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(MacaHine DESIGN)

1.1 | uft=™ (INTRODUCTION)
7N (machine) Th T Aif3b gﬁﬁ ST fobdY Y BT # STl Hofl (mechanical, electrical, fluid, chemical,
heat etc.) ®I 3Ma¥Td BRI H TRAfTd B < 7T FEATAT © | SETERVUI— IT<IET o, CITBIR, TS 31 |

w2l @1 3ffdeaT (Design of Machine) : I AT, Teh=ilich GBI T=AT Hed- B SYANT Hd
T |l a1 Wl & Sfadl &l A ol S UR &4 aTdl dell & 3iJ0d, A & Jfadl &1 foard g
BT T BT 31fIHAT HEAT B |

T & 3radl BT STfHheds ST b ad &Il & fory fhar STar © |

wole a1 939 @ Sgdl @ AWdouT AN ugly

AU & B BT fdawor

v

Y & 31qUT R oW1 dTcl gl bl GHRad Her

v

3IId b oy SUYad yarel JHad &

v

fawherdr & d¥id Had B

v

3TId B ST fawd gHread &

<

(V)

JAUT B BRIBRI ST JIR BRI

HH @1 o1 ReR oI T 3aadl Bl 98 IR e ) fbdT Srdl @ b al Svevd & IJaR Iif3id
Holl = AT GRaAfIT PR S |

H a=3 fa=amr q=m welAl & S1agdl &l FeATh” 9 RIT STl & |
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AT & 7gUdl BT 3BT
|
v v

I SYATET 7 3raud fafere Sy wefe 3raua
J | } — %d Yiue
WS dTel 31aYd wrfdd gryor ¥ :giﬂ
l SUIRT 8 el _ edlET @S
Jagd
— viye
v v e
3RS OITS WIS OTe — RBRN 9 doc
— qoft — Rae e — firx
— Pl GilS — doed ol — dT-ldhe
— ¥¢ 7 dlee GilS
— W e
1.2 | Fifieh =er

JiH AT T UBR & BId o—

(i) N TifFe g v ifte aras forTH sraua eifdd aRfT wxd 98 AT 3R uRRafda
HT & | 39H! A difsifed arers W #ed &
SEIEXVI— ST ATA, o AT, AT dATeld, deld |

(i) TS ATAT— VAT IifAE A1 ForaH 3raaa Sfdd aRyor Hd A 3191 bR IRafdd a1 & | sHd!
difoifea gga 1 @ed § |
IEEVT- IR Areld, Sif Fold, HUledT |

1.3 | feer ar & fawg sifwemm (DEsiGN AGAINST STATIC LOADING)

fReR AR (Static Load) : fohl #Ri 3MYaua R o ¥19 dTelT 98 dof Sl fRGR ¥ 1T SITal & eI forsqant
afHmr g faen v & e gRafda 1 81 ReR R dgarar &

Rer R & AN s@ugd & Awaar & 9aR

(i) YRt fawuvr d fawadar (Failure by Elastic Deformation) : Ife B3l w72l 3rawd &1 &R
HR AT ABTH AT H 37RIF IR IR0l 81 ST a1 S IR gyl # fawerdr wsd |

(i) ™= fafesT § fawear (Failure by General Yielding) : af @13 #efi smoaa srcufdrs
wiRed fowfud &1 oY a9 a8 739 # SWINT & a8 a1 59 Rifes T fawear s €|

YR AT 9 31feie ufdeel) Saa=1 89 O RIfeShT fawerar s &1

I8 fImerdt T (ductile) geTerf # 81T & | 39 YR & fawuur & forw sriradd WRE ufiad &1 Rics
e (yield strength) BT ST 3 |

(iii) #oT # fawerdr (Failure by Fracture) : If< bl #3f91 3raaa wR 4o\ 91 9 31fdd 9o MRIfUd
B Smar € 99 I8« 81 ofraT & 39 Ao | Awadt ded 8| 98 WR it & forg feram Sran
2| TAT 39 YBR Pl [qhadl & e sifdreras QRIS Ufaad bl avd el ufddd (ultimate tensile
strength) &3 ST & |
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1.4 | G4 UTI% (FACTOR OF SAFTY)

