
Ang)FiqM1101Mli 

111,11"illEnthvE1MallinitMi 

rmeloculU ctht4-11-1nRimFinyrt/ 2 
	

litinT_InnOinb,-) 2556 

Tull 28 qa.inniM 2557 
	

L-Jal 09.00-10.30 u. 

1/in 215(6)-304 ctialf-reynnivii'@lna 1 
	

i@l 5817, R200, 5101 

1 6kaacualviLo 50 41@ /11,Micumtonwhvlocu 

2. 6h8MJI,o-1atiaii 5 '11-[,A'ail 1v9itS@112@t1Likil 1 'ij-)1)S@n 

3. 1,111.11I-iLanal LLatLRil @lAiLauSinchlaacu 

@.thcotirwi 	vlcg-criiiqi ti'@1 

wi.m.e9 61 5..t 	liTQL,vild m. 5.1ni 

Nr1051diJTV15 Lov--yiNqa 

05.2,))./11 	elT LIM') 

@-1.,filain 	naatInqa 

m.nqT 	aanIn 

olf1PTIA 	LS-)55aA 

NF1056677{{V 	iTtlym.A1 

m.licutaTiaitNI 	MIN tlfl 

W1.11A115V1. 	gi'iM1 

wioAiqa 	lqcv14Lazilcp.  
WI.V1.1i,LhEJ55i 	Tim-11,41A 

'in@friiaaat 

1 



1. Torsion Test 

B 	 • 

 

A 

 

 

•47.;hear 

0 

1. L510111'15n1,11'1101A1F1 shear stress-strain diagram 

n. Modulus of Elasticity 

T, Modulus of Rigidity 

R. Poisson's ratio 

qnylnia 

rioct/ni@ 

2. NolollAn5nACILLaoln shearing proportional limit 

n. No A 

T. N B 

R. 	C 

1. Cpyrilo 

3. Nololun5whiLLMIlFri ultimate shear strength 

 

 

n. No A 

T. No B 

o. No C 

qnctingif @ 

rioctIni@ 
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4. No6bacun5mAlciLLe4n yield shear strength 

n. No A 

B 

R. NO C 

riocv,Ini@ 

5. l'unnTvi-i torsion test gijol,kqgal 

n. -Tew),Lmilo- n6tyloLthavu-Aiv1Q-inficuLLtr)ancinaculnu 

laqLed7nt`'nv iovikuLLcu-AQinficuLLtnLLnuo-mlitonu 

-TaqLvifiu-A'n6r9dJuLLII-JI,EilfitiacinancuT@liito-vu 

qminin 

lovIn4J1@ 

2. Tension test 

1. im,p7ifil Levium-icol stress Lot strain VlalLinViqo (Lfj@laid@Lii) 

n. Percent in reduction of areaacfiqo 

T. Percent in reduction of area 3..nniieji o 

P. Percent of elongation L-Incilqo 

Q Percent of elongation 1.ieucriqa 

2 Stress CiLTwintrmalnNannwoaaltin 

n. ?,,i,lnimna.iLf_hailLYI -iz,-iLT4i@l preset 	61,IXTI,Ati'll initial offset 

6d. 	 Lmitql1,11-vao6i)@@n 

1,11Y1t166511715Vaal  error Tinn-idnl..1 

LIW)1141,11-11Ab''allaT@A Poisson's ratio @Ej 

LIAITIat frame Lot power screw 6H1LRij @liW11@1@@flblil Lotvaij-Ji-m 

3. nn5-791 percent of reduction in area Lot percent elongation 31171111191PJEJL-2iLi7IELot 

gauge -117ikinlimtd-lcullATIn 

i n. L-2iLcris LIAITin ctlunn5i9wilcuyn,bEJo51 

L'-2iLilu LevN5ntlIXinctlincuLt -Jo5did 
 a. 	

io8 (;iUan@iLcriu) 

