‘IB[nuell pue ISIE0Y SUIBWAI
Z30enb {PAW[S SI UI[ORY UdIYM
ut dind woij spoyjduwr £}aeld
£q paysidwoddoe uotjeiedas
Z}aenb pue uioey ‘paainbal suoN

(sjudwanbal J3y1ewW 6339y, )
096 ¥1 pues3|ge]

200 9% §L6 g poid

024 O'LY OIS spwy pueg

% % 2% %

=D 09ET I8 J[PW jJou $Iop ! d1YMm

Alaa swang ‘3yBm Aq speay

JO 2593 'YW ¢gg snunw ‘urjogy|

“Buiiqey
swos pue ‘3umyses ‘Buipuris)
%800 SpIXQ uoy

5Tl sunnry
Y06 ANS
‘apeas poo3d

Jo pue ajiym A[jeuoydadxa Suiaq
pue ‘U0l MO| AIdA Yjlm zjrendb
pue uyo®y Bujurejuod a0 uy

NITOWX

ysow § SnUIUI |8 [BLIdIBIY

‘sdajs
Burgsem JO §ILI9E B JO S)SISUOD
$89001J paiinbax sjusfear oN

(a3sem 0} jonpoad saw(g)
0’16 0'g8 jonpold
£1a009g %, wned£D PayUSEM

A[9A1S8300N8 BUIySE M

%0'9% wnsd 49
%087 a(qnosug
%ST uoag
%0°TT APIXOU], ANF[NG
%0'8T IPIXQ WnBE)H

‘A8[> £q 19yj337) papuoq ‘pues
AoBlq JO SjuUNOUWIE [[BWS PUE 3and
-ued snosdl[is *ajeuOqIed WNEd
Jwos Juiutejuod 310 wnsdL3d v

KWOSdAD

uo] Iad sq7
'sjuaboay

Arasodey pun
$3jpIuadu0y

MHUUONK
10 poyjap

apxorddy
‘a1 jo Apssy
310 jo

uopdirdsag

[DIB] 10 [DI13UT

oipg
snoaup|[easT

uo[ 134 'sq7
‘s)gabpay
Araaooey pun
$9)D1}UIT0T
ssadold

10 poy1ap

sppurxorddy
'a1() jo Abssy

210 jo
uondirasaq

Dj3J 10 [DIBUIY

ysaul gp—P3ady UOIEIO] ‘PUMD
ysaur gp—Ppad} d[qE} ‘pulLy
¢'8 ‘HA
Py alj4ss1)
 deyjuey 9-7
ajeyding 1addo)
T Ysy epog

(papn(out jou sBUIPPIN)
G0°0 T nd%
¥o B S%
200 T uzy
! T sy
028 8°0L7 "oUO]) UOIYBIOL]
Hw%uw £'99 "u0) 2[qe], B 8ip

-A0¥Y%  'OM%

uon®Iold ,¥-qns,, Idausq
s[ge] pue JIf [BIIUIW J2AUIQ

Some
TNOO

o anydmg
“““ -~ s[qniosuy
T uod
Uz
“o 1addo))
wEgO:wumwczH

*3)lda[eyds pue
?j1iLdoussie  ‘a11LdodByd ‘AU
-4d jo sjunowre s[qeaidde pue
an3usd sNOdDIIS B Ul jL3UQNY
Surutegiuod udlsBUN) JO BI0 UY

TLIHINGOH

ysow gy—Ppas} uonB)oly ‘puiid)
01T pue o2 ‘Hd

aud [ zo dpIueL) wnipog
ssaadaps g 9yeyding Se
03 (g 9pPINOIPAH twnidE)

£0” Y4835 onsne)
o.o ‘
ﬂ.o

80707 77 o Puid

0 ) BN LCACLT Y
092 08T jenpold
Bunppry

0’89 §'S, 7 Pue) ol

A1A009Y % nydeino
“Inad Butpulad

U B0 WU L Y-QNS, deausq
YHm UOHEOLY VS, 1aauaq

%Oy T T ayydeis)

“ULI0T B[
nuesws ur Aqedroulad sindoo Yy
-dg1n -9j1d4d pue edw ‘zyrendb
awos ulureuod 310 Aydead y

Diog
snoeuDleISTA

uoj lad ‘sq7

‘sjuabpay

Arasooey pun
SalDNTAOUCD)

ssadold
10 poia

apwxorddy
‘a10) jo Kpssy

210 Jo
vondussag

D3y 1o [DIaUTiy

o
snosunjjeastiy

uol a4 "sq7
‘s)aaboay

Araaodey puo
PUTR T

ssadsoLd
10 pogapy

appumorddy
‘910 jo Anssy

3I0 jo
wopdposaq

[DI9p 20 [D10TIY

623

622



“USIW 00z SAUTLI % /9GS

“yssut gy snyd %pg0 putin
v HA ding

0 (8-7) aseqivey fing
o1 . " 21B2II§ Wnipog
S0 oy wadeay
€11 08¢
ourijusru0) Byqey

£6'2¢ €28
ryuasu0y uoneely

SOSY 605
awyusducy 5|

ad qd

watseg wdrag

£132050y sheesy

‘UOBBIUIIUOY Ijqer Air
-ae13 4q pasorios ymd1ps Burpunild
ap ur Jf enugy 1eauag
Ynm uopeiofd ,V-qng,, Iaauag]
§9°0 Ay PO 1070 690
uz n qd ny By
g ———  UolsIg
‘euajed pazipixe awos ‘a)ssnied
— S[eduUIm Onuouods [edpund
‘I9AIS pue plo3 ur sanjea mo[
Aurumiejuos 310 pe3| pPazIPIXO UY

YIATIS-QI09-avil

biog
snosuD[[esIy

uof 104 eq
aiebney

A1ea000y pun
#8pIUEIUOY

IIOUO.—A
10 pogiol

010 o sy

uopdioveq

uonelofy pixQ—+ g Hd ding ppg
wonmolg spiyding—4'Hd ding  snoeup[jads|y

00 110 3ulg g 1outzel
¥2°0 #Op Jusdeay
01 ?jrUOqQIEdIg WNIPOY
09 13z1piyding Rauag uog 194 eq7
13p1xQ) eBmIg uotieyory puz sjuesnay
90°0 1O 3uid j 0Wyex
800 * p0p Juadeay
1opiqding; 3Bwig uorjesoly §1|
0’98 Yoy 91 L]
(3pIxQ) VYIS UOLIRIOLY PHT
e soy L0°E y1'95  Aleaodsy pun
(apqding) Bif yaum ahis uoueold | selpRUeIUCD)
n 9d ny ad
Juadtad wedrad
£19a030y shessy
‘PAUIQUICY SAENUIIU0I—53TelS
oM} ur uoneoly unomy 2w #80201g
-pulid ayi u) 3if [esaury JeAuaQ 10 poqoy

B W@im UONEOLY YRS, J3AUIG

690 81 92z 9z SZT L(0O
g ny qd 8y ny e10) jo Apgey
——1uU8dII ————— UOL/IQ

'SIUNOWR JJLIOUOIS UL JAA[IS
pue prod ! auhdodreys pue ajridnd
udr{RWw ‘allssniany ‘eudjed ase uopdugeg
s[esdunw Suuouosd edpund ayy o
230 12ddoed-pe3] PIZIPIXO-NLAS ¢

YIATS-QT09-43d4400-avIl

STVUINIW 40 NOILVILNIDONOD NIIAOW

210 STy UO parie}
§Zb 10 p0p sIuadeay yim 1EOY
10 s{elauw peaj ayy azipiydins 0y
sidwaiie 1y adeys 1ad wolsqp
§2°0 jo saders uy pappe AUy

v'e 'Hd dind

800 110 dutd o lowe)

01 auuy

o1 AWII§ WNIPOS

9iz 6Z°%1 P ES

ejryuwsuc) Iqey

ree [ 2L68

HuPUC) UONEIOY BPIXO

81e €86 69°%9

syrusanal fip

qd ‘fosuy 4 qad

W w01 g
L13a009y sy

‘3uyre uonejoy jo
uolienuaduod 3qEy Anneid pue
uonIRIOY IPIXO Aq PIMOI[OF IINDIID
3uipund ur 3 [ereuty Jeauag
690 ¥'6% 681 ka4l

s “osuf A q9d
W g

*a11sa(3ue Jo Junowe [ews

Y3Iat 931$SNII—[RIAUIW DNUOUGID

JAMD IPIXO U0 JO JURUOD Y31y

® Bujuie3uod 210 pEa] PazIpIxo Uy

avil

DIDg
SnoeuD[[essT

o] ed 8q
auebpey

Kioa008y pup
s@jbyuestion)

mos01g
10 poqiey

Q0 jo Apeey

wopduaseq

Ysaw g9—Pas) UeHIEIOY ‘PuLD oing
9’2 ‘gd  SMosuDjradSI
02 23830115 WnIpog
0'E PV 9Rl0  uoL Ied 'SqT
90 10 Bgd ‘siuaboay
02 ysy ¥pog

(papnout jou Sulppiiy)

0L 019 0% 0% SR
ydney  Asaocday pun
069 0PI 0'gg 0Tp  ouep  SeILAmAdNO]
VY01 0NTY SO
£1arodey 2  Awssy

uofje3o[d . V-qng,, deauaq © Nﬂﬂﬂ
PIXO WNEY
X0 wasauBey syounxoiddy
UoIl 310 jo Aossy
rUIMIN Y
S
*931a4d jo junowe
|[ews € pue sajeyd[nF wnisausew 20 jo
puE wWnp[Ed dwos ‘zjienb dqe uoydiiosag

-1APISUOD Y)IM [BISUNY IJURAY

ALINVAH OIS 10 [DIBUIW

625

624



‘jueungeanl burunm inok amsut 8§83 ] 810 i@Aaus( IqRIAY

'$§9201d UO1}BIUIIUCD
£)1aB18 ‘paambai sjualBeal oN

(papn[our jou SuPPIA)
¥y osul % g oIS %
0’29 938 $37BIJUBDUOY
aqeL pue 3if
A13A009y eseusBusyg
% %

sa[qe], Aay[tm-19auaQ
B1p [eIaull IoAUd(Q

%L1 a(gnjosuy
%31 'S
% 0% asaueSuel

‘SOJBUIWIN[E PUB SIBOUIS
‘@OY[IS JO UOISN[JUI YjIm pem pue
231sn[0a4d Buiurejuod 3o 3Jjo8 y

JASTRUORYN

uoj lad 'sq7
‘suaboay

A1aa009y pun
$9)piuadu0)

ssadorg

10 poyja

alpunxorddy
‘810 jo Apssy

a1 jo
uondussag

[DI9JN 10 [DIaUlY

Ysaw pI—

PaA[addl SE [BlIJBJY dUOU ‘PUILD)

o'y 'Hd

8¥ T pRY ALIO0[Y0IpAH

10 BYIUEY 97

$%0 42 jeoyordy

096 200 Juye],

uen B0

01 L 2BIJUSIUCY)

uoyyel0(q

e Yo ajeajudu0) BIp
B uodf
% %

UONEIOL] VAN, 12AUSQ
31 [eIdUIp IBAUIT

‘suotrjedyroads pues
s8B[B Yorad 03 w_n?mon se £j32(d
-U10D §8 PIAOIIAL 3Q 03 SBM YIIym
a4 93210 Ppaulejuod alo Pesy

‘uoar
sygjew jo sepnIed yjlm pejeu
-luigjuod pueg (ed1g) zuend

AaRUs ¥OITIS

STVYINIW 4O NOLLVILNIDNOD NYIQOW

ysaw ooz snuia %079
‘ysaw gp n[d Yoo 1o pUISD
‘sajnull /o3ty M:-:o:—ﬂ:Ou
uonezipiyding PUIYIRW 0 PI
-ppe ades S19U101] pUE dNEYUEY
tt‘Hd ding

1 “ 4sy epog
0 g auld J 1owde X
0
1

(s-z) aremuey Ly
apyding wnipog
(€18 ELUST WEY  PBLE

sirsusIue] wanelo|g APILO

Dq
SNOSUD([PINTY

uo] ieg 'sq]
sjuebney

STHE 9159 Kiesodey pud
ad sy >
Juadsag
&ivaodey
o Juipunad ut (99 Nupy s90001g
Witm uopeloly uonezipryding 1o poqel
81 1 6’1 un.vN
9, ad apXQ  4d ol v o Kpes
24 N ML e TOFETY
“eusled pazIpIXo-1WeS PUE S
-sn1ad Juureaq 13afls ‘9InuaFre—
N iy g uopduoreq

S[BJAUIW 21OU0I? 2142 Juimo][o}
ayi Juluiejuod 210 J3AIS-pRI[ Y

HIAS-avI

YSIW QOZ SNURL %Q°€8

‘ysaw §g snid %go E_G
sy udd

oro (9-Z) *reqauey

0l diBUOQIEOIG UNIPOg

80 19z1pryding Taauagg
(

210 (9-2) »vepuex

£0°0 §Z jeopolay

500 poy 1uadeay

(op1yding) eReig voneold 45|

L1z SL6 66 S5y

(3PIXQ) 1S uonwio)g puz

'E§ 8E'SL 161 6LLT
A-v:_a_—:m‘ ageyg woneIO g 48|
qd 4 2y
:.oohm % uo L/ 2Q
A12a009y shesey

afeys 1se[ wl rezipyding Jaauagg
—uonejold Isaua(g 3Feis-om]

LR 8. 2
ad
ssssd :au.\ ~0

‘auadre pue ‘spers
-UIW J3A[IS PIIBIJOSSE [IM BUI|
-ed ‘eutsajdue ‘syssnisa Jupure)
-U0D 3I0 I3AjlS-PE3] P3zIPIXO UY

¥IATS-AvI

Do
snoaupj[adsIy

uo[ Jad "sq7
‘S)usbpay

Araaoday pup
saoLUaIT0)

ss82014
10 poyIR

ayouwyxorddy
‘810 jo Apssy

3I0) jo
vondussag

[DIajy 10 [DISTI

boq
snoeun(easT

wo] led ‘#q1
nueboey

Azeacsey pun
se|pQuesuc)

sved01g
10 potpey

@10 jo Kkpery

wopduoseq

627

626



YSIW Gg—PoRy UOEID( ‘PUILD)

9'g 'Hd
€0 loyoay
g PRV 21210
€e © aplIon[y wnipog
Lot PRV aunyding

001 0'vZ s3uppIW
0gL 0'Ly " 93BIjuadU0)
‘3014 pauea|)

fwrondy QL
%

‘oo ,v-qng,, 18aua(

%581 APIXQ wnruelly,
"ed[ pue jsuled ‘epusiq

-uloy ledsp[ay ‘zyenb  yjia
an3ues snoadI(Is v ul ajruawl Juy

-urejuod Buijre; jueld Ajaerd v

NOINYLIL

DiRQ
SnOBUD[[adSTN

uoj iad 'sqq
‘siuaboay

Azaao30y pun
sa)p1juadU0)

ssas01d
1o poyja

aypuxoiddy
‘310 jo Aossy

210 jo
uoydiiasag

D13l 1o [DIatIN

STVYINIW 10 NOLLVELNIDONOD NY3IAOW

*3[qe3dande ajeajuadu0d
uoljejof] "3IN3X3} ‘SEaIUIUY ‘X0{0D
§e yons sdysiajoeteyd |eassyd
uodn juapuadap jonpoad jo apean
ysow 0Q1—puly

0'g ‘Hd

Jamedi[]

Ysy epog

§507T uotjlu3y

f0fd

ORIV

080

‘OIS

03N
1JyBram £q 2 8¥ ‘a3eI3URDUOY
uonyelolq . ¥-qns,, f2ausq
%091 8807 uon LAY
9407pT T T 9pIXQ Wnisause
GBS LY T IS
%031 PIXQ wnP[By
oL Bunwnry
%0¢ T 2pIxQ uoag
sapyrandut
I3YJ0 pue ‘uodr ‘@3l[owal] ‘918D
os[e Jururejuod d[e} Jo 810 Uy

OTWL

x
Qarnne N
WD W =
&5

g
STIOSTDJ[BOST

uoj Jad 'sq7
‘sjuaboay

Azaao0ey pup
[ LR )

s58001¢
1o pogiajy

gouxorddy
‘aIQ jo Aossy

alQ jo
uopdussag

[OIS ] Jo [oIaTt

“Ysaul gz PR Qe ‘PUMD Dig
"YsaWl O[—Pady Bip ‘puldy  STOSUOJASIH
‘uoTjRIIUAIU0D £}1AIS A[PANUD uoj 1ad 'sq7
§59201J 'peambai sjuafeal ON ‘sjuabpay
6'9 8'89 U0 BIBL  4raacoey pup
G'26 Ly9 uo) 31 FLILYLERE L)
£19A030Y % ULL %
-2[qeL AdP[IM-13aUa(] ssa201d
*B1p [RISUIY JBaud( 1o poyia
“33ua U]l Jo 4d
adeq) € pue SIEI|IS Aavay awlog  PHPWIXOIGAY
%L1 ! wy ‘210 jo Apssy
LRI IENTEN
-00snw pue zjlenb ‘Iedsp[ay jo 3I0) jo
pasodutod ajrjewrfad ui s[eIsA woydusssq
281800 A[3AIIR[a1 Ul 9)1I3)ISEED
NIXL [DIB 10 [DISUip
"YSaW gg—UO0}EIOL ‘puULLD g
‘ysaul g— (30 yuf] ‘puid
Y 83RO N Dw.vw nmw mosuD[EOSTA
0T’ aeyjuey G-7
60°0° wm jeogolay
0 © 9pluedl) winipog .
g0 ajeyding ourg  TOLed <q1
QOO T pgT DUl sjmaboed
sTo )  9pIIUBqIesoly],
99 . aunry
(papnpout jou s3ulPPIY)
108 0'L1Z  Pu0d[BI0], L1008y pun
g9 14159 2u0d sapIImacnoy
f12a00ey  uoy/Byzo [[99 YU
% Aussy

uon3elold ,y-qns,, 12aua(g

1180 MY, V-qng,, 13aUa(g

Jnyding

““““ * "Josuj

o uod]

uiz

pe]

u03/20 L'L9 18411

Joexn T pIeD

-anguvsd

§N03D[Is € Ul AuId[eyds ‘euded

‘saprydins 1eddoo Aiepuodes jo

junoule Joutul pue 3j3u4d jo juaj

-uod Y8y © Yilm IAA[IS JO 340 Uy
HIATIS

ssadoid
10 pogio |y

ounxorddy
‘310 Jo Aossy

210 jo
uondussag

D16y 10 [DISTUTY

629

628



uy

'$1y pg 13d suoj 1104S X IR0

Qjuuiwl Jad swers

=uoy/sq[

Buans /
{iduans uonnjos Aq Adunw ‘suonnjes %,p9r o1 18J91 JOU Op JB[NW.IO] SA0QE 3y} Ul sainst

's1y pz 19d suoy jaoys x gIeQ

‘JYaam jusaIaa

pInbi Jo 18 ds x -ufw oo oo/ Sql

Suwl 1o sjyBam g1

MO Jrw ' 03 pay Buiaq juaBear jo junowe 3y} Sune[nd[Ed Iof [nyIsn i Burmoroy ayy,

it 6L 851 ze | e
- . i ER44 ¥ 6L -
62 L PHl rgz | " . 58 $82 £€6¢ | 8lt 122 001
9z | vo | ga1 | gsz st | gor Y i) | v oss ) esr 06
M «_. 9 2t €22 FAR SN o.vw WM WW MMM MMW joid e 8
gy 96 61 g - 222 ST 0.
91 os | o8 o mww m.wm Mv s L1 9Lt 161 1 oger o%
m.— o o 121 g ber M 134 m.: Lb1 651 orr 0s
mm. j&4 4 96 PET 161 wu wm WM_ mmﬁ v 4 oy
: o1 7e o . : 56 990° 0g
7 6 | ge e & m.w Mmﬁ a.wﬁ i LS 65 9 3 0z
62 k7S T 62 I oy e > 98 98¢ £6Z 81¢ 220" o1
9z ¥ | 8zl 9z z 9€ rs vs &5 62e ver Ve o s
£z 96 F481 £z Pt e &1 84 6'9 677 vee vz | ogr00 8
60 8 | 96 61 ¥ iz 8t os o9 00z §02 | zZz | St M
9 oy | o8 911 o 7z 7§ 4 9% Tt gLt | vt £10° 9
e | ® 2 g 2z zt b ey €9l Ly 651 110’ s
or $Z 8b" ol z 1 i e ve §1r LI L21 6C0' s
10 91 7€ v & & o1 ¥z 9z 98 88 $'6 100" 4
o 43 & £ g 2 - 91 L1 LS 6 ¥'9 00" z
7 | LS i 6 &2 62 ze 200 i
al %S7 %S o, oo T
0S| %01 | %Sz1 | %l %02 %¢2 %12 %06 %26 | %001 | ww unw
fe 13g spunog 13d 13d
QT 23
W UPHEIOL] JO SPUSLL.. SSuIl JO [004DS OPEIOIO] wWo) 3qEL
2[qe] jualeay uonejoly
‘ysawl gg—padj UONEION] ‘PULD) oipg
i 212
g6 Hd  SnoSURIIRSIN ‘ysaw 0g+8§—PaajRqEL ‘PUMD n:OmEv:mu._q_&
Y00 110 auld
600 2jeYjuey C-7 uoj 1ad 'sq7 oL 1o Py
01 ayeyding Jaddop) ‘syusbpay e S-oBwWAY uoj 1ad ‘sq7
gy awry o ajeydng WnUnUNY ‘siuabpay
L 028 BuilppUg 8E proy aLmyding
188 629  9jenuaduo) Arsa039Y pup
3014 PRUR) seIpHuLIIe] “UO1IBI[0] X8
iuﬁv«x NN 1933e '3y ‘™o 18d "sq 1 Bulydem
puE ‘231{ndTWiaA %ege Bul  Leacdey pup
‘uotjelolq , v-qns,, deaua 10 uuouwi -Ure u0d 93RIJUIIUOD B UL ‘SPEIY 59}D1)UBSUCT)
powten Syj ul PAUIRIUGD  2}NONUIIA
veT anyding 9[q81240391 941 JO ;08 £124009Y
e uody sjpunxorddy
1'0 pes] ‘210 jo Abssy i 5525014
e ({g10L) JuIZ Burjqe) 91rIBWOB3Y 10 poyIsly
aypurxorddy
“suayes 209  9MNOILIAA I[QEIA000Y 10y 1o osew
Jo seoeI} yim enBuml SNoddNIs
® Ul 9]BUOQIEd dUEZ JO juUnoWe 810 jo “reds
H uondissaq a1g jo
-p[d] AWOS PUE SIYEIIS pAxIW woyduaseq

[ewis e pue a3iILd ‘aj1a91eyds
Suiuywuoo  Buiftey  £)1avi8 Y

oNIZ

{DJe] 0 [DISUTY

YNOIWIaA BUIUTEIUOD |RUISIBYY

ALIINDINUIA

1013 10 [DIBTIN

631

630



633

000705 | 01
+v Y. o000t ! oz 3 ; . |
SN B Mmoo gy |
: 000001 | acw | 0200 =068t €0 § T 6061 i wmuaregy
+v 11 oe000s . st 1 8£00 fower 601 2 8 29895 CRAAN
i A 81 810 089 16 L8~ ££0 85 £l 9 001 Al
. i LoasyE gyzr ssuedue
L R CosE £800 : w%m wor szo ) R I it e
-z 1 0091 [ 9 [ 8800 L dost el 150 8E 11 orL0r pes1
. =000'0s | . M_ : $€00 | ﬁ mwhw LAl oLt i U jyBnosm tuosg
s . / 7
F i L o o, w0 t go6l 8621 22 : 389 ‘woig
v ojoo~oos6e Il 66 (o, 9t | zeey 9811 2 v8 5§ “uoy
9 N 13 fyE | 0200 e =08L¥ 0 Y 1 €61 oo wnpray
-t 000t L8t [ 400 266€ 5 Sb6l €0 | sszel T L6l POY
e oer 8 5500 - i i
£ 000’0t 66 68 1500 0505 vlaet i céoo i see 5 £9 PO e
9 [ 6 61 [y 969z 1 L0T .oss'8 L685 : 315900
00052 . Mmmw . OEpT 9 609 i 49507 ! | WN m ! oy it T wnnwpes)
T oo i ! ot ro0 ' 0891 | 980 Uoese | aruoig
+€ ' o00's £7 ' ST 1500 L0591 I 260 | w w | *eseag
+2 009 £l 81 000 00E2 | oS | 10g0 Cow6e i osz- | winwerg
+£ 000'1 ios¢ Ty VoL i .
t o T SN BN AR T Sy
'uy "bg 001 i o0l oy : ! N
391 = I9Ang | = 13Alg wios} 4% | A Bg Jeay Auawin WMam
pRuang A ‘A Jesy 4&q Quiod | awog syadg syadg Nwory 20uBlIgNG
aeusl | -AGonpuod | -amdNpuan : uowusdry sujlog | BORN
reansarg | desy 1e3qny ! .
S|eJaIN Injasn) 0-_—.— jJo mﬂT—.—ﬂQO.—L _ﬂumm>r—m pue >~_>ﬂ._o U:_Uﬂﬂm
§85°1 018’1 | o0l 0€S°Z (AR 00T'% a0t BSTN 181°0 0120 €520 L1e0 onvuo o0t
F24 4 6291 068'1 LLee £58°C 08L¢ 06 P10 £91°0 681°0 8220 $82°0 wnm.o 06
$92°'1 11 089°'1 k202 9£5°2 09¢'¢ [ 9210 S¥1°0 891°0 2020 $52°0 9¢E0 08
901°1 L1921 0L¥'1 Wi 612°C 046 174 1o L21°0 Lp1°0 LLT'O 2220 va“o 0L
8960 9801 0921 8151 206°1 0252 09 $60°0 601°0 9zro 510 061°0 520 09
06L°0 $06'0 0s0°'T $9Z°1 S8S1 0012 (%9 6400 160°0 SOT°0 Lre 651°0 o~N.o 0§
$€9°0 $2L0 0480 AU 89271 089°1 ov £90°0 2L00 $80°0 1010 Lo 891°0 or
vi¥0 £#5°0 0€9°0 6540 1560 092°1 ot nvouo vmo,.o moo”o ohouo moo.,o omﬂo 0f
L1g0 29870 0ze'o 905°0 $£9°0 0¥8°0 0z 2800 9£0°0 2900 1500 £90°0 $80°0 0t
8S1°0 181°0 0120 €520 L1€°0 0Z%'0 o1 9100 8100 120°0 $20°0 €00 Zv0°0 o1
P10 £91°0 681°0 8220 S82°0 8.0 6 $10°0 9100 6100 £20°0 620°0 8€0°0 6
9210 SPI'0 8910 200 $52°0 9€£0 8 n_ouo Aﬁo”o n_o..o oNo,.o wNoHo vno”o 8
1o Zro LP1°0 LLT°0 220 $62°0 L :o.o €100 S10°0 8100 2200 620°0 L
$60°0 601°0 9210 sT°0 0610 520 9 oao,o :ouo m—o“o mﬂo”o osuo mNo”o 9
6L0°0 1600 S0T'0 Lro 6510 o120 S 800°0 600°0 1100 €100 9100 1200 S
£90°0 zL00 #80°0 101°0 4210 8910 4 900°0 L00°0 8000 01070 €100 L10°0 4
Lv0°0 $50°0 £90°0 9400 $60°0 9zZ1'0 € moo.o woo”o 9000 8000 o—o.o £10°0 €
2€0°0 9€0°0 2900 1500 £90°0 #80°0 4 €000 #00°0 $000 S00'0 900°0 800°0 T
9100 8100 1200 $20°0 2800 2v0’0 1 2000 2000 2000 £00°0 £00°0 +00°0 1
uogy uol uol, uoJ, uoJ, uogJ, TUtiy uog, uog, uoj, uol uoj, uoJ, WA
1ad -5q] | 1ad *sq] | 33d 'sq | 43d *sqT | 23d 'sqT | 12d '5q7] 33d DD 13d 'sq] | 19d *sq [ 1ad 'sqy | 22d rsqT | 33d “sq | 33d sq 12d DD
T ‘s8I ‘SIH
00z SLT 0St (34 001 S g 13d 002 LTA 0st ST1 001 SL pz 39d
i | SUoJ Suoy,

uoyn(og Jua) 134 Q01
sjuajeainby juadeay uolejoly

uounjog Juan 424 01

632



Sususacidur] jupjsucy)
Ing spdepol a_._Uo.ﬂ ON,, '19A0 PHOM
Y} pippunjg—ijustudinby Ieaua( 9sp

b4 e | oy
i 89 | of WOINODHIZ o FEE WNIANSV
P tem | o iz trorrer| g6 vs st uw ASANYONVIA
€ oo | o A LLA 4 e vl a | WNISENOVIN
o c1er ¥S : € 66 bL1 w n | war
NONIX i ov6 { I DFLNT
1 (W34 8 : - . ° £ 1 WNIHLIT
st 6 05 & ; ﬁﬁzuoz; t'e 1z (o7 141 7 qq | aval
9y 10 stz 6 i 5 (AVYNVA £ 6 81 s e | WNNVHINY1
9 6 t81 e HNINvAHN o s [T T S NO
v'e 10 i NHISONNL B | : L XdN
: L I 11 WOl 4 8 5§ [14 EE S
vz 08I | os NVIIL be HE AR - szoE
£ b 691 69 ! NLL LS 26 9z £ [ o
v e 06 ; WNITNHL 9l Tt A u ANIQO!
cr | ecror 18 i WNINOHIL v 1 WNIANI]
€ | 1681 | 59 WOITIVHL 0800 1 t H NEDONAAH
9%’ | 194zl | s RoraaaL i & H W
1 1
¢ 99 091 7 I i WNIANTTAL €00 ¢ z °H WNITaH
ot | 90zt of WOTVINYL o8t w SH © WOINdVH
z £l o UNHJINS z 61 6L ny @108
t 166 i WNILNONLS 09°2L 143 a9 ¢
14 1 WNINYWNEO
1 ! 088 L01 n WNIaos L 69 1€ | eo WAITIVD
gt 1 08 L i zﬂw\ﬁwm 6 951 ¥ PO WNINITOAY D
v , ol & ,ﬁ it | [N TES e 1 & o INTHONTA
£ IQNVOS Wnrdoana
£post 24 WNINYINVS £ cuor |89 ! Wniaaa
8'9'p'E ¢ 101 o ny WNINTHLON € v zot i 99 | “4a WOISOHdSAQ
1 [T | 8 oay Twniaigna . 1589 67 ion AAIJOD
€ iorezor | S¥ g WNIQOHY . 16 16 it [ WNIFWNTOD
1€ 981 €L A WNINTHA K +6 8BS L H o3 L1va0D
0 0 zzz | 98 oy Noava | 9'c°T w0s 24 e} “IWNIWOYHD
z . so9zz ! 88 (2% woiava ., tsE” RIRTI L1 o) ANIHOTHO
0 1£z 16 eg : WNINILOVOLOdAd 16 260 st s WNISED
£ 76 01 65 , id WNTWXAQOASYHd L1 0vl s heel WNIHED
T 960 6 61 b WAISSYLOod ! w9 : s} NOHNYD
0 01z v8 1 od WNINOIOd | o0y 02 »D WNIDTYD
4 £7 561 kN ! d WANIIVId 14N 8 ; PO WAIAAVYD
st 860t | st | d * SNNOHJSOHd | LS €L i 916 6L se iooia . FANIRONE
vz L 901 9 pd WNIav1Ivd 3 8 01 H a NOJod
T 000 91 8 (o] ! NIADAXO i s't i 00 607 €9 b4 ! HINWSIE
v e T 061 9L SO | HWNINWSO T 70 6 ! t ) ! WNITIAAEE
s'e | o800 bl ¢ N | NAOONLIN | 11 9t L1 i 98 L WNlave
€' 69 85 87 N TEADIN S°E 16 bL €€ sv ' JINFSAY
° €81 oz or | 3N NOAN | o w6t | 81 v NODIV
€ Lozt n 09 o PN WAINAQOAN | s'e | e 1l , 1 as ANOWILLNY
owie | osese [T oW WANIQEATOW | € ) 6 92 £t w WRANIRATY
T 19 ao« i 08 Iy AdNOATANW W i 0 tzz 68 2y WNINILOY
e —— 17 B ssquny |
20udrep anmoly Smoly  jequAsg i Wwawag asuzipA | srwoly oy JoquiAg ; 1wy
llw«-__M_U; olwoly jeuoljeusaju|
03 113373 TVAINID woy ereq—
! 000'vZ | ' 7 H . )
+¢ N 000'6 9z H 182 8800 i veLl 960 Pl L i LE 59 utg
000005 x4 : €€0 g 81 0 #81 uajeBun]
L EE | : [ i 18t wne g
4 000's £ 11 A 6900 008 950 sl N L8t wp
i 66 . $200 , 9E0 [ s 181 wnetue ]
6 o000z | £ b1 oc00 || |
3 , 00005 i 91 9 1900 | Y 6L i g
+ i, 000'9E oor . 001 | 8500 055€ .50 15 ot 88 L01 13§
: £ [23 i eto0 850 bzl ” 6 201 wmipoyy

(a78d snotassd wos) PINUNUED)

635

634



Minerals
and Their

Characteristics

The first step in the identification of a mineral
before any chemical tests are made should be the
recognition of the physical and optical properties
and occurrence of the mineral. The physical prop-
erties are discussed below.

Color: The color is fairly constant in some minerals
but not in all, and commonly the color is due to
pigments or impurities in the minerals.

Lustre: The lustre of a mineral is its appearance in
ordinary reflected light. There are seven kinds of
lustre: metallic, the lustre of metals; adamantine,
that of uncut diamonds; vitreous, cut diamonds, or
broken glass; resinous of the yellow resins; greasy;
pearly; silky. There are five degrees of intensity of
lustre recognized: splendent, shining, glistening,
glimmering, dull.

Specific Gravity: An important factor in identifying
a mineral is the specific gravity, or weight of the
mineral in air compared with the weight of an equal
volume of water. Minerals can be classed as heavy
and light, thereby eliminating many of the possi-
bilities that a specimen could be due to its other
physical properties. Minerals with a specific gravity
of 3.5 or more are generally considered as heavy,
whereas minerals with a specific gravity of 3.2 or
less are considered to be light.

Streak: The streak is more nearly constant than the
color. The streak is determined by crushing the
mineral, or by marking unglazed porcelain, or
simply by scratching the mineral with a knife and
observing the color of the powder. The color of
the streak may differ considerably from the color
of the mineral specimen as in the case of hematite,
the streak which is always red although the color
of this mineral may vary from red to black.
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Hardness: The resistance to abrasion, or scratching.
For convenience in description hardness is often
designated by a number according to a scale devised
by Mohs. This scale is as follows (talc being the
softest and diamond the hardest):

1. Tale 4. Fluorite 7. Quartz
2. Gypgum 5. Apatite 8. Topaz
3. Calcite 6. Orthoclase 9. Corundum

10. Diamond
The approximate hardness can be easily determined
by noting the ease or difficulty with which a mineral
scratches or is scratched by one of the following:

Thumbnail . 2.5 Quartz or flint ........... 7.0
Copper or silver coin....3.0 Emery (wheel or paper)..8.0 to 9.0
Knife blade ... ..........5.5 t0 6.0 Corundum paper ........9.0
Window glass .. 5.5t0 6.0 Carborundum

File ... RN 6.5 to 7.0 Diamond

If you can scratch a mineral with a knife blade, but
not with a copper or silver coin, its hardness lies
between 3 and 6, etc.

Occurrence and Characteristics: Occurrence refers
to the form in which it is found, other minerals with
which it is associated in the deposit, and its relation
to the enclosing rock. Occurrence is an extremely
valuable factor in the identification of a mineral.
Special Characteristics:

A. MAGNETISM. If a mineral is magnetic it may rapidly
lead to the identification of the mineral. Magnetite,
pyrrhotite, ilmenite, iron-platinum, and chromite may
occur as a magnetic mineral.

B. SOLUBILITY. Minerals which are soluble in water may

be one of the following: potash, soda, nitrates, borax.
epsom salt, and halite.

C. TASTE. Soluble minerals usually have a characteristic

taste.

Potash Alkaline LEpsomite Bitter-saline
Epsom Salt Bitter Nitre.... ...Saline-cooling
Borax | Sweetish-alkaline Sylvite . Bitter-saline
Carnalite Bitter

D. ODOR. Some minerals emit characteristic odors. Ex-
amples:
Kaolinite, odor of clay, when breathed upon.
Arsenopyrite, odor of garlic upon heating.
Pyrite, sulfurous odor upon heating.

