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Design of Machine Elements (316357) %‘C\FI'I'&ET 3T 7=fi= Qﬁ’lﬁ?ﬂ (316357)

gfe 1.
fegmgT< Yera

(Fundamentals of Design)

fawy fAreo=h (Course Outcome):
(CO1): faaiedT SFYRRTHIS! dech i S fawde Jayd Jdhed-idl SART . (Use fundamental

concepts of design of machine elements for given application.)

U freos (Theory Learning Outcomes):

TLO 1.1: 9 f&gmeA (design), T isha 101 FHRY fa=aRiedi= 11% BESICS IO (Explain machine
design, its procedure and general considerations.)

TLO 1.2: T3 YehIaR BRI HRUMT A< ATl o, (Enlist the loads acting on a machine element.)
TLO 1.3: GTGCHIGR BT HRUMRT ST 16, THIRAT 10T HATIOT YR 10T (Principal Stresses) i g
HUL. (Describe bearing pressure, crushing stress and principal stresses acting on a machine element.)
TLO 1.4: SHerRd ATl fied yariara! GRI&(TT T[0T (Factor of Safety) THGITH Tl (Explain factor
of safety for ductile and brittle materials.)

TLO 1.5: @F W‘IJT\‘:I%}ZH (stress concentration), ATl HRU T FiHT HH! HRUIM IURI i quf 0.
(Describe stress concentration with the causes and remedies to reduce stress concentration.)

TLO 1.6: fededr aHe Iiae (Standard Designations) Terdf Sfeswau, (Identify the materials from
given standard designations)

TLO 1.7: ®eRT (fatigue) d UrRXY fafe (endurance limit) it HHegT HHSIGA o, (Explain the

concept of fatigue and endurance limit)

TLO 1.8: Qﬁm aﬂ&l? (elastic failures) Jgiar AU &0 (State the theories of elastic failures)
TLO 1.9: TFHCH = I-HH (Design) Wiediaudd [ddR (Aesthetic Considerations) THSITE HTOL,

(Explain the aesthetic considerations in design of machine elements)

1.1 9= f&3187 (Machine Design):
IRAT: AN {1 WU 391 aw, dife Arfgdt 3NfoT Sedcdr g IUTRT B (AT B d
Frferrda 3nfor frwradeikun sum=r w=it= aufa (Semsa) &0 8.

1.1.1 AR f&5M$T 9<a7T (Machine Design Philosophy)

(Thermodynamics) 3T IWIdT HhHUT (Heat Transfer) Tiht Hﬁ HUA (Vibrations), &9 HIGEA] (Fluid
Dynamics). %QTEFRef AN (Mechanism) %3'-”%7-[ PN HIHD YUch (Standard Components) IR,
SR A& gl HMas @i dey TeadHe HRIdl: PSG Design Data Book, CMTI Handbook,

Westerman Table. A& Uchie] Weild gchidl THGR gidl: BREHT f$R™AY (dleg, A, ¥ 3., a4,
dee, fIeR SR, i, fBiw, ey, siisd dicw, MU 1T sd ST,

1.1.2 GAHTYROT %311%? Ufehdr (General Design Procedure)

1. TR Sie@ (Recognition of Need):

TauH TARH gl fauM TR &, SaHe AR S0l TReNT6!, SERIe fdhar sratae fgmsa
BT 3118 & WY heret SR
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2.8¢1d ﬁﬁ'l'ﬂ?ﬂ (Data Specifications):
TGS BT HIUANITS! ANTUMAT ISR TR /ARIFAT (Specifications) T Ta&UTd gl el S,
HHTId: IdTeAT fafRydaed Wreiia Al 3Rd:
. THUURH
o &HAI
o HRA HUCS (Operating Parameters)
fafRryar fAfYa BT Suds AN (Standards) g HOY a2 378,
3. qagTIdT 3Eard (Feasibility Report):
T EATATE I T HRAH/Mdhed did AT e VST a=rRd! gioard fdsar Sraa=it xuamd
T AU 7 3T,
4. IO {98 (Mechanism):
3{TTIS Tt (Desired Motion) GUIRT ARG IF0T fohar duri=n wig fAqer.
5. 9 fI=AWT (Force Analysis):
TR e gehldr B HRUMR] §d 30T YD Uehigi UHIRd SIUMRY Sroll e,
6. Ofie fFas (Material Selection):
TR Ul Yesh™re! Jaid arg giied fRasT. Iifec Masdrr @rdid a6 faarTa =
o  HRGHA
o 3IYY (Life)
o fOYTTRT (Reliability)
o W (Cost)
7. gePid URHTOT (Component Dimensions):
TR U geehld URHTUN Wiciiel sTel! faaRTd 93 33T
o YTHIAR B BRI fAfdY HR (Loads)
. Yoy Ao g fafae amr (Stresses)
3R fgid (Theories of Failure)
o HJHJ dIUT (Permissible Stresses)
8. m%mﬁ% (Production Drawing):
U YchId HRING QI (Working Drawing) fHM H TRUTIE TR &1, AL TeTd quRITe SrTdd:
. gREm (Dimensions)
o ORHT GE-=Merdr (Dimensional Tolerances)
e TURHM TG (Surface Finish)
o ORIy IdTeT MaRg®Hdr (34T, SUIAT SUTR — Heat Treatment)
qYd, YT hHib (Part Numbers), [l GiRET, HRT el (Part List) A Sl XM (Assembly
Drawing) ddR 1.
Yedhid @I IdTa AU fadl SiTd, TR Srist YT st faymmer oo .
9. Eﬁaﬂgﬂ JdTlg (Prototype Product):
I YT TR TR Welerzy Aied fAwmRId 1 3T STawaes afRiee quriuaridt areR areva
DA,
10. 3ifaw It (Final Product):
Uiciergy Aigad! araufl He aa® dad dedHar SifdH Ided TaR HII. Hlel Hie-aidl AR
Uehich g U =T 101 AR 3ifa IdTE1d YR 1,

Mabharashtra State Board of Technical Education 2
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| Need or Aim |

r

I Data Specification l

| Feasibility Report I

v
._! Mechanism I

| Force Analysis |

r

'I Material Selection I

| Component I

r

| Production Drawing I

I Prototype Product }—"[ Testing ]
| Customer Feedback l-—i Final Product I

Fig. 1.1: JAGTYROT %'sn'é‘—r uferar (General Design Procedure)

1.1.3 %?}I'Ié‘lﬂ'lﬁ IdgTYRYl AR (General Considerations of Design)

1. HRTY UHTR SATIOT fHior FIomR aror (Type of Load and Induced Stresses)

A gepidr fafdy UeR™ YR Jard—sieia (aﬁ'c.r/aa), Sfgm (Bending), ?ﬁ%ﬂ (Torsional), 30T ISR
(Shear). 8§ YR 3fid T fAAT0T HRATd. SUTRT T UaTRITS! FSHTRA § A0 3G Uu HIST0l STaRASH 3.
JTERUT: AiexA T AMe THRUAT GREUIRT dT0T He+ Hrdl. A fSSTS A9d ) XMUE a1, fahal g, Xraval.
2. HRIF YTTHY el (Kinematics / Motion of Machine Parts)

YD YT ST g & ISl A= Te—RIeR fthdrd, fies TRbdId, diieg’ aIdrad gidid. Taige
YT, U SHTOT TERGTER TR0 Bl

ISTERUT: 7Y HRiHE Risa fhal 3nfor ea Yfig 7 qe TRepa. Sivel= T TH-afid S0t 31w 3R,
3. gifg 98 (Material Selection)

e FaSdarT Tl didhe, HURERYUN, ToRIed &FaT S0 T [GaRd 4], HRRA IRRIA—3=
AT, ST, IS Hudh—aTdTe! faaR HRIal.

IEERU: B YRR A=A e Wid aTRdld SRl d ToRIU® 3.

4. geHIT TPHTR 30T T (Form and Size of Components)

Hehidl MHR SHTOT GRHTI i dTebe 30T gl 3adid. HF® HTHR (-84, T UMHE) aTaRidd ST
e Wd HH! HRUATTS! IR SEHe Hd.

JEIERUT: |-HIRM S JH o] STt STHUET arhUaRT 3{fddb UfddR Hd.

5. YT 3T @37-[ (Friction and Lubrication)

fohar dietde S IHaT ST,

JTERUT: BHeld ST S Yd-Rfed SRIdTd, Sares g9 ur 31f0T S1arsl ! gial.

Mabharashtra State Board of Technical Education 3
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6. {9/ Uchidl dTUR (Use of Standard Parts)

A& e (Fc, Siee, 931 Jgol Suasy T T SR, O SdleH, goxil AT WIeT TaRITT JaH
DdId.

ICTERUT: HcH PSUds S M10 diee IR 96 101 W glg! arddrd.

7. WI?HT STIOT fayrITgar (Safety and Reliability)

3fUfE HR fdrar TR QY A& SUTRITST YRET 0N (Factor of Safety) ITIRTET. fSmE1He 30T
ST -t e Sraa.

JETERUL: URR dqarHed ffaRed gia Mevarrd! 9wt Gleeg 3dd, SIS Whic Tesdl ST,

8. SeUTE ST HRIRMSST JFAUT (Manufacturing and Workshop Facilities)

ESe Iuasy e SfoT ufthar @y, ffei, afedm) i Srfey Srmd. Sifa=r aridia &R eeslad,
PR T TR B0 HAIUT fdhdl HENT 3 b,

JareRur: uren Rfeifgama yrt a=ifmendt Tor sradl, @R arjdir SThR B3l SR,

9. I ATOT S@HTSA JAHT (Ease of Assembly and Maintenance)

Hcdh JHY AT TgoTuul STedl/aTed Sl ddid 31 SATad. qUMun, W+ 3Nf01 dearare! g Jagl
SUd HIdT.

JIERU: FISRETRIAE qUrRIUT dhegR TN g Wi SRIdTd, S a@HTd gl gld.

10. SIYPTH T (Cost of Construction)

FHIAeHar 30T IRASUIRT T AT AJa 4. SNBSS CTB[a—DHIHNIS! HTAH ddad dihg
ST AT G,

JCTERUT: TAFT oI SIS Tlauast SfegfHfaH aruRedr aoi T G gl ®HI .

11. SUTGATH! T (Number of Units to be Manufactured)

TSI THIUMER SATGINITS] I, W MRT fdhaT Soiar Hifes TR UfdhaT aTuRard.

e Jaurdt wRiifT fdbar 3D ffT sifdie fh ik 3% 2.

JaERUT: 10000 T s TR HRUMRT Ut CNC ARAfTeast SoraR HifesT Hagd.

12. ?ﬁaﬁ 3ffor mﬁaﬁw (Aesthetic and Ergonomic Considerations)

e IATGAH § dd Hewd 3Rd—3dIe Hye fGurd 3fir arRugr Iriie 3.

ARG TdTe, TTAHAT ST g i faeR SR,

ISR B8 S SIRMe™d g Sffdl Tgol UigkuR Jeur 3.

1.2 AR YTHiaR ST HIUIR YR

A. HRTAT WFUTTIAR (According to the Nature of Load)

1. RR YR / 9d YRR (Dead Load)

Dead Load TUIS! AR GCdhTaR AT Xad: T golHTHes dhdl Tl HIIHaey! Sigcedl gl qolTes
fAT0T BIURT RR 30T 7 IEAuRT HR. 8T YR A=A 90l Sgwmd S| Jrgd! Mo fESms- exam
SOl 3{GTS HaT Adl.

JaERUT: Oy TR 98 go, MsReTRT=m gr3fSi o,

fSSME TTUMIHE Dead Load &1 fRR fa=yT a1 (Steady-State Force) AT ST 31101 TRAATHD gedhimedd
Y 107 UTdad) 3 SRuArIdt aroRe Sifd. HRUM 8T UR daald Ale!, AT ATd [aRAvur H30! iU 3qd
31T fRR fazavoId Hauye faarTa gae S,

2. 9d HR (Live Load)

Live Load 8T do5J9R SGAUIRT YR 3MTg, S A=A SRy, {Tr=an grerarel fdhdT STel aToRTHes sgadl.
Dead Load U&fT Live Load Idd fRR ==d! 31101 A= &4 TR Siid I1aR 3adqd seadl.

Mabharashtra State Board of Technical Education 4
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ICTERUT: fUhRUT=T bl qoi, BRAUIAT hoidl HR, SHURCIHT ARIARIT UHTd.

Live Load E],% Tifreite aikom (Dynamic Effects) fmfor grara anfor aror fadRuda ge <afmd 9ot 3mavas
B4, § YR Uchi Wi AW (Fatigue Life) AT SRIGHITTS 3aid Hewma SdTd.

3. 8RDFD mﬁm HIRY (Gradually Applied Load)

B YR YR 38 dled SIS Al Ul Geqdd Uigiadl. arges Aiiecial ddfadbd ufadrg quard!
30T Sfeie oTor e e faafed exvar Hef e,

JaTERU: RASITCIdh Ud, T S, diee U BRI A BIUIRT YRR,

TRER AT boted] YRTS U7 GIOIRT 10T 3@ fdsal Impact Load Y&l ST SRTa. fSS-R 3R YR
T T BRI o Ydan] fal ORI HidhT HH! BT,

4. 3HATD ﬁ'ﬂlﬁm HRR (Suddenly Applied Load)

BT YR &UITd AR 81, TR T Impact Load TR Tl 7. SR} Tah Bid e asl 3T AN Hedres
10T SR A0 BT, Static analysis T §T YR WTYRUTG: gUIC AT0T fATO $Hrcll 3= A oI,

TRV THIG ol U WiehIHaR $aul (el Iar)

5. YFPT HIR (Shock Load)

Shock Load BT 3@ AT gIUIRT 30T §ATd Sidie Sad AT HRURT HR 378, A1 $HY- fdhal dror axal
(Stress Waves) fmfor gham.

JaIeRur: feR WisHe, 3/ s drqul

Shock Load 'El_,% &fores o e (Stress Peaks) 70T BT, S Wfgm= Yield Strength Ul STRd ST
AT, f$FmeTHe Shock Load HH! HRUITITS! SR RikeH, TifRiad BTG, STRA Safety Factor TRl
ST, 8 YR faRiva: Sifcriarsa Sfor YRt TamRht T T SR,

6. SITUTd HIR (Impact Load)

Impact Load BT 78 AN IUIRT YR 3175, TS GIF aiHE bR Bid. 81 HR 3fd HHI dosuTd! Sfd
S aror =t exar Sfor afd MR fRR YR A Sl Impact Load o GRUTOT SX=AT doT 10T TefiaR
ST .

SCIERUT: UgaR gTaleardl S{TaTd, Wil It foma.

Impact Load o fo=dvor FHRuarTS! SHolf-3UTRd Uge! aMuRdTd: Strain Energy, Impulse-Momentum
Principle. g Tough 3TFOT Resilient 3RTd, STOIHReH do\rllrll'n'T[ QCU\I cTedl U5 d.

B. HRR ﬁ'l"liﬁ'U'CITECIT ﬁ'ﬁ'\‘lﬂ' (According to the Point of Application of Load)

1. 31&ffT YR (Axial Load)

el YR Ul BRI gcdhT=aT didl=an 31&TaR (Longitudinal Axis) TF] IUIRT §d. Wl YR UCHTAT dgdb
MM (Centroidal Axis) ¥R W0d B dxal, degl Al JarA fRIAR @07 (Tensile Stress) faT g
(Compressive Stress) fmfor wRar. sieft amr uR (Axial Tensile Load) eIl AU did ol e ad
UR (Axial Compressive Load) UeHIAl GIgH TG HRdl. 3R YHRAT YR Wlaid IR gehiaed
HHIG: 3Gl TR A SH, DI, TMICY.

Mabharashtra State Board of Technical Education 5



Design of Machine Elements (316357) %‘C\FI'I'&ET 3T 7=fi= Qﬁ’lﬁ?ﬂ (316357)

A
\ 4
<
— N——
\ A
Tension  Compression

Fig. 1.2: 3T YR (Axial Load)
2. BIARUT HIR (Shear Load)
HIAR0 HR BT AledrA EHITTAT FHIAR BT HRUIRT 9 3178, Sl IR T HFT SIRAT HIaEH
TIRUIN (Slide) UGT Hxal. a1 YRTYS BIARUT AT0T (Shear Stress) AT gial, S g_RUAT=AT fehda UfddR
DHRUTT &ATSR fIaRd gia.
PHIARUT HR A WA gehAS 3eosdr: Eﬁc'_t’, ﬁ%‘d ﬁ:f, T8N AT (Transverse Forces) R
SIUIR &Y,
PHIARU YRS YT disll dgad g, TR fobdl Urdadtar (Plane of Action) fddhd! fdrdT 310a=1 813, b,

<
h“-——-—"

-

“

Fig. 1.3: dTdRUT YR (Shear Load)

3. afST R (Bending Load)

SfET UR TR TREATES UeHTAT ST Od (Perpendicular) faRH AN §10RT 9, SIS U ardbal. AT
JIHUATHS UCHIAT HTSHT BaId Tl (Tensile Stress) 0T T (Compressive Stress) A forgor FHfor gia-
Teh1 SIS dTU], faeeg SIS[ET &Tdl. dTeh UMk YR HIHIG: Widiid gedh el JTeesdld: §1F, Ty, 3TSodl aeliHl
IR VR TATHE. JIHUIRAT 0 GRATT WIeild gedhiak aaqd 3RId: dfe gHe (Bending Moment),
WM JHBHR (Cross-Section Shape), gl H&W 3R (Distance from Neutral Axis).

Mabharashtra State Board of Technical Education 6
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Fig. 1.4: Sf$ YR (Bending Load)

4. faPfga ur (Eccentric Load)

fadhfad YR WU 3R 9 ST fhaT-XWT (Line of Action) UCHTAT TSN SaIA H&dIAT (Centroid)
EIGEIRE W YZhTaR Y& dIul (Direct Stress) 31for &S aror (Bending Stress) a1 fAafur gard. 81 4R
3t AT srae R fefia FareRia]d df §f$T GHE (Bending Moment) STd FHHfoT &), fadhfaa
YR IERId: Qiald [$brofl sfigesdl: dHiaw, slocd, WRaidd FiY (Structural Joints) f5 fawie=
(Misalignment) fobar Sfithde af$T gla.

STST HxamT SHefi T 3MfOT AT UIRT aToT AfedT Wgad URUIETT faaR axUl STaRAH 318, ST g
B . BT foigadiel THUT aTor g1 Ueael aror + SfE aror grar dermfrda afver s,

Eccentricity
4

&»1?

TV rvssssvseerereir?

Fig. 1.5: fa®fga YR (Eccentric Load)

1.3 dTUT (Stresses)

1. foafer gra / feafr aror (Bearing Pressure / Bearing Stress)

3H A=A gehie Yudh YRHUITARR, S THHGl Ja-d giadid &xdld, At ST R grd ar
(Localized Compressive Stress) gurs foafar aror (Pb) g, foafar arr foaRTa 9ad SR ®Tet aEe
3aTeR0N: .C. Efomeia shap U oniftT famr-Us forafian, & sfor e, fie= U= S eafad /s, Jiax s
fiegie fiA, Wil foafi. aid Iaeruiae 3’ fa¥d @1 of A= Uc® a1d (Compression) T HATI
30T U A = gaid bRl (Rotary), YANTHT (Reciprocating) fdhdl G (Oscillatory) TTal &RdTd,
ieard fAToT GIOMRT A107 87 foafar aror S,

Mabharashtra State Board of Technical Education 7
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Fixed bearing

' ' Rotating

/_ journal

Fig. 1.6: i gE (Bearing Pressure)
S Fig 1.6 A& GREAa 31Tg, a9 U S-d (Journal) RR foufemed fthrd aiie o/ AT, SHa et @relt
3RIcTedT ST agh YHTTaR ot g fafor v, 81 foafe g9 Squl gyymmeR w8 gdrond faala
B TR, < WU d SrciedT gEHNTIAT STHRIAR T Glra! Aigciet g UILHIaR Sfaaier ST, HRUT
g foaf gra Afgd sR0r H3ir 3Ry, cqllioB I SRIERT foaAT G16 (Average Bearing Pressure)
PTG STl AT AN dherell YR HUH dTd ash JEHTTTAT Yaiid &3 (Projected Area) HITAT STTdl. T,
AR MR SHATS! IR [SaAT a1a WTeavHETo! fgar Sidi—

Pb:a

ford,

P, = foaf gre (Bearing Pressure) N/mm? oy

P = &I YR (Radial Load) e (N) G

| = ST YU ast (Length of Journal in Contact) iR (mm) @&
d = ST AN (Diameter of Journal) THATHICR (mm) ae

2. BRI T (Crushing Stress)

ShIRAT AT TGUNS! &Td HR (Compressive Load) FﬂTchﬂ??ﬂH% T=fF gedra At ST RIAe g dTor
(Localized Compressive Stress) Bﬁ'q HIRAT dUMHE S S UIT=T geHhiaed W‘sﬁ 3mufara BIeldid
(Relative Motion) Td. STRAT TTUT TE HUMAT Ueh i IGTe: BicR SiscHYId BicR, Thd SigcHdd
Jod fUF, Rees Sigcndia Rege. HRAT AMe ock 3R RfadTd. Fig 1.7 HY rRadedTyHI0, SR TETET

R@cs Siscar P 3ddl YR A1 39, TR Rage il wie afe Tud gEHIaR feaia aror fdsar s aror
fafor gra.

Fig. 1.7: AT a1 (Crushing Stress)

P
Ock = E

| o

fora,
ock = ShIRFT AMUT (Crushing Stress) N/mm? e

Mabharashtra State Board of Technical Education 8
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P = YR (Load) =g (N) 4

t = Wied! Sire! (Thickness of Plate) fieiHieR (mm) o

d = S T (Diameter of Journal) fireidiex (mm) oy

d - t = JUIdd HafUd &5 (Projected Area of Contact) mm? HE
n = YUHdid Regead! U= (Number of Rivets in Contact)

3. fuf_gua aror (Principal Stress):
SiegT T AR gedhior 318, arhauiRT (bending) TTOT REUMRT (torsional) 3R U HAd YRTET GRUMH
BIdl, d®T T UcHT HIUAG! fagavia Sfavid dIvl SgiaRNéd® (multi-directional) Bidl. fo=ewor T
PHROGTS! ST SEHTT IR 3feTs AauaIe!, HRid a1 ¥4 avnd wuiak HRma qonige
(principal stresses) pdId. B 31 107 3rard o fafRry USIaR (principal planes) BT Hard, ford Hravor aro
(shear stress) ST 3. AU qT01 WU TR UaTylaR AR SATcied dToiHgA FHfr gIoR ware 3Mfor
M FTE=T d10T (normal stresses). AGINES] CRICR B Had Gl I t{@ (principal planes) FgUIdId,
ST il T dfRTeed] TeUTST T gRiaR TR ol 9.
f=rae aron=ht d&fta @ Jee:
o TOfRI9e g8 (Principal Planes): g 3=7 fafRmy gy g ford Immg d1o1 = wATa fdhar feams
eTaR Sl 1101 HIAROT AT0T I Sl
. u’&@ﬁﬁ‘qﬁ?ﬂw (Major Principal Stress — 61): EISSE] ygIdax BT HRUMRT HaTd SR (HHT)
=Y 0T,
o Tiur ffRAus Mr 991 (Minor Principal Stress — o): ffRIUa YSTaR &1 HRURT wafd et

(=) =g o,

y oy

RN E—
Tyx

A\ Ko}

Fig. 1.8: fafR_yue aror (Principal Stress)
TS AU Hed T3 HRuarneT araRedT S Ugl! Y iauHTor Sigd—
faxavuTE® g (Analytical Method): 4l gdaed BENE THiH0 (equations of equilibrium) 3for
g TifAST (mechanics of materials) AU dHetedl AT TOR HAT STl 2-TATH! IO (2D stress
state) SR AT 0T o 10T oY AT BIARUT 10T 14y TGl SR, TR GRA 0T (o, 30T 6.,) TS TAHTOI TTOMT
CIASIGIG

Ox + 0y Ox — Oy
012 = ) i\/( > )2+T9%y
TG a5 (Mohr's Circle): 81 U 3R (graphical) UGd 38 Sl AU TRIEYT JHG YU
TGd dHRd HTfor H¥AT dIUT (principal stresses) CRERICIEIESEIRG q=q q@r (principal planes) Teoqul fAfgd
HdI YdTd. Sfed AHERT Jrequadl g1 Ugd [aRIvd: Iuged 3.

1.4 ﬁ?f&l?ﬁﬂ W (Factor of Safety):
SRST: R T[0T TGUIS! HHTS AT0T SHATIOT I 1o (fdhdT HRIRT dTon) I OTR.”

Mabharashtra State Board of Technical Education 9



Design of Machine Elements (316357) %‘C\FI'I'&ET 3T 7=fi= Qﬁ’lﬁ?ﬂ (316357)

Maximum Stress
Factor of Safety =

Design Stress

SH® HCIS@ 3T, Maximum stress = Yield Point Stress (oyt)
~.Factor of Safety = ?
d

51, 64 = Design stress
?‘l@?[, Scd A3 FITBQI, Maximum stress = Ultimate Tensile Stress (Gut)
. Factor of Safety = %
d

1.4.1 Q& qurie (FOS) Fasvarardt smaza® 3rdt:

i JRI& uiies Masuaydf fEems Sifidam Wrdia Jedrar f[aar eul HTaRad 3e—

. Irfecgrean Turemfe faya-adn snfir Saewam a1 qurenfaed gIuR ded.

Iron e fayaaar Sfn § HeTa uce A= gehiar fasdt SrgHa0l an] 8.
N eledl HRTE! fayg-iaa.

TR DIV UHR gsd AT A,

{J,Fﬁ-ﬂWUTI?qT Tﬂﬂ?lmiﬁ (simplifying assumptions) B

1A% drordt (localized stresses) GIEGIE

&mwiﬂwﬁ%ﬁw 3{Tfor fera aiRorma.

SR T HIAHA ﬂwﬁ%ﬁw 31for fomm uRoma.
et e AR T geid) ae ol SITOMR RI&AdT 70N (Factor of Safety) GRifae fgd

© 0NV WN

Table 1.1 fafdy =i IUSRUTETS! ATORS SIUR FRI&T U (FOS) He (S: Factors of Safety - FOS)

IUHI FRI&AdT TqUITD (Factor of Safety)
fqaMT gew 15-25
EIRE 35-6
ey 8
B -3 IToh 20
oM gcd 68
S PHIHINITS! aIURd SUIR MUE (Heavy duty shafting) 1012
JAAUI! ATeH — g 8-9
ACLIE] (Pressure vessels) 35-6
Tdig Uch - R’RR 2-3
Tdig U - fhd 6-8
IS, SIS HIHTST ITURS STuTR =BT 4-5
SARGIANT WRRd KIddd 4-6
A IRRd X Idad 5-7
IR I 8§-9

fafder srgoraTRITST QREfcdT Turich (FOS) oS Tarardl=ar FdaeRoT R RET SIGTAT Sed -
Table 1.2. fafae srIvARTATST IR oM (FOS) FasuaraTdear GdumURur fRIBR (Courtesy: Factors of Safety

-FOS)
SR TRI&TdT VIS (FOS)
3rdd faygg arfecarand), 58 WR 3for gaierofig ot iR 1315
"IH(‘IIdaleﬁTdUHBTHGTdIdI ucqv&m?ﬁ R
fayg-ta aifgaiardt, i1 HR 3nfor vafaroiy it iR F9dara 15-2
g Iifgararat, 51 HR 3for gaiervfiy ot vk Tgard 2-25
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Design of Machine Elements (316357) %‘C\FI'I'&ET 3T 7=fi= Qﬁ’lﬁ?ﬂ (316357)

SR RF&ferT 0TI (FOS)
HH qUICeT fdhal HR (brittle) Tgcdiamat, f7 HR Sffor s 3
qaferui 3t TR Toaa o
1 g uigH faya-g Argid fbar fort 4R 9 gaiaRuiy st 3 4
TR T, fhar fo7Y SRR FHdtor srad -

1.5 @ F\‘I%TIH (Stress Concentration):
RAT: "Sicg] TETE A=A Uehreal h1g-Ya== (cross-section) BRI d&d aidl, degl Treht dror-faawo

UGd AL X18d Te! HTIOT T SRATIATAT (discontinuity) JRIIRTET YN AT IFTGL. BRI AT 3D
SaaTHes dTT-fqaRund fafor giom= SiFafiddar W H-a—<=H(Stress Concentration) TEUMN."

VY HgIHAT YITHE g 512 gesre Yfidid 3 dea sial—3gl. ey, Ay, 33, #1-3,
TR, fhar SrTel gRUTTaRld SiRES. a1 dRreaie dumar UeHaHH Uarg Wfsd gl ifr wifae
UIdeiaR dIumel digdl died. $d H-a<=F 9d YHRAT dofiak GRUTH HRd—dTUl (tensile), I
(compresswe) HTdRY[ (shear), 3{TTUT FTHFUIRT 10T (bendlng) fo=Ivd: Tpig 4R (cyclic loading) fdsar wfeT
(fatigue) T TR SAT0MTT gehAed df 3fdd Hewra! 3.