H 31T T GeleT H QRIS W & ol SHe] BrIBRI Uladal] STeIdhad Uidad 3 BH T ATad
Il B |

SNfEere RIS Ufdel aAT HRIGRT Uiad &I 3TIUTd &1 GRelT I0Tdh HBAT 6 |

e (fs):ﬁwmmaﬁwwm
: fawetar a1
?&HW(Q):4 j  qct
T yarl BT gReT oTid
¢ = On
i c
_ 5w
c = fs
Sy = Rics Amed (yield strength)
c =®RIGN gladd
TR URTAT BT YGRETT [lich
Sut
f, ===
(e}
ok
S, = 3lferhaH =R¥ A (ultimate tensile strength)
c = ®RIGN gfadd

1.5 | yftae GehguT (STRESS CONCENTRATION)

A 3raal &1 fSolg & 4 agen fafe~Tar (discontinuities) & SURRT SA-fhele (fillets), YA
(grooves), keyway @I 3MTATIHT BIdT & O Ufldel ST (stress raisers) &1 B &2 & | o § AB U ufdd
IR PIC (stress raiser section) & AT Hfdd Hdb-=0T (stress concentation) 33 ®lIe R fI@TE T |

Strain
Raiser — Flow Lines
p<—y% | —>P
Stress B I E
Concentration "I
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IfE K, ufdael Hahsor waey (Stress Concentration Factor) T 19 ¥eIfie 9R (static load) &1 2T H

fhefe, d ¥ Idfd® Ufdad &1 Ieadd a1
K =
t ATH B & oIy AM= gfaad

fmax

f

BT MR (Fatigue loading) # S.C.F.

A W TYAT &1 emRdar ¥4 (endurance limit)
Ke = A gerd THAT b1 eniar Ham

Kf—l
Kt—l

e GUIST Wae BIC & PR Ald bl AR, Uidae & YbR, garel & 01 SH-6T BT 3SR (grain
size) TAT B BT IURAFT R ¥R BT B |

e U (Sensitivity) Bacr =

1.6 | WENT (FATIGUE)

HEMT 31T W o aRRIfCl # gaerd 8 Ulead (varying stress) 91 1 R4 © | SR-IR Ufdaell &1 o]
AT ST Uil W URT Bt X811 Wl URT-T2iel Ufdael (varying stress) &l G2IU & | WENHT /@l SI¥ SIUe,
R, §99 s T FAIoTh GUS 3Tfe IR YRAA-1eiTet Ufddel &1l $d € | 59 IRac1eie ufiaal df <2m § 7L
31T, AP 9R (static load) # 31~ A (ultiamte strength) & HH UfTdel U= B W (fail) 8T S & 3rerfq
IR-IR & & HROT Garef Bl UfAREIST (resistance) § HHT 81 STl © | U<ref & UfoRierdmar # 59 &H &l &
BN (fatigue) HEA & | TSIl TR URad Ufael T THR SHHBT URITOT R & fiRaT T80T (endurance test)
FHEd & | IRl Bl SIEIS] (frequency) qfs & AT yeref @f gfoRRIGdr § HHl Bl |

&IRAT |1 (endurance limit) I8 3TfEIBaH 11”1?[: gfdacdt 9fded (maximum completely reversed stress) ©
T W= I8 A1 91aT © b IR-GR AR & & 1< |1 ueref &1 3Ihe Jel BN | ueref ol R S (1) I8
T T7eT (surface finish), (2) 3PR (size), (3) TUHH (temperature), (4) AR BT YBR (type of load), (5) Fagaa-raar
HaeX (reliability factor) TR ¥R &l € |

