1) r1g1d
and (2) flexible. R1¢1d coupllngs are used when accurate

allgnment of ‘shafts” 1S~Tequ1red whereas, flexible coupllngs

are de510ned to allow for.a certain amount of misalignment.

RIGID COUPLINGS

» Flange couplings
(Figure 14) consis%s of
Jtwo flangés bolted
over the shaft and ;

then keyed to the shéft.QQ
These couplings usually

Figure 14., Flange Coupling.

are designed to withstand.

,severe service,

"The clamp coupllng
(Floure 15) is sp11t into
two halves keyed to_ the
shéft\and bolted tqgether.
This coupling can be in-
sta¥ied and removed with
ease. B .

, - ' Some rféid couplings

‘are self allgnlng The

compre551on coupllng (Fig-

S ure 16) is.constructed of
Figure 15: Split-type

Muff Coupling. two split cones that can

be édjusted by'quts. This

Page 14/MS-05 "
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arrangement allows thé cou- .

. pling to adjust to varying
: .- shaft sizes. The use of s E—"_—_ss
rigid couplings, however, : . Yrzrzzzs a1 .
has sevéral disadvantages: _é’ = - ___%_.
]

« Shafts must be aligned . T T .
—it e
accurately, ‘ s

« Nd allowance’made for

- © -axial, expansion of the :
shafts when the system Figure 16. Compressio
heats up. Coupling. °
- - Bolted surfacesg must be

at-right-angles to shaft axis, which means that they
must be matchegd after .they have been assembled to the
~ shaft. Such a procedure is expensive.

i

FLEXIBLE COUPLINGS ‘ - |

FIekible couplings allow ~shafts to-be slightl} out of
line (Eigu}e 17a and b). Close alignment is required, how-
ever, When.the shafts are turning at high speeds or when
they are heavily loaded. g Under these conditions, misalign-
‘ ment causes rapid épupli!& silure. - .

) . Couplings should besfligned angu;afly (Figure 17c) with

/ 'a,égliper. -The-gap between. the coupling halves, or hubs,

s ig\checked at- four points, and alignmént is adjusted until

,f"ﬂ “the four measurements are equal. The hubs should be checked

- for parallel alignment with d straightedge (Figure 17d).
*An alternate method of angular and parallel alignment

. involves the use of a dial inddcator attached to one hub

and a,measuring\feeler riding 5gainst the other as the hub

. .

. »
A / » )
. 3
. » » il

y -
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|

(a) Shafts Misaligned Angularly

1 — ] . 1
- t —
¢
(b) shatts Farallel But Misaligned
CALIPER
[]  STRAIGHT EDGE
FEVITTTTITTTTTITTT0T] o

|
PARALLEL—>~
r_] OFFSET l I }

7
(c) Test For Angular

M%glignment

(d), Test For Parallel Misalignment

is- rotated by’hand

g

and to 'engage one of the halves.

-

Page 16/MS-05 -

Figure 17. Shaft and Coupling Alignment.

-

The hubs are in parallel alignment when
the.measurements are equal at all points’ between thenm.

"The jaw coupllng permits longitudinal mlsallgnment and
allows.for some vibration (Figure 18.)

This coupling can.

be used as a clutch if some arrangement is made to withdraw




. The floating-center cou-

pling (Figure 19) is a varia- Y

tion of the jaw coupling

designed to accommodate two
-, shafts *that have a slight axial’ ”

shift. The floating center
adjusts for the shift.

The teeth of the toothed Figure 18. Jaw Coupling.'
coupling permit the shaft% ﬂ )

some movement in all direc-
tions (Figure 20).

An entire series of
flexible couplings uses .'
springs, diaphragms, rubber
tubing, and tirés to transmit

the load and to permit‘axial

movement (Figure 21).

The chain coupling

"(Figure 22) consists of two
sprockets in parallel, Figure 19. Floating-
coupled with a chain. This center Coupling.

design is very rugged, but

requires careful lubrica-
tion. ’

Figure 20. Toothed .
Coupling.

\ o - . MS-05/Page 17




DRIVEN FLANGE
AND SHAFT

FLEXIBLE
TIRE

ORIVING FLANGE AND SHAFT

-XNOTE - FLEXIBLE UNIT CAN BE

REMOVED AND INSERTED WITHOUT |
DISTURBING SYSTEM SET-uf

Page 18/MS-05
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UNIVERSAL JOINTS

The universal joints ( ure 23) allows power to be
transmitted through larger angles than are permissible with
flexible couplings. Such a joint connects two shafts set
at an angle to one another, End the anglg can be varied while

- i

- the shafts are rotatlng The most common U-joint -is the Wﬁi

'""Hooke joint,'" sometimes called the "Cardan joint" illustrated

in Figure 23.

. HOOKE JOINT

L 1 -y

- ' (=

s " Figure 23. Universal Joint. .
When a single Hooke joiﬂt is used, the working angle
is kept below 15°, since
larger angles cause sig-
nificant variations in the

angular velocity of the
Driven shaft. This problem
can be solved by use of a

double Hooke\jdint‘(Fig- ) > E?gr
ure 24). The two Hooke ' N
joints are connected by "

short, infermegiate shafts Figure 24. Double Hooke
mounted at the same angle (a) { Joint." .

to ;ensure uniform- speed.

, h ' MS-05/Page 19
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T R ‘ The ball joint =~ 1
(Figure 25) is a varia-

tion of the Hooke joint; 1

a ball replaEes the

Hooke-joint yoke.

. w |
Figure 25. Ball Joint. |
® . .
» . . /
N .y .
SELECTION OF COUPLINGS —
Selection of economical couplings 1is similar to the |
selection procedures for other mechaqéfal components: . .
- Obtain several .manufacturers catalogs. '
o o Determine the service that the component must provide.

«* Obtain service factor from manufacturer's table.

- Multiply service factor and horsepower of motor ’
to obtain equivalent horsepower.

+ Use charts in manufacturer's catalogs to determine
most economic component.

The service factor should be carefully determined since a mis-
calculation could raise the initiagl cost of the system.

&
- ¢

GLUTCHES

&

DEFINITIONS

A clutch is a type of coupling used to connect and to

- ‘disconnect shafts and driving fiechanisms. ~There are three . -
- ( . L}

-

Page 20/MS-05 . - )
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4
\ .
gene%%i categories of clutches:
. ©  Friction clutches. X -
Jaw clutches. . . ) 1

~ - Hydraulic clutches.

FRICTION CLUTCHES

Friction clutche;rallow the driving force to be trans-
mitted through frictional contact with the two halves. Fig-
" ure 26 depicts a mﬁi??ﬁie-disc friction clutch. One set
is fastened to one\@haft and ‘
the<other: set 1is fa%;ened to

the other shaft. WWhen pres- gy T y
sure is applied, the plates | é. 1k e & ]
are pressed together and e

- transmit power by friction. H 1 -
Because of the multiple ——— =

) contact surfaces, this | Tan i : N

clutch increases the power- ] ‘ 2w ER ’
transmitting capacity of the ;wwwwww ' g
shaft. Automobiles that ~
have standard shifts contain i, ‘
friction clutches. Figure 26. Multiple-’
: : disc Clutch. “s

. [y . . , . ‘ L ™
MAGNETIC%ﬁ%HTHES , .

f

The maénetic clutch is a form of friction clutch in
which the frictional surfaces are brought.together by an
' electromagnet. Other common types of friction clutches are
“the con§-c1utch and the shoe clutch. ° e

* . / /. -

~ - MS-05/Page” 21
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_JAW CLUTCHES oy -
Jaw clutchés tfanémit power through the direct contact of
two interlockiﬂg suafaégg (Figure 27); they;muSt be attached
only to slow-moving shafts, The jaws or teeth of the twa® é
halves of t&:.clutch interlock, pegmitting direct, positivel
power transfgssion. Figure 27 illustrates-two types of jaw

clutches — (a) the claw clutch and (b) the geared clutch. -

e

/

/
(a) Claw Clutch . _(b) Geered Clutch/ » ~ \/
Figure 27. Two Types of Jaw Clutcégg{ .
- . : N -

‘ - . o

DRY FLUID CLUTCHES .

-

~

The Dodge PLE%IDYNE clutch illustrated in Figure 28
is referred to as a "dry 'luidAifive" becguse the "fluid"
it contains is steel shot., A measured amount of this shot
is placed’inside the housing, where it is fﬁi?wn by cehtrifugal
force to the pelimeter of the housing and into contact with
‘the blade rotors when the motor is turned on and when-its -
shaft rotates. The housing is attached to the motor shafﬁ,.\
and the rotor assembly is connected to the pulley. . ‘ .

: Page 22/MS-05 . . . SR




After the starting period,
in which there is slippage
. \

.between housing and -rotox,
the two, lock together to L
achieve full 1oadfspeed-ahd

ST STEEL .
e f f 1C1le nCY . . \ ggg;GE //AI/III»III//

“Energy is saved and FLOW

~

equiPmeht protected by such' EZTWWW@# - SHAFT
clutches in the following ROTOR i N\
ways: - N . HOUSING
« Smaller motors can be .
S used because the initial : . v . <
g ’ shock load is@redﬁced . Figure 28. Dry Fluid

~" and because less start- Clutch.
ing current is required,
Power savings canobe)as'
‘much as_35%. °
. Smoother starts preveny breakage and reduce maintenance
. on motors, gears, bearings, and belts ‘orT ains.
« Motor Qggfheating duriné start-up is eliminated.
. 1f the drive, system jams, as sometimes hapgens, the ~t
. clutch acts as a torque-limiting device by sllpplng
under excessive load to prevent damage. The amount N
of shot added to the housing can be changed to adjust

N . the clutch for - sllppage at a partlcular torque.

\
+

-

HYDRAULIC CLUTCHES

The operation of the hydraulic clutch (Figure 29) is
made possible by hydraulic fluid’ in contact with impellers
and tunhers enclosed in a housing. The impeller is connected
to.the Driver shaft; the runner, to the Driven shaft.. The

~ ' . ‘ ‘ /
. U '
- T '

= ' MS-05/Page 23
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%

globe-shaped portions of

both impeller and runner

IMPELLER

RUNNER

—

are filled with hydraulic-

fluid,

Each of these

. 2 .
sections also contains

blades or vanes. As the

A t___ -

impeller rotates, the
The radial
blades of the impeller

runner follows:

set the liquid in motion

and throw it against similar

<

blades in the rupner.
Figure729. Hydrag%ic :

Clutch This "drag' causes the

runner to rotate with

‘ the impeller. | J
. The principle of the hydraulic clutch’is utilize&fln

several other similar dé@%yég such as hygraulic couplings, .

£

torque-convertors, and variable-speed drives. The hydraulic

fluid tends to minimize shock and vibration.

Page 2/4 /MS-05
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1., List the type of gasket material used ﬁyr thé fluids

and temperatures given in the table belowﬁ>

., <

~

TEMPERATURE

%: ’(

FLUID

GASKET MATERIAL

750°F
200°F

212°F
750°F
850CF .
950°F

High-pTressure
steam

Low-pressure
steam

Hot w;}er )
1000°F Ammonia
Gas -

Air ~

0il

SELECTED

'F

-150°F

4 “ ¢

-

- kY

( -
#List the applicatign for the\O-Ringi described in the

table below.

LIEEN

1

o

»

TYPE

" TEMPERATURE RANGE

APPLICATION

Buna-N

ﬁblyuréthene

bSilicone

-229F to +275°F
-30°C to 120°C

-30°C to_+194°C
-76°F to +392°F
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LABORATORY MATERIALS T '
1 - Auto, truck, or tractor drive train assembly with covers,
caps, ‘and- hou51ngs removed.. (This system can be the
. ' ’ same one used in Module MS-04, ”Drlve Train Components 1,
’ . except that here a-cliitch is requlred ) ’ "
B e 8
.« Any three coupllngs from among those illustrated in Figures .
\ 14 through 25} - '
& ‘ . :
5
¢~ < 'LABORATORY PROCEDURES . -
» . . 0 * ' ! 2
- . . - ’ ) /
1. Remove all caps, dovers, and hou51ngs from-drive trans-
o mlsslon system. . ) _
- 2. Complet® Data Tables 1, 2, and\s\by deseribing the type
'v : oﬁﬁ%éals, couplings,, and clutches\used, together with
their'locgtion and type. A}
v ,-3' Etamlne the three, shaft coupllngs, and’ describe type a
s : and 1dent1fy major parts. Complete Dxta, Table 4. ) :
- ¢ - . . ’ \ *
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 ‘DATA TABLE 1 ° .
SEAL # TYPE OF SEAL | . LOCATION, . COMMENTS
) < R ) \. .
. . . - . 1. =~
i ® - 9 ) ) o "’ , ) |
. f B |
s , S/ , .
. , . . - ., o .
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) . . DATJfABLE 2 '
. {COUPLING # {CQUPLING:.TYPE | LOCATION, COMMENTS, -
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) I
. DATA TABLE 3

o

‘

Type of Clutch:

-

ot

+Y

Description'of Action:

.

" DATA TABLE 4

.

COUPLING TYPE _LIST OF MAJOR PARTS -

v 0y

1

-

"
- 'y ‘\? q" .
RRREET Y

A .
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AT . . TEST

\\\: . 1. Describe, .with the aid of appropriate

sketches, how .a
gasket seals.

, <
v ) .

