QO
ul/“l U'LU U’ % /
Jkt’l ;Gu/b/zu;l;;ul]}

Kty &













: (Amir Kab
by, Coglas .

ISBN: 978-600-6203-39-3
oL :AVA-Fee-fYor-Ta-Y

VEVASTON ¢

P
.:A.fﬁ.;gf}/

K s P

https: //crtosh. mcls. gov. ir




w8 5l ol Soslom (6Kt 3,08 tee 0l ar0lsen IS st Km 3 sl
it o 528 5958 o 15 o3 a6l )lge st a8 adl K3 055l 5 ol ok
A bl ool Jad sl s Soalsa 5l (2L puditins i ditans (sla 4 n 2alS 5
iz Ol L 10l OLL 5 el Jsol 4z LSS 2 g 5 Sl age S Mol oy 8
)}mr‘uou‘")wbk}a}ﬁwja‘Cﬁ‘éw‘&)b@‘w}%sggw‘jﬁ}du@
20338 (o0 g 0528 5 (ol lgallss 35 5 (9 0 2 LB ammse <l dre s
st 35 dJLSs s sl 5 (Kin b (sl 5 SN paoma Sl (shtas o il e
ol 3 5 Bl g 53 w55 5 Ghisal (S sl ee 5 cn s 0l S (S ¢
238 o e gt S sl 4 Ll e aadimny (63,8 (slgdy sl (3 oo S ity a IS
fgi)r’T}ﬁJ @9 cn 5 Sl 365l b oolesa oW 31 a8 Ll gl o] e
5 Sl e i IS oy 45 S gy 5 8 Bl Slalas 5 Sladions 5032 b )
Colom b5 528 iy 5 ol S apmaasine s A asld s 2l 3 (sazen g
0295 3 205 28 ¢ oozl o, 5 IS ccrsl 2o ig (Sl e 5 ST ol o 2 s
b Jaallysins miman t sl sln mtansls b sidate 5 3 sl LS 2554 (sl g
35S 0 b8 0958l D 5 s ol sl o 03503 gt 5 (18 Bl a8
335 0 90 3, 48 w5l sl 5 pke o b bty Mall sy Jtls ok ¢y gt 0o
235 8815 g0 5528 55 NS amaler 2T 5 i 23l o (Ml s s o



a4 ol o) S b Sl 5 sl 528 50 Sl s ik sl 5 S S
B i 4 liteed (ol by A a5 e (S sine 5 (ol i ik 5 Sl (g5 oo
Jliacsl g angs Joze l 3l &S o LIS cutlag o tedl atse s LS«'—“})@'L‘ sl e udy dtails
Sy et s o gzl 5 canlin (3l i 53 Sge sl Sal, 5l (S el (sl laslind 5 S
Al o 0 505 5 4 ook Sl il a0 S
WA Sl s ol oo ;o) o sl 508 clagesy 8 cblis Sladasy ligiss S e
5SS i gleds (gl (o sladaly o Jela Slal (65 8 cudlss ol (b S
by ol (paass S0 0l Ol al (oDl (6 sg0 S 0 98 4 diticny el )5S Sdxe
s 51l 535 VAN J 51550l i o 1525 (2305 IS dmalr 4 by om0 o31IS
2y 55 S 25aS S| b Mt mhys3s8 imgis s 5 Ll 5 et s

CBlimy ol o255 i (Slusslslinl & o] 5 e ol Ll oo 53 3903 5538 b o
5 sl (Sl b 5 as S i sl o s s 5 oo sln20d] (e 3l 0o 555
A 2SS s e S m Ssolsie a el 5 (8 Blim SlnJoally s (55 izean
( PEils ST e plaasine s aslad 2l 31 6 S0 e b 3l (o8 Bl 5 tood o9 (a3 sltnns
ebe 5 b Jaall 520 538l (ca s2s 3l (Sian g ol dal el 23305 528 Sliins 5 pale
s lo 5 Sl 218 (50 LA S il S5 S 5 s 55 Ml e oo
i g 00515 851 S5 o il np Y 395 ool 03 s il (6 33 285 S 2
cblis ladas 5 i 55 0 53355 Aty L San a2 51 5 Slasly (g han el 50 BT
(o= eI i LS e ekigs (53958 G rtigeolilalon S cotlagy s 0
s Rl 5 S il 03 5y Lo 250l (620 ol 2 995 5 5953 85 3 50 4 55
Saieddglasasolyiea g e Slole b S el s eblisOladasyolinss e bl 5
sobaasiia gl adSoas il s Mol elslgiio sl 1 glas g 53l ectuns stes g Solal o
cetlsanl g Lol Sl il iz o Il (@3l 8) 5 Sy ns e pshateds tao ol bt



N oo e e e e e e e e e as e VY
Y e, s Sasy, b ol pss Joad
Y s S Swy 5 s, 5 Y s Y-
T e S S wiy ;N pama disls ¥-)-)
L8 SO U UU PP PP PPPPPPPPPPRIN s Suy, sy, aels Y-\-Y
A TR (BrdS&) oy yankas Y-¥
L1 ST TP PPUPPPPPRUPRPPRIN ankas g Sz, wls, 8 ¥-¥-)
T e G Ay Jhe 5 ols B o B ae) €350 B Y-Y-Y
B e ankad Guds w5 deaul (g b Y-Y-Y
By SBpl 5 el (85 ¥-Y-F
B e S, g 5 dnkad oy 3L Y-Y-0
B Craobs s, S Y-Y
0 ettt 5,55 )L alge 5 a3 Lol Y-¥-)
B e G35 50,55 (5,L8) a,b Y-¥-¥
Y et e e e e e e e e e s 5o, S V-¥-Y
Y ettt et e et e e e e e e eea e O9d S Sldes Y-¥-F
O ettt e e et e e e e et eeae e 5,55 5,55 Y-Y-0
O ettt e s Eoiad Y-¥
O ettt e et Y-F-
OV et Y 5h at s (g Saisy , Y-5-¥
Bt et 3 e 3T ST (DC) d sgians 5 S as , ¥-5-¥
Y e oo GB3IT ) a5y ¢ Saisy , Y-F-¥
Y e B3 5 o e A 3 (6 S a5y, ¥-$-0
B0 e Ay, S b Ol blowe o g Juaad
Y s 5550 5 (Sl Ol bl ¥

R Qj} ‘;ajd C)L.Lla.d Y-\-Y



T 1P AJ}J}:‘ 9 aw Qbkl’m Y-\-¥

S e Sl Jalse 5 Sls, Ol bl Y-\-F
VY e sl w8 s olbbw ¥-Y
A e e e e e e e e Ol o] Y-Y-¥
AV e STV P ST L S L
AF il b ol Slse 5 b gy G ¥-Y-F
AF e slge 6913 5 plouls Lol a3 Ol bl ¥-Y-0
AN Sl wsd w8 Ol bbb F-Y-£
QY e SASIG 5 ludae Ol bl Y-Y-v
L T N ol Oldes 5 (il (6,85 &l blsws Y-Y-A
L2 SO U PSP U P TP UUS SRR Sl bl Sy bl F-F
L ‘5J§m;“,,,t§b.smwuwtpl€d@é
N e e ol8,38 5 ol al> ¢ loil> £--
L L USSP UPTPPRPP slge 5Ll 5 4ol ab e ol F-V-Y
A e Sk s s s el £-V-F
Y e S il 5 (50 (S B WS el £-\-F
AT e Boa¥T 5 oo Sl bl J8 5 g n8 i £-1-0
ATV e 2555 5 (Supd Slbbiwe JS 5 (6,8 e §)-F
YA e Sy, Olgrs 5 brdle (gilucred $-Y
Y e ad sl slge s al 3 g0 5 YT pile F-Y-)
AE e e @95 s, 58 g 5lugrel F-Y-Y
B G et Sl Sluls Olhgzs s BUSL g3lwm Y-
AWA et At sy S S0 5 B pmile (g3lcyen) F-Y-F
L} 2T PPPRR Olde olouls sl 2 5 beile (g5lucrel $-Y-0
1 TSP PUPPPPPUPRPPRINt EASIG 5 ludre clapaile $-Y-5
L 1 S S il 5 (s Dl (olcmal F-Y-V
N0 ettt e e et e e e e et e e e e e e et aaaeeaaaas & p chlis F-¥
LT L U PSP P PP PR RS PPPPPRPIN o Bl F-¥-)
VR ettt e et e e e e e aae e o s el Bl §-Y-Y
AR ettt e e ettt e e e et e e e e e eeeas s e B> £-Y-Y
Nttt e e U s bl £-Y-f

