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AT

IBRT AT SIHRT TeTs HIRA DI Yo U Bl © | SIHRT Ub HE Hell & WU H favd w3
aRiE B | olfd 39 91 @1 =4l 81 © & I8 98d [Asiad dieiie! T € | I8 do-ie a™ ga
iy Rig & AwIdT & 9T 9 Fell off W& & | o dR WX, W g4 AM e eds dd e
BT ITINT PR Uclell QIR dTel Widel g AR GBI TR fby S 2 | S @ giar R
# 9gd AIH | 81T A 99 a1l AT B9 @ A S9! AHR AT A1, YET TR By a1
&I 1 {31 1T | AR 3fSTdhel d¥ad aroiR # ¥l ITe &l 99 & ol Y& S dl
SR & | offh 39 &3 # 39 He 9 HOfd Afdsl & HH 7 | a8l fedl faRiy Srawr ST
DI FE ST Dl IYEdr o FiRT & &1 93 foar 31 2| gEdl &% & 993H & fory
IRIRAT de iR Ry R fafdy S fafr=r Syl &1 SyanT fear 3 2 |

ABSTRACT

‘Dhokra’ or ‘Dokra’ casting is an ancient art of India. But it is not been discussed that it is also
a very developed technology. The technique has been carried out by generations from the time of
the Copper age, i.e. Indus valley civilization. Generally, thin-walled hollow utensils and models
are produced using the lost wax investment casting technique. The Dokra products are so popular
worldwide. The accuracy of any product is essential now a day especially for selling a product in
the international market but in this field, there is lack of data related to this issue. The accuracy for
batch production was tried to determine for making a particular product by the artisans. Different
tools like Frequency Distribution and Six Sigma (6c) methods were used to understand the accuracy
rate.

ST o Six1, g a1l FwIan, A/ AR Faer gelts ufshan, W9 SouTed |

Key words: Dokra, Indus valley civilization, Lost Wax investment Casting Process, Batch Pro-
duction.

1. uRE
QBT IT SIHRT (‘Dhokra’ or ‘Dokra’) @clly Uk URURS AR €1 Tells AT HINCT
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(Casting) T & [1—2] | SHST el e Rig |t |awrar 9 fAaar g [3] | sifearil dRIR
3T A1 $9 WRWRT Bl IR W BU © | BRINIG, SIRGS, Sl 3R 4 & {o T H
SIp)T HRIRI Bl T 8 [4] | 39 GaRA bell & WD ®g Helfal [5—7] 5 €1 @ig g8
AM 1% TATS THAID BT ITAN HRS Udlell QIaR dlel WiEel a0, WEel Td 319 HeATPH
3R AT &1 T o S & |

AT Hell Gt fawd # uRig B Sl U8 Ud sMHd dedia 7, R wu 9
Ifg® IR H 999 @ oy SIeT SART B YT ASTdhd AgdyUl o | SIHY SRERI §IRT
g1Y Y IATET BT Ygal A9 & U F8f T AIST a9z T8 2 | 39 AT &, faRyax
B S & oIy TR fHa1 11 & | T Sred & oy 39 faviy o fdar | wdiawmdan
B FH3H @ fTY ‘Frequency Distribution’ (Sl fId=oy aRaRar faazen) [8] 31R * Six Sigma (60)
method’ ST fAff=T TRORITA A=l SUSHRON BT SUINT fHar 1 |

2. AT B ufekm

AT HRIRI B AT DI SN & oI U TN GIR {31 47| U 81 MR SR w4
% B3 RIR UH 3R S8 Tdd (fiF —1.a,b) T &I IRGeIT @l T | & |9 (RIF—1.c)
# gl Sraax 99 ugel el &7 3R (core) (RF—1.d) 91T 7| 3@ 9T & 918 SH D
SR A A HATHId =0 T (REF-1.fg) | 99 B AT & SR HE @ H8 U= W Id 2
(RrE—1.h,i) | TR &1 ST @ oIy M S8 @rehl & ot 21 fel & &9 & & Re
@ M & dI€ g9 Mgl H IR A B dF SHH T ST 2| AR g et T Rerfa
# 8 & 9 H el 9l @ ([RE-1) | ST 8 O @ 91 @ Bl Ared] SUIRd a%g, Pl
e Simar & (RE—1.k) | ofd # ofrer uiferer axa sifow SauTe sRga o mar @ (Rs—1.) |

sl BT TR, /M BT g iR fedt & dh (A & ar) & fore uge ar arfera
—1, 2 % Arvflag 2|

f3.1: R U & TR & =ROT: (a,b) A UM TAT TFb BT AISHEG IR, (c) Al
(d) TAET BT TR, (e) M P ald HRIR, (f,g)— A &7 <, (h) wrifAe gl o u=q,