LY
. e
o

I Y YR ERYY!
r

e
e
i -
= _."'
A

Fig 1.9. ﬁﬂv_ﬂ%ﬂq (Stress Concentration)
B YheyHT 3Hfdeh TFUU UG YUGTA!, 107 (tensile load) TARL doaidl 0T WS hig-HaRH ciall U

difAe e fGaRTd . qlel IaId THEHM (uniform) HFTHET TTUT fIaR0r FHEHH J5d. TG <1
HhHUT YT (transition region) PIG-YRHEA J&d glal, AT fSabroft Hﬁ?ﬂﬂ W (geometric
discontinuity) 3{did QT TAIARUT Id. TS HaT Sides [d—TaRiva: fheiey fdhar diu=aiiadi—aTedmaR
RIS} AU /T G ST 10T FYior S, SR S HTet 1o fp el UeT ke figar Fywfor gar nfr
1 feTura FHARSET (boundary) JHIAR G2 BRI &,

1.5.1 WH H-A< Gl HRO 101 dff FH HRUGATST IUT:
a. T&UT HIYARS (Sharp Corners) FHTUN §IUMR W H-I< I

4——-—.._._._..._*;._._,_.,. SR W 77777/ /] 777 /777 17277777 B
(a) Poor (b) Good
s,
<—"""'~""~v--'r-/—-.4.~.—->. e e s s e et e
(¢) Preferred (d) Preferred
Fig 1.10 &0 BRI AT Ueh

K B¢ HH HuarTe! fhacy fdar @/ (grooves) TaH dhedl SIS Jdbdld
b. ATHAVITHS (bending) MU WASAS T B2 AT gid

Mabharashtra State Board of Technical Education 11



Design of Machine Elements (316357)

ez 3ifts T=fi= ufemew (316357)

Wi )
M M M M
(@) Poor (b) Good (c) Preferred
Fig 1.11 §f&71 afi® ges
c. RidifEHa ESMAHR) TereR % S W H-a<IH A gid
o / P P ; P
- —— -1—1 ——
(a) Poor (b) Preferred
Fig 1.12 fafeifg®a @ HeohTaR fos
Rifeifghd gemiaiia T fevgreide deM f&s f$d deir W8 H-Io M HH! HRdl Ud,
d. 988 UNTHS W H-I-< I (AT Bl
| 7, i
%/ Al A ) % —Ir'u- ¢ ‘
// AN’ / YYYy YYv\
(a) Poor (b) Good (c) Preferred

Fig 1.13 43§ HTT
YSE U T B HH HRUMT! Achal AT HH HRU]

1.6 IS BISIAR ATfgedid AHIBT (Designation of Materials):
1. TeAT BT K Iad AHiS (Designation of Plain Carbon Steel)
YR A [S: 1570 TIR, HTe- Wiad AHidb- GaId HHM dHadl SId: Hla-Tea IRRRT cahari= 100
Ue gRIfIURT 3ie, 'C' § 31&R , HT-IoTea TR} TadhaRi=dl 10 Ue GRIQUIRT 37,
JaIEU: 20C8
g 31 BIE: 0.15% d 0.25%, HITHIST: 0.60% o 0.90%
2. ST JTIOT weaw fAryeTg Wer ATHIS (Designation of Low and Medium Alloy Steel)
YR AFGITER, HH! AT AeAH fHsierg Wierd AMHie Jeid S dhd Siid: Hla-TeaT IR
TEHARTAT 100 U SRIAUIRT 3id, YT gedhid IM™A® 78 (Chemical symbol), T Hyerg
YCHTAT RN TahARIAT WTai! fGeied I (factor) T FHGBUIRT 3ieb.

Table 1.3 SUI 30T g9 [AgfeTq TAATS! 70 (Multiplying Factors)

£

[ondl

YSTIacs fEXdhe Ul IUYdd 3.

YcP (Element) T[UT® (Multiplying Factor)
Cr, Co, Ni, Mn, Si 30T W 4
Al, Be, V, Pb, Cu, Nb, Ti, Ta, Zr 30T Mo 10
P, S 3MUIN 100

JaTERT: 40 Cr 4 Mo 2 TT T TIaHed TRIRT 0.4% HIa-, 1% HIHTH, SATMOT 0.25% HiferseTH 3.
3.3 fﬁ%l‘c‘ﬂ'q'ﬂ?ﬁ?l% AP (Designation of High Alloy Steel)

YRA AFS 1S: 1762 TR 3 fHgerd Wi TMiced Yeid HaHM &a old: ‘X § &R, Sre-rl
TFHARTEAT 100 TS SRIAURT 3ich, U] Tewa e g, il Tde gewTedl TRIRRT caharidal
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Design of Machine Elements (316357) %‘C\FI'I'&ET 3T 7=fi= Qﬁ’lﬁ?ﬂ (316357)

STaese QUIfeTOdd (nearest integer) T e GRITAUIRT 3idh o= o Hesquardl sheded g
RBIPIREACES
JETEXUL: X 10 Cr 18 Ni 9 IT CIaqHE: BTaT: 0.10%, HITIH: 18%, Fdvdt: 9%
4. 3= ATTAT YA Wlerd ATHIH (Designation of High-Speed Tool Steel)
YRA AFS 1S: 1762 TIR I AT ¢d Tiad ATHIG Joid hHM ddl Siid: 'XT' § &R, HTe-ear
TEHARIAT 100 U GRICAUIRT 3id, YT gedhid IM™HAS g, MU Udd Uchral IRRRT cabaRid
STqesa] QUGBTI T ol 3, Sfesd o fquarre! Sisded [aRy gedhe IN™H® g
JETERUL: XT 75 W 18 Cr4 V 1 1 ¢d TIaHe: HIa: 0.75%, TTRE: 18%, THITIH: 4%, B-1STH: 1%
5. BT AT ATHIS (Designation of Cast Iron)
a. A PIRE M (Gray Cast Iron)
YR AFS IS: 210 — 1993 TAR T HRE T AHG: 'FG® + [HAM Shergd T (MPa fhar
N/mm?)
JETERUL: FG 150 — U] I UTHISC DRE 3T STl [hHAM Shelsd T 150 MPa 3Tg.
b. BT3¢ BT HICATA HIRC A (White Heart Malleable Cast Iron)
WM 350 — U BTaC 8¢ HIatad HRE T STt f[hHM Shelsd I 350 MPa 3Tg.

W’ﬁf Hfered PRE M- (Blackheart Malleable Cast Iron)
BM 300 — U] &iPbgIC Hidad HRE 3T sard! fhHH Shelsd I 300 MPa 3Tg.
d. gfeifes Aierdad ore sma+ (Pearlitic Malleable Cast Iron)
PM 450 — TgUTS lcifcd Hiokad BHRE 30 Sard! [hHM Shelsd T 450 MPa 3Tg.

'\"-a?_ﬂm aTFI?E'EFRE' Mg (Spher0|dal Graphite Cast Iron)
un—cﬁwm?ms 1865 — 1991 TIR AHI®: ‘SG’ + fopHM -7 T2 (MPa) / TFHaR! dfdl! aT6 (elongation)
JTERUT: 3311(%400/15 — U ThRISSH TPBIEC HRE T ! [HHM SHeRd W 400 MPa, el
ac15%

1.6.1 AF®HIHIVT (Standardization) BTIS

i TR gl RER dGudT! &Hdl (Interchangeability) RIT gld.
i TG Tura, fayTTedT Sfr T Sy aTed,

i UcHid Hisdl HIUNER TG HH! UHUT WaTd HRdl Id.

iv IRI&AT gHigd gid.

v Yodbid JoH 0T Seie Sad HRUl R Bid.

Vi JATGANTS! HHT ded 3101 Bt Ugd Tl

1.7.1 Bfew (Fatigue):

SRS "1 0TSl TR A geamTd df HHSIN off dRAR AR BIom=aT HRiHes AT g1d. 3= bR
AT (failure) T IT0T UIABIER Bld off fRR URRATAS (static loading) AU 3ifdH d=a qraaiuen
(ultimate tensile strength) fhar I greiten (yield strength) U< AT 3.

et fSarSrh diF < 3/ drd-
Crack Initiation Crack Propagation Fracture

Fig 1.14 BfeThega3rd &< ew
—  shahdll YvaId (Crack Initiation): dT0T ThTAT fEHTUN—SY B GEURTIGRI SHR@S], &0l HIuRT fdhar
radidie SY—Teh el W TR Bid.
— P&l YR (Crack Propagation): UId 10T Iehrad gl H BReD died EiG!
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Design of Machine Elements (316357) %‘C\FI'I'&ET 3T 7=fi= Qﬁ’lﬁ?ﬂ (316357)

—  3ifq Ul (Final Fracture): SagT SXaidll shiG-HaRI ] beiell HHTA HR Ue] Xehd Tal, degl 9cdh
S 30T guiu foasdr

1.7.2 S-N a% 3101 TR faifire:

TSR fAffe (Endurance Limit): "T@TRI ATl TSgR-4 foifie B0 31 ST GUIIUl SACUIRT dTol
(completely reversed stress) STl HIHd THAT (standard specimen) 3d IpioRld ST 7 AdT g v
hal. Y& ArEuaiged, 106 IehidRld GedTal Sid ger ufafAfeia A Sird.”

HieT ?ﬂé’tﬁ (Fatigue Life): "THfeT ST %’UI@[ ufgal wieT MW7 (fatigue crack) @Wfﬂ JHAT ICRIGIUEED
g & Qb g GRIAUIRT HHST.”

e {75 mm

A —t—— 765Tmm ——=-t-—

R=251 mm

Fig 1.15 Iefér diw wiewr araoftardt wgan

Stress
amplitude (st)
A

Failure points

R L

Sed + * * *
Endurance
limit stress
1 { L .
10° 10 10° 10° 107 108
Number of cycles

Fig 1.16 ¥odT S-N a3
& ToreH AT HRUARIST R.R. Moore it 1H YdhdT Aol AHRIG: ATIRal Sffd. 3T Argulld, Tt
B MATHR TR (specimen) FHIA SRIAHT TSI &0 AR bl STTall, TS T gEHRTARI T
f%i_c"@ﬂ Ud% Wid STICA-UTAdg a4 (tensile) 3107 &T1d (compressive) TT0T STHATdT NIUGHE EITE],% tﬂffqﬁ[
JCICUIRT dIUT deh (completely reversed stress cycle) ddRR gIdl, 3for F‘I'I‘lﬁ?ﬂ dTh UG &UT dqefd GILIE]
3T (stress amplitude) IR Har d. IS argulid, aTor Sy ST SIOURT Biswiad Tshidl TReT
Aiqad! S, Sfor a1 fdd @i - S—N dsh (Wohler curve) TR ol SITdl. 8T Ieb dT0T STATH (S) SIf0T
TR T (N) T T TGN WhaaR GRIdd). By UIqHe (3al. }id), S-N ab AR 10°
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Design of Machine Elements (316357) %‘ﬂ'lgq 3T 7=fi= Qﬁ’lﬂ?ﬂ (316357)

Toh iR Sdeselded TSl gidl, SATHes ¥ Ty foiffie fag Idl. tig A1H-hrd Urqred (3T, gy
AT, S—N Ieh I ThUTHaG! Wlell Febdl gdll, TTHed TiATd T TSy ferfire fawrd el § damd
390 HEwaTd 3HTg &1 TSR faifiie § quiol fRR (absolute) TOTeH ATET; d UewTdl SR, JEURTT 0raxdI,
ATTAT 30T AT (notches) AT IURYAAR SAcie daald.

1.8 wafa®d WGR% fIGId (Theories of Elastic Failures)

1. duTd fUf=ue aror fRigia (Maximum Principal Stress Theory / Rankine's Theory)

FHTd TR aror Rigid, sare J@rsan Rigid (Rankine's Theory) 3Rig! BT, 8T JaRjdieal 4R
Rycfiaed (fg-srafta fhar f3-31&fk dron) Qg SIUFRT HIdbld HRUAMTST JTURdl SIURT JerHd Moy 3Te.

faem: a1 RGiaruR, fg-siafa fdvar B-siafta drori=m SR Srom=a gifis geshr hegsR degl 8id il
HATE RS qT (61, 6 30T 63) BT AMGATAT Yield Strength (oyt) faT Ultimate Strength (cut) Tdd
QeI & e A a0 araofigR FAfdd Fad o

SR o1 3T 6 § Tl Y@ fdgadial 4 fOfRyuet d1or Srdial 3l o1 > 6. 3R, TR U1 RIGIATIER
3T AT BId SiegT:

G1= Oyt ﬁﬂT O1= Out
S AT YHRITHR AL Blct:
o Sddlgd ET%T\’I (Ductile Materials) 73T Yield Strength
o focd A1 (Brittle Materials) 9131 Ultimate Strength
g1 Rigid wad Sard ffRud dromen gRarormen fadar @xdl ST SaR W arurEr (o Il o) THId
Gaifard .
. %311’%7[ oy (Criteria for Design / Allowable Stress)-
Y hid YRHAT IR&M T[0T (Factor of Safety, fs) daT0Re fAfgd & S
- TG dIomETaY (Tensile Stress — Ductile Material):
01= Oyt /1S
A CKS VIR (Compressive Stress — Brittle Material):
01= Out /15

o1
oyt=dd IraviigR M3 odd Yield Point Stress

out = Ultimate Tensile Stress

o« SUANT 3107 HAfar (Application and Limitation): 81 RIgid a0 W&R(Fracture in Tension) d}
YT 3Tg JHTFOT HTARUT UM (Shear Stress — Yielding) BI0m=T faarsTan fadaR &3 8!, A
dl SICIsd AIfeiTa! Ay el. T focd Aedidl (3al. PRE M) S BT Hogd ol
a=aTd HHPId 3dTd, 81 Rigia IHumeRS 3101 JRiga gRkome <l Bua 81 Rigid am=ie:
focd aifgaTd! aToRar S,

11. HHTA HTARYT a191 Rigid (Maximum Shear Stress Theory)

1 RIGIAHER, TERE gl fagar (g fdbdl yielding degT 8ld Siegl fg-3iefta aror yumelidia sdra
PHIART TN (Timay) BT AT I AU FHSUTT Yield Point GRI6 HIARUT 10T (ty1) AT BIdl.

T Wey (Mathematically):
Tmax = Tyt /S
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fora:
o Tmax = g-3{&fTT ATUN YUMTCHdiIct HHTS HIARUT AT0T
o Ty = 11 I Ar0fid AT daidl Yield Point dRIe HIaR0l AT0T

o fs = YR&T UMD (Factor of Safety)
HRUT AT T AU Yield Point aRId HTaRU AT0T 81 07 Yield Stress =T 34l 3R, AT THIHROT

3y ferfgar A
Tmax = Oyt /21S.
G'CPCh'JT(Application):EWWWH@E@?W%@@WWW.

1.9 fegmgmdia Aicdfavwas faaR (Aesthetic Considerations in Design)

ORUTST : GiIR (Aesthetics) TEUNS Tl ST SHTIOT URIT SRR dwasi-. § ScTGTedT SaTearit
(Appearance) Haferd 3.

W %ﬂ'léﬂﬂ'l’cﬁ W'T?{‘\’W aa (Guidelines for Aesthetic Design):

- PG Aied: IAUTEATS S8l U Il HRAEHTT 4R GTauR 3T,

JEIERUl: HRAT WISHHANHG' R §dl AY BT dll, TS ST s Bld.

- PAME Ufdfdd: SAeE Wy Il §e S HeRie S,

SICTEN: HRAT I (Streamlined) 3R fa=ar AR MfoT TTdfi=ht uferdt gar.
UG GRM: IATEA d1] Wy ATl & Turacd Ufafed SR,

JCTERU: BIASITcIdh Ul Yadh 0T ao-gR a1 ATl ekl T fehTasgun Ty &,

- YT gAY AR SUTGAT Hied § SUdsy gl THTAT ST SIedheni- TR S A
EIUSIGH

- JAfoRUIRR YT SdTeHTd Wy o ST aTdraRuNd aToRe SR 3Tg, =i T fdsat s a
3191,

W ICEIEE] aQ(Aspects of Aesthetic Design): W f&emsd fafay ﬁqaﬁﬁr«mﬁ 3Ted. § ﬁq
Faes Giediawad faarieh Tafd g7 § Hafdd MawaedhdT (Functional Requirements), TN fadR
(Ergonomic Considerations), 3dlgd IEEIR (Manufacturing Considerations), e faaR (Assembly
Considerations) 3ff0T @4 (Cost) TR Fafdid 3R, § U PR HoR T dafie W& 3.

1. TPR (Shape / Form):

JATGAT UM GAH SMHR SRT: I (Step), CWR (Taper), BIARUT (Shear), YdTGRY (Streamline),
Rreuret (Sculpture). Figl.17 Tl RAGUTYHTY, HIVATE] IATGATHT STaT 3HR &1 a1 HAYd SMBRIUD!
U fhar e GaieHmeR SnUTRd 3R

i, €U B (Step Form): XY B UM T-0RRE! Xa-T Sai e 31 fe=r (Vertical Accent) &1 3l
BT 3MTPR SgHvIC! FHRCTHRET ferl.

ii. TR BIH (Taper Form): IR WA TIR Hald sl fohdl e Rifdiesd SRydTd.

iii. PTARUT TH (Shear Form): BTN hIHET TRUE §T&T ST (Square Outlook) 3.

iv. TaTexyIa BiH (Streamline Form): TaTeyIg HiHar Wﬁ UATE A PR S, ST SficrHarsa
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V. Ql?qw o (Sculpture Form): W BHiHAeE Ellipsoids, Paraboloids 3{foT Hyperboloids =T
FHTART Sl

il

Stremline

Fig 1.17 TR &I TSR

2. ¥ (Colour):

T B AT Wicaidd MHYUMET (Aesthetic Appeal) T AR Uedh 8. 3 T davTeH
T:RYAT (Moods) 30T gRFRUCIR (Conditions) Sedd 3RIdid. Tt Ads & vafad dRuRi=h
(Conventions) JETA SATAL. AN (Morgan) TiH! FAGAdT W HIS table 1.4 A fEaar o8,

Table 1.4 A1 (Morgan) Ti-it Jaaddl I HIs

T (Colour) 3 (Meaning)
ld (Red) T — he — TRH (Danger — Hazard — Hot)
BLES] (Orange) TYTH T (Possible Danger)
fUqa1 (Yellow) HIdYT (Caution)
{84l (Green) JRI&(T (Safety)
9T (Blue) 48 (Cold)
HSl (Grey) A%t / fiaT (Dull)

3. gufdredt for JgeT (Symmetry and Balance)

Tt (Symmetry) ‘%Uﬁ Rrdegad sEr (State of Order) E’Qh?f W At (Asymmetry) 3fH
THYHdT TN I AT HE Uhd. Glelal IR ITIR RGBS (Architecture) Hal TaT TR, TETT
W(Board)wam%ﬁwﬁ?ﬂumwm&mﬁrwﬁ%ﬁmm R GIUTH JTTedt
(Computer System % Uh W 3e ford FrafEs ‘I(\rllljoo (Functional Requirements) At
TSt TR Hdl STl T ST STHYU (Visual Attraction) AT gd
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0O === O--
| ]

(a) Symmetrical

J
LI OO'E]

(b) Asymmetrical and Unbalanced

O O === =)

® o o ® I [T AT TR TN TR | |

(c) Asymmetrical and Balanced

Fig 1.18 frd=ror daadt wisft (Arrangement of control panel)

4. 9Td (Continuity)

T IACAHE Uehid Fad (Continuity of Element) TN 3d d Sdlad digdesedl 3MHYH
(Aesthetically Appealing) 3%d. IAA § IMGATAT RRAGGdl (Order) 30T WwSd=M (Tidiness) Jafdd
3.

| -+

| [‘ﬁ—]

(a) Poor Appearance (b) Better Appearance
Fig 1.19 9Tdd (Continuity)

5. WHIUT (Proportion)

= 5 I

(a) Poor Appearance (b) Better Appearance

Fig 1.19 YHIUT (Proportion)

T TS TR SAIGAId Siiecied gedhid fhal dehia eRAd IR J&¢ (Relationship in

Size) el
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6. T 3Tfor B%"\’T (Impression and Purpose)

Gicdgof fegmsa Hod IdTCH Hdes MBS T 3 A, TR TH BrHeHdl e e a1
(Impression of Efficiency) fafor FRmar SftT A ST YGRS 318 (Performance is Satisfactory) 3
STUTaS TR, SR 3IHR (Taper Shape) BT STEGATAT AT (Strength) ST AT (Stability) 39T fAHf0r
&l S Fig 1.20 3107 Fig 1.21 ALY Sraaa 318

[
[
\
!

(a) Impression of Weakness (b) Impression of strength
Fig 1.20

(a) Impression of Unstability (b)Impression of Stability
Fig 1.21

7. fafayar (Variety)

IATGATAT JUM TIUur BT fafderdm (Variety) ORIva: Sugad 33d. fafdydqe aRea@idr dHere!
(Boredom) Id AT, FGT6VTT UTed SUBRUIA (Consumer Appliances) HTATHBESET THM ST
IdTG- TETal ATl $Hd USRI TR S,

8. ATfeca Sfor YU FHTGH (Material and Surface Finish)

IATEAT HIfe (Material) SATOT GEUTTIE FHTG (Surface Finish) 8 T GAToATd HEwY0! ARG GdTd.
LT T (Stainless Steel) %’ HIC 3{rq7f, 1Y T T fhar ol-srata Wiauer ifdes ee fedq.

fUd® (Brass) fhal &9 (Bronze) IUTGATAT GETATd TGl (Richness) UG, SH JEUNT FHTI
Qe IaTe AgHa Tigdesedr AdmYad (Aesthetically Pleasing) 3rdTd. JEHRTER dHaied] Ufohal S/ &

o (Spray Painting), ), TS (Anodizing), 3@3@'@%’[ (Electroplating). I UfchaT IaTg-re
HiegieTd BV (Aesthetic Appeal) TSI THTUNT HR HTAT.

9. fartemyrT (Contrast)

ORI U IATEANITd TR YehTHE SRIT TF WRE (Clear Distinction), SaTd o 31for Sk
TS AT, faRITHIITS ITeTd Tigafcdd 3Byl (Aesthetic Appeal) AT
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10. Rl (Style)

el TEUTS IR TS TUrad (Visual Quality) STt &TdT drafdwmesedl YHM IR avTas
F. T Rch & FeATeAT SHAMHT YaTg (Current Public Mood) ®1Rreaqufus: ufafsfad &, St difis
TR, T febar yafarvity ufkfRudi+ gurfad 81 2.

Exercise:

TLO 1.1: Explain machine design, its procedure and general considerations.
1. Define machine design.

2. Explain the steps involved in general design procedure.

3. Enlist the general consideration in machine design.

TLO 1.2: Enlist the loads acting on a machine element.
1. Enlist various loads acting on the machine elements.

TLO 1.3: Describe bearing pressure, crushing stress and principal stresses acting on a machine
element.

1. Explain bearing pressure.
2. Explain crushing stress.
3. Explain principal stresses.

TLO 1.4: Explain factor of safety for ductile and brittle materials.
1. Define factor of safety.
2. Enlist the conditions for selecting factor of safety.

TLO 1.5: Describe stress concentration with the causes and remedies to reduce stress concentration

1. Explain stress concentration.
2. Enlist various causes of stress concentration.
3. Explain the remedies to reduce stress concentration.

TLO 1.6: Identify the materials from given standard designations
1. State the material specification for following materials- a. FeE230. b. FG300. c. SG450/10. d.35CS8. e.
60C4. f. 20Mn2. g. 40NiCr18Ni2. h. X20Cr18Ni2.
2. Suggest suitable materials for following machine parts-
1. Crank Shaft
ii.  Helical Spring
iii.  Bushes for knuckle pin
iv.  Lathe bed
v.  Heavy duty gear.

TLO 1.7: Explain the concept of fatigue and endurance limit.
1. Explain fatigue.

2. Define endurance limit.

3. Draw typical S-N curve for steel.
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TLO 1.8: State the theories of elastic failures.
1. State maximum principal stress theory.
2. State maximum shear stress theory.

TLO 1.9: Explain the aesthetic considerations in design of machine elements.
1. Define aesthetics.

2. Explain the aesthetic considerations in design of machine elements.

3. State Morgans colour code in aesthetics.

Mabharashtra State Board of Technical Education
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gfe 2
SgeH ofor e fgmd=

(Design of Joints and Levers)

fawg o=t (Course Outcome):

CO2- feaied SFyaNTaS! A=A Uewmie feemeTd Jayd YdheuHT aliRul. (Use fundamental concepts of
design of machine elements for given application.)

e frea=it (Theory Learning Outcomes):

TLO 2.1: S5y 3107 g UM Ueh e BhegSRal UddbR HRUM [GHRT ST ATdah g 3kd UhR
3esEr . (Identify the sections resisting failure with the type of failure of the machine components of
joints and levers.)

TLO 2.2: b d UIT'-(f < 30T e o %@ﬁqum (Describe the design procedure of knuckle
joint and turnbuckle.)

TLO 2.3: e YRUR A%d Siisc 3Nl THadbarsdl gedhid UNRHTT TUFT HRUL. (Calculate the
dimensions of elements of knuckle joint and turnbuckle from the given load.)

TLO 2.4: Td/U1 AR AT 9 theb ciieg= fSims ufohda P, (Describe the design procedure
of hand/foot lever and bell crank lever.)

TLO 2.5: 8Td/U1 Tieex 0T 9d thab Tlieexedl Ucdhid YRHTUT 0T UL, (Calculate the dimensions of
elements of hand/foot lever and bell crank lever.)

TLO 2.6: RR (Static) 3{Tfor TfadE (Dynamic) YRTETAA JHIAR (Parallel) @ 3red (Transverse) fiodie
Jes=T fSe Ufthad TP HIUI, (Explain the procedure for design of parallel and transverse fillet
weld subjected to static and dynamic loading.)

TLO 2.7: faden GEE@TW'I'O'QI desdl diell Ffga HRo. (Determine the length of weld for given

application.)

2.1.1 7 Siige (Knuckle Joint)

split pin pin
(DR
B . Rod-B
2,
)11
Pt - 7] =% S ¥ GRe] B . - D
1 3
e R L vy

Fig 2.1 THd Sige
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THd Siecdl ITANT G QT SISUIMTS! Hal Srdl of a1 HRTETA! (Tensile Loads) SRIATd. TRg, SR
Sigcdl ANTGRM (Guided) Hal A R AT TdbId HR (Compressive Load) GEIT Tg- H b
IHd Sliscdl aTUR Weld [SHTof gid:

A& =T [oidh (Link of a Cycle Chain)

TATAT THATS! TR X1S Slige (Tie Rod Joint for Roof Truss)

Fleg S isc faY qamﬁf?% IS (Valve Rod Joint with Eccentric Rod)

qg s Glﬁ (Pump Rod Joint)

YaTAT i ¢RM féidh (Tension Link in Bridge Structure)

fafqy TR TR ST M HaRra (Lever and Rod Connections of Various Types)

THd Sllscd BTG (Advantages of Knuckle Joint):

i.  BTSllsc fSgmeA 3T STETEATS! AT 3118,

i,  Thd SscHE HH U A, ST T HHT BidT AT FAYraTean area.
iii. bl Sisce U Teha R0 fobaT AT HR0Y wialq ST |y 31al,

Fig 2.1 G4id T3 (Notations in Fig. 2.1):
D = U RA&d AN (mm)
D, = Ud® Il diedaidl AN (mm)
d = 9% U1 U™ (mm)
d, = 319 a1 BIddT SR T (mm)
azmm&mﬂ'@(mm)
b = & B 1 3G TSl 98! (mm)

= 09 391 AN (mm)

GRICAEESLNISIG] Tﬂﬁ?ﬁ? (Assumptions for Stress Analysis of Knuckle Joint):

a. TIUW 31 9 ¥ (Axial Tensile Force) F’I'I"]\&I'I%

b. W fATOT SYOT=aT 70T UHRIaT (Stress Concentration) gfomg ﬁ&lﬁ &l 3G
c. o fafdy HiTiHed T I fadiad 3ng.