N ettt Sleid 5 (35 cblis 5-v-f



N e Olpegzd 5 S g0 cblis V-¥-§

AY e Slhol bl 5 dble oy Juad
N8 e s Suy, S Gl a0 O-)
1T PP PPUPPPPRPPRRR Ol sl 0-3-)
NEA et asl3 o8\ s (o) gl O-)-Y
1) A TR USSP PP PP PPPPPPPP Job ol s disls 0-V-Y
1) A PRSP S 0,58 sl 0-\-f
A e Colhkol bls gl r\.\él 0-Y
V0 et lbol Ll gl Sl o-v-y
A ool Lld s g8 6Lb'=|4.3| O-Y-¥
VY e Sanlg> o ol g, (gslwdus O-Y
WAL O el s el g e gl e
A e Sl Cdgtue SluS 4> £-)
A (L3, ool 5 Codu oy pie ailoles £-Y
Y e (l5lae) HSE LIS cood 5 (sl aeeS -Y-)
WS OlRles) (Sl o (2l 5 ()30 5 ol #-¥-¥
MAD et Olhesn) Oliagas s bepmilo 8 Jaowe £-Y-¥
A e (L3,8) codlu 5 Sl oo s, £-Y
MAA SIS 5 4 e DLals 95 5 sl £-Y-Y
AR e (Lo3,l8) Slus) (g5 oo 5 SEjgal =YY
VY et (L)) Sl Sy o 5 polis e 28lS7 £-F-F
MY e S el g S S e a2 £-F
Y Lttt a e e e e e e e e e Bl S ool Sy -5
Y Lttt e e e e e e e e e e Sl ga,m L sel F-F-Y
N et e e e e e e e e e e e s i ol 5-8-¥
N e e BIEEOV WPV IS ST PICE 5
A0 et Lleis]) 5 s luslia o)) Ao wibd Juzd
Y ettt N85l slaslg V-
MY e ol o8 cblis Jle gl 08 V-1-)
R e olpl LS 5 e Ced 350 V-N-Y
N e a e e e e ole) sylule) (o plolu V-A-¥

NA Lt S Sty o 5 sele gl crezol V-\-F



VA e, Uz 5 $5r0sn ssle V-0

N8 e Sy, L8 w5 ol O e Y-Y
Yoo S G 5 el O A ) a3le VY-
¥ et (0 ds) 5 s yaalas) g Sase; mlio 53 F) sl V-Y-Y
L PP UUUURUUUPPRRRURPPR I TCIPS. P SUS S VS LI PR L PN LR YR B
Y et e a e e e e e e e e S 5 o0 Ol Ae Y-Y-F
oY e S ey 5,8 cod g ol slalezal, 5 s uslen) V-¥
o Col 5 Sl Gy e sbilen], V-¥-)
L3 SO PPPPPUUSTR SR asy 5 sl lp e slas sl V-¥-¥
LS USSP UPPPPPURUTRR G S48 sl Sl sy luslead V-Y-¥
e et Sty 8 e cod 5 ol 2b 5,0 V-Y-F

L St ebnjuw”‘rwb&aﬁ









o) s 55 0l o s Sas 53,

|< - | . 1l s - " wle v W C
B\~ w\_‘%_‘;«fﬁ»ﬁ‘b QL._‘_.\:_ I OWdS P e

G Jgarme A5 5 23S (sl B (il 0350 0 i 5 6 s il b (g S
38 5 Cinm (satals il dran gl ys lizean 5 5l atdig Sl Ovee 3| Lo (6 Sty .
G 5 53l 8 S a5 33l (6 s el 00,2 S 3T o 516 satels (o316l 4y 5 Sy
9B Gae)  ) oTjiaé (9 S o iy 2 pmkigs p'L‘— aisls 5 Juﬁue il o
50 s el Sie (g Sy sas S 5 i a5 (o o Al i g o0 0SB L
AT 3 e el S sionin Sud o (slaankas b b § ol algm 51l B o o i
Y 4 el s baals 8 5 sl peile o e Jlal (i 5 Jo w%mumw@u&
¢wlw|j&mb,é¢\}ép\!}'a,@7@w@‘gLa:.‘él}w}: g ‘La:qg'.\.wj,.).,\sjb&)
exio ) ol 5 At oL 52 ol - ol A A8l 3 5 e S (g S5 gl LAl o S
4:-)?\ .CAM:‘DJ‘J'C)&LD“S.!\:-}M‘Jij&u@biﬁb)‘)@dﬁ@‘))&wmjw‘ )90 )d
ol S5 i a5 Wl il (S s lnankss (oolail a5 S, sl S S 8,5
ool (63972 s ol Jlaziml 4y a5 U gl 8055 5,8 Lo 55l 3l s 5 il il 3
e S o S ey sl i 3 592 5.0y 9

\f



\O

¢

Jsl Jat

LV eV-PY

S5 e St b S e sl s a3 1358 b st 55653
EYSTARTIT R mﬁmﬂ):b‘w XS oIS (g S o885 o8 I PEPE RN plos sl azals
» 4 dsrdn reianne e b s Sase s Jome @\5 248 gl plaz )l S8y e 50k
Gl (5 S s S Ceadln s il 3550 53 LB 5 s 4 3 it (s Swsa, L D)l
Elizen (5146 gz ocs Sag 5 sl 2 5l adl sl Sl o o ol oo LS
S (55508 s 5 e St o313 gl (b Dl 5 i bl
25 gy Sl 5o o S DS ) b
s S5 oleoyils 5 el ollii S
8w, S S 0l 3IS 5 af o) ke
ot o3 3 shonl e Daw sl g SIS gLz
oo b 35l ( Sy Singms 5 ey il by e (65,0 ol QS 5 Juad
el Sal, 5l i yame a8 o Sl 5 3 ma |y s Sty 5o S adhas 5 e bl
Gl Hi ol sl g oz 3 (6 S ) SacSi s LS 5 (S e Sl 5 (glnd
Jrab ol ors | ey b 3 ol ool Lol sl p a5l 5 5.6 St 5 ool gom 3l dittane
Ol G s el (2 me 4y 5 S oo ey el 5 ) g ke bl Sl sl it
&S Codl 5 sl o lusliad 5 balaaly (ol da D855l caalg R Jead 5315 5 0 ailalis

LS a5 0 9 52 aely Akt (g Sty bgs s

tC el o ool i las 9 aoily 5l ol LS o

it g0 (5L) (23,k 930,58 Jls 448 (golse ' (LE) L

S 5 A 093 053 e s Sles (5 088) 50k

S e (g S5 5 e 093 S S s salaions T gy
bl podies cli bohie (oS5 Jomm e gabiioes ey
it odits Sl o b ol 4 e dS el blswasly 5, 2ol

v-Charge
v-Pouring
y-Crusible
¢-Ladle

o-Incident



o) s 55 0l o s Sas 53,

|< - | . 1l s - " wle v W C
B\~ w\;fjfﬁ»ﬁ‘b QL._‘_.\:_ I OWdS P e

5 a3 i b ol o (S d mein oS atad g2 sl o, sl

oo glos 5 slont S 5L e 5 50,55 5 5 3l g0 3 ldas (6 S 93) s

i yanlas slaad 5 sl (IS5 (il i) ol i

e g S il b yama & (g 510 gandas T Sz

a5 5 oS g B (sabiai gy ol s 5 505 LS il 310 Sasse
5 saplal g5k

ol b el oS il B L (g S S T (omils B (g S ) S0

e Blsen sy 5, S o 8lse 5585 Sl (o Joolo) o5 S

cole cl@w" o) o A5 5 LS);@—?-J\S 5/\6,'; o,k

S g b gwm a2 le 5 G ol Bis (b Jala o8 o S ama Hale Sl
il 5o gl 5

e g 5 g0zl 2l ol 3l pasniin oS 5 sl &S (63,51 (auglid 5 9) oyl S

oSS 0 M ol s S ol st (G138 zund poly a0 bl
b gl sl

b JS sl (ol 5 ol (S s andad 4 4t 4 Slge S 518 com 3l (glankas " e
b geoslizd ol 3 s

e fama ] AR 330 oo i A 3 g b 5 soho k] 18 s

v-Accident

v-Melting

v-Fettling

¢-Casting / Cast
o-Casting / Founding
1-Permanent Mold Casting
v-Risk

A-Deslaging
s-Thermal Stress
v--Competent person
vv-Hazard

vv-Pattern

w-Audit

\¢












o) s 55 0l o s Sas 53,

|< - | PP (Y - " wle v W C
RS w\_\é_‘lsjﬁv_")\u:} w‘w._:.\,ujuu.d_.bq A

&S sy Leuil-‘-'ﬂ

ol 22203 S5y (5 S5 553 b Gl e 3501 fke) 0 e LTS ol
Conl gannn (421 ) 38 (Shamais G ol a5 (S b e o S0reS <ﬁ|;@wugu\g)l4§bd\ 5
e ]y s g g Sl ol 2z L (3558 3o - i) lnsooloe st S OY - oS
A6 i) Wl o 15 SIB) 23 8 0 IS (93555 ks ba) s oo JS s
AT T (93) dms o 055 ST 53 5ol o (sl I 5 oo K 3l sliysS 25 e g0 (sl 5
i8S n e 0355 5 am 3 e B 5 a3l (1038 5 At ool T8 0S|
Sltomzo 50 523 8 o355 4Ll IS 3.8 s b I8 B 055 o i s (53200
Sl b3 0 M 4l 08 ol sl a5 5 s juae oS 51 g 550 A3 0 damie § e
Sl sl alsa o i B b (s slae  wle) (S0l 50 Dlabad oy b 51 (5
38 o S Shman Slar b n 3o Jobe 8 kil 105 o i L g e 3oLl b Lo S
el 5 Aot 53 (6 3yl Ly (6o 58 5 i ny3ab st Sl oo bl Sl sl
ckis g ploil S0 5sbarly 6500k 5 B oy S wadd 18

