Westermann Tables

Specific Welght—Nelting Polnt—Coefficient of Thermal Expanson—Shrinkage

Specific weight = Weight per unit volume (gffem® or kg Bdm®)

M [t point {Fusion point) = Temperature ot which particular material starts me [ting

I'C pape
- Coeflicient of incar {thermal) = Increase in length of wit length of a
E' o CHPANSION (¥ solid for temperature rise of 190,
Materiaks
Maierial @“ﬁ:f“’” Melting poins °C Material el! i:; -
Steel TES 1350...1450 Irom e Skeel 0000 D12
Cast steel TRS Chrome steel A0 iy 1
Cirey easl iron T2 L1501 250 Mickel zieel 0000012
High-speod steel a0 = 200 Tungsten carbide (00 D
Tumgsten carbide 14.75 = 2 [mvar 0000 015
Comstantan kB9 = | G Chromium 00 T
Invar {36% Mi) ET | 450 Constantan RTINS
Brass ES - G I [ trom 0,000 024
Al Bnonze B4 Al in iwm 0,000 {23
Al cast bronee ThH M g e iwmy 0,000 (26
Tin broneze LY 4] = G Crold DRI
Lead bromee 9.5 Silver LELITITNR
Al=allay (Al Cu, Mg) 2R = 65 Zine 0,000 030
M- a by 1B = 630 Tin 0000 023
Babbit metal T.5.. 10,1 04, , 40 Loead 000 029
Plesig lass 1.2 Mickel . 01 3
Platinuem (.00 D
Alcohol at 1830 0.79 =110 Brass Q000018
Petrol ai | 5320 0,72 =150 Brouce D000 01T
Caopper sulphate 111 Plexiglass (L O LD
Water at 4°C 14 0 Gilass 0000 DOR
Porcelain (LD i3
Moety lene at (PC 117 kg'm? -4
Carbon dicoide at (PC 190 kgfm® -TH
Air at FC .29 kgfm® =144
Propane at 00 200 kp'm® =43
Shrinkage = difference m volume of the mould compared with the
volume of the casting afler cooling, in peroent
Material Khrinkage Material Srin ke ge
Cirey cast iron 1% Hrass 1.5%
Cast stoel 2% Copper 1%
Malkable imon 6% Tin, lead 1%
Brouce 1.5% Zing alloys 1.5%
Cium metal 1.5% Al, My alloys 1.25%
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Werk
3 | Work 4 = Force F » Distaexce cavered » (¢ i measred in the deoction of foroe)
IT A the work done H‘lem’:’;-lﬂhtui":"
5 AnFan] wonpeoned shersanvely spplied wniformly © o
oo Fiyf O T e Wy e, ok wod e
AnGrA AnFrgn2Sigl = bm~ 150 hghn

The “dﬂhdﬂuﬂh s i hined winhd have beos duae In
lh:—hd {ifting & boad slorg an plase, =

Example: How mach work s done in moving & vebicke weighing 3000 kgf, tesagh & distnce of | hm,
“-Whm-ﬂ.i-l'lu.? 4o '

o-wu-%-nm
Aw Gxh e SO0kl x Mims = 50000 kghm

F also cam be found ont by usny the panaliclogram of foeces. G s resodved (ot two commponests G, mad G, F = G, but scts i epgosiie
Sscction

b F Gy G v 000 x — w SOKgE, 60 A w F % 4 = 30 x HDOW = 30,000hghm

ZaB 1

o
Poawer
Power I* = Work A per it of e
Examnphe: A foad of 25 kgf Wfied vorsiadly upwunds
1 s8conds ra 1A s i Rl £ i sec, thes b-hrh-hnsm-bm.a
‘{. ' Power i expeessed in hgf oy power = 30 hgf oy
i '._"l Fimbgl o bnm; 2 i e hen P-A-L.—‘--flv
-—r T | s expressed i hgf s z‘s :._
rum-umrw i
- gt s =30 4gf m's
mr-mr-m-
F 5 hgf ms = | metrie L XN Rnample Wit shoold be e of tee Moo of 1000 kgf W
horse power = 0.736 kW e 73 of 12 wetres in | min? e Soadmpalelend e o denian
A F w1000 kg, 12 = 12000 hghn
- - r
NNtk A kv w2t p.%.%ﬁz.uw.%w-a\v
Potential and Mncthc energy
Potenthal energy £, = the woek of 4 body can & o & rosd® of iy position
Kinethe energy £, = B wink of o body can &0 w2 ressdt of s velociy.
- = Mam
£~ Local scodhonstion of foe fall
Petential energy ---:-6 l-lld’lhnﬂ-
E, = w oxprowed m kgfm
mxe’ “
F Kt escrgy 5,-—’— -.‘-h’