. .
' . A
' \
.
.

2, List and describe the four types of gasket joints. tUse

. sketches whenever possible.) '

.
> M -
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3. Describe at least ‘four tyﬁ}s of non- metalllc and metallic
gasket materlals and two types of combination gasket

‘materlals.

v

- - - S
. . N . )

4. Use Table 1 to ‘seléct the- proper gasket material to be’
. ~used in a system containing oil, that reaches a temperature
e ' of 9FD°E.: .

.
Y v

s, Descrlbe, with the aid of sketches, how an O- Rldg seals;y
. and list four types of O- ang materlali/,

Y

L]
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‘ »
6. List at least three types of packing’ that can be used
on a dynamic seal. :
\ -
7. Describe asmechanical seal, and list two different types.
] " ‘
5 . 5 *
~ - ~ .
’ . ) . /-
// ! - ! ‘ - -‘ '- .
' 8. .Describe, sketch, and list the design chardcteristics
\ \
e of three types of rigid couplings and six types of
: flexible couplings. - . .
.. ] : . . . , )
N . B 1 -
- ! ,
.
__\ ' - .
. ) \‘ ) » Q
* <
® N — ®
a ) ) . T
. 3 ' N
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9. Describe four types of clutches, and list their design
characteristigs. : "\

N B }
1
\ )
» )
o ~ >
.
»
4 o .
* hd . T
M \
~
a
~
3
3
-
- < PR
l e » ’
'
P
\
' .
M -~
s -
]

10, Explain how a "dry-fluid" clutch saves energy.and pro- . :
tects equipment. : )

'3
. o
: £
‘o
© .« \
/" °
\ N ‘& F)
. o %
3 '. (
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*
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INTRODUCTION -

*
’ N

| , \m
One of the earliest ethods of changing the direction

‘of force was?the use of linkages and cams. The désign, of .
these devices has béEqu\§o sophisticated that the& héve .
been called the ”bnains”kqg automatic machinery. . ’
This mddule discusses the design, operation., types;
and -applications of modern linkages and cams. It .provides .
_enough information for phe student to conégruqt commoﬁ .

Q
linkages in the laboratory, to trdce their dinput and autput,

’

and to understand their basic operation. . -

- , R RS /_ :
PREREQUISITES _

]

. The student should have completed one;xear‘offhigh ’ ¥
school alge?ra. ya © .
- . :OBUECTIVES
= . k¢ .
Upon completion-of this module, tﬁe"sﬁhdénqjshogld be
able to: . ' ) -
1. Given sketches of each of the folloﬁing‘types‘ﬁf ) °
linkage configurations, properly label évd~desctibe ) o
" the movement of each: A Teq T
a. Crank and rocker. k ) s ’ §
) b., Drag 1-2‘11(' ; . ‘ . et :'a :;
c. Parallel. \ ‘ _— R "
d. Transport. . . ,
e. Double crank. ) . ot
f. _Slider crank. R '““‘i\-r ”
-~ * 1 ' » ‘\ N
. . -

.188 . - Ms-06/Page 1 . .

. - - . P .
. .




’
-

4y
¢

-

. 'Sliding coupler.

g
h. ' Oscillating bean.,
i. Scotcﬁ yoke.
j. Sliding crank and toggle linkage. .
-~ 2. Describewﬁhe’design characteristics ﬁh%@h distingpish‘
~ four-bar,. slidey crank, and toggle linkages.
. 3. Describe thg deg

ign characteristics of disc, grooved °
. . . . o - 7 . \ N N
disc, cylipdrical, %ranslatlonal, and geneva-cams.

4. List and Mescribe the three major grbups of cam followers.

. N
. v
P
. P
E ¢
’ ' *
N { L
\
S LI \"Q\
v - .
* ,
.
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¢
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*
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N
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LINKAGES =~

e L o,
TERMS ANDDEFINITIONS ' : S

[ . . \
- 9 e ~
I3 - . > .
- <3 - -«

L1nkages are mechanlcal devices, frequently constructed
~of 301nted 11nks or bars used to transmit force from one

p01nt to another and to transform rotary motion into straight
line motion. Figure 1 is a labeled draw1ng of a four -bar E - ©

———— > -

mechanlsm? a common type of 11nkage The bottom 1ink is o

| ’ Figure"1l. A Four-bar:Mecnanism.

L4
. . .
A . . * -

« - -, ¢
~statlonary and c0nst1tutes the frame® of the mechanlsm. Thew
shortep link can rotate through 360° and 1s caliled. the "crank "

or. "1nput link." The crank 1s connected to the leven, or
"pocker arm," By the coup11ng link. When the crank is rotated
the coupllng link transforms the rotary motlon of the crank

to th 111at1n . back and forth fmotion of the rocker arm.
) /o'm g t 5
/‘, 'n R . . . . A . /’ -
. , . . v . . i . /

!

o
i
|

L/

L . i . ¢




TYPES OF LINKAGES . Lo . ‘
) f ) [}

s

h #
f

!

Generally, linkages can be arranged into three major

{

_ . f'%Fbur-bar linkages.
. ' 'Slidinig joint linkages.

/
. . o -\Toggle 11nkages. ' g"\\\

Four-bar 11nkages ‘have two fixed .points and two moV1ng ’ ) |
Common four-bar linkage conflguratlons are the crank ‘ \‘&
transport, yand double.rocker e

- groups: - .

jeinta.
and rgcker, drag link; parallel

.linkages. \ . - . o
The: crank and rocker -(Figure 2) translates.the

o

. motion of the crank into the oscillating motion of-#fe rocker
. > / - o . . ’ o
- ° * . w .w
5 \
, i . o~ ' R 4
) ’ - COUPLING LINK- ) o
N /7 . e Y > L ___'.-—“’\’ N 7 v R )‘,f: N f
- | /_ac— ROCKER ANGLE "o
: V7 ‘ A
&

D)

Figure'2. Crank and Rocker.
- ¢
. ' ; " 5 ¢

The drag link configuration (Figure.S)sallon the rocker

° * bar to make a complete reﬁorption.‘_This linkage was used on
4

as we11 as a coupler bar equal in length to

rocker
Both crafk and rocker

AW

3 7--.“‘__1




. y .
The transport link-

© _age converts rotary mo-

kY

tion into regular, inter-
- -mittent 11near motion )
(Flgure-S). This. con- g
<. version is- accompllshed
- when the coupling link -.
is extended beyond the
rocker. When the\crank

is rotated the rocker.

A .

arm pulls the p@gnted

: ‘end of, the coupling link
f alo&% path- P.

/i The douBle rocker links
_age is the simplest_four-bar
-  linkagé: No crank is us7g,7

and ‘the bars simply, rock from

one p051t10n to andther (Flg- o o b @
ure 6) "y .- ) R ' s o3 . :

n-,

. > 9 4
.The slldlng JOlnt con- -Figure 4. Parallel Crank. ..
/ R . X « .
figuration has one point - I : e
that either slides along - oo f I

¥ 1

. ]
PATH OF P ¥ v
N _
' Rti T -

- a line or allows the link-

K

age ‘bar tp_s@ﬁde through . _

it. . . - - - . |-courung uNK
ﬁg‘h, \Th? Slldlng a

e .a, common slidin ‘301nt .

rank,, = |.

Loy k conflguratlon, emp oys
' a crank and a couplem to
convert the rotatron Qf

- Zl -
,'1the;crank to-a recipro- . -
- ¢ating linear movement s .
g par. ] . Pigure 5
o, .




(point C in Figure
'
7}, or to convert

‘the linear movement
of the connecting
coupler to rotational
movement. Piston
pumps, COmpressors,
contain this config-

suration.  In these
systems, '"C" is the
piston, "BC' the

piston’ rod, and "AB"
the crankshaft (Fig-
SLLLLLLLLLL,
— —¢ ures 7°'and 8).
’////////////{){- - . .
The sliding
co&pler allows the
'cdhpler itself to
slide through a

#PISTON STROKE =
CRANK LENGTH X 2 | |

CYLINDER HEAD

PISTON
(WITH PISTON RINGS)

Figure 8. Piston, Piston Rod, and Crankshaft.

»
o

Pﬁge 6/MS-06 .




. fixed pivot point; this action
results in an oscillating move-
ment (point C in Figufe 9).

The bscillqting beam link-
age is a variation of the slid-
ing coupler. The coupler is
mounted on the crank; and as
the crank turns, the coupler
slides up and down the coupling
link, causing the end of the -
link (point F in Figure 10) to

ogcillate. .
The scotch yoke can

provide a regular linear
movement in the guide-cage
connector inserted into a
yoke. Various movements.

can be created (Figure 11)
if the shape of .the yoke is
changed as in ‘Figure llc.
The toggle linkage

translates 1ow-energy.ﬁnput
into high-energy outbut.
This‘linkage is composed of
members joined together in

: —g—-PIVOT POINT
such a manner that a small -

force at the joint produces

large force at Fhe ends. Figure 10. Oscillating Beam.
Figure 12 depicts some . 3

typical linkages of this -
type. When a force is applied at point B, it is transmitted

4

>~ and amplified-when it arrives at point C. The arrows in the

L3

“f




te! N

(@)

ﬁigure 11,

-
1iliil7,

: )

A J

Figure 12. Toggle Linkages.

- i

- illustration graphically show the difference in the two forces.

The input force is relatively low, and the distance the arm
travels wheg it is pushed is relatively long. As the force
K travels to quht C, it is amplified, and the arm at point C
travels only a relatively short distance.
. . ’z_ -
\

Page 8/MS-06
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TERMS AND DEFINITIONS ' S ,
T . . , ‘
A cam is a component espéﬁially designed to guide th;\
motion of a cam follower (Figure 13). Every cam has three
(a) the base, (b) the cam, and (c) the follower.

The follower is held in contact with the cam by a spring or

parts:

a guiding groove. The motion of the follower is controlled

by the cam.

ot
O\

a
§
T -

{3) Cam Mechanism With

)

(6} cam Mechanism With {c) Globoid Cam Mechanism

Follower And Roller

M @
0

.3

Lever-Type Follower

Figure 134 Three Types of -Followers.'
Cams seldom transmit power ip the'seﬁse that gears %o

but often are used to modify a mechanical motion. Cams are

the "brains" of many automatic machines, and they are respon-

sible for the motions of many individual machine parts.

o v

4 .
- ~ ’
. e’
. .
. d .

OF CAMS o S

-

’
i3

The discycam (Figure 14) is the most popular type.
cam translates rotary mqtion'intoaéécillapiné'motion;

the

rotation of, the, cam causes ‘the follower to osqillape.

¢ 3

>

N , \ ) , / M

*1 1 MS-06/Page .9
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j--— OFFSET

OFFSET CIRCLE
FOLLOWER

\\ AXIS . CAM FOLLOWER AXIS

{ a) Oftset . {b) Radial

N

Figure 14. Disc Cams.
The axis of tHe cam follower for the offset cam (Figure l4a).
does not pass through the center axis of. the cam, but is "off-
sed." The follower axis of the radial cam does pass through
the cam axis (Flgure 14b).

v

The grooved disc cam (Figure 15) is a p051t1vé‘hotlon
can because the follower is held by the grooved surface of -
the cam and tracks

"positively within the
groove. .

Two types of cylin-
drical cams are the
cylindrical positive-

, égé@%@?ﬁﬂn. ‘ mofion‘cam (Figure '16) v
FOLLOWER and the open cylindrical
! 'cam (Flgure 17). The

Figure 15. Grooved Disc Cam . p051t1ve motlon cam’ is
and Follower. ‘

5

@

Page 10/MS-06 N




L 2d

> -

equippped with a follower
to track within -the
grooved surface of a
cylinder. The open
‘cylindrical cam is
equipped with a follower
that slides around the
cifcumfgrence of the
cylinder (Figure 17).
The translational
tam (Figu}é 18) is
mounted on a bar, which,
when moXed 1inearall§,
allows the follower to
slide over its'contours:
’ The geneva mecha-

- nism is a tam used to

generate ifltermittent
rotational motion (Fig-
«ure 19). As the driving

* wheel of the mechanism

rotates, the pjn enters
a slot in the wheel, -
turning thewheel 90°
before it exits the
wheel. Geneva wheels ™
commoﬁly are manufac-
tured with more than

four. slots in the ,wheel.

0f course, the more

slots in the wheel, o

3

the sﬁaller the éngie

< o N
A

Figure 16. Cylindrical Positive-
motion Cam.

Figure 17. Open Cylindrical Cam.

I 77T

CAM MOVEMENT |}, g

BAR_MOVEMENT

Figure 18. Translational Cam.

MS-06/Page 11 *
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L
4-SLOT GENEVA WHEEL

s -

ORIVER e T/

o -

'Figﬁre 19. Four-slot
Geneva Mechanism.

-

of rotation. These mechanisms
~often are used as indexers-to
move an object into a certain
position and to hold it there

for a specific period of time.

" TYPES OF;FOLLOWERS o
Cam followers .have three .
‘basic shapes anafare selected
accgrding to the service re-
quired (Figure 20). . The three
types are & .
* Roller followers.
+ Kinfe edged followers.

.+ Flat faced followers.
Roller foilowers wear very well,
Knife-
edged followers are- capable of

even under high loads.

much sharper cam trac1ng than other types and are used for low- .«

1oad precision applrtatlons

Flat faced fqllgwers wear quickly

but distribute. the load over-a wider area than other types.