E. FEEL OR TOUCH. When a mineral is rubbed by the
finger, it may have a characteristic feel. Examples:
Graphite feels greasy.
Kaolinite feels greasy.
Meerschaum feels smooth.
Molybdenite feels greasy.
Talc feels greasy.
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F. SOIL. Some minerals mark paper or soil the hands.
Examples:
Graphite marks paper.
Molybdenite marks paper.
Pyrolusite soils fingers.

COMMERCIALLY IMPORTANT ORES®

In the following table, the figures after each name of an
ore indicate the percentage of the element specified which
the pure mineral contains. When this is variable or is
merely mechanically included, an interrogation mark takes
the place of the above-mentioned figure.

Important ores are in heavy face type, less common species
are in lighter type, and minerals which are only occasionally
mined and treated for the element specified are in italics.

Each group is arranged in the order of decreasing im-
portance.

;ALUMINUM: Bauxlte (39.2), Cryolite (12.8).

ANTIMONY: Stlbnite (71.8) .

ARSENIC: Arsenopyrite (46), Smualtite (71.8), Cobaltite (45.2),
Niccolite (?), Enargite (19.1).

BARIUM: Witherite (65).

BISMUTH: Blsmuthlinite (40.6) .

CHROMIUM: Chromite (46.2).

COBALT: Smaltite (?), Cobaltite (35.5), Arsenopyrite (?).

COPPER: Native Copper (95), Chalcopyrite (34.5), Bornlte (55.3),
Cuprite (88.8), Malachite (57.5), Chalcocite (79.8), Enargite
(48.3), Tetrahedrite (?), Azurite (55.4), Couvellite (66.4),
Chrysocolla (45.2), Atacamite (62.4), Tenorite (79.9).

GOLD: Native Gold (89.8), Pyrite (?), Sylvanite (24.5), Calavarite
(39.5), Chalcopyrite (?), Hessite (?), Petzite (23.5), Galenite
{?), Arsenopyrite (?), Stibnite (?).

IRON: Hematite (70), Limonlte (59.8), Magnetite (72.4), Siderite
(48.4), Goethite (62.9), Pyrite (46.7)

* Handbook of Minerals, by G. Montague Butler, E.M.

COMMERCIALLY IMPORTANT ORES

LEAD: Galena (86.6), Cerussite (77.7),
Anglesite (73.6), Pyromorphite (76.4),
Mimetlte (69.7); Vanadinite (73.2) Wul-
fenite (56.5), Tetrahedrite (?).

LITHIUM: Amblygonite (4.7), Spodumene

NICKEL: Garnlerite (?), Pyrrhotite (?),
Millerite (84.4), Niccolite (43.9), Chal-
copyrite (?), Arsenopyrite (?).

PLATINUM: Native Platlnum (86.5).

SILVER: Galenite (?), Cerargyrite (75.3),
Pyrargyrite (59.9), Proustite (65.4), Ar-
gontite (87.1), Tetrahedrite (?), Native
Silver (95), Native Gold (7). Native
Copper (?), Hessite (63), Petzite (43),
Stephanite (68.5), Pyrite (?), Chalcopy-
rite (?), Jamesonite (?), Stibnite (?),
Cerussite (?), Polybasite (75.6).

STRONTIUM: Strontianite (56.8), Celestite
(45.7).

SULPHUR: Pyrite (53.3), Native Sulphur
(100), Pyrrhotite (?).

THORIUM: Monazite (?).

TIN: Cassiterite (78.6).
TITANIUM: Rutile (59.9).
TITANITE: (31.6), Rutile (59.9).

TUNGSTEN: Wolframite (60.7), Huebner-
ite (60.7), Scheelite (63.9).

URANIUM: Uraninite (?), Carnotite (?),
Autunite (51.9), Torbernite (50.8), Sa-
marskite (?).

VANADIUM: Vanadinite (10.8), Carnotite
(?).

ZINC: Sphalerite (67), Smlthsonite (52),
Calamine (54.1), Zincite (80.8), Frank-
linite (?), Willemite (58.4).

Note: In the foregoing table, Marcasite
1s included under Pyrite, and Tennantlte
under Tetrahedrite.

3.7).

MAGNESIUM: Magnesite (28.6), Dolo-
mite (21.9).

MANGANESE: Pyrolusite (63.2), PsHome-
lane (?), Manganite (62.4).

MERCURY: Cinnabar (86.2), Native Mer-
cury (99).

MOLYBDENUM: Molybdenite (60).
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We have often been referred to as the
"Diagnosticians of the ore dressing
industry.” Perhaps we can help you
with your mineral recovery problems.
Please let us try.
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BULK MATERIAL CHARACTERISTICS

BULK MATERIAL CHARACTERISTICS

A Max,
MATERIAL CLASS w Conveying
" Angle
ASMES, COAL, DRY,

MINUS 3 CFH 40°.45° 3540 n°
ASHES, COAL, WET,

H CGHK 45-50 25°
BARITE......... CFH 150-180 18°
BAUXITE, CRUSHED

MINUS 3%, ..., CFH 75.85 20°
BENYONHE MINUS

100 MESH, , ., . .. AFY 50 20°
BORAX, POVIDERED AF 50 22°
CAST IRON BORINGS BGH 130200 0°
CEMENT,PORTLAND | AFHY 40° 90.100 20°
CEMENT, CLINKER. CFA35° 75-80 18°
CHARCOAL ...... CGHS 18-25 20°
CINDERS, CDAL .. . CFH 40.45 22°
COAL, ANTHRACITE,

SIZED, ¥8" 40 6" . | CFS$ 27° 55 18°
COAL, BITUMINOUS,

SLACK......... CFK 37° 50 22¢
CDAL, BITUMINOUS,

RUN OF MINE . . .. CFKS 35° 50 18°
COFFEE, BEAN . ., BF 25 15°
COKE, LOOSE. . . , . CFHsL 30° 2530 20°
COKE, PETROLEUM, CFH 25.40 20°
COKE, BREE ZE,

MINUS V4o, o, BFH 25.35 2°
CONCRETE, WET

6" SLumMP L CES 150 129

4" SLUMP . ... | CF$ 150 20°

2" SLume ... CGs 150 24°
COPPER ORE., ... CFH 120-150 20°
CORAL, CRUSHED . . CFH 40.45 20°
CORN, SHELLED. .. | BFx 45 16°
COTTONSEED, DRY,

DE.LINTED . .... BF 25 16°
CULLET, CRUSHED. | CFHL 80.120 20°
CULM, MINUS ¥/6¢",

DAMP. . .. ... ... AEKLY 45° 50 20°
DOLOMITE,

CRUSHED. . . ... . CFH 90-100 22°
EARTH, COMAON,

LOAM, DRY, ., .., CF 30°.45° 70.80 20°
EARTH, CLAY, DRY. | CF 25°.45° 100-120 20°
EARTH, MOIST , CGL 45° 80-100 22°
FELDSP AR, cnouuo,

MINUS 1/8", AFM 45° 65-70 18°
FLUORSPAR. . .... CFH 90.110 20°
FULLER'S EARTH

BURNT. . ....... AFH 35° 0 20°
FULLER S EARTH,

.......... AFH 3540 20°
GLASS, BATCH., . . . CFH 90. 100 20°
GRANITE, CRUSHED. | CFH 95100 20°
GRAVEL, AVERAGE,

BLENDED ...... CFH 30°.40° 90100 18°
GRAVEL, SHARP, CFM 40° 90-100 20°
GRAVEL, RDUND .. | CFH 30° 90100 15°
GYPSUM, CALCINED 8FH $5-60 20°
GYPSUM, CRUSHED . | CFH 90-100 20°
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A Max.
MATERIAL CLASS i Conveying
nole
GYPSUMPOWDERED | AGH 60-80 2°
IRONORE. . ... ... AFH 35* 135150 22°
KAOLIN CLAY,

MINUS 3" ., CFH 160 20°
LIGNITE, AIR

ORIED........ CF 45-SS n0°
LIME, GROUND

MINUS 1/8", AFL 45° 60 20°
LIME, PEBBLE CF * 55 12°
LIME, OVER 1/2 CF 55 18°
L IMESTONE,

AGRICULTURAL .. | AFHL 70 20°
LIMESTONE,

CRUSHED. . ..... CFH 40°.45° 85.90 20°
MANGANESE ORE .. | CFH 120 21°
MARBL E, CRUSHED,

OVER 172", CFH 90-95 20°
MICA, GROUND,

MINUS 178", L AF 0 20°
PHOSPHATE ROCK , | CFH 40° 7585 20°
SALT COURSE,

...... BFK 25° 4045 20°
SALT FINE DRY... | AFX 30° 70.80 22°
SAND, BANK, DAMP. . | AGH 35°-45° 110.120 2°
SAND, BANK, DRY. ., | AFH 25°.35° %0-110 15°
SANO, FOUNDRY,

PREPARED. . ..., AGH %0 24°
SAND, FOUNDRY,

SHAKEOUT...... CFH %0 0°
SAND, SILICA,

DRY........... AFHY 25°.35° 90-100 15°
SAND, SATURATED , | AEM 15%.30° 110.130 15°
SHALE, CRUSHED .. | BFH 40° 8590 20°
SLAG, FURNACE,

CRUSHED....... CGH 80-90 16°
SLAG, FURNACE,

GRANULATED. ... | BFH 25° 60-65 22°
SLATE, CRUSHED,

MINUS 1727 L BFH 30° 80.90 20°
SLATE, GROUND,

MINUS 178", ... AFHY 45° (1] x0°
SODA ASH, LIGHT .. | AFHY 32° 25-33 20°
SODA ASH, HEAVY. . | BFH 37° 5565 20°
STONE, CRUSHED .. | CFHL 85-90 20°
STONE,

SCREENINGS. BFH 8590 18°
STONE, DUST . .... | AFHY 75-85 2°
SULPMUR, CRUSHED,

MINUS 172 BGX 35° 50.65 20°
SULPHUR, LUMPY,

MINUS 3", . ..., CGX 40° 80.85 20°
SULPHUR, POWDERED| AGXY 45° 50-60 2°
TRAPROCK, CRUSHED| CFHL 103110 20°
VERMICULITE ORE . | CF 80 20°
WHEAT, ......... BFX 23° 4540 16°
wOOD CHIPS. .. ... ceL 22° 1525 25°
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Formulas for
Milling
Calculations

Courtesy of the Dow Chemical Company

The control of a milling operation is a problem in
imponderables: from the moment that the ore drops
into the mill scoop the process becomes continuous,
and continuity ceases only when the products finally
come to rest at the concentrate bins and on the tailing
dams. Material in process often cannot be weighed
without a disturbance of continuity; consequently,
mill control must depend upon the sampling of mate-
rial in flux. From these samples the essential infor-
mation is derived by means of analyses for metal
content, particle size distribution, and content of
water or other ingredient in the ore pulp.

With such information at hand performance is
calculated by the use of formulas and tabulations.
Some of these are given here for convenient ref-
erence.

Pulp Densities

Pulp densities indicate by means of a tabulation
(see p. 324) the percentages of solids (or liquid-to-
solid ratio) in a sample of pulp. This figure is valu-
able in two ways—directly, because for each unit
process and operation in milling the optimum pulp
density must be established and maintained, and
indirectly, because certain important tonnage calcu-
lations are based on pulp density.

Definitions and notation follow:

Let P = percentage solids by weight,
D = dilution, or ratio of weight of liquid te
weight of solid,
S — specific gravity of solid,
W — weight of one liter of pulp in grams,
w — weight of dry ore (grams) in one liter of
pulp,
K — the solids constant,
Assume the specific gravity of the water in the pulp
to be unity,
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S1

By definition K = —— 1)
S
then W == 1000 - wK (2)
W-1000
wW=— (3)
K
W-1000
P=—— < 100 4)
WK
100000
" )
100-PK
100-P
and D — (6)
P
100
orP——— ()
D41

Formula (5) is used in making tabulations for
mill use.

As used in these formulas the specific gravity of
the ore is obtained simply by weighing a liter of mill
pulp, then drying and weighing the ore. With these
two weights formula (2) may be used to obtain K,
and then formula (1) to convert to S, the specific
gravity. A volumetric flask of one liter capacity pro-
vides the necessary accuracy. In laboratory work
the ore should be ground wet to make a suitable
pulp. This method does not give the true specific
gravity of the ore, but an “apparent” specific gravity
which is more suitable for the intended purposes.

Calculation of Circulating Load in a Classifier

A mechanical classifier often receives its feed from
a ball mill and produces (1) finished material which
overflows to the next operation and (2) sand which
returns to the mill for further size-reduction. The
term “circulating load” is defined as the tonnage of
sand that returns to the ball mil}, and the “circulating
load ratio” is the ratio of circulating load to the ton-
nage of original feed to the ball mill. Since the feed
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to the classifier, the overtlow of the classifier, and
the sand usually are associated with different pro-
portions of water to solid, the calculation of circulat-
ing load ratio can be based on a pulp density formula.

The adjoining diagram represents the usual classi-
fier-mill setup, in which we may let

wq/'er
S i | F

5:";[3
Boll Milf

J

M wotler

- -

—

ClossiFier
[
-

o

F -= tonnage of ore to mill

O == tonnage of ore in overflow

S = tonnage of sand

M - tonnage of ore in mill discharge
and Ds, Do, and Dm are the liquid-to-solid ratios of
the sand, overflow, and classifier feed at the points
where they leave or enter the classifier.

_ Do -Dm
Then circulating load ratio _: — (8)

Dm-Ds
Do-Dm

— ®
Dm Ds

And circulating load tonnage - F
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Example: A mill in closed circuit with a classifier
receives 300 dry tons of crude ore per day, and the
percentages of solid are respectively 25, 50, and 849
in the classifier overflow, feed to classifier, and sand,
equivalent to L: S ratios of 3.0, 1.0, and 0.190. Then
the circulating load ratio equals

3-1.00
————————or 247 (or 247%¢)
1.000-.190

and the circulating tonnage is 2.47 X 300 or 741 tons.
A more accurate basis for calculation of tonnage
in a grinding circuit is the screen analysis. Samples
of the mill discharge, return sand, and the classifier
overflow are screen sized, and the cumulative per-
centages are calculated on several meshes.
Let d = cumulative percentage on any mesh in the
mill discharge,
o = cumulative percentage on same mesh in
the classifier overflow,
s — cumulative percentage on same mesh in
the classifier sand.
The percentages through the finest screen may be
used in place of the cumulative oversizes.
d-o

Circulating load ratio = (10)

s-d

Example: Screen analyses on the three samples
are as follows:
Mill discharge

Classifier overfiow Classifier sand

Mesh % % Cum. “o %o Cum. LA % Cum.
+ 48 42.3 1.2 55.7
-+ 65 15.3 57.6 6.6 7.8 18.2 73.9
-+100 9.5 67.1 94 17.2 9.6 83.5
4150 5.7 72.8 10.2 274 4.2 87.7
4200 6.1 78.9 12.4 39.8 4.1 91.8
—200 211 60.2 8.2
576- 78
Applying the formulato --65, ratio  --—— 3.05
739 -576
) 728-274
Applying the formula to +150, ratio ——-—— 305
87.7-728
21.1 -60.2
Applying the formula to —200, ratio = ——- 3.03
82-211
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Average 3.04. If daily feed tonnage to the mill is
200 tons, the tonnage of sand is then 608 tons,

Calculation of Classifier Efficiency
The efficiency of a classifier, also determined by
means of screen analyses, has been defined as the
ratio, expressed as percentage, of the weight of classi-
fied material in the overfiow to the weight of classi-
fiable material in the feed. Overflow having the same
sizing test as the feed is not considered classified
material.
Let f -— percentage of material in the classifier feed
finer than the mesh of separation,
0 == percentage of material in the overflow
finer than the mesh of separation,
F = tonnage of'feed to classifier,
O == tonnage of classifier overflow.

O o-f
Then efficienty, E = 10000 — X ——  (11)
F £(100-f)

Screen Efficiency

The simplest and yet the most accurate formula
for the efficiency of a screen, disregarding the quality
of the product, is

E =100 minus % true undersize in

the coarse product (12)

Measurement of Tonnage by Pulp Dilution or
Addition of a Chemical Substance

When no other method is available an approxima-
tion of the tonnage in a pulp stream or in a batch of
pulp can be quickly obtained by one of these meth-
ods. In the dilution method water is added to a
stream of pulp at a known rate, or to a batch of pulp
in known quantity, and the specific gravity of the
pulp ascertained before and after dilution.

Q
T =
D.-D,

(13)
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Where T = tons of ore per hour

and Q = tons of added water per hour
or T = tons of ore (for batch determinations)

and Q — tons of added water.
In both cases D; and D, are dilutions (tons
of water per ton of ore) before and after
addition of water. These are found {rom
the specific gravities of the pulp, by for-
mulas (4) and (6) or directly by the use of
the tabulation on pages 324-327 of Pulp
Density Tables.

In the chemical method a strong solution of known
concentration of common salt, zinc sulphate, or other
easily measured chemical is added to the flowing
pulp at a known rate, or to a batch of pulp in known
quantity. The degree of dilution of this standard
solution by pulp water is ascertained by chemical
analysis of solution from a filtered sample, and the
tonnage of ore is then calculated from the percentage
solid. This method is impractical for most purposes,
but occasionally an exceptional circumstance makes
its employment advantageous. It has also been sug-
gested as a rapid and accurate method of determin-
ing concentrate moistures, but in this application the
expense is prohibitive, since ordinary chemicals of
reasonable cost are found to react quickly with the
concentrate itself.

Concentration and Recovery Formulas

These are used to compute the production of con-
centrate in a mill or in a particular circuit. The
formulas are based on assays of samples, and the
results of the calculations are generally accurate—
as accurate as the sampling, assaying, and crude ore
(or other) tonnage on which they depend.

Two-Product Formulas

The simplest case is that in which two products
only, viz., concentrate and tailing, are made from a
given feed. If F, C, and T are tonnages of feed ( on-
centrate, and tailing respectively; f, ¢, and t are the
assays of the important metal; K, the ratio of con-
centration (tons of feed to make one ton of concen-
trate); and R, the recovery of the assayed metal;
then—
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C=F or — (14), (15)
c-t K
c-t F
K := or — (16), (17)
f-t C
100c
R = (18)
Kf
100c¢ (f-t)
R=— (19}
f(c-t)

Example: From a 6.5% lead ore, milled at the rate
of 300 tons per day, is produced a concentrate assay-
ing 72.5% lead, and a tailing with 0.5% lead.

72505

By formula (16) K -+ ———— =12
6.5—0.5

F
(15) C = — 25 tons
K

or (14) C - 300 X ————— == 25tons
72505
100.<72.5
(18) R ——— = 92.9%. of the lead
2X65

100 X72.5(6.5—0.5)
or (19 R - ————— — - 92.9% of the lead.
6.5(72.5—05)

Three-Product Formulas

When a feed containing, say, metal “1” and metal
z,” is divided into three products, e.g., a concentrate
rich in metal “1,” another concentrate rich in metal
“z," and a tailing reasonably low in both “1” and “z,”
several formulas in terms of assays of these two
metals and tonnage of feed can be used to obtain the
ratio of concentration, the weights of the three prod-
ucts, and the recoveries of “1” and “z” in their con-
centrates. For simplification in the following nota-
tation. we shall consider a lead-zinc ore from which

@
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a lead concentrate and a zinc concentrate are pro-
duced:

Notation Weight Lead assay Zinc assay
Feed F 1, z;
Lead concentrate L L. Zo
Zinc concentrate Z 1y zg
Tailing T 1 Zs

R, and R, are the recoveries of lead and zinc, respec-
tively, in the corresponding concentrates, and K, and
K, the ratios of concentration of the two concen-
trates. Then

(1L,—Ly) (zs—24) — (z;—24) (IL—L,)
F

= (20)
(lo—L) (za—24) — (zo—24) (L—1y)
(L—L) (z1—zs) — (L—1) (ze—24)
Z=F (21)
(L—1y) (zg—24) — (zo—24) (Is—1y)
L.
R — X 100 (22)
Fl,
Zz
R, = > 100 (23)
Fz,
F
L
F
K, = — (25)
Z

There are other forms of the above formulas that
are equally useful, but the ones shown above satisfy
most requirements.

Example:
Agsays
Tons % Lead % Zine
Feed 600 (F) 6.2 (1) 8.2(zy)
Lead concentrate L 71.8(1.) 6.4 (z4)
Zine concentrate Z 14(1y) 57.8 (z3)
Tailing T 0.3(1y) 0.8 (z4)
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(5.9X57.0)—(7.4X1.1)
Then, by (20) L 00 == 48.4 tons

(T1.5X57.0)— (5.6 X1.1)

(71.5X7.4)—(5.9X5.6)
-— == 73.1 tons

by (21) Z - 600 -—-—————
(71.5X57.0)—(5.6X1.1)

484 X718

by (22) R, - ————— X 100 - 934%
600 <6.2
73.1X57.8

by (23) R, = ————— X 100 = 85.9%
600<8.2

600
by (24) Ky -+ —— =124
by (25)K, = —= 82

The advantages of using the three-product for-
mulas (20-25) instead of the two-product formulas
(14-19), are four-fold—(a) simplicity, (b) fewer
samples involved, (c) intermediate tailing does not
have to be kept free of circulating material, (d)
greater accuracy if application is fully understood.

In further regard to (d) the three-product for-
mulas have certain limitations. Of the three products
involved, two must be concentrates of different
metals. Consider the following examples (same as
foregoing, with silver assays added):

Assays
Oz. Ag. % Lead % Zinc
Crude ore 8.0 6.2 8.2
Lead concentrate 80.0 71.8 6.4
Zinc concentrate 2.75 1.4 57.8
Tailing 1.52 0.3 0.8

"In this example the formula will give reliable re-
sults when lead and zinc assays or silver and zinc
assays, but not if silver and lead assays, are used,
the reason being that there is no concentration of
lead or silver in the second concentrate. Nor is the
formula dependable in a milling operation, for ex-
ample, which yields only a table lead concentrate
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containing silver, lead, and zinc, and a flotation con-
centrate only slightly different in grade, for in this
case there is no metal which has been rejected in
one product and concentrated in a second. This is
not to suggest that the formulas will not give reliable
results in such cases, but that the results are not
dependable-—in certain cases one or more tonnages
may come out with negative sign, or a recovery may

exceed 100 %.
Reagent Consumption
Formulas for caleulating reagent consumption:

Liquid reagents:

ml per min X sp gr liquid X 9% strength
Lbs. per ton == (26)
31.7 X tons per 24 hrs

g per min
Solid reagents: Lbs.perton = ——— ———— (27)
317 X tons per 24 hrs
Exampole:
400 ton daily rate, 200 ml per min of 5% xanthate
solution
200 <1 X5

Lbs. per ton — = .079

Pulp Density
Tables

Easy to Use...Simplify Calculations

The Deco Pulp Density Tables were compiled to
eliminate the many complicated caleulations which
were required when using other pulp density tables.
The total tank volume required for each twenty-four
hour period of treatment is obtained in one compu-
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tation. The table gives a figure, in cubic feet, which
includes the volume of a ton of solids plus the neces-
fary volume of water to make a pulp of the particu-
lar specific gravity desired. Multiply this figure by
the number of dry tons of feed per twenty-four
hours. Then simply adjust this figure to the required
treatment time, such as 16, 30, 36, 72 hours.

See
examples which follow,

How to Obtain the Specific Gravity of
Dry Solids

To obtain the per cent solids in a pulp, from the
specific gravity of that pulp, the specific gravity of
the dry solids in the pulp must be known. The fol-
owing is a simplified procedure for obtaining this
figure.

Place a weighed amount, say 200 grams, of dry
solids in a dry graduate. Add to this graduate a
measured volume of water, say 500 cubic centimeters
(or milliliters). Measure the increase in volume
caused by the dry solids displacing some of the
water. Assume the new volume is 550 c.c. The dis-
placement, then, is 50 e.c. (550-500). Divide the
weight of the dry solids (200 gr.) by the difference

in volume (50 c.c.). The result, 4.00, is the specific
gravity of the dry solids,

Denver Equipment Company publishes
DECO TREFOIL, an exchange of help-
ful engineering information designed
to improve milling. DECO TREFOIL is
published every other month. If you are
connected with mining and do not re-
ceive DECO TREFOIL please write

to us.

Calculations for Capacities of Agitators

Example 1.

1t is desired to give 48 hours of cor}tact on.100
tons per 24 hours of 2.7 specific gravlt}f ore in ﬁ
pulp of 40% solids (1:1.5). What size agitators wi
be needed? ]

Total volume equals 59.85 (from Deco Pulp Den
sity tables, page 326).

Tons feed equal 100.

59.85 time 100 equals 5985 cu. ft. (total volume
24 hour agitation).

Therefore, 5,985 times 2 equals 11,970 cu. ft. (To-
tal volume 48 hours agitation).

We find that 15" 4%"x16” 1” Denver Bolted Steel
Tank has an available capacity of 2,860 cu. ft.; there-
fore, four of these will handle the job.

Or we find that four 15'x16’ Denver Wellded Steel
Tanks would give this approximate capacily or four
16’x16” Wood Tanks would be suitable for this ap-
plication.

Example 2. .

It is desired to condition 420 tons of 2.9 gravity
ore for 25 minutes in a pulp of 30% solids (1:2.33)
What size conditioner will be required?

Conditioning factor equals 0.0594.

Number of minutes equals 25.

0.0594 times 25 equals 1.485.

Number of tons equals 420.

1.485 times 420 equals 623.7 (0.0594 times 25 times
420 equals 623.7).
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that 9'2-5"”x10° 0” Denver

This time we find
Bolted Steel Tank gives an available capacity of 634
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cu. ft.—sufficient for the problem.

SETdV.L ALISNAA d1Nd

1 ton of solids of 2.6 specific gravity comprises
12.31 cubic feet. 1 ton of water comprises 32.0 cubic
feet. With 25% solids in the pulp there will be one

What is the total volume of a ton of dry solids
ton of solids plus 3 tons of water.

Mathematically inclined users of these tables will
with a specific gravity of 2.6 in a pulp containing
25% solids?

Or a ¥x10" welded steel tank or a 10'x19’ wood
undoubtedly be interested in a description of the

tank.
methods used in calculating them. Although the

tables cover a much wider range than is usual, it
might be that some special application would call
for an extension of the figures in some direction,
thus the following information would be helpful.

Total Volume

Solution

Therefore, the

total volume figure will be 12.31 plus 3 times 32 or

108.31 cubic feet.

Conditioning Factor

The conditioning factor is the total volume di-

vided by 1440, the number of minutes in 24 hours.
Thus it gives a figure for use in conditioning prob-

lems where contact time is always a matter of min-

utes instead of hours.

also services of Denver Equipment Co.
Write for details how these services

Mill design and Flowsheet design are
might help you.
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PULP DENSITY TABLES

SPECIFIC GRAVITY 1.35 1.43

CUBC FT PIR TON 23.70 22.07
U st

Percant Cond. Spec. Total Cond.

DENVER CONDITIONER AND AGITATOR

Sollds , G . Foctor Grav. Yolume Factor
- 5 1013 631,70 .4387 |1016 830.07 .4375
e o vevan| £ 6 1016 525.14 .3847 |1019 523.51 .3835
EEEE IR RN LAl I 7 | 1018 448,98 .3116 1022 497.35 .3107
M
$ 53 s 8 |1l021 391,70 .2720 [lo25 390.07 .2709
ci 85 0 nsees] 3 9 [lo24 347.22 .2411 |1028 345.59 .2400
x5y |23 B8 g
A RS ]
T IEA N A I D 10 11027 311,70 .2185 |1031 310.07 .2153
Bol8 ™ |Z|esz8E| g 11 | 1030 282.58 ,1962 {1034 280.95 .1951
oS 3 12 | 1032 258,26 L1793 |1038 256.63 .1782
zs| | J"’ _ B 13 | 1035 237.78 ,1851 1042 236.15 .1640
Quisjz Jise3s2| 2 14 | 1038 220,18 .1529 |1045 218.55 .1518
=] o‘-‘zz
%39 52| vzren| 2 15 | 1041 205.14 .1425 1049 203.51 .1413
ag giog T 8 16 | 1043 191,70 .1331 {1052 190.07 .1320
z: = S 17 | 1046 179.86 .1249 {1055 178.23 .1259
=Toe = 18 | 1049 169.62 .1108 |1059 167.99 .1167
:‘;" g 19 | 1052 180,02 .1111 [1062 158.39 .1100
Sz, g ew3d
R 2 £00 g 20 {1055 151.70 .1053 |1066 150.07 .1042
FIHEE = - ek 21 11057 144.02 .1000 |1070 142,39 -0289
0315|532 2 849 a3 22 {1080 137.30 .0953 1073 135.87 .0942
19]5]92 3 [ 23 11063 130,90 .0909 |1076 129,27 .0898
g2 |EiEa, — e.5¢ g 24 ]1086 125.14 .0869 |1080 123.51 .0858
) Dl - S . - .
- S £ g,
b 8 Tog o 25 |1069 119,70 .0831 |1084 118.07 .0820
St g 26 | 1072 114.90 .0798 |1087 113.27 .078
22 5|e |7|z8ngs| & £68¢% 27 | 1076 110,10 0765 |1091 108.47 .0753
PEEE 1 IFPY U Skl BRI %o o0d 28 [ 1078 105.94 .0738 |10e5 104.31 .0724
OF|S|3¢ o zomr=] 2 88 "3’ 0 29 [ 1081 102.10 .0709 1088 100.47 .0698
[ 2~ =85 8 -— [1]
Ef z é'ﬂ‘f" N — ﬁ.._ w " 30 | 1085 98.26 ,0682 {1102 $3.83 .0871
o< | |~fyesas 2 o 0 aFH 31 1088  95.u6 ,0660 {1108 93.43 .0849
ENEHR I 21 q ©bd. 32 | 1091 91,86 .0638 |1110 90.23 .0627
Bl o = s 4£ 0P 33 [1094 ©8.66 ,0616 |1114 87.03 .0804
3: 3o 1732 8 [T <] 8.8~ 34 | 1096 85.78 .0595 (1118 84.15 .0584
2|5l n R I 33 Ay w
Oz |S1E8 | o 2 So™ES 3s | 1100 83.22 .0578 |1l22 81.59 .0567
EEE182| Y8 2 0%.5% 36 [ 1103 80.86 ,0560 [1126 79.03 .0549
> [E eg| sl = > O »3— 37 [ 1108 78.10 .0542 {1129 78.47 .0531
ZOEd | ge = _gg‘.'m: 50 as [1110 75.88 ,0527 |1133 74,23 .0515
a g 482 b @ 39 1113  73.82 ,0511 |1137 71.99 .0300
g3 o0
T O =
23588 | e | W 3@3-‘52 40 | 1118 71,70 .0498 [1141 70.07 .0487
EEE R T P 3Rl 3V 41 [1119 69.78 0485 |1145 68.15 .0473
FE8%0 L= 2 ilzz 67,86 .0471 {1149 66.23 .0460
M 43 (1125 88.26 .0480 {1153 64.63 .0449
2 £33 44 |1129 84,34 .0447 |1157 62,71 .0435
558
35 4
Pl 45 | 1133 62.74 0436 (1162 6l.11 .0424
H¥H 46 | 1136  61.14 0425 |1165 59.51 ,0413
g3 47 | 11390 59.86 ,0416 [1170 58,23 ,0404
tgVs 48 | 1142 58,26 0405 [1174 56.83 .0393
2ies 49 {1145 56.98 0396 |117¢ 55.35 .0384
2
Eng 50 | 1149 55,70 L0387 |1183 54.07 .0375
M 32 [1158 53,14 _0389 [1192 51.51 ,0358
SEXE 54 | 1163 50.90 ,0353 1201 49.27 ,0342
CEE, 56 | 1170 48,98 ,0340 |1210 47.35 ,0329
!_E,gg 58 | 1178 46.7/4 .03g5 |1218 45,11 ,0313
= 60 |1185 45.14 .0313 |1228 43,51 .0302
62 (1192 43.22 ,0300 [1237 41.59 .ozs9
64 |1199 4l.62 .028p [l1247 39.99 0278
66 1206 40.34 .0280 (1257 3B.71 0269
68 1214 38.74 .o0260 11267 37.11 .o2s8
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PULP DENSITY TABLES PULP DENSITY TABLES

SPECITIC GRAVITY 1.50 1.33 1.60

CusIC FT PR TON 21,33 2085 ., %00 2

Percent ¥ 3Pf.  Total  Cond. ‘Spec.  Total  Cond. Spec. Total  Cond. ‘Spec.  Totel  Cond. Spec.