\- Bronze - g8 5 gus LT i 50
Y- Smelting



N ¢

S ;N pamadials Y-\

IS omitle () (@ Sl oS emitle aile o SUsS (sla sy 5l labas w5 ol
S 4y il csle 5 S g hsllie (sdman Ol (S35 (g Sa s Jaae
BT3RO PPW KW S VE LS Py g3 I ENETYS - VIS CE S PR 5 PRy
13153, aome (65 53 (8 S5 0
el SSoanly (ool 5031l b slakas (ol )
I I 55 gademn wdkin S (gl su3sdme Y

(hals Lol 55 2) 0.8 Az 5 sia s iz 5|l S0 g St ) Y amen 0339 50316
oo b aalia s aal axitls 135 5 slad 95 (nio Sadse sbaosl) (ido i 5 jze0s i
b5 653 Grae YU slos s IS Cusgiame 1)l 55 b lS (g Sas, el b i,
5 (Sl (oS crs ) Jicind (Sl Lol (S5 ol shls labas s cusgdone
35250l S anlpe (il Ly (g S (o) ol (e o dids (6350 anad i 5> (64
o T Sl (53l 2 53 ol o (g5 &l A it S 7 o 6 S
5 Ok VA a2 YN Sl sl 5035 05 5o MO/ Y (6 S s Loy 0 Slem ¥l A 5

D94 03 (S ) el “JALZJ,\CQ,Q\JJ}Z‘L‘?)SW\(}Y.WHM)

V- Forging
Y- CNC



o) s 55 0l o s Sas 53,
Kewhe s B oblis oladss y Slidss S5

NG Rl i J
Ll (2,85 S8 5 5,08 o ool Wnl (635 5,500 (SUaAS) it ankad ol IS8 a4 et tlaat 15 S, Y s Y- IS
N ety ankid gipp 4 S

ki a5 S s Y pame 358 g sl St gankas (g S s 3 pamo s

a5 A oo ety adyl Jyamme b tad Tl IS 5 a et (5 o bt o2 3l 4w 93 5
5 it 3 58 b et S (55 () Sl e s ol s o
Wl 5ol B S 055208 pminfl 03, S () Sty et K5 2l 0 348 (15 2n)
(oriasll 5 (25 Nt gl anle . sl e aii ) ol Jpame alin b JSa bl codoislsys
S obad Spo 8 94 55 8 Sas s Sl b ol S 505 S b (65 Shoms
a3 el S I3l 3 4 s (S s Jyamen tans g 0ol 3l M3 g n b (552,080

\- Casting

Y- Ingot
Y-Shapes
¢- Slab

Yy



3 et
o —

c L4 \ .
P, gld

(890l ails) (¢ S, B 55 i pomm 5 daaS sl a3 L 5 050l o b S

S 5 s g, akels Y-\

Je.-‘fp—?h’ﬁ (Sl ptat) Jgamma JS ol bdﬁ“"'wd‘-‘ﬁ%@ﬁ S CANPRPS
s e olis (B @s) o

M5t s Jpame IS8 ol s Sams s slaai] p sizaions V=) Sy

(M}gd;@))&wxéﬁ)w

-~ MNozzle

old.__

quid
ol—

Meniscus

~support roll Ton

aJ4l
.. Solidifying Cut

“ Shell

:ray

Metallurgical
rling

Length,

trand~"

(050) o5l B s oS

YoY o i gm ool Ciltsen sl b5 3T L5l (ol 6 SUS (g S, sl 5
At lin 3 a1 S 2 o s a0t 5 A5 o ey a3 el 3l gt 0



RSN PP L WS S TPRP R ZC - ST o)

ankas (g Sase ) (s 5Sa slatns Y=Y s

N
=
=
Q
g
~
Q
3
&
A-C [ A-C | C-E | C-E [ A=)+ | M- AC| C |5 |y - | Al sS4,
©» Sfeo
>
& ke
(2ot 025y 054)
B-D| Cc [BC| C Ve |00 | g C B | v—r | vt - | AL | sl S
§ \
(olbost L)
CD|AB|CE[CE| v || o CE| A ol oy | = | Zn- | L S,
8 \ Cu _
=
C-D| C |B-C|B-C| o \-Y %é B-C C F—F | f-Y | - All r};@f@)
o 2 Yoo
8 g lAd
2 = 5.
C-D| A-B | C-E | C-E | -\ -\ _g C-E A V.- -\ All &:535;%)
\ \ 2 \ \
» Investment)
2
o) (Casting
B-D| C B B \ 0-0 2 B | B-C|f# [Y-f| - [ Zn- [ o5 0 Sas,
§ \ Cast
Iron (b i)
C-E| E A A | N |-y A [AB [ 7 [ ] = | Zn- | Cd Sas,
Y. 5 8 0 - Al
3 E B
z =
(Die Cast)

sy pip Ao
ISl S e S szt oSS oo )3 (8 pae) 8 50 B (g S s slotil 3 53
b.,\.wdi.:-\.ww‘u.iAAr)ﬁ b}l} uSM.w)L (u}a-w:-)‘ J.,\A v\:ff&adgmdb J‘)A ‘AAL.Q Aa\..w.c
kel 1 S (8 B Lt (Sl oo b sl e 51 I ol g e Sty s a5 il
il 4l 353 6 5 LI 3l slitnd el el o i 5 o sl ] ol g St 5
A5t slatle 5l 6, 8B sl 2l5 ol 53 (WG g alais b slaslll 5 e 5 ¥ asla)

V- Expendable Mold



Yo ¢

fﬁ’J"‘:’

¢ \

SR wa, b gl

(O9ve

Slabs gl Kos b 5l s ge ealiad (s cams (6,5 B b 5« Sslal s ceitle) (g, S
e L (5358 590 46) e s Sl L (S5 intor ST s ) S5
axkad S g Lo wan 5 LI L S oot "o gl o b slad e 3l 35 o JKiien 54 50
o352 b pan B L g Saise s sl 555U S s, ST 5
6J§4:a’uﬂjA&T}wﬂbsyﬁ@wm\d}\édu@\éj Ygu‘b%,‘]\}: ggjf‘\b’u_JL;La,\.gLé)a

53k 5 T 50,8 oz b Lo St osbie T 25 55 51 goils o J sl s il 3
B s s ISt s o3 SIS 5 LB 31l 5 ISt ol slo 5 o me 50 b5 gut o ol
f,\sﬁf/@d\?maaﬁ)awﬂa

PR

)Wpﬁf)vjb
9L Sl a sl el ladas wg b b i ol ol .gjfr@lwﬁafom
Jebs a8 0 8 oo I Lnnl 4. 95 n g Kl e (sl il (6.5 500 s o Mttt
S ‘L“cfj R I P (S0 e ‘W}JTdLﬁ}UT sl Lis N slales 555 S8 Cosgume
el el Jlasl Bshas Lousie s ladld s (sl (s cnl i odlinad T3Se 51 5 8
L9550 NS 4 oia—’v) ankas ol 5 sl S ol 5 (23S 5 (5 S5 (oS5 sl
el s (g Sy 5 5 O o S (6 Saise s ke

- Lost Foam

- Permanent Mold
Die

- Centrigugal Casting

- Squeeze-Casting

«JON\T(-(«'

- Semi-Solid Casting



RSN I PLIY i O W PP S a5, !