@D

T avg
SIDEiVIEW

SIDENVIEWY

(@) (b)
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i i

(i 0 ® 0
(i) FET & ARl A, () Mo & 98 TRA old el & did — dRe ©g STell Sl &7 &,

(k) TIfET RFeq & |1er 3ERT Idmg, (1)— IR RHgR &1 acA
qrferdr —1: gl &1 AR &R gl & 91 & fory vy |arf

fAE) 3R XA &1 TR | 3ragq
1. |fMEr @1 IR | FRiese el (Kaolinite clay) + Am@et @1 AT (rice husk)

(Clay core) + 3 & MR (Cow Dung)
2 | & @ Freiierse el (Kaolinite clay) + dmdel &I 9T (rice husk)

(Clay Mold) + 3 &7 MER (Cow Dung)
3 |91 faferet (Silica) YT (FeT9)/ &%)

qifereT —2: HF &I ST & ol wgeh Al

AT DI A BT SATEH UHR— 1 [IPR— 2 [ddR— 3
1. | ugifer® erR /= (Petroleum tar / Pitch) 65% - —
2. | EreT &I NI (Sal resin) 35% 40% 20%
3. | #gHadl A9 (Bees wax) - 60% 20%
4. | ugiferm® & U< o WRIfth A (Paraffin wax) - - 40%
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3. ufRdumd 3R 3raciied

AR U @R Tadh ST & I W, E] &1 4R, A &1 GXal, Sells ST
% gl IR qENT ATl BT A19T T SR R faafa &1 udr o= @ forg omm @t 78 |
3Tl (dimensions) &I f=TaT (Variation) & &R &= & oy Mgy fAavr (frequency
distribution) @V TUMT RIT—RTAT (six Sigma or 6¢) Thel & AER DI TS |

3.1 arorerr yfshar

JEROT (Variance = ¢2) 3R #Fd fdge™ (Standard Deviation = o) T 9qe IR (1)
3R (2) # fewmar T g —

o2 = N (X—Xm)? (1)

N

o= [ELOtr 2)

JEl, X = FRhTa SHaT (Individual population), Xm = A& SHEIT (Mean population),
N = T & G (number of sample).

WHRY &3l Bl AMT & AJAR AT 68% IAM 26 &5 & AlaR 811 AMMRY, 95% AT
46 B IR 3R 99.99% MM 66 &3 & HIAX & AMRY [9] |

3.2 Rigy @& U= 3R gamha & 3mamedt faeciyor

T B |

3.2.1 3MAdA! &1 fdaRor (Distribution of the Dimensions)

T T, BIC I, 3i9d A AR AT I &1 $arg & fAaRor &1 7o & g 3iR
fE—2 # iR o3 & BRI &1 ¥, o — 3 | RigR o & dd & a9, - 4 3 iR
9H B Hdm, FIF— 5 H R a3 &1 gadh IR 53— 6 H RigR U3 & gdd @l HdAlg Bl
faeRoT fawmr T 2 |

3.2.2 3MAAT &I fqactel (Deviation of Dimensions) 3R IRaERAT faazor

(Frequency Distribution of Dimensions)

SR AFE faaa den fae a9e fages @7 ToET o T8 (@rferdr —3) &R o —7 |
IMREd g Ty RigR U iR Td@ & forg IRaRar faarer Raa Rer (60) Whal H IRRAd
foar a1 iR drferd— 4 R 5 # ARvieg far T
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(b)
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(b)

fra—6: RigR U &1 TFH & P& (Height) BT AGT BT W@, oY, AR AT IR (a)
fBEY @ ofcwAl, A &I 3T, (b) TS © 3fEx IR 9= B A

b~

ZALip 2 (77 Lip 3 s 3
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- Height :
é £ £2 | Height =)
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2 [ZZ1Lip 3 T 3
‘E-\ = [T Base —_ ul;: =
E —Height £ ... |Base £
é E EZ [ Height EZ
c1 c = c
S §! - S, . s
k] 5 : ol il
> = = FEl
@ [} [N O |/
=1y ao Upper td. Lower a0y pper d. oo e N
Dev. Dev. Dev. Dev. Dev. Dev. Dev. Dev. Dev.
AT FT AT JeTaAt =T Tl I

qrT Y TFheT
-7 RigR U3 &R TFHA & A H FUN a9 (Upper deviation) = fa=rer
(Lower deviation) 3R A% fd@ret= (Standard deviation)

ATfer—3: RigR UTF 3R T & fdge™ (Deviation) T IO (mm)