P. Gauge Lini -ItLf_h_locr/IFlolinfTcu lab Lotyr calibrate L'11,1,1i'66Ai'J 

1. Gauge LIAITIt6it,ifhaJaikda@nlniAouml 

6'2iLi16 	 iiifiugauge 

4. volLcoSmnoloullvd@ignAnn5aalTalcrAiLiliin.91-1611v6/a8n-hviAnLot@ou riLt'EL LIA15nt 

n. coalLviSallIFINaLITALtul'aqvu5nt 

T. L 	stress LLat strain Talmal6viSall3a4 d-n,SiVilal 

R. Ultimate tensile stress 6nlYialLvIS@lrM-11.Innriqo 

Poission's Ratio cCiaiiiqo 

vialLvfSnliptculvtNalrml 2 3-19 
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5. /Ln-n-vioa@lL5-icellLuNo yield V1/@Finlb 

tha n. .i)LNICAIEJ1LLat,vict7id-nd load n5n-)i n 

T. M.161.1 dial gauge vi,LcriltdiALVIViAlciL 

H. HIATil load 	.-6 ct,rd5aifiLi■ILL')n-i- tinFi 

1. fluilliivt.4 power screw .°4'igil'hL51kicun'15141,rtooal 

`. Dial gauge Lilia -ial 

3. Loading of Struts  

1. f1-15LLtilthtmlinolLerivil53.1 -Jmni liathLtu9i-ALtil  lunn5vioa@ZIALctillifiti5tiLnyi  

LL L5nklyinn-i5vmaalemohMturo  '1-11Aract.J 

n. RT1LVT@NILal 	4 	2 

T. flT13.116H1Lal 	3 	3 

ft H']nall6ialLan 	3 	2 

1. irM"ugoffitlwiE 	4 	2 

. imitgofictianu 	4 	3 

2. D15tIfIt191T@IVNI,TU'lltU4f)11J11'JLI,Ii51,14'1C12(  Einv%  9-Aniwi-flo 

n. Height 

T. Cross-Section 

H. Modulus of Elasticity 

1. Mass moment of Inertia 

. Area Moment of Inertia 

3. alailF6-1Lailcunlun-) 12 d-) 37J'inn-itInt-121-4-11,navIn Euler's solution 6th.,1P ti@coi 

oEinm-ru-1 VfnnalAcufl-yamTmlLan Ltu 24 ctii' Lantilinclin5tIncInvii vi-13.1'N'Ii`LJ 

n. 4 P 

T. 2 P 

R. P/4 

1. P/2 

`. Break a Leg! (=Good Luck!)  
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4. ampl-inLerivlicl1LL'Ut hinged-hinged column r.iii,fl'i5tilncivri4-11..ntiUTIn Euler's 

solution Letl`u 400 li@ug aint-wn-ru- n linnLCAErtactitiolucucu hinged-fixed  Lot fixed-fixed  

vriaJnAjcu 

n. 200 100 

T. 100 200 

1600 800 

1. 800 1600 

Beat Me! (=1 dunno!)  

5. nTIARTILAIIA71,46:,-vd-il stress rit slenderness ratio T@10-1601t1i5t/LIIIIVJAjilbstlIt 

n. 

Slenderness 	 Slenderness 

A 
1. • 

an 

w 

Slenderness 	 Slenderness 

In 

aM 

Slenderness 

U) 
w 



I 
(101-20,,, 
No ',Xg4-c4 	70  

i4oc. 3  

T. 0.01 Lot 20 

H. 0.5 Lot 100 

1. 0.05 Lot 10 

0.02 Lot 40 

4. Beam Experiment 

1. Dial gauge ItiV airiwIoTtEitevinZahoLotvincifiqoUitaw5 

n. 0.1 LL 	200 

2. 1,1,71?11q2Tfll load cell ilanLiwW1,1,4n-i5Iogartiiio L'ijaantLf/iucuPJEqtin5t-ajlF_J (vv 

Lriu 10 1Thuii) 

6 

 

3L/4 

  

L,14 

   

     