< | Lot \ s s e
< VRt YC A el RFW <
DL Gl 9 (P Colis Oladal g Olds P e

MB L;mejou\a-)\SY—Y—\ ]

:Jy@r@‘yluwwém(dj)ﬁbg)ls) \‘LQL_% dﬁ@)o\f)\fbaL&)Kﬁjs
CutS J 58 (B slge c3L3L L;)LNo.sl.aT (Slwd e Jalis EYL;;QB 5 Slwazdls (g3l .
Ao St s s (S B (S azale ke
g.,us‘,o L§J‘§°j|"\"| &D))g‘).) g_)}.)j @.})L’ ())Lu J‘}A} M‘JB 6)‘9]')33 6JLHDQL°TJAL~ ‘rdj))l.lj uj.\ “
B s 6 b eole i Oldee 5 g3 Jlal Jsb s o3 adss lend
S J S 5 rdrw Oldes ¢ 3l Oldes

8398 Wb Oldes an 4 50 &5J<i3 Oldes adgcad by )00 Jpame 4 atns cnl (e
S ol o S s s o Lt dadas (g Sty s al 3.0l g Y=Y JSC8 055 n
Sl ad g bas (8 a8 el Oy s o L ke (g S5 o8 S o ol 50
UW@&)JJU‘JJ»}J‘)AQLJ?}| 6‘0%’9‘9& ‘6;4»"“)0\5)[5& ‘J;’)l.}bg)lsd).y:t)'))
5ol (g Sase 88 s el 5 i Eso50 S 298 o0 s, Sas ol b o SL S
o lid T s oS 0l yslows dlg 31 3 bl 5 m0 s Candl o Saa dl g 53531 5Ll
ol L5 oS b Kot 511 o8 Cilises (sladarly  Soluws ol o5 31 515,05 &g
@l ble 54z 50 Gall el sty o (IIAhols 5 o sl 55 L 5 sz bidsly (o ole

e lals

- Foundry

- Pattern Making: Core making. Molding
- Melting & Pouring

- Finishing

- Shakeout

- Cleaning

< A4 O ™™ T T -

- Machining

Y&



r})‘}.aé

Sawsu b ,&L;:;T

A2

S
12N

¥

1
a L | el e )
| 5z s
' + :
yd S| U [ PSP T P i
Melting Pattern/Core/Mold !
T I
v ¥ |
wrgd A Sliles e A :
Melt treatment Molding i
| : :
EEEEEEEEEEEEES 1 [}
v ¥ )
Pd.-!.:_.l'-: -
ourin
uri EI Ej
i
I 5
- iy elipes :

Cleaning/fettling

'

“i‘..'l__.an Sallas FJJE-' Ii-L:.I
Finishing/heat treatment

I

" i [yl
Inspection / QC

y

SHIPPING s g0 45 L

W S

3 ] )

Pattern Making (s3ludote cla(al 3:5) asly Jales aalp ol ((500058) anas (g Sy S aalp ol o Jloges Y=Y IS8
Shakeout s 4Jss Pouring (¢ ,,L Melting 53 Molding ¢8I Core Making (s3luazale uls (53lussld]

-l Shipping (s 41 5) J& 5 Jom s Inspection .3 Heattreatment )| > olles Finishing ¢ 8oL (Cleaning ¢\



o) s 55 0l o s Sas 53,
S elig s b cblis Olads s Olidos S 0

“easTing
SHAKEQUT

COOLING AND
CLEANING

Sand Preperation acls s3luesll lye ol Jalss Cilisen (slaaly e clabas (g Sas; dES S olyp b s Y=Y IS

«Cleaning s S Shakeout 555 LI Pouring ¢, Melting 53 Moulding 5,8 Core Making ¢ jluazals

(b o933 IS sba) Fluxes b )S ¢y, 5 S el5ls canla ol go atans g Jlil (250 55 .ol Shipping s .| 5 s Finishing ¢ Sl

;,,\_\?g,:sc,,&k:‘).;g&w Induction llo,sS | Electric Arc < Sl uss 5,55 L Cupola ;56,58 aw 93 (25w 553505 359
..A.&Lwlas};r}wlk;&m

slaaaly plols ool s ams eolis) g Sawsa ol IS 450 G plaile 5o acis Y-F St
Jsamae Ll 5ol 5o Scrap yard asl 3 e Caly Caone 3 ol 32 o2 0590 ciliza
Pattern (¢3lu e o8 o ool s Raw Material Store 4Jsl 5/50 sl s Product Store
YL Moulding and Sand Casting acle ¢ Sase 5 5 ¢Sl o818 Loy 55 o1 YL Shop
o o b il glao oS Loy s Fettling ol waise, ol 51 YL (Die Casting | 26 ¢ Sawse
TR e bl (3 sadaee 5 AF oo b s slaey 8 PFC o b ol (30 Joo L oo IF
.l Machine Shop (¢S eile sl o Cannny3 s LAB L o3 U o&ulesf

YA



| L | TLLSOATY) LA OHAAY VEIEIN DNHINEED 40 VI ONIANTED 40 SUTILVANN ST
T KT D WEAIANT|  FELIVAANYIN ONV KO - MO a[eacfLy, Peoy safieauealn, Angp .
CTE o e £] OR|SSA0Ed B0d LAY BEaNn0d TI00N (NY SHIANNO "SHIANTIDNG T (1) [FEONERIAIW] SR
. r e L B o ] - m o — H llln..“ h
5 g [ TSI ———— % T - 4 —-— 3 o
= T iy == B o s g .-u llu-..hl.l-
B R i SEn w PR e |

=] =
——

LIS I I L B I BB I |

s I e

LRI L

Bupse) a1’ ~H 5D € e B SN ¢ €7 41 € g € 105 doyg suryoey
(S dogg weneq a5 S € e 5 oy Sunse ) pues pue SUIPIOAP TR s eemer

910G 10NPOI{ ¢ QI0)S [BLIBIN MEY’
I e L€t e

a, b ol

SN (77 sp <y A Fm e prrepee | oy paek detog?
TS A=A Ty AR S e D ey

&5




o) ) s 5 518 0l 3l 039 s S a5 53,8 e
Kol s o cblis olads s Olidss 5

S, Jha 5 oils CIB (2 me) 50 LIBY-Y-Y .

SIS bl (S iy 5 VB g5 4y am L (6 0JS08) (s paalas ciliise (slais,
w5 1 gn alol ke b (6 Samenle 5 (S IB wanle (g Sas s 5o Jle (s - Xipit
25 ool yayls e S B S a5 5 S g Sats ) )l oty B glat s
-bffs‘wbﬁjsfj‘

lals g S azenle 54 uS LIBY-Y-Y-)

ol Y=0 U8 s azeale 5 Joe « B ammys 13l ol andas as (glannle (g Sarse, B S
L ledieals olis £ 7 4w

Seam from
Rough casting porting plane of mold J

ks g Sas , B (il Y-0 S
gt S Sl ( YLSJ:’.) 54{'3 9 \L;.}) 64&’3) g g5 OB S g!yw AB 4
Sl anle o Sy s ankas 3l ol S e S St Jhe 35 sasolinal as Lo 2y
335 n s Al 0193 3 Ja 03l e +3,8 on S 5 358 o 120 5 455 5 Jon 133 2 (A o
aoenle 50 o o3litnd dounle | Jlst 55 slaanks (g Sawsn ; gl 5,8 o SIS B (gabainea

V- Cope
Y- Drag



™ ¢

2 Jad

z

\;J—«A.DJJLL;L.»J

P& 358 ozt IE IS LI (gabiioen 548 ol (4la Y gane) LG ol go i Lo gy glanlas
2503 055 5,8l gty [y odzn Ghunin b glaankas U s 5 claankss ol 50 b

/| Wooden 4 —F._i.-icr\
pattern Drag Cope pin
[ —] [— ]
. Runner —
] 1 - pin
Moulding
board
- Cultrl: —
5
2
| I L]
Mould
ne: W
M Parting
Bottom L1/ "'“'fa‘:‘:
\hﬂdrd J

038R banle é,-:fvﬂ-"' Jole -2 IS

ol taitle 5 s 90 53 b 5 (S sS Slabad (gl 1) a3 09 5 400 L6 ,S S

el o o dwoslin s sy (¢, EIB L35 o
A3 013 S 5 5 5 A (5, S B
55 508l 5 09540 S B Y

.g.,'.“ﬁ W}d)‘vg‘\%g‘&u ‘J'\“U‘)JSCJL‘;' &OJJS)'L! Y
ol posls Lz Y-8 ISz 53 ) | e



o) s 55 0l o s Sas 53,
S elig s b cblis Olads s Olidos S 0

4 D I

(SKabe) sl ol oSyt 5 Sl e Y-V 2
39t gooalinal (Siale gg) o0l (gLt (slar 1o (0SB el Sy dni g S B ol
D953 eSS AB rir cae hr355 00 M 2 apmitle ol s “slamio 555l (g S, s
dodio i) ol 53 o gmalinad (Y= JS2) Salal s (6 S (e 5 a5 015 (S B
Dl s ois Jaiin (652 bt 55 2y Alisans S o g B 5l (93508 LB 2ol
N0 NS g4

V- Jolt-squeez molding machine

Y- Plated pattern

Yy



r}édna.‘%

< wJ)LdLJ

ﬂ. Sand shot 2. Mould squeeze from 3. Stripping off the swlnh
twio sides squesze plate

4. Mould close-up and mould 5. Stripping of the rear &. Closing the moulding
stnang transport squeeze plate chamber

Sl 6,5 ptle (5508 e dm o 05 5, S B L Y-A JSC
Sl B 5 gl 53 LIB Y-Y-Y-Y
25 i s S g 534S 5yl g g 3 e SIB il 5 6 s ot
5y labad asle 5wl lalas a5 sl (6 8B (sl ool s o sl (Secal b
w0l a5 Wb S Llalas oo il bl lalas (o8 i Lnlabas ST e il

ST S L dtted Gy e (355 (6 St ) 5 (Gt (8 St s 0 ol 5 sla 2y ol - K95 00
s e ol g a5 5 6,8l slagig; ol o glas V-3 IS

.&égdﬁ@)dlj‘quujd\m}i%JB Y-



RSN N PL i LR WS ST sl as, 58, !