Ve 2x g x b F, migin
Example: Weight of Damueney = G = 250 hgl, Heoght of fall A then
m-g‘%?uu-homﬁumm.:“nu
Sassorcr afier Bulling down trough the distance of 2m (Le. o (he tme of snking the plece 1 be

o—h—e )

N\ m-—huu--mn—uw
TV Bt -xv gy-znxplll-h'xl.’ul ”
ol £ Blan x2

& = bocal acockesation of froe fall, bs taken as 951 sy’
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atung speed V_ (ond |ifie 60 win),
Seting sngle A « 45", nene mghe £ «

10.35" for soft mtorsde.

thmmm-..“““n-
Vhdﬂmhmwhumuﬁn-“hmduhnwmd&h‘

Sargsivm cadide toods ot & cwthng spoed V,, ool Mle 40 sis).
S0, Bt chemmsce A = 30", Front cheseance A =

S 2 (2|3 2| 8|R| BR8] =|2|=|e]|x|®]sla]ls|lal =|=
i HBEDEEDDEEEEE OB ORI
B DERDDEEDEDEEDE D E e
*u LRI BB EEDEEr
mw 2y |zgienf=rl2al =| « 3l 202 [2 |- z |= %
M.m ns u»uJuuuuMu 2 2 S|=%|In|=a 222812822 = ci28 B £
mMm S EEEEE A i R ol e o 1 e e L T BE
N hu 58 nmumasnnu ex| = aannn:uuaumnuam«m_ 2|E8 g| #
M s «unLumumuuu. ® nnmn-onmmuuamuan 288 R| =
INEEEEEEREEEEEERECCET R
31 5| 22|z2{z22e|2e]0s]eu]ee ooooonnTcocosuuuu_uu.o g2 |xx
uh % oo |en|wdan]enlen]en]an susnsusnsos-suuun_nuus onlan
m.— 8F (gE|2p gt eblap aplgE EE|gE(EE m&mm §E|20\2E| 2 BE(gk| gk (gt
: 3 (==l =8| 8|88l [Rl& | .2

ww AR IRIFIFIEIE mum i

A :

'ren
Cuting

carbude spped wels
speeds prven apply 4o e hund TCT grades
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Calcubating the machinkag time
To exable proger estunatuon of the time required for operating machine twols, the following destingtions see made
Sevting time Machining time 1 Auxibiary time ¢ Delay time
Clamping job, setting G Latvicant machine trouble
wool, meauring, checking  shooting or repair work,
short breaks
Loagitudinal turning
rpen Anerwn vt weknown
I » lemgth 10 be turmed ’ | R e——
1, = feed menirey v = qutting spoed mvmin
N pm S SO S, 3, = feed meedvey
Feed per minuse: = lengsh 10 be tumed
v
XN .—ﬁ T
U Ixmxd
el Machining ive = !!*—“;".'"" o BateryTom
Fxample: Example
{ = 600 mm d=0125m
1, = 0.5 mmirev Note: The mpn cakoulated will be different v = 20 mimin
n =50 rpm from the rpm svailable wish 3 partacula 1, = 0.5 mm/rov
A S0 s machisc
= 05 mirev x 50 rpem { = 600 rmm
k 2 o 0 mem x 14 x 0125m
=34 min =~ OSmm/rey x 20m/min
=235 min
Facing
l'—"- For facing the radius r can be comudered, Fxsmple
X s the beagth 10 be tured
’
“'-.,au dw 0250 =
Ao order 10 obtaln & wailorm v = 20 sviesn
outting speed, the rpm should be 2, =035 mawirey
vanied. For a constant 1pes an L A e inin
average cuttiag spoed should be Fxd J4x025m
comidered =25 pm
r 125 mm

l,ltn'Munxum
= 10 mis
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Cutting speed »—Feed  +—Coolents