Page 12/MS-06
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] @ - .
N \ p ¢
- ‘ .
l ' 3 » . -
jL_ »
F v o
- *
3 ¢ - _
. [
/""\/ .
4o L
> !
I 4
Ay
| OFFSET ' .
) Roller Followers
[ ] ‘ N 3
- [N l
X | ’
. : 1
!
<
9 -
g {¢) Flat-faced Followers T .
- h |
; Figure' 20. Types of Followers. .
| e g . “~
: : . N
4 ‘ - - -
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. | | . EXERCISES

F]
. - N\ .
. - ) . 14
jInd-icate the direction of force output of the following
linkage configurétions. What linkage configurations are
used in each of these problems? o
7 ! . .Y’ -
. PROBLEM 1 o,
7/
. Ed
L) ' ' '
.
' . PROBLEM" 2 . . ,
’ . Le i .- ’ ‘ - )
o | — v
. S .
PSR . - J [ ‘ ' OUTPUT .
- - N .
. . \
) | | k

b ’. o l MS%&/Page ‘15
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i ..o .- LABORATORY MATERALS

& < NI} T ” ,;.. ¥

Y

— ! :.'(

ST ~Access to several of the machines listed in Step 1.
Cardboard )

Plns. \\\\~o' -

- * t

St

<~ Soda straws.

. %
Automatlc penc11 1eads o R .
. Adhe51ve tape. o t o .
5-large pieces, of paper, approx1mate1y 24" x 24", ) )
. 1 . w
¢ - o LABORATORY PRQCEDURES. o
. — B — ) -
. . "
1. ExXamine some of the follOW1ng machlnes, and 1dent1fy “
~ Lo the types of 1ankages and cams used and “why these typés -
were chosen for the machlnes in" whlch they are. used ) .
Sketch the mechanism, and descrlbe its movement, 951ng‘ .
‘arrows to show the . force input and ‘output. " Use.Data
«_ Table,fo organize.dhta collectpd;‘ - ,uﬁ e - o
. + a.. Bicycles. ° ’
, ~ b. Pinball machfdes. ' S
’ ¢ c.. Record players' . RN 3‘, ) ) C SN -
d. T Tape -transport mechanlsms : "\ LT,
: T e, Hand tobdls and. tool béxes. ) ‘
P £ 'Anlmated store dlsplaysc - ’ g
. C g Thermostats. Co. : g A |
h. - Typewrlters and *adding Wachlnes ) i N\ - -
i ‘_A1r handlers o * : j
N T~ Washers and- dryersn _ .
; %k wechanlcal jacks. - o /‘l ‘
o 2a Using cardboard ‘pins, soda straws, automatic_ pencil - '
) Ieada,zadhqsiV§ tape, and a thick’piece of cardbdard \
] - . b3 A &
oo _ N oL e MS-06/Rage 17
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) @ N
’ — ’
. ! or a piece.of wood approximately 1 foo{isquare, fabricate
( \ examples of each of the following-linkage groups: L R
a. Crank and rocker. T \ ®
) b. ' Drag link. o , .
c. éarallel. . ‘ . ) ‘
d.' Transport. ’ . _ . .
- e.” Double rockers. . ‘ “ -
. 3. +Attach a pencil lead to each pivot point, and trace the | .
movement of each mechanism on a large piece of‘péper.
Y. SO After completing one of each of the examples, Qombrn% B @

.at least two linkage configurations into @ne mechanism;”

and, using the pencil lead, trace the output of the

mechanism, ) ) ?

,  DATA TABLE |

v E e
Lot ~ ~DATA TABLE T
' DEVICE’ MECHANISM . LINKAGE OR CAM \ ’
NAME . NAME ' CONFIGURATION NAME g
1 ‘ ’ . : 1Y . ,"
o~ 4 -
{ \2< . . "
| 13.] :
4 -
5 . . -
6 J-
( Ll
I . ; ’ I
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~ 4 . 7 TEST © N

»e

Identify each of the ‘following nlabeled linkage
skétches. Use arrows to desdiibe the movement of

each type.

3

a,.
L 3
L}
b.
. .
g )
i
¢
C. S 3
4
'-
.
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e
Four B
> 4
1472077777 0'
. ¢ e
' . . N . . . y . . . ’ g . -
. ) 2. Describe the design characteristics that distinguish four- -
< bar, slider crank, and toggle linkages. .
L ', —‘/'l .
/ ~ '
~ s I : ’ '
§ 1 e aeh . v .
N s L4 »
5 i - N
3 . , )
3. Describe the design characteristics of disc, grooved disc,
Y . . ' . , ¢
cylindrical, translational, and geneva cams.
L] ! - * ) - N
- . ¥ ~ ’ ' ' .
' / . L 1 ¢
{ - .
; ’ . -
i
| : . .
& . . S %
; MS - .
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4, ‘pist and describe the three 'rﬁajor groups of cam

) followers. . . .
Y
S ’ -
A\ .
' . ./"—\
) 3 .
~ \ ) ’ . - ‘
\ » . )
—
’ ' ’ W
) \ “, it v ‘
< * . .
- ]
? -
v ¢ ’ A
) o
; .
‘ 210 ‘ MS-06/Page 25




S X TPV S
e D . N
VAN . - \
{ . i ’ - R » -t
. . . R ’ . . . -~ -
LI ' M B ’ . ’ . .
. . e . ;'; N )
T - >
N . 4
A B - . - .'
:" B
’, . CONSERVATION AND USE v
A N )
cut | :
N -
’ . . < .
. . .
. MECHANICAL DEVICES AND SYSTEMS 4
‘ - ¢
i 8 . ’ . ¥
, . - == o’
. . _ , o oo N .
] -» Co- ' ° . ' ) .
' ) - .
N ‘ P 3 ’ ‘ «~"
~ - o . . 7";
] o .! g ' . ‘
L. ¥ .
N s .. ~ : 4 B ks
~ o o % \7 ) 1 . N
1 - ' . 3 G, S TR
. . el _ .
| .. : L3 : . ',‘.
“ £ ‘ Y ‘“"' ”. V- A : -.1 . ; TAL . b ) . "
o ’y ' PR ) :"" o R . ‘ . . ' ., ‘ ;‘;,:‘;;}
o' MODULE. MS-07 ¢ .
ST L - N /‘, VRN B B
ey AND BLOWERS. . = - * o
A LA e 3 : “
y s x . . T B
5 : N -, Al ) ..~(<
., - o . B
RESEARCH AND DEVELOPMEN
2 s ’ S - ’ - '

XA




) . - INTRODUGTION

Fans and blowers are key devices within §.surprising :
number of systems and processes. Such applications include ’ .
‘not only the familiar heatlng, Ventllatlng, and a1r condi -
tioning systems, but the less-familiar industrial systems N
for dust cqllection, fume removal, and material conveying
(the transfer'of materials such as powdered coal and metal
turnings through ducts). .Fans and blowers are used with
complex equipment; for example, they cool electronic equip-
ment, aerospace components, and laser heads ‘\‘ .
Blowers deliver small volumes’of a1r at rela ively high

.pressure to overcome a pressure head, or resistanc Fans

~deliver larger volumes of air but at much less pressure than‘
blowers. . ‘ )
Because fans and blowers are utilized in so many varied
ways, their proper design, use, and maintenance can r§su1t .
@“in substantial energy conservation. Some fan systems’ are o
designed to conserve energy; for example, the variable-pitch °r

fan and the heat recovery air curtain. These and other
_energy-efficient systems are discussed in this modutle.
()

¢
-

. | ‘PRIEREQU!S!TES N

. ’ - : J .
) The student should have tompleted one f%a; of high .
school algebra. , . )
, L ’
" S ‘.
r o, . N
. 4
. " R s . - e N )
v ) MS-07/Page 1 . .
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"OBJECTIVES. - . -«

Upon_completion of this module, the student should be

able to: T .- ~/ . ‘ ¢ s .
1. Explain the difference between fans'énd blowers.
-2 Describe the two basic types of fans and blowers — axial
" and centrlfuégf_—*r i
» 3. Define the following terms: ’
a. Damper. ' S ot ' -
b. Rotating Blade Anemomgta\\\ :
c. Conveying systen. ‘ , :
d. Static pressure. ot ’
e. Velocity pressure. ‘ .
’ f. Total prgssuie.a__. ' .
4. List and discuss at least two methods of fan control.

Explain how each of 'the ®ollowing items is beneficial

<’ in energy conservat®on. ° o -
a. Economizer Cycle. o ¥
"b.  Heat wheel. )
c. Controllable-pltch fan,. .
d.  Dampers. - .
e. . Air curtains.
f. Heat recovery System.‘ - o %

. - D .
Identify the possible causes and+corrections for low fan

output, bgan}ng failure, and excessive vibration and noise.

Apply- the six basic fan laws in solving example problems.

. . —t
’ © e a

-

2%

@ ' : .

-

- ‘. -
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. 7. . i .7 . SUBJECT MATTER

Dy .
. -
= »

The ba51c dlfferencesabetween fans and blowers are

these: (1) fans produce h1gh rates of air de11very at.low
pressure. (2) Bloﬁers produce h1§h'rates at medium air
pressure. (Compressors, 3dﬁe of. which are similar in design’

to the centrlfugal "fan or bloweQP deliver high, pressure.)
(3) The: primary functlon of .a. fan is to move air for the
coollng, and heatlng, whereas, a-

’ purposes of ventl;atlon

blower is used to sﬁpp;y forced air for drying, temoval of .
v ‘ ¢

foreign matter, etc.®

14

r

A

THE WO FAN AND BLOWER TYPES

-~

'AXIAL-FLOW FANS AND BLOWERS' - r
. A c . .

; - “The axial-flow fan ,(Figure 1) moves air or ges parallel
to the rotating axie. The typical fan of this type produces

the swirling helical flow, ~

pattern,
Figdre 1.

illusfrdted in’

v

3.

y '

A curved rlng, or -ori--
fice, that encir¢les the fan
‘propeller (Figure 2)" greatly.
B increases the efficiency of
Without the
ring, the dir tends:to ré-. Q

the axial fan.

¥

Figure 1.. Axial-Flow Fan

circulate at the propeller
“ - .and its Helical Pattern.

(_tips, causing the fan to
be very poor in moving air - | . \
,against resistance. ' . T

4y




' N » -, J . .
9 - ~ - -
S 4
, . .
4
) * -The tube, or duct, fan consists
R - . of a propeller within a duct and a
i\‘ RING  motor either as a diréct drive w1£%1n'
C , \‘ on \he duct ora belt-drive system from
. _.-:: et outside (Figure 3a).
f MOTOR - N . . .
- = The vane-axial fan (Figure 3b)
— — .
. ' ;f:: = smooths out the helical flow pattern
. .r ,{7"‘ - _ produced by the prepellers. This -
’ . : - process 1ncreases static pressure and

Figure 2. Orifice efficiency. { .
for Axial Fan. -° Most axial units are fans,

‘ although a few blowers contain
propeliers — usually special,

, - high- pressure ones hav1ng Very

"wide blades.

s

CENTRIFUGAL FANS AND BLOWERS

: Centrifugal ‘fans operate
‘'well when air must be moved
1 - against a relatively high resis-
tancé. ‘As illustrated in Figure

(b) vane-Axia! Fan

. ) . . . / - 4, air is drawn in at an openlng
S g . in the fan housrng and into the
Figure 3.~ g;;;j or T&Pe, -center/pf a flnn?d wheel. The
- . R *» " wheel spins the air between_the
. \ . " . . . .blades. The air, tending to move,
‘ in a straight line, éasses out of the housing 1n theﬁarea

farfhest from the blddes. . -

 The bladed wheel (Figure S) forces air ‘out at 90° to the
axis. Wore pressure can be generated than with an axial fan
because not only does the air possess energy -in movement; but.

. . ¢

" Page 44/MS-07, S
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. “but also the energy of the cen-

ﬁbrefent leakage. .

chosen after a careful review Qf

trifugal force ~ "foree that tends

to pull ‘an object away from the
center around which it revolves."
The most w1de1y-used blade -
shapes are shown schematically in
Figure 6.

produces greater air velocity than

the backward-curved one, which pro
The strafight
blade strikes a medium between

duces more pressure.
these two types. Greater effi-
ciency is characteristic of the
air foil type. Fans should be
their application. Manufacturers
provide characteristic curves for
the different blade types. ;
Centrifugal blowers (Figure
7) are similar in ;ppearance to
the fan in'Figure 4, except that
the bladed wheel i's narrower and
forces air through a smaller out-
1€t for increased air velocity.

.The forward-curved/blade

Figure 4.

L4

Centrifugal

Fan.

s

' Figure 5.
: Fan Wheel.

Centrifugal

Blowers-are sealed tightly. to

One of. the more useful as-
pects of blowers is thelr ab111ty
to handle air that contains dust,
sawdust, grain, and other ‘parti-
cles. The blower often is used °

RADIAL

FORWARD-CURVED

BACKWARD-
INCLINED

AR FORL

BACKWARD-CURVE

as an.''exhauster" that picks up
these air pollutants on the

. Figdre 6.,

\

<

Y

, ¥
Blade Shapes.

