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STUEENT QJTLI NE

PREQ S ON MEASLR NG TAOLS

LEARN NG CBJECTI VE

1. TERMNAL LEARN NG (BJECTI VE @ ven appropriate preci sion neasuring
tools, various autonoti ve conponents and a student handout entitled

"Preci sion Measuring Tool s", per information contained in the reference, use
the preci sion neasuring tool s in conjunction wth aut onotive conponent
repair. (5.1.1)

2. ENABLING LEARN NG BIECTIVES dven appropriate preci sion neasuring
tool s, various autonotive conponents and a student handout entitled
"Preci sion Measuring Tool s", per information contained in the reference:

a. neasure wth a mcroneter, (5.1 1a)
b. neasure wth a caliper, (5.1 1b)
c. neasure wth a tel escopi ng gauge, (5.1.1c)
d. neasure wth adia indicator, (5.1 1d)
e. neasure wth a depth gauge, and (5.1.1e)
f. torque bolts to specifications wth a torque wench. (5.1 1f)

QUJTLI NE

1. MOROMEERS

a. Types and Purpose. Mcroneter caliper is the correct nane for what
we coomonly call a mcroneter or a "mke." Mcroneters are nade in various
shapes and si zes, dependi ng upon the purpose for which they are to be used.
Sone microneters are graduated to neasure in thousandths of an inch and
others wll neasure as close as ten thousandths of an inch. QGhers are
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netric and neasure in hundredths of a mllineter. There are two basic types
of mcroneters, wth two distinct jobs. (e is the outside mcroneter, used
to neasure outside dinmensions and the other is the inside mcroneter, used to
neasure inside dinmensions. Let's first take a l ook at the outside

m cr onet er.

(1) Qutside mcroneters. Qutside mcroneters are wdely used in the
autonotive field to neasure such conponents as crankshaft journals, piston
pins, and val ve stens to determne if they are wthin serviceability
speci fi cations.

(a) The first thing | want to do is identify sone of the
mcroneter parts so when they are nentioned later on you w |l understand what
part | amtal king about. The parts you should be able to identify are the
frane, anvil, spindle, barrel, thinble, ratchet, and clanp ring.

(b) Mbst outside mcroneters have a chrone plated or enanel ed
steel frane to resist corrosion or tarnish, a ratchet for applying a constant
neasuring pressure, a special vernier scale for reading ten thousandths of an
inch, a clanp ring or |ocknut for clanping the spindle to hold a setting, and
cenented carbide tips on the neasuring anvils to reduce wear.
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(c) The shape of the frame nay be varied to adapt to different
types of work. The type we wll use nost often is the U shape.

(d) The spindle and anvil nmay vary to accomodat e speci al
physi cal requirenents. For exanple, a ball shaped anvil is used in neasuring
the thickness of a pipe section or a friction bearing.

(e) The part called the thinble is rigidly attached to the
spindle. Turning the thinble clockw se screws the spind e towards the anvil
to tighten the mcroneter and turning the thinbl e countercl ockw se noves the
spindle anay fromthe anvil to | oosen it.

(f) Sone mcroneters have a ratchet on top of the thinble cap
that wll slip when the correct neasuring pressure is reached. The purpose
of this ratchet is to reduce the possibility of error by elimnating any
difference in personal touch due to a difference in neasuring pressure. |t
al so prevents damage to the mcroneter by preventing overtightening of the
spi ndl e.

(g) Sone microneters are al so equi pped wth a clanp ring or
| ocknut | ocated where the spindl e passes through the frame. This nakes it
possible to lock the spindle in position to preserve a setting.

(h) Mst mcroneters are sized as follows: zero to one inch,
one to two inches, two to three inches, three to four inches, and so forth.
The si ze indicates the mni numand naxi numt hi ckness of an object that a
particul ar mcroneter can neasure. Therefore, the scale range is only one
i nch.

(i) Athough not very comrmon, there are zero to one-half inch
mcroneters for special applications. These have a scal e range of one-hal f
i nch.