Solids , Gfov. Volume Ffactor = Grov. Volume Factor Grov. Volume Factor | Grav. VYolume Factar . Grov.
5 1017 629.33 .4329 | 1018 628,65 .4368 1019 629,00 .4361| 1020 627,39 .4357]| 1021 626,92 .4352
& 1020 522.77 .3830 | 1021 522.09 .3626 1022 521.44 .3621| 1024 520.83 .3617] 1025 520.26 .3613
7 1024 446.81 .3101 | 1025 445.93 .3097 1026  445.28 ,3092] 1028 444.67 .3088| 1030 444:10 .3084
8 1028 389.33 ,2704 | 1029 388.65 .26899 1030 388,00 .28941 1032 387.39 .2690| 1034 386.82 .2686
¢ | 1031 344.85 .2305 | 1033 344,17 .2390 1034 343.82 .2386| 1036 342,91 .2381| 1036 342,34 .2377
10 | 1034 309.33 .2148 | 1036 308.65 .2143 1038 308,00 .2138( 1041 307,39 ,2135| 1043 306.82 .2131
1" 1037 280.21 .1946 [ 1040 279.53 ,1941 1042 278.88 .1937]| 1045 278,27 .1832|1047 277.70 .l928
12 1041 255.89 .1777 | 1044 255.21 .1772 1048 254.56 .1768| 1049 253.95 .1764| 1052 253.38 .1760
13 | 1045 235,41 .1635 {1048 234.73 1630 1050 234,08 .1625]| 1054 233.47 .1621|1057 232.90 .1817
14 | 1049 217.81 .1513 | 1052 217.13 .1508 1054 216,48 .1503{ 1056 215.87 .1499| 1062 215.30 .1495
15 1053 202.77 .1408|1056 202,09 .1403 1059  201.44 ,1399| 1083 200.83 .1409|1067 200,26 .1391
16 1056 189.33 .1315 {1060 188,85 .1310 1063 188,00 ,1308| 1067 187.39 .1301|1072 186.82 .1297
17 | 1060 177.49 ,1233 | 1064 176.81 .l228 1067  176.16 ,1223| 1071 175,55 .121911075 174.98 -1215
18 1064 167.25 ,1161 | 1068 166.57 .1157 1072 185,92 .1152| 1076 165.31 .1148|1080 164.74 .1144
19 | 1068 157.65 .1095[1072 156,97 .1090 1076  156.32 .1086| 1081 155.71 .108%1|1084 155.14 .1077
20 1072 149.33 .1037 [ 1077 148,65 .1C32 1081  148.00 .1028} 1086 147.39 ,l024 1089 146.82 .1020
21 1076 141.65 .0984 | 1081 140.87 .0979 1085 140,32 .0374| 1090 139.71 .0970[1094 139.14 .0966
22 | 1079 134.93 .0937 1085 134.25 .0932 1090 133,60 .0928| 1095 132.9Y .0924 {1099 132.42 .0U%0
23 | 1083 128,53 .0893 {1089 127.85 .0888 1094 127,20 ,0883]1099 126,59 ,0879]1104 126,02 .0875
24 1087 122.77 .0653 | 1093 122,09 .0848 1099  121.44 .0843]1104 120,83 ,0839{1109 120.26 -0835
25 1091 117.33 .0815 | 1098 116.65 ,081U 1104  118.00 ,0806[ 1109 115,39 ,0801}11ll5 114.82 -0797
26 1095 112.53 ,0781 | 1102 111.85 ,C777 1108 111,20 ,0772§ 1114 110.59 ,0768|1121 110,02 .0784
27 1099 107.73 .0748 | 1106 107.05 .0743 1112 108.40 ,0739| 1119 105.79 ,0735|1126 105.22 .0731
28 | 1103 103.57 .0719 | 1110 102,89 .0715 1117 192.24 ,0710( 1124 101.83 ,0706 1131 101,26 .0703
290 | 1107 99.73 .0€83 {1114 99.05 .0688 1121 98.40 ,0683( 1129 7,79 ,0679 1138 ¢7.22 .0875
30 | 1111 95.89 .0666 | 1119 95.21 .0661 i126 94,56 ,0657{ 1134 93,95 .0652 j1142 93.38 .0648
31 | 1115  92.89 .,0644 [ 1123 92,01 .0639 1131 91.36 ,0634| 1139 90,75 .0830 1147 90.18 .0626
32 | 1120 89.49 .0621 | 1128 88.61 .0617 1136 88.16 ,0612| 1144 87.55 .0608|1152 86.98 .0604
33 | 1124 86.29 ,0599 { 1133  85.61 .0595 1141 84.96 ,0590| 1145 84,35 .0586 |1157 83,78 .0582
3¢ | 1129 83.41 .0579 | 1138 82,73 .0575 1146 82.08 ,0570| 1154 81.47 .0566 |1162 80.90 .0562
35 | 1133 ©80.856 ,0561 | 1142 80.17 .0557 1151 79.52 .0592| 1160 78.81 .0548]1168 78.34 .0044
36 | 1137 78,29 ,0544 | 1147 77,61 .0539 1156 76.96 ,0534 1165 76.35 .0530 {1174 75.78 .0526
37 1141 75.73 ,0526 | 1151 75,05 .0521 1161 74.40 .0517| 1171 73,79 .0512|1160 73,22 .0508
3g | 1145 73.49 .0510 | 1156 72,81 ,0508 1166 72.16 ,0501| 1176 71.55 ,0497 1186 70.98 .0493
39 | 1149  71.25 .04e5 [1160 70.57 .0490 1171 69.92 .0486| 1182 60.31 .0481 1192 68.74 .0477
40 | 1153 69.33 .048l | 1165 68.85 .0477 1176 68,00 .0472{1188 67.39 .0488 (1198 66.82 .0464
41 | 1158  67.41 .0468 | 1170 66,73 ,0463 1181 66,08 ,0459| 1193 65.47 ,0455 [ 1203 64.90 .0451
42 | 1162 85.49 .0455 1175 64.81 ,0450 1187 64.16 .0446|1198 63,55 ,0441 | 1209 62.98 .0437
43 | 1167 63.89 .0444 | 1180 63.21 .0439 1192 62.56 ,0434|1203 61.95 .0430 |1z15 61.38 .0426
4 1171 61.97 .0430 | 1185 61.29 .0426 1198 60.84 .0421|1209 80.03 .0417 |1221 59,46 .0413
45 | 1176 60.37 .0419 | 1190 59.69 .0415 1203 59.04 .0410 1215 58.43 .0406 {1227 57.86 .0402
46 | 1180 58,77 ,0408 |1194 58.09 ,0403 1208 57.44 .0399| 1221 56,83 ,0395 {1233 56,26 0391
47 | 1185 57.49 .0399 | 1199 56.81 .0395 1213 56.16 ,0390{ 1227 55,55 .0386 |1239 54.98 .0382
48 | 1190 S5.89 .0388 | 1205 55.21 .0388 1216 54.56 .0379{ 1233 53,95 .0378 |1246 53.38 .0371
49 | 1195 54,61 .0379 | 1210 53.93 .0375 1224 5§3.28 ,0370|1239 52,87 .0366 |1252 52.10 .0362
s0 | 1200 53.33 .0370 | 1215 52.65 .0366 1230 52.00 ,0361| 1245 51,39 .0357 1259 50.87 .0353
52 | 1210 50.77 .0353 |1226 50.09 .0348 1242 49.44 .0343| 1267 48.83 .0339 |1272 48.26 .0335
54 | 1220 48,53 .0337 (1237 47.85 ,0332 1254 47.20 .0328) 1270 46,59 ,0324 [1286 46,02 .03%0
56 | 1230 46,81 ,0324 | 1248 45,93 .0319 1266 45.28 ,0314| 1283 44.67 .0310 [1300 44.10 .0306
58 | 1240 44,37 ,0308 {1259 43.69 .0303 1278 43.04 .0299 (1296 42.43 .0295 |1310 4I.86 .0281
60 | 1250 42,77 .0297 [1270 42,09 .0292 1290 41.44 .0288(1309 40.83 ,0284 |1328 40.26 .0280
62 | 1260 40.85 .0284 |1282 40,17 .0279 1203 39.52 .02741323 38,91 .0270 1343 38.34 .0268
64 | 1271 39.25 0273 |1294 38,57 .0268 1316 37,92 ,0263{1337 37.31 .0259 |1358 36,74 0255
66 | 1282 37.97 .0264 13086 37,29 .0259 1329 36.64 .0254 {1351 36,03 .0250 |1373 35,46 .0246
s8 11293 36,37 ,0253 11318 35,69 .0248 1342 35,04 .024311386 34.43 0239 11388 33,86 .0235
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PULP DENSITY TABLES

SPECIFIC GRAVITY 1.73 1.85

cusic Fr TON18.29 17.30

Percent  SPec. Total Cond.” "Spec.  Total Cond. " Percent

Solids | Grov. Vaolume Factor  Grav. Volume Foctor  Solids
5 | 1022 626.29 .4349] 1023 625,30 .4342 ] 5 olzalzulzelze o |58
6 | 1026 519.73 .3609] 1028 518.74 .3602 | 6 g sbed e § b i 28 | ne
7 11031 443.57 L3080 1033 442,58 .3073| 7
8 | 1036 3286.29 .2683| 1038 385.30 .2676 | 8 R ESIE AR AR Rt SR A R A REAR ] B R £ - ]
9 | 1040 341.81 .2375) 1043 340.82 .2367| 9 <|-k|r|-e|=8|~8 |- |-&|~c|-a|~8]|a|~6~a|nd
10 | 1045 306.29 .2127| 1048 305.30 ,2120 | 10 dEC I Bt IR R R R R L L A R
11 11049 277,17 .1925] 1053 276,18 ,1918 | 17 [ 53 e f Db 3 Dol ap: Jf (ihp. Jf e § bk 3 Rt § BUipt § ub Z6|as
12 | 1054 252.85 .1756f 1058 251.86 ,1749 | 12
13 {1059 232,37 ,1614} 1063 231.38 ,1607 | 13 Bl <|sm|smiog|=r a8 |53 |28is8 29
14 | 1064 214.77 .1491| 1068 213.78 ,1482 | 14 2| Za|iA|ne|-d -8 [~d]-c|-8 e

I5 | 1089 199.73 ,1387| 1074 198,74 ,1380 | 15
16 | 1074 186,29 ,1294[ 1079 185.30 ,1287 | 16
17 | 1079 174.45 ,1211| 1084 173.46 ,1205 | 17

DRY_SOLIDS

18 | 1084 164.21 .1140)] 1090 163.22 .1133 | 18 HEIE BB B EEE R R

19 | 1088 154.61 .1074{ 1095 153.62 ,1067 | 19 !

20 11094 146.29 ,1016(1101 145,30 ,1009 | 20
2) }109¢ 138,61 .0963 /1106 137.82 .0956 | 21 ‘

22 {1103 131.89 ,0916|1112 130.9C .0909 | 22
23 (1108 125.49 ,0871[1l1l8 124,50 ,08685 | 23
24 |1114 119.73 .0831|ll24 118.74 .0825 | 24 i

1.0
122
o7
.56
10
01
1
0.713

25 11120 1l4.2¢ .0793 |1130 113.30 .0787 | 25
26 |1l28 109.49 ,0760 1138 108.50 .0753 { 26
27 |1121 104.8% .0727 |1142 103,70 .0720 | 27

JUU PR S
28 {1137 100,53 .069e {1148 99.54 ,0691 | 28 SR1ER 28| nR
29 |1142 96.69 .0871 [1154 95.7C .0885 | 29 Z

L E T
30 [1148 92.85 ,0642|1180 91.86 .0638 | 30 23123125 %e

31 }1154 B89.65 ,0623|1186 88.06 .0616 | 37
32 [1l159 86.45 ,0600 1172 85.46 .0593 | 32
33 |1185 83,25 ,0578[1179 82,26 .0574 | 33
34 (1170 80.37 .0558 1185 79.38 .0551 | 34

35 111786  77.81 .0540[1182 76.82 .0533 | 35
36 (1182 75.25 .0523 |1198 74.26 ,0516 | 36
37 1189 72.89 ,0505 {1205 71.70 ,0499 | 37
38 11195 70.45 .0489 [1211 69,46 ,0482 | 38
39 11201 68.21 .0474 {1218 67.22 0467 | 39

SPECIFIC GRAVITY OF PULPS

Number of U.S. Gallons Per Minute equivalent to 1 ton of dry solids per 24 hours In pulps of varlous water-solld ratlos.

40 11208 66,20 ,0440 1225 65,30 ,0453 | 40

41 11213 64.37 ,0447 (1232  63.38 .0440 | 41 g |2 (5 |3 |8 8 IR 18 8 |8 |8 |2 %
42 {1220 62,45 ,0434 (1239  61.46 0427 | 42 ER N N R o Rt Dol b
43 |1226 60.85 .0423 1248 59,86 .0416 | 43 O PR DU I P I B D e P P
44 |1232 58,93 .0409 |1253 57.94 .0402 | 48
45 | 1238 57,33 ,0398| 1261 56.34 .0391 | 45
46 [ 1245 55.73 ,0387| 1268 54.74 .0380 | 46
47 [1252 54,45 ,0378) 1276 53.46 .0371 | 47 als e |z igds 2 (2 |5 |2 g 18 |8

48 | 1259 52,85 ,0367|1283 51.86 ,0360 | 48
49 | 1265 51.57 ,0358)1291 50.58 .0351 | 49

50 11272 50.29 ,0349|1299 49.30 ,0342 | s0
52 11287 47.73 ,0331 (1315 46.74 .0325] 52
54 |1301 45.48 .0316| 1332 44.50 ,0309 | 5¢
56 113186 43.57 .0303{1348 42,58 ,0296 | 56
58 11331 41.33 .0287[ 1364 40,34 ,0280 | 5

60 11248 39.73 ,0276 (1381 38,74 .0269 60
62 (138% 37.80 ,0263 |1399 36.82 .0256 62
64 11378 38.21 .0251]1418 35,22 .0245 64
66 11394 34.93 ,0243 (1437 33,94 0238 66
68 11411 33.33 ,0e31 /1456 32,34 0225 48
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Factor of Safety

Normally a 25 per cent factor of safety
is allowed in determining the thickener
area size. Thus, in the above case, 8.87
(largest of three figures) plus 25 per
cent factor of safety, equals 11.09 square
feet area required per ton of dry solids
fed to the thickener per 24 hours.

If the pulp reached its final density
during the 19 hour test, a standard
depth thickener is considered adequate.
However, if additional time was re-
quired to reach final density, the thick-
ener volume would have to be large
enough to retain the pulp for this extra
time,

Standard thickener depths are as fol-
lows:

Thickener Standard
Diameter Thickener Depth
5to 7 4
8 to 11’ 6

12’ to 25 8

26’ to 40 10

Storage Capacity

Another factor to be considered is the
storage capacity desired in a thickener.
For example, it may be necessary to
shut a filter down for repairs and at
the same time keep the balance of the
mill in operation. In this case the thick-
ener will act as a storage reservoir.
Where storage capacity in a thickener is
of importance such as in many of the
non-metallic flotation plants, a larger
factor of safety should be applied in cal-
culating the area. Greater depth should
not be used unless the lift of the thick-
ener mechanism can also be increased.

Duplicating Thickener Action

Many times a pulp standing without
agitation will not settle to as low a final
density as when aided by movement of
thickener rakes in actual operation
The DECO Test Laboratory developed
a miniature thickener mechanism which
is used in determining final density un-
der actual operating conditions.
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LIQUID-SOLID RELATIONSHIPS

Specific Gravity—Specific Volume

Practically all metals occur as minerals in the earth's crust. One of the moet important
characteristics of minerals is the relative weight, usually measured as specific gravity.

The specific gravity of a solid or liquid is the ratio of its weight to the weight of an
e(?.ml volyme of water under standard conditions. Density i any weight/volume
relationship, including specific gravity. The specific gravity of water is 1.000 at 4° C.
WATER st maximum density, 4° C., 39° F.

1 cu. {t. weighs 62.4283 Ibs. = 28.317 kilogram. 1 cu. ie. = 0.578 os.

1 cu. centimeter (cc) weighs 1 gram.

1 ton equais 32.04 cu. ft. under above conditions.

1 ton equals 32.2 cu. ft. at 90° F,

The above value will be reduced by impurities always present in ordinary tap water,
80 that a valueof 32 cu. ft. per ton (32 C.F.P.T.) may be used in ordinary mill calculations.

Sea water contains in solution about 3.44% soluble salts (of which 2.5 is common
salt), weighs 64.176 lbs. per cubic foot, average 31.13 C.F.P.T.and 1.028 specific gravity.
The concentrated waters in Great Salt Lake and the Dead Sea contain about 22.4%
soluble salts, weigh 73.5 lbs. per cubic foot, average 27.2 C.F.P.T., and 1.17 specific
gavity,

The reciprocal of specific gravity is specific volume. A more convenient form of
specific volume for use in milF;lcul.nu'ons is cubic-feet-per-ton (C.F.P.T.);

32

specific gravity = ———— CFPT = ——

g CFPT, 85.G.
Determination of specific gravity and CFPT: Solids; weigh up 32 grams of dry solids
in small envugh pieces to pour jnto a 50 cc. glass graduate; fill the latter to a definite

3z

mark, 25 cc. or 30 cc.; pour in the solids; the ris in oc. is C.F-P.T, and ———_is the

ific gravity. For more accurate work use 320 grams and a 500 ce. graduate, and
vide rise by 10 for C.F.P.T.

This method may be used for pulps, exccpt. for the sticking of solids to tbe side of
the graduate; tho usaal method is with a sp. & fisk. Fill the flesk to the mark, weigh
it, deduct the empty weight of flask, and divide the net weight in grams by the volume
in cc., which gives ap. g. .

The following relations cxist hetween the constituents of a mixture which contains
oo voids, such as a pulp, or a rock.

aFs + bFp = (s + b), Fe, by weight

AG, + BGob = (A +B) G, by volume
where 5 and b are fractionsl parts (usually totalling 100%) by weight; A snd B are
fractional parts by volume; Fy, Fy and Fgare C.F.P.T. of the two substances and their
combinations; G, Go and Gy are specific gravities of the two substances and their
combination.

Pulps and Circulating Loads

The following formulse, derived from the fundamentals, are useful in pulp caleulations:
" 32-Fp Gp -1 Ge
8, percent solids in pulp = 100 —- =100 - X —

32 - F,
F-F
100 — 8, percent water in pulp = 100 —— - = 100 — -~ -
P 32-F, Ga - 1) Gy
do =y It gy G
Cubic feet pul| tondrysolids = Fp —— — =82 — "
i foot pulp per ton dry " 2-F G~ D Ga

F and G refer to C.F_P.T. and sp. g.; subscripta , and 4 to pulps and sofids. Bimilar
formule applied to moisture values are useful for ealculstions on eirculating loads from
classifiers, and for thickeners, particularly for operations:

A Denver Mineral Jig or Denver
"Sub-A” Unit Flotation Cell In Your
Grinding Circuit Will Recover Mineral
As Soon As Free.
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Liquid Solid Relationships (continued)
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, sands and overflow.
100 — 38
q-3
q-1T

ra—
100 — s

Q

100 ~ q
q-f
q-s
f—a
q-s
q-—8
f—s

F
X
X
X

100 —
100 — 8

8=F —

100 — q
100 ~ f
100 — f
100 - q

Five quantities must be known 1o find the other.

F, 8, and Q are dry tons of feed, sands and overflow.
100 —

1, s and q are percent of moisture in feed,

F=8+Q-
F
F=Q

Q

i Z —=
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grinding

ing load in closed circuited
D-8

ry tons per hour of classifier Teturned Sand.

Fis dry tons

Dis

PF — C — DF

L the
M — DF
D-8§

) ing method of i i
i from F. C. Bond, A.LLM.E., Mining & Metallurgy, Nuvember 1937:
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d algo by the

100T

, new water added to classifier. .
is tons per hour, new water added to mill feed, including moisture in ore.

parts liquid to 1 part solids) mill Discharge.
rta liquid to 1 part solids) classifier Overflow.

parts liquid to | part solids) classifier Sand.

per hour of new feed to mill.

pa

dilution (

ing load

P is dilution (
is tons per hour,

C
M

8 is dilution (;

Where L iz d

The ci

100 — P

day through the grinding unit.

Q=

tons per hour or

is total dry
is total d

P iy return

Where $

tons per hour or day, initial feed, and overflow.
of Q.

sands in percent.

:‘i,
NUMBER OF U.S. GALLONS OF PULP PER MINUTE

155.87,

per ton) of
72.08| 98.95|

Ja
14
4
4
30.19]36. 44(44 02]55 32!

in 24 Hours

Peroont Water by Weight in Pulp

Dry Solids

9

9

9

9
8.1 9.17]

Required to Deliver 100 Tons (2000 Ibs.

3
Fl
3
3
a3

solida delivered by pulp in 24 houm,

T = Tons of dry

8pGr = bpecific Gravity of the dry solids,

W R 1 )
R BpGr
W = % by WL of water in the pulp.

Formula; US.G.P.M. = T X 1675 (

P you and
th you on

i

R = % by Wt of dry solid in the pulp.

All we ask is a chance to hel
the opportunity to work w
your equipment needs.
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Please contact Denver Equipment for cur-
rent process for any and all of your mill
requirements. All we ask is the opportunity
to work with you and we will gladly supply
current prices and delivery information
upon request.

Ratio of Concentration by Assay

In calculating the Ratio of Concentration (R) of ohe
mineral operations, the following formula has begq found
very useful. Assays of heads, concentrate, and tailing are
required.

Explanation of Symbols Formula
Assay
Heads H C—T
Tailing T R—=—
Concentrate .C H—T
Ratio of Concentration.. R

Mill Water Requirements

Dilutions
Tons
Ore 3:1 4:1 5:1 6:1
Fed per
24 Hrs. | Tons | Gals. | Tons | Gals. | Tons | Gals. | Tons { Gals.
Water | Water | Water | Water | Water | Water | Water | Water
v per per per per per per per
24peHrsA Min. {24 Hrs.| Min. |24 Hrs.| Min. {24 Hrs.| Min.
10 30 50 40 6.7 50 83 60 10.0
15 45 7.5 60 10.0 75 12.5 S0 15.0
20 60 10.0 80 133 100 16 .6 120 20.0
25 75 12.5 100 16.6 125 208 150 25.0
35 105 17.5 140 233 175 29 3 210 3s5.0
50 150 250 200 3313 250 41.7 300 50.0
65 195 32.5 260 43 3 325 54.2 390 65.0
100 300 50.0 400 66.7 500 83 .4 600 100.0
125 375 62.5 500 83 .4 625 104 .0 750 125 ¢
150 450 75.0 600 100 .0 750 125.0 900 150 ¢
200 600 100 .0 800 133 .3 | 1000 166 6 | 1200 200 0
300 900 150 .0 | 1200 200.0 | 1500 250.0 | 1800 3000
500 1500 250.0 | 2000 333.3 | 2500 417 .0 | 3000 500.0
Water to Ore Water to Ore
Machines Ratios Machines Ratios
Harz Type Jigs 3:1 to5:1 Stamps—Gravity 3:1to

6:l
Flotation Machines Ball and Rod Mills .. 1:1 to 1:4
(Oxidized Ore) 2:1 to3:1 Hydraulic Classifiers .3:1 to 10¢:1
Flotation Machines Screens . 1: 3:1
(Sulphide Ore) 3:1 to5:1 Concentrating Tables 2:1to §:1
Cyanide Slime Denver Mineral Jigs..1:1to 2:1

Agitators 1:1 to2:1
Thickener Discharge . 1:1 to2:1 i
Filter Discharge 1:20to 1:5 !

Average Cyanide Circuits 1 to 3 Tons Water : Ton Ore.
Average Fiotation Circuits 3 to 5 Tons Water : Ton Ore.
Average Table Circuits 5 to 7 Tons Water : Ton Ore.

Average Jig and Table Circuits 6 to 10 Tons Water : Ton Ore.
Average Table and Amalgam. 8 to 12 Tons Water : Ton Ore.
1 Gallon Water = 8.33 pounds = 3.785 Liters.

1 Ton Water = 240 gallons = 908.49 Liters.

1 Cubic Foot = 7.48 gallons.

G.P.M. = Tons of Water per 24 Hrs. X 0.16643.

Resistance to Crushing for Various
Materials
Approximate values in pounds per square inch
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Resistance to ‘ ; Resistance to
Crushing in | | Crushing in
Material Lbs. per Sq. In. Material Lbs. per Sq. In.
= L | .
Brick: |
Soft burned 3000-6000 Granite 9700-34000
Hard burned 4500-6500 Limestone 6000-25000
Vitrified 8500-25000 Marble 7600-20700
Brownstone 7300-23600 ||  Sandstone 2400-29300
Concrete 800-3800 | Tufa | 7700-11600
i

DRYING ORES AND CONCENTRATES

Heat and Coal
To Drive off Moisture (thnreLim])(Per Ton {2,000 Ibs.) of Dry Material
o) 6)

{Condensed from Ruggles-Cales Eng. Co., Cat. No. 1

At 100% Efficiency At 1009, Kficiency

Mois- | Water, Tl Mois- | Water, N .
ture, % | Iha. Coal, | ture, % | lbs. Total . Coal,

Ibs BT.U Ibs

1 20 86,200 72 | 25 667 804,550 67.5
2 41 104,680 9.2 30 857 1,021,970 85
4 83 156,530 131 35 1077 1,267,930 106
6 128 207,940 177 ! 40 1,333 1,554,130 130
8 174 258,370 215 50 2,000 2,299,810 193
10 222 312,040 260 60 3.000 3417840 285
12 273 369,050 308 70 4,667 5,280,430 440
14 325 427,190 356 80 8,000 9,007,840 756
16 381 489,800 108 85 13,333 12,734,090 1,060
18 439 554,640 462 90 18,000 20,188,000 1,680
20 500 622,840 52 i 05 38,000 42,548,000 3,550

Tatal BT.U. include 63,840 B.T.U. Lo raise temperature of materia) from 60° T to
212° F. ot which point evaporation takes place (at sca level); specific heat of material
taken as 0.21,

Coal assumed to have 12,000 B.T.U. per'lb. s used and is for 1007, efficiency a3 speei-
fied. Table of coal added Lo original data by The General Engineering Company.

ROTARY DRYERS have efficiencies of 505 to 70%; cnal consumption may be
determined fromi the above table by subtracting pounds of coal carresponding to pereent
muoisture in the dried product from the pounds of coal Lo percent moisture 1n the feed,
and dividing hy the efficicney expressed decimally.

Capacity 250 to 660 Ihs. water evaporated per sq. ft. of seetion per 24 hours,

bble Dryers are frequently used for drying concentrates; generally have a cast
iron hottom, heated on the under side; the materia) being dried is moved along, counter
to the flow of the heating gases, by rabbles; evaporated moisture ususlly goes direct
into the room. ’

Capacity: 50 W 75 pounds of water evaporated per 24 hours, per aq. It.

Power: 3 0 10 FLP. hours per ton of water evaporaled.

Fuel cffieicney: About 5077 at maximuin rating; may go down to 30% on redueesd Joad.

The usual practice on flotation eoncentrates is to remove by drying sbout half to
three-fourths of the moisture in the filter cake, which runs from 8% to 30%.
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Information and
Data on Concrete

THE FIRST consideration in building any structure is the
allowable bearing pressure between the footings and the soil
upon which the foundation rests. The center of pressure on
a foundation should always pass through the center of the
footing and the allowable bearing pressure between the foot-
ings and the soil for tall structures should naturally be less
than for low structures. Also foundations subject to shock
should be figured with less unit pressures than foundations
for stationary loads in order to allow for possible disarrange-
ment of soil due to vibration. Water is always dangerous in
soils, as it directly affects the amount of allowable pressure
that the strata can support. The following table can be con-
sidered good practice in figuring foundation loads quickly:

Bearing Power
Kind of Material in Tona
per Square Feet
ROCK, HARDEST, in thick layers on native bed. .. .. 200
ROCK, HARD, equal to best ashlar masonry. .. 25-30
ROCK, HARD, cqual to best brick mawnry,. 15-20
ROCK, SOFT, equal to poor brick masonry . $-10
CLAY ON THICK BEDS, alwayadry...... 4- 6
CLAY ON THICK BEDS, moderately dry. . 2- 4
CLAY, SOFT R 1- 2
GRAVEL AND COARSE SAND, well cemented. 8-10
SAND, compact and well cemented 4- 6
SAND, clean dry.........,...... e 2- 4
SAND, QUICK, altuvial soila, etc... ... ..... ..... 05-1

However, if more accurate determinations are desired, in
addition to this table, direct experiment aided by careful
examination will enable one to determine with accuracy its
supporting power. Standard practice in present day foun-
dations is to use Portland cement mixed with sand and ag-
gregate to the proper consistency. The cement is usually
shipped in sacks which contain approximately one cubic foot
of material, as this is the handy and economical way to pur-
chase such supplies. A barrel of cement contains 4 sacks.

As cement readily absorbs moisture and deteriorates with
age, care should be taken to store it in a cool, dry place
until ready for use. Care must also be taken to make cer-
tain the materials used for concrete work are clean and suit-
able for the purpose at hand. This is particularly true of the
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sand. A quick method of determining the dirt or unsuitable
matter in sand is to rub it between the palms of the hands
and if a discoloration shows, it is well to make further tests
by sedimentation. This can easily be done by putting a small
amount of sand in a bottle or glass jar and an equal amount
of water added to the material. This is well shaken and
allowed to set for one hour. If the water shows a muddy
discoloration or has a one-eighth line of sediment showing
on top of the bulk of the sand, it indicates this material is not
suitable for concrete unless thoroughly washed. In choosing
sand—it is always well to have a mixture where both coarse
and fine grades can be obtained from the bank run, and as
free from mica as possible.

The proportion of aggregate to the cement is largely deter-
mined by the purpose for which the concrete is to be used.
In the following table when proportions are expressed in
parts, the cement is assumed to be one full sack equal to one
cubic foot, as in the proportion of 1:3:5. It is thus indicated

. one bag of cement to 3 cu. ft. of sand to 5 cu. ft. of stone
or aggregate.

The following proportions by Taylor and Thompson in
their book on concrete may be taken as suitable for fair
average practice:

Rich Mirture—1:1%:3 js suitable for columns, and other
structural parts which are subjected to high stremes, or
which require water tightness.

Standard Mixrture—1:2:3% and 1:2:4 are known as stand-
ard mixtures for reinforced concrete floors, beams and col-
umns, arches, reinforced engine or machine foundations sub-
ject to vibrations, tanks, sewers, conduits, and other water
tight work, also for plain and reinforced concrete pavement.

Medium Mixture—1:2%:5 is suitable for ordinary machine
foundations, retaining walls, abutments, piers, foundation
walls, building walls, ordinary floors, sidewalks, and sewers
with heavy walls. Generally used where reinforcing is not
required.

Lean Mixture—1:3:6 suitable for unimportant work in
masses, for heavy walls, large foundations supporting a sta-
tionary load, and as backing for stone masonry; also suitable
for concrete base for many types of pavements, such as
asphalt, brick or wood block.

Particular care must be taken to keep the proper water-
cement ratio, since a slight extra amount of water will be
more detrimental to strength than a corresponding variation
in the other conditions incident to the making of concrete.

Our desire is to make you “Happier,
Healthier and Wealthier.”
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The quantities of materials in a concrete mixture can be
accurately determined by making use of the fact that the
volume of concrete produced is equal to the sum of the abso-
lute volume of the cement, plus the absolute volume of the
aggregate, plus the volume of water.

This can best be illustrated by an example. Suppose the
concrete batch is to consist of one sack of cement (94 lbs.),
22 cu. ft. of dry fine aggregate weighing 110 lbs. per cu. ft.
and 3.6 cu. ft. of dry coarse aggregate weighing 100 lbs. per
cu. ft. and is to be mixed with a water-cement ratio of 7 gal.
per sack. The apparent specific gravity of the cement is
usually about 3.1 and of the more common aggregate 2.65.

9
Cement lecu. ft. @ 3Tx6i S .49 cu. ft. absolute volume.
Fine A te 2.2cuft. @ 1% 1 46 cu. ft. absolute volume
ine Aggregate @B @ it =146 cu. ft. me.
Coarse Aggreate 3.6 cu. ft. @ ——0— =7 .18 cu. ft. absolute volume
oarse Aggreate 3.6 cu. ft. TemeI 5% .t )
Volume Water 7% = 93 cu. ft. absolute volume.
Total volume concrete produced . ... ... ... 5.06 cu. ft.

Thus one sack of cement produces 5.06 cu. ft. neglecting absorption and
losses in manipulation.

L2
The cement required for 1 cu. yd. of concrete is 5 ;1)6 = 5.34 sacks. The
. - 5.34x2.2
quantities of fine and coarse aggregate required are therefore 37 = .42

5.34x3 .6

cu. yd. fine and = .71 cu. yd. coarse. For unusual material such

as blast furnace slag, and light weight aggregate, the exact specific gravities
hould be used.

The Portland Cement Association maintains offices in all
the larger cities and will be glad to go into any problem.

Brickwork

Brick vary in size and quality. A cubic foot of wall re-
quires 17 brick 8!%"x4%s”x2%” and 20 brick 84”x4"x214",
based on mortar joints not over 3" thick. In calculating the
number of brick, small openings are counted solid, while
large openings (75 sq. ft. or over in area) should be subtracted.

Firebrick average 9”x41%”x21%”, weigh about 7 lbs. per
brick; 1,000 firebrick require 800 lbs. of fireclay mortar.

1--3 LIME MORTAR 1—3 CEMENT MORTAR
1000 brick 1000 brick
175 lbs. lump lime 1-1/4 barrels or 5 sacks
3/5 ton or 4/9 yard of sand cement (500 lbs.)
3/5 ton or 4/9 yard of sand

All we ask is a chance to help you and
the opportunity to work with you on
your equipment needs.
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Spacing
Return Rollers

Troughed Rollers 200
Material
Lbs. Cu. Ft.

[

f Material
’ 75 Lba. Cu. Ft.

Spacing of Carrving Rollers

Troughed Rollera 152

870
J
bes ‘ Waterial
50 Lbs. Cu. Fr.

ies of Belt Conveyors
Capacity st Belt Speed of 190 Feet Per Minute

Belt Conveyor Data

a

Capacit
Flat Rollers

Hesd Pulley
Diameter, [nchea

3
&
H
=3

Size of
Piecea

in loches

Max.

io Inches

&0
yo

3o
¥-3

v
H e

12-
12-

12-18
1420
16-20
16-24
18-30
203
wa
3042




Diesel Power Plants

The Diesel engines shown below are medium wecight,
medium speed, 4 cycle, full Diesel engines; the 10, 20, and 30
horsepower are hand cranked, the 40 and 60 are electric start,
the 80, 120, and the 160 can be electric, air, or gasoline engine
start. The fuel consumption of these engines will run approx-
imately 0.5 pound per brake horsepower per hour at full load,
and they operate approximately 1000 rated horsepower hours
on one gallon of lubricating oil. The weights and dimensions
are approximately correct.

I Dimensions
Sca Level No. of
ting Cylinders Length R.P.M. | Wt., Lba,
in H.P. with w. h,
Clutch

10 1 277 28" 0" 1200 1050
20 2 4’37 287 4’0" 1200 1350
30 3 410" 28" 4’0" 1200 1650
40 4 56" 28" 4’0" 1200 2750
60 6 6’8" 28”7 407 1200 3250
80 4 60" 36" 43" 1200 3600
120 6 747 36” 43”7 1200 4900
160 8 877" 36" 4’3" 1200 6200

The engines shown helow are two cycle, heavy duty, low
speed engines, with a very conservative rating and designed
for continuous, full load operation. The fuel consumption will
run, at full load, approximately 0.4 pounds per brake horse-
power per hour and the lubricating oil life is about 3000 rated
horsepower hours per gallon. These engines are started with
compressed air.

Dimensions
Sca Level No. of
Rating Cylindera Length R.P.M. | Wt, Lbs.
in HP. with w. h.
Clutch
60 1 123" 8’ 86" 360 13000
75 1 131~ 8’ 9’4" 300 17000
120 2 15727 8’ 8’67 360 19000
150 2 1675” 8’ 9’4" 300 26000
180 3 182" 8’ 8’6" 360 27000
225 3 1927 8’ 9’4" 300 36000
300 4 243" 8’ 9’4" 300 48000

The Diesel Engine Mfg. Association derate Diesel engines at high altitudes
as follows: 10% at 3200', 20% at 5700’, 30% at 8000’, 40% at 10800°,
and 50% at 14000’. The fuel consumption increases slightly at the higher
altitudes, approximately 10% at 8000”.

Approximate B.T U.'s in various fuels:

Lignite 12,160
Sub-Bituminous . 13,030
Bituminous 15,560
Anthracite B 14.070
Fuel Oil . 18.000
1 pound Fuel Oil = 1 pound Coal.
702

Gasoline Power Plants

The Gasoline Power Plants listed below include: Engine,
radiator and fan, fuel tank, bell housing and clutch, angle
sills, oil filter, oil type air cleaner, carburetor, and magneto.
Engines can be furnished with any or all attachments.

*Sea Level Dimensions R.P.M.

Rating No. of Low | Weight,

in HP. | Cylinders ~— == | Gov- | Pounds
- I w. h. erned
19.0 4 48 147 e b 744
27.5 4 6034" gg”‘ gg/‘ 1ggg 1288
34.0 4 61 15" 3534” 513" 950 1675
44.0 4 6634” 37347 5914~ 850 2145
36.0 6 721" 333~ 543" 1000 2055
38.0 6 72147 333" 5434~ 1000 2055
84.0 6 824" 463" s7ig” 1400 3370

107.0 6 8213 463" 5715” 1400 3370

*This horse power is for continuous operation and is figured for derated load.
Deduct 3% for each 1000 feet in altitude for intermittent load.
Deduct 3% for each 1000 feet in altitude over 3000 feet for continuous load.
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RATIO OF CONCENTRATION AND RECOVERY

Let H, C, T be weights or percent weights of Heads, Concentrates and Tails.
S+ T

Let b, c, t, be asany values, percent metal, etc.
Hh = Cc + Tt
The following formulie derived from the al
are available:

. H c—t
Ratio concentration, R =~

h—t

Rh hic — t)
Two Metal Formule, a3 arranged by R. Gilman Brown, A LM.M.E.;
DIFFERENCES ASSAY VALUES + 100

. Ce c ch ~t)
Recovery and Extraction %, E = 100 i 100 = 100
h

bove, are used when the three prime AssRys

AsSAvYS
P—Tp = .030 —~ 004 =.026 =g O1. Os
Cx ~Ts ~ 134 — 015 = .118 ~ b X %.%n  Au  Ag
Z~ Ty =072 - 015 = 057 = o Ore Z 72 G 8§
Cp — Tp ~ 566 — 004 = .562 ~ d Lea Ci134 Cg Ca
Bp — Tp ~ .061 — .004 = 057 = ¢ Zine cone. Bz 5t9 Bg Ba
Bz ~ Ta ~ 519 — 015 = 504 ~ Tsiling. .. .. Ts L& Tg Ts
FORMULE:
100 (& X ) = 100 (v X &)
Tona Pb Conot, = — o — =~ per 100 tona ore.
 Xd) ~ (¢ X by
100 (e X 100 (a X b)
Tons Zn Conet. w—— - per 100 tona ore,
@ x (e X by
CALCULATION:
100 (8.026 X 0.504) — 100 (0.057 X 0.057) 0,985
Tous Pb Conct. = —————. — = ——— = 356 tons/100
@304 X 05625 —  (0.087 X 0.119) 0.276465
100 (0057 X 0.562) — 100 (0.026 X 0.119) 4
Toua Zn Conet, = —— .~ " ——— +— = 10.46 tons/100
©504 X 0.562) ~  (0.057 X 0.119) 276485
BALANCE SHEET:
100 tons ore 3% Pb, 7.2% Zn Tons Pb Toos Zn
3.58 tons Pb Conol 56.6% Pb 13.4% Zn 2.01496 (g) 047704
10.46 tons Zn Conet. 6.1% Pb 51.9% Zo 0.83806 542874 ()
14.02 tonx both
98 1005 tailing. . . ... .. 0.4% Pb 1.5% Zn 0.34392 1.28076
2.9069 (b) 7095 (h)
[
Recovery R = v 67.2% P in Pb cone.  75.4% Zn in Zo cona,
100 Cp 100 By 5190
Ratio concentration — = =2 - =950
PXR 3x672 ZXR 72 X754

All we ask is a chance to help you and

the opportunity to work with you on
your equipment needs.
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1500
2000
2500
3100
4100
5200
2300
3100
3900
4900
6500
8100
9800
4400
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2500

BALL CHARGE IN POUNDS FOR

s38 88388
; 8888388 §3838%
o [eRT8E® IRFIZI
288 8853988
§8g g3gs8s
. $32 38828
|23
E
-]
ﬁn
2 oo
H 28383 398
j<hn) 2888888 £82288 2328888 283388
o WEZITTAR IRARSIR NRRFIss F88ese
(5
.| sss59%8 33833
«| 8883888 g8388¢8
weZIZRR IZKRSD
3 > =3 P=3=-3-3=-2-2--X-X-2-1
5548833887 338588 8383388 88382
] -l «me M =M g =3
T EE| ZuRTREE 952553 SHETRgs S3885%
e o

Ball Milt
Size
Dia. x Lgth,

Deanver

BALL CHARGES FOR DENVER BALL MILLS
rg
600
900
1200
1500
1800

2400
2700
1500
2000
2500
3100
4100
5200
2200
3100
3900
4800

*Based on 50 percent of mill volume and weight of balls 258 Ibs. per cu. f1.