.
[
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Y '
vacuum ‘side, and forces them

out the blower side into an ) ‘
. » N

exit duct (stationary or flexi-

ble). . . | )

Such pressure blowers as

*the one illustrated in Figure 7
are employed to furnish air for
drying, oil burners, conveying //w)
systems, and fabrie-é%fuctune

- inflation. A '"conveying system"
transports, or ''conveys,'".mate- -

rials . from one locality to another.
4
A, fankz;ea?Es a vacuum in a duct

into which the material is drawn

. 'ﬁii ) . and carried through a separator,
Fi e 7 Centrifugal . .
Blower. ~ where the air exits and the ma-
o terial is delivered. Materials
. . that frequently are conveyed in- %L
clude powdered éo§1 metal turnings,- sand portland cement .
lime, grain, and cotton. € ’
. ) YN o .
. ' C - d
_MATERIALS OF CONSTRUCTION ' : ; , §

-
-

-

fgnanda{éajteel construction is adequate for most fans and ’
blowers. 3Some® applications, however, require special materials

in order to withstand corrosion or excessive temperature. - ,

* Stainless- steel withstands” high temperatures’ and,many types of

.corrosion, but is expensive. - - . . .. 1
F1berghass or*flberglass -coated metal offers excellent
lprotectlon agalnst such substances as acid gases and organlc ) K\\\\\

minerals.




{

?

—

L3

\

1
Y
kY

4
1

o~

A

. from dust that might be blown out of The. shgft openlng

-J

VaJQous coatings are applied to fan and blower surfaces
\f6r protectlon
apd lead.

These materials 1nc1udeorubber, plastlc,
These mat

—

Ny T

~ ~ v b

ACCESSORILES | ! T

ibration shutoff i's a valuable feature for larger fans

and bluwers A 51mp1e device is attached-to the fan housing;.

it senses exeessive v;brhtlon and automatically shuts off the

motor to_prevent heavy’ damage (Blades have been known to

-

fly through housings.)

4

The heat "slinger," or "flinger, ? finned disc

attached to ekternal fan shafts between ﬁh hou51ng and the

bearing. Its purpose is to d1551pate hea%~1n those §ystem8:

that operate, at high temperhture When high temperafures.

Tabove 250°F) are encountered the bearings must be lubri--

cated with thh temperature grease.

-~

When abrailve,materlals are being handled, shaft seals

should be instailed near the bearing to protect the bedring
The-
lubrlcated labyrluth seal is' a good ch01ce Rite ‘
Some manufacﬁurers produce silencers for their blowers

! ?

They "absorb much oﬂ the blower sound. .

; In some proces%es, blower air must be filtered of-all
dust and other partltles, spetlal filters are made for thls

; Q\ purpose , ‘ A - e . -

%




. ENERGY CONSERVATION

THE ECONOMIZER CYCLE

Fans can be used to save energy in the "economizer cycle"
of many large air condltlonlng systems. The economizer cycle
refers to the use of outside air, whenever possible, to cool
or to heat. The temperature in individual offices of 1arge(
buildings can be controlled because both hot and cola aigyage
ducted to each OfflC where a thermostat and dampers comtrol
.the mixture of hot and ¢old air fto produce the desired tempera-
ture for that offlce. In the summer, the hot air is drawn ine¢
from the outside; in the winter, cold air is taken'inj ‘

¢ During those seasons when the outside temperature is
mddérate, both hot air from boilers and cold air from com-

. pressors are used. If, however, the outside dir is éufficiently
dlfferent in temperature from the inside air, fresh air can be
drawn in from the outside and either the boiler or the com-
pressor turned off. In this case, simple ventilating fans
per1de a means of great energy savings by efficient use of
outside Aafr. ’ ) .

An added variation to this system is the switching off
of &ompressors during cool nights, when the weld -insulated
«and unoccupied building will retain the desired tempergture}
The systems can be switched off and on manually or by special
timing deviees. . . . f .

Large buildings not already equlpped for the econom}ier
cycle can be made more energy-efficient if additional equip-
ment is added to gain this important capac1ty . .

Fans used for ventllatlon can be switched off in a similar

manne for addltlonal savings, provided ventilation is not re-

&

quired dgglng the time the fans are not in aperation.

.
-

)
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A

THE HEAT WHEEL AND OTHER HEAT EXCHANGERS )

-
13

Air is exhausted from many large buildings out a large
shaft. ASome air has to be ventilated in this manner to
allow outside air to be drawn in.) If no exhaust is ‘provided,
excessive air pressure builds up in the bdilding. :

A conéiderable amount of heat is lost in most of these
venting systems. Heat loss can be reducded if a heat wheel '

is ptaced in such a manner that it rotates in both the exhaust

. air shaft and the outside air shaft (Figure 8). The mqtor-
// driven wheel absorbs heat from the exhaust aivfénd transfers

it to the outisde air as it is drawn in. ~

‘ EXHAUST AIR ..
MOTOR-DRIVEN .
é:enr WHEEL »
—— . EXHAUST
Eg’ ’ T AR
FAN Ei
' : \
og;;ms ) Ei,z——ja Q [ —
- - \ N FA“ \
R : .
- FILTERS ‘

* Figure 8. The Motor-driven Heat Wheel.

-
w

S

Other heat wheels are constfucted of coils that transfer
heat. Fan; and blowers are employed in a variety of other
heat-exchanger-designs to draw heat (or cooling) from one
arég and to recover it for use somewhere else.

——
.

} S . -
MS-07/Page 9

220,

\




. , CONTROLLABLE-PITCH FANS AND SPEED CONTROLS

The controllable-pitch propeller fan saves up to 5Q% in s
power consumption because its -motor does not operate at full
load except when required. The fan blades are.changed in
N . . pitch by a hub attached to

them (Figure 9) and connected

CONTROLLABLE
to-‘a--controller—that-senses — -~ -

> heat in the process being
° controlled and automatically
adjusts the fan as“wrequired:

to maintain a predetermined

T2 T Y IOND

.temperature. The controller
. may operate through pneumatic,
hydraulic, mechanical, or
electrical systems.
Applications of the con-

trollable-pitch fan include

use in cooling towers of

large air conditioning sys-
tems, where power savings
are attractive. Here, the |

fan delivers only the amount
of air needed to cool the

P

Figure 9. Controllable utitized in the processing
. Pitch Fan. .

water. This design also is

industries to control tem-
- ‘ perature to within #1%°F of
a predetermined setting.
Some pfopeller fans are manually adjusted. Energy can
be conserved by adjusting the blade for only the amount of

-

flow required.

. Page 10/MS-07 . 221 - o
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Another method of ‘fan:outlet control is speed regula-

tion, accamplished with motorbéontrols, fluid-drive unitsy
maghptid'eouplings, etc. . e
Variable inlet vanes provide the centrifugal fan with
output control by varying the angle, or degree of spin, of
air entering the rotors. ' ' N .

L3

DAMPERS
ey . ¢ .

. Déﬁpers (Figure 10) are, perhaps, the least efficient
in energy.use of the controls. They are used with constant-
speed systems by merely closimg off part

of the flow, either manually or automat -
ically. When they provide much resis-
tance to flow, load is increased upon
the fan system, and power consumption

is increased. % . oo

When.dampers are utilized to re§u~

late the amount of make-up air in a

system; however, they.can be adjusted

in such .a .manner as not to allow too

much outside air te flow into the. sys- 3 .

<}

tem. ¢ , Figure 10. . Opposed .
: : Blade Dampers.

~

AIR CURTAINS FOR ENERGY CONSER&K&ION
The air curtain mounted above an open doorway blows
downward and ho}ds warm air in- — or colgd air in, if desired
(Figure 11): Under many conditionms,  large doors must be
left open-to traffic; for éxample; warehouse doors ahd doors
at ‘loading docks. 1f such doors were left open without the

v , ' ‘ \ ' A | 1

* MS-07/Page 11
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use of air curtains, much heated

OR A .
ggsm"a CSLTAN or cooled air would be lost, at
(SIDE) BLOWER ’

& Significant expense. The air
curtain aids in keeping out dust
and insects. | ‘

Air doors similar to that
shown schematically in Figure 11
are used in the food industry to
seal cold air in cooler/freezers

while workers enter and exit

constantly. Traffic is speeded

up because there are no large

.

‘ ~ doors to open and close.
Figure 11. Operation of an |

Air Curtain in a Doorway. . : x
) [
? N
The Heat Recovery Air Curtain , .

Ny

The heat recovery air curtain is designed to distribute
heat evenly in buildings having high ceilings. As depicted
in Figure 12a, the normal plant contains colder air near the
floor and hotter air - as hot as 90 F — near the roof. Such
air str;tlflcatlon requires “that to arrlve‘at 68°F at the
thermostat located five feet from the floor, the upper, unused
air must rise in temperature by about 20°F. Heaters must
operate continuously to maintain the 68°E, and the floor is
cold.

" When a-heat recovery air curtain is installed, it circu-
lates the air, drawing it in near the ceiling and forcing it
downward through a duct to the floor area (Figure 12b). As a
result, the hotter air that normally would be at the ceiling. .
is used at the lower level. Most importantly, fuel consumption
is conserved and the heater does not operate as much. The

Page 12/MS-07 ‘
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£

entire building is more

comfortable. -The.heat.
recoveYy air curtain can
make & substant?al con-
tribution to energy con-
servation.

Some mogels'éerve
‘as heat recovery systems
during cold weather and
as ceiling vents during \

e W S .
—NN 86'F
[ N
P Y ™
RS
TEMP. AT
THERMOSTAT,
o

- 8s°F

FLOOR-65°F L

-+ —
{3) Stratified Heat in Typical Plant

warm weathg;.

a
, .
» . .

TESTI AND AIR
FLOY MEASUREMENTS /7//

In order that the
necessary economic deci-
sions can be made, the

. ]

PTIONAL  TEMP. AT \\
ED"JE{‘S'“ msamosnr\

HEAT RECOVERY  88°F
/

\ AIR CURTAIN o ‘k

enefgy technician should

N ~—= 68°F
(b) Hest Evenly Distributed
With Heat Recovery Unit

be able to check fan and
blower installations feor
fane speed, air velocity,
and systeﬁ pressure.

Figure 12.

Operation of Heat
Recovery Air Curtain.

Although the technique ‘used may not be

as refined as a laboratory test, results can be within #10%

if carefully performed.

+
‘used to measure air velocity or pressure.

For pressure systems, a manometer and pitot tube are

Me§surements

should be taken in a 1engthy section of straight ducting,
preferably 10—12 duct diameters downstream from the fan.
Measurements in the inlet are permissible but not’ usually

i

. |

as acqura; e.

«

\
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Air velocity fluctuates within different sections of
.both square and round ducts. 6 For this reason, several readings
are taken.over the croés-séctions, from which an average read-
ing then is-célculated. '

Each reading is taken %th a pitot tube at the locatwé
presented in Figure 13,

[ 4 E
T ’ .
' 3 s 0.039R ’
) o : o, 0] 0 |y
. olololo L
o©jojo o 2
- o L 6 ' o 1 o | 5Y q
Yi2| © 6,0 ,0 q
, T A0V 6 Vg Vg | &
1°9:°1 % R=2=2" .
me
' Tx; 1{‘ PITOT TUBE LOCATIONS PITOT TUBE LOCATIONS
. ) r
< (s) Square Duct (b) Round Duect .
. . : . . A}
p T . Figure 13, Pitot Tube Locations in Ducts. 2

.

~The points arg—zﬁ_fheqretical centers of equal duct éreas,
v Briefly, the procedures can be stated as follows. (These pro-
"cedures are expanded in the Laboratory section.)
. fhe pitot head 1is used to measure the velocity pressure
hv at each of the 20 locations. The square root /H; is
determined, ‘and the 20 readings are averaged‘and squared.
The result is vh, average®. _

+ The local barometric pressure and temperature of duct air ‘
. . . \ —
- are measured to find the actual air iFnsity D in pounds
i

]

{ " per cubic ft.., ™~ .
~N
‘ ' . . .' N
L v 530 . Barometric Pres. .
D= 0,075 (g Temp ) ( 75,97, ) Equation 1
L
N .
o,
;:! ’ ’ ‘ 2 \\
\ Page 14/MS-07 7 71225 .
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« The ratio of standard air density to actual air density
is referred to as k and is calculated thusly:

k = =— Equation 2.

« Average velocity v of air in the duct is determined.” -

. /§J
S
~ ° N * .

.

_ 4000 o . ' o :
v = . .
(/H;)z ave%hge Equation 3
) . oy
. For‘a round' duct, the crcs$3sectiona1 area A is caicu-’ : , .
lated as follows: ) . ¢
‘ _ mwd? .
&A = . Equation 4
where: S ; ‘ .
T = pi, 3.14$'
d = Duct diameter in feet.

If the duct is rehtangular, A = Wh, where W = width,
and h = height. )

. The duct cross-sectional area A i$ multiplied by veloc-
ity v to obtain the actual cubic feet per minute (CFM)
delivered by the fan. This test value can be compared

with the rated value by multiplying k x hp to correct

»

-

for density. ’ -

.
MS-07/Page 15
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- Fan horsepower can be calculated from the equations for

kY

éingle-phase supply:

.
- o~ a
o - . - ' <
) ® -
o . ‘ . ~

- -
L] 1 -

) . e ¥ - .
. ) . FAN HP = Nat;? X doéﬁﬁsEff1c1§ncy Equation §

4 .

an
’ [

. [Motor efficiency.n is obtained from manufacturers table

R _or motor plate.) © .

s @ - @ . - : . * - _
- - The AP i5 corrected for the actual density when it is s

1]

multiplied by the k factor above. '
+ The fan's r/min (;pm)xis‘measurég,with a«stroboscopé or

tachometer. The manufacturers "characteristic curve" for
-~ v the motor is used to plot HP and pitot readings-on the
curve for the measured</min. The results, are compared
té.the calculated ft3/min. If the calculated ft®/min
Value'd%es not match tHe specified value, the fan is
losing efficiency at some point — perhaps a belt is

t

: slipping, or there is =@mother problem.