(j) Amcroneter can be adjusted by the user to conpensate for
wear or msuse. It is adjusted by using a spanner wench and gauge bl ocks or
st andar ds.

(2) Inside mcroneters.
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(a) A common inside mcroneter is constructed to neasure in
increnents of thousandths of an inch, wth the snall est nodel s having a range
of one quarter inch and the largest wth a one inch range. However, sone
inside mcroneters wll neasure in increnents of ten-thousandths of an inch.

(b) The neasuring capability is extended by use of the various
| engt h ext ensi on rods.

(c) Sone inside mcroneters are equi pped wth a detachabl e
handl e that attaches to the mcroneter to permt reaching into a deep bore or
cavity to obtai n a neasurenent.

(d) This is an exanpl e of an inside mcroneter in use.
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(e) This is an exanpl e of an outside mcroneter in use.

b. Procedures For Using a M croneter

(1) The piece to be neasured is placed between the anvil and the
spindle or the mcroneter is held over and around the pi ece and the spindl e
screwed down until it touches the piece wth the lightest of pressure. The
spindl e is screwed down only enough to take up the cl earance and get an
accurate reading. You should be able to slide the mcroneter across the
pi ece being neasured to indicate that there is no clanpi ng acti on.

(2) There are twenty-five equal spaces around the tapered edge of the
thinbl e. Each space represents one thousandth of an inch. Turning the
t hi nbl e one space changes the openi ng between the end of the spindl e and the
anvil by one thousandth of an inch.

(3) There are al so graduations on the part called the barrel, wth
the graduations being narked by vertical lines. Through these lines is a
line running | engthw se of the barrel called a reference or a datumli ne.

(a) The snallest division on the barrel graduations represents
twenty-five thousandths of an inch, which is one conplete turn of the
t hi niol e.

(b) Every fourth cross line is nunbered and represents four
conpl ete turns of the thinble or four tines twenty-five thousandths, which is
one- hundred thousandths. The figures on the barrel, therefore, represent
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one- hundred thousandths of an inch. Hgure 1 is one-hundred thousandt hs,
figure 2 is two-hundred thousandt hs, and so on.

(4 The first stepinreading the mcroneter is to determne the size
of the mcroneter, since the first nunber of our readi ng depends on the size
of the mcroneter. For exanple, if the mcroneter we are usingis a 3to 4
inch mcroneter, the first nunber in our reading wll be 3, because three
inches is the snal | est neasurenent we can get wth a 3 to 4 inch mcroneter.

(5) The next step into read the highest figure visible on the
barrel, which represents hundred thousandt hs.

(6) Ve then multiply the nunber of unnarked |ines visible between the
nunbered |ine and the edge of the thinble by .025 as each of these |ines
represents twenty-five thousandths of an inch.

(7) Ve would then add the thinbl e reading, which is obtai ned by
readi ng the nunber on the thinble that coincides wth the reference or datum
line on the barrel.

(8 Toget areading to wthin one ten-thousandth of an inch, we nust
have a vernier mcroneter which has a vernier scale. The vernier scal e
divides the scale on the thinble by ten. The vernier scale is |ocated on top
of the barrel and is nunbered from0O to 10. To read the vernier scale, you
locate the line on the thinble that lines up wth the line on the vernier
scale. For exanple, if it lines up wth the 2nd line of the vernier scale,
that equal s two ten-thousandths of an inch. Add that to our previous readi ng
to get atotal reading to wthin ten-thousandths of an inch.

(9) The scale on an inside mcroneter is read in the sane nanner as
the one on an out si de ncroneter.

c. CGare of Mcroneters. To naintain a mcroneter in good condition and
preserve accuracy, a few sinple rules shoul d be fol |l owned:

(1) Aways store the microneter in a case or box to protect it, if
one is avail abl e.

(2) Never store the mcroneter wth its anvil and spindl e cl osed, as
this nay cause corrosion.