I-14 	Load cell 

W 

n. 10 liga T. 15 cd@ct.d) 	f. 2.5 1. 5 cthetoi 	7.5 .1Joug 

3. LL5Tr/IISIOTTLIAL-g1.1 support A LLat B 6H1fl-1ubqictigi@6viio 

rn 80 ki\I 	

m 	 m ----* 
20 kN 

A 
	

B 

n. RE3  = -70 kN 	T. RB  = -50 kN 	RA  = 30 kN 	1.1RA  = 50 kN 	RA  = -10 kN 
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4. ialon-1-361 n-15@li'limnctaLcucu pin LL 	fixed iiilu,ln5tvlw5lnanmni.,1131adnlyjnkl 

L/2 	
4 	L/2 	► 

 W 

n. fin55@lijcuL6cut pin iiLL511.ViEnCANo5alijculinnn-nn155@licunt fixed 

• n155@li'cuucucu pin MIJI,MLOWIN05@litL-Inn- nnn5alijuacucu fixed 

• 11-15@licULL'Uli pin alla.avail95-ILLvict,11LL51n5ty7-111oun-nn155alicuucut fixed 

11155@liULL'Ut pin ihtutlf-ili-AinuctnilLL51n5tyinLinnn--in-i5ali"cualicu fixed 

• fM5@licULL'Ut pin 2aLlicoioulelociinavn.j1LL1mtv7-1Loinn5@liicuLLucu fixed 

iLart.,40,qgN05@li-icu 

5. ii@lond-nikekl A'nvicUR-11:1711i1Ufl15: 11,7 j`d 

01.1f115LIIA6JO1111.1 (' elJNO origin): 

WL2 	 WL2  
II. yrn„, =  	T. Orna, 

48E1 	 4E1 
WI! 	 WE 	WL2 

• ymax  = 	ymax  = 	 . 0.„ = 	 
' 	48E1 	 192E/ 	12E/ 

5. Mechanism Analysis  

1. nalnviAlinlimNi@mal 2 LAluf/iTtrwaatheicam:i@uga 

n. Scotch yoke mechanism 

T. Oldham coupling mechanism 

ft Whitworth Quick return mechanism 

1. Slider crank mechanism 

Geneva stop mechanism 

EI 
d 2  y Wx 

= 
dx2  2 



1200 
D 

B oink. a B 

Tool 

0 

8 

-y 2. Itin15@@nwu'unaln'thtLPYI quick return in61̀m5-linuna-rmlnalncthtaniufl-mtil@ii 

n. 0 

T. 0.5 

m. 1.0 

1. 1.5 

0.8 

3. nattnmaq..1 il5nuat654 sai1i 0102  = 800 mm, 01B = 300 mm, 02D = 1300 mm and 

DR = 400 mm 17iLLIJL 01E3 1711213.1 450  66atinIART11.11,115n 40 5@cu/ct.nii 

No B Lot mechanical drawing citunaL- dw..nvilo 

n. 1.254 m/s thtl,cfro quick return mechanism 

T. 1.254 m/s 1.15t61111 scotch yoke mechanism 

o. 1.542 m/s thtLini quick return mechanism 

1. 1.542 m/s 1.15t6,frifi scotch yoke mechanism 

la.141@loclin 
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4. 'in cicULR"i'oln5A1-lcunli,f_lcunn5IJTQ-iNng1,41nai,no-nlolo 

,SUSTABLE SL:LANG 
suFPORT 

crioss TrZA'E' E 
-- HANDLE 

NU1 

; &CAL,  f-',10i*C.AOR 

CLUICk. `,CL 

n. Scotch yoke mechanism 

T. Oldham coupling mechanism 

R. Whitworth Quick return mechanism 

1. Slider crank mechanism 

• Geneva stop mechanism 

5. nalnIctAinnAjuLl--3 (quick return mechanism) Ltcunalniiy,ntl-ariEgmatt6bi 

n. 