Y'Y
N celigry 8 cblis Sladss s Slidos 5 5o

Finizhing J

B8 5 5 S A Yl Y- St

awlo g 5Lunslol Y-Y-Y-¥

s CalilB al o s o sl anilhs plesd glul me;|J§ﬂ;wlr)Y6J§@)Mu

et 23 oSl s o b bl 0 2 Silasy tsy anatls (Permeeability (s 3 ,38) 3
a2l ol 5T 5 5 S sl |y andad canlin odaan s S 6358 a5 5 55 Solss (g S,
aole st b om Sl s T ianle) 3 anle Glapl 4 (g S s loanls 0,8 o5 4 4ty
b ored anle 5 e s camenlo ks Ty anle (Olie b olas 50) 7 o) awle (S
Sty duke . 1 o ars it (S5 oladas (g0l oy S Lawles Y anle) (gl s
15,0 DMQWDJ[AJL@%

abawle

Q;'\.\)J‘ﬂ

onS‘.,\:-

V- Green sand
Y- Facing sand
v~ Backing sand

¢- Loam sand



Fhe

V=1 Jod 5o g Satsn ; ol a4l aule glyl .ol /of -y mmooslal b plaals il anls
Pl L (e - ') s sy Sl sl ks 5l iteds 155 sl - Wladacdls
W 539581 59 o o3lited (0,08 5 IS c0lysh e poben SSs) ST sne oas
035 bglsea gl k5t Lol ot LIB o 550 s b (o S s sl S
ooz T(Jge) LT b slanslel 57 (eSn) S Dshsn retle 3 B 535531 S35 e 5 2l
3 50

ol acslie 5l S5 55 S s slaanls V=¥ Jpan

\ e Dldleu,o | cwd Vb pwiws | e | 5560 | VWY SiOyY chunla
Jlall) | Gssabais N o Slosgs (Quartz) | Silicasand
(o ok
f N S [ Shlvleo,o | el e e Ortho | ¢ sdslanle
5% YU b £ sl \v.o | Silicates Olivine
SISl 28 s of Fe. Mg sand
Voo | Ypamale | Yiews | oML Somb, e, \A- | Complex | cues Saule
Sl bwaiS Vg Metal Chromite
Oxide Sand
((Spinel

£ &S, Y.SGWJ:“; o blasiley o | e | losgdays YY-.- ZrOY/sY | oS psanke

:\l‘,é (B3> \ﬂ..- u:-.ll-w)wl.l &JVS SiOY/yy- Zircon
3l Sand
Y ke Db ks bl5hS s e e \Vo- | Calcinated |  selianls
N b i losgd fire Clay | Chamotte

-(AlYOY Sand

(SioY

V- Clay
Y- Sand Mixer
Y- Muller



RSN I PLIY i O W PP S a5, ! ve

K o — ..
Ciritiv cxveiing aeel
DT A LA
Teeder
Hew ¥
]
orage Frestung
[ e J
|

m Finawd
petcuct
Seseen e

Ssdigeplelacle o) oS s 56 Sawse ;oS 53 LB slse ol o YN S
B\ .a)lJ&JAxlﬁ MSJ.'L;;L),JL ‘@BjmbdjuaabTawjéf@)Mb
.a)\aaquu olyw&\i))‘ 6‘,&-’)‘*‘3&-‘“ Lghng_,.oj

S 5 B g g acke sl soil Y-F Jsar

ows/ 3 e/ o,
s skl JL 2 e sladils a3 55 5051l b2 g0dl
St ) e e siCasb)
(2l b anke s, S50 5
AFS St hoys Sl g o3l
VS IPIRIPS UL aco claals IS COA (st S s o
2o~ e (g 200815 )
(5l 3l awke (g 3,38
rlless, 2 Sl Sl anle cunlie CGS g lid S
Lé.g\fwoyja\izw; s s anlecwglis &iﬁ-djhzér\imml
ala s
S LSV PRI LCOM o i3 38 5 lsp g Kol 3,38
s
Sl 50 S annlop Sz i
s

Shatter s\ |




&S areploY-Y-Y-¥

253,80 S5 Vamatlodnz ol 4y (6 Kos I ot 5, SIS o glanale saznle
] S ) s 8 S gl S o (6 S azale (£, 8B S Sl Al
(COY/ e DS b SOY/ 058 J0) 8 055 iy S 5 L 115 o 6 Stz
(flsama/ 02 L3/ 89, J2) il S 5ol pfd,ng“—t%@\-"
(el [ Sk bt/ 58 J20) (58 50,5 bslsa b gt S5 amls
L5 o9 oslizad (o salsl 5 (805 sails cuys 5 g sl 5148 ol il e 5 (S3lnazenls
232 3 - day o (A alo ) (b slos 4 5358 o dblol Ol b JolS b 4 azenls
2 e 2ol el s analis B 58 s b sl sl amale s (ghsmanls 558 a8
Sl 2 3¥ a5 (6 38 3lnils ()30 L S slaamanle sl s . 4 o ankas
9dam 5 Sl o3Y s dzmnle (6 pdy 55 5 (o S S8 s 4 St o dle i e

oI B g Sansy , ¥-Y-¥-0

fv‘bﬁ&)‘} s Hlga 5o il B dﬁ“‘"e) sty
(U218 6o s g Sasy
(S5l 286080 S0 2 8 s S
(acadl Y Sl L2 ) JlzdeS (g S 5
P (VL Sl b Sy Jlzd bl B (g S 5 b canSils) Sl g S 5
B S o) el b2 B LS;W)“M(bj)Jb 6J§¢~>~)L<_;L"-'L')W‘J§w))
o dends o 48 5)ls oS3l 5 Sl pgas ol LB L gLt (g S .(w\}fxuﬁd}éj
> J§ 6; w398 0 (80) 9 m&ﬂ}ﬂdﬁu) orbles GUBLJT@ s9doa s Sl B 50, 5 sl 2
3lwihs 5 (g3l 53 otz 35 o o3lial S sla i 5 a5 ol iy S5
-ﬁﬁ)@)l-{“-.’ AL Breoidy sl

y- Core box

Y- Cold box

Y- Heat-cured

¢- Self-set (No-bake)

0- Pressure casting — Die-casting



RSN N PL i LR WS ST sl as, 58, =
Neuthig s 2 oblis Olads s Olidos 550

(8L ) o3, s T IS

/= < To vacuum tank N\

— 7™
— Vacuum valve

 D— — J]

Injection chamber

<

Hood seal  Molten
\ alurminium

8 i b ) 6 L anSls) St 5 S, sl b . Y-\ IS



e ¢

Tio bar 1000k links

/ Maschifes kiking Flatan \
s
. =l s ey
.l'-' e’

Blaching chossmy oylirder

oL, — N—
_."".- 4 '_'-J__ ity Pk
- - =
.
AT ¥
W ~ :
= R L -
= -( ed o
P 0 S| gor o |
E A I ! Matal
i o e i Plahjjar Ligy T b injecteem
E ‘\-\._._ —— i [\ | aplinder

N __/

Clad B o Sase ) il Y-V IS

S aisy , Jde Y-Y-Y-5

A Slge oS ol Sasa y ankas 51 ols 5o o K (g St 5 Je &S b olg Y-V isy s
dabas &y at (g Sty S d S 3p sl (B 0 B,8 o U2 o 3o 4 (e Y gans)
i yls gl ol asdas L a3 Wl ol S
Jhe S
Jae sl
Je o slw ol 50
g sl 2l aSiain b 5o il g5 oo Jbol 5 el o slia andas ISl (g S, Je S
5 ankas gl )l o gl ypw 5 ile azeale o84 S5 sl sy sl o s b (S 5o
andad U Joe slal 50310l ppizan o dnl s sl (S aitle b ankad Ol s (5105 eanncs Sk
3 2b) slad  oll 3l Gl g Sy il 5 St (sl s ol coslis (Sas
B é.\s\ Jde go90e C}L.N D9 0 0als o315l Lol Joe ‘dﬂfg,..n.‘é BYYCAPVIWD (s o
Jyame axkad a2t () » ekt Sl oY o 5l g b ol b am 5 b ol ol 0 0
el Jas el ollas (Joo asis ozals b .,\ﬁlwga.gkgf@)&wmw}fbbb;ﬂfrbgl
S sy gn ool S ool b e b 5 ST (6,808 0t 3 lsicm ol 5 355
ol Jlal b ys 5 (adas oy 5 ) SALE 9 b Sl ok J S 5 059 sty 59y andad slosul
2 slezsl a5 il antls sgm g 1 (galai axkas (95 45 (g 55b . b 0L (alais C)iJ:;fJf) A%
JUizl sl canbad oo pacin ol ol o oles Slanbad > 2ISL g0 i 5350 B 20 Lo
\- High-Pressure Die Casting (HPDC)
¥- Core Print