(3) QI the mcroneter inonly one place. Wse alight oil on the

screw |If storing for along period of tine, cover the mcroneter wth a
light filmof oil and wap it in an oiled paper.
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(4) Never hold the mcroneter by the thinble and twrl the frane
around to open or close it; this nay cause excessive wear on the screw

(5) A ways keep the mcroneter clean and dry.

(6) The mcroneter requires calibration by the calibration |ab every
si X nont hs.

2. CALIPRR

a. Design, Purpose, and Gonstruction

(1) The caliper is a very versatile neasuring tool in that this one
tool is designed to performinside, outside, and depth neasurenents.

(2) There are three basic designs of calipers. Sone have a vernier
scale nuch like a mcroneter, sone have a scale and dial, and others are
digital. Mst calipers are graduated in one-thousandths of an inch if they
are in US neasurenents and two-hundredths of a mllineter if they are
netric. Sone are graduated in both US and netric.
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(3) The inside jaws are designed to neasure the di stance between
inside surfaces. However, the depth that can be neasured is restricted by
the length of the jaws. For exanpl e, you can neasure the dianeter of a
cylinder bore at the top of the cylinder, but you cannot neasure the di aneter
of that bore at the mddl e or the bottomof the bore.

(4) The outside jaws are designed to neasure di stances over and
around adj acent surfaces. For exanple, the dianeter of a wist pinor a
crankshaft journal can be neasured, using the outside jaws of a cali per.

(5) The caliper can al so be used to neasure depth. Such things as
the depth of a bolt hole or the distance a seal sets bel ow a surface can
readily be neasured wth the caliper. (OFF SLIDE NO 31)

b. Advantage and D sadvantages of the Cal i per

(1) Advantages.

(a) Qe advantage that a caliper has over the mcroneter is that
calipers are available that will neasure a |large area; as nmuch as ten feet or
nor e.

(b) Another advantage that we' ve al ready discussed is the fact
that three types of neasurenents can be nade wth the one tool .

(2) Adisadvantage of the caliper is that it wll neasure only to
t housandt hs vi ce ten-thousandths of an inch, as a vernier mcroneter is
capabl e of .

c. Wingthe Gilipers. Acaiper is used in nuch the sane way as the
mcroneter. Wsually the caliper is set by neasuring the work and t hen
conparing that reading wth the desired neasurenent or the caliper is set to
the desired neasurenent on the scal e and then the work is checked to see if
it is the correct size.
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(1) Qutside neasurenents are nade by pl aci ng the work between the
jaws of the caliper or placing the caliper jans around the work and adj usti ng
the caliper. To obtain a correct neasurenent, the caliper shoul d be pl aced
onthe axis of the work and the caliper adjusted just tight enough to nake
good contact and still be able to slide on the work. Do not overtighten, as
this wll give an incorrect reading and danage the cal i per.

(2) Inside neasurenents are nade by placing the inside jans into the
work and adjusting the caliper. Be sure to hold the caliper parallel to the
work to obtain a correct reading.

(3) To neasure the depth of a hole, extend the caliper depth gauge
into the hole and seat the caliper beamagainst the |ip of the hole. Be sure
to hold the caliper perpendi cular to the work to obtain a correct readi ng.

(4) As we nentioned earlier, there are three basic types of calipers,
wth three nethods for reading the neasurenents.

(a) The US vernier caliper is read by first reading the
nunbers on the stationary beam which are graduated into inches, hundred-
t housandt hs and twenty-five thousandths of an inch and then addi ng the nunber
on the vernier scale, which is graduated into thousandt hs.
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(b) The dial type caliper has inches and hundred-t housandt hs on
the beamlike the vernier type and the dial is graduated in thousandt hs.
S nply add the beamreadi ng and the dial readi ng.

(c) The digital type takes any guesswork out of neasuring.
Snply place the caliper on the work and | ook at the digital display for the
correct readi ng.

(5 Asense of feel nust be acquired to use calipers properly. This
cones through practice.

d Gare of Gilipers. The caliper is a precision tool and shoul d be
handled wth care. Don't throwit around or pile things onit. A caliper
shoul d be kept clean and lightly lubricated on the threads, and when st ored,
alight coat of oil should be applied to keep it fromrusting. The caliper
requires calibration every six nonths, which is done by the calibration |ab.