r—Oustlog speed: Peripheral speed in nvimia. [The spoed depends on the material which bs 10 be processed
ws well ms the type of dill 3o be wned: it further depends on the rate of feed and the depth of the hole to
be driled. ) 5 = Feed.
Cutting speed and focd values are takon on the basis of & teol life for drilliag & depth of 2000 men.
ssssming that the depth 10 be drilled in one single hole is apgroximately twice the iameter.
Feed 1 (mrev)
Curing
speed Cutting speed v in miwsin with
wimg low allery high speed steel Covling and
Marersal ool indbricating
irel Diaomeser of deill agests
drills
S0 | 109 | 150 | 200 | 250 | 200 e
Steet wp 10 o1 | om| o2 | o | om | om | o
[
0 dgtmm’' .20 15 T n 20 ) 2 3s : |:
Up w0 60 kgfimm' 4 1 16 2 2 2 % 29
007 | @13 | ote | o | o2 | o 0.25 rﬁ
Up 1 80 kgfhmm’ .10 12 1" 16 " 21 2 M |-
Up %0 100 kglm’ - [ 19 1 15 1 T 19
0015 .. 017 snivev
Reyond 6 ... 12 mimin.
100 kg lenen’ -
Geey cant s 015 o | o3 o | o | om 04
Up 0 1§ kglimey' .y 24 2 2 M ¥ W w |ty
Upwo 22 hgthmer® | .10 6 |1 |2 2 % | o ) e SN
Girey cant won at | ot | o2 02 | o2 | o3 03
Up m 10 kptimey’ ud 1 14 16 I 20 21 n
[ ot | ous| o2 | o2 | o3 | am | o
Up 10 40 kylime’ . 40 0 ... 70 mimin
007 | o012 | ous | o2 | o025 | o2 | o032 | s
Up © 60 kgl .28 40 ... 60 mimin. P oo
Bronze or | oas| o2 | ox | o3 | o032 | o3
Up 1 30 hgtme' .18 30 .., 40 simin
oos | oox | 012 | o | 02 | 022 | o2
Up 0 70 kg’ 12 25 .. 33 evinin.
005 [ 012 02 | 03 | o3| o4 | o4 =
Atenisien (o) | .50 80 ... 120 mimin. .
002 02 [ o3 [ oa | o] 05 | o6 | ‘4
Alaminiam afloys .40 100 ... 150 mimin,
015 | 02 | o3 | o | 04 | 045 | 05 | oeyer
Magnessam alioys 80 200 ... 250 remin, e
Moulded plasticy ood | oos | oo | o0 | ouz| oas | 017 | Compenet
Pressod materiah T 35 ... 45 mivin o
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Calculating machinkng time for drilling eperations

The machiniag (drilling) timse bs the period of time in which the machine performs the actual drilling opertion

1pen-kaown rpo-unknows
L = bength of il travel in mem LulsD)d
L=1+0)d d = diameter of e diill ba mm
o = diamctor of the doll i wom s, = feed m mun/revolution
n = revolutions per minute ¥ = cutting speed in mimin
1, = feod in mendrevalution '.sulu-
= food per mintse 1000
v % 1000
ne ——
xxd
1_ = machining time 1, = machining time
R Machisting tame « JAE Of teol wevel LT T
fo .'xnd. o feed per min b l,xvxlm*
Exomple; (=35 mm o » 30 pm Example: | » 35 oo d = 30 mm
1, = 0.2 mm/rey, & = 300 rpo s, %02 menirey v =28 eninin
LolsOM=35+01x20 L=ls0M = 3549 =44
= +9=4mm N Lxgxd _ Mxzx¥
L - " a, ke x 1000 032 x 28 x 1000
""..n'unon'o”" « 0.3 mia
Machinkng e bn milsutos per 10 mus length of tool travel
Feed 5 in mmirey
rpon or | oz | aw |e: | o2 |an | o | o5 | ass
Machining tme 1_ n mbV10 mm
12 L9 744 bE L) 446 15 LM 122 178 138
4 715 595 446 25 285 220 L7 143 109
1% 5.5 436 LX) W 222 1.7 1.3 111 055
24 a0 an 27 PR3 17 L3 L1 089 0.68
% is? 297 22 178 |42 L 088 0 0.55
155 R 234 1% 1.40 112 084 0.0 056 043
4 r e 7] 1.8 1LY L 084 0.9 0.55 044 0.34
56 L9 (1) L2 0.89 on 0.55 044 0.36 0
il L4 117 0.58 070 053 0.44 0.35 028 021
20 L1 092 0.69 0.55 044 0.34 0.2% 022 017
12 089 074 0.58 0.44 036 023 022 018 0.4
140 071 059 0,44 0.36 028 022 0.8 0.14 0.10%
180 0.55 043 035 025 02 o 0 o 0.085
24 0.4 0y 0.2% 022 0.8 URR) o 0.08) 0.068
240 0.36 029 0.22 0.1% 0 o 0 0xx 0.07) 0.055
AL 028 0 017 04 0 0.088 0070 0056 0043
450 on 01s 014 o 0.08% 0.06% 0.085 004 0.0M
360 0.1% on o2 008 0071 0083 00 0036 07
710 o 0 0 0oay oo 0053 0044 003 0.0% 0.02)
900 ol 0092 0.0 0.055 0044 0034 oo 002 007
1w 0089 0074 o058 004 0036 o8 o022 0nis 004
1400 0ot 0.0%% 004 0036 0os 0022 0os 0014 oon
1800 0.055 0043 0.01s 0028 0022 07 004 aon 0008
40 0048 00y? 0023 oen 001s 003 0o 00 o
2800 0015 0029 0022 0018 0o 0011 0.009 0007 0,008
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Mavimum chip removal rate