'3 o =

-

ANEMOMETERS

MOVING el A //' Impact and pitot
g tubes are suitable only
for indirect measurement

. veLocity | /‘ﬂ;fi of air flow; that is, ’
’ schs - ; ' pvelocities must be calcu-
lated from medsured pres-
’ . sures. There are, however,

% — several typesBof instru- /
. Figure 14. ﬁotating.Blﬁdg « -ments. available for the '

' ' . Anemomete;.- direct measulement of ‘

- . 4 N 1 :

Page 16/MS-07 PR - L -
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{ - .
velocity. These devices include the rotating'cup anemometer,
the heat-loss (het -wire) type, and the rotatlng blade type

The rotating blade. anemoﬁ@ﬁEr (Figure 14) is placed
~ inside the duct,’ and the ‘fan s placed, into operation.
Mov1ng alf strikes the rotatlng blades whlch are attached
to a velocity scale that p%OV1des a d1rect=ve10c1ty readlng

s

\ ' MAINTENANCE . <///\

The troubleshooting procedures thiined in Table:l

-

provide the basic maintenance steps required..

7

<

T{BLE 1. TROUBLESHOOTING OF FANS AND BLOWERS:.

s

TROUBLE . CAUSE . ~ CORRECTION

Low Output Dampers closed Open dampers; ¢lean
. : and adjust.damper
. . assembly .
Looese ,belts Tighten belts
Dirty filters ° Clean or_replace
Blower hose plugged Clean out house
‘Variable pitch or. . Inspect and repair
speed control ma1‘ system as required
function ’

-

Bearing Bearing not ;. (a) Lubricate properly '
Failure . lubricated .
‘ : High-temperature - |(b) Use high-temp.
lubricant not used lubricant and heat
in hot conditions flingers
Pillow block on (c) Align’
shaft misaligned
Belts too tight J[(d) Lgosen belts
) Dust enters bearing {.fe) Use shaft seal
from around shaft .

~ MS-07/Page 17
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o
e Q Ta%le.l. ‘Continued. - . .
TROUBLE - CAUSE . €ORRECTION
Excessive |(a) Worn bearings (a) Replace , §
Vibration (b) Fan rotor out of (b) Balance or straighten
and Noise balance or bend L
’ . (c) One or more fan or (c) Replace mount and/or
. - . - motor mount bad or adjust all mounts to ¢
.. ~out of aq;ustment bear equal load
i <% - —
- .. ©! , \ ) *
L o FAN SELECTION .
. . T - . .
Tt _ There are usually dozens of different’ fans that will «
/' - perfdrm a gif%n task, achough only a few — perhaps one -
L ‘~3, * will do it economically. ’ -
: ' . {
GENERAL- INFORMATION AND TERMS' . . ] L.
The calculatlon of fan performance for dlfferent condl- f
-7 +“tions is important -and should be studied thoroughly. )
Calcq{ation of ‘Fan Delivery at a Given r/min (rph)
For .a given speed change, fan size, resistance of system, Lo
anélair density, fan delivery is.calculated from Eqﬁation 6.
.xq’ ¢
' \ C .
_ = . ! 5
S ,-~C£éac1ty at = Q. yrmn;gl ' Equation 6
‘. #7.4 Clpoity at ®=Qz mine
4 , . . R
Page 18/MSi07 . R2Y
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©
¥ . " This equation is used to solve a problem in Example A. ) -
. ! .
NPT EXAMPLE A: FAN DELIVERY AT A GIVEN SPEED.
. | Given: -A fan delivers 6]0004ft3/min of air at 650 r/min.
- | Find: _ How much it A eliver if the speed is increased| .
‘ to 950 r/min. N o )
Solution: Use Equation 6: ’ :
Q, _ r/min, - | ' '
Q2 r7m1n2 ‘ : |-
S . 6000 _ 650 . T A
. 950
- - (6&00)(3—) |
ﬁ .
- = ( 000) (1.46) )
o ‘ : Q, = 8769..ft*/min. . i _ o>
P .
Pressure Increases '
- 0“ * . ‘~ ‘° ~ ".
ol (/Pressure" increases as the square of _the speed, as : A8
. indicated by Equation 7 and Example B. - : ) = ,
) ! ) - ‘_‘. ’f, 'L . \‘ LI .g
, ¢ - e . " - . . . \&, - - .. - ¢
. N . e ) / ‘ ./’ ' i
. = * ,®PresSsure at’ _ (r/mlnl)z, O ‘é .
. : . = 7mine , quation 7
° Pressure at 8 T/ming
{
‘ . \ :
= / ’

230 Ys-07/Page 19
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' § " EXAMPLE B: PRESSURE INCREASES.
Given:” . The fan of Example A, for which‘the pressure 2t
@ is assumed to be 4" of water.
Find: The new pressure’ at @
. . ’
Solution: "Use Equation 7: .o
' : Py _ (r/m1n1)2 ‘
P, r/min,’ -
o r/min, ='-650*"*—
- r/min, = 950 ,
' r/min, . 2 650K 2 ' ’
(r mlnz) 950‘) i
. T = 0.468
N -’ 4 . *
p. =.4" .. — = 0.468
N
;' - 4 .
B : P, = 0.468,
- P, = 8.54" water
-f\\’ - ~ -
~y , \ - '_
* . - , A N . ,' -
- Horsepower. Required for a Particular System
The. requlred horsepower incréase to accommodate an in-
© © Crease in \motor speed is calculated from Equation 8.
‘ r " HPy _ r/mi '
. . > 1 - (r/minj.s :
. .. HPz{ ,(r/minz) ‘Equailon 8
L 4 ’ ’ ,0 -‘
) . "This-eéquation is employed in Example C. )
. . v S !
vt \ N - .‘ “ » .
Page 20/MS-07 S . 1 o e
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EXAMPLE C: REQUIRED HORSEPOWER INCREASE.

-

v

Given: The speed change in Example B. .
Fimd: -~ The increase iq}horsebower if the original motor
‘ size was 1020 HP. ’ )
a Solution: Use of Equation & results in -
HPI- (r/mlnl)a
HPz 711111’12 ~
o ‘ r/ming s ' ,
\ (;75?5;) = (0.684) v .
, = 0.318 IS
. : HP, = 10, .. HP; = =i = 31.3 HP ’
ﬁ' v v BR2 7 0318 <2 .
o £ a
N hd 3
e . Summary of Examples A,-B, and C .
AY . ~

] s

»

When the fan's r/min is' increased from 650 to 950,
the capacity is increased 6,000 CFM to 8,769; and'presigre
is increased from 4" Eo 8.54" of water. Motor horsebewer“ .

. “is ‘increased from 10.0 to 31.3.HP. - =
4
. ’ ) ) N " L oo .
Fan Laws : ) . ' % »
» . " .
RS - H . -~
\ The efficiencies of fans remain constant for symmet-

rical design; however, when one or more condltlons,change,
te the other condltlons vary according to the fan laws presented
in. Examples D through G. '

- Fu .

~ MS-07/Page 21
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EXAMPLE D: FAN LAWS 1, 2, AND 3.

Given: A fan delivers 14,000 %t3 of air per minute at

R . 450 r/min against a static pressure of 1.5" water. F
The motor input is 5.0 HP.

Find: The (1) speed, (2) static pressure, and (3) power
if .the volume is increased to 17,500 CEM. .

Solution: (1) The first three fan laws are as follows:

_ a. Air capacity (delivery) varies with the
. . fan speed. )
: o
[ b. Pressure (static, velocity, and togal) ‘

varies as the square of the fan speed. -
c. Power absorbed by the fan varies a5 the

™4 _ cube of the fan speed.
. - 17500 ‘
New Fan Speed = GT1660(450)
= 562.5 r/min.
' "(2) New Static Pressure (pg)?
- ‘ . 562 ey T
‘ C LT ey s Gyt
, . = (1.25)%(1.5)
= (1.56)(1.5)
: . Pg = 2.34" water. M
A : (3) New power fnput_(Piﬁ)r
- " (562.5y3.c ‘ 5
Pin = (5o ) (5:0) . §§5.
c = (1.25)3(5.0) O
= (1.95)(5.0) : ]
Pin = §.76 HP. ' .
’ R . \— .

Page .22/MS-07 .
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EXAMPLE E: FAN LAW 4.

Given: A fan delivers 14,000 CFM of air at 70°F at
standard atmospheric pressure‘(p = 0.075 HgS/fta)
and at a static pressure of 1.5" H,0 when ‘oper-
ating at 450 r/min and needing 5.0 HP.

Find: (1) Static pressure and QZ) power if the air

A temperature is incredse o 200°F and if the fan
. speed remalns the same.

Solytion: The fourth fan law staf@% that at a constant
speed and capaélty the’ pressure and power vary
directly as the'density.

air density at 70°F = 0.075 HgS/ft?
- .air- density at 200°F = 0.0602 HgS/ft®.
. _ 4
(1) New static pressure: !
’ o, = p8R a5y '
= (083 S) e
'pg = 1.2" water. a : '
. . N ' ¥y —
(2) New power: i
- Pin = (%f%%%z)(S.O)
}Pin = 4.0 HP
- -
1 ¢ ,
< EXAMPLE F: FAN LAW'S.

Given- The speed of the fan in Example D is increased-

o to produce,a static pressufe of 1.5" of H,0 at e
o _200°F. .
Find:- (1) Speed, (2) capacity, and (3) powizl

MS-07/Page 23




EXample F.

Continued.

Solution:

At a constant pressure, the speed, capacity, and
power vary inversely as the square, root of the

.density (fan law No. 5).

(1) New Speed:

ssol {ETE,

(450) vI.25

o
Speed *

\“

Speed

(2) ‘New capacity;

0.075
0.0602

(14000) (1.12)
15680 CFM at 200°F.

Capacity (14000)

-~

Capacity

(3) New Power:

- /0.075 . ~
P = (S)< 0.06027 S

(5)(1.12) ~

5.6 HP, o ‘ .

o~ ]
I

503.1 r/min. \.

!

Given:

Find:

Solution:

EXAMPLE G: FAN LAWS 6 AND 7.

The speed of the fan in Example F is increased '
until it will déliver the same weight of air at
200°F as at 70%F. ) ‘

(1) Speed, (2) capacity, "(3) stpticvﬁfessuré, and
(4) power. ' 5
The' 6th rule states, "For a constant weight of
air, the speed, capacity, and pressure’vary in-

_versely as the density." Rule 7 states, "For a -

NS

~ .
+

&

t

Page 24/MS-07
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Example G. -Continued.

constant weight of air, the.HP varies inversely
” as the square of the density."

(1) New speed' .' ' .

. . - Speed = (450)(9—%%%—5 v ‘ -
: .= (450)(1.25) .-
" Speed = 562.5 r/min. __ -

(2) New static pressure:

75 ‘
pg = (L. 5)(9%—0—) .
-’ = (1.5)(1.25)
pg = 1.88" Ha0.

- .
! £ ° 1

(3) New power:

0 .
(0. 5)(0 oggz)2

1 P =

| ” = (0.5)(1.25)2 4
= (0.5)(1.56) <
P = 7.81 HP. \

Fan Wheel Diameter

- -

. If a fan system that works agalnst a constant pressure,
~air den51ty, and rating is replaced by a geometrically.similar
fan that has a blade (or wheel) diameter, then — capacity Q
" and HP vary as ‘the diameter: squared. This relationship is

)'

‘given .by Equation 9.

MS-07/Page 25
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Qo HP, _ (di1,2 ; .
3% °F mp (E;) Equation 9
Fan Speed and Wheel Diameter ‘ .
; ' , ‘
Speed of 4 fan varies as blade or wheel ?iaméter (Equa - c
tion 10). . ‘,
I r/min; _ d2 :
. mn—z a, . E.quatlon 10

#o
S i
.

. Préssure and Pressuré'Difference

The terms ‘'pressure" and 'pressure difference' have the
same meanings as fhea&" and usually are measured in inches of .
water. ''Static pressure'" is the force per unit area exerted
‘on the inside of the duct system. _ ’ )

"Total pressure' refers to the combined effects of static’
pressure and veldcity pressure. ‘'Velocity pressure' is the
head over and above the stat%c'preSSure; it is caused by the

. movement of air inside the system. ‘

Figure 15 is a simplified diagram that illustrates ‘the

use of a manometer to measure static head, velocity head, and
- "total head when it is inserted into a fan duct, or "discharge,"
§ysteﬁ. . . g

Manometer A in Figure 15 measures static pressure against
the ducﬁ walls. To;g;;gfgssu;z — both the static pressure and
‘the velocity pressure causedey air‘mg{ement — are mgasurediby
manometer B. Manometer C also measureS static and velocity

'pressure but automatically subtracts the static from the

AN [

2 ‘ o
Page 26/MS-07 237 .
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\ ) ' .