Denver Ore Tests are made_ on an
"actual cost” basis. This bnn_gs the
world’s finest laboraiory equipment

and skilled technicians to your service
at a very low cost,
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BALL-MILL CAPACITY CALCULATIONS, ETC.

Base: Soft ores ground from — 157 to all pass 28 mesh in mills of the dimensions as

listed bhelow.
Per 1. M. Callow, London, Aug. lst, 1938

SCREEN DATA

EQUIVALENT ROUND AND SQUARE OPENINGS

Capacities Irindink Co-efficients
Nomiaal ‘o | we | wp | S e Grind ”,G,"d,lliii Eyl‘d‘;' Square Hole Round Hole :l:'r: ““-“.n {l:“:'-
fizes ol 9 ons r rindabnlity N .
Ml | See | of o Sives | B — Mesh | Inches m.m. Inches | m.m. | of Inch | Square Rd.
Innde Balls o = [ Ground o v sl
Lhoae | Aren Halls Sott | Eusy | Med. | Mard | Mery, 3750 698 3.250 [ 82.60 3 174 |
29 Mo T i T 1.873 | 47.7 2.412 |61.30 [2 7/16
R Rl IR el 1.375 [34.9 1.562 [39.70 |1 9/16
vl | - 688 173 812 |20.62 | 13716
B B Bl el Bl 438|111 563 [ 14.31 9/16
R Y B P e .230 6.35 313 8.00 3/16
DG o00) A28 ) 357 | 5| 1363 | 3.970 | .1875] 4.963| 3/16
asz| 206 210 | 200 | 170 0994 2.325 L1250 3.173 1/8
) ) ) 3 0929 2.362 1171 2.973]7.35/64 | .0938|.118
“100 3exl, 0869 | 2.307 [ _.1093| 2.778| 7/64
- Rl A B 0781 | 1.985 | 0938 2.381] 3/32
st b e | e | v0s | oss 10 .0630 | 1.651 0819 | 2.080(53.2/64 [.0793].100
bt = o0a ) T i o 0621 1,579 .0781 1.934 3/64
[ ] | IR
14 0464 1.168 0379 | 1.470 .03%7 |.0700
1{«;:\&(} oads -  40% of insidectiver volame X 206 . ”.f'.%“Z,'T.J‘?T.m N 16 | .0390| 0.991 L0491 | 1.247 .0472].0392
CAPACITIES ARE AMSUMED TO VARY Asie '037; 0.9‘7 ‘0469 1.191 3 /64
w i‘m PR nenes of the di Edn daaser, 18 1.0393 | .0497
(€7 Framorssanal 6 18 et o e e grond el 20 | .0328] 0.833 | .0413] 1.050 1.0336].0422
(s In a(tw‘l)(n‘r:r:ll\lh h’w(,({\( lowing (,r)lndﬂrlllly Faetors Nofr 1.00; Fasy 842, Mediim 707; 2‘ .0276 0'701 .0347 ~882 I
For ;::TH;I\I}: (y’vl_u;:‘(erlrl::ded 10-20% 1o the “H.P. 1o Lun™ given herein depending on the $1P, 23 | |.0281].0353
Lxamre: - Re nund capacity & x 6 mill grinding “medium ore’ to so'; 2007 -0248 0.630 0312 -794 1/32 | ]
Armrn T K0 ¥ Claemll” = JUOT D 128 e Ssolt ore) 28 0234 o.589 L0292 742 ] |
i e thenent e e o i 160 ol < 13 30 533310293
Caleniunans s follows—
, ty 8 x 6 noall medium ore to - 100 = 2330 x 3 x 175 = 306.T/1> ;: 0193 0.493 -0243 622 |
8 6 sl medion are to — 100 A0y 3 x = 219.T/ R .
) a\'l\l; TN M [Tl mlrdulm ur‘m to — | = 3y xm “YZ T“I') 016‘ ° 417 .0207 I -,26 ‘ -01 95’.02‘41—'
Capacity 767 x 15 puli mediing ore o = 150 = 2040 ¥ 3 x 106 2 162T/D 40 0166 f.0209
Slide Rule Calenlations, SKI. 315, 42 0138 0.351 0174 444 T |
.0124| 0307 | 0156) 397 1,64 |
Formula fur 1.1 see Coghill vt al - Milling Metbods AINMIE 1934, __48 0116 0.29% .0146 .372 |
0P x s 60 | 0097 0.246 | .01221 .310 0099 1 0124
Kw.-lIrs. "Ton = -
R ' Tons, 24 Hes. _——:o’ gg::,V 0103 .263
100 .0058 00359 1.0074
115 | 0049 ! t
150 L0041 ] 1 T

WEIGHT OF STEEL BALLS

17 iameter e Lal h 2‘ g oz. Approx.
. i oz “

134" diameter

1157 diameter P “
13" diameter “ 13 0n. “
2" diameter “ 19 02 “
214" dismeter “ 215 0hs.
3" diameter “ qtbs ¢
4" diameter P “ 10 Ibs “
57 diameter : “ 20 lbs, «
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Mill design and Flowsheet design are
also services of Denver Equipment Co.
Write for details how these services
might help you.
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VIBRATORY SCREENS

33° to 45° inclinution

Tons thru screen per squure foot acreening srea per 24 hours, wet or dry.

MESH | 37 [ 47 | K"} 6 8 |10 (14 120 |28 |35 [48 100

AVE. |75 |50 {30 |17 |15 |13 |10 7 5 4 3 1
7 5 2

MAX | 120 ) 69 3 s P30 |20 |17 14 12 1]

Averie ores cirrying up 10 105 moisture can be screened tq 10 mesh without previous
Arying : beyond that, the screening should be wet. with 3 Lo 3% ratio of water Lo ore.

CHUTES AND BINS
Slope Angles for Various Materials
Slopes Given in Inches (Vertical) per Foot (Horizontal)

Starting Slidiog

Ropose — for §
Bright Steel Wood

On Itself
Angle | Slope | Angle | Slope | Angle | Slope | Angle | Slope

Concrete

MATERIAL

Limestone Gangue. . . 20 44
Sandstone Gangue. .. | 22} 5
Quartaite .. L 35 | 8) . o
Iron Orc A 84 22 5 . .
Crushed Rock, Sized 912 | 2040 | 410 | 30-45 | 7-12 [40-45 {10-12
avel . . 9-12 | 25-30 | 53-7 40 10 10 10
Sand & Gravel 6 .
Sand, Dry 8 18 4 30 7 40 10
t 21 40 10 435 12 45 12
ogs, Wet 73 o B .. .
;, Dry. G}
th & Clay, Moist 12
rth & Clay, Mud. 3} }
ment, Dry 10 |
nent, Clinker 74 ‘ .
s 72| 31 7 10 10 10 10
. . b 4}
-Anthracite,Sized | 27 6 17 3
-Hituminous, Sized] | 35 8% |2221| 553 | 35 84 35 sk
k & L3545 183121 26 6
due sy lo2n | o4)

After starting sliding angle is 2°- 3° less.

In practice, sliding angles are 5°- 10° more than above.

Capacity of chutes is determined largely by the opening to the chute.

In gates and other openings or restricted spaces in which pieces of rock
are intermittently passing, the width should be at least 3 to 4 times the
diameter of the largest pieces, to prevent arching, and in the running chute
probably at least  times, to prevent nrching and reduce side frictico, Ve-
locities in the case of round pebbles will tend to approach those of free fall
unler gravity, while sliding masses have the free fall velocities materially
reduced by friction on the bottom.

Spiral chutes of steel, for which slopes have been determined for pack-
ages. sacks, and bulk materials, deliver vertically with minimum breakage.

Denver Ore Tests are made on an
“actual cost” basis. This brings the
world’s finest laboratory equipment
and skilled technicians to your service
at a very low cost.
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Mill design and Flowsheet design are
also services of Denver Equipment Co.
Write for details how these services
might help you.
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CENTRIFUGAL FORCE IN MILLS, TROMMELS,
ELEVATORS, ETC.

Centrifugal force combined with gravity plays an important purt in the operation
of cylinder ruills, trommels, elevators and other moderate speed horizontal axis maehines.
Wy
-— = 1.227 Wrn? = 0000284 WRRN? pounds, where
ir

C =

C = Centrifugal forec, or pull on radius arm in poonds
W = Weight of body in pounds
v = Velacity in feet per second
n = Revolutions per Second; N = Revolutions per minute
r = Radius in Feet; R = Radius in inches, from center of rotation
When C = W N?R = 35000 upprox.
The neutral Point where centrifugal force C equals the weight W is directly above

the center of rotation, und'at a distance found hy the above formula, N*R = 35000,
or from following table.

N--RPM 10 12 14 16 18 20 22 24 28 32 36 40 44 48
R—Inches ..350 240 180 137 108 87 72 61 d44!534 27 22 18 I5l4

The force at any point in the rotating mass is the weight at that point tirnes the
ratio of —its distance from the neutra! point—to R; the ;irection of the force is the
line from the neutral point to it. Lines of equal force, corresponding to points of equal
pressure in an open tank, are circles drawn about the neutral point a3 a ceuter.

Pressures
T
Air Pressurs P e T B A AT
Atmoaphere | Lb./Sq. To. | Kilomeiors | petere Feet Malii- Tuches
- | et ] TR | meten |
1 10332 | 10332 | 33.90 2
X 07031 | 70307 | 2.3066 2.03588
10004725 10001882 | (001882 | 01602 014140
96778 1 10 32,8083 28,9572
100678 10 1 3.38083 28057
10295 03048 | 3048 |t 88262
‘001316 00136 | 0136 | 04461 03937
03342 03453 | 34534 | 1.13209 1
1 oz. water gauge=1.73 inches. 1 1b. water gauge=28.68 inches.
Welghts
Bhort Metr L P LGeen O T i) -
| oans How | Avenm | Avomm | e | melem | Crame
1 90719 | 89286 | 2000 | 32000 | 20166.67 | 907184
11083 |1 98121 | 2204.62 | 352739 | 321508 | 1000
L1200 | 101605 | 1 2240 | 35840 | 326667 | 1016.05
0005 | .0004536 | 000446 | 1 16 14.5830 | 45350 | 453,502
o625 |1 9115 028349 | 28.3404
0686 | 10971 11 031104 | 31.1035
.0011032| .001 009842 | 22046 | 352735 | 32.15 1 1000.0
002204 | 03527 | 03215 | 001 1

SLOPES FOR LAUNDERS, INCHES PER FOOT

PERCENT SOLIDS {IN WATER]  DRY [ Moist
81z — —| Sand
PARTICLE 1-2 | 10-15

2" 3 4 5 61210 86
157 2 Q) 3 5 | H-12 | 108 16"
20 Mesh 1 1 1} 2 3| 16.11 | 12-10 | 1R
50 Mesh . 15 3 1 11 20
200 Mcsh 4 1y 35 rou .
Slirme Tail. 6 Y i
Sand Tails iy o ’

For concentrates and heavy gangues slopes should be increased 25—100%.

WATER IN LAUNDERS:—While it is claimed that the quantity of
water flowing with ore in a launder does not definitely follow Kutters
formula, etc., the following data for the flow of water in a rectangular
wooden launder will assist in calculating quantities of ore and water. Actual
quantities in mill launders is prohably between 50¢¢ and 75% of the
quantities given below.

STORED ENERGY IN FLYWHEEL

Feet-Pounds energy stored in flywbeel = E = 34 (Wv3/g)

In which E = feet-pounds stored energy
W = weight of Aywheel in pounds
v = velocity of radius of gyration in fcet per second
g = acceleration due to gravity (32.2 fect per second)

Torque-H.P. Formula
H.P. X 5250
Torque = “rpm.

Centrifugal Force

£

= centrifugal foree in pounds

=~ weight of revolving body in pounds

= distance from the axis of motion to the center of gravity of the body in feet;
= acceleration due to gravity (32.2 fect per second)

= number of revolutions per minute

= velocity in [eet per second
H
F =" = 0.00034 Wr N*
or

e X 4 ¥

Capacities of Troughing Belt Conveyors
Tons per Hour
Material Weighing 100 Pounds per Cubic Foot

LAUNDERS

Launders should have high enough velocities to prevent particles from
settling, or if they fall to the bottom, to keep them rolling and sliding.
The depth of waler should not be much over the diameter of the largest
rolling particles.
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3 PER MINUTE
" Wi}z;lth of SPEED OF BELT IN FEET PEI !
elt
Inches 100 | 150 | 200 | 250 | 300 | 350 | 400 | 450 | 500 | 350 | 600
12 34 48 58 68 80 92 [ 102 | 112 | 124 | 134
14 45 60 75 90 | 105 | 120 [ 135 | 150 | 165 | 180
16 60 | 80 | 100 | 12 140 | 160 | 180 | 200 | 220 | 240
18 75 1 100 | 125 | 150 | 175 | 200 | 225 | 250 ( 275
20 92 | 125 | 154 | 186 | 218 | 248 | 280 | 310 [ 342 | 372
24 135 | 180 | 225 | 270 | 315 | 360 | 405 | 450 | 495 | 540
30 216 | 290 | 3 435 | 507 | 580 | 653 | 720 | 790 | 860
36 315 | 420 | 525 1 830 | 735 | 840 | 945 (1050 |1 260
42 435 | 580 | 725 | 870 1015 (1160 |1305 1595 1740
48 570 9. 1140 {1330 |1520 {1710 11900 |2090 |2280
54 735 | 980 {1225 [1470 [1715 {1960 |2205 (2450 (2695 12940
60 900 {1200 [1500 |1800 {2100 |2400 (2700 13000 (3300 ;3600
Note. Ahove capacities are based on the assumption that material will be fed to
conveyor uaiformly and coutinuously. 1f loading is intermittent the conveyor should

be designed for the maximum rate of loading likely to ocour.
For flat belts oot troughed, use one-half of tbe above capacities.
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ESTIMATING CONVEYOR SLOPE, CONVEYORS
LENGTH, HEIGHT MAXIMUM ANGLE OF INCLINATION FOR VARIOUS
; MATERIALS

‘x :oo%x X

A (Angles greater than 20° should be carefully scrutinized.) ~ Maximum

1001t z : Angle

Material degrees

Degree % ® y y z x z Alumina, sized or briquette 10°
- Rise | (ft) (ft.) | (£t) (ft) [(ft.) (ft.) ‘Ashes. wet . - 38°
Ashes, dry...... .. 27°

1° 1.7%| 1.7 100.0[5729.9 5729.0] 1.7 100.0 Bauxite, gro drie z°
2 3.5% | 3.5 100.1|2865.4 2863.6] 3.5 99.9 23:1’;&? Qune_run... e
3° 529% | 5.2 100.1[1910.7 1908.1] 5.2 99.9 Cement, Portland. 28°
4° 7.0%| 7.0 100.2]1433.6 1430.1] 7.0 99.8 Cinders .23°
5o 87% | 8.7 100.4]1147.4 1143.0] 8.7 99.6 S{:}i";ﬁilf,’,‘d’“"“’ loose g;
6° 105% | 105 100.6] 956.7 951.4[10.5 995 Clay, gray, granular ) 20°
7° 123% | 12.3 100.8] 820.6 814.4[12.2 993 Ccal, Bituminous Slake 2)°
8° 14.1% | 14.1 101.0| 7185 711.5[13.9 99.0 Coal, Run-of-mine 18°
9° 158% | 158 101.2| 639.2 631.4[156 988 ok Cpushed and screened s
10° 17.6%{ 17.6 101.5] 575.9 567.1]17.4 98.5 Coke, run of oven 18°
11° 19.4% | 194 10197 524.1 514.5/19.1 98.2 Concrete—wet . - 15°
12° 213% 213 1022] 481.0 470.5[208 978 E:fé:{aai?ocsre‘i;i{éd..,, R
13° 23.1% | 231 102.6] 4445 4332|225 974 Gravel, sharp... ) 27°
14° 24.9% | 249 103.1] 4134 401.1|24.2 97.0 Gravel, round...... 15°
15¢ 26.8% | 268 1035| 3864 3732|259 96.6 g;::’,:} from bank .. b
16° 28.7% | 28.7 104.0| 362.8 348.7[27.6 96.1 Gypsum 33°
17° 30.69% | 30.6 104.6| 342.0 327.1}29.2 95.6 Gypsum, regular lumps.... L1
18° 325% | 325 105.2] 323.6 307.8[30.9 95.1 gz’)is‘;’r’: i’i‘::;ﬂ-t-; ----------- - gg
19° 3449 | 344 105.8] 307.2 290.4|32.6 94.6 Iron ore, soft..... . . ) T oy
20° 36.4% | 36.4 106.4] 2924 274.8]34.2 94.0 Kaolin, green cru(siher }*g:
21° 38.4¢%| 384 107.1] 279.0 2605|358 93.4 Kaolin, pulverize : .
25° 46.6% | 466 1103] 2366 214.4[42.3 90.6 Lime: parned gffl"t’lilz(:c‘,’ed)' .
30° 57.7%| 57.7 115.5| 2000 173.2[500 86.6 Lime, finle............ 29°
35° 70.0% | 70.0 122.1| 174.3 142.8{57.4 81.9 Limestone, pulverized .. .o
40° 839%| 839 130.5| 155.6 119.2{643 766 Dimestone, mixed sized , B
45° 100.0% | 100.0 141.4| 1414 100.0{70.7 70.7 Mica, ground 23°
50° 119.2%] 119.2 155.6] 130.5 83.9]76.6 64.3 Molybdenite ore, powdered... 257
55° 142.89% ] 142.8 174.3) 122.1  170.0|81.9 574 g:e“g:‘j:ﬁed %
60° 173.2% | 173.2 200.0| 1155 57.7|86.6 50.0 Phosphate, Florida.. 14°
65° 2144% | 214.4 236.6| 110.3  46.6[90.6 423 Phosphate, pulverize 28
70° 274.8%| 274.8 2924 1064 36.4]94.0 342 S::g df;mp ~~~~~~~~~~~~~ fg
75° 373.29 | 373.2 386.4] 103.5 20.8/96.6 25.9 Clag, furnace granulated 13°
80° 567.1%| 567.1 575.9] 101.5 17.6]98.5 17.4 Stone, crushed 18°
85°  1143.0%]1143.0 1147.4) 1004  87]|o9.6 87 Shale 26°
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Definitions of Common
Engineering Terms

Work is the overcoming of resistance through a certain space.

The Foot Pound is the unit of work and is equal to the amount
of work done in overcoming a pressure or weight equal to one
pound through a distance of one foot.

Power is the rate at which work is done.

‘The Horsepower is the unit rate of doing work.
(33,000 ft. Ibs. per minute
| 550 ft. Ibs. per second
1H.P. = { 2,545 B. t. u. per hour
| 42.42 B. t. u. per minute
| 746 Watts (watts = volts X amperes)

The Horsepower-Hour is a measure of work done.

1 horsepower-hour equals 60 X 33,000 or 1,980,000 ft. ]bs. or
2,545 B. t. u.

Energy is the capacity for doing work.
Velocity is the rate of motion or speed of a body at any instant.

Resistance is that which opposes an acting force and is equal
and opposite to force.

Force is anything that tends to change the state of a body
with respect to rest or motion.

The Pound Avoirdupois is the unit of force in American
engineering practice. It is the force which would give to a pound
of matter an acceleration of 32.1740 feet per second, or the force
with which gravity attracts a pound of matter at 45° latitude at
sea level.

Inertia is that property of a body by virtue of which it tends
to continue in a state of rest or motion, in which it may be
placed, until acted upon by some force.

The British Thermal Unit (B. t. u.) is the quantitative measure
of heat and has ordinarily been defined as the amount of heat
necessary to raise the temperature of one pound of water at a
definite temperature one degree Fahrenheit (¥.). The ‘‘mean
B. t. u.” adopted as standard is 1/180 of the heat required to
raise one pound of pure water from 32 to 212 degrees Fahrenheit
(from the ice point to the steam point), both at standard atmos-
pheric pressure (14.7 pounds per square inch absolute). It is
approximately equal to the heat required to raise the water from
63 to 64 degrees Fahrenheit.

The Large-Calorie (kilogram-calorie) is the heat required to
raise the temperature of one kilogram of water from 14.5 degrees
to 15.5 degrees Centigrade (C.), or 1/100 of the heat required to
raise one kilogram of water from O degrees Centigrade to 100
degrees Centigrade.
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The Pound-Calorie (Ib.-cal.) is the heat required to raise the
temperature of one pound of water one degree Centigrade.
1B. t.u. = 778 ft. lbs.
1 Kg.-Cal. = 2.2046 X 9/5 = 3.968 B. t. u.
2545 B. t. u. per hour = 1 h. p.

Saturated Steam is steam in the condition in which it is gener-
ated from water with which it is in contact, or whose temperature
is that due to its pressure. At the ordinary atmospheric pressure
of 14.7 pounds per square inch, its temperature is 212 degrees
Fahrenheit. As the pressure is increased its temperature and
that of the water in its presence increases.

Superheated Steam is steam heated to a temperature above
that of saturated steam at a corresponding pressure. Heat may
be added to stecam not in contact with water, resulting in an
increase of temperature and pressure if the volume be kept
constant, or an increase in temperature and volume if the
pressure remain constanc.

Dry Steam contains no moisture, and may be either saturated
or superheated.

Wet Stcam contains intermingled moisture, mist, or spray.
Water introduced into superheated steam will evaporate until
the stear becomes saturated; that is, until its temperature is
lowered tc that due to its pressure. Water at a lower temperature
than that of saturated steam into which it is introducted will
condense some of it, thus lowering both the temperature and the
pressure of the rest until the temperature again equals that due
to its pressure.

The Quality of Steam is the percentage of weight of steam in
a mixture of steamn and water. Thus, if in a mixture of 100
pounds of steam and water there is 34 of a pound of water, the
quality of the steam will be 99.25 per cent.

Absolute and Gauge Pressures—Steam gauges indicate the
pressure above atmospheric pressure. As the atmospheric
pressure changes according to the altitude and barometric
variations, calculations involving the properties of steam are
based on absolute pressures, which are equal to the gauge
pressure plus the atmospheric pressure. The latter is usually
assumed to be 14.7 pounds per square inch at sea level, but for
other levels it must be determined by barometer readings.

The hcat necessary to raise one pound of water from 32 degrees
to the temperature of the boiling point is called the “Heat of the
Liquid.”

The Total Heat of Steam is the heat necessary to change one
pound of water at 32 degrees into one pound of steam at the
temperature of the boiling point.

The heat nccessary to convert one pound of water at the
temperature of the boiling point into steam at the same tem-
perature is called the “Latent Heat.”
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The Calorific Power or Heating Value of a fuel is the total
amount of heat developed by the complete combustion of a
unit weight of fuel.

Boyle’s Law—The volume of a given mass of gas varies in-
versely as the pressure, provided the temperature remains
constant.

Charles’ Law—Under a constant pressure, che volume of a
given mass of gas is proportional to its absolute temperature.

One Boiler Horsepower is equal to an evaporation of 34.5
pounds of water per hour from and at 212 degrees Fahrenheit
into dry and saturated steam.

The Volt (analogous to head or pressure in hydraulics) is the
unit of electromotive force. It is the force required to send one
ampere of current through one ohm of resistance.

The Ohm (analogous to the loss of head due to the flow of
water in a pipe) is the unit of resistance. It is the resistance
offered to the passage of one ampere when impelled by one volt
and may be defined as the resistance of a column or thread of
mercury the mass of which is 14.4521 grams and which has a
uniform cross section, and a length of 106.3 plus or minus centi-
meters at 0 degrees Centigrade. This column is practically 106.3
centimeters long and one square millimeter in cross section.
Ten feet of No. 30 copper wire has a resistance of 1.033 ohms.

The Ampere (analogous to the rate of water through a pipe
in gallons per second) is the unit of current. It is the current
which one volt can send through a resistance of one ohm. Such
a current will deposit 0.001118 gram of silver per second from a
solution of silver nitrate or 0.00032959 gram of copper per second
from a solution of copper sulphate. The milliampere, or thou-
sandth part of an ampere, is used as a unit for the measurement
of small currents.

The Coulomb is the unit of quantity. It is the quantity of
electricity transferred by a current of one ampere in one second.

The Farad is the unit of capacity and is the capacity of a
condenser charged to a potential of one volt by one coulomb of
electricity.

The Joule is the unit of work. It is the work done by one watt
in one second.

The Watt is the unit of electrical energy and is the product of
ampere and volt—one ampere of current flowing under a pres-
sure of one volt gives one watt of energy.

746 watts equal 1 horsepower.
1 kilowatt equals 1.3410 horsepower.
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PAINTING

Paints are for protective purvoses and are used to assist light

about double that of the paint cost.

The labor cost is

ing.
Normal spreading rates are as follows:

SQUARE FEET PER GALLON

On Concrete

On Metal
500-700

On Wood

150~-250

300-400

300-400

Priming Coat. . ..

700-800

DO
[« Yol
7
810
b~
As N
Lo
- 8
77}
-
he
O &
=
L0
.5
9 E
c'!—l
<t R
'UQ"
57
—
5 2
wnu2

500

pray painting equal to 2 coats brush painting.

Second and Third Coats. .. ... ...........

First ceoat of s

Spray. painting, cold water white, etc.—1 Ib covers 25 sq. ft.

Your comments and suggestions are
always welcome. Please write to us.



Contents of Round Tanks
in U. S. gallons for each foot in depth

Gallons
One Foot

in
Depth

-
- Gallons ) Gall
Diameter | nefoot | Diometer | (nefong| Dismeter
in in

Feet | luches! Depth | Veet \lm-nos Depth || Feet | Inches
0 6 9 267.7
3 7 0 287.9
6 7 3 3088
9 7 6 330.5
0 7 9 9
3 3 0 6.0
6 b 3 9.0
i 8 0 5
0 3 9 98
3 9 0 5.9
i 4 3 7

K o 9 4 .2

4 0 9 9 5.5

4 3 10 0 5

4 G 10 6 7

4 9 1 0 9

5 i) 11 6 0

5 3 12 0 b 0

5 6 12 G .0

5 9 13 0 29

6 13 6 708

6 1 0 | 1515

L6

YEAR BY YEAR GROWTH
POUNDED QUARTERLY

OF $100 A MONTH COM-
AT VARIOUS RATES

Aﬂ.(r

chr

16

T

10,831 11,286
12,877 12,966
13,969 14,715
16,609 16,534
18,428
19,041 20,40K
20,835 22,449
22,685 24,683 26,680
24,584 26,803 29,270
26,551 31,989
34.847
37,850
32,804 41,006

29,009
32,022
35,221
38,615
42,218
46,042
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COURTESY OF DOR

R cO.

Conversion
Tables

CONVERSION FACTORS

Multiply By

Acres............... 43,560. . ...
PO 11 s &
“o. P 562x10-
e 4840......

.43,560. . ...
..325,851,
.1233.49. .
76.0. .
........ 29.92. .

“
. ...
“ ceee....1.058
Barrels—oil...........42..
“  —cement...

Bags or sacks—cement.94. e
Board—feet. ........

To Obtain
Square feet

. .Square meters
.Square miles

.Square yards

Cubic feet

.Gallons

. Cubic meters

.Cms. of mercury
. .Inches of mercury

Feet of water

.Kgs./sq. meter

Lbs./sq. inch

.Tons/sq. ft.

.. Gallons-oil
.Pounds—cement

. Pounds—cement
.144 sq. in. x

lin......Cubic inches
Bntlsh Thermal Units.0.2520. . ... Kilogram-calories
“ 5. .Foot-lbs.
“ “ “ 3.997x10-4. .Horse-power-hrs.
“ “ “ 107.5. . ....Kilogram-meters
“ “ “ 2.928x10-4. . Kilowatt-hrs.
BT.U./min..........12.96...... Foot-lbs./sec.
“oge . .0.02356. . . . Horse-power
“ope .0.01757. . . .Kilowatts
“ /% Lo 1757, Watts
Centares (Centiares)..1........ . .Square meters
Centigrams. ......... 0.01....... Grams
Centiliters. . ......... 0.01. ..Liters
Centimeters. ........ 0.3937..... Inches
“ ceeee....001. . .Meters
“ 1000 Millimeters
Centlmtrs of mercury.0.01316. . . . Atmospheres

“ 0.4461. ..

“ “ “ 136.0. ..
“ “ 2785......
“ u u

0.1934. . ...
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.Feet of water
.Kgs./sq. meter

Lbs./sq. ft.
Lbs./sq. inch



CONVERSION FACTORS

Multiply By To Obtain
Centimeters/second...1.969. . .... Feet/min.
“ / % ...0.03281....Feet/sec.

Centimeters/second ..0.036. . .. ..Kilometers/hr.
[3 “

/ 06 Mecters/min.

“ / % ...0.02237. ... Miles/hr.

“ /0« ..8.728x10-4. . Miles/min.
Cms./sec./sec. .......0.03281..... Feet/sec./sec.
Cubic centimeters. .. .3.531x10-5. , Cubic feet

“ “ ....6.102x10-2.  Cubic inches
“ “ ....108. .. ... Cubic meters
“ “ ....1.308x10-6, . Cubic yards
“ “ ....2.642x10-4. .Gallons

“ “ ....10-8.., ... . Liters

“ « ...2.113x10-3. . Pints (liq.)

“ “ ..1.057x10-3. .Quarts (lig.)

..2.832x104., . Cubic cms.
.......... 1728. .. ....Cubic inches

“ o« ....0.02832. . ..Cubic incters
& & .......0.03704. . .. Cubic yards
“ “o 7.48052 . . . .Gallons
“oE 28.32...... Liters
“ o« .59.84. . ....Pints (liq.)
“E L ...29.92. ..Quarts (lig.)
Cubic feet/minute. .. .472.0...... Cubic ems./sec.
oy 01247 ... Gallons/sec.
“o o« om ...0.4720. .. .. Liters/sec.
“« uoyd ..62.43, .. ... Pounds of water/min.

Cubic feet/second. .. . 0.646317. . . Million gals./day
“ o« % ....448.831....Gallons/min.

Cubic inches. ........16.39...... Cubic centimeters
“ “ cere....5.787x10-4, Cubic fcet
“ . 1.639x10-5. . Cubic meters
“ “o 2.143x10-5. . Cubic yards
“ “o 4.329x10-3. . Gallons
“ “ eve.....1.639x10-2, Liters
“ “ vve.....0.03463. . .. Pints (lig.)
“®

“ ceere...0.01732. , . .Quarts (lig.)

CONYERSION FACTORS

Multiply By To Obtain
Cubic meters. .......108 .. ... Cubic centimeters
“ “o 35.31.."....Cubic feet
“ “ . .......61.023.....Cubic inches
“ “ 1.308...... Cubic yards
“ “ L2642, Gallons
Cubic meters. ....... 108........ Liters
“ “ L.2113... ... Pints (liq.)
“ . 1057. .. .. ..Quarts (liq.)
Cubic yards. .. ......7.646x105 . Cubic centimeters
“ “o [ P, Cubic feet
“ L .....46,656. . ... Cubic inches
“ “ 0.7646 .. Cubic meters
“ “ 202.0...... Gallons
“ “ ....764.6 .. Liters
“ “ L......1816. ... Pints (liq.)
“ ‘o 807.9...... Quarts (lig.)
Cubie yards/min...... 045....... Cubic feet/sec.
“ o “o 3.367. . ....Gallons/sec.
@ @ e 1274 Liters/sec.

Decigrams...........01.......

.Grams

Deciliters............0.1........ Liters

Decimeters. .........0.1 .. Meters

Degrees (angle). ......60........ Minutes
“ “ ......0.01745. . . .Radians
“ “ ..3600....... Seconds

Degrees/sec.. ........
[3 / &«

. .Radians/scc.

1667. . ... Revolutions/min.

o E 0.002778. . . Revolutions/sec.
Dekagrams.......... 10.........Grams
Dekaliters........... 10......... Liters
Dekameters. . ....... 10......... Meters
Drams..............27.84375. . Grains

I 0.0625..... QOunces
E 1.771845. . . Grams
Fathoms 6..........Feet
Feet................ 30.48...... Centimeters
e 12......... Inches
e 0.3048. . ... Meters
e /3........ Yar




CONVERSION FACTORS

CONVERSION FACTORS Multiplry By To Oblain
Mults; ; .
Feot P:y By To Obtain [ Gallons, Imperial.....1.20095. . ..U.S. gallons
eet of wa‘}er ........ gggggo .. .iﬂtnﬁospheres ! “ U.S.........0.83267. ... .Imperial gallons
“ @ w T Uanag .I?gcs ;:qofn';i’;c“’y | Gallons water........8.3453..... Pounds of water
‘ « . ./sq. ;
. . e 324335 ..... }:ll;s./sq ft. Gallons/min.........2.228x10-5. . Cubic feet/sec.
Feet/min. 0.5080 ..... s s./.sq.mch : o fuo ggg?)gs .. .%nerfst/%:lc.
“/“ ............ . entlmeters/sec. s « « BRI « B Leeeu, ./AOr.
P AR TT R 0.01667. . . . Feet/sec. . / veev.....8.0208. . ...Overflowrate (ft./br.)
“re 0.01829. . . . Kilometers/hr. Area (sq. ft.)
“la 33?‘1136 ... .g{lﬁ:l}i{rmm. ! Gallons water/min....6.0086. . ... Tons water/24 hrs.
F‘t‘eet/‘s‘ec ............. 80.48...... C(_éntimcters/sec. Gra&ns (tr(‘)‘y). RRREES KSSNSLREE grains (avoir.)
(SRR 1 SR Kilometers/hr « <eee--0.06480. . Grams
wypa e 0.5921 . . . Knots . “« s . 0.04167 . . . . Pennywcights (troy)
“7e L 18.29. . . .. . Meters/min, S0 o 208335104 Ounces (troy)
« / o ccrereeess..0.6818.. . Miles/hr. Grains/U.S. gal....... 17.118..... Parts/million
R /t/ cererin.....0.01136. . . . Miles/min. :: /}J.S. gall ...... 142.86. . .. .Lbs./million gal.
eet/sec./sec .. .. .. .. 80.48. ... .. Cms./sec./sec /lmp. gal...... 14.254.. ... Parts/million
° “© a7 . ;
/4 .. ..0.8048,
Foot-vounds 1 8.. A .M?t'crs/sec./sec_ . Gr‘?ms .............. 980.7. ... .. Dynes
ot-pounds. .. .. ....1.286x10-3.  British Thermal Units ceeieeien.....1548. . ... Grains
. W s 5.050x10-7. . Horse-power-hrs. C 108 Kilograms
« PEEERTRPRPE 8.241x10-4. . Kilogram-calories ¢ e ... 108 L Milligrams
; w  rreeeees 0.1883. . .. .Kilogram-meters . 0.03527 . . . .Ounces
......... 3.766x10-7. . Kilowatt-hrs. ¢ L ............0038215....Ounces (troy)
FO‘(‘)t-pOl‘}ndS/D‘l‘iD.. ...1.286x10-3. . B. T. Units/min. L 2.205x10-3. . Pounds
« o 1o -gg;gﬂ(ﬁ- -;“Izor::ounds/sec. Grams/em.. .. .. .. ...5.600x10-3. . Pounds/inch
: : /“ ... 3.241x104. . Kg.—ca orie(;l}min. Gr‘:‘a.ms/c}‘x. cm....... .62.43. . .. .. Pounds/cubic foot
/¢ 2.260x10-5 Kilowatts / ) .......0.03613. . ..Pounds/cubic inch
FO‘?t-pOhllldS/Sﬁc ...... 7.717x10-2. . B. T Units/min. Gr‘z‘tms/h‘tzer. ceve.....58417. ... .Grains/gal.
..... 1.818x10-3. . Horse-power ceeev.....8.845. . ... .Pounds/1000 gals.
« « gall 1.945x10-2. . Kg.—calories/min : “ /4 L .......0.062427. . . Pounds/cubic foot
« « 7% 1.856x10-3. . Kilowatts : L A 1000.... ... Parts/million
Gal‘l‘ons ............. 3785....... Cubic centimeters Hectares. ...........2.471..... Acres
R TET RPN 0.1337. . ., . Cubic feet C 1.076x105, . . Square feet
W erereeeeeses §37185 o .8ull:gc i.nciles Hectograms . ........ 100........Grams
............. 785x10-3. . Cubic meters i i
: L 5 e51x105, | Cubic yards ) Hectoliters. .........100........ Liters
4ol 8.785. . ..., Liters Hectometers. .. ...... 100........ Meters
w  rereeeeenes [ S Pints (liq.) Hectowatts..........100........ Watts
............. 4..........Quarts (liq.)