The max. chip remonval V' in om® per AW/min

Alley sseel
AR (omneawled) (Aeat treated) Grey cast
Method of Ll o0 ... &0 W to @ srength | (moderately | Brses and | Light allors
willmg strengrh kgfmm’ of 100 kgfwer’ hand) ooy mesal | Light semi
srengih
- 'OY
“.Q1 1”2 0 8 2 30 0
Skab millmg AW nun
15 12 10 Pl 40 75
Face millieg
Calcalating the rate of feed

The maximum chip removal V can be foand by mulsplying the cotting
capacity V' with the rated power P of the machine

Max. chip removallain = cetting capacity x rated power of (he machine

The chip removal can be found by multiplying the dopth of cut o by the width of cut b by the rate of foed s
Metal |m.EE°""'""“$“""""""""
(velame of chips produced por swnete)

v.nxhu

1000 The mazimem peemisable eate of feed 1 thus becomes

V x 1000

—1 e min

Example: A workpuece made of St 50 i 10 be milled. The driving power of the milling machine ks 2.5 AW. Depeh of cut @ = $ men,

il of cut & = 100 s,
Findd the muan. permisatie rte of foed »
Maviwam = VoV x F(V w12 cmVAW min—vadue saken from table)
chip romoval V= 1228
per minute V= 30 cmVeske
qum_)oxm_
axh Sx o

The rste of feed = &0 maw/ m

o




Westermann Tables 100
anuuhmwﬂﬂlﬁw
. ¥ with it meachine drive power P = | AW
Permizible Depeh of
chip remonal v cut Wideh & of cut bn sem
AW min -
40 b “ ~r 100 N 190 a0 %0
3 6 LX) 41 n 26 2 " 10 15
8 s 40 n N 20 16 (A " 10 9
) 25 20 16 12 10 ¥ 7 (3 35
3 B3 o 55 41 n by pA 0 15
10 b} « <0 n 23 20 16 14 12 1"
E) M pal 21 15 125 10 9 L} 7
3 100 » 67 S0 40 3 pal 25 22
12 s o0 4% 40 30 24 0 17 15 13
1 L N 23 19 15 12 10 9 ]
3 125 100 M 62 “ 4 36 ]| 28
15 s 75 (] 50 » W 25 25 19 16
5 9 n 3 24 19 15 1 1) 10
) 154 146 121 9 7 6l 2 46 41
2 s e L LA 55 44 n M ) pL)
69 33 % 1 M| N BN 19 ¢ S IO TV
b ) 20 I8S 155 116 o 7% 67 AN 2
28 s 140 1o 93 Rl % 49 40 p L} E)
X L 70 58 44 35 2 25 2 19
) 00 400 135 250 200 165 142 125 | 110
“0 s o0 w0 A0 150 120 100 6 75 67
L 155 10 12% 9% 75 62 53 47 42
3 625 0 415 N0 2150 208 17% 156 | 0
75 s s 300 2% 155 | 1% 124 108 ™ LR}
[} 258 185 155 15 “ " 67 b | 2

'Wv““hhdbnbh“ly.ﬂmU«Shmuwdwmrhuahw

rexpectively,

Estimation of machiniog time

¥
The total length of travel deponds om the Jeagth of the workpioce, the sze of ceer sed snd the mechod of milling employed.

Mochisieg time » YOIt of traved

Rate of feed

e

Travel L

Lolsded