	

	 6hviaifivInl-nati,9'6jotVi4f-1 

66"J1V101.1171n6L'cutLq--J 

• naintkinicuA/-JEwyriu,q-JiaiRlifi Tn,itvinymt4t4c-1 Lcd@l1fITtlact/ill'11,4i1cfl'15tql Tit 

LFI AAlacuCincuv„),Lf_JIA- 11,--oncih 

• flkIVL-,11,R 1€1,ATtlItc141111-11,1-) Lill@MAjT1U nantAauctlinA'cu Ia-i@ln-iwnatLHAnctA 

nalnvq,niicuAl-JuRTILLI-noli@vejulcViR11-71 	 1,410141fi'lAilvqo 

• 41@ n uat ' yjnA'al 

6. Cam Analysis  
1. Cam, follower Lot spring LoiatrlinlmIgIfIlFJU operating conditions 

K = stiffness '?J@1 spring 

M = total mass T@1 follower assembly 

L = maximum lift (displacement) T@1 follower 

i@IRAI @ maximum possible acceleration (amax) T01 follower 

n.amax= g  

T. amax  = KL/M 

e. amax = g + KL/M 

Q amax = g - KL/M 

a,„ = -g KL/M 
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2. Lila] spring pretension Ii P = :fiEit pretension iiEloga maximum possible 

acceleration (amax) T@1 follower 

11. amax = g 

T. a, = KP/M 

fl. amax  = g + KP/M 

1. amax  = g + KL/M + KP/M 

J. a, = -g - KL/M - KP/M 

3. Vertical component of cam acceleration (acam) klviiativilmrigovillVtaniCrw 

bounce 

	

acam 	amax 

11. a, = amax 

ft acam  # amax 

	

Q acam 	amax 
ti iV 

0, 4. niTtAILLammuhiugwv611 (maximum operating speed T@1 cam)
2 
 nu spring 

pretension (P) Ala 

max ',Feed:  (ipm:::  

ping plete:racta (Ln) 

J. 	!LW: :peed-  (rptur 

pveter.6icn f:Ln) 



max Tee - inr 

11 

sproilpfetensien in) 

max s eed:  

preternict 

5.,,t0711J maximum operating speed 11,fertilkdilb I00,2Mrio bounce 

11. ao stiffness T@1 spring 

• as total mass TE1 follower assembly 

R. amtut spring pretension 

yln6 yn 2 

7. Coriolis Acceleration  
1. aLn-milli4-ant-uRT-ILLiamil@Sei LOVVIRT@MT1LLild 

n. 2 01- cIFILVLIJSIZa 

T. 2 di- 17191661,1)hr.10 

R. 2 di- 

Q 2 cor 11FILLVAFiil 

. co r 

2. iimploffiith!i@lctiii'lnliolcunnwoa@l 

n. 6umIrm-Iviajn v

• 

R-3-11.1,5-JVALLLTIai@ 

• HT11.16UT@166TcU 

1. cli@WT@1M11/13-11.1 

• ATILErynalLortai@ 



3. 13.1atoWnIntiR-inaLnnlTinla.uldltAiTinn-15-Tovi@frlamt@t'h 

filLarafl-ralo 

T. ilb-ALLknnulPITAaL 

@1.HT1311A-J5nT@ILLTIS;11,111iR1171 

aat T. 

fl. Lot R. 

4. ILaugilo2uni5lioa@li,i@t15-To 

n. pressure gauge 

T. dial gauge 

R. cantilever beam 

.. dead load 

load cell 

5.11.4n-mioa@lcuLannfl-rlm'l2onninvi@unvilvallaiot'i1-11 

n. RTILL11R1I@ia 

U. n-ra.nlviciF,Tu6nanl 

• RTILIAlTinn-lvallti 
ct 

1. 	T@ fl. Lot T. 
v 

v. yinvim T. Lot R. 