Y- Progressive solidification



o) i s 5518 Gl o5 5 S assy 5 53, e g .
K ezlag s 8 cblis Olodss s Slidios S

Yone el oo 3 50l 45 358 523 ST s Copmtl slarsl /8 55 Le S0l 5 S
38 3V s st s s WOTW&-"HS%%JGJJ S a ankas el g
Lol Sl bl st b b s cudy cuonn S5 25%)

il Je 428 (oS5 5 (b Sl o M s sbas oo (b
i o 5 LB e sgia b Tl bl bl s lacilins okl ankas 4tk pwdin Dol
s 8L 5 aala B SS rlomsel 5 2l 6Ll (g Sy ) il J5 5 S pmitla dils] Y
S PERRRPI eI T
(8B A (o 9 dzetla dnz 5 dznlo 4 puny Jho st b ai ¥

doi 1 Jde domdir SN 855 s S S il £5)ls il £l (6 S, slaa
wio Sy s (5 S5 (52 45533 Jon - Sl (LS (o 4255 5 ol aakas i
A gl heitle g S IB (gl

- Copa Pwzam

() ()
(&) 5 iz Jos domio () Stz Jobo () etz LSS Jote (ill) b pze LI (g Sais he b slade sl asas 2z YN0 IS
S Jasdmio

V- Hot-spot
Y- Single piece pattern. Split pattern. Plated pattern. Match plate pattern. Loose piece pattern. Follow

board pattern. Sweep molding pattern. Skeleton pattern
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Class Material Used for
H\a Wood serial production
H\ Wood medium to serial production
Hy Wood small serial production
Hy Wood (Batch production (possibly repeating production
M\ Metal serial production
My Soft metal medium serial production
K\ Plastic medium serial production
Ky Plastic small serial production
Sy Foam usable for more moulds. smooth surface
Sy Foam usable for one mould. smooth surface
Sy Foam usable for one mould. no surface condition requirements

ankad s o 9 3lezsl (g5 L Y-Y-Y m

b Oldes ((Canlodd (3iaa Y-V s o) Olde 48 Sldes 5 pd &5}*;“-“-” Slom
L (SarsS labas (6) il 5 400 b e 53200k 2,8 o0 ol anbad (> a9 3lezs] OTL;;)JJ
Sl S B b Saalal s (g Sy bshas (gl 35 ool (S50 a3 1) it 5 Sl
lagmils G gails LB claghy; 5o a9 plwl 8058 g0 () ol (Sae nitls
53 o ool o 55 ssba b B 4 olde )5 ldes gl abaisee (6318 B (6 Sy
AL (gilanslal ¢ miales (S0l e o Jsh L) a2 St a5l o 3 Slilas (55l Al e
il 3 Lol e it

V- Hot-Chamber Die cast

fY



\xT

\ Aloall

ezl a1 S S imte. B 09 Biosd S50 51 e s 5 L S Jlasl Y-V S
Ol (Y=Y ) A om omlles 53985 g0 izt 6 ap ol 31 e S B arf s lhes 5




o) s 55 0l o s Sas 53,
Kewhe s B oblis oladss y Slidss S5

Solooals (55 dala B5alsm o s Olde pits b3S o S I (sl s o0 L S
s 3T 5 alai 31 il oles 53 (5l -5 o0 19,78 s 3 b 5 B (oo
4 ey 3093 (los LIS L s g oo 4xiS (55 6 90Le) V5 aws 2 lde oo il ol 4 oS il o
¥ IS s a8 0 0y 6 SUS (6 S U ,\J& Loy ol 5 (gl sl 0¥ 39 2
AT 5 4ol ap (S andas ot 53 il g 45 WLy o s Laosl oo (55, 35 s lnasls
B3 2503, 3y e o il Lo S il (gms b Ll o ol sl (YA JSC) b aalys
a5 055 sl L Sl (sl 5300028 sty gl sle o 3L 5 0555 a0 Loyl
ol 305 S araSi sl sk 4S5 5 Ol )3\4*’3)3—’“& laysh s o JS2 L T g

232l T g ol S 5l oy 550 50 55t

0] o sl smans 5 gt ecsi 5 4 6358 st e okl i Y-\ U

6)\5(@} a5 (S5 Y-Y-Y u
28 ol o (65 1 Pl lhes ol 23Y (B s (S ankas (6, SIS Sl g
okt it i3 o5al, Sy 4 ankas i b e g a4 405 5 olSal, sl (ol Y sons
W53 33535 503,503 - 133 (3 e A (5 S 13) okt Cw al 3l (o g s askas L
Joli () 8ales S obas . adb o (3L 5 )8 ( oot o b dnls 550 5505 90) anda 3 als

V- Supercooling ou under-cooling
Y- Chill Zone

Y- Columnar
¢- Equiaxed zone

0- Finishing
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V- Fettling

v- Shakeout
- Knockout
¢- Shotblast
- Check list

o

1- Visual Testing
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maving elements moving elements
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- crashing Potential consequences
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- shearing - Miction, abrasion
= impact
Drigin Oirigin
grawvity, stability appreach of @ moving
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- crushing Potential consequences
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Qrrigin Orrigin
’ rotating or mowing elements moving elements
(three examples) Potential consequences
Potential consequences - crushing
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- s ||~ entanglement - impact
— e _ ﬂ
Origin Orrigin
I ploctrical parts objects or materials with a
Patential consequences high of low lemperature
- slectric shock Potential consequences
- bum = b
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= puncture
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vibrating equiprmant noisy manufactunng process
Patential consequences Patential consequences
- ostec-aficular discrder - labgue
vascular disceder - hearing impairment

- loss of awareness
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DOrigin Origin
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V- Occupational disease

Y- Occupational accident
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Exploding Bomb | Corrosion Flame Over Circle

« Explosives = Skin corrasion/burns » Oxidizing gases

« Self-reactives - Eye damage « Ol izing liquids

« Drganic Peraxides = Corrasive 1o metals « Oxidizing solids

Gas Cylinder Enviroment Skull & Crossbones

+ Gases under pressure = Auatic toxicity « Acute toxicity [fatal or
o)

Exclamation Mark | Health Hazard Flame

+ Irritamt (eye & skin) = Carcinogen = Flammables

+ Skin sensitizer « Mutagenicity « Pyrophaorics

+ Acute toxicity « Reprodoutive toxicity « Salf-heating

+ Marcotic effects = Resplratory sensitizer + Emits flammable gas

+ Respiratory tract irritant | - Target organ toxicity « Self-reactives

« Hazardous to ozone = Aspiration toxicity « Qrganic peraxides
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Y- Psychological Hazards
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Y- Heat strain
¢- Heat stroke

0- Personal Protective Equipments
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V- de-humidifier

Y- flue

Y- Task-Spechfic Personal Protective Equipment (PPE)
¢- Buddy system
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V- Scrubber system
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V- Material Safety Data Sheet (SDS)

Y- Europian Chemical Substance Information System (ESIS)
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HEAT HEAT

EXHAUSTION © STROKE

Fail oF dhrry — Theabling hassdashs
Encesuive yieating
v Codd, pale, Bty temp erature lr
o clammery shin aborve 1037

Blaumea of wimiting —— * Maases of vomiting

Fagsd, weak pulse Hapid, strong pulse

T en®

Pt s CALL 9-1-1

= Drrink water if fully conscious
+ Takea cool shower or use the person until help arrives
cold compresses

« Take immediate action to cool
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- Maximum Exposure Limit