. TOTAL
- PRESSURE VELOCITY PRESSURE
STATIC - l ‘.LA
PRESSURE? [ (o
Al B A Ac
_— .
MOVING
AR ~—
— e
3
e .
Figure 15. Mangmeter Measurements within a Duct.
\ »

iy

‘

velocity to give true velocity pressure. Sometimes, Manom-

v . .

eter C is referred to as a !''pitot tube,"

-

Air Horsepower

4

"Power' usually is described as "horsepower.'" For’

fans, the.designation '"air horsepower" is uged and can be

‘Acalculated from Equation 11.,

Q : :
- v4p - Equation 11

MS-07/Page 27
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where:
AHP = Air Horsepower.
QV = Volumetric flow rate of air through fan in CFM.
Ap'= Differential pressure head across fan in inches

of water.

'Bgcause both.static and total pressure heads are con-
sidered in fan systems, air horsepower can be called "static
air horsepower" (AHPS) or. '""total air horsepower" (AHPt). The
latter is ‘equal to the pound in output. Example H clarifies
static and total AHP.

4

EXAMPLE H: STATIC AND TOTAL AIR HORSEPOWER.

Given: A fan system carries 6,500 CFM of air; the static
pressure across the fan 1s ‘4%'" of water; and the
total pressure is 8'" of water. °

Find: (1) Static air horsepower and (2) total air horse-
N B ————pOWeTr - —— .Q ku‘i e e e
R ’ P
Solutlon..~(1) AHP = a%ga
_ (6500)(4.5)
6356
' ~ AHP_ = 4.6 HP .
. QVAP 9
(2) APy = g35% |
‘ _ (6500)(8.0) '
. 6356. ‘
- AHP_ = 8.18 HP S

The power output of the fan is 8.18 HP.

229
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- Air Density ‘ ' <\///

Air density changes the total and static pressures. It
is affected by both pressure and temperature; and, in turn,
the horsepower requirements. Pressure head and horsepower
vary inversely as the fluid temperature and directly as the
f1u1d pressure (or fluid density). For these reasons, pres-
sure and temperature changes must .be taken into account when

a fan system is selected. ‘

. . cs b
These variables are clarified by use of a fan performance
curve (Figure 16)\ ) v
Air density is discussed } =
> [ _TOTAL PRESSURE
further in the Laboratory Pro- 2 "~ . *
RTINS
. cedures. o - «
d re ot;onsspowg‘n &~ W
: TOTAL
. Total head is calculated ; W EFFIGIENGYS 27 S
from Equation 12. 2 oy
< . «
a TATIC EFFICIENCY 2
- <
‘ ' w
e P R * VOLUME—e _
e ,oh~m4%m5»§=mw*4»wmEquatlon_l? - ——
. Vv -

Figure'l6. Fan
Rerformance Curve.

\

-~

where: . . . . N

- p, = Total héad pressure. ’
. p, = Static head pressure. - :
Py = Velocity_heaé pressure. .
Efficiency '

7,

'Efficieney is calculated by use of Equations 13 and 14.

AHP ’ ’
n. = 5= ’ Equation 13
' ' in- ' .

- ‘ B "o © MS-07/Page 29
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N ’ .
. ) A
- . , 4 “
“where: C s i
* . . . <
) ng = Static efficiency. )
' AHP_ = Static air horsepower.
- . - w - . “_
. L Power input
; - oo AHP | -
’ mo Py .
where:
N, = Mechanical efficiency.
] . AHP_ = Total air horsepower.
N i
.. .,
\ {
‘ - - Crag
T/
. * N 4’1 4
AN . = L
7, N
- Page 30/MS-07 | . o .
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‘ CL ©.°. EXERCISES
S '
.
1. A fan delivers 1,200 cubic feet per minute of CO: gas
at 350 r/mins How much gas witll be deLivered if the
fan speed is increased to 600 r/min?" '
. 2. . A-fan 8" in diameter delivers 1,200 CFM of air, using
. 15.0 HP at 1750 r/min. How much air will be,delivered

if the fan horsepower is reduced to 12.0 HP at 1750

r}m1n7 . d'”“u . N ‘
A slmple stralght -duct system hanc"s 600 CFM of air.
The static, pressure is measured at 4 §" of water, and

(#2)

the total pressure at 6.7". What 1s the velocity pres-

sure in the duct?

a —

_\ - % - . LABORATORY MATERIALS

£ . ’ ’

-

1, é(al duct fanp (motor drlven) in circular duct, as illus-
) ;““*T, trated in Flgure 17. The duct should be 10-12' in

‘ e 1Qﬁgth with holes drilled or cut as described in the
k Laboratory: Proqedures, Step 2.

wattmeter, in-line type. for H..KV: ‘ ‘ yo
water manometers, 3/16" bore and olored water for each. —

impact’ tube as in Figure 19. -

(e = N )

~b§gted in 1/32".
© +Assorted rtubber tublng "or manometers. (See.Figure 17.)

1 poll of ‘duat tape. /z‘- :
- ) _ !

' 2 woode scale o cal

v ! 3
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LABORATORY PROCEDURES

FAN CHARACTERISTICS .

1. Set up experiment ds illustrated in Figure 17.

%

I
FAN MOTOR 8-10 Xd ) axd 'M;A
AIR TEMP. 4 IPACT NOZZLE .
= I | 2
AR _ e i
g 4 —_— & 2
" ) > T
] CIRCULAR DUCT
AXIAL TYPE FAN INCHES-SCALE
. . alilk|
’ . STATIC PRESSURE, N
HEAD IN Hp0 = ;\¥074L‘
PRESSURE
G
1ov | QO GLASS MANOMETERS -~ 2
POWER (] - FILLED WITH
- : COLORED WATER ~ ° .
" N /;-Lms WATTMETER ]

. : Figure 17. Laboratory Setup.
v
2. Determine the locatidn of five equaliconcentric areas’
.withih duct. F}gureﬁls gives these dimensions — each of
which is a specific His%ance‘f;om the duct)éenter and, is
a.percentage of the radius( These distancés, of course, -
vary with duct diameter.

. . — - =
243 :
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Distance of pitot station
9.

No. om center of pipe, % of
Equal] ipe radius, R,

A‘I'eaS Rl M Rz 4 R3 Rl‘ RF

3 40.8170.719L.3 -1 =
4 35.4161.2179.1193.5 -
S 31.6{54.8170.7}83.7} 94.9

~l

4.

;
/

.o

fransfer the dis-
Jtances A, B, C, D,
-and E determined
in Step 2 to im-
pact nozzle as
illustrated in
Figure 19. . If ’
necessary, posi-
tion a piece of
masking tape on
the ngzzle-and
write the distance
“numbers on it.
Drill or cut holes
in duct at nine
points located as

°

Figure 18. Hgints of Impact Measurement.

-

R GEEN
- \
%N\
J o Ra
_¥_;____o~
MEASUREMENTS Ry «
TRANSFERRED Y
FROM STEP 2 - . c
AND FIGURE 18 .
v n‘ '
1 — B
Bs
v
Figure 19. Points of Impact

*Measurement. on Impact Head.

Y

-
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in Figure 20. Cu)./

¢ them only large énougp

HOLES FOR STATIC| HOLES FOR IMPACT for measur]?ﬁ’\g heads
MEASUREMENT . MEASUREMENT

During the measurlng
- /

<3 ‘55 /
AIR TEMP / processy all holes not

Cz f}| C) (s being used for a given
ae'!
T measurement must, be

o —

8 covered with duét tape.

Otherwise, the measure-

Figure 20. Duct Holes for Static ments. will be’ inaccu-

and Impact Measurements. - . rate because of the
escaping air.

Refer to Figure 20 again for the locations and numbers of

measuring the holes.

Place impact head in hole 5 of duct, lining up letter A

on head with duct. With fan motor runniag, measure total

“pressure head and record in Data Table .
7.. Place static head barely in hole 1. Measure and record

static head pressure. ’ T

With fan still running, measure and record temperature
of air. ' "
With wattmeter connected in line to motor, measure and 7

» Tecord watts consumed. .,
Measure and record barometric pressure ' ’
Repeat Step 6 for positions B, C, D, and £ on impact head.
Repeat Steps 6—11,for impact holes 6, 7, add 8. Take
statit reading at.hole 2 for impact hole. 6; hole 3, for

7; and holé 4, for 8. (Static pressure must be measured ~

ments
Calculaté actual air density D from the following- equatlon

[

on same.side of duct as impact pressure,) Record measure- .

r.




. 530 - Barometric Readiné
. D = 0.75(3%+7F o) ( )
, . ﬁﬁp Temp. “F 29.92
P , :‘—J " .

éubstitu‘g Average Temp. and barometric regding into

equation: : . Q/ )

o e 530 ' .
- r 3 .
D =70.75 {zgg+ . % (75792 - 5
= 0.75 x X PN o
D = L ftl, , . s
14, CalEulate k from this equation:- )
- - ’a ““ ‘ - é%‘
_0.075 ° , L
.k = i i . -
, 0 0.075 o7
C - ) ** (from Density equdtion)
ko=
Yis, Caléula;e.average velocity v as follows: ) ,
" . 4
\ N . . ) o
y ¢ 4000 - ' g - e Y
2 ‘ et I
. (Vhy) ave :
,o_ 4000 . . . .
2 . (from Data* Table) ..
v=__ - ft per min. ! ST
. ) —
‘16.+ ‘Calculate area of duct: ?
RS L .
‘ ) A = (Z‘)dlz (d1 = duct”dia. in feét)
- S i : : ‘
»ﬁ < ' - . . N ]
A * A= R S = . |
: . — , S
” \\;jﬁ( Calculate volume flow rate. ' l ‘ ﬁ;‘ B
L 'u | . . : QV = VA - o | ) . . :‘;"J{ . f
) = ‘( )("\ ’) - o

‘ . »
] _— .
Qy = CFM. : U B -




18.

-y

<

assuming motor efficiency at 85%.

- - -

Watts x Motor Eff.

‘Calculate fan horsepowef from thetfgllowing equation,

.

HP
746
R _ ' t
. S D K G N
' 746
. . R R
HP = . ; 4
" DATA TABLE v
‘ N - )
. N . .
14 >
-3 .
R " N
M . Total Head (lmpactg p Velocity Head p - Temperature Barometric
Static Head p t . v Watts or
¢ s Marks on Head (Py ps) 9‘ F) Pressure
Hole | Reading |}Hole Als|clip |E p /P Far Point | For Pajnt For Point
. No. No. - v v Aonty .| A 0nly1_—:7 A only
1 * S 0
, 2 6 N )
< 3 7’ -~ -
. 4 M 8 j __ 1
¥ . '
» ’ B 37
' $otal of &TS: Total (T) = LoEEy
,l; . °’Total Squared: Average = } = °F. _/\Yefage = g--:, .
N ’ .
L
’ -
" ‘ :
L] ‘' ”~ .
- . ’
B . . i
. o , -
J L 2
¢ [4
XY 17 r R ¢
! Page 36/MS-07 . -
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1. A fan ‘moves volumes of air at ptressure. .
= ' -
A blower.moves volumes of air at pressure.

2. Name and describe the two basic types of fans and blowers.

——
\ -
. 2
3. Define the following terms:
° a. ' Damper.
b. Rotating Blade Anemometer.
”~ . < -
c. Conveying system (air). P ,
. ™~ .
< - - e
d. Static pressure.. ’ g k
e. Velocity pressure. - i
: f. Total pressure. N
- . ' .
4, List.and discuss two methods of fan-gontrol. ot L
Lo - : A
- ’ ? . ¢
v .
. o
: e,
é@@ﬁ




. /
& ) ’
. : ; . 3 : y

.. 5. Explain how each of the following®terms is beneficial in ‘
energy conservation. . .
a. Economizer cycle. .
b. Heat wheel. y R R

-~ . //
e c. Controllable-pitch fan. ” -
) - d. Dampers. -
_ ’ ) W

v . e, Air curtains. . ;

f. Heat recovery system,

-

6. » List and briefly describe three ﬁossfble causes and the
* corrections for each of these fan or blower problems:
low output, bearing failure, and excessive vibration and

ll

noise. -

' Page 40/MS-07
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7. A fan delivers 13,100 CFM of air at a 500 r/min motor’
speed against a static pressure of 1.5" of water.” The
“motor input is 5.0 -HP. If the .volume is’ increansed to
17,000 CFM, what is the speed? And, what is the static

‘ pressure and the power?

ot s o A -

-
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S INTRODUCTION

Valves are devices that regulate the flow of fluids
and gases; they have evolved from the simple plug valve
used to stopper a cask of ale to the many complex indus-
trial valves used today. Valves are an integral’ part of
modern industry; come in many shapes and sizes; -and perform

[43

many functions, from simple throttling to emergency relief
of dangerous pressure. ) A
- This module discusses the varlety of valves that the

technician may encounter, their uses, applications, design,
-- characteristics, advantages, and disadvantages. Procedures
‘ are outlined' for the selection of valves for particulaf
. appllcatlbns This module provides general ) maihtenance
guldellnes for valves, although spec1f1c malntenance pro- .
cedures for a given valve are speplfled only in the manu-
facturérs literature.