CONVYERSION FACTORS

Muliiply By To Obtain
Horse-power.........42 44. ... .. B.T. Units/min.
“ o 33,000, . ... Foot-lbs./min.
“ “o 550. . .. Foot-lbs./sec.
“ “o 1.014. .. ... Horse-power (metric)
“ “ 10.70. .. Kg.-calories/min.
“ “ 0.7457. . ... Kilowatts
“ @ TA5T. .. Watts
Horse-power (boiler).33,479..... B.T.U./hr.
“ “ “ ,.9.803......Kilowatts
Horse-power-hours. . .2547. .. ... .British Thermal Units
“ “ “ . ..1.98x108. ... Foot-lbs.
“ “ “ . ..641.7......Kilogram-calories
“ “ “ ,..2.737x105. ., Kilogram-meters
“ “ “ 0.7457. . ... Kilowatt-hours
Inches..............2.540....... Centimeters
Inches of mercury....0.03342. . .. Atmospheres
“« o« “ 1.133...... Feet of water
“« o« “ 345.3. .. Kgs./sq. meter
« o« “ .70.73. ..Lbs./sq. ft.
“« o« “ 0.4912. ... .Lbs./sq. inch
Inches of water...... 0.002458. . . Atmospheres
“ ..0.07855 . . . . Inches of mercury
“« u “ o 2540, .. ... Kgs./sq. meter
“« o« “ 0.5781..... Ounces/sq. inch
“« o« “ L5202, ... Lbs./sq. foot
“« o« “ ...0.03613. . ..Lbs./sq. inch
Kilograms ..980.665. . ..Dynes
“ 2.205. ..Lbs.
“ -.1.102x10-3. .Tons (short)
. 103, Grams
Kilograms-calories. . . .3.968 ...... British Thermal Unit
“ “ . ...3086.......Foot-pounds
“ “ ...1.558x10-3, ' Horse-power-hours
“ “ ..1.162x10-3. . Kilowatt-hours
leogram—ca]ones/mm 51.43. . .Foot-pounds/sec.
R A X 09351 . .Horse-power
“ “ /7% 0. 06972‘ ... Kilowatts
Kgs./meter. .........0.6720. ... .Lbs./foot

May We Please Work With You On All
Your Equipment Needs?
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CONVERSION FACTORS

Multiply By To Obtain
Kgs./ﬁq meter ....... 9.678x10-5. . Atmosphcres
“ops s 3.281x10-2. . Feet of water
“ “oe 2.896x10-3. . Inches of mercury
“ e M ....0.2048. . ... Lbs./sq. foot
“ g8 u ......1.422x10-%, . Lbs./sq. inch
Kgs./sq. millimeter. . . 105, . .. .. .. Kgs./sq. meter
Kiloliters............ 108, ...... Liters
Kilometers ...105, ...Centimeters
“ ... 3281, ... Feet
“ e 108 Meters
“o ,0.6214. .. .. Miles
“ cee.... 1094, .. .. . Yards
Kllometers/hr ........ 27.78...... Centimeters/sec.
/4 .......5468. ... .. Feet/min.
“ /¢ ...0.9113. . ... Feet/sec.
“ 14 0.5396. . ... Knots
“ “ 16.67...... Meters/min.
“ 7é ..0.6214. . ... Miles/hr.
Kms /hr. /sec A ¢ T Cms./see./sec.
“ e .. 09118, . ... Ft./sec./sec.
A 2 0.2778. . ... Meters/sec./scc.
Kllowatts ........... 56.92. . ....B.T. Units/min.
4. 425x104 ..Foot-lbs./min.
C 737.6. .. Foot-lbs./sec.
“ 1.341. . ..., Horse-power
“ 1434...... Kg.-calories/min.
“ ceeea. . 108, .. Watts
Kilowatt-hours. ...... 3415. . . British Thermal Units
“ . .2.655x106. .Foot-lbs.
“ “o. 1.341...... Horse-power-hrs.
“ “o. 860.5. .. Kilogram-calories
- “ ..3.671x105.. .Kilogram-meters
Liters 03, Cubic centimeters
O 0.03531. . . .Cubic fect
“ .61.02. ... .. Cubic inches
“ L1030 Cubic meters
“ ...1.308x10-3, . Cubic yards
“ ...0.2642. ... .Gallons
: ..2.113......Pints (liq.)

el 10T

..Quarts (lig.)



CONVERSION FACTORS

Multiply By To Obtain ! ) CONVERSION FACTORS '
Liters/min.. . .5.886x10-4. . Cubic ft.-sec. : Multiply By To Obtain
.4.403x10-3, . Gals.-/sec. : Mllllmeters ....0.1.. ..Centimeters
Lumber Width (m ) .......... 0.03937 . .Inches
Thickness (in.). ... Length (ft). Board Fect Milligrams/liter. .. .. 1..........Parts/million
12 . Million gals./day 1.54723 Cubic ft./sec
. Centimeters illion g ic ft./sec.
MeE‘erS.. BRI éogﬁil ...... Fzgtlm Miner’s inches . ...15........ .Cubie ft./min.
“ lsesy. .. Inches Minutes (angle) .2.909x10-4. . Radians
e 103, ..., Kilometers Ounces 16 Drams
“ L ........108 o Millimeters o« T 437.5.. ... Grains
@ 1.094.. ... Yards € .....0.0625. .. .. Pounds
Met in..........1.667.. .. .. Centiroeters/scc. ¢ ..........28.349527  _Grams
7 ers/n‘1‘ o c........8.281...... Feet/inin. “ .. ..09115. ... Ounces (troy)
“ s ....0.05468. ... Feet/sec. ¢ .. .....2.790x10-5. .Tons (long)
“« . .006. ... ... Kilometers/hr. “ -......2.835x10-5. . Tons (metric)
“ /% L.......0.08728.. . Miles/hr. Ounces troy ......... 480. .. .Grains
Met Coovrnnn. . 1968, ... Feet/min. ceee. .. 200 ... Pennyweights (troy
e“ers//s§ e .....8.281. ... .. Feet/scc. “ « L .....0.08333. . Pounds (troy)
“ 7% .......86........Kilometers/hr. “ “« .. .....31.103481... Grams
« « i o min. “ “ ....1.09714 .Ounces, avoir.
/€. .........006. .. .. .. Kilometers/ . ...Ounces,
“« 7« ........2.237. ..., Miles/hr, Ounces (ﬂuld) ....... 1.805...... Cubic inches
“ oy .. ...0.08728..... Miles/wmin. ..0.02957 . .. . Liters
Microns. ... .........10-6. . . .. Meters Ouneces/sq. inch. . ....0.0625. . ... Lbs./sq. inch
Miles. .............. 1.609x10%. . Centimeters Overflow rate (ft./hr.) 0.12468 x
N 5280....... Feet 1 area (sq. ft.) Gals./min.
4 ... 1609, Kilometers —— . B8.0208.....Sq. ft./gal./min.
L .a17600 Ya.l‘d? Overflow rate (ft./hr.)
Mi“les/l:‘r‘. ... 4470, . .gentt/lmie;el‘s/se& ) Pa.‘lt-ts/mi‘l‘lion, e ggggilﬁ ... .gralns/IU S. gall
...... eel/min. [ | B
6 gt T Feetoee, €)W TTgee - Grainylmp. gal
e 1.609. . .. .. Kilometers/hr. Pennyweights (troy)..24......... Grains
“ /& .........0.8684.... .Knots . “« “ ..1.55517. .. .Grams
Cl .. .2682. . Meters/min. “ “ ..0.05. .Ounces (troy)
Mlles/mm.. ce.......20682. ... .. Centimeters/sec. “ “ . .4.1667x10-3. Pounds (troy)
/ U .8869. ...... E{Biit/setcé - Pounds............. 16......... Ounces
“@ « “«
/Y 1.609......Kilometers/min. = "0 256........ rams
“opE 60.........Miles/hr. PO 7000....... Grains
Milliers. ............ 18 ..., Kilograms 4 L ............0.0005. .. Tons (short)
Milligrams...........10-5.... ... . Grams . 453.5924 . . .Grams
Milliliters. .. ........ 108, ... ... Liters 4 L ...........1.21528....Pounds (troy)
e 14.5833. . . .Ounces (troy)

May We Please Work With You On
All Your Equipment Needs?
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CONVERSION FACTORS ) CONV“;'ON FACTORS )
Multiply By To Oblain gtgluply o Y g;egi:am
Pounnds (troy)...... 5760. .. ....Grains Ulrf!S .............. .
“ o 240. .......Pennyweights (troy) Radians............. 57.30...... Degrees
“ “« o 12.. . .Ounces (troy) i “O 3438.......Minutes
« « ...373.24177. .Grams (avoir.) ! “ ... 0637, Quadrants
. ®  -.....0.822857. .. Pounds (avoir. ! Radi sec ..57.30.... .. .Degrees/sec.
. w -oo+13.1657. .. .Qunces (avoir.) , * “alls// w0 osee) Reggluti/ons/sec.
« « .3.6735x10—:.¥ons (lc;lng)) : « G 9.549 Revolutions/miz.
« « 04 ont : ceeee....9.549. .. i in.
“ « .;.;}};ixio_‘ ng:: Efnetric) ; Radians/sec./sec......573.0. .. .. . Revolutions/min/min.
""" ’ Sl . ; “ 747 % .....01592. ... Revolutions/sec./sec.
Pounds of water...... 0.01602. . . . Cubic feet ;
“ “oe 27.68...... Cubic inches i Reams.............. 500. .......Sheets
“© ot 0.1198..... Gallons ;' Revolutions. ........360..... .. Degrees
Poundsof water/min..2.670x10-4. . Cubic ft./scc. z : e 4. ,,,,,,,,,, Quadrants
Pounds/cubic foot. .. .0.01602. . . .Grams/cubic cm. ceev.....6.283 .. . Radians
“ “ % ....16.02......Kgs./cubic meter i Revolutions/min.. . . . . 6..........Degrees/sec.
4y &« & 5.787x10-4.  Lbs./cubic inch ; « /01047, L. Radians/sec.
Pounds/cubic inch... .27.68. . .. .. Grams/cubic cm. ' “ /o 0.01667. . . . Revolutions/sec.
oL .2.768x108 . ,Kgs,/cub.lc meter i Revolutlons/mm /min.1 745x10~ ..Rads./sec./sec.

“ oy 1728 ‘L’bs./cublc foot : / %/ “2778x104. Revs./sec./sec.
Pounds/foot. eeee o 1488 Kgs /meter : Revolutions/sec......360. .. .. .. Degrees/sec.
Pounds/inch ......... 1786...... Grams/cm, « « " 6.283. ... Radians/sec.
Pounds/sq.‘ fogt‘ R .0.0;202. .. ‘Ilieet/of watetr i « ye 60...... . Revolutions/min.

“ [{

/ L.....4.883...... gs./sq. mcter . 28 - . '
“ /4« .. .6.945x103. Pounds/sq. inch ‘ Revol}}“O”SngC/ﬁfﬁ agS. g:féfrgéss;/ﬁf:/mm
Pounds/sq. inch... .. .0.06804. . .. Atmospheres : .- e ;
ounds/sq. in 2307, Feet of water Seconds (an.gle). e .4.848x10-§. .Radians
“ g« ..2.036. .. ... Inches of mercury ; Squf.re cent‘:metersv ..1.076x10-3. . Square feet
“ oy & ...703.1 - ..II()gs./sq. meter : . . L. ‘(1)(.)14550‘ . ggll:::: ;::g{,:;
...90.........Degrees L 104000 LS ete
Quaq‘rants (ehngle). 5400 .. ... .Mlgtltes : “ “ .. ‘3’00. . 10 - .iquare millimeters
«“ ‘ et.. ... ..., 2.20 -5
Quar‘;s @ry)......... ;75;(1) . :gib‘inliches " Squ‘x‘a.re fe‘?t ......... 92%8)( ... .S;;iie centimeters
LI .. . « “ J ¢ .
Quarts (liq.).. ..5775......Cubic nllches : ‘ PEEETRPPP (1)4(;19290 .. gg:;::: :1-?2:1:;
Qumtal Argentme ..101.28. .. ..Pounds : ; W o | guare mete
Brazil.......129.54..... Pounds : « « e 1}9 - .kSquare o

« Castl]e, Peru.101.43 ..... Pounds : 1 B R 74 q ¥

« Chile........ 101.41..... Poun(cll: \.....B.0208..  Overflowrate (ft /br)

« Mexico......101.47. ... .Poun Sq. ft./gal./rmin

“ Metric. .....220.46. . ...Pounds - ft./gal. .

% a r i
What can we do to help you? , May We Please Work With You On All

Your Equipment Needs?
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CONVERSION FACTORS
CONVERSION FACTORS Multiply By To Obtain
: B To Obtain Tons (short) ........ 2430.56. . . . Pounds (troy)
Multlpl{/ y imete “ s 0.89287. . .. Tons (long)
Square inches. .. ... 235210_3 -gq“‘“e xf:enttlme TS “ « 29166.66. . . Ounces (troy)
« “ e, .6.944x . .Dquare ree “ « Tttt N e -
« « 645.2. . ... -Square millimeters L .(i)\.f;):l& ... Tons (metric)
Square kilometers. .. .247.1... ... Acres (sq. ft.) Sq.ft./ton/24 hrs.
...10.76x106 .. .Square feet Tons dry solids/24 hrs.
« “« 6 .. eLer:
« « (1)03861 gg:::: ,T“]es ® Tons of water/24 hrs .88.833 .. ... Pounds water/hour
« « Rt 196x105 "Square yards / ..0.16643. . . .Gallons/min.
T ’ “ &« g 4 13349, . ... Cu. ft./hr.
Square meters. . .. ... 2.471x10-4. . Acres Watts ......0.05692....B. T. Units/min.
“ S 10.76. ... .. Square fect e 44.26. . ... Foot-pounds/min.
“ 4 8.861x10-7. . Square miles & . .....07876. . ... Foot-pounds/sec.
“ w 1.196...... Square yards 4 L ............1.841x10-%.  Horse-power
f i e . ...0.01434. .. Kg.-calories/min.
uare miles L8640, ... Acres : p 3 ;
Sq « o 27 89x106. . . Square feet P 10-8........ Kilowatts
“ “ . 2.590. . ....Square kilometers Watt-hours ..3415,..... British Thermal Units
“ “ . .3.098)(105. ..Square yards «“ ..2655....... Foot-pounds
“ ...1.341x10-8. . Horse-power-hours
Square millimeters... .0.01. . .... .Square centimeters | « 08605, . . Kilogram-calories
“ “ J1.550x10-3. . Square inches “ 367.1. . ....Kilogram-meters
! “ .3 i -
Square yards........ .2 066x10-4. . Acres A ee 103....... Kilowatt-hours
“ “o .....Square feet ! Yards...............91.44. . .. .. Centimeters
“ “« .0 8361 .. Square meters d L FUIN Feet
“ “ 3.228x10-7. . Square miles : 4 o iiiiie......86.........Inches
: .. 09144, Meters
Temp. (°C)+ 218...1........ . Abs. temp. (°C.) o rorn <o
+ 17 8. 1.8........Temp. (°F.) COURTESY OF R CO.
“ (°F.) + 460...1... .. .Abs. temp. (°F.) Decimal Equivalents
« e’ __8g . .59, .. Temp. (°C.)
Tons (long)..........1016....... Kilograms 1 | 015625 | g, | 265625 | 33 | 515625 | 19 | 765625
“« s 2240. . .....Pounds o 03125 | % | .28125 | 15 | 53125 | %3¢ | 78125
“ « 1.12000. . . .Tons (short) 3 | 046875 || 19 | 296875 || 35 546875 || 5l¢; 796875
........... . ;//2 .0625 25/2, .3125 o | 5625 2{5 . 81252
3 LK ms 078125 | 2L 328125 || 3% | 578125 || 53 828125
Tons (metric). ... do0s. L Ponsis 35 | 100375 | g | 34375 | ¥ | 59375 | Mg | 84375
"""" o Zlﬁ 109375 22& 359375 3%& 609375 5°7 859375
1250 .3750 6250 % 8750
ons (short)......... 2000....... Pounds %*: 140625 2%‘: 300625 4%’; 640625 5%2 '300625
“ e 32000. .. ... Ounces 5 15625 | 134 | 40625 | 2 | 65625 |2 | 00625
a “ 907.18486... Kilograms ud | 171875 | 74, | (421875 | 9, | 671875 | 5%, | .921875
3| 1875 | 1| 4375 |G| 6875 | Bg | .9375
B .203125 § 29 453125 } 45 703125 | S, 953125
T | 21875 15 46875 || 284 | 71875 | 3! 96875
B | .234375 | 3¢ 484375 || 47 734375 || %%, 984375
12 | .2500 L 34 7500 1 1.0000
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ENGINEER'S PERSONAL CONVERSION FACTORS

T —— CONVERSION TABLE
Multiply By To Obtain 3 Horse-Power to Kilowatts
HP.| Xw [HP.| Xw [HP.| Xw 7HP. Kw
1 791 5893 || 157 | 11702 || 235 | 17531
2 80 | 50.68 | 158 | 117.87 | 236 | 176.06
3 81| 60.43 | 159 | 11861 | 237 176.80
; 4 82| 61.17 | 160 { 11936 | 238 | 177.55
! 5 831 61.92 | 161 | 12011 I 239 | 178.29
6 84| 62.66 | 162 | 12085 | 240 | 179.04
7 85 1 63.41 163 ) 12160 | 241 | 179.79
8 86 | 64.16 | 164 | 12234 | 242 | 180.53
9 &7 ] 64.90 | 165 [ 123.08 | 243 | 181.28
10 88 | 65.65 | 166 12384 || 244 | 182.02
11 891 66.39 | 167 | 124.58 || 245 | 182.77
12 90| 6714 | 168 ] 12533 | 246 | 183.52
13 91 | 67.89 169 | 126.07 | 247 | 184.26
14 02| 68.63 | 170 | 126.82 | 248 | 185.01
15 93| 69.38 | 171 | 12757 | 249 | 185.75
16 94| 7002 | 172 ] 12831 | 250 | 186.50
17 95| 70.87 | 173 | 120.06 | 255 | 189.23
i 18 96 1 7162 | 174 | 120.80 | 260 | 193.96
19 97 | 72.36 || 175 | 13055 | 265 | 197.69
20 98 | 7311 176 | 13130 | 270 { 201.42
21 99| 73.85 | 1771 13204 | 275 | 205.15
22 100 | 7460 | 178 | 13279 | 280 | 208.88
23 101 | 7535 | 179 13353 | 285 | 212.61
24 102 76.00 o 180 | 134.28 | 200 | 216.34
25 1031 76.84 I 1811 13503 | 295 | 22007
2 104 77.58 | 182 | 13577 | 300 | 223.80
27 105 | 7833 © 183 | 13652 | 305 | 227.53
2 106 | 79.08 | 184 | 137.26 | 310 | 231.26
29 107 | 7982 | 185 | 138.01 3t5 | 234.99
30 108 | 80.57 | 86| 13876 | 320 | 238.72
31 109 ] 81.31 i 187 | 13950 | 325 | 242.45
32 10| 806 [ 188 | 14025 || 330 | 246.18
33 | 8281 189 | 140.99
34 112 190 | 141.74
, 35 113 191 | 142.49
36 114 192 | 143.23
37 15 193 | 143.98
38 116 L 194 | 144.72
39 17 1195 | 145.47
40 - 118 | 196 | 14622
414 305 ¢ 119 197 | 146.96
421 3132 | 120 198 | 147.71
43| 3208 | 12 199 | 148.45
44| 3282 ¢ 122 200 | 149.20
45| 3357 ‘1 123 201 | 149.95
46| 3432 | 124 202 | 150.69
71 3506 | 125 203 | 151.44
481 3581 | 126 204 | 152.18
49| 3656 [ 127 205 | 152.93
50 | 37.30 | 128 206 | 153.68
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CONVERSION TABLE

Horse-Power to Kilowatts

H.P. Kw H.P. Kw H.P. Kw H.P. Kw
51 38.07 129 | 96.23 207 | 154.42 425 | 317.0
521 38.79 130 | 96.98 208 | 1556.17 430 | 320.7
531 39.54 131 97.78 209 | 155.91 435 | 3245
54 | 40.28 1321 98.47 210 | 156.66 440 | 3282
551 41.03 133 | 99.22 211 | 157.41 445 | 3319
561 41.78 134 | 99.96 212 | 158.15 450 | 335.7
57 42.52 135 | 100.71 213 | 158.90 460 | 343.1
38 13.27 136 | 101.46 214 | 159.64 470 | 350.6
59 [ 44.01 137 | 102.20 215 | 160.39 480 | 358. 0
60 [ 44.76 138 | 102.95 216 | 161.14 490 | 365.

61 45.51 139 | 103.69 217 | 16188 500 373.0
62 16.25 140 | 104.44 218 | 162.63 510 | 380.4
63 | 47.00 141 | 105.19 219 | 163.37 520 | 387.9
641 4714 142 | 105.93 220 | 164.12 530 | 395.3
65 | 4849 143 { 106.68 221 | 164.87 540 | 402.8
66 | 49.24 144 | WO7.42 222 | 165.61 530 | 410.3
67 49.98 145 | 108.17 223 | 166.36 575 | 428.9
68 | 50.73 146 | 108.92 224 | 167.10 600 | 447.6
69 | 51.47 147 | 109.60 225 | 167.85 625 | 466.2
70| 5222 148 | 110.41 226 | 168.60 650 | 484.9
71 52,97 149 1 111.15 227 | 169.34 675 | 503.5
72 [ 53.71 150 | 111.90 228 | 170.09 700 | 522.2
73| 54.46 151 | 112.65 229 | 170.83 750 | 539.5
74| 55.20 152 | 113.39 230 | 171.58 800 | 596.8
75 55.95 153 | 114.14 231 | 172.33 850 | 634.1
761 56.70 154 | 114.88 232 | 173.07 900 | 671.4
g 57.44 155 § 115.63 233 | 173.82 950 | 708.7
78 | 58.19 156 | 116.38 234 | 174.56 1000 | 746.0

Areas and Volumes

Circumierence of circle. .......... .
Diameter of circle. .. ..
Side of a square of

.. =3.1416Xdiameter
=0.3183 Xcircumference

equalarea ................... e . =0.8862Xdiameter
Diameter of a circle of .
equal area. R =1.1284 Xside of square
Area of a circle =0.7854Xaquare of
the diameter

Diameter of a circle ... =1.1284Xsquare root of
the area

Surface area of a sphere =3.1418Xsquare of
the diameter
Velume of a sphere =0.5236 Xcube of diameter

Volume of cyliuder

orprism........... =area of baseXheight
Volume of cone .
or pyramid. . = LgXarea of haseXheight

Volume of the (mslrum of
a cone or pyramid . .. =g X height X (areaofupper
base+-aren of lower base+ \/ area of upper bue)(m-ea oflower base )

Douhling the dmmeter of a pipeincreasesits volume four times: generalizing, increasing
the diameter ‘‘n’ Limes increases the volume ''n*" or “nXn" timea.
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Comparison of

Temperature

Scales
Centigrade Scale (C.)

The freezing point of water is zero °
water is 100° Centigrade at sea level.
divided into 100 equal degrees.

The boiling point of
The intervening space is

Fahrenheit Scale (F.)

The freezing point of water is 32° F. The boiling point of
water is 212° F., at sea level. The intervening space is di-
vided into 180 equal degrees and the same graduation is ex-
tended above and below.

Below zero ° a minus sign is prefixed.

Reaumur Scale (R.)

The freezing point of water is zero °
of water is 80° R., [at sea level.
divided into 80 equal degrees.

R. The boiling point
The intervening space is

To convert Centigrade degrees into degrees of Fahrenheit,
multiply by 9, divide the product by 5 and add 32.

To convert Fahrenheit degrees into degrees of Centigrade,
subtract 32, multiply by 5 and divide by 9.

To convert Reaumur degrees into degrees of Fahrenheit, mul-
tiply by 9, divide by 4 and add 32.

To convert Fahrenheit degrees into degrees of Reaumur, sub-
tract 32, multiply by 4 and divide by 9,

To convert Reaumur degrees into degrees of Centigrade
multiply by 5 and divide by 4.

To convert Centigrade degrees into degrees of Reaumur,
multiply by 4 and divide by 5.
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Centigrade Fahrenheit
1930 3506
1910 3470
1890 3434
1870 3398
1850 3362
1830 3326
1740 3164
1720 3128
1705 3101
1685 3065
1670 3038
1650 3002
1635 2975
1620 2948
1600 2912
1590 2894
1575 2867
1560 2840
1550 2822
1540 2804
1530 2786
1510 2750
1490 2714
1470 2678
1450 2642
1430 2606
1410 2570
1390 2534
1370 2498
1350 2462
1330 2426
1310 2390
1290 2354
1270 2318
1250 2282
1230 2246
1210 2210
1190 2174
1170 2138
1150 2102
1130 2066
1110 2030
1090 1994
1070 1958
1050 1922
1030 1886
1010 1850

990 1814
970 1778
950 1742
920 1688
890 1634
860 1580
830 1526
800 1472
770 1418
740 1364
710 1310
680 1256
650 1202
620 1148
590 1094
580 1076
570 1058
560 1040
550 1022
540 1004
530 986
520 968
510 950

740

Centigrade Fahrenheit
500 932
490 914
480 896
470 878
460 860
450 842
440 824
430 806
420 788
410 770
4 752
3% 734
380 716
370 698
360 680
350 662
340 644
330 626
320 608
310 590
300 572
290 554
280 536
270 518
260 500
250 4382
240 464
230 446
220 428
210 410
200 392
195 383
190 374
185 365
180 356
175 347
170 338
165 329
160 320
155 311
150 302
145 293
140 284
135 275
130 266
125 257
120 248
115 239
110 230
105 221
100 212

9 210.2
98 208.4
97 206.6
96 204.6
95 203

94 201.2
93 199.4
92 197.6
91 195.8
90 194

89 192.2
88 190.4
87 188.6
86 186.8
85 185

84 183.2
83 181 4
82 179.6
81 177.8

Centigrade Fahrenheit
80 176
79 174.2
78 172.4
77 170.6
76 168.8
75 167
74 165.2
73 163.4
72 161.6
7 159.8
70 158
69 156.2
68 154.4
67 152.6
66 150.8
65 149
64 147.2
63 145.4
62 1436
61 141.8
60 140
59 138.2
58 136 .4
57 1346
56 132.8
55 131
54 129.2
53 127.4
52 125.6
51 123.8
50 122
49 120.2
48 118.4
47 116 .6
46 114.8
45 113
43 111.2
43 109.4
42 107.6
41 105.8
40 104
39 102.2
38 100.4
37 98.6
36 96.8
35 95
34 93.2
33 91.4
32 89.6
31 87.8
30 86
29 84.2
28 82.4
27 80.6
26 78.8

Centigrade
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ESTIMATING TEMPERATURES ROUGHLY BY APPEARANCE

Color Centigrade Fahrenheit
Degrees grees
Just glowing in the dark. . .. 528 977
Dark Red......... .. . 700 1252
Cherry Red. . B 908 1666
Bright Cherry Red . . .. 1000 1832
Orange. . 1150 2102
Whlte L 1300 2372
Dazzling White . . . 1500 2732
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Conversion

Tables

Indian Weights and Measures

Fixed by Government Regulations in 1883

1 Tola.... Weight of 1 Rupee
5 Tolas . 1 Chittack. ... -
16 Chittacks 1 Seer .

40 Seers ... . 1 Maund

British-Indian Conversion Table

To convert Seers to Pounds Av.
To convert Maunds to Cwts.
To convert Tons to Maunds

Multiply by 72/35
..Multiply by 36/4%
Muluply by 2714

Indian Land Measure

5 Square yards ...

...1 Chatak

16 Chataks . 1 Cottah
20 Cottahs TR . ....1 Bigha = 1600 sq. yards
3 1/40 Bighas . . 1 Acre

Avoirdupois Weight—British and Metric

British Units Metric Equiv. Metric Units British Equiv.
1 grain . ... 64.7989 mg. 1 mg .0154 gr.
1 grain .....6.4798 cg. 1 cg. .1543 gr.
1 grain . .0647 g. 18K 15.4323 gr.
I ounce ... 2B.3495 g. 1g. .......0352 oz.
1 ounce . ....0283 kg. 1 kg. ..35.2739 oz.
t pound . .....4535 kg. 1 kg. 2.2046 b
1 cwt. 50.80 kg. | 1 kg. .01968 cwt.
1 ton vii. 1.0160 tonne i 1 tonne ..9842 ton

Avoirdupois Weight—U. S. Standard

16 Drams... 1 Ounce (437.5 grs.)
16 Ounces. . ..1 Pound (lb.)

14 Pounds. .. - 1 Stone

28 Pounds 1 Quarter

112 Pounds........... 1 Hundredweight (cwt.)
20 Hundredwts. 1 Tonr
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Air Pressure to Operate Lifts
GENERAL DATA

Submer-| *Theoretical Gauge Pressure in Pounds per Square
Lift, Ft. | gence, Inch to Elevate Fluid of Specific Gravity
Ft.

1.0 1.1 1.2 1.3 1.4 15

57 7.5’ 3.2 3.6 39 4.2 4.5 4.9
10 15.07 6.5 7.1 7.8 8.4 9.1 9.7
157 22.5’ 9.7 10.7 11.6 12.6 13.6 14.5
207 30.07 13.0 14.3 15.6 16.9 18.2 19.5
257 37.5° 16.2 17.8 19.4 21.0 22.7 24.3
30 45.0° 19.5 21.4 23.4 25.3 27.3 29.2
35 52.57 22.7 25.0 27.2 29.5 31.8 34.0
407 60.0° 26.0 28.6 31.2 33 .8 36 4 39.0
45’ 67.5’ 29.2 32.1 35.0 38.0 40.9 43.8
50' 75.0° 32.5 35.7 39.0 42.2 45.5 48.7
5’ 10.0° 4.3 4.7 5.2 5.6 6.0 6.5
107 20.0' 8.7 9.6 10.4 11.3 12.2 13.0
157 30.6 13.0 14.3 15.6 16.9 18.2 19.5
20 40.0' 17.3 19.0 20.8 22.5 24.2 25.9
25’ 50.0' 21.6 23.8 25.9 28.1 30.2 32.4
307 60.0' 26.0 28.6 31.2 33.8 36.4 39.0
35’ 70.0' 30.3 33.3 36.4 39.4 42.4 45.4
40’ 80.0" 34.6 38.0 31.5 45.0 48.4 51.9
45’ 90.0' 39.0 42.9 46.8 50.7 54 .6 58.5
507 100.07 43 3 47.6 52.0 56.3 60.6 64.9

*An increase in pressure of from 10 to 20% over the figures given will be
necesiary in pract.ce.

Horsepower Required to Compress Air

APPROXIMATE MOTOR HORSEPOWER REQUIRED TO COMPRESS
100 CU. FT. OF FREE AIR DELIVERED AT THE PRESSURES SHOWN

Atmos- Blowers Compressors
Altitude | pheric Motor Horsepower Motor Horsepower
Pressur:
Pounds [ SLbs. | 10 Lbs. | 20 Lbs. | 60 Lbs. | 80 Lbs. {100 Lba.
0 14 .69 1.4 3.6 12.6 16.3 19.5 22.1
1000 14.16 1.4 36 12 .5 16 .1 19 2 21.7
2000 13 .66 1.3 35 12 .3 15.9 18 9 21.3
3000 13 16 1.3 35 12.2 15 7 18 .6 209
4000 12.68 1.3 3s 12.1 15.4 18 2 20.6
5000 12 .22 1.3 3.5 12.0 15.2 17.9 20.3
6000 11.77 1.3 35 1ns 15.0 17.6 20.0
7000 11.33 1.2 34 11.7 14.7 17.3 19.6
8000 10 .91 1.2 3.4 11.6 145 171 19 3
9000 10.50 1.2 3.4 11.5 143 16.8 18.9
10000 10.10 1.2 3.4 11.3 141 16 .5 18.6
11000 g 1.2 34 11.1 13.6 15.9 17.9
12000 9 34 1.1 33 10.9 13.1 15 2 17.2
13000 8 97 1.1 33 10.7 12.6 14 5 16.5
14000 8 .62 1.1 3.3 105 12.1 13.8 15.8
15000 8.28 1.0 33 10 2 I1.6 13.1 151

Initial temperature of air taken as 60° F.
Horsepower showo will vary with type and kind of blower or compressor
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WATER PRESSURE LOSSES BY FRICTION IN WOOD PIPES AIR PIPE FRICTION

Head in feet of water lost per 1,000 feet of pipe at various rates of fow. Vg:? Pipe Diameters
Velocity | Pree- e
i Pipe Size, inches fom | dal o ’ I I t 20 | 24
Rate |- - — - e e | -
of Flow, | 4 [ 6 ‘ 8 ‘ 12 16 ‘ 2 [ 20 [
fect per I - 4 Air friction per 100 ft. of pipe, inches Water Gauge
secon: : 3
[ _ Head in Foet Lost per 1,000 Foet 1000 | 006|033 | 025|020 | 016 014|012 | 010 | 0.08 | 007
o | ’ 2000 | 0.25 | 13 | 098 | 0.78 | 0.65 | 0.55 | 0.49 | 0.39 | 032 | 028
1 97 63 43 26 ‘ 18 11 09
15 23 13 o7 it ‘22 16 2500 | 040 | 21 | 154 | 122 | 1.05 | 0.88 | 077 | 0.61 | 051 | 0.44
2 4.2 24 1.6 1.1 .73 A5 .29 3000 0.55 | 29 22 176 | 145 | 1.25 | L1 0.88 0.72 0.63
25 65 ; 38 26 L7 12 8 47 3500 | 077 |40 [30 |24 |20 [L7 |15 | 1.2 | Lo | 085
3 94 | 55 39 25 16 1.1 66
| | 4000 {10 52 [39 |31 |26 |22 |195/| 155 | 13 | 11
35 12.6 l 74 5.5 34 | 23 1.6 8 5000 | 155|180 |60 |48 {40 [34 {30 | 24 | 20 | 17
1 16.0 95 7.2 14 ‘ 30 2.1 Il
15 197 12.1 92 55 38 27 14 |
5 236 | 151 113 67 i 47 3.3 18 ) Lo !
55 2.5 18.1 135 81 5.6 4.0 2.2 Quantity c.f.m. (varies as velocities)
6 214 16.0 9.7 6.7 4.8 27 ' 1000 200 | 342 | 567 | 800 | 1067 | 1400 | 2000 | 2833 | 4167
6.5 25.1 187 s 177 5.6 32 3000 600 | 1025 | 1700 | 2400 | 3200 | 4200 | 6000 | 8500 | 12500
7 215 | 133 8.8 6.5 37 5000 1000 | 1700 | 2800 | 4000 | 5300 | 6000 | 20000 | 14200 | 20800
75 244 153 | 102 73 42
8 73 | 112 | s 83 47 I )
w.g., water gauge; [.p.m., feet per minute; c.f.m., cubic feet per minute.
85 193 | 131 9.3 5.2
9 215 146 | 102 57
o8 28 I61 112 63
L 176 | 122 6.
| 8 ALTITUDE EFFECTS

RO TIESTEE
Average Ca pacity of Air-Lifts o | PAROMETRIC PRESSURE appron, | Refntive
Abore ‘olumn | Water | Pounds | Boifing | Volumetric
Sen Level ————| Column per Point_ | Eficiency
o G Tous of Pulp per 24 Hours with Pulp of - Taches | feet | Sq.In. | Water °F. | Density
of Lire| Copar> | Cu Fr. . Specific Gravity 0 762 3000 | 340 1472 212 1.000
Pipe | Minute | Minute 1000 733 :85 | 327 1417 210 0.965
2000 707 2782 | 315 13.64 208 093
——— e 3000 681 26.82 30.3 13.13 206 0.895
2" 45 6 1000 657 2585 | 202 12,64 204 036
21,70 78 o 5000 81 2492 | 281 1217 202 083
37t 105 14 6000 610 24.00 21.0 (S04l 201 0.80
3l 1 7000 587 231 26,0 (127 199 077
4"2 20 8000 562 2217 25.0 10.85 197 0.74
I ;B 75 25 9000 510 203 291 10.45 195 0.71
2 9 0 10000 517 03 | 232 10.06 193 0.68
6 42 6 11000 503 19.8 224 49.69 191 0.66
12000 485 19.1 216 9.33 190 ggf)
. N N 1 .|
By A. W. Allen, Engineering and Mining Journal. 13000 o 183 28 88 4 o
15 432 17.0 19.3 8.32 184 0.57
20000 319 1375 156 675 il 048
4 30000 226 888 10.08 1.36 15
Barometrlc Pressure 10000 110.8 554 629 272 138 01499
50000 874 3.44 341 1.69 120 0.
Altitude Pressure Barometer Boil’g Point
(Feet) (Lb.Sq. In) | (In. Hg) Air We. | (Water, °F) .
—_— — . *_{gv SRS S S S —
0 14.72 29.92 100.0 212.0
1,000 14.17 28.81 96.3 210.1
2,000 13.64 27.72 926 208.2
3.000 13.13 26.70 89.2 206.3
.00 12.64 25.70 85.9 204.4 = H
5000 1z 2410 52 2026 Please Give Us the Opportunity to
X 2 7 . . -
000 12 22.92 157 1589 quote prices and delivery on standard
. . 2. 73.8 197.1 -
9,000 10.45 21.26 710 195.0 ipment meet your needs
10,000 10.06 2047 68.4 193.1 equ pm to e Y ‘
11,000 9.69 19.71 65.8 1912
12,000 9.33 18.98 63.4 189.3
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——TRIGONOMETRIC FUNCTIONS—— ]
Natural Sines
Degrees
0’ 20’ 40’ 60’
Every triangle hus 3ix parts—three angles and three sides. 0 0 .0000 0.0058 0.0116 0.0175
:’hm‘ any .:]hreeh of glese parts areb kr:]own, Vprc:]vided one of 1 0. 0175 0'0233 0.0291 0'0349
t § : :
P The "sum of the three anghea of o trisngle = squal.to 180 2 0.0349 | 00407 | o0'0465 | o0 0523
degrees. The complement of an angle, or arc, is the remainder 3 0.0523 0 .0581 0.0640 0.0698
after subtracting the angle, or arg, from 90 degrees. In gen- 4 0.0698 0.0756 0.0814 0.0872
eral, if any arc. is represented by A, its complement is .
5]90'—A')4 Hence the complement of an arc thay exceeds 90 5 0 0872 0 0930 0 0987 0.1045
13 negative.