- [_i_]
'% i &= P/2 Rod-B
| N
— 1 N :
AN
VA// ; = p;2 Eye o
' Pin

Fig 2.2 1ol Sigeaiia gaid gad IRR @I (Free Body Diagram)
A6 Sisce] Fﬂ?ucqﬂqe — Lmoh (Fork), T (Pin) 31107 31T (Eye) — HTd HROMT Said Had IRR ST
(Fig. 2. 2) qraqa 3fg. dhd Sigea fafay lmTI%rUﬁ'HTUTQﬁ?JWHIB‘T JITRTHT YITEE STFOT avTd e
PIG-YaRMIR SIUMAT [TU8 (Failures) 0aR &l Al Ud® S(Ug< m @ A GHIERT
%trength Equation) fofed SITd. [ad, a1 qred GHieundl UGN s Aad Siised fafay afkdrr ffgd
SIGIEH
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I. §Hd T B3R (Tensile Failure of Rods): U@ ASaR a4 §d (Tensile Force) P AL 3.
[SHA = Tl (Tensile Stress) WTAYHT! T STTdhl-
P
Ot :TL' D2

4

farD = |22

mot

Y, o BT VSIS ST T AT (Permissible Tensile Stress) 315, Slgcoaadid JAgdl aleacial & Dy
Grelid U Y™ (Empirical Relationship) MA@ &ar Sirdl-
Di=1.1D

11. T STaRUT B3R (Shear Failure of Pin): fUHaR g8l HTARUN (Double Shear) AR gld, S = 2.3
e QT T3, TR regoreett IR U S JEHTTHIGS) TS s el o ()
TgUH, FU-HTe SR 10T (Shear Stress) WTATAYHTO! fe@T STl -

P

T=—0
md?
20

%Td=\/E

51 ¢ 81 U8t SIgHd BTARUT AT (Permissible Shear Stress) e, fU==aT RIS @ieitel A-eh THT0T
(Standard Proportion) aTuRd SiTd-
d=D

[ 1

T

T

: |
!

t— PI2

! s —— Pin
! 7 PIZ__,_J&}‘__

Fig 2.3 fU-Ta ®Tav01 Beg3R (Shear Failure of Pin)

1. 3maaed i R B3R (Crushing Failure of Pin in Eye): Si&gT fUTIREAT 3YT GEURTGR
(Cylindrical Surface) =T LEICREK ﬂI‘J\Eﬁﬁ, diegT dT0T NYUITRITST Tl H&TUd &b (Projected Area)
faaRId Ydd 1. Fig 2.4 9 GRIGATIHIY, IHT JEHTTE HaTUd 8athe 3 31Tg: 1 x d

30T HehIdl Ul (Compressive Stress) WATAYHTO! fedT STTdl-

force P

B projected area  Ixd
g U U b dieiuddd sma=h Gusla 3. WU 49 Hushid Uaid &b 3 38 b x d
W SEAEKIY (Compressive Stress) QI AvHI0 3{Tg-

P
b xd

C

C¢ =

Mabharashtra State Board of Technical Education 24



Design of Machine Elements (316357) %‘C\FI'I'&ET 3T 7=fi= Qﬁ’lﬁ?ﬂ (316357)

Fig 2.4 34c 1]'g'l-IT'TI% afa eawe (Projected area of cylindrical surface)

IV. Bibad U s ﬁrcgan (Crushing Failure of Pin in Fork): Bipatd U TRl PRI
RELT (Projected Area) 3 3TE: 2(ad).
B[, O 311 wihH e depia dTol (Compressive Stress) QriTeTorHTor faar Sird-

P

G = —
¢ 2ad

V. Bread g af$n ﬂ:_cgél? (Bending Failure of Pin in Fork): SiegT fUe Sy LR CECRNIRENIS
AR HIHHE HIARUMS (Shear) TR BId. TR, ST O I 3R, degT TTHTER FThUIRT SHTETd (Bending
Moment) @F] 8Idl, S Fig 2.5 AL qrEAq 316, JeId tRA Sffd &1 UHaR HA HRURT THU HR A
T AR faalkd (Uniformly Distributed) 318, TR WIdb=l aF HFTHE O THH I IEdomT
(Unifo% Varying) 318, UM onftr wibadia YR Bdivl faaRo (Triangular Distribution of Load)

e
fe——

\
4—_; X

1
e
4—:
e o

— c—

-
|
g
|
|
|

| PI2 P/2 ;

: i —»-‘xl«— |

/«-a i‘ b f<a—
(b)

Fig 2.5 fOam SuWmo 9Eet 38 (Pin treated as Beam): (a) S aR«fa® fdavor (Actual Distribution of
Forces), (b) ERIEKILESCIEE] (Simplified Diagram of Forces)
STHE-
x=1/3a qUd, z=1/2*1/2*b=1/4b
SfET Haredt Taifie T HearaR 3RAd. ot GETavHTor faeh Sid-
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Mpy=P/2*%(b/2+x)-P/2%z
= P/2 * (b/2 + a/3) - P/2 * (b/4)

=P/2 (b/4 + a/3)
qd, [=n d*/64 *, and y = d/2.
Pb a,d
oy My _2l7t3l7
I nd*
64
fdar
16P b a
ob=2mx 13 +3]

V1. 3™ 99 B3R (Tensile Failure of Eye): Fig 2.5 A& graaadl XX faUNT (Section XX) T 3T
Tafd HHSIR fTHRT 3118, 1 fAHFT &thes WelayHTo! fad SiTd-

area =b (do - d)

@%%

B
il

X Shear failure
A
P - b P
do dl — @
: - x (a) (b) (do— d)/2 approx.
Fig 2.5 (a) 3T T BEYSR, (b) T BT BTISR. -
XX AU a= dTor @iy fadr Siral-
P
ot = Z
B P
o= o —d)
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VII. 3192 HTaRUT Beg3R (Shear Failure of Eye): Fig 2.5(b) A RAGeUTIHI0 3TIR gosl HIARUI
(Double Shear) TR] 81d. HTARUN B3R UAHR HRUM &1 JEHRTUS! QDT e 3T 3R 3Te:
(b (do - d)/2)
U, S Te BRI A0 (Shear Stress) TSI fE@T SiTdl-

P

= 2b(do —d)/2
P
b(do—d)
3T e WidheaT a1l HNINTe! Qe dae (Relationship) fa@T SiTdl-
do=2d

VIIL Bidd a9 Beg3R (Tensile Failure of Fork): id 81 gaX! 31 (Double Eye) 38, 30T &A1 Fig
2.5 BIHATd! dF] 8, Tad b GRHATI (Dimension b) IY F&TH 2a Hd SAId. T SUIRTAT WABR HROMAT
Jaid HHGIR [URT &hes FTeayH! fad SiTd-

area = 2a (do - d)
BIGANd a0 Heg3R WeauHTor fId Sid-
P

~ 2a(do - d)

IX. BI$hd BTARUT 3TTR (Shear Failure of Fork): HIdba GIH HFTAR ga<l HIARUT (Double Shear) AR
BId. T8UM, Goxl HIARUM FHIBRUT FTATTvHT0 3Tg- ,
~ 2a(do - d)

a 3110 b T YRHTUMATST WTetlel A& WHIUT (Standard Proportions) fadt Srd-

a=0.75D

b=1.25D
oo {1 T WelTvHToY el Sdl-

di=15d

"Tbhcl \-:ﬁia% XIAT UKd (Design Procedure for Knuckle Joint)

THd Sliscd UNHT SRIAUAR HaYd UGd Wrdid cwaide] faet oird-

< | : U edl AN JIaid Q-IHr‘IOINUIIj'{-IIQ dlel (Calculate the diameter of each rod by following the
equation)-

4P

ot

T I 3FAHTSI Yo (Empirical Relation) aT0Re YA ST dIgdaidl oM HIGT (Caleulate the enlarged
diameter of each rod by empirical relation using)-
Di=1.1D

Tl 111 YIS §§Y (Empirical Relation) TG a 30T b T GRATUTE! TUFT &R (Calculate the
dimensions a and a by empirical relation)-

a=0.75D &b=1.25D
aul IV: HIaRT fddR (Shear Consideration) S IUECIEAYRCEIN (Bending Consideration) gigR U &
TG, ST ATUDT &Il T SR TS ot FHaST.
CARRY i-altllilj‘{-lli (By Shear Consideration):
[EEEIC! G KIK R IN A )

2P
T
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ofe ﬁm (By Bending Consideration):
O SO WAyl Hel-
J= 3[16P o b N a
~ |mob [4 3]
S T SR TRt e,

Tl V: YA §§Y (Empirical Relations) 90 do 30T d, d1 URHTUTET UMD 6T (Calculate the
dimensions do and di by empirical relations)

do=2d & d; =1.5d
Tl VI: Weiid GHIBRUMET aT0R e STHE =1 a0l (Tensile Stress), $h1RRT dT0T (Crushing Stress)
3{TfOT HTARUT 10T (Shear Stress) TUNT-

o P
7= bdo - d)
_ P
O™ bxa
R
' bdo-ad)

T VIL: WA FHIHROMET IR He Wi T 10T (Tensile Stress), SR dT0T (Crushing Stress)
31O PHTARUT ATUT (Shear Stress) TUMT-
P

ot = atdo —d)

' 2a(do—d)

Numerical on design of knuckle joint.
Q. Design a knuckle joint for a tie rod of a circular section to sustain a maximum pull of 70 kN. The
ultimate tensile and shearing strength of the pin material are 510 MPa and 396 MPa, respectively.
Take factor of safety as 6.
Ans:
Given:
P=70kN=70*10°N
ou= 510 MPa = 510 N/mm’
s = 396 MPa = 296 N/mm?

FOS =6

Soln-

The permissible stresses are:

Tensile stress- o; = s—;; 5% =85 N/mm?

Shear stress- T = —= = 22 =66 N/mm?
FOS 6

Step 1. Calculate the diameter of each rod by following the equation.
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D= , 4 x70x103
X85
- D=3238 mm
S D =34 mm
Step 2: Calculate the enlarged diameter of each rod by empirical relation using

Di=1.1x34
- D1=37.4 mm

Step 3: Calculate the dimensions a and a by empirical relation.
a=0.75D &b=125D
a=0.75x34=255mm
b=1.25x34=42.5mm

Step 4: Calculate the diameters of pins by shear consideration and bending consideration, and select the
diameter that is maximum.
By shear consideration,

d= |=—
T

= /2><70><103
TX66

.. d=2598 mm
s d=26 mm

By bending consideration,

d_?'16P>< b+a
~ |mob [4 3]

3 [16x70x103 42,5 = 25.5
| TR e

X85
s.d=43.12 mm
s.d=44 mm
Hence, the diameter of pin d is taken as 44 mm (maximum value).
Step 5: Calculate the dimensions do, and di by empirical relations.
do=2d & d1=1.5d
do =2d =2x44 = 88 mm
di =1.5d = 1.5x44 = 66 mm
Step 6: Check the tensile, crushing, and shear stresses in the eye using the following equations.

Tensile failure,

P

ot bldo—d)
70x103

ot = ——

42.5(88—44)

. 6t = 37.43 N/mm?>
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Now, ot=37.43 N/mm?® < 85 N/mm? (permissible stress). Hence the design is safe in tension.
Crushing Failure,

. = P
¢ bxd
70%x103
O. =
42.5 xX44

. 0c = 37.43 N/mm?

Now, oc=37.43 N/mm? < 85 N/mm? (permissible stress). Hence the design is safe in crushing.

Shear Failure,
P
' bldo-ad)
_70x103
42.5(88-44)
-1 =137.43 N/mm?
Now, t=237.43 N/mm? < 66 N/mm? (permissible stress). Hence the design is safe in shear.

Step 7: Check the tensile, crushing, and shear stresses in the fork using the following equations.

Tensile failure,

. p
ot 2a(do—d)

70%x103
sot =

2X25.5 (88—44)

. 6¢=31.19 N/mm?
Now, o= 31.19 N/mm? < 85 N/mm? (permissible stress). Hence the design is safe in tension.
Crushing Failure,

P
G =
¢ 2a xXd
70x103
GC I ceeeeeee——
2X25.5 X44

- 6c=31.19 N/mm?

Now, 6c=31.19 N/mm? < 85 N/mm? (permissible stress). Hence the design is safe in crushing.

Shear Failure,

R
' 2a(do— d)
70x103

S U= 2x25.5(88-44)

-1 =231.19 N/mm?
Now, tT=31.19 N/mm? < 85 N/mm? (permissible stress). Hence the design is safe in shear.

2.1.2 H9®d (Turnbuckle):

o THIDA fhdl HUR BT TH TifFd FqieT (Mechanical Joint) Mg, Sl & gcdil (Members)
SISUITTS! 9TURT SITdl. 8 Ucd a0 HRIATE (Tensile Loading) 3IdTd {01 HiRa Rudid afet

fobar aTUmHE YIS 9&d (Adjustment) SIS .

o IId YT 3eiell YehIH! (Hexagonal) HUTR - 30T IoicAT G STl dTS[ell U1 (Right-hand

30T Left-hand Threads) 31Eciel €1 S SR

o  PUYR YTHI BRI G ST, ST TWARA Tgol thradl Ad). Heft Heft Feued fvg fael S,

M TrH! 9R 9T df fthradr 4.

o PR RIAR T I gH ThHDBIPbe Hled Sdd fdhdl X sdhad odid, & fhrauaran fGRiar

JTAGT 3.
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THa®ad SUGRT (Applications of Turnbuckle)
1. ST g9 (Roof Truss) ¢ UE HRUINITS.
2. TAUHY (Mechanism) foie STevamETat,
3. QI Xed o fdvar Al g el It (Motion) BRAiANG HRUATNITA.
4. faggd faarur @ieiadd (Electric Distribution Poles) dad fdbal forITea G1=AT Ug HRUINTAN.

cHaed S ufsrar:

R. H. T /L~H-
— R EE-@— - R—

//////V/////////b”Z

g==/ R0 =g

Fig 2.6. ea®d.

I. ST I7S9T AT (d.) (Diameter of Tie Rod, do):

&Y T YR P El@ (AR =T dTUl (Tensile Stress) Fﬂ‘lﬁﬁ?ﬁ ASR el (Twisting Movement) e g,
T NSl T Ude I YRITAT (Direct Tensile Load) CIESIGH

o1 Trere T YR WIATTgH 1) Yol STl

Ps=13P
Jsued FHTur SI0IRT T d10T WA IAYHT0! faar Srdl-
Py
ot d?
)
dc: 4XPg

S PR AN I FHIHROMGA Hesdl. AHAE ™ (Nominal Diameter) ISO Afc® ¥ 98 caaqyA
fasdr aay, fohar df Tieid WaY (Relation) AU GTd e Adl-

d
d, = —

0.84
1. $YER el dial (1) (Length of Coupler Nut):
HYR A 30T TpT GSTRIT (Root) YFITAR IV Y& HIARUIET (Direct Shearing) fdaR &,

a. &p Jere A E-IUIRI Y& HTARUT dIUT (Direct Shear Stress induced in Screw Thread) 3T Gl'l%' -
P

Ts =
nd. L,
b. Terey fAATUT BIUIRT Ucdef SHTaRUT Il (The Direct Shear Stress Induced in Nut)
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ford,
Ts = Fﬁ:{%ﬁﬁ PHTARUT dIUT (Shear Stress in Screw)
Ty = TCHYT BHIARUI AT0T (Shear Stress in Nut)
do = ¥ dl ATHHTA AT (Nominal Diameter of the Screw)
dc = Xpdl PR AN (Core Diameter of the Screw)
I, = YR AT el (Length of the Coupler Nut)
SIHISR] YSYUTAR (By Empirical Relation) ®UTR -cd! aial 1, WAV feel STTd -
WIAT3! (For Steel): 1o = do o 1.25 do d BRE 3T d 7S GSIYATST (For Cast Iron & Soft Material): 1, =
1.5 do A2 do
c. YSHEA HRAT aror qurT (Check Crushing Stress in the Thread):
Pq
X (di —dZ) xnxl,
4
579, n = Ufd Aleildia umai den (The number of threads per length) =1,/ p
e = PUTRHE fAmfor _EETUTRT IR o7 (Crushing Stress induced in the Coupler)
p= YTaTe fU9 (Pitch of the Thread) ficfiHiexaed (in mm)

O, =

1. dYAR Al dTd AT (D) (Outside Diameter of Coupler Nut):
PHUCR TcaR T4 YR (Tensile Load) T8d TR UR (Twisting Load) AR BIdl.
HUR FeH AT IUMRT T4 10T (Tensile Stress) WTATAVHTO! fE@T SITdl-
Py
%= Tx (DZ—d?)

4
HYR Tl dTgl AN (D) SJHIS JdY T <iel MYl Adl (The Outside Diameter of the Coupler
Nut D can also be found using Empirical Relation)
D=125doto 1.5 do

IV. SUARAT dTed AT (D2) (Outside Diameter of Coupler):

SR, Di = HUeRAT Sfdid N (Inside Diameter of Coupler) = (do + 6) foredt

D, = SUIRHT dlgl AN (Outside Diameter of Coupler)

HYRAY dI YR (Tensile Load) R AN HR (Twisting Load) ml‘Lﬁﬁ. HURAY Ao Bul'm'RT ag
Ul (Tensile Stress) eyl faer Srat-

%7 Tx(0;-DD)
4
IRV FHIBRUIGA D, JNT fvarl af Wictld SHdS=I Ya8 (Empirical Relation) TR G&itd KT Acl-

D>=15doto0 1.75 do

V. BYER el didl (Ln)

PHUCR Al didl Ln HTTIDH FHRASHIGR (Adjustment) STceH 3d, JTIOT dl ATHIG: WA TTHHTO! defel!
A -

VI. HURH! ST8! (£): t = 0.75 do

VII. ®YR e Se! (t): t1 = 0.5 do

Ln=6d0
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Numerical on design of turnbuckle.
Q. Design a turnbuckle subjected to a pull of SkN. Tire rod and nut are made of FeE380, and the
factor of safety is 5.
Ans:
Given:
P=5kN=5*10°N
Gyi= 380 N/mm?
FOS=5
Soln-
Safe stresses,

. Oyt 380
Tensile stress, o= %s =—==76 N/mm?

gye 380
—2 = —~=38 N/mm?
2 XFOS  2x5

I. Diameter of Tie rod (dc):

Shear stress, T =

Pi=13P=13%x5x10°=6.5x10°N

4 xXP 4x6.5 x103
de= d =10.43 mm
ot TTX76

d. 521
0= —=—=1242mm~= 16 mm
0.84 0.84

1.e. M 16 thread is used
.2de=0.84 x 16 =13.44 mm

II. Length of Coupler Nut (In):
Now for FeE380, I, = doto 1.25 d,
sletlh=do =16 mm
a. The direct shear stress induced in screw thread is-

1= fa_ 6810 _ g o N/mm?
S wdely, mwX13.44%16 )

Now T4 = 9.61 N/mm? < 38 N/mm? (Permissible stress), hence the design of coupler nut is safe at screw
thread portion.

b. The direct shear stress induced in nut-
Pg _ 6.5x103

mdoly, NX16X16

T, = = 8.08 N/mm?

Now 7,, = 8.081 N/mm? < 38 N/mm? (Permissible stress), hence the design of coupler nut is safe at nut
portion.

c. Check crushing stress in the thread-

For ISO metric threads

Pitch, p = % — (16-13.44)/ 1.0825 = 2.36

n=1/p=16/236=6.78=7

. P4 6.5x10° 7] N/mm?
Oc = nx(dg-d2)xnxly  7Xx(162-13.442)x7x16 -71 N/mm
4 4

Now o, = 1.71 N/mm? < 76 N/mm? (Permissible stress), hence the design of coupler nut is safe in
crushing.
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III. OQOutside diameter of Coupler Nut (D):
Here, D=1.25dot0 1.5do=1.25 x 16 =20 mm
The tensile stress induced in the coupler nut is given by-

_ Pg  65x10° 47 N/mm?
Ot = xot-@) _ mx@o?-1e5 - /-4 N/mm
4 4

Now 0; = 57.47 N/mm? < 76 N/mm? (Permissible stress), hence the design is safe.

IV.  Outside diameter of Coupler (D2):
D= (do+6) mm =16 + 6 =22 mm
D2=1.5doto 1.75 do=1.75%16 = 28 mm
The tensile stress induced in the coupler is given by-

— Pq _ 65x10° .
Or = nx(D%-D%) T Tix(28%2-22%) 27.58 N/mm
2dPe 1) :

Now a; = 27.58 N/mm? < 76 N/mm? (Permissible stress), hence the design is safe.

V.  Length of the coupler nut L, depends upon the adjustment required, and it is usually taken as
Ly=6do=6% 16 =96 mm
VI.  Thickness of the coupler =t =0.75 do = 0.75%x16 = 12 mm
VII.  Thickness of the coupler nut =t; = 0.5 do = 0.5 x 16 =8 mm

2.2 W (Levers):

dieg’ 81 U aredt gom (Simple Machine) 3(Tg, ST BT HATUI Eﬁﬂ'qmﬁ (Rigid Beam) T SR STIOT oY UepT
RR FSR (Fixed Hinge) fhar mamH (Fulcrum) ax 3T YRl 3. ?ﬂm IUART gifA® arH (Mechanical
Advantage) esquarardt oar \_rﬂ?h, GCITEI@’ HH I (Less Effort) SIS HR (Heavy Load) saaﬁr T f-?l?f
;ﬂﬁ@ﬁmw (F), YR (Load — L), 3TfOT T (Effort — E) A< AU RUAIHER dF UeRAS det
1. UYH Joitar dieR (First-Class Lever)

Distance from Effort . Distance from Load

to Fulcrum

to Fulcrum

Fulcrum

Fig 2.7. UYH goftar e (First Class Lever.)
(Courtesy: https://www.firgelliauto.com)
T Fuital diegRAe sy (Fulcrum) 81 U9 (Effort) TTOT UR (Load) I A S/l T YebRaT cileg
ERICINER mw SfOT el HAT @R‘ﬂ%ﬁ a1 gifdh Y (Mechanical Advantage) a3 b,
o BTGl (Mechanism): SR BaHH (Fulcrum) HRTSIAES (Load) 3, TR Al SAQUITITS! HH! T
(Effort) ST,
o qifA® AIH (Mechanical Advantage — MA): 81 1 U&T SR, HH! fdar 1 SabTa! - Wbl
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BTRﬁ"T (Applications):

WRR/BET (Pliers/Scissors): AHHT 3aem U@ (Pivot) TSUR I AEAUINY Hed B,
M IHIaR B0l fdal UdheUl [ gl

« WIER (Crowbars): HAHH YRISAS 3 OIS A%, STAVINTS! ATuRe SIldl.

. i??;f (See-saw): T TRUNS I8, fo1d Heaymht sryaian fUegle aivgl dioiasia o wdferd

2. fgdta goftar ez (Second-Class Lever):
fociiar Aui=T TiexHe HR (Load) 81 BashH (Fulcrum) STTOT WA (Effort) Tied AL L. Tad SAT0T YR
ol U faRA gardrd.
o  PTUUGH! (Mechanism): I B1d (Effort Arm) “gH! HRTEAT BTATUET (Load Arm) @id 3/,
TS AgH HRTHT GoHIU&T HHI & aTuRTd dNTd.
o TiA® a1 (Mechanical Advantage — MA): ﬁ?’;ﬂﬂ 1 1.ffc";IT SR 3.

Effort

Longer
Distance

Shorter
- Distance

~
-
-~
-

Load

Actuator force Fulecrum

required to lift the load

Fig 2.8. fg<ta gufiar e (Second Class Lever).

(Courtesy: https://www.firgelliauto.com)

G'Q'Cﬁ"T (Applications):

(Wheelbarrow): 1% § BahH 31, S8 WM &1 YR 3R, 30 80 SAURT k]
Uad .

o TeHBY (Nutcracker): THI ClpTell ol (Hinge) 3RId, HUMY ¢ STal STdl, 3101 g&=A1 Srebrent
ESNEARKISIGH

« dicd YR (Bottle Opener): €& ATHUMGR (Fulcrum) 9 SITd, HEAT YT BT Sl (Load),
3TFOT BT QORI <l AR &adl Sidl (Effort).

3. qdta Svfiem @R (Third-Class Lever):
qarg gufiear diexa e Uad (Effort) 81 Balshd (Fulcrum) 30T YR (Load) d7<dT ALY Sl U 0T YR
351 UebTd faRH gaard.
« PTGl (Mechanism): 1 THRET g MATH I HHI BT ATRT: T A HR FAaUaTE 3R
fdpar o1 argadl.
o qifA® AIH (Mechanical Advantage — MA): AgHd 1 Y&l HHT 3.
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IUART (Applications):

o Al €Al Y&dT URT (Human Forearm): HI0R g1 BashH 34l HENHY SRR WY TId R,
3O BTd YR &Rl

o R/ (Tweezers/Tongs): SISAd <o Bashd !, HENHY 19 faal STTal (Effort), 30T TIdh
I UHSd (Load).

o RIS (Fishing Rod): THT BT dBRN Hashd TAR 8idl, gORT 81d HUAY IS 3fiadl (Effort),
30T ClepTaR AR YR 3! (Load).

Longer Effort
Distance

Shorter
=5 Distance

-
-~
-~
-

Fulcrum

Actuator force
required to lift the load

Fig 2.9. qaitg 4ofiar SR (Third Class Lever).

(Courtesy: https://www.firgelliauto.com)

2.3 dig fegms:
BT oflee? (Hand Lever) 3TRT Uramar @R (Foot Lever) Tid f3gmsa

Fig 2.10. gTdraT diex (Hand Lever)
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O},
P = TSAR A T (Force of Effort applied at the Handle) :q\?f:m?ﬁ (N)
Le = TiegR 3 GHTA! ofell (Effective Length of the Lever Arm) firefiiexmen (mm)
| = YUl 3fi@Res dfel (Overhead Length of the Shaft) feiHeded (mm)
oi = AERA S{THd d-J dIUl (Permissible Tensile Stress of the Lever) N/mm? o

= AT 3{THd HIARU ATl (Permissible Shear Stress of the Lever) N/mm? A&

I: IS Taee HHTS sl febal Y HIYRUT: 300N T 400N €ReT ST,
II: BSAR Le THR I AGATHS ATFEER €[ (Torque) AL BN

Torque = Force x Length of lever
~T=PxLe

TMUE Y TRARAT! (Pure Torsion) 3eTd ald YR KMl AN d fesaar S,
ISR EGEE (Resisting Torque) QrelteryHTor faar ST -

T=" Toxd3

16
R G JHHIU T B el AN d Figd def S,
II: 93 gynlt M AN d, Woadr oG, M dgad sSfe (Bending) 30T TREIRATC
(Twisting) ST ‘]ﬁ?‘[ R
QYT AIH U dfeT AHE (Bending Moment): M = Px |, a¥d
Y%l elcp (Twisting Moment): T =P x L.

U YA Cid (Equivalent Twisting Moment) —
Te=VMZ + T2
Te=+/(PD)2 + (PLe)?

Te=P x J(DZ+ (Le)?

-
T=" TsXd13
16
RN gHiHRUTEYA di d ged fHosd.
1V: e ST ¥ (dv): dy = 1.6d.
V: IIFE dfalt (I): 1p = d fdbar 1.54.
VI: ®Id URHATI (Dimensions of Key):
SRR,
w = @Il $al (Width of Key) T (mm)
t = Pt Sllal (Thickness of Key) forciidieras (mm)
Ip = Pl el (Length of Key) = CIREIRSIC (mm)
N IURIC]| (Rectangular Key):
w=d/4 & t=d/6, T
IRY HIATST (Square Key):
w=t=d/4

P! Afell SBIRAT (Crushing) 30T HIARUT (Shearing) faaTSTae- ffesd.
PIRUI fSUTSMTAT (Shearing Failure):
T = lpxwxtcxd/2

IR faareTdt (Crushing Failure):
T = lpx(t/2)xoxxd/2

o7,
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T = P! SITHA HIARUT dIUT (Permissible Shear Stress for Key) N/mm? o
ok = DI fhal SIawTd S{THd IR 101 (Permissible Crushing Stress) N/mm? o
VII: ﬁm PIY-GaRT qfRHATT (Dimensions of Lever Cross-Section):
AT HIY-YaR Tl LRI,
O,
b = ol $al (Width of Lever) fiefidiexdsd (mm)
t = cfiegxa @idl/Srat (Depth or Thickness of Lever) e (mm)
gl Sl SIS 2 d 3 Ue uddl Sild.
b = 2t fdbar 3t

DU ST HIHC SIwIdes dddl Sl -
M =P x (Le — dv/2)
FHHTA TSI A0 (Maximum Bending Stress):
ob =My/ 1
_Px(Le~D)
)
12

d
6PX (Le—2)
G I e e
b bh?

UTITET 1R (Foot Lever):
LI Q'1nIOG< eldlzdl C’ic\IOG('{'IR{&?II'd YAl vlldl.