J/ | PREREQU/ISITES

-

LS The student should lrave qgmpletéd one year of high

. school algebra. £
| B OBJECTIVES
% - . .
Upon completion of thlS moduie, the student should be
able to:
1. Given an unlabeledysketch of a typical valve, identify
the following components: -
a. Movable closure element. .
.b. Movement of flow control element.
¢ L
, : 253 MS-08/Page 1
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c. iFlow seals.
d. Stem seals.

2. List the six. general valve’ functions. . ‘

3. ‘Given a sketch of apy or all of following types of valves,

. identify each valve éorrectly; cite at least one specific

< application,‘adVahtage, or disadvantége of each; and

"describe design Characteristics that distinguish each:
, 2. ﬁall. |

b; Taper plug.

c. Gate. )

d. Butterfly.

e. Swing.

f. Poppet.

g. Pinch. ‘ . X

h. Globe. ) -

i.. Needle.

4. Given a table of "Materials for Valves" and the proper
name of the f{gid that will pass through the valve, e
determine the best material for the valve.® X e

5. List at least four examples of the kind of information
commonly marked on valves.

6. Describe design characteristics ‘that diétinguish any or
all of the following types of actuators:

a. Mechanical. » ‘ .
b. Automatic mechanical.

c. Hydraulic.

d. -.Electric. ',

e. Pneumatic.

7. Cite four general procedures to be followed when inspec-
ting a valve. . o
. : . R

e
Y )
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8. Give at least one specific application, advantage,
Y or disadvantage for each of the following "types of

e ’

packing: <
a. Braided and twisted.‘- -
'b. Fabric and rubber.
c. Metallic. 9 ' ,
d. Plastic.

' e. Die molded.

9. Describe the general procedures used to replace wgrn'
_ »

packing.

H
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~ Valves are devices used to regulate the ‘flow af fluids
in piping systems or in machinery. 1 :
from a wide variety of materials and
.accordiﬁé to Construction or functions

an be classified
Most valves are

. A Y
HANDWHEEL KEY

\HANDWHEEL

1 ~

-

U

!'w,

il
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STEM .
SWING GLAND NUT
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GLAND BUSHING

Ttk
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WING GLAND BOLT&NUT

%

PACKING PACKING BOX
\\ BONNET
GASKET
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| DISC - -
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« The valve illustrated in Figure 1 is in the closed
4 positionﬁ As the hand wheel is turned counterclockwise,
the yoke bushing causes the stem to r%;e. The stem pulls

the disc up out of the stream flow. As:the hand wheel is

turned, the swing gland forces leakproof packing around théj’/

, stem in such a manner that the liquid or gas from-the stem
cannot leak around it. )

These are the chief elements o% a valve: -

- - "A” body, or housing, able to. withstand the internal
pressure of‘a’fluid, directs the fluid in a suitable
path and supports the other valve components.

- A movgble\q}osure element (disc, ball, br plug) that
* can reduce or stop the flow through the valve.
+ A device tqtposition the movable element, called the
N "movement of flow control element.“
"+ A seal around the stem to allow the stem to move
without leaking fluid out of the hoUsing.

The movable clospre elements are also known as '"flow
control elements." In general, there are four basic valve
designs employed to control flow:

* A disc or a plug is moved against an orifice (hole).
+ A flat, cylindrical, or spherical surface is slid
. across an orifice.

"~

- < A roﬁatlng dlSC is placed in the path of fluid flow.

’ + The ow is aliowed to move throﬁﬁhﬁflex161e tubing ~
p1nc::5\to produce the proper flow. o

'All valves use one or more of these methods. B

Rotating stems, clampé, springs, and even air pressure
can be used to position the movable element. Wheels, levers,
- \\ floéts, fatcheté, and automatic devices actuate (put into
motion) the,movement of flow-control dev1ces
aflves must be sealed to prevent 1eakage of the fluid

and to prevent outside air from leaking into the unit:

Page 6/MS=08 - ) )
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. Flow.seals must prevent the fluid from leaking through
the closure.element when the valve is closed. hese
seals may be metal to metal, or a metal that coptacts

a resilient material _— tﬁ. )

) . Stem seals usually consist of a stuffing boX ‘that ‘

’ contains a packing material such as asbestos-graphite,
or TFE. . (IPE is a resin that exhibits a very hfgﬁ
resistance to most chemicals or solvents.)

. Outside seals are provided by a covering called the .- -

‘p"bpnnep." The bonnet must be removed before access
can be gained to the ffow cantrol element.

. .

'

< OF V
. UsEs ALVES

There are six basic teasons for using_a valve:
. To start® and stop flow. . -
« To regulate flow. , \ .
. To prevent backflow. . '
«.To reguiate pressure - B .
-« To re11eve pressure 7
v i K To perform special functions such as controlling,
: . ‘the direction of flow and sampling flow.
. The dlstlnctlon between” pressure regulatlon and pressure

o Y

relief is important. Pressure- regulatlon valves reduce and

malntaln pressure in the flow stream. These valves operate

in spec1f1ed ranges and automatically reduce and maintain
pressure below that of the source. Pressure relief and- » ~
safety valves are designed to reduce overpressure by "popping" o -

at a predetermined pgessure, relegasing excess pressure “and

keeping the system w1th1n safe limits.
a‘. ‘ ‘ ¢ . (

- . ’ .
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VALVE TYPES
.-

~

The ball valve (Figure 2). consists of a metal ball having
a hole in it and attached to a handle in such a manner that
it can be rotated either to block or to allow flow through the
hole. ,
are effective“af high~temperatures and pressures. They regu-

These valyves are used with a wide range of fluids and,

late flow as well as turn it on and shut it off. They are

lightweight, can be opened quickly, allow solid particles in
the fluid to pass, and offer very little resistance to flow. -

PR JROS—— — -

Unfortunately, because they- open quPckly, they may allow the—
fluid to surge at undesirable pressures; the ball itgelf can
be :deformed by the pxessures caused by the sudden stoppage of
flow. '

HANDLE

BODY

Ty/RUST WASHER

»

. Figure 2. Flanged-Ball Valve.

~
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The taper plug

valve (Figure 3) is
\similar to the ba
valve, except t

{ LEVER PIN
) soby

a1
N ¢

the ovable-closu

) . v
element consists of _| SPRINS PLATE
T ‘ CAP

a plug instead of a

ball. This valve ‘ T T
h . . . : J
¢ is useful in high-: ‘ Figure.-3. Taper Plug Valve.

temperature, low-

-

«

1

-

-

pressure applications It provides a tight, leakproof seal

and requires very, little space. Most plug valves require 3
lubrication, 51nce the plug tends to stick and. bind unless

@it is well lubricated. The lubricant itself may eause prob-

lems if 1t passes into the flow stream and contaminates it.

A Gate valves® (Figure 1) operate by the raising q;-lower-

ing of a wedge or a disc into.the stxeam of flow and are
always 1n4g_fu11y open or closed positlon. There are many
/de51gn variations, one of which is.the ife Gate Valve.,
Gate%balves are available in a wide assortment of si’es and
weights and are partlcularly useful in high- tempqyature and
h1gh pressure appllcatlons " They prov1de a tight seal, but
they .open and close rather slowiy and requlre more effort,
from the’' operator o i
The buﬁtﬁnfly valve (Figure 4) resembles the knife gate
valve, except that the stopping plate remains in thé flow
"and can rotate to block/. The plate is mounted on a.shaft
. in°a housing and closes galnst a ring seal to shut off flow
These valves normally are used in large d1ameter lines in

unlmportant

which pressuxe is low and leakage is relarivel
Special seals are required to prevent leakage, and
'seals often are damaged by the flaw pressure. Since the

©

Y

A -2
‘ SR T .

.
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GEAR
REDUCTION
ACTUATOR

Figutre 4. Butterfly Valve.

By

I
-

Iy

—

stoﬁping plage is actually

in the. flow, a large force

is required to close these.

.

valves.

Swing valves, often,

called "swing check valves" ' .

(Figure 5); are used almost ©

exclusively to prevent the

reversé flow of fluid in a

system. A plug‘or a disc

is mounted on an arm and

hinged to fall over the ’

opening in the valve when -
flow thr
reverses.

gh the valve
The higher the
reverse pressure on the

valve, the tighter it seals.
Although these valves are

— FLOW
PATTERN

- N é

plagued by the'same:

problems as the butter-

f£1ly valves (leakage

and valve-seat wear),

P <

they also share many
of the butterfly valve's
advantages. '

‘

' Poppet valves are

“safety.
~valve seat

Figure S.

X
- \

A\spflng
and

v

too high aad Fhe pressure on the output side too low, the
pressure exer

P i !
N A

i o

' Swihg Check Valve. .

‘or similar device holds avplug against the
the flow. When pressure on the input side is

ed, by the spring against the flow is overcome,

used mainly in pressure

. control, check, and .

o

- 1

~

&
~
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‘ and the valve pops open. These valves can provide a large- _
* flow and excellent leakage control. They are, however,
subJect to presSure unbalances, which cap cause the valve

plug to jump erratically.- - ' ;

The pinch valve
(Figure 6) consists of
a rubber sleeve, known
as a "body," which, when
pinched in the middle,

restricts flow throdgh it.
. . .«Pinch valves can be oper-

ated by clamps or by high-

pressure air pumped into

a case around the body.

They are useful 'in systems

that handle fluids con- —— i
. taining Suspended solids T .Figure 6. Pinch ‘Valve. - ‘i
‘ such as woodmill pulp, A“ ' }

* raw sewage, Or sludge. They can be closed tightly, but the .

forces requires to close them are rather high. lhey generally
are limited to low-pressure and low- temperature applications. |
The flexible material from which the' body is made fatlgues . i
rather rapidly ‘and must be replaced. o . _ |
The globe valve (Figure 7) superficfally resembles the i
gate valve, which 1is de51gned merely to shut ‘off flow. The |
globe valve, however, is “designed t0 control flow. The .
,élid;ng @jsc of the gate valve is moved perpendicular to the
actual flbW' the disc or plug of the globe valve is perpen- %
. dlcular ‘to a rlng 'shaped seat, which may Be at any of several

- . ©

v . M

angles to the flow
The angle valve and Yeglobe valve are wariations that - '

. differ in the angle ana placement of the seat, ' In all three-:
w types“the flow pa$ses from the 1nlet port through the seat to , ~
. the outlet port . N

MS-08/Page 11
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B » f °
HANDWHEEL -
* LOCKNUT . HANDWHEEL
YOK YOKE BUSHIN
BUSSlNG LOCKNUT -
STEM — ——YOKE |/ ’
PACKING GLAND
. BACK SEAT
‘ 3 s BUSHING
\ o 5 e 0230 -
DISC —prigmics S Xuf e~ DISC LOCKNUT FLOW PATH
. i y v )
SEAT RING —pen A :
Flieles s o
& ”7~»’*{«,'./§‘fh:;v 5%
) BE
Figure 7. Globe Valve.
~

»

‘The élobe valve can be opened
rand closed quickly but, in largg
sizes, requires latrge amounts of
force to activate. Their 'seating
surfaces dre less subject to wear,
and they are more leak resistant
than gate, valves.

. Needle valved (Figure 8) oper-
ate according to-/the same principle
as;glpbe valves, but use cones or
needies'as.closing devices *(Figure .

- 8). 'Neeéle valves typically are
used in very low-volume applications,

* but can withstand high temperatures
and pressures. - ‘

Q

ERIC

‘ .

-
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MATERIALS FOR VALVES PR

[y
-

Valves are mahufactured from a variety of materials.
Table 1 1lists some typical valve materials and the applica-
tions to which they are best suited. .The materials from °
which a valve is constructed are directly related td:thé
corrosiveness, abrasiveness, or other special properties of"
the fluid thékvmqst pass through it, and to the oberating

pressure and température of the system. Table 1, for example,

" indicatés that valves' through which hydrochloric acid must
flow can be made of any of a number of materials, including
aluminum and broﬁze. When a valve is selected for a specific
application, simi%lar tables must. be consulfed.

- ¢ N

TABLE 1. MATERIALS FdR VALVES.

K1)
= ] wn
3 o =] o
' = Ly = - Q —
-t ~N O ey - ot [~
= =) we 2o |we ® g, |- o
= Q n o - O [P M) = Q (1 ]
. — o= aw |Z= ) 3] P
' . < A O o |Sm > - 0w
Alcohol S / / / N /
Ammonia Yy |V Y v Y Y Y
rine j v X Y/ Y/ X
Chlorine T X X X X X
Gasoline Y Y Y Y. Y Y Y Y
'50-100% 1,
Hydrochloric . .
Acid .. - X Xy X X X Y X
Nitric s i _
Acid 40% * Y Y Y Y AR I X |7,
X Not recommended. ) ;
Y Recommended. 1
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VALVE CODES AND MARKINGS

A number of regulating organizations are responsible for
setting standards for valves and valve Components. Some of
these standards are industry wide; others — such as the sﬁec-—
ificaiions set down by the Nuclear Regulatory Commission — are
applicabl% to a particular industry. Table 2 lists some of the
more common regulatory agencies and groups.

TABLE 2. REGULATORY AGENCIES.