- Occupational Exposure Standard
- Benzense

- Formaldehyde

- Isocyanates

- Crystalline Silica
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V- Occupational Safety and Health Administration
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[Part [subpart Section | Title I_Bimlpﬂcn
Moy Mot comipanies st submi thedr
15040 - reports to O5HA clectronically. BMost recently
29 CFR 1904 46 Injury and lliness Reporting changed in 2017. [Check out exemplions)
Al ermiployers must provide a place of
employment that Is free from recognized
hazards that are causing of are [Boely to cause
death or sericus physicl harm 1o employee,
This ks a catch all category OSHA can use
when a specific set of regulations does. not
CI5HA Act kst guch as for: heat, ergonemics, lifting
of 1970 S[ap1) General Duty Clause heavy objects, etc.
1910 regulations apply o General Industries
including Foundries, 1926 applies 1o
construction work, When Foundry
emplayees perform Construction activities,
29 CFR, 1910 vs 1926 the Constrisction standards may apply.
Protects amployees while working at helghts,
from slips, trips and falls, holes in the walking
MCFR D Walking Working Surfaces surface, etc,
1910.230]Ladders
1910.240]Marhale bolts and steps
1910.250{55airaays |Design of steps, railings, teeboands, e1e.
1510.260|Dockboards Safe use of transitions from dock to trucks
1910.270]5caMfalding
|wse of rails, harness, veather, anchor polnt,
191D.250lF:IIFrnb:c!lun and Falling Objects |setbacks, flags and tool
1910300 Training Training required Tor this section
Exit Rowtes and Emergency
|E |F‘Iann'l15:
1910.350]Alternate Exit Roules
1910360 Design of Exit Routes
Maintaining Safegowrds an
1510.370|Operating Features of Exit Routes
1910.380]Emergency Acticn Plans Written plan
IEID.EIP!FIIE Preventicn Plams Written plan
1910066 1o
|F 58 Mandifts of all Types Scissor lifts, cherry pickers, articulated arnms
la 1910.940]Ventilation
Hearing Protecticn Monitoring Program for
wark areas with 80 decibels or more.
Irplirnent Plan at BS decibels = Action Lewel
Anmual hearing test for employoes in loud
argas. > B508 on an 8 hour TWaA, Baseline
1910 Ootupational Noise Exposure hearing test for Ees wiin & mos. af hine.
1910.970] Non-loniting Radiation |Electromagnetic, radio and metro waves
|G |Hazardous Materials
1910.101| Compressed Gas
1510.102 | Acetylens
1910.103]Hydragen
1910, 104 Ciygen
15101058 Mitrous cxde
1910.106]Flarmmable Liguids
1910.107)5pray Paint/Finish |Flammable cr combustible maverial
Hazardous Waste Operations and
191010 Emergency Respanse HAIWOPER
132 - 126 |Cippirg and Coatings Operations
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Part Subpart Section Title |Description
What gear to pravide to emgloyees to protect
1] Persanal Protective Equipment  [them from hazseds in the workplsce.
1910132 | Generad reguingmants
1910.133|Eyes and Face Safety glasses, goggles, faceshields
Facemasks, filtering facepleces, cartridges,
pri-fitters and respirators, alr-supplied hoods
1510.134 | Redpiratony Pratection and tanks, escape packs
1910.135|Head Protection |Hardhats and bumg caps
Shiies and boots with toe guards, metatarsal
guards, puncture resistant soles, electrical
protection, and designs for guick removal for
19100136 Faot Pratection retaleasters working with malten metal
15‘10.13?|Ehl:‘tﬁﬁ1 Protective equ pment
1910.138]Hand Protection Gloves
wl Working 4 fr. or more abave the floor ar
1910. 140 Persanal Fall Frotection Systems  |ground (Ladders ane different]
Appendices
Mon-Mandatory References for Further
Information (BLS Statistics Eye, Face, Head,
App. A Foul, 46
Mon-Mandatory Compliance Guidelines for
App. B Hazard Assessment and PPE Selection
Honmandatory Personal Fall Pratection
App. Systems Guidelines
|H|;|nm.||1dalnqr Test Methods and Procedures
o Persanal Fall Protection Systems
= Tl rfieng ©ian an a3 OECIDeS = ACTHN LEWe)
Funnual hearing test for employeses in loud
aras- > 8508 on an 8 hour TWA, Baseling
1910950 Decupational Noise Exposure hearing best for Ees wifin 6 mos. of hine.
1910.970{Non-lenizing Radiation |Electromagnetic, radic and mécne waves
Satety color code fo marking
1910144 plvwsical kazards
Accident Preventson signs and
1910.145 tags
1910.146 | Permit-required Confined Space
1910.14 7 Control of Hazardous Energy |LeckOut/TagOut/Test Out (LOTG)
First Aid traiming, First Aid Kits, Eye Wash
Saatians for cofroshee matedials |acids, alkalis,
| 1910.151 ) Meclical Senvces and First Ald high or low pH)
Ju Fire Protection
1910.1%6]Fire brigad Train employees to respond to fire
1910.157 | Parable Fire Extinguithers |Pertabie
1910.158]5tandp pe and hose Extinguishers |Permanent
1910.158] Automatic Sprinkler Systems
160 - 163 [Fixed Extinguishing Systems
1910.164]Fire Detection Systems
1910165 Ernployes Alarm Systerns
1510.166- | Compressed Gase and
| L 1643 Compressed Alr Equipment
|m Materials Handling and Storage
1910.176]General
1910.178 | Powered Industrial Trucks [PITs)  [Forklifts
1910.178 | Cverhead and Gantry Cranes Belust be load tested annuilby- document




Part

Section Title

|Description

Also inspet chaing, anchor points, hooks,
slings, and all ather companents.

Crawier Locomotive and Truck
1510.180 Cranes

1910181 Cerricks

1910.183]Helicopters

1910.184]5Engs

Machinery and Machine Guards

1910.215 Abrashe Wheel Machinery

Grirding wheeli- before each shift confirm
space betwioen wheel and work platform,

19102 1]"M¢durl'm1l’mm Press

1510.2 18]Forging Machines

1510.2149]Mechanical Power-Transmission

Hand and Portable Powered Tools
and Orther Hand-Held Eguipment

Hared and Portable Powered Tools
1910.242and Cther Hand-Held Equipment

Guarding of Fortable Powered
1510.243 | Tocls

15910.244) Other Portable Tools & Equl
Wirtlding, Cutting and Brazing

1510.251|Definitions

1910.252 | Gereral Requirements

Creygen-Fuel Gas Wielding and
1910.253|Cutting

1510.254Arc Wekling and Cutting

1910.255|Resistance Welding

A Special Industries

301 - 330 |Flectrical

[Electric systems, wiring design, methods,
commpanents, installations, hazardous
lacations, training, work practices

Safeguards for Personnel
1910.335|Protection

NA Commercial Diving Operations

Toxic and Hazardous Substances

1900, 1000 Air Cantaminants

1910,1001 | Asbestos

1910.1030]13 Carcinogens

19001007 Vieryl chiaride

Access to employee expasure and
19101030 medical records

19101025 Lead

1910.1026] Chromium (V1)

1910.1027|Cadmivm

1910.1028]Ben rene

1910.2029] Coke cven emissions

1910.1030|Bloodbome Fathogens

1910, 1045 Acrylonatrile

1910,1048|Formaldehyde

1910.1053Respirable Crystalfing Silica

1910.1096]lonizing Radiation

HAZCOM- Safety Data Sheets- Globally

19401200 Hazard Communstatian Harmonited Syitem (GHS) Training
Retention of DOT markings, Mot triscking companses provide these, BUT
1910.1201 |placards and labels legally the shipper s responsible

Oecupational Exposure to
Hazrdows Chemicals in
19100145 |Laboratories

Written Lab Safety Program
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including abdominal pain. nausea. dizziness and
dry throat. Chronic Exposure: liver and kidney

abnormalities or pneumonitis may result from

o g i gy sla L (P
Kaanleslacn 2555508 olyea
Ny s
_ oy sbaalalss 5 S Azl 251 Jpame
85 o (i =R _ _
9 el azenle oo S|
«(lachrymation) per Sl
S ool @\S:lej‘;j))brl{u)a Acrolein
(pulmonary oedema) « , & _
9 o3l g e IS i) 4zl
PUlMONAry 354 55y el Ll 5 g0 ¢ S ol
fibrosis PRIEIPS R e _
_ eI
(peripheral neuropathy) ue slcaas Lo e 315305308 ol e tse ffosliza] o8
aluminum oxide
cognitive impairment sl Sl el (ilos 53 235 g0 dd 55 55 5Y 5B
e
Eyes and respiratory tract irritation which can be
severe. High concentrations may result in chronic Slwazals Slad
lung disease and eye damage. Skin contact can 1305951548 B 4 525 Jse Ammonia
result in burns. blistering and permanent scarring
Respiratory. skin and eye irritant. May cause
dermatitis. Ingestion may cause severe irritation
of lining of stomach and intestines. Inhalation
may cause systemic poisoning with symptoms _ _ _
S IS o sl Ereeitloss Antimony el

chronic antimony exposure

Y\#
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Long term exposure can damage the bone
marrow and lead to leukaemia. A known human
\A). Chronic exposures may carcinogen (Carc
result in convulsions and ventricular fibrillation.
Acute exposures may result in central nervous
system (CNS) depressions marked by dizziness
headache. nausea. loss of coordination.