Thad TR TdeTd & "Hand" Tdsil "Foot Plate™ ATaRd SITd,
U] Tad= U dAldadl g IYRUE: 600N o SOON ST STl

—150 —

Fig 2.11. UrITET ?iX (Foot Lever)

99 P& e %?;Iﬁ‘f (Design of Bell Crank Lever):
I b diega digRd G gid UhH® A AT (Right Angles) T
3T Yh R TiegR WIaltdl fEHT0T aroRe SiTdTd -

o Xcd Ryufefr (Railway Signaling)

e B TER (Hartnell Governors)

o  DHoIRA U3R UGS} 813 (Drive for Air Pump of Condensers)
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]
L

4

Fig. 2.13 99 & e
I Wﬂﬂﬁ gfafesar (Reaction at Fulerum “F?):

Rr =VW?2 + P2
TshH F 95d HHC Ydedy -

WxLi=Px1L»

11: B U= %311%? (Design of Fulcrum Pin):
IEREEEIUEE] (Bearing Area) =d, x I,
Ot @fdll 1p=1.25dp eRTd!
feRd WR:
Rr = dpxlpxp,
o7,
d, = BahHaRId fUe O (mm AL)
I, = BasmdaRId fU diet (mm T)
pb = HABHARI fUaRId s34 e (N/mm? 'J:[?ff)
TashH fU-aR gexl BIaRUT (Double Shear) AR Bld.
T=Rr/2A
59, A = nd, /4

-1 = Rp/( nd,?/4)

I1: ‘A’ fU==h f&3mE (Design for Pin at ‘A”):
ST @A =d, x I,

=125 d,
et HIR:

P = bearing area x bearing pressure

P = dpxipxp,
o1,
dp = ‘A’ I U AN (mm )
Ip="°A’ aﬁﬁﬁﬁﬂiﬁﬁ(mmﬂ?ﬁ)
pb="A’ I TRt 93T g1d (N/mm? T)
fUFaR gl HIARUT S HR:
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P =2x 1x ntdp?/4

IV: ‘B’ fU==ht %311‘{? (Design for Pin at ‘B’):
3R &7 = dp x Ip

=125 4,
faa HR:
W = dpxlpxp,
dp = ‘B’ a1 fU=a1 A (mm A7)
Ip= ‘B’WWW(mmH@)
pb = ‘B’ a9 [UHaRId 931 G (N/mm? H4)
TOeR Goxl HIARUN SRS HR:

W =2x tx ndp?/4

V. mﬁﬂﬂgﬁ (Design of Lever):
aq@ﬁamﬁaﬁaﬁsﬂavwm@w%@mgmmmaﬁu@ﬁmmw

Y-Y faHnTrdie fearsren fad:

t = cilegXdl ot (Thickness)

b = Tieg<al $al/Aldt (Width/Depth)

ahH HETANT Y-Y T 3R ey -

$HATd SfST E (Maximum Bending Moment): M= W (L1 —a)

1Y, a = PAPHURIA [AURTE 3R (mm HH)
fAUNT T[UTieh (Section Modulus): Z = tb%/6
oS 10 (Bending Stress): ov= M/Z

Problem- Design a right-angled bell crank lever. The horizontal arm is 600 mm long and a load of 5.5 kN
acts vertically downward through a pin in the forked end of this arm. At the end of the 200 mm long arm
which is perpendicular to the 600 mm long arm, a force P act at right angles to the axis of 200 mm arm
through a pin into a forked end. The lever consists of forged steel material and a pin at the fulcrum. Take
the following data for both the pins and lever material:

Safe stress in tension = 80 MPa Safe stress in shear = 60 MPa

Safe bearing pressure on pins = 10 N/mm?

2.
|

Q) A
PT——‘__
[ | |

W

Fig. 2.13
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Given:

Load on Horizontal arm = W = 5.5 kN = 5.5 x 10°N
Length of Horizontal arm = L; = 600 mm

Length of vertical arm = L, =200 mm

Safe stress in tension 6= 80 MPa = 80 N/mm?

Safe stress in shear = 60 MPa = 60 N/mm?

Safe bearing pressure on pins pp = 10 N/mm?
Assume I, = 1.25 d, for all pin

Solution-
1. Calculate Reaction at Fulcrum ‘F’ =Ry

Taking moments about the fulcrum F,
WxLi=Px1L»
5.5.x10% x 600 = P x 200
Effort=P = 16500N
Rr =VWZ2 + P2
= 17392.52N

2. Design of Fulcrum pin
Rrp = dpxlpxp,
17392.52 =dp x1.25 dp %10
Diameter of pin at Fulcrum= dp = 37.30mm say 38 mm
Length of pin at fulcrum= Ip = 47.5 mm say 48 mm
Check pin for shear failure
The fulcrum pin is subjected to double shear as well. the double shear acting on the fulcrum pin is given
by:
©=Rp/( ndy*/4)
©=17392.52/( n38%/4)
T = 7.66 N/mm?
Shear stress is within limit hence design is safe.

3. Design for pin at ‘A’
P=dpxlpxp,
16500 = dp x1.25 dp %10

dp =36.33
Diameter of pin at ‘A’=d, 36.33 mm say 38 mm
Length of pin at ‘A’ = ‘lIp’ =47.5 mm say 48 mm
Check pin for shear failure
© = P/( nd,*/4)
T =16500/( n38%/4)
T =7.27 N/mm?

Shear stress=t = 7.27 N/mm?
Shear stress is within limit hence design is safe.
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4. Design for pin at ‘B
W= dpxlpxp,
5500 =d, x1.25 d,x10
d, =20.97 mm

Diameter of pin at ‘B’=20.97 mm say 22 mm
Length of pin at ‘B’ = ‘Ip’ = 27.5 mm say 28 mm
Check for Shear failure
T =W/( ndp?/4)
T ="5500/( n122%/4)
T =7.23 N/mm?
Shear stress= T = 7.23 N/mm? Shear stress is within limit hence design is safe.

5. Design of Lever
t= Thickness of the lever at Y-Y, and
b = Width or depth of the lever at Y-Y.
Taking distance from the Centre of the fulcrum to Y-Y.
Maximum Bending Moment = W (L1 —a)
a= distance of section from fulcrum in mm= assume 20 mm
M =W (L1 —a) = 5500 (600-20) = 3190000 N.mm
Assume b = 3t

Bending stress = o = My/I
80= 2 x3190000/t>
t=43.04 mm = 44 mm
b=3t=3x44 =132 mm

2.4 C-FIH ATIOT SfThde ﬁﬁ%grrs‘q (Design of C-Clamp and Offset Link):

C-ai (C-Clamp):

C-FIR SfST (Combined Bending) d9d 9 §d (Tensile Force) ﬂl‘;éﬁ?ﬁ, TEUSId C-dIHaR [dder 4R
(Eccentric Loading) FIT‘]\Eﬁ?ﬁ

X _._._._y:ﬁ-.t._._.x

L W
|
Fig. 2.14 C T
TN —
P = FIMaR A UR (Load apphed on Clamp) W?ﬁ (N)
e = fAQ&UTAT (Eccentricity) = HEIT SO § Tichd 3fR (mm)

b = A $al (Width of Frame — Rectangular Cross Section) e (mm)
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t = Ul STTe! (Thickness of Frame) forcfidiexae (mm)
A = HIH-YIRd &AW (Area of Cross Section) mm? o
¢ &9 HR (Direct Tensile Load): C-FIMaR U€ T YR AL e TaId Yo —
ou = P/A =P/bt
faqrgrora sifor 'I-HTIH% fmfor gIuRT g dror (Bending Stress due to Eccentricity and Load):
fIcT&TUTdgos ThHAR aTehUl 3107 = 10T G-l AR BIdTd. TS U qreh U droT —
ob =M/Z
C-aRrqe fAATT gIomRT URUT dIUT (Total Stress Induced in C-Clamp):
Gt = Gt t Op

Problem- A clamp shown in the figure 3.3 carries a load of 25kN. The cross section of clamp at x-X is
rectangular having width equal to twice the thickness. Assume C-clamp is made of 20C10 material and
allowable tensile stress is 100 MPa. Find dimensions.

(”__.__._._._._._._._.
—nb: -— P
x_._._._. ﬂ-.t----.x
;i 140 |1p
k\h! ------------ |—JI..—|—
Fig. 2.15
Given:
P =25kN =25x 10°N
o: = 100 MPa = 100 N/mm?
e = 140 mm
b=2t
Soln:
ot = P/A = P/bt == 25x 10%/2txt = 12.5 x10*/t?
op=M/Z

M = Pxe = 25% 10°x140 = 35 x 10°Nmm
7= tb?/6 = t(2t)*/6 = 2t*/3
ob =35 x 10°/2t3/3 = 5.25 x 105/ 1
Gt = Gt1t Ob
100 = 12.5 10%/t*+ 5.25 x 10
By trial and error method, we have.
Thickness of C- clamp =t=38.79 mm say 40mm

Width of clamp=b=2 t = 80 mm
3Tpae fRiw (Offset Link):
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Fig. 2.16 3iTae fiid (Offset Link)

P = 3fihde fifdar Argadr YR (Load applied on Offset Link) W‘?ﬁf N)
e = fagmrar (Eccentricity) = HEIHT ST S e 3’
b = faUNT XX a0 St (Width at Section X—X) ey (mm)
t = AU X-X oI STST (Thickness at Section X-X) e (mm)
A = PI-YRF &THS (Area of Cross Section) mm? ae
J¢ I YR (Direct Tensile Load): 3 fidhaR I a0 YR Fﬂ'{[\w ‘Eﬂﬂ RN -

o = P/A =P/bt
faereforan effor 'l-I'ITIH% 0T BIUIRT AT U dToT (Bending Stress due to Eccentricity and Load):
facgorages fefdbar aren Ul SIfoT a=a 10T Glvgl ] BIdTd. TS A< AT U druf —

ob =M/Z
e fimae o giomT URUT dIUT (Total Stress Induced in Offset Link):
Gt = Ot1t+ Ob

Problem- A 10CS5 link is shown in the figure 3.5 transmits a pull of 80 kN find the dimensions of section

at x-x if b=3t, assume allowable tensile stress of 70MPa.

Given:
P = 80kN = 80x 10°N
=70 MPa = 70 N/mm?
e =b/2 mm
b =3t
Soln:
ot = P/A = P/bt == 80x 10%/3txt = 26.66x 10%/t>
ob =M/Z
M = Pxe = 80x 10°xb/2= 80x 10°x(3t)b/2 = 120x 103x t Nmm
Z=tb*/6 = t(3t)*/6 = 3t3/2
=120x 10%x t /3t3/2 = 80 x 10°/ t*
Gt = Gt1t+ Ob
70 = 26.66x 10%/t>+ 80 x 10%/ t*
we have.
Thickness =t = 39.03 mm say 40mm
Width=b=3t=120 mm
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2.5 deS S Hitai™ fESMET T (Design of Welded Joints — Transverse 3ITOT Parallel Fillet Weld)
Jce 8 YT (Welded Joint) B T HIGHIGRU! AT (Permanent Joint) 3178, ST GIF HRTTT ®e i+l U Hed
fqd& I (Fusion) TR &l SITdl. ITd &Td (Pressure) 30T fheik HeRA (Filler Material) aT0Re 113, [dbd
fShar 7 aToRS a3t AT, e fAdesauaraTdt Ao} SWIdT 719 Seg (Gas Welding) fba1 safdes smbgR
(Electric Arc Welding) fesad! STd. A€ aTUR Wisih A (Fabrication) HISAT THTUMER &l ST,
HRUI l BIRST (Casting) a1 WIS (Forging) T+ T UM dRid diee s (Bolted) 30T R@TS (Riveted)
T G TUH JTURe rell,
dts € WiEd UPHR (Types of Welded Joints):
fawarea E¥H Widtd aF UHR Hew@rd 3Hed —

1. WY Sigc fdhar fheie Aige (Lap Joint or Fillet Joint)

2. §Culsc (Butt J omt)
a. 7Y Siis¢ (Lap Joint):3d Slige fdbal fihale Wi Wicy TdhddbiaR Sigrad (Overlap) D& il HSHT
AR B TR Pl S, e I-YaRI TURUE: HHON (Triangular) 3. fhoe SEed THR:
a. R E’W@ﬁﬁlﬁ? (Single Transverse Fillet)

I

-

Fig. 2.18 fifTa er=agd fihde (Single transverse fillet weld)
b. Sdd WW (Double Transverse Fillet)

o
———— [{]]————

i

(111

-
>
Fig. 2.19 Sdd @Rﬂ%’\‘f frate (Double Transverse Fillet Weld)

c. IRTaId ftheic des (Parallel Fillet Weld)

i

Fig 2.20 WRTad fthde des (Parallel Fillet Weld)

Q'FHE'\‘f fihdic dos© giti™ e (Strengths of Transverse Fillet Welded Joints):
ficie fdvar o SiSe (Fillet or Lap Joint) WCH UHHBIGR 3gad (Overlap) He i dHaiHT dfeat
H& AR Hal SIrdl. EA'F\‘:I%@ fihaie é@v (Transverse Fillet Welds) % T dIHe e (Tensile Strength)
e Poidl 3RIdTd. RiTTd eraeed fiheic aes (Single Transverse Fillet Weld) STT0T S9d CFIY [thae
d& (Double Transverse Fillet Weld) 3hH Fig 2.21 3107 Fig 2.22 T Gradad 3Tad.
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l
| F
|
|

P
§ —

P

- —>4 st}
Fig. 2.21 Rivra g'm'\‘f fpaie (Single transverse fillet weld)
[ ]
P P
-—

| |

[ | T
| |
|1

[ : -
§ ——

p

« sk L P

Fig. 2.21 sd¢1 §T7\"-Ic—§'ﬁ fipele (Double Transverse Fillet Weld)

flheic Siigcd! drhe (Mid Hrugrd! (To Determine the Strength of the Fillet Joint) firdie Siiged! didha
TNYUYTTST 38 Told el ST B! ftheican faurT 8T ABC THHIU fABIU (Right-Angled Triangle ABC) 31Tg,

S\ AC 81 HUf (Hypotenuse) 3R dl SR & dToT AB 31101 BC THM ®I9 &xdl. Ui Ael 221
(Enlarged View) Fig. 2.23 o 3TB.

) t
Reinforcement (_' \

Fig. 2.23 ftrdesn #IaT €4 (Enlarged view of Fillet weld)

ﬁﬁmm (Size of Weld): T SIS el o (Leg) fdhaT deadl $THR (Size of Weld) U 3@
it TS (Throat Thickness): %Uf (Hypotenuse) TR T= -fagudd (BD) Udad dd 3R Y STat
(Throat Thickness) ¥eU[A EIG

?W &% (Minimum Area of Weld) Uc BD ¥ fiiesd, S Ui SIS! x desd dfet 1 UIHRM fad
t = 3ic el (BD)

s = o7 fdhal deedT SMTHR = Wicd! STt

| = degdl offalt

Fig 2.23 q9R:

t= MOl = t= s xsin45° =0.707x s
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Ulc &FPBS = A= throat thickness x length of weld
= 0.707xsx!

e E’F\q%ﬁ flheic At a4 dIda (Tensile Strength of Single Transverse Fillet Weld):

P=0.707xsx[x 0t
S9d I fthale deed! d=d a1 (Tensile Strength of Double Transverse Fillet Weld):

P=2x0.707 x s x [ x oy

=141 xsx/x oy

WA fibde dees Al darde (Strength of Parallel Fillet Welded Joint):
WA fiheie dtes TiY HIARUI ATHSINTA! (Shear Strength) fETE dal ST, Fig 2.24 T GRAfAedTIHTT!
90 WRIad fhdie dess Siise f[daRd .

P_‘_._

Fig 2.24 WTaid fhdie 98 (Double parallel fillet weld)

SR 1 = dc8 A3 A HIaRUT dT0l (Allowable Shear Stress) 3fd, TR -
Ri7Ter tRTA fthele desdl HIaRUl AT (Shear Strength of Single Parallel Fillet Weld):

P=0.707xsxlxt
S WRIAd flhele deg ! HIaRUT didbe (Shear Strength of Double Parallel Fillet Weld):

P=2x0.707xsxlxt

P=1.41xsx/xt
RiTTa e 3o 9 WRTad fhdle degd dide (Strength of Single Transverse and Double Parallel

Fillet Weld):
Pet o 3 WP
NN

|‘_’2_"'
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Fig 2.25 Riwra Q'F\‘:Iﬂ 31T S9a WA fbdie A (Combination of transverse and parallel fillet

weld)

P=0.707xsxl;xoc+141 xsxbxt

o1y,
I = Wed! ¥t (Width of Plate) frefiHierasd (mm)

[In order to allow for starting and stopping of the bead, 12.5 mm should be added to the length of
each weld obtained by the above expression. |

Problem 1.- A plate 100 mm wide and 10 mm thick is to be welded to another plate by means

of double parallel fillets. The plates are subjected to a static load of 80 kN. Find the length of weld if
the permissible shear stress in the weld does not exceed 55 MPa

Data- Load=P = 80kN, Allowable shear stress=1 = 55 MPa Size= plate thickness= 10mm

Solution-

Fig. 2.26
Shear strength of double transverse fillet weld=P=141xsx/x1t

80x 10> =141 x 10x [x 55
Length of weld=/ =103.15+ 12.5= 115.65 mm say 116 mm

Problem 2- A plate 75 mm wide and 12.5mm thick is joined with another plate by single transverse and
double parallel fillet weld. The maximum tensile and shear stress are 7SMPa and 56MPa respectively.
Find the length of each parallel fillet weld, if the joint is subjected to pull of 90KN
Data- Load=P=90 kN, Allowable Tensile stress= o; = 75SMPa,
Allowable shear stress=t = 56MPa, size of weld = s = thickness of plate= 12.5 mm Width of
plate=/; = 75mm
Solution-

P% —,t_ %J’
l‘_/z_’

Fig. 2.27
Strength of Single transverse and double parallel fillet weld = P
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P=0707xsxljxoi+141 xsxbhxt
90x 10°=0.707x 12.5x75x 75+ 1.41 x 12.5x [ x 56
Length of parallel fillet weld = /> =40.81+12.5 =53.31 mm say 54mm
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Exercise:

TLO 2.1: Identify the sections resisting failure with the type of failure of the machine components
of joints and levers.

1. Enlist the applications of knuckle joint.

2. Enlist the applications of Turnbuckle.

3. Draw a neat sketch of a knuckle joint and state its strength equations with the failure diagrams.

4. Explain the failure of knuckle pin in bending.

TLO 2.2: Describe the design procedure of knuckle joint and turnbuckle.
1. Explain the design procedure of knuckle joint with the help of neat sketch.
2. Explain the design procedure of Turn Buckle with the help of Neat Sketch.

TLO 2.3: Calculate the dimensions of elements of knuckle joint and turnbuckle from the given

load.

1. Design a knuckle joint for a tire rod of circular section to sustain a maximum pull of 70 kN. The
ultimate tensile and shearing strength of the pin material are 510 MPa and 396 MPa, respectively.
Take factor of safety as 6.

2. Design a turnbuckle to carry a load of 100 kN. The tie rod and nut are made of the same material,
having permissible tensile stresses as 75 MPa and permissible shear stresses as 30 MPa. Draw the
neat sketch of the joint

TLO 2.4: Describe the design procedure of hand/foot lever and bell crank lever.
1. Explain the design procedure of hand lever with the help of neat Sketch.

2. Explain the design procedure of foot lever with the help of neat sketch.

3. Explain the design procedure of bell crank lever with the help of neat sketch.

4. Explain the design procedure of C-clamp with the help of neat Sketch.

TLO 2.5: Calculate the dimensions of elements of hand/foot lever and bell crank lever

1. Design a foot brake lever from the following data :Length of lever from the center of gravity of the
spindle to the point of application of load is 1 meter,Maximum load on foot plate is 800 N, Overhang
from the nearest bearing is 100 mm, Permissible tensile and shear stress is 70 MPa

2. The effective length of hand lever is 1 meter. The effective overhang from nearest is 150mm. The

lever is made of alloy steel for which permissible tensile stress is 115 MPa and shear stress is 57.5
MPa. Maximum force exerted on handle is 300N. Design the lever and shaft.

3. A right-angled bell crank lever, having one arm 500 mm and another arm 150 mm, is used to lift a
load of 5 kN. The permissible stresses for pin and lever are 80 MPa in tension and compression, and
60 MPa in shear. The bearing pressure on pin is not to exceed 10 MPa. Determine the dimensions of
the rectangular cross-section of the lever and pin diameter.

4. Design a C-clamp frame for a total clamping force of 20 kN. The cross-section of frame is rectangular
and width-to-thickness ratio is 2. The distance between the load line and the neutral axis of
rectangular section is 120 mm, and gap between two faces is 180 mm. Frame is made of cast steel.
The permissible tensile stress for cast steel is 100 MPa.

5. Design an offset link for a load of 1000 N. Maximum tensile stress for link material is 60 MPa.
Assume a rectangular section. Take b = 3t.
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TLO 2.6: Explain the procedure for design of parallel and transverse fillet weld subjected to static

and dynamic loading.

1. Enlist the classification of welded joints.

2. Write the strength equations for designing a symmetrically loaded parallel and transverse weld along
with neat sketches.

TLO 2.7: Determine the length of weld for given application.

1. Two plates, 120mm wide and 12.5mm thick, are to be connected together by double transverse fillet
weld. The maximum tensile stress for the plate and welding should not exceed 70 MPa. Find the
total length of weld for maximum static load.

2. A plate 75 mm wide and 12.5 mm thick is joined with another plate by a single transverse double
parallel fillet weld. The maximum tensile and shear stresses are 70 MPa and 56 MPa, respectively.
Find the length of each parallel fillet weld if the joint is subjected to 90kN.

3. Find the length of weld run for a plate of size 120 mm wide and 15 mm thick to be welded by means
of Single transverse weld and double parallel fillet weld when subjected to dynamic loading. Assume
tensile stress as 75 MPa and shear stress as 60 MPa
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e 3
MR ki TR fSsms

(Design of Power Transmission through Shaft)

fowg fAreo=ht (Course Outcome):
CO3- UlaR SFAHRMAL dIoRed SO QT4eE, dt, HUlehT ST d3iverd akamr Masw. (Select the

dimensions of shafts, keys, couplings and bearings used in Power transmission.)

Ued et (Theory Learning Outcomes):

TLO 3.1 I YhedT WY HR0. (Explain the concept of torsion.)

TLO 3.2 MU, B 0T HUFCHTER HTH HRUMIR A107 AT Hrugrand ei=i=a $ifor s TR amRu,
(Use torsional and bending equations for determining the stresses acting on shafts, keys and couplings.)
TLO 3.3 J¥TavTed] YHRAT UTUC B! 3101 HUfeT & &@I@W Y A0, (Explain the types of shafts,
keys and couplings with their applications.)

TLO 3.4 Gae YAt =, &t oniftr wufeiTe fSme- ufthar Ty HRul. (Explain the procedure for
design of shaft, keys and coupling for the given condition.)

TLO 3.5 fadiedn arRmrdl qMde, ot 31101 wufeiv ufRemor gl (Determine the dimensions of shaft,
keys and coupling for given application.)

TLO 3.6 UlaR SFUTHRH RIEHHE aToRedT STon=a1 §31{ierd edT aTRIER ai{dRur HR01. (Classify
the bearings used in power transmission system according to their application.)

TLO 3.7 SMIGHTAT Bl HYA 3T oS ufshar Wy H0), (Explain the procedure for selection

of bearing from manufacturer's catalogue.)

3.1 E'\I{‘x’h(Torsion)

3.1.1 TS

IR TEUTS! TR avqd faa siemiacdt g ol fdhar fhrur, SiegT Tame 9=l Ul TIdhlak 9 ] oifd
ATOT G & RRR I8d dT o ISV Tt FATT SR, a1 Jes U= Sardl eI gordTd. iR Tgurl
TETET 9 T, fa=iva: WTwed, eld 9esau, Saies AUTHES HIaRUTTT dTuT SATfOT aror fAToT gidr.

3.1.1 W3R =T fygiandia [eiad:

IIBTHR MBS, TSR TR Rigiard @reid Teiad dAisah sar:

o T YR ThY, GHRITS 3MTg 30T b aHT e .

o TBUT &0 AN HRUATYE! of Sh1-HaRH FUIE ST o gfeeTT HIHe AR hedHava! QUIe IgdId.

3.1.2 arefe IHiwRr:

IR THIBRUMET Tae:

T
52, T= Ugad <lb (UsdeumT eo/AHe) Nmm
J=I,: §ad SIS 3MYUl (Polar Moment of Inertia) mm*
= erefd AR @Aﬂ (Torsional Shear Stress) N/mm?
R= XA HiagUNH dTelid URdTds disied dIvlds! 3{dk mm
G=C= ereia RiGfEet / Arega™ i RRSFEE (Modulus of Rigidity) N/mm?
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o= fUssau® ®H
L= R ofidt
3.1.3 3fTTa 31w fgee:
HTRH: Y CIhHD VMU U cldb ga-dl CIBTA] AGUTd ST BTG [Uhd, T BTl 'SHTa 3 feve:
3 TUTATd,
TUHT: ST THiEROET aTR &, ST 3T fgte Wrelid Y diedn aal:
0 =(TL)/ (GJ)
T AT 3R GG Id & a3 fgRe 81 ATacied i 3Tfor [Mue=an Afsiea 4 YHTuNd 3R,
MY UIAR HHC 31t SRR i Afgcmrean RIsR Alega™=ar sd YHIud SR,
3.2 RMUedt fEgms:
3.2.1 YU UHR:
1. THATHRM RMMUS: 34T JMUT Ol SHoredl W (341, oM favar diex) Soit [y wom=an J=f-add
ek Heh{Hd HRUTMTS! ATIRAT ST, Tl SITHR U’ 3 FUdIa.
2. (isd: fUSH 81 U fhRUIRT QM ST SN BRI U AU URT 3RTA. BT g9l STHRM a8
Sl A0 A=A A BIeraTaiiaR Ha=0T dadl.
3. S a8 AR 31 Udh °cdh 3M1g Sl Wa: [hrd AATal, TR Il IR fhRUM=AT geahi=
YR GUYTHTST IR STl BT Sd SR AT 813 RITHE s¥daial Sl
3.2.2 YMUEATST ATURA SAUIR HeRga:
M AT FasdT Wrad difd Jorew:
1. 3 g U TP 3Te.
2. QMUEER HI-d DU, ST B0 fhar Lo TR HRogrrasl a=if=T ufshar wridl arrd. g
ARMISTIE TRTeH S § HIH HH! Taid T 3fgHUUl BT Udl.
3. XMEER Sigl Hi-d fhal 3fied g UIed oidid, del ol fowmrlt ¥ aredr. w1 wifgar =
Sfafefed ot rd, 3= e a1 Waiges Ui USUT RIeRIdT HH! 3.
4. MU diehg 30T HSHYUUN IIGIUINRIS! AR BIC ¢icHe HRUl TRold 3R¥d. i a1 Ufsbdan
TSl Yfcrare ol Trfg.
5. XU Jad e fihrd SRId), S Iredl T el 819 Udhd. MU IS dieduaRia!
T e Sitel IR ST,
3.2.3 yHIfora fSamsa & g;
Table 3.1 IT GFATd YMIE (M) o THTOT T IS 1732-1989 THIU WIS Trald  JHI G 3ed
Table 3.1: I ATURTHTS! WHTIOMG 4T (UR1G), mm

4 25 80 160 340
5 30 85 170 360
6 35 90 180 380
7 40 95 190 400
8 45 100 200 420
9 50 105 220 440
10 55 110 240 460
12 60 120 260 480
15 65 130 280 500
17 70 140 300

20 75 150 320
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3.2.4 Y3a ATHE SO Mehes MU fEeme:
3.2.4.1 U0 fEgms—= eanurR
3.2.4.2 HeIgdt

3.2.4.3 HSHUUIN

3.2.4.1 AgdTaR AT MU fEE- —

i) YMPEaR wad fgfeeT dive fdar i sraarT

i) YMFEAR Wad SfST HiHe SRAaTT

iiii) AT elp T JFS Wide sryar-T

i) YTHEAR CfRTd disHg cid ST §F & ST

i) YMFeaR o fefedr mde fdar efd sRyarm:

19 A N —d4’
IR RIsR T 3T TER, T=o = o T ==
2
_ I 3
T_16 vd | 119 MU HRAT
T=21d,°[1-K1 | dies Tioe i
Where,K=WwW&nﬁam&ma@ﬁﬁm@W=%
ii) YMPEAR Wad SIS AIAE SRIATT:
Y . £d4
ST e SHTT IR, M= “by"z e
2
I
M= opxd® | 1a TTue HiRT

I1

M= 0, d> [1-K'] | digres moe SR

Where, K = TIha MU BT AT T ST0T dTgRiel A UIRR = %

iii) T AT e ST ST wive sryam:
SIcgT AMHeaR dfeT 3MfUT fgRET B aigl die Uhd ded! HhId drdld, dogl UMied [SHTS- HRuas! Jreitd
G Heward Rigid aruRe ST,

A fRreR W et/ ea fUsrdt:

op? + 412

Tmax =

N |-
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T_ T _ GO _T.r_16T _ M.y _32M
but, r 7 L U= T ha & op = I d3
R SHRA AH ¢ and © = TG D,
1 32M 16T
Tmax =3 +4T2 = \/(ndg)2+ (ndg) = Hd3VM2+ T?
L tnax d° =M T2 Te=VMZ+ T2 =11 d°
Higgmw A w4 s’/ Yo fUsr:
abmang[ab+ Jop? +412 ]
_ u:16T — M.y:32M
U= =" "na & oy I a3

RN SHIA AL ¢ and © = B CTH,
1 1 .32M 32 M 16T
Omax = 2oy +aF A ] = L[2M 4 [y a (D

= Opmax d° =[M + VMZ + T7]

M. =

NIH

[M+ M+ T?] =— g, d°

iv) YMUaR UfRad dieds i Sfor JfET srgamr:
YT BT HAMT, ATAN Wiedr JUIRT efep 301 SfET Hide § AgH fRR 79d1d; d Iad sgad
AT, ST I} AT FSATS HRAMT MU Yddh 30T Yahal T Tedhial f[aaR H1al ANTAL., Teq,

Te= \/(Km M)Z + (Kt T)Z

Me=2[ (K M) + /(K M)? + (K, T)?]