3. TH.ESOP NG GAUES

a. Design, Purpose and Qonstruction. Tel escopi ng gauges (T-gauges) are
used sonewhat |ike inside mcroneters. The tel escoping gage has no scal e
graduations to obtain direct readings. Therefore, a mcroneter or caliper
nust be used to neasure the gauge itself. Then, by reading the mke or
caliper, you wll knowthe dinensions of the part you neasured.

(1) Tel escopi ng gauges can be used when neasuring odd si zes and
shapes of hol es, such as slots. Alot of tines a T-gauge wll be used in
snoot h bores, such as in a cylinder bore or sonething of that nature, when
you don't have any other tool to nake an inside neasurenent.

(2) Tel escoping gauges are nade of netal and are "T' shaped. Each
gauge consi sts of two plungers under spring pressure, fitting inside a rod
which is attached to the head. The handl e has a | ocking screwto | ock the
plungers in place at a desired neasurenent.
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(3) A common set of gauges woul d contain six gauges wth a neasuring
capacity of 5/ 16 inch to 6 inches.

(4) Here is an exanpl e of the tel escopi ng gauge i n use.

b. Wsing the Tel escopi ng Gauge

(1) To use the tel escopi ng gauge, |oosen the | ock screw conpress the
plungers in the top of the "T' and | ock themby turning the hand screw

(2) Next, insert the gauge in the hole to be neasured and rel ease the
plungers slowy to prevent damage to the work pi ece and gauge. The pl ungers
w il expand to the exact size of the hole.

(3) Mke sure the gauge is straight, |ock the plungers by turning the
hand screw tilt the gauge, and then carefully renove it.

(4) Now neasure the gauge wth an outside mcroneter or caliper to
obtai n the correct di nension.

c. Care of the Tel escopi ng Gauge

(1) Keep the gauge clean and lightly | ubricated.

(20 Sore the gauge in a dry area and do not throw other tool s or
itens on top of it.

1-11



4. DAL | NO CATARS

a. Design, Purpose and Gonstruction

(1) Dal indicators are one of the world s nost w dely used precision
neasuring tools. They are used extensively in layouts, inspection, and
qual ity control operations.

[11-12



(2) Dal indicators are designed wth varyi ng degrees of accuracy
rangi ng fromthousandths of an inch to fifty mllionths of an inch. Sone
neasure in hundredths of mllineters and still other neasure in both English
and netric neasurenents.

(3) The dial indicator is a gauge that uses a dial face and one or
nore pointers or "hands,"” sonewhat |ike a clock, to register neasurenents.
The dial indicator has a novabl e contact armand when the armis noved, the
pointer rotates on the dial face to indicate the anount of novenent in
t housandt hs of an inch or snaller increnents, depending on the dial indicator
used.

(a) Atypical US neasurenent dial indicator has two scal es or
pointers; one snall, inner and one |arge, outer. The outer scale is usually
narked i n neasurenents of one-thousandths of an inch and the snmall or inner
scal e counts the revol utions of the outer pointer and indi cates one-hundred
t housandt hs of an inch.

(b) The snall inner scale is usually narked fromO thru 9,
often in a counterclockw se pattern. Qe revolution of the |arge outside
pointer wll nove the snall poi nter one-hundred thousandt hs or one nuniber
space on the snal | scal e.

(c) The neasuring capacity of the dial indicator is nornally one
i nch.

(4) They range in size fromapproxinately 1 inch to 4 /2 inches in
dianeter. Various sizes are nade to be used for different applications.

(5) The dial indicator is used to neasure such things as end play of
a shaft; out-of-round and taper of a cylinder; shaft or gear runout; and gear
backl ash.

(6) Da indicators are available wth various hol di ng devi ces and
fixtures that wll allowa wde range of neasurenents fromdifferent
posi ti ons.