“Tr Sl right triangies having the same acute angles, the sides 6 01045 | 01103 | o0.1161 | 0.1219
have the same l'a;iol to eacl['t other. Th;s:hratios have lreceive_d 7 0.1219 0.1276 0.1334 0.1392
special names as follows: il A is one of e acute angles, a is 8 0.1392 0.1449 0.1507 0.1564
e one (oin) ‘of the angle A is the quoriont of the' opposiee 9 01564 | 01622 | 01679 | 0.1736
side divided by the hypotenuse. Sin A =a—. 10 0.1736 0.1794 0.1851 0.1908

< 11 0.1908 0.1965 0.2022 0.2079

12 0.2079 0.2136 0.2193 0.2250

13 0.2250 0.2306 0.2363 0.2419

The tangent (tan) of the angle A is the quotient of the 14 0.2419 0.2476 0.2532 0.2588
opposite side divided by the adjacent side.

s 15 0.2588 0.2644 0.2700 0.2756

Tan A=‘;‘ 16 0.2756 0.2812 0.2868 0.2924

The secant (sec) of the angle (3 }g O.Zgg‘s 0 g?zg 0 32(3)51’ 0.32?’2

) ! a 0.3 0 03 03

A h -
enuse divided by the adiens 19 03256 | 03311 | 03365 | 03420
side. Sec A=—c—, 20 0.3420 0.3475 0.3529 0.3584

b b 21 0.3584 0.3638 0.3692 0.3746
The cosine (cos), gent (cot) and (cosec) of 22 0.3746 0.3800 0.3854 0.3907
an anlg]e ::e x;esl f:ct(ivelyl theTsl:ne, tangent, and secant of the 23 0 .3907 0.3961 0.4014 0 .4067
compleme: of a ngle. n, .
calle‘:] ll’igonometricalafugnctionl.e terms sine, cosine, etc are 24 04067 0 4120 04173 04226
25 0.4226 0.4279 0 4331 0.4384
26 0.4384 0.4436 0.4488 0.4540
27 0.4540 0.4592 0.4643 0.4695
28 0.4695 0.4746 Q.4797 0 4848
29 0.4848 0.4899 0.4950 0.5000
Inter-relationship of functions, 30 05000 0.5050 0.5100 0.5150
i A=1 31 0.5150 0.5200 0.5250 0.5299
Sin2A  Cos? / 32 05299 | 05348 | 05398 | 0 5446
: - = —Si .544 .5495 0.5544 .5592
Sin A= \I—CorA™  Cos A= \1—SinA 3 013392 | O3ca0 | 03ess | 05736
Sin A 1 - Cos’A _ 1
Tan A= = CotA = —_-= 35 0.5736 0.5783 0.5831 0.5878
Cos A Cot A Sin A Tan A 36 05878 | 0.5025 | 0.5072 | 0.6018
1 1 37 0.6018 0.6065 0.6111 0.6157
Sec A= —— Cosec A= - 38 0.6157 0.6202 0.6248 0.6293
Cos A in 39 0.6293 0.6338 0.6383 0.6428
i i b 1 las, d the tables below,
the (imction of any angle may be found. 0 06428 | 06472 | 0.6517 | 0 6561
41 0.6561 0.6604 0.6648 0.6691
42 0.6691 .0.6734 0.6777 0.6820
43 0.6820 0.6862 0.6905 0.6947
H - ’ . 44 0.6947 0.6988 0.7030 0.7071
Qur desire is to make you “Happier,
Healthier and Wealthier.” 60° 40’ 20’ o’
Natural Cosines
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Natural Cosines

Natural Tangents

0’ 20 40’ 60’
1.0000 0.9999 0.9999 0.9998
0.9998 0.9997 0.9996 0.9994
0.9994 0.9992 0.9989 0.9986
0.9986 0.9983 0.9980 0.9976
0.9976 0.9971 0.9967 0.9962
0.9962 0.9957 0.9951 0.9945
0.9945 0.9939 0.9932 0.9925
0 9925 0.9918 0.9911 0.9903
0.9903 0.989%4 0.9886 0.9877
0.9877 0.9868 0.9858 0.9848
0.9848 0.9838 0.9827 0.9816
0.9816 0.9805 0.9793 0.9781
0.9781 0.9769 0.9757 0.9744
0.9744 0.9730 0.9717 0.9703
0.9703 0.9689 0.9674 0.9659
0.9659 0.9644 0.9628 0.9613
0.9613 0.9596 0.9580 0.9563
0.9563 0.9546 0.9528 0.9511
0.9511 0.9492 0.9474 0.9455
0.9455 0 9436 0.9417 0.9397
0.9397 0.9377 0.9357 0.9336
0.9336 0.9315 0.9293 0.9272
0.9272 0.9250 0.9228 0.9205
0.9205 0.9182 0.9159 0.9135
0.9135 0.9112 0.9088 0.9063
0.9063 0.9038 0.9013 0.8988
0.8988 0.8962 0.8936 0.8910
0.8910 0.8884 0.8857 0.8829
0.8829 0.8802 0.8774 0.8746
0.8746 0.8718 0.8689 0.8660
0.8660 0.8631 0.8601 0.8572
0.8572 0.8542 0 8511 0.8480
0.8480 0.8450 0.8418 0.8387
0.8387 0.8355 0.8323 0.8290
0.8290 0.8258 0.8225 0.8192
0.8192 0.8158 0.8124 0.8090
0.8090 0.8056 0.8021 0.7986
0.7986 0.7951 0.7916 0.7880
0.7880 0.7844 0.7808 0.7771
0.771 0.7735 0.7698 0.7660
0.7660 0.7623 0.7585 0.7547
0.7547 0.7509 0.7470 0.7431
0.7431 0.7392 0.7353 0.7314
0.7314 0.7274 0.7234 0.7193
0.7193 0.7153 0.7112 0.7071

60’ 40’ 20 0’

Natural Sines

0’ 20 40’ 60’
0.0000 0.0058 0.0116 0.0175
0.0175 0.0233 0.0291 0.0349
0.0349 0.0407 0.0466 0.0524
0.0524 0.0582 0.0641 0.0699
0.0699 0.0758 0.0816 0.0875
0.0875 0.0934 0.0992 0.1051
0.1051 0.1110 0.1169 0.1228
0.1228 0.1287 0.1346 0.1405
0.1405 0.1465 0.1524 0.1584
0.1584 0.1644 0.1703 0.1763
0.1763 0.1823 0.1884 0.1944
0.1944 0.2004 0.2065 0.2126
0.2126 0.2186 0.2247 0.2309
0.2309 0.2370 0.2432 0.2493
0.2493 0.2555 0.2617 0.2679
0.2679 0.2742 0.2805 0.2867
0.2867 0.2931 0.2994 0.3057
0.3057 0.3121 0.3185 0.3249
0.3249 0.3314 0.3378 0.3443
0.3443 0.3508 0.3574 0.3640
0.3640 0.3706 0.3772 0.3839
0.3839 0.3906 0.3973 0.4040
0.4040 0.4108 0.4176 0.4245
0.4245 0.4314 0.4383 0.4452
0.4452 0.4522 0.4592 0.4663
0.4663 0.4734 0.4806 0.4877
0.4877 0.4950 0.5022 0.5095
0.5095 0.5169 0.5243 0.5317
0.5317 0.5392 0.5467 0.5543
0.5543 0.5619 0.5696 0.5774
0.5774 0.5851 0.5930 0.6009
0.6009 0.6088 0.6168 0.6249
0.6249 0.6330 0.6412 0.6494
0.6494 0.6577 0.6661 0.6745
0.6745 0.6830 0.6916 0.7002
0.7002 0.7089 0.7177 0.7265
0.7265 0.7355 0.7445 0.7536
0.7536 0.7627 0.7720 0.7813
0.7813 0.7907 0.8002 0.8098
0.8098 0.8195 0.8292 0.8391
0.8391 0.8491 0.8591 0.8693
0.8693 0.8796 0.8899 0.9004
0.9004 0.9110 0.9217 0.9325
0.9325 0.9435 0.9545 0.9657
0.9657 0:9770 0.9884 1.0000

60’ 40’ 20’ 0’
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Natural Cotangents
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Cotangents
124 207 40’ 60’ Degrees
o 171.88540 | 85.93979 | 57.28996 89
57.28996 | 42 96408 | 34 36777 | 28.63625 88
28.63625 | 24 .54176 | 21.47040 | 19.08114 87
19.08114 | 17.16934 | 15.60478 | 14 .30067 86
14.30067 | 13.19688 | 12.25051 | 11.43005 85
11.43005 | 10.71191 | 10.07803 9.51436 84
9.51436 9.00983 8.55555 8.14435 83
8.14435 7.77035 7.42871 7.11537 82
7.11537 6.82694 6.56055 6.31375 81
6.31375 6.08444 5.87080 5.67128 80
5.67128 5.48451 5.30928 5.14455 79
5.14455 4.98940 4.84300 4.70463 78
4.70463 4.57363 4.44942 4 .33148 77
4.33148 4.21933 4.11256 4.01078 76
4.01078 3.91364 3.82083 3.73205 75
3.73205 | 3.64705 3.56557 3.48741 74
3.48741 3.41236 3.34023 3.27085 73
3.27085 3.20406 3.13972 3.07768 72
3.07768 3.01783 2.96004 2.90421 71
2.90421 2.85023 2.79802 2.74748 70
2.74748 2.69853 2.65109 2.60509 69
2.60509 2.56046 2.51715 2.47509 68
2.47509 2.43422 2.39449 2.35585 67
2.35585 2.31826 2.28167 2.24604 66
2.24604 2.21132 2.17749 2 .14451 65
2.14451 2.11233 2.08094 2.05030 64
2.05030 2.02039 1.99116 1.96261 63
1.96261 1.93470 1.90741 1.88073 62
1.88073 1.85462 1.82907 1.80405 61
1.80405 1.77955 1.75556 1.73205 60
1.73205 1.70901 1.68643 1.66428 59
1.66428 1.64256 1.62125 1.60033 58
1.60033 1.57981 1.55966 1.53987 57
1.53987 1.52043 1.50133 1.48256 56
1.48256 1.46411 1.44598 1.42815 55
1.42815 1.41061 1.39336 1.37638 54
1.37638 1.35968 1.34323 1.32704 53
1.32704 1.31110 1.29541 1.27994 52
1.27994 1.26471 1.24969 1.23490 51
1.23490 1.22031 1.20593 1.19175 50
1.19175 1.17777 1.16398 1.15037 49
1.15037 1.13694 1.12369 1.11061 48
1.11061 1.09770 1.08496 1.07237 47
1.07237 1.05994 1.04766 1.03553 46
1.03553 1.02355 1.01170 1.00000 45
60’ 40’ 20 o’
Tangents
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FQUR-PLACE LOGARITHMS

Proportional

[} 1 2 3 4 5 6 7 8 9
123 45
0000 0043 0086 0128 0170 [ 0212 0253 0294 0334 0374 [ 4 8 12 i7 21
0414 0453 0492 0531 0569 [ 0607 0645 0682 0719 0755 | 4 8 11 15 19
0792 0828 0864 (0899 0934 [ 0069 1004 1033 1072 1106 | 3 7 10 14 17
1139 1173 1206 1239 1271 | 1303 1335 1367 1399 1430 | 3 6 10 13 16
1461 1492 1523 1553 1584 | 1614 1644 1673 1703 1732 | 3 6 9 12 15
1818 1847 1875 11903 1931 1959 1987 2014 | 3 6 8 11 14
p . 5 2201 2227 2253 227935 8 11 13
2455 2480 2504 25201 2 5 7 10 12
2695 2718 2742 2705{ 2 5 7 9 12
2023 2015 2967 20891 24 7 911
3075 3096 1 3118 3139 3160 3181 3201 | 24 6 & 11
3284 3304 | 3324 3345 3365 3385 3404 [ 2 4 6 8 10
3483 3502 | 3522 3541 3560 3579 3598 | 2 4 6 8 10
55 3674 3692 | 3711 3729 3747 3766 3784|124 6 7 9
3856 3874 | 3892 3909 3927 3945 3962 | 24 5 7 ¢
4031 4048 | 4065 4082 4099 4116 4133 ({23 5 7 9
3 4200 4216 | 4232 4249 4265 4281 4208 | 23 5 7 8
6 4362 4375 | 4393 4409 4425 4440 4456 1 2 3 5 6 8
2 4518 4533 | 4548 4564 4579 4594 4609 | 23 5 6 R
4669 4683 | 4698 4713 4728 4742 4757 [ 13 4 6 7
4814 4829 | 4843 4857 4871 4886 4900 (13 4 6 7
4955 4969 | 4983 4997 5011 5024 5038 | 13 4 6 7
5092 5105 | 5119 5132 5145 5159 5172 | 13 4 5 7
5224 5237 | 5250 5263 5276 5289 5302 | 13 4 5 6
5353 5366 | 5378 5391 5403 5416 5428 | 13 4 5 6
35 5478 5490 | 5502 57 539 5551112 4 5 6
587 5599 5611 | 5623 5 58 66701 12 4 5 8
5 5717 5728 | 5740 5752 5763 5775 5786 [ 12 3 5 6
8832 5843 | 58565 5866 5877 5888 5899 | 12 3 5 6
5944 5955 | 5966 5977 5988 5999 60101 2 3 4 5
4021 6031 6042 605 3 6064 | 6075 6085 6096 6107 6117 |1 2 3 4 5
6128 6138 6149 0 6 6 6101 6201 6212 6222 |12 3 4 5
232 625 y > 6294 6304 6314 6325 |12 3 4 5
6355 6365 6375 [ 6385 6395 6405 6415 642512 3 4 5
6454 6464 6474 | 6484 6493 6503 6513 6522 (12 3 4 5
6351 6561 6571 | 6550 6590 6599 6600 6618 [ 12 3 4 5
6646 6636 6665 | 6675 6684 6693 6702 6712 1 2 3 4 5
730 6749 6758 | 6767 6776 (785 6794 6803|112 3 4 5
6830 6839 G848 | 6857 6866 6875 6884 6893 |12 3 4 4
6920 6928 6937 | 6946 6955 6064 6972 6081 ¢ 12 3 4 4
6990 6998 7007 7016 7024 | 7033 7042 7050 7059 7067 [ 12 3 3 4
7076 7084 7093 7101 7110 [ 7118 7126 7135 7143 7152 | 1 2 3 3 4
7160 7168 7177 7185 7193 [ 7202 7210 7218 7226 7235| 12 2 3 4
7243 7251 7259 7267 7275 | 7284 7292 7300 7308 7316 (12 2 3 4
7324 7332 T340 7348 7356 | 7364 7372 7380 7388 7306112 2 3 4
0 1 2 3 4 5 8 7 8 9 12 3 45

Denver Equipment Company publishes
DECO TREFOIL, an exchange of help-
tul engineering information designed
to improve milling. DECO TREFOIL is
published every other month. If you are
connected with mining and do not re-
ceive DECO TREFOIL please write

to us.
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FOUR-PLACE LOGARITHMS

(Continued)

Proportional
N 0 1 2 3 4 5 6 7 8 9 Parts
123458
66 | 7404 7412 7410 7427 7435 | 7443 7451 7459 7466 7474 12234
56 | 7482 7490 7497 75 513 20 7528 7 7543 7551 12234
57 | 7359 7566 7574 T 589 7 7604 2 7619 7627 12234
5% | 7634 7642 7649 T6H7 7664 72 7679 5 7694 7701 11234
59 | 7709 7716 7723 7731 7738 | 7745 7752 7767 7774 11234
60 | 7782 778Y 7796 7803 7810 TR0 7846 11234
61 | 7853 7860 TH6R TBTS5 THE2 7910 7917 11234
82 | 7924 7931 7938 7TH5 7952 7980 7957 11233
83 | 7993 K000 8007 8014 8021 SO41 8048 8055 11233
64 | 8062 8069 8073 BUS2 8089 8109 8116 8122 11233
66 | 8129 8136 8142 8149 8156 R176 K182 11233
66 | 8195 8202 8200 8215 8222 K241 B248 11233
67 B261 8267 K274 8280 7 B306 K312 11233
68 | 8323 8331 8338 8344 K370 8376 11233
69 | 8388 8395 3101 8407 8426 8432 8439 11223
T0 | 8451 8463 B470 B4KE K500 13 11223
71 8513 9 HH25 8531 8549 0 K561 7 11223
72 | 8573 8379 8585 No0l S60Y BG2L 8627 11223
73 1 8633 K630 K615 N6al RGO BB81 B686G 11223
T4 | 8692 B698 X704 BT10Q 2 8727 8733 8739 8745 11223
T8 | STHL K736 8762 H768 R7R5 R701 8797 8802 11223
76 | RRO8 B811 8K20 BN25 K837 BBA2 BR4R 8854 8K50 11223
7 BN63 8871 BR76 88R2 h BROY KOO+ 8O 8915 11223
78 | 2021 K027 KOZ2 NS RO4Z § 84D 8054 BIAGO BYGH BITI 11223
TO | 8976 SON2 KOx7 8093 K095 | 000t G000 0015 9020 9025 11223
80 | 9031 903G 0042 9047 D033 | 9038 90683 0069 Q0T4 0079 11223
K1 DOKS Q090 GGG D101 9106 [ 9112 G117 9122 G128 9133 11223
82 [ 9148 9143 9149 9154 915D | 9165 9170 9175 QIR0 & 11223
B3 | 0191 0166 9201 9206 9212 0217 G222 a232 11223
S4§ 0243 0248 Y253 9258 9263 | 9269 9274 0284 1223
85 [ 9294 ¢299 93041 9300 9: 6320 D35 9340 11223
86| 9345 0350 9355 D360 ¢ 0370 ¢ [R} H390 11223
N7 O§ 9305 0400 9405 L0 O 09426 9 9135 9410 01122
88| 9445 0150 9455 9460 ¢ QB9 D471 V484 94 ory 22
89 19404 9499 9504 9500 95 9518 9523 9533 9, 011 2:
90 | 0542 9547 9552 7 0362 | 0366 0571 ¢ A 9381 938t 01122
91 9300 5 9600 9605 9609 | 9614 28 9633 0112¢
92 | 9638 9643 9647 9652 06! AGRLE 06 DETH G8R0 01122
93 | U685 9689 9694 9699 GTO3 | AT0R ¢ G747 9722 9727 0oL 22
04 [ 9731 9736 9741 9745 27050 | 9754 9750 9763 9768 9773 01122
95 9756 9791 9795 | 9800 9805 9809 0814 981N 01122
06 7 0832 G836 OR41 | ON4H ORH0 ORS4 ORFH 9R6I 1122
97 Q877 ORKL YREG | 9890 98G4 9899 9903 9N08 0122
95 9021 9926 9930 { 9934 9439 9943 0948 G052 g112z2
@y Q065 9969 9974 | 9978 9UKR3 9987 9991 Y996 01122
N 0 1 2 3 4 5 6 7 8 9 12345
Denver Ore Tests are made on an

"actual cost” basis. This brings

the

world’s finest laboratory equipment
and skilled technicians to your service
at a very low cost.
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(See typical problem on page 772)

Denver Equipment Company publishes

DECO TREFOIL

ful eng

. an exchange of help-
information designed

ineering

to improve milling. DECO TREFOIL is

published every other month. If you are

ceive DECO TREFOIL please write

connected with mining and do not re-
to us.

IANNIN ¥3d SNOTTV9 SN
0001 o] . 009 00§ ooy _00% 00z 00l 0%
: NI HEEEE i
H i : i
T
= 1 52
8 K
h
H TR
= |0 ] £
+ { 7 1
& : £ it
H i : R
o e
98 Ots!
:
2 AT
%
%
SW3I1904d dAWNd \
3LNdWOD NOA 11 ;
x 17
xon-H
HdVY9 SIHL x hmx\ —
X O 1 of % o st ov sv o
243 HIMOJISHOH 3I¥vyE
cgionpezd [ELLISNpUT SNOMIBA PUY yoerey
uod1z Nuf3eilg Iauden
ULy sueppwofsd aysausey
.u:mN nsnold 9)1u0)sSUAIT
amueIOM Apaod Sjyruownt
3:05_3 ysejod s3uoisawT
’ 1 wnuyerd 331N
SBSMM ajeydsoyq anpopidag
SUMAWIIA ajpuejuad pesT
SNUIPEUEA ssepoYIQ uedy
ANUUEI[) jusundiQ jwosswe[
uays3ung, sulAQ uoa]
zedo], anIN $3ISEA
WUELL PIIN [erisnpuy
Aue] 210N ERLIEL
ury, UILS Iuuqny
2)11payena ] surpaydaN Ipus[qauIoy
IBUBULI L, 9j1A008N Y anewasy
ERUERE ajizeuoy ey
T ooreL wnuapqAo umsd4n
A4S O ajydean
3jtuRA[AS eI surein
mydmsg AndIs p[on
uepuons ajneuIey asqqn
Auqus ayuedue Joulen
JuueIg asaueduey BuIrERn

Ui UBLY
1edsionjg
Auonyg
ENSELRER
Jedsppayg

je§ wosdyg

andieuy
oo g
pr1ey

snoadewojelJ

puowerq
ajued)
udn)
91[0L1)
wnpunio)
Jaddo)
nreqon
3eq0)
1eo)
Lery
leqeuwt))

erjodosdiy)

ajiwoIy)
swoIy)

ajuddodreyn

A03EYD

A103p10qDT ODIQ U! Po3ISd] S|PLIIDW

93ISSNIID)
9)11481e13)
JudWa)
MSI3)D
9jL133Iss8))
E2111:105 10
E3) 5] 156
ayonag
auiog
xelog
spueg
shourwnirg
pnuwstg
amorg
14199
Auojusyg
axneg
jueg
$03saqsy
ajuddouassty
dtuasly
Anuadiy
dnedy
Auoumuy
3ysa[3uy
Anunry

771

770



Next go vertically

to intersection with 60%-efficiency line (top left) and

right) to the inter-
read the horsepower directly. Output of pump (6 hp.)

If GPM is 10 times as great, calculate for
one-tenth that GPM and then multiply HP. by 10 to

get answer. That is also true for foot of head.

2

Solution: Follow heavy “example” line from. 300
gpm (bottom) up to 70-ft. head line. Then go horizon-

supplied to the pump for these operating conditions.
Note:

is given on the 100%-efficiency line; input (10 hp.) is

tally (or right if gravity line i§ on
section with specific-gravity line.
given on true-efficiency line.

ipment Needs

Continued from preceding page

OUR FRIEND, Christian W. Matthews, Denvef, Colo.,
has submitted the above chart for calculating the

We Please Work With You On All

he pump is 60%

efficient. Find brake horsepower which must be

33,000 X efficiency
May
Your Equ

Example: A pump is delivering 300 gpm of 1.15-

It makes easy work of the following

GPM x 8.33 x ft. head x spec. gravity

engineers.
HP.

typical problems faced by mine, mill and smelter
equation:

< gravity pulp through 70 ft. of head. T

~
N

Properties of Water

Boiling Point Weight and Heat Content
at Different levations at Various Temperatures
Weight
Alt. Above Barometer | Boiling Temp. per B.T.U.
Sea Level Reading Point in Cu. Ft. per
in Feet in Inches |Degreesk'.|[DegreesF.| in Lbs. Lb.
15,221 16.79 184 32 62.42 0.
14,649 17.16 185 35 62 .42 3.02
14,075 17.54 186 40 62 42 8.05
13,498 17.93 187 45 62 .42 13.07
12,934 18.32 188 50 62.41 18.08
12,367 18.72 189 55 62.39 23.08
11,799 19.13 190 60 62.37 28.08
11,243 19.54 191 65 62.34 33.07
10,685 19.69 192 70 62.31 38.06
10,127 20.39 193 75 62 28 43.05
9,579 20 .82 194 80 62.23 48.03
9,031 21.26 195 85 62.18 53.02
8,481 21.71 196 90 62.13 58.00
7,932 22.17 197 95 62.08 62 99
7,381 22.64 198 100 62 02 67.97
6,843 231 199 105 61.96 72.95
6,304 23.59 200 110 61.89 77.94
5,764 24 .08 201 115 Gl 82 82.92
5,225 24 .58 202 120 61.74 87 .91
4,697 25.08 203 125 61.65 92 90
4,169 25.59 204 130 61.56 97 .89
3,642 26.11 205 135 61.47 | 102.88
3,115 26 .64 206 140 61.37 107 87
2,589 27 .18 207 145 61.28 112.86
2,063 27.73 208 150 61.18 117 .86
1,809 28.00 208.5 155 61.08 | 122.86
1,539 28.29 209 160 60.98 127.86
1,290 28.56 209.5 165 60.87 | 132.86
1,025 28 .85 210 170 60.77 | 137.87
754 29.15 210.5 175 60 66 | 142.87
512 29 .42 211 180 60.55 147 .88
255 29.71 211.6 185 60.44 152.8%
0-—S8ea Level 30.00 212 190 60 .32 157 91
—261 Below S.L. 30.30 212.5 195 60.20 | 162.92
—511 Below S.L. 30.59 213 200 60.07 167 94
205 59.95 | 172.96
210 59.82 177.99
212 59.76 180.00
Blackmer Pump Co.
Tons Water per 24 Hours—12”* Wide 1° Deep
s';"?}gﬁ{" Wl M| %o |1s) 2 2ss) 3 4] |8
Velocity
F.P.S. ... 18 23 28| 32| 39, 45 51 56] 64 72| 78]
Tons Water
24 Hrs, 3600| 5200{ 6300| 7200| 8500|1020011500|12600{14400|16200{17500
G‘\I{!{(::BP ...... 600] 870] 1050] 1200] 1420{ 1700{ 1920 2100] 2400| 2700 2920|

Velncity js practically constant for alt depths; quantity proportional to depth x width.
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Units of Measurement and Useful Data—Water

One cubic inch weighs .0361 pounds.

One cubic foot equals 62.4245 pounds at 39 degrees F., equals
7.48 gallons U. S. or 6.2321 gallons imperial.

One pound equals 27.7 cubic inches.

One gallon U. 8. equals 8.33 pounds; equals 231 cubic inches;
equals .13368 cubic feet.

One imperial gallon equals 19 pounds at 62 degrees F., equals
277.274 cubic inches, equals .16046 cubic feet.

To convert imperial gallons to U. S. gallons, multiply by the
factor 1.2.

To convert U. S. gallons into imperial gallons, multiply by
.8333.

One acre-inch is the quantity of water required to cover one
acre of area a depth of one inch, equals 3,630 cubic feet, equals
27,152 gallons.

One acre-foot equals 12 acre-inches, equals 43,560 cubic feet,
equals 325,829 gallons.

One cubic foot per second (sccond-foot) equals 448.8 gallons
per minute.

A flow of one second-foot will produce one acre-inch in about
an hour.

One pound per square inch pressure is equivalent to the pres-
sure of a column of water 2.31 feet in height.

A column of water one foot in height produces a pressure of
.433 pounds per square inch.

The mean pressure of the atmosphere is usually estimated at
14.7 pounds per squarc inch at sea level, and with a perfect
vacuum it will sustain a column of mercury 29.9 inches, or a
column of water 33.9 feet high.

Doubling the diameter increases the capacity of a pipe four
times.

To determine the veloeity in feet per minute necessary to
discharge a given volume of water in a given time, multiply the
number of cubic feet of water by 144 and divide the product by
the arca of the pipe in inches.

To find the theoretical velocity due to any head, multiply the
square root of the head in feet by 8.02.

774

Table for Converting Feet Head of Water into
Pressure per Square Inch

Pounds Pounds Pounds

Feet per Feet per Feet per
Head | Square Head | Square Head Square

Inch Inch Inch
1 .43 55 23.82 190 82.29
2 . 87 60 25.99 200 86. 62
8 1. 30 63 28.15 225 97.45
4 1.73 70 30. 32 250 108.27
5 .17 75 32.48 275 119,10
6 2.60 80 34.65 300 129. 93
7 3.03 85 36. 81 325 140.75
8 3.40 90 38.98 350 151. 58
9 3.90 95 41. 14 375 162. 41
10 4.33 100 43. 31 400 173. 24
15 6.350 110 47. 64 500 216.55
20 R. 66 120 51.97 600 259. 85
25 10. 83 130 56- 30 700 308.16
30 12.99 140 60. 63 800 346.47
35 15.16 150 64. 96 900 389.78
40 17.32 160 69. 29 1000 433. 09
45 19. 49 170 73.63 - -
50 21.65 150 77.96 — [

Table for Converting Pressure per Square Inch
into Feet Head of Water

Pounds Pounds| Pounds
_per Feet per Fect per Feet
Square| Head Square| Head Square Head
Inch Inch Inch
1 2.31 33 126. 99 180 415 61
2 +4.62 (i{) 138. 54 190 438. 90
3 G.93 G5 150. 08 200 461.78
4 9. 24 70 161.63 225 319. 51
5 11.54 735 173.17 250 377.24
6 13.85 RO 184.72 TS5 643.03
7 16.16 83 196. 26 300 692, 69
8 1R. 47 90 207. 81 325 750. 41
9 20.78 95 219. 35 350 308. 13
10 23. 09 100 230. 90 275 R65. 89
15 34.63 110 253.98 400 922.58
20 46.18 120 ?77.07 500 115+4. 48
25 57.72 125 288, 62 - P
30 69. 27 130 300.16 -
35 80. 81 140 323. 25 N
40 92. 36 150 346. 34 -
45 103. 90 160 369. 43 R
50 115. 45 170 392. 52 ——
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Quantity of Water in One Foot of Pipe
in Cubic Feet and in U. S. Gallons

Dia. of Cu. Ft. of U. 8. Gals.
Pipe in Water in in
Inches 1 Foot of Pipe 1 Foot of Pipe
1 0.0014 0.0102
A 0.0031 0.0230
1 0.0055 0.0408
2 0.0218 0.1632
3 0.0491 0.3672
4 0.0873 0.6528
5 0.1364 1.020
6 0.1963 1.469
b3 0.3491 2.611
10 0.5454 4.080
12 0.7854 5.875
14 1.069 7.997
16 1.396 10.44
15 1.767 13.22
20 2,182 16.32
22 2.640 19.75
24 3.142 23.50
26 3.687 27.58
25 1276 _ 31.99
30 4.909 36.72
32 5.5%5 41.78
34 6.305 47.16
30 7.06Y 52.88
3N 7.876 58.92
40 8.727 65.28
42 9.621 71.97
44 10.559 78.99
46 11.541 86.33
48 12.566 94.00
50 13.635 102.00
52 14.748 110.3
54 15.904 119.0
a6 17.104 128.0
SR 18.348 137.3
60 19.635 146.9
62 20.966 156.8
64 22.340 167.1
66 23.76 177.7
68 25.22 188.7
70 26.73 200.0
776

72 28.27 211.5
74 29.87 223.4
76 31.50 235.6
78 33.18 248.2
80 34.91 261.1
82 36.6% 274.3
84 38.48 287.9
86 40.34 301.7
88 42.24 316.0
90 44.18 330.5
92 46.16 345.3
94 48.19 360.5
96 50.27 376.0
08 52.38 391.8
100 54.54 408.0
102 56.75 424.5
104 58.99 441.2
106 61.28 458.4
108 63.62 475.9
110 66.00 493.7
112 68.42 511.8
114 70.88 530.2
116 73.39 549.0
118 75.94 568.0
120 78.54 587.5

Conversion of Water Discharges to Various Units

To convert N units of —

Cubic leet per hour..........

Cubic feet per day .......

Acre-feet per day..

Cubic feet persecond............. {Gallons per day.

Cubic feet per minute. .. ......

Miner's inches........ ..... .. 40.
.... Gallonsperhour................ 44883
Gallonsperday. ............. . 17853

Gallona per second............

Gnllonn perminute.......... .

Miner'sinches,...............

1,000,000 gallons per r‘lav ......

Gallone per hour........ L ‘31169
JCubic feet per hour. .. . 481.25
-~ "\ Acre-feet per day. .. ... . 2651
{Cubic feet per second. . 002228
{Cubic feet per hour ... . 8.0208
*** ) Acre-feet per day. . .. 004419
|Miner'sinchea.................. 08912
{Cubic feet per second. . 025
....{Cubhic feet per minute 15
|Gallons per minute. . 11.22
Cubic feet per second. . 1.547
.. .4 Gallons per minute. . .. 6044
Miner'sinches.................. 61.88

To M units of — Muitiply N by—

Gallons per minute
Gallona per hour

lAcr&feet per day.

{Gnllonu per minute

' Cubic feet per second
Gallons per minute. .
Miner's inches. .
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To determine the area of a required pipe, the volume and
velocity of water heing given, multiply the number of cubic feet
of water by 144 and divide the product by the velocity in feet
per minute.

A Miner’s Inch is a measure for flow of water, and is the quan-
tity of water that will flow in one minute through an opening
one inch square in a plank 2 inches thick under a head of 614

inches to the center of the orifice.

mmdy to 1.2 cubie feet, or @ gallons per minute.
is not the same for all sLaLes as some use a different head.

Gallons and Cubic Feet

This is equivalent, approxi-
This measure

United States Gallons in a Given Number of Cubic Feet

(1 cubie fong =

TN0519 U

8. gallons:

1 gallon =

013368056 cubie foot.)