Where,
=TH AT b AMOT BT haex dfST Hival
K. = UhiAd Qlep 3101 BT haeR et ik

3.2.4.2 FSHYUTAT TYRTER T (ST

3 . = U= Sredid, 1) SleegTn 9o fAffd Far smsa, fad eiRiAd s AgwrEn
3l 3R AMFCAT Ul Hiex il IS0 31T JHIUT 0.3y, RIS SIRA 91d. T8+ QMU fdvar
STITHRM IMUeHTa!, Ui Hiex afeid faamur 2.4 i d 3 o i mifed Jod WU TR oS, Xahdl.

¢ r_o
J

L

7 L

T
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B—TL
=57

3.2.5 Numerical (Design of shaft)
1) A line shaft rotating at 200 rpm is to transmit 20 KW. The shaft is made of MS with an allowable
shear stress of 42 MPa. Determine the diameter of shaft, neglecting the bending moment on the shaft.

Sol™: Given data: N =200 rpm Power = 2 1761(;/ T
Power =20 KW =20 X 10° W 20X 10° =222
7 =42 MPa = 42 N/mm? T=955Nm = 955X 10° N.mm
d=?

By torsion equation, T = % T d3 955X 10° = % X 42 X d3

d=48.7 mm =50 mm

2) Find the diameter of a solid steel shaft to transmit 20 KW at 200 rpm. The ultimate shear stress for
the steel may be taken as 36 MPa and factor of safety as 8. If a hollow shaft is used in place of solid
shaft, find the inside and outside diameter when the ratio of inside to outside diameter id 0.5.

Sol": Given data: N =200 rpm

Power=20 KW =20X 10°W ] T= - %:45 N/mm?

Tye = 360 MPa = 360 N/mm?

d=? = Power = ZANT

60
FOS =8 20X 100 =22 X208 T
60

K=0.5 B T=955N.m = 954.92 X 10° N.mm

For Solid Shaft, T= % 7 d3 954.92 X 103 = % X 45 X d3
d=47.6 mm =48 mm
For Hollow Shaft, T= 136 T d,?[1-K4 954.92 X 103 = 136 T d,?[1-0.54

d,=50mm & d; =25mm

3) A solid circular shaft is subjected to a bending moment of 3000 Nm and a torque of 10,000 Nm. The
shaft is made of 45C8 steel having ultimate tensile stress of 700 MPa and a ultimate shear stress of
500 MPa. Assuming factor of safety as 6. Determine diameter of shaft.

Sol™: Given data: M =3,000 Nm = 3,000 X 10> Nmm
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T = 10,000 Nm = 10,000 X 10> Nmm

Ty = 500 MPa = 500 N/mm> T= M = 5% = 83.3 N/mm?
0y = 700 MPa = 700 N/mm> o, = & = T2 = 1167 N/mm’

FOS

According to maximum shear stress theory:

Te=VMZ+ T2 == 1 d°

J(3,000X 10%)2 + (10,000 X 10%)2 =X 83.3 X d° d =86.09 mm =88 mm

According to maximum normal stress theory:

M=

N R

[M+ VMZ+T?] = o, d°

1 [(3,000X 10%) + /(3,000 X 10)% + (10,000X 10%)%] = = x 1167 x 4* | 9=83-7mm=84mm

Taking the lager of the two values, we have d =86.09 mm = 88 mm

3.3 o fEgmsga:
DI TGUTS MU 31O Yefiean &4 fobar STawed ardad Qi Teral qhal S i1 Thd SIS UaTiTa! araRa

STl SO AT AT0e BTeraTd 81 4. < "gH! ATHCAT SH&Te THIAR bTdall STTd. AT areRed
BREFRTATST aTuRe™T SITdTd SHTTOT FidTear HiGdT YHIONT shiRET SM1f0r =ASRAT a1 A, Hid W et
QMU 3101 gH Teb Tilc fohal REY Sl SAEed 1! &9,

P d UPR:
1) b Bl

2) dSd Dt
3) <ole oI
4) JI3E P
5) TR

1) U I B Faid SR aTuRel SIUMRT T 3T, T 1 a1 34l HIT MueHeid H1-d Jed ST IXaran sref
YT U Pl-d A 3/l THR,

a) iaz”ﬂwwaﬁ [W:%, g=2 ] where, w = &1 ol ¢ 31f01 t = D1 ot TS

6
b) BRIFH [w=2, (=2
¢) fags d& ot
d) IS ¥ &l
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SQUARE KEY FLAT KEY DOWEL KEY FEATHER KEY
WOODRUFF KEY GIB-HEAD KEY TAPER KEY
l !
SPLINE

Fig 3.1: ¥4 Y&R

2) HSd Bl UPR,

a) TUC Y3 DI: 8 TP R P 3MTg ol gIHTA HIaHH FUd AT YMFEaR JUTe 3R, HRRATE! o
YUY TERUAT Fedl 3. UM o Ja- gaadl YRITS! aTaRd SiTd.

b) U@ S I; &l TP R DI 38 ol gaHLA PloHe I 30T HlaT dBmE HFT AU ah
JEHFTIEGR Sd 3T SR T STdl. Tihed Hed &I gNUIH eRe 184, T § gaddl HRINT! I
3TR .

3) Coic ®l: Toic PISl BHICHHIT UhT SIS He] THaed] SITdld. YA ol had UhTd G- iR Tgd &
. g AIGYT ofS Sgc! [MUCHE qTuRa ST

4) ASS DI: g MATHR AT 0T AT 30T 3i=rc: gaHed fgdd hoied fFsied S9drd. i Braal
3T 38 B! T DI HISHT UICH Tha HedHaR [9d dbal ol bdTd TN 1 ol SiTs, [hdTd. Md
D! T AR IJEEIo! aid a7 AT SITdTd.

5) TR HeiHE Biol ATl TS SIdTd ST T 3R] HIqHE SRIdTd. 3T M T84
MU FZUIATd.

33.1 P bt ) s
SR, T = Y= uRerHigd arid IR efd
F = o=t gRErHiadt srf SRR Eic §d
d = MY
| = &) =t @iet
w =1 I St
t = ! T SISt
T & Oppysy = ISR AT IR T
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Key (]
Shaft )
4

Shaft with Key

w w

Failure of key in shearing Failure of key in crushing

Fig 3.2: 31 (Key)

P =1 FRAISR faaR Har, ToielRiad RISR ¢ YMde=ar giarHiad

T = — F=1lw.t
w.l

3T, MUCER WRAGIURISG  T=F.5 = l.w.t.5 ... (i)
B! 1 HIRAT faTR T, SicRiad iR g We=ar uRarHiad!,
F

t
Ocrush = ) F=1. 3+ Ocrush

N | o

ST, MRGRPARAGURISE  T=F.5 = .2 Ogrusn -5 woovene (if)
Dt fodes i goigd S SHIRIT 0T RISR Ted R,

d t d o h w
.= l.-.0 .= MR = = iii
2 2 crush 2 21 t ( )

ST RIARTE BRI W g1 RARTEd fRISR K =1 Jad MYRUYU gWe SR,
TEUH FUIBRUIA (iii), w = t. J8T W3R i &1 R4 3for spfRi an Srgimed Tom Aeigdi SR,

332 XYl Ggdiar $i-ddT FIUTRT URUMH:

NS fFIR Feary 3 AT A3 Pt AMUeHED HIUAA HId At HR T8 &HdT HHI Hal. § i
HIUATSIges Il a0l ThTIAY HTIOT MU o 1NI-HaRd SATHE U ST Bid. gu=a1 Reaid, Ml
TIRFA g HH Bid. HIdT HAGAT Iudrdl URUTHRIS! Jrelid J§e TI.0%. TR Ii=dr Ui
ApTeriar smemid aife.
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e=1-02[3] — 11[3]

strength of shaft with keyway

Where, e = shaft strength factor = _
strength of shaft without keyway

w =1 dl %l
d = XM=
h=

N e

I 39 Told eRd Sld ] His WMud! didbe Y1 JMFAT 4% 3, St atdl Hee fHesaden
HeATO&T UTS] IR 3.

3.4 T HURHT UHNR:

QMU HUTHT WA G H&H e fqHRTe et Sfigd:

1. RRfSrs wufiT: ST g XMy Yuivul Tha W8 3T, dag] T SISUaITa RiSTe wufeiTar arR
&l SITdl. WTelTd bR RS HUfei ISR e

(a) Xhieg fohdl A Hufci.

(b) T fohar Rte-q% wufef, Sfor

(c) TRTSl HUTHT.

2. FifeTad HUfelT: a1 HUfTT o7 I o AMeHdid dexd, SR fdhar sffRmad frgsiargde
e BV BT ). T & HUTHT Yddd 101 GRS MY YU Had Hd. e YR Uifddad
HUICHT THR 3MTed:

(a) d=T fO7 CIE9 HUfT Bushed pin type coupling,

(b) g HUfCT, 30T

(c) TS H HUleiT

3.4.1 i fPar aw sufenr=h fEzmsa:
& HUIHT HRE SR Scad 3. ITd Udh Uldhed RIdex 3Rd SaTaT Tdid o Ml AEae!
3l Fig 3.3 T SrREaedydTul, d fid g€ &t dUe qlvel AMIT TIdhiar Sdd SiTd. UhT JMFCHY
T YA ATt MOT TeiteggR adlt TR el ST, UM, §d U 2l TG SRUaret IRy
TSI 30 SIS TR,
HRE 3T Tefieg HUleiTe AgHIT THTT WIATTTHTON TR
ToilegdT ST &1, D = 2d + 13 mm and
il A offell, L=3.5d
1Y d ST =T
1. i @t fegneg: Wiled S8 HRAM TN U Ul JMUE S ST,
Let, T = HRITGR T Bl SITUIRT i,
T, = BRE T Wi IRATT 3Rce RISR Wy
STUTAT HIfed 31T &1 Uidhed HITTGR TR BIUMRT lep,

n
T=—= 7dy [1-K]
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K = Uiehes 2ITUE S1ell eiier o1y SH1Or STeier samir) oikeR. = <
"1 PR, Wiigae Faf gumRt fRISR ¥ quRid Siis, dh.

2. at i fegmg:
witeg A T grom=ar s Sfor HiR KT qurult Sl SIS . Seral Hifed 38 @,

STfHe FTelaT e,

T=1l.w.t.5 ... (@) BTRO! Fa=IR )
d o
T= 1.2 Ooush -5 woveens (P =T IR IR HRT)
Muff

Key
%’/’//j’:’ /5?’{////,/{/{?//”,, /?’i/’://%ﬂ [

Shaft

_.‘L AN

'y

L

Fig 3.3 it fdhar A% ufei
Numerical: Design and make a neat dimensioned sketch of a muff coupling which is used to connect
two steel shafts transmitting 40 kW at 350 rpm. The material for the shafts and key is plain carbon steel
for which allowable shear and crushing stresses may be taken as 40 MPa and 80 MPa respectively. The
material for the muff is cast iron for which the allowable shear stress may be assumed as 15 MPa.
Solution: Given : Power =40 kW =40 x 10° W
N =350 rpm
7 =40 MPa = 40 N/mm?;
Ocrusn = 80 MPa = 80 N/mm?
Tc = 15 MPa = 15 N/mm?

1. Design of Shaft: Torque transmitted by the shaft, key and muff is

2IINT

3 _2XIMX350XT
o 40X 10 T

T=1100N.m = 1100 X 10> N.mm

Power =

2. Design of Sleeve: We know that, outer diameter of the muff,
D=2d+13mm=2x55+13=123 =125 mm

Length of the Muff, L =3.5d=3.5x55=192.5=195 mm
Let us now check the induced shear stress in the muff. Let t. be the induced shear stress in the muff
which is made of cast iron. Since the muff is considered to be a hollow shaft, therefore the torque

transmitted (T),
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I
== d,? [1 -K4

Te = 2.97 N/mm?

Since the induced shear stress in the muff (cast iron) is less than the permissible shear stress of 15 N/mm?,

therefore the design of muff is safe.

3. Design of Key: Since the crushing stress for the key material is twice the shearing stress, therefore
a square key may be used.

=~ Thickness of key, t =w = 18 mm

We know that length of key in each shaft, 1=L/2=195/2=97.5 mm

Let us now check the induced shear and crushing stresses in the key.

First of all, let us consider shearing of the key. We know that torque transmitted (T),

T=l.w.t.% ~1100X 10° = 975x 18x 1 x52—5
&1 =22.8 N/mm?

Now considering crushing of the key. We know that torque transmitted (T),

T=1.5 Oqusn-5 +1100X10° = 97.5% 2 X Ogusn X =

Ocrush = 45.6 N/mm?

Since the induced shear and crushing stresses are less than the permissible stresses, therefore the design
of key is safe.

3.5 g3y (Bearings):
S3HIT (Bearing) BT Udh TifA® Ucdh e SN gl 9¢ YChIdl (Moving Machine Element) 3HTUR ad),
STel S (Journal) TEUAT. S31RIT F e e Hud JEHTTIHED WTUef et (Relative Motlon) 81 adl
10T ATE A&t YR aTg- U, UieT fdaR e fage dd &t Wus gEUTTHe ardef Tdiges gy UideR
(Frictional Resistance) SASTaS PTe! THIUMG il draT SITd 31701 SR o LI Je uspid
AT R SIde 3 (Rapid Wear) 8. T80T TfddR 30T 3o it Srugrat, a@amamﬁnfw
BIUIRY IWTdT R HRUARISY, ZdTel AR (Layer of Fluid) fadl SITal, ST @8 (Lubricant) TUIATd. STHRIG:
ST SO SSHRAT AT HYUGRATST AToRet STV Wgeh § USHIHURET [k chetel WS dd (Mineral Oil)
31d, T Il 9 (Vegetable Oils), fiferdla e (Silicon Oils), #I¥ (Greases) Fmdl e arRa
WS Qhdrd. RAfT dicde a3 (Rolling Contact Bearings) T ST ‘J-I'I'J'I'I'J:[?ff Jud gl
wrsfeMuastt AT (Rolling Instead of Sliding) WEUMT 3Rl 31U 3¢t qﬂ%ﬁ 3{TE P! YR
SIS ST (Ordinary Sliding Bearing) goaTdidl Slgeelde Hed-¢-Hed WUdb (Metal-to-Metal
Contact) B & gId T AT TN 0T (Coefficient of Friction) SR 3R, AT Bi<de SR
T BrC;: TSeT SR gaqd e Sl ae SRS goaTdtdT 99T (Starting Friction) U HH!
Sl a1 HH! ‘EI'EfUTIH% RAfeHT BIcae J3RET 3f-Tharm deifg (Antifriction Bearings) 3y TEUrdra.

F3fiv FEffevor (Classification of Bearings):

1. HIRTAT ﬁ"-ﬂw (Dependmg upon the Direction of Load to be Supported):

T TTeTdd SN WA aiiigrd dhel SITdT:

(a) ST 934N (Radial Bearings)

(b) U 3 (Thrust Bearings)
e (a) ISTd IR HE, HR 1 I Yehr=aT T feQien a9 (Perpendicular) F‘I'ITCLEﬁ?ﬁ
o (b) 3T FNTIHL, YR BT YU &R (Along the Axis of Rotation) ARL B,

2. U] TGEUTIR (Depending upon the Nature of Contact):

T TTeTdd SN WA aiiigrd dhel SITdT:
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(@) TS dicde 93Ty (Sliding Contact Bearings)
(b) AT Picde I3 (Rolling Contact Bearings)
o (a) WRET Dicde JRTTALE, T Yo AT fRR gch I Yudb GEHURTIAR T¥R0 (Sliding)

TR P FET B R (Plain Bearings) 3/&g! GUIAId.
o (b) NI Picae JRTared, Wiad dicd fdar I (Steel Balls or Rollers) 8 Id 301 fRRR

Ycohicg] AL dael ST
U didl fhar JAeRAT3! aH %@fﬂ RAfeHT Tefor (Rolling Friction) faior g,

Fixed element Fixed element
|
A

2\
27 24
Moving element
(a) Sliding contact bearing (b) Rolling contact bearing

Fig. 3.4: g3 (Bearings)

3.5.1 '\‘T'ITQ'%"T Prcae 3T (Sliding Contact Bearings):

ST TS Dl ae d3HNaHe TR0 (Sliding Action) TR Y§d ANIGIRIA dball SiTd SATOT ST YR a8
ﬁ?ﬂ\_rﬂ?ﬁ il WW’T@_&' SRy (Slipper or Guide Bearings) ¥eUIdId. 3T TR d3RTg Q'I'ﬂ'@ﬁ
| Eﬁl:l?ﬂﬂ WW—%@@ (Cross-head of Steam Engines) 3{lgoddld.

. — Bearing
Wy o
g "/
X N7 £ d
/ &/ /s
() Full journal bearing. (b) Partial journal bearing. (¢) Fitted journal bearing

Fig. 3.5: a fhar wite Faifen (Journal or sleeve bearing)

ST RIS Bicde JANTIHL TR0 g1 Il URETeR [T aqered HHMIAR gid ST I$ad HR
digd AT ST, T S fdhaT Witeg Sy (Journal or Sleeve Bearings) ¥ UldId.
o SR ST ST SHawENT YUSTE B 360° 3T, TR T SARIA Hd SHd 9317 (Full Journal
Bearing) ¥UIdId.
81 UBR 3NeNfIes daamfiHe (Industrial Machinery) AIaT YHIUMER ITORET I, HROT df
DIUTATe! ST R YR WHRe e,
o SR IR T ST Tusmsien S 120° 3R, R 1 S3frar uiikiad sHa 93T (Partial
Journal Bearing) ¥gUIdId.
I UHRID Hd S AU G0 HHT 3, T ot Wad =M fEH1o7 aruRar Iat f57d 4R Aget
TohT fa=Id Sel.
. URfod SHa S Fafd g SUTRT Yed ST e e (Railroad Car Axles) @5l
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Td 30T RIS S 93T fdasR~g 9317 (Clearance Bearings) 3! UIATd, HRUI STl ST
BT S3ifTTeaT Sarmae St ST, SR UIiRfae SHa Seifimed fadsr-g 7, o SHd ST ST
N A 3R, TR AT 931RRaret fhes 93T (Fitted Bearing) WU,

3R ST Sa T SR ST HEHTAT IR STetaeH (Thickness of Lubricant Layer) &t

Fi<de 31T TreiayHm! Fifferd wa STar:

1. SIS e 931 (Thick Film Bearings): ST S3vaqsd PR EUTT (Working Surfaces) Hg®THe
quitTl 37T FHaldd SRIATd. RN THRAT SR TRSSAHHG giddhcs S (Hydrodynamic
Lubricated Bearings) ¥ UIdld.

2. TUIae fhed 93 (Thin Film Bearings): ST S0 Wedh IURYT 31, TG BRI JSHFT ST

I ST THHD T TR HIAT. 3R THRAT SR T8 fadbhes a3 (Boundary Lubricated

Bearings) UIdId.

I fihed 931 (Zero Film Bearings): ST §3 H 10T HedHIRIAR™ H1A HRT.

4. BEUSRCICH fdhdl aTel qla Aed fadd 934+ (Hydrostatic or Externally Pressurized Lubricated
Bearings): ST SR STa ATIOT J3RTaed A0 Tt TamTe! fRR YR dIgH 43, Y.

§ 9181 T WeP YA TaRaw ehed e ol oild.

w

3.5.2 i Biae saife (Rolling Contact Bearings):
fri%m Bicae SRR G YR WIHATHI0 STR:

. §id 934 (Ball Bearings)
2. R 934 (Roller Bearings)

Ball

Outer race

RS
BhN

77 1% )\
I s VI 954 Retainer (v
| (T T
AR N,
= .k Inner rucc—/' .

(a) Ball bearing. (b) Roller bearing
Fig.3.6 §Td @ YA} 93T (Ball and Roller Bearings)

S AT IR SRaed - SR (Inner Race) 8T MU ICIRSRISER (Shaft or Journal) ST SR,
W 3MMEHex (Outer Race) &1 BTSN fohar HRFMA (Housing or Casing) T Al 3R 3Tfor
3T I IiedT S a1 foaT e (Balls or Rollers) dacial ST, 3 SIH fdhal Ay aruRal
ST SATFOT T I SRTaR SAUATITST Xe-¥ (Retainers) ATORE SIIATd, SATHS o THH®D AT TR Hd
TTeId. ¥4 § UIdes US (Thin Strips) SRAId SMIO0T WHMA: 9 HRTHE §9dcd SRIdMd, S sicd arg
SRR TITAMIR TH ol STard. s ST (Ball Bearings) 80dT HRITA! (Light Loads) aTaRd
STATd. TR §31R™ (Roller Bearings) SIS YRS (Heavier Loads) CIERGASIGI!

HRTAT TWREUIAR AT Picae SR Wrefiavm aiffegd o S

(a) feaa dei (Radial Bearings)

(b) ¥ ST (Thrust Bearings)

SicgT did ST Tad Yedd YR (WR) 18- dl, degT siaar guiF ad (Plane of Rotation) BT S8R
oy dd (Normal to Centre Line) 31,

YR R (WA) AN TeTeR Sieqedl guH dami e gad (Shift) B,

YfSaa 3nfor 9Re B St HR ThTE 93] (Simultaneously) g A SIS b
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(@) Radial ball bearing.  (b) Thrust ball bearing.
Fig.3.7 IETa 9 e i (Radial and Thrust Ball Bearings)

ISTa gia defad yarR (Types of Radial Ball Bearings):
Gty fafdy TR feTe siar 93y eesdd:
1. Rimaadu e 3 (Single Row Deep Groove Bearing):
T ST S IG X (Races) Uls HHUC dal SITATd IO TR SR Sied A ddd

AT, Aok 39 YA 30TG STdid 0T Sieq 1 ¥R fdhal ool (Retainer or Cage) =l BIRZIE]
AT (Symmetrically) 3 STd. S10 3cg SIdl o 3R IT0R AT SR HR dTg+ ~0aTaT &fdges
(High Load Carrying Capacity) 3101 STRd T =mdt ?ﬂ“ﬁ'ﬂ% (Suitability for High Running Speeds)
&l STal. did SR YR aTg- AUdTeE! & g1 Sl bR (Size) 0N TBAT (Number) TTAR
I 3.

/:/E/ ?/%/%

2% /W

(a) Single row deep (b) Filling notch.  (c) Angular contact.  (d) Double row. (e) Self-aligning.
garoove.

Fig.3.8 I&u aTa 43174 WHR (Types of Radial Ball Bearings)

2. fosfer Ara Serf¥ar (Filling Notch Bearing):
T FRTTHE TR SO 3MTSHeR XqHH A1 (Notches) ST ST 31U Y& S TqUEH 31 sicy
e AATd. A o dB9dd STd Agid, IS ST AraYT gdeiHaR SleRawi- il
SR 99d1d AT, A7 YhRedl S3RHed ORd sl 3edrdes Al YR dTgd Auardt &Hdl (Load
Capa01ty) \_SHW 3.

3. GF'HE‘R' Picde JATT (Angular Contact Bearing):
T SHRTIAL 313 e AT T HRT SO STl ST iU o8 SRIT0ET i i arerdm AT,
TUT GG XA T T, e BT 9311 TebT fa=iciiel HIST 31&Td YR (Axial Load) T8 HIST &7
UR (Radial Load) g7 73 Yhd!. YR Dicde SR FHRIG: SIS (In Pairs) IO SITATd,
TS Y HR Glg IGRIT aTg el A,

4. B9 I IAFET (Double Row Bearing):
7 93 Yeua fhar SgeR dicdeds TR &d oS IHhdd. Sad A SN 7 g R
SaRTauem A& 3rée (Narrower) 3id. 3R ST YR dTgA 00! &Hal g Rima A
3T gWeuar AT SHt 3.

5. AeP- AT 3T (Self-Aligning Bearing):
? 931 2=t 2-3° gdd=an faaa T (Deflections) TRAT SaTd. A&fTd HUTIR 31T & AT
ST ST fAsR=T QU HH 3R], TS JMHE TN TS RIS Hid HHsar-ae WioRd
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S1d 16T, SR gie HS@aHcys 3Riad Pl 7id, aR J3HRITaR fSIS JeaTuen oRd R AR 8%
el HTOT SHBTe B3R (Premature Failure) 813 Kb,
TP - AT SR TP R:
(a) IT&l Aeh-HATT SR (Externally Self-Aligning Bearing):3T$Hex Xqd &g AN TATHR
JYYITIAOR TS baidl 3!, S 8T RHTe MardR EHIRI o,
(b) SHTARD e - AT ST (Internally Self-Aligning Bearing): 3T&eR T JTcid YU MATBR
JEUTTIAR A58 Hardl ST AT 3T eR STl dIed] BT gaddl dd, O diiel ST g &l
foTsd A8l 3aRke® Yeth- AT did 93T SR aid 93l Eexdolad (Interchangeable) 3.
IR T AT UPR (Types of Thrust Ball Bearings):

%%ﬁ;: % ///ﬂ/,;?@

(a) Cylindrical roller. (b) Spherical roller. (c) Needle roller. (d) Tapered roller.
Fig 3.9 AR %arﬁ'r\q% TP (Types of Roller Bearings)
WTAAYHATO! TR SR THE UHR T8 d:

1. ﬁlﬁl’%ﬁ IR e (Cylindrical Roller Bearings):
T FHIHL TEF Ay 3Rard of borred AFGRIT (Guided in a Cage) Had ST, § 4R
AT Taifaeg A ded (Rigid) 3rEAId SIOT S8 YR A8+ Aum=AT AfeiT-dicae defgaed
(Heavy Duty Rolling-Contact Bearings) Jaid HH! TN T[UTie (Lowest Coefficient of Friction) 3.
3R UHR 3R SR AT Jad1a! (High Speed Service) dTRe SITdTd.

2. Th¥Pd R I3 (Spherical Roller Bearings):
7 d3R Jeth- S (Self- Ahgnmg Bearings) 3{¥dld. - A1 afdreed § UeT a
TR GEHURTER (Sphere) A28 H&d A Hd Sd.g 94T AURUG: +1%° GEddl ST
fRI3@maHe (Angular Misalignment) U8 = XA, S8 3 A8 ATREN § 934 gt
fa=ri=t Y% YR (Thrust Loads) a8+ =43 Ydhdld.

3. Isd TR 3T (Needle Roller Bearings):
? 9317 Ja- TSUIA (Slender) ST STOT ST YUIOI HRTd, TS ol fhdl ReR (Cage or
Retainer) 3Ma¥gdb dl. § 93NN T8 YR 3R] g (Oscillatory Motion) dig- BRI
TR SITdTd. 3al. gt Sgcﬁl fega Eoumeia fiRes {9 931 (Piston Pin Bearings in Heavy Duty
Diesel Engines), ISP RIGTC | RCIS S 22 (Reversal of Motion) AT TG TR S,

4, ¢URS e 3y (Tapered Roller Bearings):
1 JIREd A ST WA § HIUS @ (Truncated Cones) ST SATd gedh TahT AHH fogar
(Common Point) S&dTd. 3R UHRY ST ISTA 30T ¥ UR (Radial and Thrust Loads) Gl
a8 % P, § é’aiﬁ?“v'r fafae TaeFTe) Iuds SRIdTd, S &I Sad AU I3R™ (Double Row
Bearings) 3for fafay i=rn YHYE (Different Cone Angles), qu%%%m 30T 3Re YR fafay
DHTUTTST QTR AT,

3.6.1 TATSIET Bicde d3TT=T gaqa AfAT Ficae d34RTad BRIS (Advantages of Rolling

Contact Bearings over Sliding Contact Bearings):
1. I UpUl U (Overall Dimensions) T8M 3/ &d

I T HHT SR,

S aTcidT SATFOT ATe] Tyur HHT SR,

&fOreh YdaITd YR (Momentary Shock Loads) T8+ ®& b

e U SfaITHcHe 3l IR,

6. ArdbIBrTS! ﬁ%ﬂ%‘ (Reliable for Long Service) 3.

Nk
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7. S9fQU (Mounting) U 3.
8. 3ffYe T3l (Cleanliness) T=fad.
3.6.2 TATSIEN Bicae F3ARTHAT ga-a ATAT Blecde I3 dic (Disadvantages of Rolling

Contact Bearings over Sliding Contact Bearings):
1. PRRT M TSt (Noisy Operation) 8%
2. URFYS W (Initial Cost) ST SR,
3. 3T BTSRRI AT (Design) aRdid! 3.