(7) Many of the fixtures and hol ders have a nagnetic base that

permts a positive clanping action to netal conponents such as an engi ne
bl ock, a housing, or a cover.
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(8) Tousethe dial indicator, set it up to performa desired test.
Dal indicators cone wth clanps and rods that are used to adapt to different
setups. Next, set the contact point lightly on the work, turn the dial to
zero on the gauge, and performthe test in accordance wth the instructions
contai ned in the techni cal nanual .

b. CGire of the Dal Indicator. Care of the dial indicator is sinple.
Keep it clean, handle it wth care, and do not |ubricate the shaft. The dial
indicator requires calibration every six nonths; this is acconplished at the
calibration |ab.

5. [DEPTH GAUE

a. Design, Purpose and Gonstruction. The depth gauge or depth m croneter
is atool used for neasuring the depth of snall holes, slots, recesses,
count erbores, and the di stance fromone surface to anot her.
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(1) There are various designs and types of depth gauges to incl ude
the mcroneter type, often called a depth mcroneter; the vernier, or rule
type; the dial type; and the digital type.

(a) The mcroneter type consists of a flat base attached to a
device simlar to an inside mcroneter.

(b) The vernier type depth gauge is simlar to a vernier caliper
but has a flat base instead of |aws.

(c) The dial type closely resenbles the dial caliper, but has a
flat base instead of jaws.

(d) Athough there are four distinct types of depth gauges, only
one type wll be discussed and used; the mcroneter type.

(2) Like the mcroneters that we studied earlier, the range of the
mcroneter depth gauge is one inch; however, the neasuring capacity is
extended by addi ng various size extension rods. The rod | engths increase in
increnents of one inch; for exanple: one, two, three, four, five and so
forth.

(a) A mcroneter depth gauge kit usually contai ns a spanner
wench and three to twel ve extension rods. The nuniber and |l ength of the rods
determine the depth that can be neasured.
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(b) Various gauges are equipped wth different |ength bases.
Wse of the gauge is limted by the wdth of the base. For exanple, you coul d
not neasure the depth at the center of a six inch dianeter hole if the length
of the depth gauge base was four inches.

b. Wing the Mcroneter Type Depth Gauge

(1) Hrst, position the neasuring rod so that it wll not touch the
bottomof your work when the gauge flat base is resting on the top edge.

(2) PHace the gauge shoul der on the top of the work.

(3) hoose the appropriate extension rod and extend the neasuring rod
down until it conmes in contact wth the bottomof the work.

(4) Renove the gauge and check the readi ng.

(5) To read the mcroneter type depth gauge, we read the gauge
exactly the sane way as wth the outside mcroneter, EXCEPT VE READ FROM
R GHI TOLEFT. The graduations on the hub run in the opposite direction from
the mcroneter, wth the snall nunbers to the right and | arger nunbers to the
left. In other words, YOJU READ THE NUMBERS YOU CANNOT SEE RATHER THAN WHAT
YOJ CAN SEE  Be sure to renenber this when you are readi ng the mcroneter
dept h gauge.

c. Gare of the Mcroneter Depth Gauge. The depth gauge is cared for the
sane way as the mcroneter. Keep it clean and dry, handle it wth care, and
store it in a protective case. The depth gauge requires calibration every
six nonths. This is acconplished by the calibration |ab.

6. TARQE WENCHES

a. Design, Purpose and Gonstruction

(1) The purpose of a torque wench is to apply a specified anount of
torque to a nut, bolt or other fastener.

(2) There are four ng or types of torqgue wenches.
(a) DOal type.
(b) Needl e type.

(c) Qicker type.
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(d Dogtal type.

(3) Torque wenches are nade of hardened netal, have a straight bar
handl e, and a dial or scale that reads in inch-pounds, foot-pounds, or New on
neters if it is netric. Torque wenches are available in a nunber of drive
sizes that range fromone quarter of an inch to one inch drive.