1.7 | Wit otermell o Froior waret o | @it 1o

(GENERAL MECHANICAL PROPERTES OF MATERIAL OF CONSTRUCTION)

1. ared (Srtrength)- US1el &1 a8 U1 fST9® BRI 98 991 3RIBA (failure), g3, u<red &1 fafi=
gfaell & fORIT BT &7 @ 81, AR (strength) HEATAT B |

ST (steel), k’,ogH‘\II?MH TAT qfET (copper) TS AHTST (compression) TT TG (tension) H AT
e WA & Sidfds ST dad AR (shear strength) TG A &H BT © | I8 A1 &l o T4 &-
fgTe 81 8| @cTdl T8l (cast iron) B IATT qAT dai- H AW ThreT I H1%) HH 8l & | geraf
B! AW Sqd 31f~aH Ufdde (ultimate stress) §RT T&Rid Bl B 1

2. gl (Elasticity)- 9aT12f BT a8 [0, [STHS BIROT Y a%] 31U+ TR H TiRec (deformation)
BT AR AT B, AR (elasticity) FEEAT! & | SIF 81 YR H dTel el Pl BSTAT ST &, TR
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(RiveErep JoinT)

faf=1 gereri 9 9= e fafa= Arersal (thicknesses) & 3T @I RA<T (rivets) & §RT SISl I Gl o |
RfafT & IRM SIS S dTel 397 3 B e ATGHT TR ITH BRA Dl ATILADBAT ol sldl SR ITd! HIad!
R TAT It 0T ST I6d & | Jeft Rafes S 71 a1 STeREdl 9o = 81 argRiedl 81d 8 T1 S9! BT
e (fatigue strength) HH BT © |

ATl &7 TR Sd! HIC &Fha & ATl (form of cross section) TT RIe R & 3R (shape of
head) @ STRIR 4R AT 7T & | BIC &G BI ATl & SR TR I B4 (solid), WRIAT (hollow) ToIT fgemiad
(bifurcated) RdT BId & T2 Rde RIR & BN & AR IR BY (cup), I (cone), BISER WP (counter sunk), 37l
PISeN Udh (semi-counter sunk) U1 (pan) T TUeT (flat) RR aret Rde 814 § | ficdl oie (wrought iron) 31eraT
H3-3WTd (mild steel) & v RdT SIHAR YANT BT 8, olfd1 T8l ST UTIRHET (resitance to corrosion) oIl Bcld
AR &1 AALIHAT BIdl &, 981 dfd (copper)  TegATIM (aluminium) Tefd & Rde JIRT § a1 91 3 |

2.1 |ﬁa€ @ 9T (ParTS oF RIVET)
(i) TS (Head)
(i) 3 (Shank)
(iii) <o (Tail)

[\4/ Head

le— Shank

<+— Tail

2.2 |ﬁa€€ Wg & WK (TypEs oF RivET JOINT)

T w9 3 UHR & RdT Sl 8Id 8—
(i) <9 Sits (Lap Joint) : 519 1 %ici &l 36 a6 Rde ¥ SISl W b U wic T8 ©ie & SHUR 3!
Bl U9 9 X8 IS &I ol Sile BT ol B |
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Plate - 1 Plate -2

) (000,

é Plate-1

Plate-2 %

& 4

fom : du s
S19 Rae Sirs # Rae &1 dfdaqdl &1 e 11 81 9 39 fg Rde Siis (double row lap joint) HET STTET
T a1 o9 Rae Sire # ufdaal @1 e &9 sidl & a9 39 31 Rde SIS (triple row riveted lap joint)
HET ST B |

(i) ¥¢ IS (Butt Joint) : 919 &I Wici & RRI &I 3MTH # FSTHR 39D U8 HAR i TIH SIS G-
SITAT & 9 S 9 SiIg B8l Ol |

Cover Plate

A\
3
O

O

Plate - 1 O O Plate - 2
OO
X Pl
Rivet
/\ \ /\ L Cover Plate

%
&la&:- 1 \ Plate-2 %
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SI9 9¢ il H &I daR Wie o Ts offdl & 9 S9 f§ g7 9¢ O (double strap butt joint) 8T SITAT © |