4. gdd HgA YRdaT (Continuous Lubrication Supply) 3TaRTdH 3l

3.6.3 S3FT IUANT (Applications of Bearings):
RAfeiT Bicae I3 (Rolling Contact Bearings): B 93 ﬂ?‘lﬁef S YR guf U SIRd TS AR
ST, UTefafes SUTT:
. SiicHaTsad geid AT Arfid Sfared
e BRI Safacd Ay
REREIESK]
mﬁ? o f@sw Rl R TRy
drs ddeqlﬂl f—i?l Ul (H01st1ng Mechanisms)
6 qucbﬂl 3O Arearadhat
TS Picde J3HRN (Sliding Contact Bearings): & 93 o=+ SRd YR YOI ST T3] aToRa
ST UTcféfes SUTNT:
A 31fr 7Y Caig=
. foo o shapaiue Seiii
TIoaT BRI Safaed Hicy
HTRpTa 3for sifeqae dw
HeRYS TSI JUBU O FI AT Hrag 3l

VAW

SN P

3.6 SR TS (Selection of Bearing — Radial Ball Bearing Only) Manufacturer’s Catalog HY:
SR fAde Wreite TRRIER &t il
. SIHRATR BRI HRUIR ST T (Fr) M7 31T 9 (Fa) T,
ST SISt AT ATt T =M.
DHedl Y ASTd haeR (X) T 3RS e (Y) Tid Ged TN,
? YU T UNRRIGR g 3/ ((Fa/Fr)) ST ((Fa/Co)), 1Y (Co) = fRR UR &dT (Static
Load Capacity).
5. (Co) ¥ HeT deaiTedl A N ST
ST gs e 3s TR TgaH (Trial and Error Method) CURSIG
7. JHJ™ SEHHG UR (Equivalent Dynamic Load) Qreit FHBROM HISTaT Sird:
[P=XFr+YFa]
8. ofuferd %&G‘rﬁg 3TgH (Bearing Life) 33dd STTd 1107 o fHfera Ygleg==ad e (Million Revolutions)
o :
9. SOAHD A8 &Hd (Dynamic Load Capacity) Grefid FHIBROMA Hiofel! S
C=P(Lio)?
o W SHNTIAT (a = 3)
o IR IHNTTHAST (a = 10/3)
10. Fasad 93T STaue ST &HaT gRfad &1 d JuTl.
SR e, W geid Ritomeia 931 Faer oifor g1 fae=an IrkiaRg ot &, 8t Ufshar d
UHRAT ST oS et arRe! Sird.

>won oo

o
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‘ START ’

A

Calculate Fr and F,
Shaft Diameter
Application

l

Select type of bearing

Find:

1. Go

2. €

. 5. FoFrand FuCo
4. XandY

A 4

Calculate: P= XF+YF,

|

YES

Is it Ball
Bearing?

a=3

a=10/3

v

Calculate: C; =P (Ljo) ®

NO

Select bearing of
Next series

YES

Fig.3.9: Selection of Bearings from manufactures catalogue

Maharashtra State Board of Technical Education



Design of Machine Elements (316357) %‘C\FI'I'&ET 3 7=fi= Qﬁ’lﬁ?ﬂ (316357)

Exercise:
TLO 1.1: Explain the concept of torsion.
1. Distinguish between shaft and axle.

TLO 3.2: Use torsional and bending equations for determining the stresses acting on shafts, keys
and couplings.
1. Enlist the types of stresses are induced in shaft.

TLO 3.3: Explain the types of shafts, keys and couplings with their applications.
1. Define key. State its applications.

2. State the requirements of good couplings.

3. Write down the classification of coupling and draw neat sketch of any one

TLO 3.4: Explain the procedure for design of shaft, keys and coupling for the given condition.
1. Enlist the requirements of good coupling?

2. Explain the effect of keyways on the strength of shaft. Write the expression.

3. Write the design procedure for muff coupling with diagram.

TLO 3.5: Determine the dimensions of shaft, keys and coupling for given application

1. A line shaft is driven by means of a motor placed vertically below it. The pulley on the line shaft is
1.5m in diameter and has belt tensions of 5.4KN and 1.8KN on the tight side and slack side of the
belt respectively. Both these tensions may be assumed to be vertical. The pulley is overhang from the
shaft, the distance from center line of pulley to the center of bearing is 400mm. assume maximum
allowable shear stress of 42MPa. Determine the diameter if the shaft.

2. A shaft made of mild steel is required to transmit 100KW at 300rpm. The supported length of the
shaft is 3mt. It carries two pulleys each weighing 1500N supported at a distance of Imt. from the ends
respectively. Assuming 42MPa of shear stress, determine the diameter of the shaft.

TLO 3.6: Classify the bearings used in power transmission system according to their application.

1. Compare sliding contact bearing and roller contact bearing on the basis of size, life, coefficient of
friction and housing diameter.

2. Differentiate between sliding contact and rolling contact type bearing.

3. Differentiate between rolling contact and sliding contact bearing on the basis of: (i) size (i) life (iii)
coefficient of friction (iv) resistance to shock

4. State advantages of rolling contact bearing over sliding contact bearing.

5. State any four disadvantages of rolling contact bearing as compared to journal bearings.

6. State one application each of:

(1) Deep groove ball bearing

(i1) Tapper roller bearing

(ii1))  Thrust roller bearing

(iv)  Needle roller bearing

TLO 3.7: Explain the procedure for selection of bearing from manufacturer's catalogue.
1. Explain the selection procedure of bearing from a manufactures catalogue.
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gfAe 4
UTaR ©p 9 Tps wise d fegmg

(Design of Power Screws and Screwed Joints)

faug o=t (Course Outcomes)

CO4: TR TIATERM d BREANTS! iR ST I 98 & d Acd! fds ®Rul. (Select the suitable
thread (Screw and Nut) screws for power transmission and fasteners.)

Yo i (Theory Learning Outcomes):

TLO 4.1 UIaR SFITHRM 9 BRETHIS! dToRedT ST fafdy Th R dE9d T ¢Ul. (Explain the
types of threads used in power transmission and fastening.)

TLO 4.2 faarean &Iﬁq?ﬂm I IS MBIl Has B, (Select appropriate thread profile to be used
for given application.)

TLO 4.3 JiaR @mﬁ fAT0T SIOIRT <idh T Hdemar FAiEd HRo. (Determine the torque and efficiency

induced in power screw.)
TLO44%p d Feusd fAmtor grom aror FAfyd HRor, (Determine the stresses induced in screw and nut.)
TLO 4.5 fdden lm'l_opf@ Sl el b d Al ERIEREIRIE IR RS (Explain the procedure for design

of screw and nut of screw jack for given load.)
TLO 4.6 UlaR TIAMHRA d BREFTHIST dTuRedT ST 6 d el URyTol (Af3d R0l (Determine the

dimensions of screw and nut used for power transmission and fastening)

TLO 4.7 99 ATdhardl dliee arat Yhed= WY HRU1. (Explain bolt of uniform strength.)

4.1.1 UTaR TARIRM 9 BREATRITS aTiRd SUR S MBTSad UhTR:-
UfaR ¢ 9 BREFTHE aiuRe SR fafdy g€ MwTsd @leliavmm 3ied,

k=P —lP w30y
. T

(a) Square threads (b) Trapezoidal threads
29°
p/2 I
I
(c) Acme threads (d) Buttress thread

Fig 4.1 UTaR S-A¥=M 30T BReFTHaTdt aruRedT o=t 3 UihIsad WER (Types of thread profiles

used in power transmission and fasting.)
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1) W3R AT (Square Thread):

i) W3R YT JSaAT UHIZS i A (0°) 3.

i) 9l Jed TOR (CISN) THHB A HD AT (Perpendicular) 3HdTd.
iii) Glval fGIHT & SN HRITAT 3RS dogl W3R ST TR BT Sal.
iv) T3S U FAAT0T 1 al 81 98 Tei (Power) TIRUI & X1l

V) TS (Merits):

a) W3R ST BRI (Efficiency) qaifie 3.

b) 1SS IR THTHS A gIode THH d YRId Bid.
¢) TR JUIRT SIS 19 (Radial Pressure) HHT SR

vi) ae (Demerits):

a) IR US MHISGT Je-1d aTa 2! HHT 3.

b) -c 10l G BTGl (Engagement and Disengagement) DTN 3.
¢) BT IS U0 HR01 3aus 3.

d) RiTre dige Hien go w1 ol gt wfie ufshar s,

2) ;‘*ﬂvﬁgw D (Trapezoidal Thread):

i) SOeiige® deHe dedr B 30° 3R,

ii) 8T 98 Hec1-Ulsc BT cooal AR 38 AT HRiHaR daR HoT S,

iii) Accl-Orsc BT To ool HRITT 8 WroR YS! AR Su=T RiTe-Tise dict gauer JHfdd
fhwraRiR 3.

iv) CUSIISS® YSdl TR B1e TP d SR UIaR CRITHRM SUDHRUTHE o] S,

V) BTG (Merits):
a) T¢ YTIATS HIY-TRMS &ADHS SR TS 8T IS Wh3R JSUET YD ToTgd Sl
b) f&e T aTR T gral, TS THUT (Wear) U HTadl Ad.

vi) ?‘ﬁ%(Demerits):
a) W3R YSTT o AT HIIEHT HH 3R,
b) TS IARTS TR HIa! AU ST grd FAafor gia.

3) It As (Acme Thread):

i) i I8 BT CUSigs® J8d fazIY UHR 3ie.

ii) ST IS I CUTIZSS IS § IS DI Aeodl SR STaciid I ST
iii) St ST g€ DI 29° .

iv) arg! a1t 96 ST PRI S AT Sl YSaT aTR BT ST,

v) St YT IR BIS T d SR UIaR TR STDHRUTHL oho] STal.
vi) ST 3€ SRS (Dies) A HIUS ST SIS o TUR HR0 Y 3.

vii) BTAS (Merits):
a) € YNTA® $HI-ARMS EAHS SR SIS 81 IS W3R ASUET AP Toled 3.
b) RFe Tear aTR AT Ud!, TS TN (Wear) HEH Hledl Ud.
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viii) e (Demerits):
a) TR VST o AT HTRIeHar HHY 3.
b) FGANE IARTS TR HIat YAV ST grd fAafur gia.

4) Ea'\"[ IS (Buttress Thread):

) T ISHE TSR 45° P PO SR

ii) BT IS T QRIS 3R US> 2Ahdl, AT Al BT d o (BT SUBHRUTHL JTIRST ST,
iii) 9 U BT SR PIVIATe! YSUET YD Tl .

iv) BTIS (Merits):

a) T NG B IN-TRMG aAhe qalldh A 81 98 3did Asigd SRl
b) TT YSAL W3R IS T 1-ISd Td BIG U A s,

¢) g1 9€ FfdT MR fehraaziun TR &Rar aa.

V) e (Demerits):
a) B 9 Whad UdhI QR4 2Mad! JIRUMNTS! aroRd Adl.

4.1.2 Uﬁ??@_tﬂ T (Terminology of Power Screw):

Angle of thread Flank
Slope —{|=— ,/—;| f<—0.5p

........... ¢

4’

|l«Minor dia—|

dia

—
I
|
|
|
|
|
!
: |
1
|
I
e
}" |
I
Major dia
’-7 Pitch dia

Nominal

Crest —/J "lpl‘_ Pitch
Root

Depth of thread

Fig 4.2 LICES '\%_tﬁ AT (Terminology of Power Screw)
1)ﬁm:=ﬂmﬂzv (Major Diameter):
e fohar Siciia T YedT Tald Hisl SN a1 HoR SHICR WBUMdId. ¥hd! 3% (Specification) &M
AR ol old. TN 3RS dhdl Ao SAHCR 3RE! IUMN. 81 AN do T 3H&RM GaITeT
S,

2) HIG-R STIHIER (Minor Diameter):

Tl fobaT Sicia Tp a1 Hatd 8 Ty I AR SIAHICR TUMTd. 1 $R fhdl ¢ SHICR 3G
U, BT S de AT 31&RT SRIST ST,

3) fUg sTaHiex (Pitch Diameter):

TR SHICR AR STAHICR I TRIERT o1 TgUrs! U STaHieR g1d. arg Hi- SrHiey 3¥g! wurdd.
B U UhT HIeui-ds Rifexal o AT ST, Saredl JEUNTR dedl $d1 9 deuthio Srid! ¢ qa™
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31d. T 3hidee SR 3! FUId. -Ic d Sice 3Rieo A BT dl T 31d] SaTaR diecadld Joig
(Ridges) T Gaftid Teaii® ol JuIul Yuahid SRIdTd.
TS (Mathematically),

B do+dc
2

4) {1 (pitch):
T YSaRId TETEl iU Yetar dsarial g Taifid feigudaer siefa fe=idia siaR ot e g1 8
3R A 3Hefig UrdBd (Axial Plane) HiSTal SIa U 8 p a1 31erm cRifaa S,

Tiordese (Mathematically),
1
No.of threads per unit length of screw

Pitch =

5) @S (Lead):
T gfcraadia & Hefdd fdda Sick Ul ¢S .U ACHR e & 3fafid &= fide Rebdl da
e g1 Ria wrd dendd ofs = g, sad wercnd s =2 x g, fouad werdne dis =3 < U9 dis 13

RIS
Lead = Number of start x Pitch
6) B (Crest): a):c;%raﬁqguml%vm‘w
7) ¥ (Root): IS G RIS o RIS dIR BIVIR WO TG JEHTT B0 =c.
8) YTl WIBT (Depth of Thread): SHT 3N T ATANIG H& WG AR U St WA,
9) TO® (Flank): Shic d & ol SISUIR JEHTT U T,
10) %S HH (Angle of Thread): IS TS TIR HOBT B WU IS DI,
11) 8T B (Helix Angle): IS FiodT TR &N 04 G TABN SII0S] HIF U]
2o . 2R B o A ifasT I,
HILGIREN] (Mathematically),

Lead
nd
12) TSI (Slope): U&TT TG WU U S1ef HIT g4,
13) CECAKC| SR TS IS (Right Hand and Left Hand Threads):

o TP & JUT A, IS STl g Juidide IR faRM Iavd 38w, TR dl S 5 IS WU,
o TP & JUT A, IS Idihg SIdlde IR faRM Iavd 38, TR dl OU g8 IS WU,

tan o =

4.2.1 38 9 HieR YU NATSUATATSY STIID Cib (Derivation Bod JASTUIATS! faar 3ime )

W3R IS Tp AT HIHHIGT YR SAATANIS! SaRAH Tl Fig. 4.3 THIU & S d] [GaR B Hi3d el
SIS, Wbl ITArIdT fobaT JTell TR HR W3R IS ASHT gSdR sadl STdl, Sif HR ITuarrat fdan
Tl TS| filegR=a cldTaR Al dhaiedl YaaTgIR fhadl ST,
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ez 3ifts T=fi= ufemiew (316357)

H

(@) Screw jack.

|
!
Head y ‘
f Lever
- — P
L J
_!T : :.E“_,_...-—fSL[ threaded rod W
=
T —— Collar ’7 R,
-\
1= \
'; ‘ \'Lu -

Threaded
rod L

(5} Thrust collar,

Fig 4.3 &p STP ATIOT e PIeR (Screw jack and Thrust collar)

YISHITT [TIR Hed A& Ad B, SR T I SdT T GUT Oh_1 SH AT IRRTARIH SHARE Heed UG e,
R Al ISP IR ! FHded JYUNT (Inclined Plane) TR R, S &1 Fig. 4.4 T grRaad 3HTs.

't

P

Ry

o

L

\‘ c:'/ . ‘ Psina

o

Lz

) & SN
4 Wceosa
A\
\

A
- »
Wsin a

(a) Development of a screw. (b) Forces acting on the screw.

Fig 4.4 ¥paR P HRUIR T (Forces acting on the screw)

R,
« p=%gaIftg
o d=TpdIHH SHHIER
. (IZ%WH%:T

o P=YR IIGUINIS! A URHR ST hodT Hid

o W =3dANIdl HR

o p=p 30T e Hefie Tfur U, ST G tan ¢, ¢ ST YOI B

Fig. 4.4 31 YA 3ATUUT g G&Td T 2Dl D
tano=P/nd

TP TP T TR B Bl d IAR S THISG GEHNTRY (Inclined Plane) SIS, ¥ SHa
URETeR B F&ST Uad &fael (Horizontal) AT SIS, Tl S &1 Fig. 4.4 A GRITS 318,
1R IIGS] SId ST, THUMRT ATHhG (F = w.RN) WTH! (G2 BT H6. Tpalo 9d 90 Fig. 4.4 AL
QRIS 3R,
URHIT=AT IFEEEMEREEACUCERGIR] (Resolving the forces along the plane):
Pcosa=Wsina+F= Wsmoc+uRN ........................................................ (1)
3T %WWWW g Ueh TS BT (Resolving the forces perpendicular to the plane):
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RN=P SN0+ W COS O ot e (11)
gl Ry d G SHIR0T i) Al SaedTaR, SHeral fHesd:

Pcosa=Wsina+ p (P sina+ W cos a)

=W sin a + uP sin o + uW cos a
y (sin o+ cos o)
(cos a—p sin a)
RIS THBRUM 1 = tan ¢ d oI AR, AHTTeTal T d:
(sin a+tan @ cos o)

(cos a—tan @ sin a)

HIBRUTAT 3R d BRI cos ¢ = UMHR HedTaR, Ul Hewd:
sin o X cos @+sin ¢ cos a
COS a X €coS @—sin ¢ sin a

P=W

P =W x

P =W x

y sin (o + @)
cos (a+ @)
P =W xtan (o + o)

- &p d TeHU ayUT SCTSUITTS! 3TaRyeh Clob:

d d
T1=PX?=Wtan(a+(p)?

SR 3feflT YR IRC DICRGR U STd 34 Fig. 4.4 TH0 WS HR THaRIaR {hd ATel, TR Hlavaxid

YT AU SHTIH Clb:
2 (R1)3-(R2)3
Tr=—x [ x W [—(R1)2—(Rz)2] et eennes (AT TS FRUCTTET SFTHT YeTeTTH)
R1+R2
= XW[ 2 ]
T2 = X W Reoooiierieeeeeee s (THT TR YT SITH ddedy)

3‘&, R; 3MUIR, = WW 3Tfor \’rlﬂﬂ?f B ( Outside and Inside Radii of Collar)

R1+R2]
2

R = e 3 e = [

3{Tfor
pl = HIATS! TYuT HUW (Coefficient of Friction for the Collar)

- TYUT SATSUATHTSY THUT <1 (FUS! TP fhRavariTdt Smazas el):

T=T1+T2
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Example 4.1. A vertical two start square threaded screw of a 100 mm mean diameter and 20 mm pitch
supports a vertical load of 18 kN. The axial thrust on the screw is taken by a collar bearing of 250 mm
outside diameter and 100 mm inside diameter. Find the force required at the end of a lever which is 400
mm long in order to lift and lower the load. The coefficient of friction for the vertical screw and nut is
0.15 and that for collar bearing is 0.20.

Solution: Given : d = 100 mm; p =20 mm; W = I8 kN = 18 x 10°N; D; = 250 mm

or Ry =125 mm; Dz = 100 mm or R = 50 mm; 1 = 400 mm; p = tan ¢ = 0.15; 1 = 0.20

Force required at the end of lever

Let, P=Force required at the end of lever.

Since the screw is a two start square threaded screw, therefore lead of the screw

=2p =2 % 20 =40 mm

Lead 40

We know that, tan o= = =0.127.
nd X100

For raising the load-
We know that tangential force required at the circumference of the screw,
P=W tan (¢ + o)

tan a+tang
P=W [ ]
1-tan o tang
5[ 0.127+0.15
P=18 x10
1-0.127X0.15
P=5083 N
and mean radius of the collar,
R1+R2 125450
= [ ]: [ ]: 87.5 mm.

=~ Total torque required at the end of lever,

d
T=Px— WWR

+0.20 X 18 x 10° X 87.5 = 579150 N-mm.

100
T =5083 x

4.2.2 qﬁ??@_tﬁ Pprderar (Efficiency of Power Screws):

W3R IS T HIALH (Efficiency) Bl 3TGa1 U9 (Ideal Effort) 30T &R WA (Actual Effort) TS
SUTd WU TrAd Bt ST,
o 3N YU UM TN 7 faRdT YR E@aUaNTe! SRTURT U
o T YT TGO TY1 G&Td B34 YR THAUVIRIS! SNTUIRT U
31T 4.2.1 T U 1, UR STGUINITS! THadT URETGR SRL b o o] TId SR 3T
P=W1an (04 @)..cccceeeriieeiieeeee et (1)

39,
o W =3IOHA YR
o a:%ﬁ'ﬁﬂﬁ:{
o @-TUHH
p = &p G TS gy UM = tan ¢
m@ame@raﬁwwﬁm@ R

AR, YR ITGTIRIS HTTZD TId Po ° T JTOT0 THIHRUM fHesd:
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Po= W AN 0 oo, [ GHIARUT () T @ = 0 d Jod SaedaR, el fHed]
Ideal Effort

W&F‘W) Efficiency) n = m
Po

P
_ W tan a
B W tan (a + @)

_ tan o

" e ®

Tia Wﬁ HrIHdT ( Efficiency of Power Screws) 1 = %

Example 4.2. The mean diameter of the square threaded screw having pitch of 10 mm is 50 mm. A load
of 20 kN is lifted through a distance of 170 mm. Find the work done in lifting the load and the efficiency
of the screw, when the load rotates with the screw.

Solution. Given: p = 10 mm; d = 50 mm; W =20 kN = 20 % 10° N; Dy =60 mm or R, =30 mm; D, =
10 mm or Ry =5 mm; p=tan ¢ = 1] = 0.08.

= Force required at the circumference of the screw to lift the load,
P=W tan (¢ + o)
P_w [ tan a+tang ]
1-tana tang
0.0637 +0.08
1-0.0637x%0.08
and torque required to overcome friction at the screw,
T=P xd/2=2890 x 50/2 =72 250 N-mm = 72.25 N-m
Since the load is lifted through a vertical distance of 170 mm and the distance moved by the screw in
one rotation is 10 mm (equal to pitch), therefore number of rotations made by the screw,
N=170/10=17
e  When the load rotates with the screw
We know that work done in lifting the load,
=T x2aN="72.25x2n x 17=7718 N-m
and efficiency of the screw,

P=20x103[ ]=2890N

o tan a
N tan (a + @)
tana (1-tanatan @)

tan a + tan @

0.0637(1—-0.0637 x0.08)

n= = 0.441 or 44.1%
0.0637 + 0.08
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Example 4.3. The lead screw of a lathe has Acme threads of 50 mm outside diameter and 8 mm pitch.
The screw must exert an axial pressure of 2500 N in order to drive the tool carriage. The thrust is carried
on a collar 110 mm outside diameter and 55 mm inside diameter and the lead screw rotates at 30 r.p.m.
Determine (a) the power required to drive the screw; and (b) the efficiency of the lead screw. Assume a
coefficient of friction of 0.15 for the screw and 0.12 for the collar.
Solution. Given: do = 50 mm; p =8 mm; W =2500 N; D; = 110 mm or R; =55 mm; D> =55 mm or R»
=27.5mm; N=30r.p.m.;pu=tan @ =0.15; up =0.12

(a) Power required to drive the screw
We know that mean diameter of the screw, d=do — p/2 = 50 — 8/2 = 46 mm.

8
We know that tana= — = ——— = 0.055
d mx46
=~ Since the angle for Acme threads is 2 = 29° or B = 14.5°, therefore virtual coefficient of friction,
nl 0.15 0.15
pl =tan 1= = = = 0.155.

cos 3 cos 14.5°  0.9681
We know that the force required to overcome friction at the screw,
P =W tan (¢ + o)
tan a+tang1
P=W
1-tana tang1l

0.055+0.155
— ]
1-0.055%0.155
P=530N
and torque required to overcome friction at the screw. T1 =P x d/2 = 530 x 46/2 = 12 190 N-mm We
know that mean radius of collar,

R1+R2 55+427.2
R= [ > ]: [T]: 41.25 mm.

Assuming uniform wear, the torque required to overcome friction at collars,

T, =12 WR=0.12 x 2500 x 41.25 = 12375 N-mm
=~ Total torque required to overcome friction, T =T + T2 = 12190 + 12375 =24 565 N-mm
T=24.565 N-m
We know that power required to drive the screw,
Tx2mN _ 24.565X 2 T X30
60 60
(b) Efficiency of the lead screw
We know that the torque required to drive the screw with no friction,

=To= =77 W=0.077 kW.
d
T0=WtanaX?

46
To =2500 x 0.055 x > - 3163N-mm = 3.163N-m.

=~ Efficiency of the lead screw,

_To

= =
= 3'163—013—130/
N~ Ji5es O3 =13%
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4.2.3 qﬁ??ﬁ shawﬁ%m (Overhauling of Power Screw):
YR Tt STOUYTST Shedl URYTaR ARTUIRT Ui,
P=W tan (¢ — o)
STFOT YR et SHTOTOATITS T STa=ad Tlop,

T=P d_Wt d
—Px— = o) —
> an (¢ a)z

T THIHRUM, R o < o R, TR HR WTAT SUTAATS T STIRIS Cleh THRIAD glad . FgUNord, HIUdTat
e =1 ATaaT YR TS WTel! TR ArId. =1 R ¥ d SI@RBITCT (Overhauling of Screws) 3
AT,

4.2.4 UTaR '\‘@% B DT (Self-Locking of Power Screw):
YR Gt SHTUTUIRITST ST URETaR ARTUMRT U,
P=W tan (¢ — o)
30T YR Tt SMTUTUATHTST ST lep,

T=P —d_Wt 4
= X — _
> an (¢ a)z

TR ¢ > o S, T HR JTGT STUUITS] TTZIP Cld THRIAD 3@, U HR WO SIS Td
SR BRG] BRI, 3R YHRAT THoT WAURE T (Self-Locking Screw) TUTTG.

TBUTS, & WHREUIY 3w SR gyl $I gfcdd DIFTUET SRd 3RS fddT aur Jurid 1 gfcsad I
mwwm,mp=tan¢>tana.

3THTR] HIfgd 318 DI, Wﬁ P (Efficiency),

tan a

n- tan(a + @)

STTOT TGTEREUT SHHTAT (Self-Locking Screw) : ¢ > o fhdl a < o.

- TIUIREI0T '&sgdr\l HIaemd (Efficiency for Self-Locking Screws),

tan @
tan (¢ + @)
tan @
tan (2¢)

am <

tan @ (1-tan?¢)

2tan @ ]

............ [ tan 2¢ = tan ¢ (1-tan2¢)

2tan ¢

1 t
am <—- an“g
2 2
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1 FHIHRUH GHd BT, TaHTRE U Sl HIRIGHAT 50% fdbar 1/2 Ual St 3.
SR DHTIEHT 50% U&T SR 3, TR ol 3N@RaIeT ¥ ( Overhauling Screw) Ted SiTd.