231 cubic inches =

Gallons

feet

FCubice

yﬂ“\ﬂh

Cubic I(-ot

Gallong

0.1 RO00 .2
0.2 9.000 7
0.3 10,000 5.2
0.4 20,000 A
0.5 30,000 5.6
0.6 | 40,000 z'm z"O &
0.7 14961 50,000 5.9
0.5 2,211.2 60,000 1
0.9 2,002, 70,000 .3
1 37 WL 80,000 .5
2 96,000 .7
3 100,600 9
4 200.000 1, 1’N) |0'1 8
5 300,000 2,214,155.7
6 5 400,000 2,992,207 .6
7 0 500,000 3,710,259.5
8 6 600,000 4 1«‘18 ill.4
9 2.1 700,000 3
10 2.6 800,009 .2
20 1 900,000 1
30 .6 1.000,000 0
40
Cubie Feet {n a Gicen Number of Gallons
Gallons|Cubic [e\et Gallons (‘uhw leet Callons

1 134 1,000 133 liﬁl 1,000, ()‘i()

2 L267 2.000 267 .361 2,000,000
3 401 3,000 3,000,000 101.041.7
4 Lh3h 4,000 4,000,000 534,722 2
5 B68 5,000 5,000,000 668.,402.8
6 .RO2 6,000 6,000,000 802,083 .4
7 L9036 7,000 7.000.000 935,763.9
8 1.069 8,000 8,000,000 1,069,444.5
] 201 9,000 9,000,000 1,203,125.0
10 1.337 10,000 10,000,000 1,336,805.6

Complete Milling Equipment

From

Testing . . . To Feeder . . . To Dryer.
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Table of Theoretical Horsepower to Lift Water to Different Heights
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For power

Horsepower theoretically required for pumping water equals the gallons per minute muitmplicd by the head in feer. and divided by 4.000

recommended. divide by 2,000 instead of 4,000.
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Mill design and Flowsheet design are

Use Denver Equipment—Standard the

also services of Denver Equipment Co.
Write for details how these services

might help you.

World Over. “No Yearly Models But

Constant Improvement.
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t Will Recover Mineral

As Soon As Free.

ircui

A Denver Mineral Jig or Denver

"Sub-A” Unit Flc

Grinding C

Use Denver Ore Tests to verify or im-
prove your present flowsheet.
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Per Lineal Foot
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Calculating Horsepower and Torque and

Designing Shafting

.To design a shaft upon which a gear is mounted to transmit a given hersepower
either the speed must be known en the twisting moment or torque reust be lp'ciged.

Let F. P. M. equal speed of pitch line of gear in feet per minute.
Let B. P. M. equal revolutions of gear per minute.
F.P.M. - (Piteh Diameter)"x3. 1416 X R.P.M.
12
= (Pitch Diameter)"X .202XR.P.M,
. Load on Teeth (Ibs.)XF.P.M.
33000
H. P. 33000 Ibs.
F.P.M.
_ Torque (inch Ibs.)
(Pitch Radius)
H.P.  Torque (iachIbs.) XR.P.M.
83000
- H.P.X63600 inch ibe.
R.PM.

H.P.

Load on Teeth =

Load on Testh

Torque

Horsepower of Head Shafts

Recover Your Mineral As Soon And As
Coarse As Possible.

A Denver Mineral Jig or Denver
“Sub-A” Unit Flotation Cell In Your
Grinding Circuit Will Recover Mineral
As Soon As Free.
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3,To0xH D3 xR
D=V H="15
H = Horsepower. D = Diameter of shaft. R = Revolutions per minute

Diam- Number of Revolutiens per Minute

eter o

Shalt in

Inches 25 50 100 200 300 400 500 600
1% .85 1.7 ° 3.4 6.8 20 4
1% 1.35 2.7 5.4 10.8 32.4
liag 2 4, 8. 16 48,
2% 28 57 11.4 22.8 68.4
2% 3.9 7.8 15.6 31.2 93 6
2% 5.2 10.5 21. 42. 128.
2% 6.7 13.5 27 54, 182,
3% 8.5 17. 34 88. 204,
34 10.7 215 43 86. 258,
3% 18. 32, &4, 128 384,
4% 22.7 455 91. 182 546.
4% 31.2 62.5 125. 2 750.
5 41, 83.1 166.3 | 332.6 908,
5y 54. 216. 432 1206.
(321 68.6 137.2 274 .4 548.8 1646 .4
7 85.75 171.5 343, 88 2058,
7% 105.4 210.8 | 421.6 ] 843.2 2529.8
8 128. 258. 512. 1024, 3072.
9 182.35 [ 364.5 | 729. 1458, 4374
10- 250. 500. 1600. 2600

789




Compound Interest Table

Amount of Babbitt for Beal‘lﬂgs Amount of $1 principal after given number of years and at given rates per cent.
Showing pounds of babbitt metal required per inch of length of bearing liner,
exclusive of metal contained in anchoring grooves.
Yrans 2% 3% 4% 5% 8%
g | § § |5
H Thickness of Liner || 5| 8w | Total Thick Liner
AZ| &2 Total BE|&F mess of 1.020 1.030 1.040 1.050 1.060
SE| 9% 25155 1.040 1.061 1.082 1,103 1,124
B R e | B B e E AT NENE ANNE NINE
a2l ol BV Y v lagr | var || B B losgr |yt is . X N 1.218 1.
SO TR Bl BO kil Ml M sl 1.104 1.158 1.217 1.276 1338
Weight, of Metal, Lbe., Weight of Metal, Lbs. 1.126 1.194 1.265 1.340 1.419
3 | 9.425] 0.4420.676/0.918(1.43(1.98 || 654 | 20.813| 0.955|1.444)1.9432.97]4.03 112 1.230 1.316 1.407 1.504
31 | 0818| 0.459|0.702/0.9541.48/2.05 || 63¢ | 21:206| 0.973|1.474|1.980(3.02|4.10 1.172 1.267 1.369 1.478 1.504
317 | 10.210; 0.477/0.728|0.990]1.54(2.12 || 674 | 21,508 0.090|1.409(2.015(3.07]4.18 1108 130 1.423 1.551 1.890
3% | 10603 0.495/0.765/1.026(158|2.10 || 7 | 21.001] 1.008]1.523|2.060(3.13/4.25 1o 134 140 1.629 1o
334 | 10096/ 0.513(0.781/1:060(1:65[2.26 {| 74 | 22:384 1.026(1.550|2.085(3.1814.32 1o | 15 1550 170 3.5
3% | 11.388| 0.530(0.808(1.006(1.70/2.33 || 714 | 22.776| 1043/1.5782.1203.231438 1.204 1.468 1.665 1 27133
33 | 10781) 0.548{0:834|1:130(1.75/2:41 || 734 | 23.169| 1.060|1:605)2.155(3.29]4.45 1320 1503 1:%33 IR+ 2 %1
314 | 12.174| 0.566/0.862|1.167)1:80[2.48 || 715 1.078/1.630!2.192(3.34]4 52 138 1.3 15 1% 2.5
47" | 12566] 0.583/0.887|1.201186(2.55 || 734 | 23955 1.0951.658/2.230(3.30/4.50 i 1558 L 308 230
435 | 12:989] 0.601/0.915]1.237|1.91(2.62 || 734 | 24.347| 1.113{1.684|2.260(3.45|4.67 1,400 1,833 1,948 2.202 5.893
444 | 133521 0.618/0.941]1.274/1.96/2.69 || 726 | 24.740] 1130/1.710{2.300(3.504.74 150 195 2 028 2202 .35
43¢ | 13744] 0:6360.068(1.307|2.02/2.76 (| 8 |25.133| 1.148(1.737|2.340(3.55/4.81 1.457 1.754 2.107 2.527 3.026
434 | 14137 0.654{0.995(1.343(2.07/283 || 8¢ | 25.525| 1.166(1.763|2.370|3.604.88 1.486 1.806 27191 21653 31207
435 | 1450 067111020 [380/2.12200 817 | 25.018| 1184|1.790]2.410(3.654.85 1.641 2,004 2,666 3.386 4,202
437 | 14923 0.689{1.048(1.415(2.17/297 || 835 | 26:311| 1.202(1.8142.440(3.71 5,00 1.811 2.427 3.243 1.322 5.744
47/2 15.315] 0.707|1.074]1.450(2.23(3.04 {| 815 | 26.704} 1.220|1.844(2.475(3.76/5. 2.000 2.814 3.946 5.516 7.886
5 15.708, 0.724]1.003[1.484{2.28(3.11 834 { 27. 1.23711.868/2.510/3.82(5.18 2.208 3.262 4.801 7.040 10.286
514 1 16.101] 0.742(1.128{1.520(2.33(3.18 1| 834 | 27.489) 1.255|1.896/2.545(3.87|5.23 2.438 3.782 5.841 8.985 13.765
511 | 16.493] 0.760(1.154}1.556]2.30|3.25 || 874 | 27.882] 1.272(1.920{2.580|3.92/5.30 2.692 4.384 7.107 11.467 18.420
535 | 16.886| 0.77|1.180}1.500/2.44333 || 8 = |28'274| 1200(1.950|2.620/3.98(5.37 2,971 5.082 8.646 14.635 24650
514 | 17.270| 0.7951.207|1.625|2.49(3.40 || 9'% | 28.667] 1.307(1.975|2.650(4.03(5.44 3.281 5.881 10.519 18.679 32.988
5% | 17671 08131123311.660/255/3.47 || 93 | 20.060) 1324[2.000)2.6004.0815.52 3.622 6.830 12.798 23.839 145
537 | 18:004 0.830(1.260|1.697|2.60(3.54 || 935 | 20.452| 1343{2.030|2.720(4.13(5.50 3.999 7.017 15.571 30.426 s
575 | 18.457| 0.848)1.286/1.7302.65(3.60 || 914 |29.845| 1.362!2.050!2.7604.18)5.68 :-g;g ol 18.045 Js.832 | T9-058
18:850( 0:8661.313(1.767(2.71|3.67 || 954 | 30.238| 1.37012.080(2.700|4.22/5.73 1801 1954 23-049 s S R
614 | 19.242| 0.88411.33011.800(2.7613.74 | 93¢ | 30.831] 1'396/2.110(2.830|4.28(5.80 5.382 | 12.338 28.043 83234 41882
64 | 19.635| 0.901/13661.840/2.813.82 || 074 |31.023] 1.414]2.130|2.885/4.355.87 oer | 18578 abal | o1ee0a 53553
6% | 20.028) 0.019(1:302]1:8732:86/3.89 || 10 | 31.416| 1.432|2.160|2.800|4.40/5.94 8-30% 1 10578 30208 | 19000 | %932
614 | 20.420{ 0.937/1.4201:910(2.92/3.96 THe ) wus ol | e 1 %
8831 | 25828 74.759 | 214.202 | 607.659
9750 | 20942 90,956 | 273.382 | 813.186
10,765 | 34.711 | 110.663 | 343.812 [1,088.228
We have often been referred to as the
i gl . - .
Diagnosticians of the ore dressing Complete Milling Equipment From
. “ .
industry.” Perhaps we can help you Testing . . . To Feeder ... To Dryer.

with your mineral recovery problems.
Please let us try.

For exact quotations and complete speci-

fications contact any one of our offices.
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Use of Coins as Weights
(Approximate values for United States coips.)
One 50c piece=12.5 grams =200 grains (avoir.)
One 25¢ piece= 6.25 grams =100 grains (avoir.)
One 10c piece= 2.5 grams= 40 grains (avoir.)
One b5c piece= 5 grams= 80 grains (avoir.)
One lc piece= 3.1 grams= 50 grains (avoir,)

One 10c piece+two 50c pieces =27.5 grams =440 grains or
approximately one ounce; i.e. 437.5 grains.

Combustion Data
In Terms of Pounds per Pound of Fue!

Linear Coefficients of Thermal Expansion

Common Metals

0° C.) per degree Centigrade

The coefficient given is the increase in length per unit length (measured at

Theoretically N
i Products of Combustion

Molecular Rpeg:,:ﬁ:d Pounds

Symbol

N||CO|SO-

Carbon (to COy).... C
Carben {to CO)....

Carbon Monoxide co

Safe Bearing Power of Soils
(Ira O. Baker)

Bearing Power in Tons
per Square Foot
Kind of Material

Minimum Maximum
Rock —the hardest—in thick layers, in native bed .. ..... 200
Rock equal to best ashlar masonry. .......... . 25 gg
Rock equal to best brick masonry. .. 15 0
Rock equal to poor brick masonry. 5 16
Clay in thick beds, always dry.... 4 S
Clay in thick beds, moderately dry ? 4
Clay,saft. . ... 2
Gravel and coarse sand, well cemented 8
Sand, compact, and well cemented 4 ‘6
Sand, cleap, dry..... ........ A 2 4
Quicksand, alluvial soils, ete................ . Q.5

792

Metal Temp. °C | Coefficient Obgerver
Aluminum, Commercial. . .20-100 .0000240 Hidnert, 1925
Brass, Wire. . ........... 0-100 .0000193 Smeaton
Brass, Commercial

64.819, Copper........ 25-100 .0000190 Hidnert, 1921
Copper, Electrolytic. .. ... 25-100 .0000168 Hidnert, 1921
Duralumin, Cast......... 20-100 . 0000236 Hidnert, 1925
German Silver...... .. .. 0-100 .00001836 | Pfaff
Glass, soft. ................ ... .0000085 Schott
Gold............. 10000143 | Gruneisen, 1910
GunMetal............... ... .0000183 National Physical

Laboratory
Iron, Wrought...— 18 to 4+ 100 .00001140 | Andrews
Steel, 1.29 Carbon .. .. .. 0-100 0000105 Le Chatelier, 1899
00002040 | Gruneisen, 1910
.0000137-
.0000145 Souder and Hidnert
Nickel.................. 16-250 00001397 | Holborn and Day
1901
Silver...................20 .0000188 Voigt, 1893
00002692 | Gruneisen, 1910
00002628  Thiesen, 1895
Stainless Steel
Allegheny Metal 18-8......... 20-100 0000173

18%, Chromium

89, Nickel
Allegheny Metal 25-12. ... ...20-100 .0000162

25%, Chromium Allegheny Ludlum

12%, Nickel Steel Corporation
Allegheny 12................ 20-100  .0000104

12% Chromium
Allegheny 17............. .. 0-600 .0000107-

17% Chromium 0000121

Joseph T. Ryerson & Son, Inc., Alloy Stee! Reference Book

Our desire is to make you “Happier,

Healthier and Weailthier.”
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Weight of Steel Plates

Size Wt., Lbs. Size Wt., Lbs.
per Sq. Ft. per $q. Ft.

490 f-inch 7.65

5.10 14{-Inch 10 .20

5.75 #-Inch . 12.75

6.37 3%-Inch . 15130

*DIMENSIONS OF SQUARE AND FLAT PLAIN PARALLEL
STOCK KEYS IN INCHES

Shafting Weights

Size in Weight per Size in Weight pcr | Size in Weight per
Inches Ft., Lbs. Inches Ft., Lb: Inches Ft., Lbs.
5/8 1.04 1-15/16 10 02 3-11/16 36.31
3/4 1 50 2-3/16 12.78 3-15/16 41 .40
78 2.05 2-7/16 15.87 4-7 /16 52.58
1 2.67 2~-11/16 19 .29 4-15 /16 65.10
1-3/16 3.77 2-15/16 23 04 5-7/16 78 .95
1-7/16 5.52 3-3/16 27.13 5-15/16 94 .14
1-11 /16 7.60 3-7/16 31.55

A.S. A. Standard Keys

and Standard Keyseats

[-W Wy
+ AT J_r -
€ H
. ¥
H
1 g
S T
i
{

Recover Your Mineral As Soon And As
Coarse As Possible.
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Bottom of Key-seat
*t to Opposite Side of
Shaft Square Key | Flat Key | Tolerance Shaft
Diameter WxH WxH on
W and H Square Flat
{—) ey Key
S T

1/2 1/8x1/8 1/8x3 /32 0.0020 0 430 0.44%
9/16 1/8x1{8 1/8x3 /32 0.0020 0.493 0.509
5/8 3/16x3 /16 3/16x1/8 €.0020 0.517 0.548
11/16 3/16x3 /16 3/16x1/8 0.0020 0581 0.612
3/4 3/16x3 /16 3/16x1/8 0.0020 0.644 0.676
13 /16 3/16x3 /16 3/16x1/8 0.0020 0.708 0.739
7/8 3/16x3 /16 3/16x1 /8 0.0020 9.771 0.802
15/16 1/4x1/4 1/4x3 /16 6.0020 0.796 0.827
1 1/4x1 /4 1/4x3 /16 0.0020 0.859 0 890
1-1/16 1/4x1 /4 1/4x3 {16 6.0020 0.923 0.954
1-1/8 1/4x1 /4 1/4x3 {16 0.0020 0.986 1.017
1-3/16 1/4x1 /4 1/4x3 /16 0.0020 1.049 1.081
1-1./4 1/4xl /4 1/4x3 /16 0.0020 1.112 1.144
1-5/16 5/16x5 /16 5/16x1 /4 0.0020 1.137 1,169
1-2/8 $/16x5 /16 5/16x1 /4 0.0020 1.201 1.232
1-7/16 3/8x3/8 3/8x1 j4 0.0020 1.225 1.288
1-1/2 3/8x3/8 3 /8x1/4 0.0020 1.289 1.3s51
1-9/16 3/8x3/8 3/8x1 /4 0.0020 1.352 1.415
1-5/8 3/8x3/8 3/8x1 /4 0.0020 1.416 1.478
1-11/16 3/8x3/8 3/8x1 /4 0.0020 1.479 1,542
1-3/4 3/8x3/8 3/8x1/4 0.0020 1.542 1.605
1-13/16 1/2x1/2 1/2x3/8 0.0025 1.527 1.590
1-7/8 1/2x1/2 1/2x3/8 0.0025 1.591 1.654
1-15/16 1/2x1/2 1/2x3/8 0.0025 1.655 1.717
2 1/2xl/2 1/2x3/8 0.0025 1.718 1.781
2-1/16 1/2x1/2 1/2x3/8 0.0025 1.782 1.843
2-1/8 1/2x1 /2 1/2x3 /8 0.0025 1.845 1.908
2-3/16 1/2x1/2 1/2x3/8 0.0025 1.909 1.971
2-1/4 1/2x1/2 1/2x3/8 0.0025 1.972 2.034
2-5/16 5/8x5 /8 5/8x7 /16 0.0025 1.957 2.051
2-3/8 5/8x5/8 5/8x7 /16 0.0025 2.021 2.114
2-7/16 5/8x5/8 5/8x7/16 0.0025 2.084 2.178
2-1/2 5/8x5 /8 5/8x7 /16 0.0025 2.148 2.242
2-5/8 5/8x5/8 5/8x7 /16 0.0025 2.275 2.368
2-3/4 5/8x5/8 5/8x7 /16 0.0025 2.402 2.495
2-7/8 3/4x3 /4 3/4x1 /2 0.0025 2.450 2.575
2-15/16 3 /4x3 /4 3 /4x1 /2 0.0025 2.514 2.639
3 3/4x3 /4 3/4x1/2 0.00325 2.577 2.702
3-1/8 3/4x3 /4 3/4x1 /2 0.0025 2.704 2.829
3-1/4 3/4x3 /4 3/4x1/2 0.0025 2.831 2.956
3-3/8 7/8x7/8 7/8x5/8 0.0030 2 880 3 005
3-7/16 7/8x7 (8 7/8x5(8 0 0030 2.944 3.069
3-1/2 7/8x7/8 7/8x5/8 0.0030 3.007 3.132
3-5/8 7/8x7/8 7/8x5/8 0.0030 3.140 3.259
3-3/4 7/8x7/8 7/8x5/8 0.0030 3.261 3.386
3-7/8 1x1 1x3 /4 0.0030 3.309 3.434
3-15/16 1x1 1x3 /4 0.0020 3.373 3.498

*Note: Stock keys are applicable to the general run of work and the
tolerances have been set accordingly. It is understood that these keys are
to be cut from cold-finished stock and are to be used without machining.
They are not intended to cover the finer applications where a closer fit may
be required

tNote: These tolerances are negative and represent the maximum
allowable variation below the cxact nominal size. For cxample, the standard
stock square key for a 2-inch shaft has a maximum size of 0.500x0.500 inch
and @ minimum sisc of 0.4975x0.4975 inch.
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HORSEPOWER CALCULATED FROM LOAD-MECHANICS DATA

1. ConsTant Srxen
A i
HP =

B. Prony-brake Horse, sepoer
2 X 3.1416 X Pounds Applied at 1-foot Radius X r.p.m.
33,000 )

Torque (Pounds -Feet) X Bpeed (r.p.m.)
5250

HP. =
C. Linear

HP Force (Pounds) X Feet per Minute Velocity

2 Accereration wrou 0 1o Foru Seen

A. Rotational

HP Inertia (WR3) X r.p.m.}

= 1.62 X 10% (in seconds to come up to speed)

B. Linear (W) I ,

HP. = Inertia (W) X f.p.m

§38 X 10°¢ (in seconds to come Up to spoed)

Horsepower Calculations for Specific Applications (Approximate)

Pumping Water
HP. — Gallons per Minute X Total Dynamic ‘Head in Feet
e 3960 X Pump Efficiency
Moving Air

HP. =

Volume (c.fan.) X Pressure (Pounds per Square Foot)
33,000 X Efficiency

or .
5.2 X Volume (c.fn.) X Head (Inches of Water)
= 33,000 X Efficiency

Compressing Gases
H PLAN } F
P, = 73,000 X 0.90 xﬂo 20 'or one working stroke per revolutiop (Single-acting)
P = Means ¢ ective preuure in eylinders {pounds square inch)
L = Length of stroke in feet P pernd
= Area of piston in square inches
N Number of revolutions per minute

For Hoisting and Moving Cranes (A pprozimate)
“HLP. of Hoist Motor = Load in Tons X Lllf:mg Speed (f.p.m.)
H.P. of Trolley or Bridge Motor =
(1) (For bronse-bushed bearings) WS _ (d)
132 X (D)
@ (For roler bearings) WS { 30 x (E)

33,000

W = Total weight in tons

8 = Travel speed ([.p.m.)

d = Diameter of axle, inches
D = Diameter of wheel, inches

*Amuming oversll efficiency of 86%

We have often been referred to as the
“Diagnosticians of the ore dressing
industry.” Perhaps we can help you
with your mineral recovery problems.
Please let us try.

796

Melting Points of Metals and Alloys of
Practical Importance
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Electrical Wiring Symbeols

General Outlets
Deacription
Outlet.
Blanked Outlet.

Drop Cord.

Electrical Outlet~—for Use Only When Circle
f}csed Alone Might Be Confused with Col-
umns, plumbing symbols, Etc.

Fan OQutlet.

Junction Box.

Lamp Holder.

Lamp Holder with Pull Switch.

Pull Switch.

Outlet for Vapor Discharge Lamp.

Exit Light Outlet.

Clock Outlet (Specify Voltage).
Convenience Outlets

Duplex Convenience Outlet.
Convenience Outlet Other Than Duplex.

1=Single, 3=Triplex, Etec.
Weatherproof Convenience Outlet.
Range Outlet.
Switch and Convenience Outlet.
Radio and Convenience Outlet.
Special Purpose Outlet (Desc. in Spec.)
Floor Outlet,

Switch Outlets

Single Pole Switch.

Double Pole Switch.

Three Way Switch.

Four Way Switch.
Automatic Door Switch.
Electrolier Switch.

Key Operated Switch,
Switch and Pilot Lamp.
Circuit Breaker.
Weatherproof Circuit Breaker.
Momentary Contact Switch,
Remote Control Switch.
Weatherproof Switch.

Fused Switch.
Weatherproof Fused Switch.
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Special Outlets
Any Standard Symbol As Given Above with

Ooa.be- et the Addition of a Lower Case Subseript Letter
Oabe-etc  May Be Used to Designate Some Special Varia-
o tion of Standard Equipment of Particular Inter-
Sakedtc  est In a Specific Set of Architectural Plans.

When Used They Must Be Listed In the Key
of Symbals On Each Drawing and If Necessary
Further Described In the Specifications.

Panels, Circuits and Miscellaneous

Symbol Description
- Lighting Panel.
[ Power Panel.
—_— Branch Circuit—Coneealed in Ceiling or Wall.
—— Branch Circuit—Concealed in Floor.
- Branch Circuit Exposed.
> Home Itun to Panel Board. Indicate Number
of Circuits by Number of Arrows.
Note: Any Circuit without Further Designa-
tion Indicates a Two-Wire Circuit. For a
Greater Number of Wires Indicate As Follows:
(8Wires), —74%—F#— ({Wires), Ltc.
— Feeders. Note: Use llcavy Lines and Desig-
nate by Number Corresponding to Listing in
Feeder Schedule.
== Underfloor Duct & Junction Box—Triple Sys-
tem. Note: For Double or Single Systems Elim-
inate One or Two Lines. This Symbol 1s Iqually
Adaptable to Auxiliary System Layouts.
® Generator.
® Motor.
® Instrument.
o Power (Or Draw to Scale) Transforner.
= Controller,
p— Isolating Switch.
Auxiliary Systems
E}’ Push Button.
m Buzzer.,
5 Bell.
M Annunciator.
o Outside Telephone,
Dq Intereonneel mg Telephone.
' Telephone Swilchboard.
© Bell-Ringing Transformer.
0] Flectric Door Opener.
D Fire Alarm Bell.
] Fire Alarm Station.
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City Fire Alarm Station,
Fire Alarm Central Station.
Automatic Fire Alarmi Device,
Watchman’s Station.
Watchman,s Central Station.
Horn.

Nurse's Signal Plug.

Maid’s Signal Plug.

Radio Outlet.

Signal Central Station.
Interconnection Box.
Battery.

- Auxiliary System Circuits.

Note: Any Line without Further Designation
Indicates a 2-Wire Circuit. For a Greater
Number of Wires Designate with Numerals in
Manner Similar to — - — 12-No. 18W-3;"-("., or
Designated by Number Caorresponding to List-
ing in Schedule.

(] Special Auxiliary Outlets.
Sub-Script Lcticrs Refer to Notes on Plans or
Detailed Description in Specifications.

jlecencEcafa

Motor Characteristics

Direct-Current Motors

Direct~current motors arc divided into three classcs, desig:
nated according to the method of connecting the armature
and field windings as shunt-scrics and compound-wound.

Alternating-current motors arc divided into two general
classes, induction and synchronous, while Induction notors
are of two types, designated according to the type of rotor
winding as the Squirrcl-cage type and as the wound-rotor
or glip-ring, type.

Shunt-Wound D.C Mators

This type of motor runs at practically constant speed, re-
gardiess of the load. It is the type most generally used in
commerical J)ractice and is usually rccommended where
starting conditions are not unusually scvere.

Speed of shunt-wound motors may be rcgulated in two
ways, first, by inscrting resistance in serics with the arma-
ture, thus decreasing the speed ; and second, by inserting re-
sistance in the field circuit, thercby increasing the speed. In
the former case, the speed will vary with each change in load;
in the latter, the speed is practically constant for any setting
of the controller. The latter is most generally used for ad-
justable-speed service, as in the case of machine tools.
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Series-Wound D-C Motors

This type of motor speed varies automatically with the
load, increasing as the load decreases. Use of serics motors
is generally limited to cuses where a heavy power demand is
necessary to bring the machine up to speed, as in the case
of certain clevator and hoist installations, for streetears,
etc. Series-wound motors should never be used where the
motor can be started without load, since they will race to a
dangerous degree.

Compound-Wound D-C Motors

A combination of the shunt-wound and serics-wound types
combines the characteristics of both. Characteristics may
be varied by varying the combination of the two windings.

Generally used where severe starting conditions are met
and consiant speed is required at the same time.

Squirrel-Cage Induction Motors

The most simple and reliable of all electric motors. Es-
sentially a eonstant specd machine, which is adaptable for
uses under all but the most severe starting conditions. Re-
quires little attention as there are no commutator or slip
rings, yet operates with good efficicney.

Wound-Rotor (Slip-Ring) Induction Motors

Used for constant-speed service requiring a heavier start-
ing torque than is obtainable with the squirrel-cage type.
Because of its lower starting current, this type is frequently
used instead of the squirrel-cage type in the larger sizes.

Wound-roto: motors are also used for varying-speed serv-
ice. Speed varies with this load, so that they should not be
used where constant speed at cach adjustment is required,
aa for machine tools.

Single-Phase Induction Motors

This motor is used, mostly in small sizes, where polyphase
current is not available. Characteristics are not as good as
the polyphasc motor and for sizes larger than 10 hp., the line
disturbance is likely to be objectionable, Are commonly
used for light starting and for running loads up to 14 hp.
Capacitor and repulsion types provide greater torque and
are built in sizes up to 10 hp.

Synchronous Motors

Run at a constant speed fixed by frequency of the system.

Require direct current for excitation and have low starting
torque. For large motor-generator sets, frequency changers,
air compresgors, and similar apparatus which permits start-
ing under a light load, for which they are generally used.

Are used with considerable advantage, partieularly on
large power systems, because of their inherent ability to im-
prove the power factor of the system.
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Full-Load Currents of Motors

Direct Current Motors
1947 N.E.C. Table 21

Hp. 15V, 230V, S%0V. Hp. sV, 230V, 550\
o 4.6 2.3 . 25 1840 920 38 0
3% 66 3.3 L4 30 2200 100 16 0
1 8.6 4.3 1.8 40 2920 W60 61.0
12 12.6 63 2.6 50 360 0 B
2 16 1 82 34 60 100 90 0
3 240 120 5.0 75 536 0 11
5 00 200 83 100 . 148 0
K%y 580 200 120 125 148 0
10 60 30 160 150 2200
15 1120 560 230 200 205.0
20 80 740 310 B
“T'hese values for full-load current arc uscrage for all speeds.
*Single Phase, A.C. Motors
1947 N.E.C. Table 22
Hp. 1SV, 230V, 440V, Hp. 115V, 230V, 440V,
Ve 32 1.6 2 24 0 12 0
Y4 4.6 2.3 3 0 170
s 74 37 5 560 20 ...
A 10 2 a1 Ve 30 0 40 0 210
1 13.0 6.5 10 100 0 a0 0 260
W, 184 92 . . .
For fuli-load currents of 208 and 200-v0lt motors, erease corresponding
240-volt motor full-load current by 10 and 15 per cent, respectisely.
*Two-Phase, A.C. Motors—4 Wire
1947 N.E.C. Table 23
Induction Type Synchronous Type
,——Squirrel-Cage and Wound Rotor -~ - . {Unity Power Factor———,
e AMPERES — e e - CAMPRAES - ey
Hp. 11oV. 220V. 440v. 550V. 2300V, 220V. 440V. 550V. 2300V,
Yo 40 20 10O 3
% 148 24 12 10
1 64 32 16 13
Ve 88 14 22 138
2 112 56 228 22
3 80 10 32
5 . 130 70 60
V, 190 90 H0
10 240 120 100
15 3140 170 140
20 150 230 180 . .
25 DO 280 20 60 47.0 200 190 47
30 . 670 310 270 7.5 560 290 230 5.7
40 . 30 410 3O 90 750 370 310 7.0
50 W80 30 430110 910 470 3O 90
60 1290 630 520 130 11L.0 3.0 410 11.0
75 1580 790 630160 1400 700 570 130
100 2120 1060 8021 01320 930 710 170
125 26830 1310 103.0 26 0 228.0 114.0 930 220
150 3IL.O 1550 1240 31 0 ..... 137.0 110 0 26.0
200 415.0 208.0 166 0 411 0 ... .. 182.0 145.0 35.0
802

*Three-Phase, A.C. Motors
1947 N.E.C. Table 24

0 10 8
8 14 11
5 1.8 1.4
0 25 20
5 33 28
90 45 4.0
0 75 60
0 11.0 90
0 110 1L o0
0 200 16.0
20 260 210 ... .
0 320 260 7 D40 270 220 5.4
0 330 310 85 650 330 260 65
0 520 410105 H6.0 43.0 350 N O
5.0 63.0 500 130 1080 54.0 310 100
0 750 600 160 128.0 610 51 0 120
2.0 930 740 190 161.0 R1.0 650 150
01230 98 0 25 0 211.0 106.0 K5 0 20 O
0 155.0 124.0 31 0 264.0 132 0 106.0 25 0
0 180.0 144 0 37.0 ... . 158.0 127 0 30 O
0 240.0 192 0 49.0 . 210.0 168 0 40 O

For full-load currents of 208 and 200-volt motors, increase the corre

ar:((l‘[:clm}: E.'.?[L\'nlt motor full-luur_l current by 6 and 10 per cent respectively,
"Im:(:glnv_;hnrc for_motors running at speeds usual for belted motors and
otor 0\; |')ig;:()'.r;xml torque characteristics. Motors built for sepecially low
Sphes Tiues MAay require more running ¢ in which ¢
m;;wp};)te Cl;rrent oy shou‘ld e more nning current, in which case the
For 90 and B0 per cent power factor the above i
vlied by L1 and 125 respeetivety. e 200" fizures shonld be multi-
Current in_common conductor of 2-Phase,

tinies value given 3-wire system will be 1.4}

Complete

Mill Equipment
from
Testing to
Feeder to
Dryer

DENVER EQUIPMENT coO.
1400 17th $t. « Denver 17, Colo.
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Electrical Conductors

The above sizes are those commonly used through-
out the electrical industry, mills, mines, etc. Sizes
are selected for a given motor or piece of electrical
equipment, from the Name Plate Rating on the
equipment to which lines are connected

The above table, standard throughout the world.
gives the sizes of conductors which will carry the
current as listed without undue heating. A SAFE
WIRE FROM A FIRE STANDPOINT.

For any electrical installation the necessity of con-
sidering the most economical size wire should be
given much study. The most economical conductor
to use is one in which the annual cost of energy loss
is equal to the interest and depreciation charges on
the conductor—copper or aluminum.

To calculate the proper sized wire it is necessary
to know (1) Amount of power, (2) Cost of power.
(3) Houwis of operation. (4) Cost of conductor in
cents per pound. (5) Interest and depreciation
charges.

Exampie: A continuous operation, such as a mill.
smelter or other industrial plant using power twen-
ty-four hours per day. 8,760 hours per year, with a
power cost of .0125 cents per kilowatt hour, 207
interest and depreciation charges, with copper con-
ductor costing $.25 per pound. use 2,750 circular
mills per ampere of current. Aluminum conductors
costing $.25 per pound, use 8,400 circular mills per
ampere of current. Where the load factor is low,
power costs are greater, hence with an operation on
an eight-hour-per-day basis, approximately the same
wire sizes are required.