Cover Plate -1

N

&Pla&:-l Plate-2 %
7

DZ N

. / Cover Plate -2
Rivet

ﬁl’)lﬁ*;'\‘i}qilﬁ\_’ﬁg

23 |ﬁﬁ? g T 3faeheu (DEsiGN oF RIVETED JOINT)

B
Pitch (P)

©
@ ........... Y
O
©

i Margin (m)
' , :
Transverse Pitch (P)

& \ \ (1) Plate Thickness
O / // 7 %
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2.3.1 Rae wiis & wwfua 9RAMNIG (Term’s Related to Rivet Joint)

(i) Rde &1 AN (Rivet Diameter) : Rde & e & < HI Rde T A AET SATCT 2 |
T I P AICTS t B IR AT d BT A 9T FF (unwin formula) §RT f&m SI7ar 2 |

t 1 |4 8 Fef & aifdres g W i g oy
d =Rde &1 @<

t BT A9 8mm ¥ HH B IR d BT A9 RAT &I crushing strength BT da-1 A (Shearing Strength)
& TRIER AR S B & |

(i) Rae = (Rivet Pitch) ‘P’ : < qra—urd Rerd Rae & d=i & d1a & g & fUa w81 S1a1 8 | SHdT
A AMRIC: P = 3d <41 Sl © |

(iii) giaad fa (Transverse Pitch) ‘P, : TiaH U7 &I d& U= (Back pitch) ¥ &81 SIrar & | I8 Rae
&I dfdadl & 91 T TEaq g3 Bl © |
$IBT /I AT 2.5 d AT ST & |

(iv) HTR:ﬁ(Margin)‘m’:W?W@WWMW?%&%W&%@WW
T | T8 AT T BT 1.5 AT /AT STl © |

2.3.2 Rac Siig &1 wmed (Strength of Rivet Joint)

e SIS We (tearing), o (shearing) TIT TSI (crushing) # fa%hel & AHAT & |
(i) feaf&r wrred (Tearing Strength) : Rde SIS Werl @ 1w H 3feidmdH Y Tearing strength
HEATC B |

—e |

_f

—P—> |

el R e dTed] a4 e =F

Rae fog =P
Rae @ =d
e B A =t
HET wie & g & o7y sifersad R a9 Uldad o, & a9 Afiead G- aa
F=c(p-d

afy e # Rde @ ST nd
F=noc(p-d
(ii) T ared (Shear Strength) : Rdc &1 Wic W o7 Tl 9 & BRIV dad H fawfiud 89 & fou

TP Yfae b ATaed HeeArdl ¢ |
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A\ |
=

le—d—|
©IC WR oI dTel 9 =F
Rde &1 @9 =d
A e | Rde b1 w18, 79 3fedad R aef

T 2
— .54
F=t
Ife nRae T
T .2
= . -—d
F nT4

(iii) 3r@HeE WA (Crushing Strength) :

NS
0y
\
: F
[
0
’
-
S

fe—d |

AT wie qr Rde &7 ARIHTH aHolT AR o, & 9 3ifSedd gReTd ad
F=0c,-dxt

afg nRae § a9 F =noc, -dxt

2.3.3 Rdc WIs @1 <&1ar (Efficiency of Riveted Joint)

e SIS &1 T (efficiency of riveted joint) RUT SIS @1 He (tearing) & (shearing) 1Al JTa¥oA
(crushing) # IdH Y (strength) TT BT Wie @l ATHRY (strength) &1 3furd Bl o

31erid Rae Siie @ gerdn

NdT T &I =LA AR
N~ 39 wic & amed (strength)

Rae 3fen Sire o= a1 & ford Rel (1) &1 YR fbar S Hahdr § |
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|riofi-1
erar Rdfes s @ faf= arquma