.confusion

239552 S dzale s 55 s ol gieas

3]

Benzene

\B) lung Presumed human carcinogen (Carc

cancer. Skin sensitiser

50938 55 535500 S e g3l s

ez

nausea. vomiting. loss of co-ordination. loss of

.consciousness or death

29 gerelate 65 Beryllium
\B). may Presumed human carcinogen (Carc
cause kidney damage. suspected mutagen and
human reproductive toxin. Acute exposures may
sl
cause nose and throat irritation. At high levels of oSl SIS : St r=
Cadmium
exposure. after a delay of several hours a person
may experience symptoms including a cough and
.chest pains. and death may result
.Respiratory and eye sensitisation el g Carbon ,; S
Asphyxiant. may contribute to oxygen deficiency 5o pitia g S amalalal )
S demSlis
.if in excessive concentrations ENFIS PSPPI T EA Y
Carbon dioxide
d9ih o
Chemical asphyxiant interferes with oxygen
carrying capacity of blood which may lead
Iy SN PSREE S PR FPTSTLIILST S AeeSlgige
to anoxia. This can give rise to headaches. _
<39 ga_piiitin slo0p S sl Carbon
irregular heartbeat. dizziness. drowsiness.
el (g Samnlo gla 28154 525 Jpame monoxide
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Severe eye. nose and throat irritation. pulmonary

oedema and congestion. It can aggravate _ _ By
» 20s NS & gl e Gl s 138 lyreay :
bronchitis or asthma. Acute exposures may cause Chlorine
asphyxia
Skin and eye sensitisation. Presumed human Olaks g St g (lela s oSy 5 Yos S
(\B carcinogen (Carc 29 o pdilia LS..N > Chromium III
\B). Presumed human lung carcinogen (Carc | 555 3[,,JT[.5 s 55 Kaw 55,0k ersd
_ Fros
Chromium (VI) trioxide is a known human NY-RUTS W PR ’
Chromium VI
.(VA carcinogen (Carc s S slranlaodins J.Saislse
5 s
.Acute respiratory irritation. metal fume fever e s ST 55 R 50630, wmrsd
Cobalt
Acute inhalation can cause headache. nausea.
dizziness. drowsiness and confusion. In very high ROt
295008 4 B azalo s 5
concentrations unconsciousness and death can Cyclohexane
.result
L » Ol Jiin 53
Skin irritation. corneal oedema. ‘halovision’
o s p iz 54 5 S Aol 55 JUIS Dimethylamine
.contact dermatitis
(DMEA)
bl 6o
Eye. respiratory tract and skin irritation.
» » _ ole 2
bronchitis. nausea. vomiting  abdominal 08l (e 538 Cd Sl i S 55
Diphenylmethane
pain. occupational asthma. Suspected human 3550 S urethane
diisocyanate
.(Y carcinogen (Carc
(MDI)
Strong irritant and sensitiser to skin causing
tingling drying and reddening of skin. eyes and
respiratory tract. pulmonary oedema. bronchitis.
cilisen b5yl sy | Sisosle
contact dermatitis. Long term exposure through _ BV P
O3z slsa 525 0 53 0l Jbu
inhalation causes irritation of mucous membranes Formaldehyde

and the upper respiratory tract. Long term skin
contact can cause allergy. A presumed human

.(\B carcinogen (Carc

235 n ptitte SSSCIB 56550k ‘dxf%"nj

A
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dermatitis. Suspected human carcinogen (Carc

(Y

Lacrimation of eyes. bronchitis. allergic contact

.Respiratory irritation. burns

Short term inhalation causes weakness¢

headache« dizziness< confusion¢ anxiety«
nausea and death at high concentrations.

Long term exposures cause a persistent

runny nose weakness¢ giddiness¢ head-
ache« nausea¢ abdominal pain¢ vomiting
throat irritation¢ changes in taste and
smell¢ muscle cramps¢ weight losss
flushing of the face and enlargement of

the thyroid gland.

Eye and respiratory irritation. nervous system

.changes. respiratory paralysis

.Pulmonary irritation

Kidney« blood¢ gastrointestinal and ner-

vous system changes.

Metal fume fever« for example fevers

fatigue« aches¢< metallic taste in mouth

252 5 e 20yl slacn sy S35l ool Josts Sl
ROW R P TR IRt K. Furfuryl alcohol
- STISWE
S g&|>5)lsrm &S el (o355
_ _ Hydrogen
a5 al g sl .
chloride
RYTTRV I b
ol 159 75 LI G 4 525 J yzes Hydrogen
¢
cyanide
->;&L;4J~3M9TL3 o)L w33 S5 fKih RSTTRW R i
52550l s e (54525 S e Hydrogen
o 5 s sulphide
() ol S
b5 ol 35 K 5 5300k esd Iron oxide
(fume)
e s 3T aie
_ _ () e
TS W[ TS ST SYY PP LT
_ ‘ Lead (fume)
s piiia N5 oal 5
) e LS
36,5 Lo slagda i)l s s .
_ Magnesium
R T ES PR SR LS W | )
" oxide (fume)
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Neurological disorders involving the cen-

tral nervous systems including apathy«

anorexia¢ sleepiness¢ leg weaknesss men- | clas¥ 1y 5 s ASoiS 5 S 58
tal excitement¢ uncontrolled laughter¢ o5 Manganese
speech disturbance« muscular rigidity or
spastic gait
ol
Asphyxiant. unconsciousness and death 239 go i sl 5 Lae oS 5l 56500 rK;m
Methane
Inhalation may cause irritation to nasal passages
. . » . _ ol
and conjunctiva. optic neuritis. narcosis. retching o gladanleca o5
Methyl formate
.and death from pulmonary irritation
Sl 5l il g
eye and «(Y Suspected human carcinogen (Carc _ Ordse
. R o odse s 58 55 5500k 5 op3 pBn 5
respiratory irritation Molybdenum
sulphide/trioxide
Dermatitis. skin sensitiser. known human 58 sl 55K 553 05k s JSsus)
\A). lung and nasal cancers carcinogen (Carc 35Sy Nickel oxide
Oxygen deficiency . asphyxiant <39 o yiictin ooy S Nitrogen o3y s
Adlsn 5 st N0aS 5 B Sl s [ 03p Sl
.Respiratory effects. lung oedema
YV Nitrogen dioxide
. A5 15m 5 g8 (NSoAS 5 B St 5
.Respiratory effects. lung oedema Ozone .3l
9 o
Short term contact with skin. eye or mucous
membranes leads to numbness or slight tingling.
then burns. blisters. permanent skin damage
and gangrene . damage to the mouth. throat and
Js?
stomach. internal bleeding. vomiting. diarrhoea | . 4520 5@z s sdins JSisosls
Phenol

and decreased blood pressure. Shock. collapse:.
coma and death may result from acute serious
exposures. A presumed human carcinogen (Carc

.\B) - skin cancer
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Eye. skin and respiratory tract irritation. S pheddnd
. NOWRIT SSISTIAL -
dermatitis Phosphoric acid
Sales o Soran
Associated with lung cancer . skin erthyema and
sensitisation to ultra violet radiation. Benzo[a] Jsame. 358 005 SN OS5 55 0 o
Polycyclic
pyrene:. benzo[a Janthracene and dibenzo[a. h] 0565 Lissd s g anbe y3 g0l s slse 4 o0
aromatic
anthracene. Presumed human carcinogens (Carc o ed]
hydrocarbons
.(\B
((PAH’s
(Slwtzale (g SN era.x.zJ;;:;A)L,é);
bzl e glusbanl 3 SSs 6
. . e _ GlsS) o
Chronic lung disease: silicosis Lol sl s Sy olabas 2ol o
B Silica (quartz)
ISl 8 55 (g el 1o 3588 oo delate
29 s?
Severely corrosive to skin. eyes and respiratory
tract. Permanent scarring and blindness can result
. . Als e gl 0ls3 slagn sy el o Sl e
from serious exposures. Less serious exposures
<39 goosliu Sulphuric acid
can result in difficulty in swallowing. intense
.thirst. coughing and shortness of breath
Sl st (¢S aple 55 S
Eye and respiratory irritation. chronic bronchitis: | Jsame.ss oo siite moele ST Lao s 538 aSlss
-asphyxia el 503515 S st s el At a2 S Sulphur dioxide
el g 5 JBIS 5t IS5 5 S 9 e
. . . _ _ 355 M5
Asphyxiant. may contribute to oxygen deficiency [ cles 5.l m 5o g St 5 5 Lisloa 38
Sulphur
if in excessive concentrations 95008 4550k Sl el e AS
hexafluoride
)\S@&)&whr@a)sASw\ D
Short term low level exposures can result in
. . . ] })L;é
dermatitisc CNS depression. eye. skin and Toluene 5 5lss

respiratory tract and mucous membrane irritation

Sy Il LB 5l g0 4y 505 J g

el 0551
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