43%pd Tened fAmfor @'UT& dTUT (Stresses in Screws and Nuts):
1 GI&ﬂ'q HUHR'W 'ﬂé' fAmtor 3-1'U1'RT IS JUSH 10T (Direct Compressive Stress due to Axial Load
W):
w

Tt
7 dc

O¢ —

2) TR 3R aT7 (Torsional Shear Stress):
I HIfEd 3§ B, WGk TIRA Bl SITUIRT €l (Torque transmitted by screw) ST @ ST,

TT
= —xtxdc?
16

16 T
mt Xdc3

SES Ih R YRad dIUT (Direct Stress) 3TTOT TR QSR Tl (Torsional Shear Stress) aral FI'I"I@TTI?L dgT
fSSS Weitel SMYRTAR Bl ST,

-~ Shear stress, T =

a) P A3R d101 RGid (Maximum Shear Stress Theory):
1 RIGIAER, fba 19-HaRMaR HHTd SR dI0T (Maximum Shear Stress) 39T 3Tg,

1
Tmax:E\/O_Cz‘l'Al’Tz

b) BT AT dT0T Rigid (Maximum Normal Stress Theory):
1 RIGTAER, fhaM 1-HaRMaR HHT ITHRT 0T (Maximum Normal Stress) 31T 3Tg,

1 1
Ocmax= T Oc+ VO'C2 + 4 12

2 2
3) GT&ﬂ'q 'H'ITI'E% fafor ﬁ'UTRT W'@f\?ﬂ dIUT (Transverse Shear Stress due to Axial Load):
Q@'T[%ﬂﬁ QISR AIUT (Shear Stress in Screw)

w

T screw —
Tt Xdc X n Xt

Terdia e dror (Shear Stress in Nut),

w

‘c T e———
nut T Xdo X n Xt

4) feafer TR (Bearing Pressure):

TP 9 cdl U HH OGNS, S GEHNTARIA il URR Hafed /Ul e 3Me. §
GrefteyHTol fad 3rg,
w

2X(do2-dc?)n

Py=

3ﬁ,t=@?ﬁaﬁmw=—z
n = T YUBTd ST TpaT Jedl T
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_ Heightof Nut
"~ Pitch of threads

_H
P

Example 4.4. A power screw having double start square threads of 25 mm nominal diameter and 5 mm
pitch is acted upon by an axial load of 10 kN. The outer and inner diameters of screw collar are 50 mm
and 20 mm respectively. The coefficient of thread friction and collar friction may be assumed as 0.2 and
0.15 respectively. The screw rotates at 12 r.p.m. Assuming uniform wear condition at the collar and
allowable thread bearing pressure of 5.8 N/mm?, find: 1. the torque required to rotate the screw; 2. the
stress in the screw; and 3. the number of threads of nut in engagement with screw.
Solution:
Given :do=25mm;p=5mm; W=10kN =10 x 10> N ; D; = 50 mm or
Ri=25mm; D>=20mmor R2=10mm; p=tan ¢ =0.2 ; u1 =0.15 ; N=12 r.p.m. ; P, = 5.8 N/mm?2
1. Torque required to rotate the screw
We know that mean diameter of the screw,
d=do—p/2=25-5/2=22.5mm
Since the screw is a double start square threaded screw, therefore lead of the screw,
=2p=2x5=10mm

Lead 10

nd  Tx 225
We know that tangential force required at the circumference of the screw,

P=W tan (¢ + o)
P—w [ tan a+tang ]
1—tan a tang

that tan o= =0.1414.

0.1414 +0.2
P=10x10° [ ]
1-0.1414X%0.2
P=3513N
T1 =P xd/2=3513 x22.5/2=39521.25 N-mm
and mean radius of the screw collar,
[ R1+R2] [ 25+10

2 2
Assuming uniform wear, the torque required to overcome friction at collars,

T2 =2 WR =0.15 x 10 x 10* x 17.5 =26250 N-mm
=~ Total torque required to rotate the screw,
T=Ti+ T2=39521.25+26250 = 65771.25 N-mm
T=65.771 N-m

]: 17.5 mm.

2. Stress in the screw

We know that the inner diameter or core diameter of the screw,
de=do—p=25-5=20 mm

=~ Corresponding cross-sectional area of the screw,

w

GC = T 2
ZXdC

10x103

Cc = oo
ZXZO

Maharashtra State Board of Technical Education 81



Design of Machine Elements (316357) &g sifw m=fi= ufeded (316357)

O: = 31.83 N/mm?

and shear stress,
16 T

mt Xdc3

16 x65771

11 x203
1=41.86 N/mm?

We know that maximum shear stress in the screw,

1
rmax=3\/0c2+4rz

1
Tomax = Vv31.832 + 4 X 41.862
T max = 44.8 N/mm?

3. Number of threads of nut in engagement with screw

Let n = Number of threads of nut in engagement with screw, and
t = Thickness of threads=p/2=5/2=2.5 mm

We know that bearing pressure on the threads (Py),

w
XdXtX n
10%x103

TX22.5X2.5X n
n=9.76 say 10

Py,=

4.4 Bp STHdl TG (Bad Bp d 7€) (Design of Screw Jack — Only Screw and Nut):

v
| Handle length ‘l
' r Cup
_’i[)d‘_ /’,
T' - __ F_ ,_ Handle LA _{
Gl g, o i G — |
y ! }«z; B Head ¥
B
h h) I | L._. _.Vlll
z ZIN |1 DY
-f‘ EI} \ l, - I)IK/— oay
E _i) 7/ ; yScrcwcd spindle
£ ] = |e=d, tx
+ g WO 7Y
y .LL A
77777//] I /47— Base
t, 3 Dp— |
- D, >

Fig 4.5 WG\IIE? (Screw Jack)
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YR ITGUINIS! ATURGT SITUIRT & Wi Fig. 4.5 HL GRAGST 35, WP Sidbd [Afdy YT Yo UHT! 3MTed:
1. WeR U3 3RO W Uy,
2. ¢ g IS BIOR,
3. ESOYdl The RisHa 1R,
4. YR SAUITITS! g &<l axdl &, 3T
5. &b olhd T 2RR (Body).
UR W 131 ¥ Sidd! I (FSTS) HRUANIS] WMo T Ufehar sadae! Sl
1. %mﬂq TR had YUISS dT0T (Pure Compression) BRI BId! 31 A HR SHICR (dc) HledT
U,

W =0¢x Ac
T
W:G(;XZ X dCZ

W3R ¥ Thd - YT (Standard Proportions) Table 4.1 A H3d &l STdTd.

2. Gp fPRauaTaTd} Sa=a® eid (T.) HTeT M1 AT efb Y FHTuT FIUTRT AR 10T (1) 2Te.
ST Hifgd T8 P, HR IATTIRITS! TIRIH el (Torque required to lift the load)

T1=Pxi=Wtan(oHr(p)i
2 2
3,
P = TpedT URETER ARTIRT Uad ST,

d = &pd1 4 SRHieR.
~ T T 'El@'ﬁﬂ'fUT BIUTRT RISR 10T (Shear stress due to torque T1),

16 T1
- 1t Xdc3
qag sfefta 'J-I'ITI'EI,% fmfor BIURT Tes TUS® a1l (Direct Compressive Stress, oc)
YT, TSI,
5. = w
¢ %x dc?

3. YeldyHTol U dTuT (Principal Stresses) ®TaT:
HHT YT dTUT (dT0ITHDP fopar FITﬂW (Maximum Principal Stress — Tensile or Compressive):

1 1 71>
Gcmaxz_oc+_ GC2+4T2
2 2
3T HHTA QISR dT0T (Maximum Shear Stress)
T max = — Voc? + 4 12

® Td 107 IRATRT aroroel (Permissible Stresses) FHH 30T IS 3Te.

4. Teadid faufen IR AR 9 Al 3t (h) F1el.
YT AR 3] i, Teaid foufir IRR,

N -

Maharashtra State Board of Technical Education 83



Design of Machine Elements (316357)

ez 3ifts T=fi= ufemiew (316357)

P, = w
b %x(doz—dc2 )n

3V, n=Tps USSR AUl SRTcer IS T

« 5t 34l h=n x p
3, p=dsdl U
5. %P d AT qror Yool quTT:
@mﬂa QSR 107 (Shear Stress in Screw)
w

Tt Xdc X n Xt

T screw —

Teadid QSR aTom (Shear Stress in Nut):

i w
T nut ~ mxdo x n xt
g9, t =%pdl Sle! = p/2
Table 4.1 W3R ASATS! HHA UNHATU (Basic Dimensions for Square Threads) — fHfiWed  (mm):
N.ominal Maj or Maj or Minor Pitch Depth Depth Area of
diameter diameter diameter diameter ) Bolt (h) | Nut (H) core (Ac)
(d1) Bolt (d) Nut (D) (de) P mm?
22 22 22.5 17 5 2.5 2.75 227
24 24 24.5 19 5 2.5 2.75 284
26 26 26.5 21 5 2.5 2.75 346
28 28 28.5 23 5 2.5 2.75 415
30 30 30.5 24 6 3 3.25 452
32 32 32.5 26 6 3 3.25 531
(34) 34 34.5 28 6 3 3.25 616
36 36 36.5 30 6 3 3.25 707
(38) 38 38.5 31 7 3.5 3.75 755
40 40 40.5 33 7 3.5 3.75 855
(42) 42 42.5 35 7 3.5 3.75 962
44 44 44.5 37 7 3.5 3.75 1075
(46) 46 46.5 38 8 4 4.25 1134
48 48 48.5 40 8 4 4.25 1257
50 50 50.5 42 8 4 4.25 1385
52 52 52.5 44 8 4 4.25 1521
55 55 55.5 46 9 4.5 5.25 1662
(58) 58 58.5 49 9 4.5 5.25 1886
(60) 60 60.5 51 9 4.5 5.25 2043
(62) 62 62.5 53 9 4.5 5.25 2206
65 65 65.5 55 10 5 5.25 2376
(68) 68 68.5 58 10 5 5.25 2642
70 70 70.5 60 10 5 5.25 2827
(72) 72 72.5 62 10 5 5.25 3019
75 75 75.5 65 10 5 5.25 3318
(78) 78 78.5 68 10 5 5.25 3632
80 80 80.5 70 10 5 5.25 3848
(82) 82 82.5 72 10 5 5.25 4072
85 85 85.5 73 12 6 6.25 41.85
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N.omimﬂ Maj or Maj or Minor Pitch Depth Depth Area of
diameter diameter diameter diameter core (Ac)
(1) Bolt (d) | Nut (D) (dc) () Bolt (h) | Nut(H) | 0,
(88) 88 88.5 76 12 6 6.25 4536
90 90 85.5 78 12 6 6.25 4778
(92) 92 92.5 80 12 6 6.25 5027
95 95 95.5 83 12 6 6.25 5411
(98) 98 98.5 86 12 6 6.25 5809
100 100 100.5 88 12 6 6.25 6082
(105) 105 105.5 93 12 6 6.25 6793
110 110 110.5 98 12 6 6.25 7543
(115) 115 116 101 14 7 7.5 8012
120 120 121 106 14 7 7.5 882
(125) 125 126 111 14 7 7.5 9677
130 130 131 116 14 7 7.5 10568
(135) 135 136 121 14 7 7.5 11499
140 140 141 126 14 7 7.5 12469
(145) 145 146 131 14 7 7.5 13478
150 150 151 134 16 8 8.5 14103
(155) 155 156 139 16 8 8.5 15175
160 160 161 144 16 8 8.5 16286
(165) 165 166 149 16 8 8.5 17437
170 170 171 154 16 8 8.5 18627
(175) 175 176 159 16 8 8.5 19856

Example 4.5. A screw jack is to lift a load of 80 kN through a height of 400 mm. The elastic strength of
screw material in tension and compression is 200 MPa and in shear 120 MPa. The material for nut is
phosphor-bronze for which the elastic limit may be taken as 100 MPa in tension, 90 MPa in compression
and 80 MPa in shear. The bearing pressure between the nut and the screw is not to exceed 18 N/mm?.
Design the screw jack. The design should include the design of 1.screw, 2. nut.

Solution. Given : W = 80 kN = 80 x 10°N; H; = 400 mm = 0.4 m; Get = Gec = 200 MPa

=200 N/mm?; 1. = 120 MPa = 120 N/mm?; cet (nut) = 100 MPa = 100 N/mm?; cec (nut) = 90 MPa = 90
N/mm?; te (nut) = 80 MPa = 80N/mm?; Pb = 18 N/mm?

Let us assume, Taking factor of safety, F.S. =2.

For screw,
0
Cc = — = 100 N/mm?
120
T= 7 = 60 N/mm?
For nut,

100

Ot = T = 50 N/mm?
90

Ock = Y = 45 N/mm?

80
T= 7 = 40 N/mm?

1. Design of screw for spindle
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Let dc =Core diameter of the screw.
Since the screw is under compression, therefore load (W)

T
W:G(;XZ X dCZ

80 x 103:100X£ x dc?

dc =31.91 mm say 32 mm
For square threads of normal series, the following dimensions of the screw are selected from Table 4.1
*Core diameter, dc =38 mm.
Nominal or outside diameter of spindle,
do =46 mm.
Pitch of threads, p=8 mm.
(* From Table 4.1, we see that next higher value of 32 mm for the core diameter is 33 mm. By taking
dc = 33 mm, gives higher principal stresses than the permissible values. So core diameter is chosen as
38 mm.)
Now let us check for principal stresses:
We know that the mean diameter of screw,
do+dc  46+38

d= =42 mm
2 2
P 8
and tanoa= — = —— = 0.0606
md T X42
Assuming coefficient of friction between screw and nut,

p=tan ¢ = 0.14
=~ Torque required to rotate the screw in the nut,

tan a+tang ] d

d d
T1=P><?:Wtan(a+(p)?:W >

1—tan o tane

0.0606+ 0.14 | 42
=80 x 10° = 340 x 10°N-mm
1-0.0606 x0.141 2
Now compressive stress due to axial load,
Oc = v —8OX103—7053N/ 2
= = = 70. mm
© Ixdc?  7x382

and shear stress due to the torque,
16 T1 _ 16 x 340 x 103 R
T= = = 31.55 N/mm
1t Xdc3 T X (38)3

~Maximum principal stress (tensile or compressive),

1 1
Gcmaxz_cc+; GC2+4‘T2

2
Gema = = * [70.83 1~ /(70.83)Z + 4 (31.55)2 ] = 82.58 Nimm’

and We know that maximum shear stress,

1
Tmax =5 VOC? + 4 T2

Tmax = 2 /(70.83)? + 4 (31.55)2 = 47315 N/mm’

Since these maximum stresses are within limits, therefore design of screw for spindle is safe.
2. Design for nut
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Let n=Number of threads in contact with the screwed spindle,

h=Height of nut =n x p, and

t =Thickness of screw = p/2 = 8/2 =4 mm

Assume that the load is distributed uniformly over the cross-sectional area of nut.
We know that the bearing pressure (Pb)

P, = W
b gx(doz—dc2 )n
80 x 103 151.6
18= = =84 10 thread
x[(46)2-(38)2|n  n v

~n=151.6/18 = 8.4 say 10 threads and height of nut, h=n x p=10 x 8§ = 80 mm.
5. Check the stresses in the screw and nut as follows:

Shear stress for screw,

T = W = _ 80107 =16.15 N/mm?
- - —10. mm
STEW T mxdexn xt T x38 X 10 X4
Shear stress for nut,
w _ 80x103

"C = pr—
Mt xdo x n Xt T X46X 10 X4

Where t =Thickness of screw = p/2

4.5 4T T YHAP (Direct and Eccentric) HRTETS! VT diees SAiged fSSME (Design of
Bolted Joints):
3AHD (Eccentric) HRIATO! SRS dlecs Sligcdl G- URIR [GaRTd &1, SiegT idhffd HUR 1

BIid 3®:
1. ece &R FHIAR (Parallel to Axis of Bolts)
2. Siecdl &N &d (Perpendicular to Axis of Bolts)

4.5.1 9IS Tge AQT AHP YR Fieeedl T THiaR SN gial (Bolted Joints Subjected to
Eccentric Load Acting Parallel to Axis of Bolts):

Fig. 4.6 THT0I, FIe IR SiecgR Sieded STl ¥ SreiedT sidhedl faaR &,
;h%aam IR FHeury ded A BI, TAF Slecar YIS AU (Direct Tensile Load) SFL NN, S 3 faa

Wtl =W/n

39, n = Aecqd! T
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l 2
A A A <A
[ 1] K K
I - ] i \
l |- L, \.
% \ #
s\
\ \\il
l— | A\
\_ w\\
______ ™ X
\\ 3 |
N M

Fig 4.6 BRI YR ot dieeedn & JHIdR BT gial (Eccentric Load Acting Parallel to the Axis of
Bolts)

STURE, HR W sibedll A—A Hodat fUhruara g GRiad! . ames, U diee gl dhodst ATl
WWWWWW (Stress) @fdldlela’ (Elongation) e 3, A YA
SlecaR ARLBIVIRT HR RGO hods el 3aRTaR e avTesT ¥l

gfaearet, ﬂa‘aﬁﬁwamm%rﬁaﬁw%a SR TR TS 3d, TR I TGS (Rigid) TRR A IS,
AT, w = mewuﬁgﬁ?&mmmm,

30T W, G W, = BRge&idl dedadl L, 9 L, 3cRTaR Y slecdiid HR.

- L1 3fRTR 3ol dlecdsid HR (Load on Each Bolt at Distance L)
Wi=w.L

0T BRgo XA Hodad a1 YRTAT Moment:
=wi.Li x L =w (L;)?
N, L. 3IaRIaR 3] dleediid HR
W =w.l»
3HTIO BRG eI heHael T HRTAT moment

=w.Ly x Ly =w (L2)?

NecqaRadl HRTE hRge&i Il dedath UHU moment

=W (L1 4+ 2W (L2) eeeeeeeeeeeeeeere, (i)
.......... (L fITOTL, SRTaR GAP1 G- 31 FleT e
a4d, TRgoXI Tl Hogsae HR W Hes AT I0TRT moment =W.L
............................. (i)
THIBROY i) SHTOT i) HEY, HTIATST HSd,
W.L=2w (L)’ + 2w (L2)
WL
W= LD+ 2] (111)

e 1 &1, Faid SRd YR T8UMR dIeT & d 3Med of BRg oK douat] qald ofd SR1aR ST .aRid
I8N, L. dRTaRT diee Jaifdes HR dTgd 3iTad,

= L, 3RTR UA® Aecasid drol UR

Wt =W =w.L;
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HHIDHRT i) e,

Wty =W, = WL Lo
2[ (L1)2+(L2)?%]
ST HaTd SR YR AU Sleca)id Ul arvl YR
We=Wti+ Wt (iv)

R dc = Sl HR SAHICR (Core Diameter of the Bolt) 30T ot = AT S IRRIRICGI GG (Tensile
Stress for the Bolt Material) 3T, W U UT dIUT HIR (Total Tensile Load) 3 fad Sra:

FHIBHRON (iv) STOT (v) Y, de d T (Core Diameter, dc) BTadl d.

4.5.2 Bolted joints subjected to eccentric load acting perpendicular to axis of bolts

flcia’id sihcar AT HRURT UR W, Siecl & FHIAR A9l sidbed? arf] gid! (Fig. 4.7 A&

SifqeamyHl) .
F—Lg"

Fig 4.7 SieeedT &A1 GHIAR IO T ST9H O] SIUIRT faRiT1d (Eccentric) UK (Eccentric load

perpendicular to the axis of bolts.)

1 Y&HRUM, SleedR AT BIUURT (Direct Shear) HR SRLEIA!, ST 9 diecHed THH THTUNG AlCe!
Ws = W/n, 39, n TS diecd! ST

YISNd IR Heur, faTd HR W Sdheal A-A Housd! T G2 aeauardT Tad &dl. S gaf
EEI Ll Bﬁ?‘ﬁ, Siccd? gesul &fuy (Turning Moment) 'ﬂ% dIUl (Tensile Stress) fmfor Eﬁ?‘ﬁ SR HR oo
Siecar HHS A0l (Maximum Tensile Load) Wt TdT<aT UG TTHTO fA@adT Ad. A1 HehRUMd, Siee 3 10T 4
SIRd YR Idoo 3MTad.

«. diee 3 fdbal 4 aR HHTA 10T,

Wi=wly= WL L
TV alazap?]

Siegl diecdr HTgult (Shear) SREKILI (Tensile) Gl UHRd HR Wl%ﬁ?ﬂﬁ, G| YHJ T (Equivalent) HRR
Udlo gigR FAuiia &R dara

Wie = THJ dl0 UR = —;[wt + /wt2+4w52 ]
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and
Wse = GG Al YR = —;l /wtz + 4Wg? l

A HRT fhdd ATfgd SRIe, fdoedl TRAMMd dTul (Allowable Stress) ®&Td U3 dlecdl HHR
(Size of Bolt) fRad $oT SIS 2.

Ot —

Example 4.6. A bracket carrying a vertical load of 25 kN as shown in figure. The load is taken up by 4
bolts for a fixing a bracket. The distances are L= 200 mm, L;=40 mm and L, = 160 mm, Determine the

size of bolt for permissible tensile stress of 80 N/mm?.

A A A U 2) A

)

i 11

Fig: 4.8
Solution. Given: W=25kN =25 x 103N ; L =200 mm ; L; =40 mm ; L, = 160 mm ; o: = 80 N/mm?
:n=4
Consider a bracket having a rectangular base bolted to a wall by means of four bolts as shown in Fig.4.8
A little consideration will show that each bolt is subjected to a direct tensile load of

Wt = W/n
25
Wt = : =6.25 kN

- tensile load on each bolt at distance Lo,

Wt =W WL L
2 =Wy = Lo
2[ (L1)2+(L2)?]
25x200x160
Wt =W, = =14.7058 kN

2[ (40)2+(160)? ]
the total tensile load on the most heavily loaded bolt,
We=Wt; + Wtz
Wi=6.25 + 14.7058 = 20.9558 kN = 20955.88 N

Size of the bolt
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Let

dc = Core diameter of the bolt.

We know that,

Wi

Gt = T 2
ZXdC

20955.88

I 2
4><dc

d.— 18.26 mm

do=-2¢ — 1828 _ 51 73mm = 22 say
0.84  0.84

take do=22 then dc= dox 0.84 =22 x 0.84 = 18.48 mm.

= we will use bolts of size M22 having core diameter 18.48 mm.
Example 4.7. For supporting the travelling crane in a workshop, the brackets are fixed on steel columns
as shown in Fig. 4.9. The maximum load that comes on the bracket is 12 kN acting vertically at a distance
of 400 mm from the face of the column. The vertical face of the bracket is secured to a column by four
bolts, in two rows (two in each row) at a distance of 50 mm from the lower edge of the bracket. Determine
the size of the bolts if the permissible value of the tensile stress for the bolt material is 84 MPa.

|— 400 mm

10 jk.\l

[ —
375 mm
vyl
50 mm

Fig: 4.9

Solution. Given: W=12kN=12x 103N ;L=400mm ; L; =50 mm ; L, =375 mm ; 6: = 84 MPa=
84 N/mm? ; n=4
We know that direct shear load on each bolt

Ws = W/n, where n is number of bolts.

12
Wg= — =3kN
4

Since the load W will try to tilt the bracket in the clockwise direction about the lower edge, therefore the
bolts will be subjected to tensile load due to turning moment. The maximum loaded bolts are 3 and 4
(See Fig. 4.9), because they lie at the greatest distance from the tilting edge A—A (i.e. lower edge).

We know that maximum tensile load carried by bolts 3 and 4,

Maharashtra State Board of Technical Education 91



Design of Machine Elements (316357) %‘C\FI'I'&ET 3 7=fi= Qﬁ’lﬁ?ﬂ (316357)

L WL L
=W.l, = A0
t 2[ (L1)2+(L2)?]

12 X400%375
W= =6.29 kKN

2[(50)2+(375)2]

Since the bolts are subjected to shear load as well as tensile load, therefore equivalent tensile load,

Wte = Equivalent tensile load = —; [Wt + / W2 + 4Wg? l

W= 2[629+ \/(629)2 + 4(3)Z |

Wie = 7.49 kN =7490N

Size of the bolt
Let dc = Core diameter of the bolt.
We know that the equivalent tensile load (Wte),

G = Wie
U Tedce2
4xdc
7490
8= T
ZX C
dc= 10.65 mm
d 10.65
do=——=—"= 12.67mm = 14 say
0.84 0.84

take do=14 then dc=dox 0.84 =14 x 0.84 = 11.76 mm.
= we will use bolts of size M14 having core diameter 11.76 mm.
4.6 JHTA T'I'Iﬂv_cﬂ% e )Bolts of Uniform Strength):

SigT e’ Fedhl YR (Shock Loading) SN Bidl, S Bt 3fa¥id g oM RifdeR go S,
Sicca Bafdmddl (Resilience) [dAR HRUI SMARAD 3, SUH JSHE Ul CT5dl Jad. ATH
Sleede (Fig. 4.10 A qrAfdeaTyH) Siefigesedl SR GOl SChIGR HRIAT URUMH Siecedl Faid
HHPHId HFAR digd gIdl, WU =T Hd RTINS S8 (Cross-Sectional Area). GI=IT 2[eGId,
SlecaT YSS URTIITS dTUT (Stress) BT JO-1d SR ST, ATYS S0l HIGAT THTUNT PS8 HRT NS
ITd, ST 98 NI ST Gidl 3Eedres ol dg b,

D D D D~ p
A '_ ("1 | pr— ‘.1 I } .‘1
H-—Wi e - W
- T - X Shank ? = $ T

(@) (b) (¢)

Fig 4.10. U AP diee (Bolt of uniform strength)

SR el 2i% (Shank) J€e0T Y& TN (Core Diameter) De THM fdhal ST i somard fhaeT 7o,
S Fig. 4.10 U TRAMAATIHIU], oR Sieedl 2Udh SR dTUT (Stress) Tg- Y. araT 31 311 &1 2id HIAT
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THTUTTA Sl RNVS, SUHes JSedaie U Hiisdratdl HR HHl BI5e. U1 UgdH sl 3ifid Holgd
3TFOT GO DT I-Td! T FEPHIGR HR FAWUITHT &HT (Shock Absorbing Capacity) ATéd, HRUI Safdddl
Ulid (Modulus of Resilience) aTGdl.aMes HTUATGT FHM dldhald (Uniform Strength) Siee THesdTd.
diccd! Tafadhdl AT Gidl I TS dleddl I3, Adbhd. UM didhdId diee [HBIudT gasl UGd Fig.
4.10 T qrAMAOO! 3. T UGdid, gerYd 3Hefld f% (Axial Hole) JSUdd WG i, ST dd &
(Area) e H RPIRS| (Root Area) HHIH gld.

AT,

D = &&= O™ (Diameter of the hole).

Do = ¥4 9Tel A (Outer diameter of the thread), and

Dc = ¥4 Hd a1 PR ™ (Root or core diameter of the thread)

= D?=2x (Do? — Dc?)
4 4

3ffor

~ D?=(Do? — Dc?)
~D=,/(Do? — Dc?)

Example 4.8. Determine the diameter of hole, that must be drilled in M60 bolt, such that, the bolt
becomes of uniform strength.

Solution. Given: do = 60 mm
We know that, dc =0.84 x do =0.84 x 60 =50.4 mm

For uniform strength of bolt, the diameter of hole,

~D=,/(Do? — Dc?)

~D=,/(60)2 — (50.4)2 =32.55 mm = 34 mm say

Exercise:

TLO 4.1 Explain the types of threads used in power transmission and fastening.
1. Enlist and explain the various types of power threads with their merits and demerits.
2. Give the difference between Square thread and Acme thread.

TLO 4.2 Select appropriate thread profile to be used for given application.

1. Draw the thread profiles- i) Square Thread ii) Acme Thread iii) Trapezoidal Thread
iv) Buttress thread.
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2. Give the merit and demerits of Square Thread and Acme Thread.
TLO 4.3 Determine the torque and efficiency induced in power screw.

1. Explain the term self-locking screw and overhauling of screw.
2. Show that efficiency of self-locking screw is less than 50%.
3. The lead screw of a lathe has Acme threads of 50 mm outside diameter and 8 mm pitch. The

screw must exert an axial pressure of 2500 N in order to drive the tool carriage. The thrust is

carried on a collar 110 mm outside diameter and 55 mm inside diameter and lead screw

rotates at 30 r.p.m. Determine —

1) The power required to drive the screw. ii) Efficiency of the lead screw. Assume p =
0.15 for screw p = 0.12 for collar.

4. The nominal diameter of a triple start threaded square screw is 50 mm, while the pitch is 8
mm. It is used with a collar having an outer diameter of 100 mm and inner diameter as 65
mm. The coefficient of friction at the thread surface as well as at the collar surface can be
taken as 0.15. The screw is used to raise a load of 15 kN. Using the uniform wear theory of
collar friction, calculate: 1) torque required to raise the load. ii) torque required to lower the
load and iii) the force required to raise the load, if the applied rod is of 500 mm radius.

TLO 4.4 Determine the stresses induced in screw and nut.

1. State the various types of stresses induced in power screw.
TLO 4.5 Explain the procedure for design of screw and nut of screw jack for given load.

1. Give the design procedure of screw and nut of a screw jack.

2. A screw jack carries a load of 25 KN. If the co-efficient of friction between screw and nut is
0.15. Design the screw and nut. Neglect collar friction and column action. Take cc =42 N/mm?2
and t=30 N/mm?2 for screw and nut and take tnut =20 N/mm2. The permissible bearing pressure
on the nut is 14 N/mm2. (Use single start thread).

TLO 4.6 Determine the dimensions of screw and nut used for power transmission and fastening.

1. Explain the method of determining of the size of the bolt, when bracket carries an eccentric load
perpendicular to the axis of bolt.

2. Explain the method of determining of the size of the bolt, when bracket carries an eccentric
load parallel to the axis of bolt.