SIe &1 YHR Rde <[ U= | 9 0= |fHarr 0| e
(Type of Joint) d d d Margin m n

<lg SIIg (Lap joint)

Tha Rafes 2t 3d | 2dto3d 1.5d  |45%to 60%

T Rafes 2t 4d | 2dto3d 1.5d 63% to 72%

gc SIe (Butt joint)
Uhel U Thd fRafes 2t 3d | 2dto3d 1.5d  |55%to 60%
T9a1 Rafes 2t 4d | 2d to 3d 1.5d 70% to 83%
S9d WU Udhd Rafeg| 1.5t |3.5d| 2d to 3d 1.5d  |55%to 60%
9 Rafes 1.5t 6d | 2dto 3d 1.5d 75% to 84%
3 fRafes 1.5t 8d | 2dto 3d 1.5d 80% to 88%

dfger? fafa™ (Boiler regulation) & SR GReTT [V (factor of safety) BT A4 4 U &H 1 BET ARy |
JIIeR AT 19 UTH (pressure vessels) @ RafcS S & o1l SIS 1w Aolgd 8191 AN ATl a8 A¥el b N
& 995 bursting force BT T B A | SIS T4 & QR Sd AD DI workmanship &1 ATaTIEHAT I & |
JieR 9T <19 U9 & o g ST (mild steel) T YANT I DAY AT SHDT 3feIHaH T-1d Uidad (ultimate
tensile stress) & AT 400-300 N/mm? TAT oIS H Ji (elongaton) 20% | &H &1 BIHT ANGY |

2.4 |3E"[ g (WELDED JOINT)

e (welding) T BT €T & 31 Bl ST AT <16 AAAT ST & TN IR g (filter material) | I
[EEIRRED garef & Siled ®I ddbAld! (technique) & 1A Siied @ 916 U Add 999 Uar! (continuous
homogeneous material) YTl AT & | deed (welding) 0T 1 (fabrication), IE-<@Td Ud AFHT (repairs and
maintenance) TT Ol 83 W8l (worn out surfaces) ®1 Y: [FHI0T BRI H §gen far SIar € 1 36 ddb-l!
(technique) H TTAR A& 819 A deed ReR® (welded fastening) Rafes Sire @ LEEL # orferes e fohd oI
g | Joed Glig & 3Md o™ & Sl 1+ UhR §—

(1) deed §RT PRT 100% STl aTddT Sire U fdsalm ST Habal @ |

() T aHd &1 Rafee S &I deed Sl §RT 9l S 9dhdl & |

(3) ST HINCIT UshH BT dfesd AT (welded construction) U fdded 7 |

(4) deed NI ¥l UBR @ os WG URTal (rolled steel sections) &I SIS I AT & |
(5) dosd §RI &d T 9 D (gas tight) SIS AT & 911 ST Fhd o |

(6) EERI (structure) B S IMMBITAT dee FIRT AT A UG Bl ST Habell 6 |
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Jeed & A= At =1 yarR 8-
(1) I deed (forge welding)
(2) 9 de=d (gas welding)
(3) foega 3N desd (electric arc welding)
(4) fIga ufeRIer des (electric resistance welding)
(5) offic desd (thermit welding)
2.4.1 desd W€l & YBR (Types of Welding Joint)
o # U@ deed e fiam 1 §-
(i) < Jesd SIS (butt weld joint)
(i) fPhelc <1 des SIS (fillet T weld joint)
(i) o7 dee SIS (lap weld joint)
(iv) &1, RN, Wl 9 Wi des Sl (corner, edge, slot, spot weld joint)

oA : I YPR @ desd dlis
2.4.2 9C Sig &I Amed qon SR (Strength and Design of Butt Weld Joint)
fo % td 9¢ SIS (butt joint) AR T & | o (a) & RN TR Thd V des & fold d-19 Ay

t
(a) Single V-Groove

A~
(b) Double V-Groove
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(Eear DrIvVE)