8. Flow and Friction Loss in pipe  

1. m-y1lAci4u66m1LLIAInwi@iRTILLA'E.Jovilug@i@lo 

D 2g 

h'oviLoctin6tia 

2. vi@21CiilminiFjcu6nanunEltu 1 d-) (25.4 mm) Em 10 m LotiMm 
(k) will% 0.8 iii i.1111 ( p =1000 kg/rn 3 Avai-naiaLLatiii@l@F_JR`ra.nq-) 3 

m/s 	11,1-IR2ILkao(Pa) 

n. 146.8 

T. 0.37 

a. 3.6 

1. 3,600 

U. riovIlivnin6k 

12 

n. Ap f 
v2  

D 2 

D pi/ 2  
T. Ap = f 	 

D 2 

L 
• Ap = f 	 

D 2g 

Ap = f 
Le  V 2  
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3. lunnwoamrwyraActiTcugi-adll 6m.nn-ilva h Fnuham7ia@liAla (Orifice) `U'ql@kl 

HTilact.00ffi Orifice (in.H20) 	1 	2 	3 	4 	5 	6 

&)51n-151>via (L/s) 	 0.10 	0.20 	0.29 	0.37 	0.38 	0.40 

Lilatiijctrrg-ftcdivar,incinfi@ 1 cti-) ( 25.4 mm) lAilAn iiR-raAjtiaocr orifice vvinfiti 4 d') 

6tidntith1nviudiolai LLatilVilaAj10011,11/1€V110/1`1f111 1000 Pa plcvinFITI3Arzi@lt116(11 

1/1@ 

it 0.59 m/s 

'11. 7.3 m/s 

R. 0.73 m/s 

1. 0.77 m/s 

lajiiii@l2Qn Viyi ng@ 	  
4. 6]-1P -illguaoltivi@m1 GtillAtie.inwiciAnall 1 fr) Ern 60 d') 27.1'IL`viqicu 0.3 in.H20 Siaji 
ivialcuyi@i-JEJR-iilsnie) 1 m/s 	11,1-winuctAlnoi@ifl-rulmovreoialyioAiln-n r-ivn.a61.(t 2if 1 i.7d-J = 
25.4 mm 

n. 0.0025 

Ed. 0.025 

R. 0.005 

1. 0.000254 

. Uialii@IN,n ciyi ng@ 	  

5. Orifice LcadqcdMdgillili"UiV1 
QJ 

fl. 9'illct.1 

T. 6151114d 

H. RT11.113 

1. Nwill6dolp-mh 
. kincoLovIngi '@ 



2. (1) CifinAjlitainfiaaJuqrul6m- nn-nliiiqln -iLvauilil 

(2) iiirinAilicuLvinfithInpanmwaii-ARTILA,RillSiouln- ncLvi@ul/il 

(3) 6-winlm5ejcut-oalLctla-Sfirifl-ravilovLinnl R-J51i&qjnqcu 

(4) c ou nou cuc 6tilunwvioa@liln5tcuanp 2 intuan 

(5) &Jou nQui.in1T,R6j @cuilt,LIYU Reciprocating 

-inii@R-3 -12,J41119%.41@loyi ni@l 

n.(1) (2) at (3) cin 

6d. (2) (3) Lot (5) nfl 

R.(2) (3) u 	(4) yi n 

1. (2) (4) u 	(5) nn 

. qmr4la 

3. InEgloirtAikln-iwillCi@uvi@v6L'Aviljejl 3 4cu lou&71 3 oulTlf-niu 8 aim.  Iou2nallvtlt 
NolimIl1iqlcUnti 67116ii@rall1Ja'- 1\u- Tv1fl-raZi1 12 1,1105\M@2-11k1 couq131(11AM-a161@ti:01 
lo ilm-mkuvin\vilLcvinlo (nagAlifinnoALSCI,o1 Lf1MIculcottudictllou) 