American Bureau of Shipping (ABS)

American National  Standards Institute (ANSI)
AmeTiEan Nuclear Society (ANS) § N
American Petroleum Institute (API)

American Society of Mechanical Engineers (ASME)
American Society of Testing and Materials (ASTM)
American Water Works Association (AWWA)

Manufacturers Standardization Society of, the Valve
and Fitting Industry (MSS)

National Electrical Manufacturers Association (NEMA)
Nuclear Regulatory Commission {NRC) N
s United States Coast Guard (USCG) =~ ST

g

1

‘When valves are manufactured, they are marked with a ¢
variety of symbols that specify the type of fluids the Valve
is designed to carry, the recommended pressure rating, the

 typesof service for “which it is intended, and the specifica-
tions it meets. Figure 9 depicts a typical valve and its

»tmarkings; L ’ , . ‘

" Page 14/MS-08



The marking "125S" ' -
indicates that the valve '
service.rating is 125 1bs.
of steam. This means that

- for temperatures lower than
the temperature of éteam,

the safe working pressure

is greater. Thé letters

WOG indicate that the valﬁé
is suitable for transporting

water, oil, or gas. The

: best guide to the inter- Figure 9. Typical
. . . , Valve Markings.
pretation of markings on
a valve are manufacturers' i . ’
handbooks. ’

: h

VALVE ACTUATORS

¥

Valves open and close only if mechanically actuated —
something or someone must raise, lower, or turn the -movable
closure element. Many valves rely upon automatic controls;
many others are activated manually.

Mechanical actuators include wheels; chain wheels, gear
drives, levers, floats, ratchets,'and many other devices.
Mechanical actuators often are used as backups for automatic
systems. - ' . ' .

There are several categories of automatic actuators: N
hydraulic, pneumatic, electric, and mechanical.

N Xﬁ%ﬁﬁatic mechanical actuators consist of the same kind
of mechanical configurations as manual actuators, but are '/ <
operated automatically. The float valve is an example (Fig- f
d;e 10); it automatically controls.the level of fluid in tanks. !

o N .
;

S | : MS-08/Page 15




Electrical valve actuators may
__be either motor operated (Figure 11)
or solenoid 6pg;;tgaﬁf?3§hf€‘IZ)T**“C*““—*——
Motor drives invariably are a com-
bination of an electric motor and
speed reducing %earbox; they usually
are backed up by a manual actuator.
The solenoid is an electromagnet that
raises and lowers the valve stem as
it alternately is“magnetized and de-
magnetized. In Figure 12a, the.
solenoid is energized, causing the ,
core to move upward, to compress a

spring, and to open the valve. In

Figure 12b, the process is reversed
when the electrical .power is switched
off. :
’ In either hydraulic or

Figure 10. Float Valve’

REDUCMON pneumatic actuators, a spring-

TS GEARING ,
Zlé%:?- 7 -7 loaded diaphragm is attached .

7,

! to the valve stem (Figure I13).

} ~

- MOTOR

When there és no préssure of
- hydraulic fluid or air on the
Com " =
diaphragm, .the springilifts
B {

. the valve stem and opéns the
MERGENCY
BUTTERFLY EHANDWHEEL

VALVE ° valve. When pressure is
exerted, the spring lowers the

stem and closes the valve.

; / Figure 11. Motor-driven Tt b
’ Valve Actuator. '
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VALVE STEM

(a) Solenoid Energized

SPRING

wit

VALVE STEM

L4

{b) Solenoid De-energized

Figure 12.

Electrical Valve Actuators.

4

- " HYDRAULIC FLUID
DIAPHRAGM OR AIR SUPPLY

DIAPHRAGM

/SPRING

<

\sPRING k

VALVE STEM TO
GLOBE VALVE

(gr'099n .

=

-

S

AR SUPPLY

VALVE STEM TO
. GLOBE VALVE

(b) Closed

7

Figufq 13. Diaphragm

TS

Q

ERIC

Aruitoxt provided by Eic

NI S

Actuators.

\_“)
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»
WHEN AUTOMATIC CONTROLLERS ARE USED :

ke * ?

1

Such diaphragm valves often areeconnected to, and operated
by, remote automatic controllers. They regulate;pressure“ back
pressur', or temperature. These automated valvcs are a vital
part of many chemical and manufacturing operatlons. . w

Whether or not automatic controllers are used depends upon

. a number of variables; however, they frequently are insta;led

under the following conditiens: - -
°.The desired pressure-* or temperature control p01nt is
beyond the range of self- operated or piloted control
valves. - .5 o
+ Closer control is required than ‘can be achieved with
a self-operated or piloted control valve. '
* The process being controlled requires'wide proportional
band, automatic reset, ahd/or.ﬁ$rivative action. - .
+ The control instrument is ‘mounted on a remotely-located
board. ‘ ’
+ Cascade control is required (one controller used to
reset another).
*+ The pressure drop 1is too‘small for self-operated or
piloted control valxes.
+ Extra power is needed to assure positive valve opening
after prolonged shut-off.
- hxtreme pressure reductions are necessary in a single
staée - : i
* The controlled process is a variable other than pressure,
temperature, or liquid level.

4

- P—
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VALVE .MAINTENANCE \F

f Valves should be checked periodically for 1eaks.a£d o,
~ for’ proper lubrication. The manufacturer's handbook 1is
thé best guide for maintenance, although the following-
procedures generally should be followed:
.* Lubricate valve stem.
- Inspect bognet for leaks.
« Inspect packing area for leaks. .
. » Lubricate pipking gland; replace packiﬁg

¢

if nec¢gssary.

\

o DANGER!! BE SURE THAT THERE IS NO PRESSURE ON THE .;
VALEE BEFORE LOO§ENINd ANY FITTI§GS OR
- JOINTS. :
The following steps .are recommended:

+ Close inlet shut-off valve.

« Allow pressure to bleed off toward downstream
piping. Do not cause a reverse flow by bleeding . e,
pressure from upstream side of valve.

- When downstream pressure gage indicates no pres-
sure in the line, close the outlet shut-off valve.

+ Close the control-line shutigﬁf valve.

Packing-gland lubricants usually are graphite- or

molybdenum-base types such as FEL-PRO or NEO-LUBE. These ~

lupricants ease operation of the stem as it slides throughae

the packing without comprising leak tightness. '
Inadequate valve packing is one of the greatest causes

of maintenarnce problems. Packing keeps fluid from leaking -

" out of the valve through the actuator stem hole (Figure 14).

.L"/ ) . hd ) w

M -
L : . ‘ :

, - MS-08/Page 19
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Several types of pdckﬁng

* Braided and twisted packings.

material are used:

. Fabrie and rubber packings.
« Metallic packings.

+ Plastic packings. . .
. Die molded packings. ,
Briaded and twisted packings
frequently- are constructed of-
asbestos yarn impregnated with

various materials such as graph- .

ite, beeswax, and mineral fat.

Regular braid packing is

'Figure 14. Valve Packing.

flexible and easily conforms to
stuffing boxes. It is especially suitea for high speeds and
high pre'ssures. .
Braid-over-braid packing can be braided round or square \
at the time of manufacture. It holds its 1ub;ication well, °
. Zad its density enables it to withstand high pressures. S )

This type of packing will stop leaks even when the stem is

misaligned with the barrel.
Twisted packing is practical for emergencyguse.

3

Because

its stggxgiei;; easily undone, they'can be twisted to the )

desired siz y using only the number of strands needed. :
Diagonally-braidéd packing combines the toughness and.

density of ‘braid-over-braid with the flexibility of regular

packing. It is suited éspecially for application around

“small valve stems.
Cotton duck and asbestos packing are-formed with rubber

into ring§, S
They can be treated with glycerol and graphite

rals, or coils to produce fabric and rubber -
- packings.
~ lubricants and are a good genmeral-utility packing.

- \
' a .
B

ve
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Metallic packings are made from metallic foil wrapped
over a nonmetalllc core (usually asbestos). They are‘'used
in- hlgh temperature and high-pressure applications. A 2

Plastic packlngs usuatly are made of asbestos combined
with Blndlmg plastics and lubricants. TFE packings are a
type oﬁ plastic packing produced from the TFE resin. These
packings are soft and readily formable and are suited espe-
cially to the sealing of gasses and highly-mobile 1iquids.
TFE packing is used for highly-corrosive materials.

Die-molded packings are a .general category that includes
all packing materials in a molded form. This mold ensures
a tight fit around the stem and generally is more 1eak resis-

tant than jam sype packlng . ’ /FT\\\\

Each type of packing is su1ted to specific app11cat10ns,
therefore, valve construction and operating conditions will
affect the ultimate packlno choice.

Replacement of worn packing is the most common mainte-
nance procedure associated with valves. Some general pro-
cedures are outllned below: ., “

. Make sure that there is no pressure on tfie valve.
"« Follow manufacturer' s instructions ta refjove old

packing. ’
- Ensere that packings ave clean “Dirt and abrasive
materials should not come in contact with packing. N—
" .+ Clean stuffing box thoroughly X V ) -
- Replace with all new packlng Follow manufacturer's
, instructions. '
' . Reassemble unit.
- Adjust per manufacturer s 1nstruct10ns .
4 " L i '
. .
) ‘ ) .
¥ .n 272 .
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) % EXERCISES

1.* Use Table 1. What- valve materials shOuld be used with
the following fluids? .

a. Lactic acidas : *
b. Kerosene. )
c. Lead acetate.

(%)

What types of valves are suited best tc the following
"applications? ’

a. Pressure control. .

b. A large volume of a low- temperature f1u1d under,

low pressure. > -
. c. Preventihg the reverse flow of a fluid. h
d. A high-temperature fluid under high pressure.
The valve must be quick openlng ]
e. Very low volume of fluid under fairly hléh
. pressure.

- -

LABORATORY MATERIALS

-~

)

‘. 1 'each — ball, butterfly, gate, knife gate, globe, needle,

- ' pinch, poppet, swing, ‘and taper plug valves and
approptfiate manufacturers literature. (The instruc-
tor should label each valve with a dlffereny numﬁp

., from one to ten, as reduired by Step 1 and Data ;
. Table 1.) . .
Valve grease — FEL-PRO, NEOLUBE, or similar p}oducf
Valve packing materials — spiral-.and die-molded rlng .
Paper and pencil. . i
T011etff1ush ‘mechanism. .
Assortment of hand tools, including packlng gullers ' ~—
. ) - MS-08/Pdge 23
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LABORATORY PROCEDURES 4, * ¢
: \ £

< * - N

1. Observe the various valyes on display. Using Data Table
1, note the valve type, body markings, and®the méaniné
‘of those ﬁarkings. The valves are marked wigh a code
number that corresporfg to a‘'blank in the Data Table.

2. Using Data Table 2, reéord at least one of each of the
advantages and disadvantages of the listed valve designs.

3. Using Data Table 1,'record in Data Table'Swghe recommended

construction materials. ' .
’o ‘ 3 . - )
4, Dlsassembfe, sketch, and identify part’s;.and reassemble
the flush toilet valve actuator system;. Dgs¢ribe how
. a3 : .
this valve works. -
5. Disassembte, sketch, and identify parts;_4nd reassemblé
a common industrial valve. ®Relubricate and repack valve
¢ ‘e )

during.reassembly. quptify all areas of wear. .- -
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DATA TABLE 2.

Advantages

Butterfly

Gate

1 Knife Gate

T

Globe

Needle

ﬁ?nch

~v§oppet

R

Swing

Taper.plug
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TEST

’

R 1. . On the unlabeled sketch below, identify the valve - ‘
components: = ) ¢
- a. Movable closure element.
- "b.  Movement of flow control element. .
c. Flow seals. i _ ' .

d.» Stem seals. - - ‘
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2. List the six general valve functions. . ' - .
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3. 'Identify each of the valves sketched below, cite at
' least one specific application, advantage, or disadvan-
tage'of each; and describe the.deéign characteristics

“that distinguish them: - B
a.

Advantage: -

‘Disadvantage:

Al
a

Design -characteristic:

\ .
A 1
b. .
’Advantage:
Disadvantage: T, .
“ ! B
, . , L -
Design characteristic:
stic
. . O ’ ) .
v‘ & N
. ‘ ] &
L] .‘-l * - 6\)
3 .
’
< . . ~ . .

b



-

-

C . ¢
Advantage: '

Disadvantage: .

] >

!

-
Design characgeristic:

e

What materials should be used for the following valves

and working fluids? Use Table 1.

a. Alcohol: . ///

b.. Brine: . — . .

. g

c. Salt water:

o
»

List four examples of the type of infermation commonly\\\

.marked on valves.
R : . e T
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6.  Describe®the design characteristics which distinguish:

-~
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a. Mechanical actuators:

. - N\
\ .
’ <o ° - - '
. CL ' A
. b. Automatic mechanical actuators: LoD
* ®
1 K »
c.  Pneumatic act rs:
> ’ N . ‘ ) -
. ¢ .

7. WHat four general procedures should be followed when
2  inspecting a valve?

. .
as, -~ v : ’§
- aﬁ
. b .
e .
s
C . 'ED'
°
s Q-
o
d T %
. . 0 ,
’ ¢ - J
* +
' * ’ +
- ) e - -

’{ i) L .

Page32/MS-08 - - - =




-

8. " List one specific appliéation, advantage,
tage of the following types of packing:

a. Braided and twisted: *
. l. vy
b. Fabric:
* ‘
.C. Metallic: e
d. Plastic: -
. P
s - O - (— .'
.€e. Die-molded: - _ e
_ - B
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and disadwan-
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9. What procedures should be followed to replace worn
packing? ) ' "
. * 3 "
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