Tider R ufgdi (toothed gear wheels) §RT f=dl T 71T (speed) TR f<it i1 aRATT (magnitude) # fh=ir
W UBR & MR (load) BT IRAT fHAT ST FhdT & | STaf ¥ WRER Mo 81 8, TiieR ufadl & gy ofad arfid
& A § | = UeR & AR 8Id 8 SN R (spur), efefdd (helical), 18¥T &fefdd (double helical), Saet
(bevel), TTERA ddal (spiral bevel) B (face) TSR Rt anfa |

TideR R & forg fU= (pitch) &1 9941 09 UaR & y<Ria fdar S o—

(i) 9xig 9= (circular pitch p)

(i) <R U9 (Diametral pitch py)

(i) Wegel (module) m

SEl, D = fa ga @4
T =31al & &=

T RRR ATRIROTGAT Sofdl I8l (cost iron), TSl dIa+ ST (plain carbon steel), Sed I€ T (high
grade steel), TR S (alloy steel) & S ST & | BRI & ATHAR U BTAGR il TAT SRITY TS SRS AT
(textolite), chdIrJ\-Hd, qIfdd ddbsl (pressed wood) & T 911 1A & | U AR A=A (noise less) B & |

GREM 97T (peripheral velocity) @ 3R 4R IR 197 9T (V < 3m/sec), T8I O (V = 3 — 15 m/sec) T
I AT (V> 15 m/sec) BT B |

fiRR 91 <9 # SI%d (fail) BT HHd B

() ¥R P AERE a1 & BRI e W) e |

(i) TR Al ) < He |

(i) FR 98l W) TS 99 9

(iv) Sed G & HRUT Slbs (seizure)
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AT AA8R H ST BIUT (pressure angle) & 3R WX H IR YbR & MR & RRed 9T 3 | Simd
gl

(1) 14150 Sigaa R (Composite System) : I8 AR BT & ol FRRI & {70 Y107 8141 & | I8
HOIgT BId & U¥=g SIURIII (interchangeable) T8I B & |

(2) 1413" guf T8RS SaIe RREH (Full Depth Involute System) : I8 fH%eH TR Ud fcidel
ARRT & RIAR 819 (hobs) & YINT & forg fas¥a B3 |

(3) 20° guf Ewrg saleye faved (Full Depth Involute System) : 31f¥d wrfdaemel MR & fog |

(4) 20° ¥d S@F\’E fReH (Stub Involute System) : 31 AR Hg &3 & oIy LNEG] ]fal & ferg

U T SIrar 21

3.1 |‘FIT'3|7>F§ 3UTT (ContacT RaTiO)

Ig TP H SIdl b SISl Pl I&IT BIcll & | S9BT A9 91 YbR SITd fhaT ST HebdT B |

) D & Y Dl oy
b JUTd = g‘cﬁ?: e
(Iength of arc of contact)
Contact Ratio = D
STaf p, = circular pitch = ©m
e m =module

3.2 |ﬁT€R' faen & o 3TJUTT (STANDARD PROPORTIONS OF GEAR SYSTEM)

IR aftfd =R RraR (e & fore A ruTd d1$gel (module) m & w0 ¥ =1 |IRoN # yalRia B
T &

1° °
HH 14— - 20°‘{\Pf TENTS 20° &9
: faraor o T Sperar
T el ey fen $dlege Rived |sareye fiwen
1. |erevsd (Addendum) Im Im 0.8m
2. |fsSvsH (dedendum) =25 1 1.25m Im
FRIBR TETS
3. (Working depth) 2m 2m 1.60 m
4. | gAqH [A TS 2.25m 2.25m 1.80 m
5. [dl H Hers 1.5708 m 1.5708 m 1.5708 m
6 e ? 0.25 0.25 0.2
: (Clearance) 2> m 22 -~m
ST fheie froar
7. (Fillet radius) 0.4m 0.4m 0.4m
e ) =an
8. o . 12,32 18 14
[dr B A=
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