R 15 B 1 T N I 1 o e M R ey | oiNd [ FHe | ) = AT
A1 Ao | faged | fages |[f=ar | | fAgew |[fogem | fagem | f=an
mm mm mm mm mm mm mm mm mm mm
IR U &1 AR RIGR ura & HM B A=
fpa_T [46.47 | 0.89 1.52 1.47 112 |4857 |08 16 1.07 0.98
ad |[334 0.41 0.7 08 037 |36.14 [0.39 0.51 0.65 0.61
®Hg  [1985 |034 0.26 072 X 2065 |0.42 0.65 0.65 X
T [ 4427|115 117 1.78 114 | 4808 |[1.13 1.07 2.23 1.18
ad [3212 |o7e 0.81 14 088 |3587 |058 0.44 1.07 043
P [18145 |14 1.02 277 114 |19.04 [1.2 2.32 1.59 X
faI_T [ 4632 | 1.08 1.71 1105 | 0431 |4882 |1.09 1.67 1.81 0.435
g 1575 [1.37 222 1.23 X 2388 | 057 0.88 067 X
TS B @ 918 gIh BT AARS ATY TATE B @ 91G GdHT BT I8 A1
faI_T [ 4524 | 045 0.75 0.82 0595 |48.46 |0.53 115 0.62 055
Eid 1567 |0.45 2,66 1.23 X 2333 | 1.04 1.54 1.57 X

dTferdi—4: RAGR U3 IR @b & fd-IRI &1 MMgfT faavor (Frequency Distribution)

AT &1 I=a:arR AA FT aran Jewal caT Rl =
4 4 4 6
> > >
o 1 Py 24
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| T T z 82
g g o i
m I8 W 'S
= 0 8= %B| U
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e @t A & AT | TATS BT ATHA AT | TATS BT dT@<l A1
SIEVANIRY
SZIG] 26 |40 |60 |20 |4o 66 |26 |4c 60 20 4c 60
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3.3 a1g faecrwor

TATS B oy UG O1q @ IS AT difeld— 5 § ARvdE © | IR fageyor
A g urar T fF A fiad (Brass) 2, RTH 60% €T 3R w19 40% Rid T 1 39 ool ded
(Muntz metal) B8 ¢ |

3.4 37dclicpel

TINT & gRomat 9 fe=falRad fota forar s oaedr @

i e faveryor | uar g & gelg @ forv 60—40 Widet (60—40 Brass) [10] &1 STANT
fopar T 2

ii. & T @ forg smafRy faaver Ryess R (66) &5 @ Wiar uig T E |
iii. fAedl & ITUR, A9 & I IT TS IATG B SR fbdl Y 3ravem # ™ & fdaa=
Ry R (60) &1 & 3R o7 |

iv. TR & A9 3R Has b AG [Agaq, I b I b J-G A I ST BT 8 |

fareeror AT wRar € 6 gol it | 1f¥e fa=em 2|
qrfeldi—6: €T BT BT IS fageryor

grq P NS I | ufaerd (%) grq B RS T gfcrera (%)
1. |dfar [Copper (Cu)] 60.72 4. [feA [Tin (Sn)] 0.37
2. | & (Zn) 38.76 5. | &I=T [Iron (Fe)] 0.07
3. | @IS [Lead (Pb)] 0.05 6. |3 A 0.02
4. forse

B A ST 30+ SAD & e & (77 IR 721 8 Gl 81 ST dRERI
BT YA Ge BT faRaw=gd &1 udr 1 7 | 9 fha & g &R Ay am R o, 99 96
IRUR® TH-d! A & S96 BH BT STd Tsdlel el B8R a9 dd af¥ds e § I ufovaef
TET PR TG |
i R IWUEP a8 YN dRE F BRI 9 g9 U © | R W 3 <@ @l e {6 aR s
Ry R (Six Sigma— 60) &3 & 3fex |
ii. SIHT & B T IRV BT B A A BT & | fHl I3 H1 ST A1 BT © | J_f uieor
I Udl g Y&l ® b Bl ff =aRor & s &1 /19 e REET (66) @ &5 § &A1 B

iii. I @ QAN BT A [daa bRl & AN IR HAls & AFSD [daa_ I Biel 8l ¢ |
fareeryor MG @var 2 & geot Tl # i fages 2|

iv. @IS ¥ dHNe e R d W) PR UGt 8 dl adbd! ©d 4 9 Jq<€ 8 o
=l
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9 M BT Yocd T8l © o, TAN <7 qet:

B AMfeIR PRIR S el A 39 dP-ilh
BT AN BR T 8, ITD PMAEI B AP
forar T it f% 9gd & ddveEe 7 |

e U H UYH 3ol AR B AHATRID
f&el ersaractt
Alphabetically sorted | gofgrer SREIEG

terminology in En- ) sreaTaeh
glish

Clay Mold 8 & |

Core AT BT TR
Deviation of m G2 ﬁ'ﬂa’;{
Dimensions

Distribution of the Di- AT BT fAa=oT

mensions

Frequency aﬂqﬁ faa=oy

distribution R

Lost Wax investment g amyRa AT

Casting Process m gt

Standard deviation e fAee=

Wax Pattern a9 &7 99Ty 99
Eakskll

TR

39 &1 BT AICTE (All India Council for
Technical Education) gRT AICTE Doctoral
Fellowship (ADF) & #redd ¥ fa<r qifvd faean
AT o | oikgeh SedyR favafdened & grged
3R Wl Sl fewm ofR fde-r &

RBreuspR # MU HHPR & I8IRT & ol
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