Notes: The circular mills of conductor per ampere
and the cost of conductor per pound, are fixed. Volt-
age has nothing to do with the problem. The wire or
cable has to have suitable insulation {or the location
and service where used. Insulation of conductor.
wire supports, conduit, and building that supports
the wire are not a part of the clectrical circuit. There
are no electrical losses in these. The wire conductor
itself is the only part that carries the current. the
only puart in which losses occur. It is common to find
wires carrying so much current that the losses per
vear will often equal the cost of the conductors many
thmes over.
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Size of Conduits for the Installation of
Wires and Cables

Table 1.—Two-wire znd Three-wire Systems

Numbe- af Conduc'ors in One Conduit
Comtumtor |23 58 t T8 P
Minimum Size of Conduit, Inches
y
14 14 i Y 24 1 1 1 1
12 Vi 4 34 Va 1 { 1 1y
10 3% 1 1 1y 1 144 1
8 E L 1 1 114 125 1%
6 1 114 11, 2 2 2 2
5 1% 113 115 2 2 2 2
4 1 14 1% | 2 2 2 2 21
30| 1a o |1 )2 2 2 215 214
2 114 54 1 2 2, 2Y; 24 2y
1 1 1% |2 2 21 2% 3 3
0 1y 2 z 2 3 3 3 3
0 2 2 2% 2, | 3 3 3 314
000 2 2 2Y; 3 3 3 3L 3y
0000 | 2 21; |3 3 3 3y 3y 4
209600 | 2 2y, | 2% | 3 31, | 3y 31 4
225000 243 214 | 3 3 305 314 4 4
250000 214 21 3 3 31, 314 4 41
300000 214 3 3 3L, 4 4 41 41,
350009 215 3 314 3u, 5 41, a4 s
400000 3 3 3 4 4L, 41 5 5
450000 3 EB% 4 413 4 5 6
500000 3 3 3y 4 5 5 5 6
550000 3 3l 4 4l s 5 6 [3
600000 3 314 4 415 5 6 6 6
650000 | 3% 3z 4 44% 5 6 6 6
700070 3tz 3tz % |5 6 6 6
750000 3 31 £3%3 5 6 6 6
800000 3%z 4 4% 5 6 6 6
850030 | 314 4 4% 5 6 6
900c00 | 314 4 4a1; | 5 6 6
950000 | 4 4 5 6 6 6
1000000 | 4 4 5 6
1100000 | 4 4y, | 6 5
1200000 | 414 415 | 6 6
1250000 415 4y, | 6 6
1300000 435 5 6 6
1400000 414 5 6
1500000 | 414 5 6
1600000 | 5 5 6
1700000 | 5 5 [
1750000 | 5 s 6
1800000 | 5 6 6
1900000 5 6
2000000 5 6 [

For sizes not greater than No. 10 B. & S. gauge, one more con-
ductor than permitted by the above table may ke installed in the
specified conduit, provided the conduit is not longer than 30 feet, and
has nov more than the equivalent of two quarter bends from outlet to
outlet, the bends at the outlets mot bteing counted,
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ALTERNATING CURRENT MOTOR SPEEDS TABLE OF SHILLINGS AND PENCE

Expressed as the Decimal Equivalent of a Pound Sterling

o Number of poles :
Cycles 20 4 ] 6 ] 8 | 10 [ i2 [ 14 [ 16 o — o Decimat y
- 7 Speeds, rpm. | 8 Veunt | 84 Semd |t d RSN |0 4 Fenh| s o4 DY
60 Synchronous 3600 | 1800 1 1200 | 900 | 720 | 600 | 514 | 450 1 4. 0 20000 8.0 40000 [12- 0 60000 | 16- 0 80000
Running 3500 | 1745 | 1260 | 870 | 700 | 580 | 500 | 435 | ! g_; 883'; ot 2017 | 81 don7 121 6o |1 1 S%;Z
- o I e -2 . 42 . 8- 2 40833 |12-2 60833 {16-2 .
50 Synchronous | 3000\ 1500 | 1000 } 750 | 600 | 500 | 430 | 875 i 0-3 01250 | 43 21250 | 8 3 (41250 [12.3 61250 | 16- 3 81250
Running 2920 | 1450 | 970 | 730 | 580 | 485 | 417 | 365 8’; ol ,_; %,zgg; 8 & qigex 12 4 sioer | 16: 4 '§£$7
-5 02083 | 4.5 . 8- 5 42 125 62083 | 16- 5 3
Synchronous | 1500 | 750 | 500 | 375 | 300 | 250 | 214 | 187 K
25 ,g::fni':;‘ 1460 | 725 | 485 | 365 | 200 | 243 | 208! 182 0- 6 02500 | 4- 6 .22500 | 8- 6 .42500 | 12- 6 .62500 | 16- 6 .82500
. e e - 0-7 02917 | 47 22917 | 8 7 42917 | 12.7 62917 16- 7 .82917
Running speeds are approximate and vary according to [.P. and {rame size. 0- 8 03333 4- 8 23333 8- 8 .43333}12-8 .63333|16- 8 .83333
0-9 03750 | 4-9 23750 | 8-9 43750 | 12- 9 63750 | 16- 9 83750
0-10 04167 | 4.10 24167 | 8-10 441674 12-10 64167 | 16-10 ,82%67
O-11 .04583 | 4-11 24583 | 8-11 44583 | 12-11 64583 | 16-11 84583
‘ 1 0 05000 | 5-0 .25000 | 9- 0 .45000 [ 13. 0 ~.65000 [ 17. 0 85000
1-1 05417 [ 5.1 25417 | 9.1 45417 | 13- 1 65417 [ 17- 1 "B5417
AVERAGE MOTORS—AC AND DC 1-2 05833 | 5.2 25833 | 9-2 45833 | 13- 2 .65833 | 17- 2 .85833
1-3 06250 | 5-3 26250 | 9-3 46250 | 13- 3 66250 [ 17- 3 86250
: 1- 4 67 | 5- 4 26667 | 9- 4 46667 ]13- % 17- 4 8666
o o Horsepower N ; V-5 07083 | 5-5 27083 | 9-5 47083 [13. 5 67083 | 17- 5 87083
Percent 2007 [ 100 l i 2 X i 1-6 07500 | 5.6 .27500 | 9-6 .47500 [ 13- 6 .67500 [ 17- 6 .87500
Rated horsepower | 150 ;75 50 | DI 71 7 0917 | 5.1 7 7 871917
‘ Y-8 08333 | 5-8 8 8 .88333
100 T R R ; 70 1-9 08750 | 5-9 9 . 9 88750
50 88 | 87 77 72 1-10 09167 | 5-10 [ 10 89167
2 8 | %0 7 60 10109583 | 5-11 1. 189583
F, Power Factor § 2.0 .10000 | 6-0 0 90000
100 BECEE Ry VBT |86 2.1 10417 | 61 1 .90417
50 87 85 1 81 1 79 \ kil 2.2 10833 { 6- 2 2 90833
25 77 95 | 73 | 70 | 67T | 64 23 71250 | 6-3 3 91250
2.4 1667 | 6- 4 4 91667
H.P. X 746 2.5 (12083 | 6-5 5 92083
Kw. Input: - — 2-6 12500 | 6- 6 6 92500
2-7 12917 | 67 7 92917
2.8 13333 | 6-8 8 93333
2.9 13750 | 6- 9 9 93750
210 (13167 | 6-10 10 94167
211 14583 | 6-1 N 94583
Spacing for Line Shaft Bearings : 39 asee0 | T.0 0 95000
3.1 15417 | 1-d v 95417
3.2 15833 | 1.2 2 95833
MAXIMUM DISTANCE BETWEEN BEARINGS 3.3 16250 | 7-3 3 96250
3. 4 16667 | 1- 4 4 96667
3-5 117083 | -5 5 97083
Shaft | Transmitting Power Without Any Carrying Pulleys, Gears, etc. 3.6 17500 [ 176 6 57500
Size Pulleys, Gears or Other and Subject to Usual ‘ 371 a1917 | 1.9 7 97917
In. Bending Strains Bending Straing | 3.8 18333 | 18 8 58333
IR R B e
250 R.P.M. |251t0 400 R.P.M. | 1 to 250 R.P.M. 251 to 400 R.P.M. 310 19167 { 7t 10
1o 260 RPM. 251 to Lo i l 3500 (19583 | 711 199583
17y 90* 667
(L3 10107 707 SOME USES OF TABLE
R4 e e ! 4 tons 6 cwt. 3 qra. 11 Ibs. at £3 5. 9d. per ton — £14 5s. 6d.
5 1307 8767 4.3424 x 3.2875 — £14.27564 27564 — 5. 6d.
gkt 1o 90" CONVERT £14 5¢. 64. to U. 5. money. Exchange rate $4:8665. 14.275 x 4.8665 — $69.47.
4l 150 96"
4isg 16°0° 96"
5745 17°0° 100°
i 18707 10%0°

PHONE, WIRE, OR WRITE YOUR ORDER TODAY
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ALTERNATING CURRENT MOTOR SPEEDS

Number of poles

Running speeds are approximate and vary according to H.P. and frame size.

Cycles : 2] 4 [ 6 7 i 12 | 14 | i6 |
N S Speeds, r.p.m. ~
6 | Syunchronous 1800 § 1200 | woo | 720 | 600 | 514 | 450
Running 1745 | 1160 | 870 | 700 | 580 | 500 | 435
50 Syachronous | 3000 | 1500 | 1000 | 750 | 600
Kunning 2920 | 1450 | 970 | 730 | 380
2 Synchronous | 1500 | 750 | 500 | 375 | 300
Running 1460 | 725 | 485 | 365| 200 | 2

AVERAGE MOTORS—AC AND DC

Percent

Rated horsepower | 150 ‘

77100

75

orsepower

Lo

| %
20

Spacing for Line Shaft Bearings

—

MAXIMUM DISTANCE BETWEEN BEARINGS

Shaft | Trapsmitting Power Without Any
Size Pulteys, Gears or Other
In. Beading Strains

Carrying Pulleys, Gears, ete.
and Subject to Usual
Bending Straios

251 to 400 R.P. M.

TABLE OF SHILLINGS AND PENCE

Expressed as the Decimal Equivalent of a Pound Sterling

Decimal "

8 e | v e | e d k| s o4 Myl e a0 Swed
4.0 20000 | 8 0 40000 |32. 0 .60000 | 16. 0 .80O0CO

0.1 00417 4. 1 20417 B-1 40417 ) 12- 1 604317 | 16- 1 .80417
0-2 00833 | 4.2 20833 | 8- 2 (40833 |12-2 (60833 [ 16- 2 .80B33
0- 3 .0)250 4.3 .21250 8-3 .41250|12-3 61250 ) 16- 3 81250
0-4 01667 | 4- 4 (21667 | 8- 4 Al667 [ 12- 4 61667 | 16- 4 81667
0-5 02083 | 4- 5 22083 | 8-S 42083 | 12- 5 .62083 | 16- § .82083
0-6 102500 | 4- 6 .22500 { 8- 6 .42500{ 12- 6 .62500 ( 16- 6 .82500
0-7 02917 | 47 22917 | 8- 7 42917 |12- 7 62917 | 16- 7 82917
0-8 03333 [ 4-8 23333 | 8- 8 43333 | 12- 8 63333 | 16- 8 83333
0-9 03750 | 4-9 23750 | 8- 9 43750 | 12- 9 63750 | 16- 9 83750
0-10 04167 | 410 24167 | 8-10 441674 1210 64167 | 16-10 _84]67
0-11 04583 | 4-11 24583 | 8-11 .44583 | 12-11 .64583 | 16-11 84583
1.0 05000 | 5-0 .25000 | 9- 0 .45000 | 13- 0 “.65000 [ 17- 0 85000
1- 1 .05417 5.1 .25417 9- 1 45417 | 13- 1 65417 | 17- 1 5417
V-2 05833 | 5.2 25833 | 9.2 (45833 | 13- 2 .65833 [ 17- 2 85833
1-3 06250 | 5.3 26250 | 9-3 46250 [ 13- 3 66250 | 17- 3 86250
1- 4 5.4 26667 | 9- 4 46667 | 13- 4 7| 17- 4 86667
1.5 07083 | 5.5 27083 | 9-5 47083 [ 13- 5 67083 | 17- 5 (87083
1.6 07500 | 5- 6 .27500 | 9- 6 .47500( 13- 6 67500 | 17- 6 87500
-7 01917 {507 27917 | 9-7 41917 ]13-7 67917 ]11- 1 BI9IT
1-8 08333 | 5.8 28333 [ 9-8 48333 {13. 8 68333 |17- 8 88333
1-9 08750 | 5-9 28750 | 9-9 48750 | 13- 9 68750 | 17- 9 88750
1410 09167 | 5.10 29167 | 910 49167 [ 13-10 69167 | 17-10 89167
11109583 | 5-11 29583 | 9-11 49583 | 13-11 69583 | 17-11 89583
2.0 10000 [ 6- 0 .30000 {10- 0 .5p000 | 14- 0 .70000 | 18- 0 90000
2.1 10417 6- 1 30417 10- 1 50417 1 14- 1 70417 ) 18- 1 90417
2.2 010833 | 6-2 30833 | 10- 2 50833 { 14- 2 70833 | 18- 2 50833
2.3 11250 { €-3 31250 {10- 3 51250 | 14- 3 71250 | 18- 3 91250
2- 4 11667 6 4 31667 10- 4 51667 | 14- 4 71667 | 18- 4 91667
2.5 12083 | 6-5 32083 [10- 5 52083 | 14- 5 (72083 [ 18- 5 .52083
2-6 12500 | 6- 6 .32500 | 10- 6 52500 | 14- 6 72500 | 18- 6 .52500
2.7 12917 | 6.7 32917 [10- 7 52917 [ 14-7 72917 { 18- 7 92917
2.8 113333 | 6- 8 33333 | 10- 8 53333 ) 14- 8 73333 | V8- & 93333
2-9 113750 | 6-9 33750 | 10- 9 53750 [ 14- 9 (73750 | 18- 9 .$3750
2-10 14167 | 6-10 34167 | 10-10 53167 | 14-10 74167 | 18-10 54167
211 (14583 | 611 34583 | 10-11 54583 | 14.11 74583 | 18-11 94583
3.0 .15eH 7-0 35000 |11- 0 55000 | 15- 0 .75000 | 19- 0 .$5000
3.1 15417 | 72" 35417 [ 11- 1 55417 {15-1 75417 | 19- 1 95417
3.2 15833 | 7-2 35833 | 11- 2 55833 |15-2 75833 | 19- 2 95833
3.3 116250 | 7-3 36250 | 1~ 3 56250 | 15- 3 76250 [ 19- 3 96250
3.4 (16667 | 7- 4 36667 | 11- & 56667 | 15- 4 76667 | 19- 4 96667
3.5 17083 | 7.5 37083 | 11- 5 57083 [ 15- 5 77083 | 19- 5 .97083
3.6 17500 | 7-6 37500 [ 11- 6 .57500 | 15- 6 77500 | 19- 6 97500
3.7 T | 7127 31917 Lo 7 57917 [15-7 719171 19- 1 97917
3-8 18333 | 7-8 38333 | 11-8 58333 | 15.8 78333 119- 8 .98333
3-9 18750 | 7-9 38750 | 11- 9 .58750 | 15- 9 78750 | 19- 9 98750
3.10 19167 | 7-10 39167 | 11-10 55167 | 15-10 79167 [ 19-10 99167
[ 3-11 19583 | 7-11 39583 | 11-11 50583 | 15-1} .79583 | 19-11 99583

SOME USES OF TABLE
4 tons 6 cwt. 3 qra. 11 Ibs. at £3 5. 9d. per ton — E14 53. 64.
4.3424 x 32875 — E14.27564 27564 — 5». 6d.
CONVYERT £14 55. 6d. to U. S. money. Exchange rate $4.:8665, 14.275 x 4.8665 — $69.47.

PHONE, WIRE, OR WRITE YOUR ORDER TODAY
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OPERATIONAL COST-—INDUCTION MOTORS

: -
eE owewns zwrsog|d The cost of electric power at various rates is shown below
R £ for one Kilowatt per hour per day and one Kilowatt per
- hour per year of 365 days.
= 2%322 2233332 Cotrkwr T T b Da Per Year
— mwwe SEIaa]_ - e - L
SEadY]= o
Pt S0.18 $ 6570
- 024 7,50
c v = PR 0.30 109.50
25225 il 0.36 131.40
’ = SR o3 .42 153.30
2
2 0.48
- 0.60
B = z 0.96 350.40
= 1.20 438,00
i3
g
ze £8 3z28e|:
N - P i i 2
R 5
T COST PER HORSE-POWER DAY AT THE RATES PER KILOWATT-
s 2 HOUR SHOWN @ 807/ POWER FACTOR
- = “ RN S it i .
€ 2 S 23528 o e/ le/  1lae’  2e’ 2lic Ze 4c
=2 5% REEZ YY) 2 HP KWH KWH KWH KWH KWH KWH KWH
Rk 5 L s B
g 1 0.17 022 031 045 056 0.67 .88
= L3 2 034 045 06T (ke L2 17w
SE3E5 8 S :—;} 3 0.50 0.67 1.01 .34 1.68 zm,
SELS N g E L. 4 0.67 089 L34 178 2.23 556
,L - z 5 0.84 112 1.GH 2.24 2.50 4.47
P
I £ & 10 447 671
o ) -
I 55 15 6.71 10.07
l:‘ ERT 22% O\ g 25 1118 ViR
1z oo 3 Sk 50 92.37 3455
| R 100 34.74 67.10
\—h - E; 2 200 33.55 67.10  89.47 11184 134.21 223.68
- 385 ﬂ = 'c*. £ “ 500 Ri3HR 16776 223.6%  279.60  135.62 559.20
| =3 A e & < £
I - K]
w -
| z Coals of the United States
l 2% stz23 zz2zz|f 2 {Ash-Free Analysis}
FEER RISES)S E5
: E. o3 Per Per Per
r ; Sy g T Cent, Cent. | Cent. B.T.U.
b £ TYPE OF COAL Per
[ : 285y Fixed | Volatile | Mois: | Por
! 25 228323528 Carbon | Matter | ture oun:
e SadAZ[00 82 -
‘ AR 18X Anthracite.................. 9210 9%(1 to 5| 3.2[14440
ISR Semi-Anthracite.. ........ 83.8 | 10.2 | 6.0{14880
z B W - 2% & H * R
‘ . MR b NP High-rank Semi-Bitum|83.4 | 11.6| 5.0|15360
K = TERTE g s
] “Eleg s Low-rank Semi-Bitum..|75.0 | 22.0 | 3.0|15480
£58: 3 High-rank Bituminous.|64.6 | 32.2 | 3.2|i5160
2;:%3 Medium-rank Bitum...|54.2 | 408! 5.0!13880
. = = . o
el cwowme cwme ool o Low-rank Bituminous...|47.0 | 41.4 | 11.6{12880
R & Sub-Bituminous. 42.4 | 34.2 (23.4| 9720
) Lignite 37.818.8 (43.4] 7400
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OPERATIONAL COST—INDUCTION MOTORS

o
cwomwe swooold The cost of clectric power at various rates is shown below
AR BN I - Wi S o o . i
g Qr ane Howa ©r 3
IR f Kil tt per hour per day and one Kilowatt per
- hour per year of 365 days.
z sg)3 Cost/KWH " PerDay Ver Yeur
< §3= S e e e R
B BE The 5018 $ 6570
- 1.00¢ 0.24 K760
= o o . 1.25¢ 0.30 10450
a2 = ] 1.50¢ 0.36 131.40
= & 3 1.75¢ 0.42 153.40
S 2.00e 018 175.20
< ; 2.50¢ 0.60 21080
2 £ 3.00¢ 0.72 2
- 3 4.00¢ 0.96 350.40
= 5.00¢ 1.20 438.00
e
£
Nooocw oo g
2 ER S R & B
[ERP S I i e ]
| R H _
ii . & COST PER HORSE-POWER DAY AT THE RATES PER KILOWATT-
‘ i = = HOUR SHOWN @ 80, POWER FACTOR
lo 'an.«:'N 2 - T T v et aes "
| 330 nEF L2 A 5 e/ e/ 2c P .
\mmrg i T = o E HP KWH KWH 1 KWH KWH KwH KWH
‘i “ ” e & T Toar e oad Tias ass asr o
y i .- 2 034 045 067  0x9 L1z 104
'z S S g 33 3 050 067 101 L 168 1.96
' S @ £ : 4 0.67 089 1.4 223 2.6R
\ oo £ # ‘:: 1 1.2 1.68 250 3
" 5 0.5 A2 EH 2. 3.36
SR
i < B 10 2.24 146 224 6.71
‘ - cocecos o 5 %2 15 336 5.04 10.07
. % £22232 g T , ; 1778
T 3 ZETeE2 2 " = 25 660 AU
[ TR e 5 cE 50 TLIE 16.7% 4355 44.74
| - 100 2237 8a.55 4474 67.10 K047
&
[ ‘ w 2% 200 1474 67.10 8947 UILK4 13421 17894
< = 2 E8gRglE 7 500 T84 167.76 22368 27960 935.62 447.36
= o S s ax|T §3
SRATEIR 2E
w o < .
Z 3. Coals of the United States
b
£ 22 ggesg|i I3 [Ash-Free Analysis)
= ERTI ST RN
= EZ g
55 g; E CPer CPer cPerf B.T.U.
z ent, ent, ent, .
HELE TYPE OF COAL Fixed | Volatile | Mois. | _Pef
anS22 222 25798 Carbon | Matter | ture | Pound
aws e o d © gf - -
zee Anthracite.__.......___._. 2109|1 to 5| 3.2;14440
foeT s Semi-Anthracite ... 83.8 | 10.2 | 6.0{14880
P - 32 % f < oy
G I e R S High-rank Semi-Bitum!83.4 | 11.6| 5.0|15360
- N T R -t I v B - .
ek A Low-rank Semi-Bitum...| 75.0 | 22.0 | 3.0{15480
i High-rank Bituminous..|64.6 | 32.2 | 3.2|I5160
= ¢ . -
E5t%3 Medium-rank Bitum...|54.2 { 40.8| 5.0!13880
ERY- v .
cnmewo cweoc|ileg Low-rank Bituminous...|47.0 | 41.4 |11.6{12880
S = c22sls s 2 . .
R : iF Sub-Bituminous....___...... 42.4 | 34.2 {23.4]| 9720
: Lignite . . 37.8 | 18.8 |43.4| 7400
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Bulletins or other descriptive material giving details
and specifications as well as up-to-date
prices will be sent on request.
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DRY GRINDING FLOWSHEETS

DENVER-
OILLON SCREEN

DENVER
ELEVATOR

[E—— i H -
L
! ,
Y
[
Coaf
| !
[
SIZED GRINDING BY DENVER
ROD-MILL WITH DENVER
VIBRATING SCREEN
PERIPHERAL DISCHARGE
DIRECT
FEED ALTERNATE

SCREW FEED

DENVER ROD-MIL L
DOUBLE FEED-PERIPHERAL DISCHARGE
ALL RUGGED STEEL CONSTRUCTION

DRUM
FEEDER

DENVER ROD-MILL
GRATE DISCHARGE TYPE

826

DRY GRINDING FLOWSHEETS

DENVER-
DILLON SGREEN

DENVER
ELEVATOR

DENVER
SPIRAL SCREEN

DENVER
BALL MiLLY

TRAMP (+)
MATERIAL

Lo
FINE GRINDING WITH DENVER
BAL! MILL 8 AIR SEPARATOR
AND DENVER VIBRATING SCREEN

DENVE
REVERSIBLE SCOOP FEEDER
BATCH DENVER MILL SO e RyZrARGE

E
TIGHT & LOOSE DIRECT 301y 2 /2" OR 5" OPENINGS
IN CAST DRUM

PULLEY DRIVE

FEED
' DISCHARGE
HOPPER

S — PLUG

a FEED DOOR

K [
! P i
_ ] o
N 52 I oR 5"
J ‘ OPENINGS

[PENVES DENVER 30°x36 MILL
DRUM FEEDER - PERIPHERAL
OR _TRUNNION DISCHARGE

DRY OR WET GRINDING

BATCH DENVER MILL WITH ORWITHOUT LINERS

GEAR DRIVE - CONTINUOUS
OR INTERM!TTENT DISCHARGE
DRY OR WET GRINDING
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Number

INDEX AND CROSS REFERENCE

. 3
..610

Aeration, method of measuring

Addresses, DECO Offices
Agitator and conditioners,

673

46, 326, 454

calculating capacities e
Agitator-Conditioner, Denver

9
745

7
743

8,326

Agitator, Denver Center and Side Air Lift .

Agitator, Denver Open Type

Agitator, Denver Pachuca Type ...

7

743744
745

on Barrel, Denver ... ... ..

Amalgamation Clean-up Pan, Denver
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Amalgamat

12
.13
..693

Amalgamation Plate, Denver . .. .
Amalgamation Unit, Denver

Analytical Reagents, atomic weight'sw::rm
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Balls, steel grinding
Babbit, amount in bearings

Ball Mill load charges ... ... .

Ball Mill, Hardinge Conical ......
Ball Mill, Marcy ...

Ball Mill, Denver Steel Head .....

Ball Mill, Denver, 30" ..
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Page
Number

Barite concentration
Barometric pressure ... .
Base Metal Concentrates, marketing

Bearings, amount of babbit 790
Bearings, spacing for line shaft .. 816
Bevels, table ... ..766-767
Bins, Chutes ... 712
Bismuth ... .573
Blower, Denver Rotary . 24
Blower, supercharger ... 25
Brickwork ... ... e 700
Buckets, Denver Ore, Windlass

and Water ... . 27-28
Building materials, cost ... 491

Cc

Cages, Denver Mine ... . 29
Car Clearance, R.R. 746-747
Car, Denver Ore ... . 30-32
Car, Denver Ore, cost ... 450
Cars, cost of automobiles.........___.___ 828-830
Centrifugal force in elevators and trommels._ 714
Chalcopyrite, concentration ... 616
Chrome flowsheet ... ..416
Chrome concentration 616
Chutes and bins ... 712
Cinnabar concentration ... 617
Classifiers, cost ... ..450-452
Classifiers, Denver Cone ....... ..33-34
Classifiers, Denver Hydraulic . .37
Classifiers, Denver Hydro ... 38
Classifiers, Denver Rake ... .40, 329
Classifiers, Denver Spiral . .. 33, 35, 328
Coal, analysis ... .
Coal, concentration ... 618

Coal, Flatation (See Flotation,
Denver “Sub-A”)

Coal flowsheet ... 420-421
Cobalt, concentration ... .. 619
Collectors for Gold and Silver ..569
Compressors ... . 42-43

Compressors, cost ... 452-453
Concentrating Tables, Denver-Wilfley .197-200
Concentrating tables, cost ...

Concentrates, drying, sacking, weighing

832

Page
Number

Concentration of minerals, test results ...
Concentrates, drying ...........coienne.
Concentration ratio by assay ...............
Concentration, ratio of and recovery ..........
Concentrator, Denver Buckman Tilting .....
Concentrator, Denver-Buckman, cost ....._..453
Concentrator, Spiral cost
Concrete, information on .....................
Conditioners, Denver Super Agitator .
Conditioners, cost ...
Construction cost estimates
Conveyors, Denver Belt ...
Conveyors, Denver, capacity ..
Conveyors, Denver Belt, cost

Conveyors, slope, length etc. ... 716
Conveyors, maximum angle of
inclination ... 717,769

Conversion tables ...
Coins, use of as weights ........
Combustion data __......... -
Copper flowsheet ...
Copper smelter schedule ....................
Copper Smelter, Freight rates ... .
Copper, Gold, Silver, Concentration .
Cost data on gold mll ...
Cost, mill equipment price estimates ...._.
Cost of small gold plant ...

Crushers, Cone ...
Crushers, Cone, cost ...
Crushers, Denver Jaw ...
Crushers, Denver Jaw, cost ...
Crushers, hammermill ... .
Crushed materials, per cent voids ...
Crushing Plant Flowsheet Study ...
Crushing, resistance __..__.._......__..
Crushing Rolls, Denver
Crushing Rolls, cost ...
Cyanidation flowsheet _......

722-738, 742
7

Cyanide Plant Equipment ... ... ..423-436
D
Decimal equivalents of fractions ........_........768

DECO Offices ... 3




Page

Number
Denver “Sub-A” Flotation (see Flotation)
Denver Portable Truck Mills ... 534.537
Diesel Engines ... 77T 74
Diesel Power Plants .. ..702
Density Control Valves .. 213
Design service for new mills ... 345
Distributor, Denver Pulp and Reagent . . 65-66
Distributor, Pulp and Reagent, cost .. 456
Drills, air, cost ... ... I 457
Drill, Airplane Placer ... 67
Drives, power transmission ... 68-71
Dry Grinding Flowsheet ... . . 826-827
Dryer, Denver Rotary ... . . 71
Dryer, Denver Rotary, cost ... .457-459
Drying ores and concentrates . . e, 695

E

Electric Generator Sets, (see Power Plants)
Electric Generator Sets, cost ... 460

Electrical symbols and data .
Elevator, Denver Belt-Bucket .
Elevator, centrifugal force ... 714
Emulsifier, Denver
Energy stored in flywheels
Engine, Diesel (also see Diesel) ...

Engine, Gasoline (also see Gasoline) .
Engineering data and formulas

Engineering Service fees ... ..507
Engineering Service, Mill Design ... 345
Engineering terms and definitions ... . 718
Estimating mill costs ... 515-537
Expansion, linear coefficients of thermal ....793
F

Feeders, Denver Ore ...

Feeders, Denver Ore, cost

Feeders, Denver Reagent 86-91
Feeders, Denver Reagent, cost ... 460-462

Feldspar flowsheet

.................... ..418
Field Service

__________ ....505

Filters, Denver Clarifying ... 91
Filters, Denver Disc and Drum
(Vacuum) ... 92-95, 149, 333-334

Filters, Denver,cost ... 462-463

Page
Number

Flotation, Denver “Sub-A”
0310“ ........................... 97-102, 295-321, 335-336

Flotation, Denver “Sub-A” cost ................. 464
Flotation reagents ... ... 581-609, 631
Flotation Supercharger, Denver .. ......103
Flowsheet design ... . .505
Flowsheet on flotation ... OO 410
Flowsheets from operating mills and

studies .. 356-433

Fluorspar concentration .
Fluorspar flowsheet ...
Flywheels, energy stored .. ...

.620-621
411

Formulas for milling calculations ..662
Foundry Sand Reclamation ... 422
Framer, Denver Timbgr ............ 104
Freight rates on machinery ... .. 548-550
Freight rates on Ores and concentrates. 578-579
G
Gasoline Engines ... 76
Gasoline power plants ... 703

Gates, Denver Rack and Pinion for bins ...... 109
Gates, Denver Rack and Pinion, cost of .._... 465
Generator sets, Electric, cost
Gold, concentration ...
Gold, Silver Flowsheet .
Gold, Silver, marketing
Gold, plants, cost ..........
Graphite Concentration
Grinding, comparison of one and
two-stage .
Grinding, dry grinding flowsheets .
Gypsum, concentration ...

H
Hand of machine ... ... ... ... . 325-344
Harz Type Jigs, Denver ... 120, 338
Hoists, Denver ......_. et eees 114-117
Hoists, Denver, cost ... 467

Horsepower, calculated from load
mechanics ...
Horsepower, cost of, electric motors
Hose, air, cost ... SO O
Hubnerite, concentration _ ...
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Page
1 Number
Indicators, Denver pH ... 118-119
Interest, year-by-year growth ... . 722
Interest, table of compound interest .. ... 791
Iron concentrates ..569

J

Jigs, Denver Harz type
Jigs, Denver Mineral ...
Jigs, Denver Mineral, cos

K

Kaolin, concentration ... 623
Keys and keystock, standard
Kyanite, concentration

L
Laboratory testing cost ... 351
Laboratory testing equipment _.____..___. 217-294

Laboratory Testing Service, DECO ... 347
Laboratory tests on various materials ...

Lead smelting -
Lead, concentration ... ...624-626
Lead Carbonate Flowsheet ..
Lead, Oxidized, Flowsheet ..

410
Lead-Silver-Zinc flowsheet . ..412
Lead smelter schedule ... ...565
Lead Smelter, freight rates ..578-579
Lead-Zinc, flowsheet ... " 412-413
Length, conversion of inches to
millimeters ...
Locomotives, mine, cost
M
Magnets, Magnetic Pulleys and
Separators ... ... - " 124-130

Magnetic Pulleys, cost ..
Manganese, concentration ..
Manganese, flowsheet ..
Marketing concentrates ... . ~.556-580
Materials tested in DECO Laboratory ... . 770
Matting, Denver Rubber and Corduroy ....131
Melting point of metals and alloys ... 797
Mercury, Denver ..
Mercury, flowsheet

Page
Number

Mill deSigN oo
Metal reclamation, flowsheet. -
illing cost ...
%ng fcormulas and calculation.... ... 662
Mills, complete Denver Plants........ 133-138, 345
Mills, cost of construction
Mills, cost of operation .
Mills, planning, designing new mills...
Mineralights —
Minerals and their characteristics..
Minerals, namzfels e
owshe
%gggg:;utzlﬁles, pounds, shillings, pence.. 817
Motors, electric ... .. 141-144
Motors, electric, cost ... ...

Motors, electric, cost of operating - 818-2}2
Motors, SPeeds ..o
Motors, symptoms, causes of troubles £06.812

and remedies ... -

o

Ocean freight rates ... 552
Ordering milling equipment . o o
Ore Tests, Denver ... 0 » 291
Ore Test COSt .o

Painting, coverage ... ... R
Pans, Denver Gold Concentrating .
Paper Deinking, flowsheet
Pebble Mills, Denver ..
Pilot Plant Equipment ...
Pilot Plant Testing 'Sexjwce - e
Pipes and Elbows, friction of water in ..783- p
Placer Drill ...
Placer Unit, Denver ...
Plants, Complete Denver
Mills ... ... S—
Plaque, Denver Vanning ...
Portable Mill, flowsheet ...
Portable Mills, Denver _. ;
Power Plants ..
Power Factor Improvement
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Page
Number
Precipitation Equipment,

Denver Cyanide ...
Precipitation Equipment, cost ...
Pressure, water, converting to head feet ..
Pulp Density Scales, Denver ... 189
Pulp Density Tables ... .
Pulp Distributors, Denver

Pump Chart, H.P. and capacities ... 771
Pumps, Denver Sand, Diaphragm and
Concentrate ... 156-170, 339-341

Pumps, Denver Sand, cost
Pumps, vacuum
Pumps, water

R
Rail, mine, cost ... 483
Railroad Car Clearance ... .. ...746-747
Ratio of concentration by assay ... ... 694
Ratio of concentration and recoveries .....704
Reagent Distributors, Denver ... 66

Receivers, air, cost .
Reducers, speed ... .
Retort Burners, Furnaces
Roasters, Denver .
Rod Mills, Denver . ...
Rod Mills, Denver, cost
Rods, Denver Grinding ..
Rod, Drill, cost

S
Samplprs, Denver Automatic, Snyder,
Vezin and Visual types ... . 182-186
Samplers, cost ... 484-485
Sampling ... . T 564

Scales, Denver Platform

Scales, Denver Pulp Density .. .. ....189
Scales, Denver Truck ... . ....190
Scrap Metal Reclamation, Flowsheet ... . 419
Screen data ... " 707-709
Screens, Denver-Dillon Vibrating ... 192
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Screens, Denver-Dillon Vibrating, cost
Screens, spiral, cost... ...
Settling Rates ... . ...
Shafting, horsepower and torque, tables ...
Shafting, weight .. ...
Shipping instructions, when ordering

equipment ... 4
Silica Sand, concentration ..627
Silica Sand, Flowsheet ... . . ... 419
Skips, Denver Ore ... ..194-195
Slag L 572
Small Gold Mills, design, construction,

COSt oo 509, 538-547
Smelter Schedules ... .. 560-567
Soil, safe bearing power . . 792
Specific Gravity of dry solids .. .. ..672-687
Specific Gravity of useful metals ... 633
Spectrographic analysis ... ... ... 355
Speed Reducers ... 177,196
Splices, wire rope . ... ... ... ..761
Steel plate, weight ... ... 794
Steel, structural, cost ... .. 487-490, 503
Sulphide Ore, method of handling ... 574-575
Sulphur, Flowsheet ... ... 415
Supercharger-Blower .. .. 25
Switches, manual, cost ... 825

T
Tables, Denver Concentrating ....... 197-200, 343
Tables, Concentrating, cost .. ... 492
Testing, Denver Ore Testing

Service .. ... 206, 294, 351
Testing Equipment, Denver ... 217-294
Talc, concentration ... 628
Tanks, Steel and Wood, Denver . 200-205
Tanks, Steel and Wood, cost ... . 492-501
Tanks, Steel, bolted, cost . ..820-821
Tanks, contents of round tanks ... ... . . 722
Temperature scales, comparisons ... 739,758

Thickeners, Denver Spiral Rake ...207-210, 344
Thickeners, Denver, cost ...

Thickeners, determining capacity ..
Tin, Arsenic, Antimony ...
Tin, concentration ...
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Titanium, concentration ..................ccooeoo.. 629
Torque, horsepower and shafting, table ... 789
Trammers, air, cost .
Truck Scales, Denver
Trommels, centrifugal force in .._..
Trignometric functions ...
Tube Mills, Denver ........ .
Tungsten, Flowsheet ... ... ...

U
Uranium Minerals ... 654-655
v
Vacuum Equipment for Filters ... ... 212-213
Vacuum Equipment for Filters, cost ... 464
Valves and fittings ... .. ...785
Vanning Plaques, Denver .. ...147
Vermiculite, concentration ......... ...630

Vibrating Screens, Denver-Dillon
Vibrating Screens, cost ...

Vibrators ... ..214
Voltage, drop in voltage, transmission ..... 813
Volumes and Areas of geometric

shapes ... .. ....763-765

w

Woater, friction in pipes ... 783
Water pressure, losses by friction ... 744
Water, properties ... ... 773
W ater, tons per 24 hours, table 773
Water requirements of a mill ... 694
Water, various tables ... 776-786
Weightometers, ore weighing machines ... 215
Weights of minerals and materials ... 656-657

Weights of steel plate ...
Wire and cable, sizes of conduits

ZANC oo
Zinc, concentration ..
Zinc, Flowsheet ...
Zinc Plant ...

Zinc Plant Schedule ..
Zinc Plant, freight rates
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