(4) Mbst torque val ues are based on clean, dry threads. However,
sone applications require |ubricants, seal ants or |ocking conpounds. The
technical publications will so specify if one of these is to be used and the
torque specification wll take this condition into account.

b. Wsing the Torque Wench

(1) The first stepis to select the proper torque wench. Renenber,
we just said they neasure in inch-pounds, foot-pounds, or Newton neters.
Sone torque wenches are calibrated in both pounds and Newton neters.

(a) If you have a torque specification in inch-pounds and a
f oot - pound torque wench or a specification in foot-pounds and an i nch- pound
torque wench, you can still apply proper torque by converting inch-pounds to
f oot - pounds and vi ce versa.
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1 To convert inch-pounds to foot-pounds, you sinply divide
the inch-pounds by twel ve. For exanple, if you have a specification of 120
i nch-pounds, you divide 120 by twel ve and get ten foot - pounds.

2 To convert foot-pounds to inch-pounds, you multiply the
foot-pounds by twel ve. For exanple, if you have ten foot-pounds, multiply
ten by twel ve and get 120 i nch- pounds.

3 Sone torque wenches have a conversion chart to convert
Newt on neters to inch-pounds or foot-pounds. If there isn't a chart on the
wench, look at one in a technical nanual .

(b) Be sureto use awench that is wthin the range of the
torque specification. Do not use a wench that is too snall.

(c) Another thing to bear in mndis that nost wenches, and
especially those you will see inthe Marrine Corps, are calibrated only for
tightening right-hand threads. This is because nost of the bolts we deal
wth are right-hand t hread.

(2) Then you need to sel ect the proper size socket and attach it to
the square drive.

(3) The next thing you would do is to adjust the dial to zero, if
using a dial type torque wench. |If a scale type torque wenchis to be
used, you nust check the pointer to nmake sure it is on zero.

(4 Onhce you are sure the indicator is on zero, fit the socket on the
itemto be torqued.

(5) Torque the itemwth a steady pressure to the required
specification, then check again.

c. Care of the Torque Wench

(1) To take care of the torque wench:
(a) keep it clean and dry,
(b) never drop it or throwit around, and
(c) always store it in a protective case.
(2) The torque wench requires calibration every six nonths.

7. PRACTI CAL APPLI CALTI ON BEXERO SES AND PERFCRVANCE TEST
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a. Masure wth a Mcroneter

(1) Performthe fol | ow ng neasurenents, using the mcroneter set, and
record each reading i n the space provi ded.

(a) Measure a piston crown.
(b) Measure a piston skirt.
(c) Measure a piston pin.

b. Masure wth a Gali per

(1) Performthe fol | ow ng neasurenents, using a caliper, and record
each reading in the space provi ded.

(a) Performinside neasurenent.
(b) Performoutsi de neasurenent .
(c) Performa depth neasurenent.
(2) Notify your instructor when you have fini shed.

c. Moasure wth a Tel escopi ng Gauge and out si de M cr ongt er

(1) Performthe fol | ow ng neasurenents, using the tel escopi ng fauges
and outside mcroneter, and record each reading in the space provi ded.

(a) Measure the piston pin bushing bore.
(b) Measure the cylinder bore.
(c) Measure the piston pin bore.
(2) Notify your instructor when you have fini shed.

d. Masure wth a Dal |ndicator

(1) Wing adia indicator, neasure the discharge val ve travel and
record the readin in the space provi ded.

(2) Notify your instructor when you have fi ni shed.

e. Masure wth a Depth Gauge
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(1) Performthe fol l ow ng neasurenents, using a depth gauge, and
record each readi ng in the space provi ded.

(a) Measure the unl oader bore bushi ng.
(b) Measure the inlet val ve seat.
(2) Notify your instructor when you have fini shed.

f. Torque Bolts to Required Soecification wth a Torque Wench

(1) Torque a bolt to a specified torque.

(2) Torque a bolt to the required fort-pounds usi ng an i nch- pound
torque wench. Record required inch-pounds.

(3) Torque a bolt to the required i nch-pounds using a foot - pound
torque wench. Record required foot-pounds.

(4) Notify your instructor when you have fini shed.
REERENCE

S udent handout "Precision Measuring Tool s"
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