n. fl-nli16,1n u cu Viiifi-rmAql 20 L3.125 

T. R'nle.L1/1@a1111J1 fillijM11.1kqiil 15 LLM 

R. R-nliiati/i@EJI'd1 illtRT12,41q1 20 LLI25 

1. fl-nli&qn?jcu iiiimiaNictql 25 LaJP5 

. RW,6?iitiVVI@E.116d1 filliIRT11.1111.41 25 1,1.1M 

4. finAillniiidigt(water Horsepower)1ANt6thnt151)1-11 
. 	ti 

fl. RTIL1IVIL6ULTM1 

i T. RT134,i107,@lvItiR-Jull%ficA 

R. LMil0 

1. jm.-Irn511)1a5m11.1-1 

. LOOT@All 

5. i@lobil6dAnlii@itYlunlwoaal 

n. Lflii @lfi@ioquof,l,i1 

T. DC motor 

A. variable transformer 

1. LR'i@lil@IORTILL-n.@IJ 
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10. Conduction Heat Transfer  

'nflItif-r15cvioa@l Steady stage one dimensional conduction heat transfer 'I& 

nn5t-1nuLvw1 'miimannLLvlmniii@cuqmmilQ1 (Heat source) 1'- EJ6v15'1n-IL-inEJLI/IRTILilaL 

Q1 e.intoi-)nailemln5tu@nL,railuv.Anall 10 cm stlLtuiaq 2 'AO (ttlo A Lot B) 

tuna En-nriutot 45 cm iin-ITI,I,LQvyt.2614L'ila@lfYunnfinELvwryiLiutauLLcinunctAi'mill 

Thermo couple Lii@ioqn.ivugqne71@y; 10 NO 10E5tEtilii'llT@ILOHatNOililLYI'licit 10, cm fri 

tialEA1-itn-rul@T@Tv151n5tu@niinn5chEinim-radii@u Q2 0:J LLVIlicUR-ila.i@Uqtlaiflirli'l (Heat 

sink) 6tivticullicviaEltAl.viae,inctii-)uo5v151vtafllii 0.010 mvs 

i101.14-nevotTalca-ifin 4,200 J.ks 1K 1 1,1,:ii -1R"I13,11,11,111,61.11,1T@lj'ILY1-1/1111 1000 ks.m 
3 

4 

VI 1 2 3 4 5 6 7 8 9 10 

T (°C) 350 325 300 275 250 200 187.5 175 162.5 150 

lv1@cu 4noia.ivia13cLid 

1. inf-1151.1-wrimiaLl (Thermal conductivity) Talim), A iiiinLvine)'`u 

n. 213 W. K 1 

T 	
1 

T. 321 W. 	K 1 

R. 428 W. K 1 

1. 213 W.m1 K' 

• 428 J.m 1 K 1 

2. '6mnf-rm-hu61/iRTILiact.1 Qiu,at Q2 C-Wiii,ViniYU 

n. 01= 0.63 kW, Q2= 0.63 kW 

• Q,= 630 W, Q2= 360 W 

Q,= 360 W, Q2= 630 W 

Ql= 0.36 kW, Q2= 0.36 kW 

• Q,= 63 J, 02= 36 J 

3. ile-rakruvinuf-11511-1R-raii'au (Thermal resistance) tiLM5@EJ91@T€16d@l1M1 A Lot B 

n. 134 K. kW 

T. 50 K.kW 1 

R. 74 K. kW 

1. 74 Kid ' 

500 K.kW 



4. irIA'JcilAnct..nincun-15etlie'rLiinu (Thermal resistance) T@TYK),  B N-lainfit 

n. 98 K.kW
1  

T. 74 K.kW
1  

fl. 89 K.kW
-1  

1. 47 K.kW
i.  

. 213 K.kJ 1  

5. FitIn15111RT11A91d (The-ma( conductivity) T@TYPq B 271W1'lL4TYU 

n. 0.641 kW.m 1  K 1  
1 - 

T. 0.428 W.m 
1 
 K 

ft 0.428 k.J.m 1  K 1  

1. 0.461 kW.m 1  K 

. 0.213 k..1.m 1  K 

16 
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