3. A bracket, as shown in Figure, supports a load of 30 kN. Determine the size of bolts, if the
maximum allowable tensile stress in the bolt material is 60 MPa. The distances are : L1 = 80

mm, L2 =250 mm, and L = 500 mm.
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_l* L __{ W

4. A wall bracket is attached to the wall by means of four identical bolts, as shown in Figure
Assuming that the bracket is held against the wall and prevented from tipping about point A by
all four bolts and using allowable tensile stress in the bolts as 35 N/mm2, determine the size of
the bolts on the basis of maximum principal stress theory. Take L= 500 mm, L1= 50 mm, L2=
550 mm and W= 25 K.

TLO 4.7 Explain bolt of uniform strength.
1. Explain with neat sketch “Bolts of Uniform Strength”.
2. Determine the diameter of hole, that must be drilled in M36 bolt, such that, the bolt

becomes of uniform strength.
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E 5

(Design of Springs)

fawg fAw=ft (Course Outcome):
CO5- feaedn UR uRRRUdTE fERT fegmea &l (Design springs for given load conditions.)
e frea=it (Theory Learning Outcomes):

TLO 5.1: fafay yere (S g aaRibg WsisRor SRl (Explain various spring used with their
applications.)

TLO 5.2: giada Bimed A giom amr i s, (Determine the stresses induced in helical
spring.)

TLO 5.3: S0 3101 TR Srevitale fBiaard! fa&d (deflection) 0T R4 (stiffness) FAfEd w01,
(Determine the deflection and equivalent spring stiffness for springs in series and parallel.)

TLO 5.4: GOedT SITTINTRITS! Biidhd HIRRM i f$2s- SHxoar! ufehar SHeigT 9oL, (Explain
the procedure for design of helical compression spring for the given application.)

TLO 5.5: faden YR aRfRcrdt fBitre ufkarr Afgd @01, (Determine the dimensions of spring for

given load condition.)

5.1 @i

8 g FifA® IUSRTI 3HTed o Soll AIEIUATIS! ST0T HISUATISY, ¢/aehT MYUATIIS] T8d HTehid
A GEHITHL I HIIH STUIHTS] dToRd STdld. B YR 3od- ek BN T aaRe dddie
IR TR Hod ST, SIT@ YR AR HedlaR o fadhd gidrd Sl YR HIg- clhediaR Gl 98

I Wegid, FBRT WU T Addiies IRR 3HTg S a9 AN shedTaR GIaa ST, dIurel SiTd fdhal arehad
STd 31T 9 Bl 8T U & BRI Ad. B ad- gaRTea FaHTme SFER0 &-d, SaTd
i 3MTe B BT [AddiapRun (ToT fdhaT g1e) § Ardcedn HRTET YHIUING SRTd, Sodd BT STaear
dqdie Hafed SR,

5.1.1 8T affe=ur (Classification of Springs)

Based on Shape Based on Based on Special-purpose
& construction the load material springs

— Helical Spril_lgs Tensile —Metal springs Torsion Bars
o Compression ) (steel, bronze) .
e Tension Compression Gas Springs
¢ Torsion Torsion Non-metal springs Rubber Springs

(rubber, plastic)

—— Conical &
Volute Springs

— Leaf Springs

— Disc/Belleville
Springs

—— Spiral Springs
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5.1.2 fB= STt

1. SifcMarss e

Th, 99 IO R i JEIH Junaged o (B

N RIS gieihd HIaRH B,

3T 1. T Bleg ITSHMR Ud §G HRUINITS] Blecg BT,

o O O O O

2. YA
o PHUHTEIHM Ydds TMYUITITS! T B,
o S WY IS TR .
3. I 3Mfor =
o foumTem & MeRTed SIRER yads MYUITTS)
o Sg®l d BRHSRIMIA TR anfdr dwisa Mwomemat
4. 3fenfire gaamrh
o oTe, ST 31OT Bl U &% /dafdd .
o T Ay 3o Hufeirgred fBiw.
o fIeR sRiscHed Idd aId SauarRITa! B amR.
5. HioHTd ST fAE=T SRR SuHI0!
o USRS, dray AU Hieusaigs) Wk 8.
o T8I da=9 9 aodIcaine
o SIS ogd URR ToHed e HISTUgRITa! B aTw.
6. T FOT AfeT aTR
dicfuise O (IR fB).
SI3R Fefior 31fOT i (Uae == &)
Fard faeeg onfor dfey @i f&iw.
BiR @Y, THT Je).
7. AP IUURT
o TRAfHAT IuHRUMHY /i,
o SHIITUTS®H TuIc Mfr HHH sfauaime f{iw.
o STedY 3T WY faaRur IumruiHe B,
8. gAfdeed ST SATCIRT
o WX Picacy 3l Rga UdhHgrame f{iw.
o T 3nfor gfde s fBi.

o O O O O

5.1.3 fBRT defera s
1. Wt @ (Ly): FBNTaR PIvie! YR AL AT Ard! THUT A= TOe! Tt T,

2. 9ifers A=A (Ls): TR quivo) e fiearar Sifi1 99 diged ThH® T TR HRMT [HBUIRT T Torol

Ifers Ay .
Ls = Ny xd

Y,
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N; = BIZe! THUT T

d = IR A
3. f8RT ST (C): TRRR} Bigad AN (D) T TR AN (d) Tid TONTR WU BT S8,
D
C=—
d

4. o9 (p): 1 ARSIl (uncompressed) BT g g ﬁ‘s’&qa’ﬂa AT %@?HT R 3R U
o,
_ Le—Ls

+d
N

p

ppj

szﬂff@?‘d

L, = Iifa8 o=

N; = 9iehT hlgeed! G-

5. feww (k) fdar BT Ye: [ a9 gfie fswiaem Fufor HRugrrd! armuRT YR gore fEimT
fewmaa.

w
k=3

Y,

W = AR sl YR

5 = FETIaRM (GaTaTda =)

5.1.4 f& wefeaeraar srifér Tored

1. 9= geiiee feIf¥e (High Yield Strength): 3if qerarare! dufiet BT suet SMepRAM HIg 2 ® UL
SR St Tefid BRUGT &l SRl Uifgst

2. WW@"T@:‘%{ (High Fatigue Strength): {8} aRAR fdhd1 daeran WW@@[W EIK]]

3. 3 B9 3ATOT AGfaadr (Toughness and Ductility): TG BT HIgfeiT  BIHT T8
BId. TH-Y SN e Ydares BT ged ATgl.

4. I RFARE=T (High Resilience): 3o U0 JMYA YUAT § IRA ArSvaT &HT AT e
FIegAAE IATC Sl & .

5. P19 9 TR USRI (Creep & Relaxation Resistance): Giddies YRRATH fdhdl 3=
AIHMIT ST STHRAMT HegSR 8Id ATa! . &ied [SHaTa! faivd: § Hew@r 3Tg.

6. 3= HSUMYUN g TYUT YfaeR (Hardness & Wear Resistance): Jdd=dl W PEEINRENE] 8%
T T PR el T4 WU Uy YRl Hgwara,

7. e UfAPREAKIT (Corrosion Resistance): STod fhdl TSl Res ATdTGR UM ATURTETA! STIRIb.

MTST WA Wi, B s, fhar faviy Sif arRa oire.
8. 3 fRASR HIsYaH (High Modulus of Rigidity): f&iT =1 QU 73, =1 QU f3ges ard.
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9. IATGIRITAdT d SWEATHIHAT (Ease of Manufacturing & Heat Treatment): ®1SIHT, 8T8 -1, SHIRT
FRAHT W UG . TRId Go SUdsy 9 ieresed] IRASUIR 3.

Tt wed / fafRrgar oY SUTNT
e d-R (@ C —0.7-1.0% GU SRd T Gg=Idd, aiTeh|deq  ORkem i,
EAERESIN)) R e UfdPR e AT JUHROT
/3 HIe, o ¥
3SA-CHS IR [daird = 30T SIR|ETel <, fhmradeii, 7= e '
NI et B
-GS WA |C 0.5-0.6%, Cr 0.8-|3= BT dibe, ydh Te|wle B, gal-Sl
(50Crv4) 1.2%, V 0.15% HIUGTT & &
HIH-RITCIPIA €Id ||C 0.5-0.6%, Cr 1.2-{¥ dide, I« YA IRTa|[ e T Blewg
(55CrSi) 1.6%, Si 1.2-1.6% Hrierar i
RIfBI-HT s ||C 0.55-0.65%, Si 1.5-|_. & e R o . i
I (65Si7) 2%, Mn 0.8-1% ' Ak X
3@04')5'5'@6(302’ Cr 18%, Ni 8% TS UoRTee, TR BieT S| URIH, IS S
T W (17-7 . I dlhg, T UlcRIy®, IR0y, TiH, Hiied
Cr 17%, Ni 7% .
PH) AR RR ic
. e Cu 90-95%, Sn 5-9%, P[=RTal Wfcm  UfeRlud, Tielsdfdcedd di<dy,
PRSI 0.4% T R, RS BRERT
o . ,, |[S= dbe, Al fdqyd deH|gafdee e, A
CINGREEIER Cu 97-98%, Be 1.5-2% ST BT TR 3
HIAd (Ni-Cu o . . ERE I RIS ES
- Ni ~67%, Cu ~30% IPHY TS UfcRIys e 3
FPHTNECr G 0% cri520% oo PRI, ST I, TR,
IEERIY > °||eifRre T ufeRiee g Rafaed

5.2 MATPR gfaed dRR aaedT Wmﬁ@ (Stresses in Helical Springs of Circular Wire)
Tl gididhd HIARHE Bl fqaR &1, Sl MAeR aRRURA §9dd 318 301 $ddl 5.3 A
SREACITIHTN 31l HR W T 31 317

)

Déiﬁmﬁsamﬂmwm
d = f&RT = <o
n =W$\I’3ﬁ‘:ﬁﬁm

G = T8I IraYien HURERAT Ul (Modulus of Rigidity)
W = fBRTeR ar] e siefig 4R
1 = gy fAAfor Eﬁ'UTRT HHIA @Ag (Maximum shear stress)
C = RBingss=D/d

p = Plgeer o=
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§ = 31& YR W Heb gIUIR B fa&U (Deflection)
W

w

|

|
|
|

D—>]

w
(a) Axially loaded helical spring. (b) Free body diagram showing that wire

is subjected to torsional shear and a
direct shear.

Figure 5.3: {8 Ted QU 417 (Stresses in Spring)

3TAT 5.4 (a) T MBS GRAGAT HILIRH [BiT=ar ThT YA f[9aR o=,

R (W) BT arryae fgfee dife (T) i -dl, e arR fhRuamn uad #Rd. A daRae eikiH
MR WY JIR g,

TP 5.4 (b) AL GrRATAATIHT, FERTET 8T YT W SO T I1 GF Saie fohaaral SHdid Saed SR,
S{TaeTe HIgHd 3T i fglReT Jde T

T—WxD—nx x d3
RO R TR
' sWD
T1=W---(l)

argaed fAmfor grom=a e (torsional) Ell| @Aﬂ%[ Fig 5.4 T gRafda 3.
2T QoR VY (1) ATIReH, TERER Y& L8l B Sl

YR W geb 007 SI0TRT Ucaef (direct) RISR W, 0T

IR ahages T GIOTRT ¢ d

SIS AR 3MTE B HR W Tob 107 I0TRT Ue (direct) *NSR T 3T 3MTe:

Load
" Cross sectional area of the wire

T2
w 4W ..
Ty, = Tz = ﬁ ......... (11)

4

T (direct) TSR WU Fig 5.4 (b) ALY i 3MTg, 30T Treia MR LU 9 yaag MR X il
UH A (resultant) @Aﬂ% 3RTA Fig 5.4 (¢) 307 5.4 (d) T grafda 38,
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(@) Torsional shear stress diagram. () Direct shear stress diagram.

|
QOuter Inner o =
= =
edge EdgE = | w;,
| & 15
- —1 @ =
[S) 2
E E
5~ <
< |
| |
' ' 7 —
(¢) Resultant torsional shear and direct (d) Resultant torsional shear, direct shear
shear stress diagram. and curvature shear stress diagram.

Fig 5.4: gforea Bl aron sreaRigor (Superposition of stresses in a helical spring.)

IRRAY I BIVIRT THU (resultant) MR W
8WD  4W

nd3 — md?
¢ fog (+) B TR 3Tl U3 S0 BT g (-) B Sleid B uId! dluRd Sild. W 3did hedd
Faifere 3. U, IERAY I GIUTRT HHTA ISR dT0r:

7= Torsional shear stress + Direct shear stress

_ 8WD 4W_8WD( + d)
2D

T=1711, =

nd® — md2  md3
__ 8WD 1 oL _
=" (1 + zc) ............. [Substituting D/d = C]
— Ks x 8D
T=Ks X —3

Where, Ks = Shear stress factor = (1 + %)

5.2.1 gfera fRFATST aigedar dT9T IUIi (Wahl’s Stress Factor in Springs)

S gfcierd fBTeR siefig YR Argar Siral, deeT fEimeT arRAe erkHa 2fer Wy fAafo
B, TR IRR B (Pag) TS 81 T THIH [daikd gId -Tel. Hlsad i Soy T S
BT SHTTOT TRIRT ICTUET ol dTedl.
q1 W@H m@m (Stress Concentration) 3y TR UIdId.
1 URoIHTaT fagR HRUGRITST Wahl’s Stress Factor (Kw) FTdTal 4R T[0T dToRET ST,
Wahl’s Stress Factor (Kw) o FHIHRUT:

_— 4C—1+ 0.615
W AC—4 C

a4,
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C = Spring Index = D/d
D = Mean coil diameter
d = Wire diameter

Corrected Shear Stress:

8WD
T=KyX —

By
W = Load on spring
D = Mean coil diameter
d = Wire diameter
Wahl’s Factor %fﬂ%r_q' :
1. ¢ [T arR= ashdan T gags RrR = uRomd faeRmd ual.
2. e fFmfor gom=n e ifie arRafads ST JRI&d Jed Ue™ &l
3. WU HH! MU BT [BRT g SRURI TREUT .
fecien fB 3 (C) I8t K & U 5.5 AL fedienn aiRarg fies 2.

1.8
\
i 1.6 \\
X \
E 1.4 \
% 1.2 ™
o3 ~__|
| — —
1.0

01 2 3 4 5 6 7 8 91011 12 1314 15 16
—— Spring index (C) —

Fig 5.5: gferd fBRTATSY aigeaa a1l quiics (Wahl’s stress factor for helical springs)

5.2.2 MATPR ?I'I:QTIW TAfaae gared (BT fagy (Deflection of Helical Springs of Circular
Wire)
el YR ANTATER MAThR dRTINT S-cedT sfcid SRR ek FHfr g1d, e fBieh afelt ared
foar & g,
[yl Hichd didl (Total active length of the wire)
IZWMW X WWH@TZTED X n
Let 0 = Tl T A HTedTaR dRaR«! 8IUR TR fa&d (deflection),
. f&irn srefia fagy (deflection),
0=0xD/2 ... (1)
S ST HfRd ST

] = FBMT OleR AR 3w gaRfr
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T
= — X 4
] 32 d

D = v dren
G = Modulus of rigidity for the material of the spring wire
Substituting the values of / and J in the above equation

D 2
0=1= (”:%szszn = WD (ii)
Substituting this value of 8 in equation (i),
16WD?n D 8WD3n 8WC3n D
3{1for it e th 4 fobar fBiT=T Xe

W _ Gd*  Gd
& 8D3n 8C3n

5.3 gfirea fRFTI Greaae! Sulf (Energy Stored in Helical Springs)

ST gfird FSRTER 3feffd HR AR el i, degT <l aTehd S0 T HRM dhordl By BiHed
@ATT—G;‘_\;]%EIT (strain energy) ¥d=UId NICRASIGH
Let 7 = fBITagR a8 al SIURT 4R, 3for
0 = Deflection produced in the spring due to the load 7.

R §BED AN Sl e Toid eRed, fEHTHed Ardacial Sl =i 3/,

= Constant

U=12W8 oo (i)
ST IRMe |07 GIRT HHTd /SR X9,
T=K><8WD 0rW=nd3T
wd3 8KD

&t fa&u (deflection),
5 = 8WD3n _ 8x nmd®t D®n mt.D%n

= X =
Gd* 8KD Gd* K.d.G
Substituting the values of / and 6 in equation (i),

1 md3t mt.D%in

X X
2 8KD K.d.G

2 2

T T
4K2G

U=

(mDn) (g X dz) = 1K2¢ X \Y

Y,V = Volume of spring wire
V = Length of wire X Cross-sectional area of spring wire

V = (nDn) G X dz)

5.3.1 Springs in Series

Fig 5.6 A& GRAGATIHTU] 3 (series) UGd Slgdd G- & fdaRTd =i,
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Fig 5.6: 9vfira f87 (Springs in series)

SR W = FBIgR 98 Bl SITURT 4R,

§1 = ufgean {8 fA8 (deflection), 52 = g1 BTN 38T (deflection),

ki = ufge fBimar fRewag = W / 81, 30T k, = ga=a1 fBiran fewaa= W / &,

NS IR e 3T 3 fOg A o) B SR H1ferehd (series) SSAd 3, TR ATeATHS BIURT THUT
fagu (deflection)@Tl TP W3 i faaui=ar (deflection) SO GH 3.

. TSy TRpU faeg (deflection),

0=01+ &
W W W
or —= —+—
K K K,

1 1 1

= =4

K~ K, K,

Y k = vl Iged Rew

5.3.2 9HiaR 8T (Springs in Parallel)
AT 5.7 AL SRITTIHTO YHIR (parallel) UGdH Shead aF f& faaRTd =,

Fig 5.7: 9HIR & (Springs in Parallel)

W = fBFIgR 989 Hdl SR IR,
w, =T8I 1 R 989 Hadl UK,
W, =8I 2 R 984 daidl 4R,
ki = Ufgean fBim e, Snfor
kx = a1 {Bien few.

el fIaR Fe 3 fag Ad & SicgT fBI TR (parallel) TgdiF Siedd 3T, Al
& ges BIUIRT THUT A& (deflection) BT Ul ¥dad it fa&urgadm ™ (deflection) 3.
SR 3MeaTel Hifed 3R

W=W;+W;
or 0.k =90ki +d.ko
~k=ki +tk
Y k = (Bl dge Rewd, ofor
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& = o fﬂUIRT faeg (deflection).

5.4 Design of Helical springs used in I.C. engines valves, weighing balance, and railway buffers.
5.4.1 A valve spring in an internal combustion engine has the following specifications:

e Wire diameter d=6 mm

e Mean coil diameter D=36 mm

o Applied axial load F=120 N
Using A.M. Wahl's correction factor, compute the maximum shear stress in the spring wire.
Ans.:

Spring index C Zg = % =6
Wahl's Correction Factor, Ky
4C—-1 0.615
WS4 T
4x6—1 0.615
Kw=1x6-2"7"%

Kw=1.2525

Maximum Shear Stress
8WD
Tmax = Kw X W
8x 120 x 36

Tmax = 1.2525 X ———

Tmax = 63.8 Mpa

5.4.2. Design a spring for a balance to measure 0 to 1000 N over a scale of length 80 mm. The
spring is to be enclosed in a casing of 25 mm diameter. The approximate number of turns is 30.
The modulus of rigidity is 85 kN/mm?. Also, calculate the maximum shear stress induced.

Ans: Given : W=1000N ; 8 =80 mm ; n =30 ; G = 85 kN/mm? = 85 x 10> N/mm?
Let D = Mean diameter of the spring coil,
d = Diameter of the spring wire, and
C = Spring index = D/d.
Since the spring is to be enclosed in a casing of 25 mm diameter, therefore the outer diameter of
the spring coil (Do = D + d ) should be less than 25 mm.
Deflection of the spring (0),
8WC3n 8x1000xC3x30 240C3

Gd 85x103xd  85d
c3_80x85_283
d 240 7

Assuming d=4 mm

C*=283d=283X4=1132

C=4.84

and D=Cxd=4.84x4=19.36 mm

outer diameter of the spring coil Do =D +d=19.36 + 4 =23.36 mm
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Since the value of Do =23.36 mm is less than the casing diameter of 25 mm, therefore the
assumed dimension, d = 4 mm is correct.
Maximum shear stress induced
We know that Wahl’s stress factor,
4C—-1 0.615
-~ (4C-14) T
4X484—-1 0.615
~ (4X4.84 — 4) * Zsa

~ Maximum shear stress induced

_ K x 8WC
t= Td2
8x 1000 x 4.84
7= 1322 X
T X 42

7=1018.2 N/mm?

5.4.3. A rail wagon of mass 20 tonnes is moving with a velocity of 2 m/s. It is brought to rest by two
buffers with springs of 300 mm diameter. The maximum deflection of springs is 250 mm. The
allowable shear stress in the spring material is 600 MPa. Design the spring for the buffers.
Ans: Given: m =20000kg ; v=2m/s ; D=300 mm ; & =250 mm ; t= 600 MPa =600 N/mm?
1. Diameter of the spring wire
kinetic energy of the wagon = %> mV?
=1 % 20000 X 22 = 40000N — m = 40 x 10°* N — mm
Let W be the equivalent load which, when applied gradually on each spring, causes a deflection
of 250 mm. Since there are two springs, therefore

Energy stored in the springs = %x WX8=Wx8&=Wx 250 =250WN —mm

w 40X 10° 160 x 103 N
= = X
250

torque transmitted by the spring
D 300
T:WXE: 160X103><T=24X106N—mm
torque transmitted by the spring (T),

i T
x 10 =—xtxd®=—x x d3
24 x 10 16 Txd 16 600 x d

D =58.8 ~ 60 mm
2. Number of turns of the spring coil
Let n = Number of active turns of the spring coil.
Deflection of the spring (9),
8WD3n 8 x 160 x 103 x 3003 x n
Gd* 84 x 103 x 60*

250 = = 31.7n
n=7.88~8
Assuming square and ground ends, total number of turns,
n=n+2=8+2=10
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3. Free length of the spring

Free length of the spring,

Lr=n'.d+6+0.156=10 x 60 + 250+ 0.15 x 250 = 887.5 mm
4. Pitch of the coil

. . Free Length 887.5
Pitch of the coil = g

- = 98.6 mm
n'-1  10-1

5.4.4 A valve spring is made from a wire diameter of 6mm and has an outside diameter of 75 mm.
If the permissible shear stress is 350 MPa, and G = 84kN/mm?. Determine the axial load that the
spring can carry and the deflection per active turn.

Ans.: Given d = 6mm, Do= 75 mm, 7 =350 MPa, G = 84 kN/mm?

Mean diameter of coil = Dy = Do —d = 75-6 = 69 mm

Spring Index C=C = DTm = % =115

I. Without considering the effect of curvature.

1 1
K=1+—=14———=1.043
s + 2C + 2X11.5
_ 8WD
7=Ks X md3
3 3
_ md3xT _ 314x63x350 _ 412.7 N
Ksx8D 1.043x8x69
3
deflection of the spring, 6 = ngsf

Deflection per active turn
5 8wWec3 _ 8Xx412.7 % 11.53

— = = 9,96
N Gd 84 x 103 X 6 mm
II Considering the effect of curvature
Wahl’s correction factor
_ 4C—-1 N 0.615
W 4C—4 C
" _4><11.5—1_|_0.615_1124
YT 4x115-4 115
Corrected Shear Stress:
8WD
T = KW X W
T X T X d? 350 X Tt X 62
= = 382.60N

T~ 8K, xC 8x1124x115
Deflection per active turn
& gwc3 _ 8x382.60 X 11.53

hd - = 9.24
n Gd 84 % 103 X 6 mm

5.4.5 A helical spring of 10 N/mm rating is mounted on top of another helical spring of 8 N/mm
rating. Determine the force required for a total combined deflection of 45 mm.
Ans: Ki=10 N/mm  K>=8N/mm 6 =45mm
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Springs are in series

i_t,1
K K K,
1_1.1
K 10 8
K= 80 _20 N/mm
18 9
Stiff _ Load
eSS = Heflection

Load = Stiffness x Deflection
Load =40/9 x 45 =200 N

5.4.6 Three springs are arranged in a parallel configuration. They have spring rates K1 =50 N/mm,
K2 =150 N/mm, and K3 =500 N/mm, respectively. A load of F =800 N is applied. Assume that the
plate that carries the load does not rotate, and determine the equivalent stiffness and deflection of
the configuration.
Ans: K; =50 N/mm, K> =150 N/mm, and K3 =500 N/mm F=800N
Springs are in parallel
~K=K;+K;+Kj

K =50+ 150+ 500 = 700 N/mm

Stiff B Load
HHiness = Deflection
Deflection — Load
et = Sitfness
0= 800 =1.14
= 00" - mm

Exercise

TLO 5.1: Explain various spring used with their applications.
1. State the functions of the spring with the application of each.

2. Classify Springs.

3. State any two desirable properties of the material used to manufacture a spring

4. State the materials used for a helical spring.

5. Define the following terms with respect to spring: (i) Free length (ii) Solid length/Compressed length
(ii1) Spring index (iv) Spring rate/Spring stiffness (v) Pitch

6. State two applications of torsion springs

TLO 5.2: Determine the stresses induced in helical spring.

1. State the significance of "Wahl's correction factor”.

2. Design a spring for a balance to measure 0 to 1000 N over a scale of length 80 mm. The spring is to
be enclosed in a casing of 25 mm diameter. The approximate number of turns is 30. The modulus of
rigidity is 85 kN/mm?. Also, calculate the maximum shear stress induced.

3. A closely coiled helical spring is made of 10 mm diameter steel wire, the coil consisting of 10
complete turns with a mean diameter of 120 mm. The spring carries an axial pull of 200 N. Determine
the shear stress induced in the spring, neglecting the effect of stress concentration. Determine also the
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deflection in the spring, its stiffness, and the strain energy stored by it if the modulus of rigidity of the
material is 80 kN/mm?.

4. A close-coiled helical compression spring of 12 active coils has a spring stiffness of k. It is cut into
two springs having 5 and 7 turns. Determine the spring stiffnesses of the resulting springs.

5. A helical spring is made from a wire of 8 mm diameter and has an outside diameter of 90 mm. If the
permissible shear stress is 350 N/mm? and the modulus of rigidity is 84 kN/mm?, find the axial load that
the spring can carry and the deflection per active turn. i) Neglecting the effect of curvature. ii)
Considering the effect of curvature.

TLO 5.3: Determine the deflection and equivalent spring stiffness for springs in series and parallel.
1. Two helical springs of stiffness ki= 50 N/mm and k> = 100 N/mm are connected in series and parallel
combinations as shown in the figure. If the system of springs is loaded with a 50 kgf load, then the
resultant deflection of the springs is in parallel and series combination.

2. A mass is suspended at the bottom of two springs in series, having stiffness of 10 N/mm and 5 N/mm.
Calculate the combined spring stiffness of the two Springs.

TLO 5.4: Explain the procedure for design of helical compression spring for the given application.

1. A rail wagon of mass 20 tonnes is moving with a velocity of 9 km/hr. It is brought to rest by two
buffers with springs of 360 mm diameter. The maximum deflection of springs is 300 mm. The allowable
shear stress in the spring material is 800 MPa. Design the spring for the buffers.

2. A railway wagon having a mass of 1500 kg and having a velocity of 1 m/s dashes against a bumper
consisting of two helical springs of spring index 6. The springs, which get compressed by 150 mm while
resisting a dash made of spring steel having an allowable shear stress of 360 N/mm? and modulus of
rigidity 8.4 x 10* N/mm?. Design the helical coil spring with a circular cross-section.

3. A helical valve spring is to be designed for an operating load range of approximately 135 N. The

deflection of the spring for the load range is 7.5 mm. Assume the spring index is 10. The permissible
shear stress for the material of the spring = 480 MPa, and its modulus of rigidity = 80 kN/mm?. Design
the spring using Wahl’s correction factor.

TLO 5.5: Determine the dimensions of spring for given load condition.

1. Design a closed coil helical spring for a service load ranging from 2207 N to 2698 N. The axial
deflection of the spring is 6 mm. Assume the Spring index as 5. The permissible shear stress is 420
N/mm?, modulus of rigidity 84 x 10° N/mm?. Neglect the effect of stress concentration.

2. Design a helical compression spring for a maximum load of 1000 N for a deflection of 25 mm using
the value of spring index as 5. The maximum permissible shear stress for spring wire is 420 MPa, and
the modulus of rigidity is 84 kN/mm?. Use A.M. Wahl's correction factor.

3. Design a close-coiled helical compression spring for a service load ranging from 2250 N to 2750 N.
The axial deflection of the spring for the load range is 6 mm. Assume a spring index of 5. The permissible
shear stress intensity is 420 MPa, and the modulus of rigidity, G = 84 N/mm?. Neglect the effect of stress
concentration.

4. A helical spring is made from a wire of 6 mm diameter and has an outside diameter of 75 mm. If the
permissible shear stress is 350 MPa and the modulus of rigidity is 84 kN/mm?. Find the axial load that
the spring can carry and the deflection per active turn.
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