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Abstrak 

Ptllditio.11 mi difnksnnnJ.a11 wuuk mc11g,11ibangl.an produk s11bs1i111si import Unf ,n,. k yarig 
,/1gwin�a11 dr md11srri lw/111)11111 /111m >""I: tdah di r.:kom,•,i/.;1111 PT Bukit Amin J.lua,a Erom 
Sumntcro s�tman .scbagni uscr-n),'o Dt1lnm wbap nwal p<1111eml,angannya, .simuUJJ op,Jrt:Jtiari 
111111Nf111, 1dah 111c1w1t}11kknn nmlt wmg b,ncrr Rn·,, w awal 11w11111tj11/d..an mcHl11/t1s 1l1er11111I 
,11111 /1111spur relnlt be.rod" Jlfldcr dttc.-a/, Y""g bait. PM&<'mburiSftlt lal1il1 ltmj111 tiipcr/uku,r p<1d<t 
ha/,/tal .vt111g berkairm, tia1111,111 p/J1,1,,i1m pmy11s111011 dn11 lto111(1tenirns 11111/rik.,. S1Jlnlr .,11111 
pent<1puim1111a adlllah drfl[//111111�11(lt1p<11ktm pembd.mu, 1,mrah (direc1io11al solidijicatirm/. 
Pada ta/rap pengem/,a11gm111y", ,,,.,·nr, pu(IJ1ght1 ltmnk p<ngcc11ra11 logam ,·t1ns11ih •anga1
/,(:sm dn11 menjatfi ya11g tttama. Se/11nth demin da11 parom�ter temkI,r disi111ulculko11 dnrr 
J1QJw/u,s .s�cara rreratif.. K�m11d1tw liasil op:un"I '11 rricl pnda pcng�co,un usur-ssuhn)o, 
Dtlk,raplcon <kn11on cam 1111 dcS<tm /J<!l•K«urw, dapal tt!rCOp<ti op1im1JI dan ef,s$i tkntan cam 
yang mUllll:hrr:. 

Km.a t,,nc,: Baja corpadU4t1 unddr. Junu/Mi pu.�coron log/l/11. uni Traci. 

Pcndahulunn 
ProJ •k .Ii L,n Trad; � >'l!ah aa.,u hoi; .. n 
pad.- o._��. \-\Jud E.su1,.:·a.r,•r J1 Bu\11 AJ.2m,, 
Lamp,mi; Jaf/ ,clmm im sclalu dopcroleh dcng.,, c..nr 
dfimpo: d.irr Jcnmn •tau lrufi>.. Spc,11fi�.as11ckn1, }Jl\g 
1lnu, don 11nr,u1 kesttlitan [!mdut.�, Y:,nn 11•ln11I c,nrull 
menjncti\wn p,oduk ini memerlu�an p<1h"11n, dun 
pern,acon,llOn khurus dalam mempmcl11ks111yn 

\letodole>al 
R,,,_,.. l'cn»ik.>n chn p�mi..npn 1 .... j ... 
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lJn111k Hu. thperluk3n suatu pcnclu,an h1njlJ1 uno1k 
rn.eudopalkan scluruh aspek per1u11;11np.an <;>orao. 
se.hing£.a cor.m yang hetur-benar hch;i\ dui neat 
penyu.,uLln d.lp'"1 du:apai Pad� ,1l.h1tn).1 J.tn 
kebi:rh1>>1l•n mcmprodul,si bar.mg ,ub,c11u�1 ,mpo, ,no. 
,nJ.u�n-\nJwtn )� mcng1un.1J..an P""lu ._,nn 
dap.:il 1DC1DCnutu �but!Dtln .JkJ:tn s,JJ.u: p.ut u.,.-;im1�J 
ll.lri pu1dul. 6Ltm ncg-cri. :,::.w� ua:.mUU.1 lu:;al1tz
bc.rs;aing deaf.ta tarp Fnt tattun).I le�h in tJr.ah.
T-Jtwr Li,,,,. p<1><litu,i mt

C';.1mhar 1 Pt'r30...J11prtq<tctn 1al.w:u ).l"£ �tum
ophr.ul m•na,1lcrb:11l:m l<!rJ:rd1 �""' i,,it>uvrw d.,n 

1 �timgtu. •.U � pcnf_«onn (unt,, d

� c.tlrl�.:Stl:Slli wu•1Jc�.un1tg) 
2 MCDpU � pc:np:1o.or;u1 )� 

,,M � ba.ic pn>d>al "1n1 n� «u0�, 

« I.al t,a:,, ainn ddam ,_,1u <CCJI ..,I pt - u � 
rrcl.tlw �EE ul.m; rur, 

l \.I sa.1:!h 11mbu111\l1 1..-1.Jt c,W 

t -

utnlan Jl3l.la ...-it pr= !lffl£ttOOn 

C.mihu I 111rn1111Jul.kan I.maµ dan .,1ur.u, 
� � 1bn <dl<-ltnnn\,i G1m1-..- """<l,u1 
mar.m,ul l ll11 tmj?lJ( tctroolat< r, I dan :C,-.l<'ffl 

:nttpn 1md1U1 tr.ii'i 01a,i n,,um: � 
ror.u� Ct'lA bertlbr.ll.an cbn 

, &s:nn ptr:m,::mi;;ir. ,.-.-r. 
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( S<lmi ) 

Menghilan,gkan cm,1a� Shriuk.ag:c pornstty 
R.e\+itw dcsa1n don SHnula�1 awal mas1ti mcogh<LS1 lkan 
cac.a1 litu·io),os_c porosllas scperti y,1nr: diwnjukkau 
pad.1 pnib:u 4 c�, im lcbih jaub aJ.Jn dudlli J.rn 
diaialhis JMcJ:a pt.,-cHunn 1anJU1.3:o ini )'4'\f;t tut>Jiput.t 
�, therm:d pJcfa d3cr.lh �:mg bcn.."U�utan jup. 
dzb.m h.lil perblw.nz� 1;.ooliui rare. AnaliM."' � 1i,b:ap 
Ill mcn�utu.l..:.tt kri1ad porn,,il)' 1lan lritc.tiii,. 
h'TYAMA x-bat,1, J'Clbandtnpn dari tb, ,m.-1 rtatfiau 
&iu.caohr..5 ,�1c-

Oa1a. Trial clan Amllhis 
�•bn �>mrlt1 <bn po<iq pc<-.Jul. iCI''"" ),ID$ 
di!unjufun p;,tb g.,mt,,r I. mau \et:cnclc1u11�m 
JlOrosna"' 4crJ1.1<lt p.t1fi1 d.JCrah JbS l"'�A.fuk f''Pfo\U.n m• 

E71 

nonmil te1jr1di. dan o.knn dikompcnsnsi olch ric11!}gu 
naan pennmbnh pad:, d11erah lCfsetbu1 
Perlu11ian lcbih barus diLUJU�'an p>do Jlt>IUl'lln di 
baglan 1�1g11h p1odu� scperu ditunjukkllD rad• gombM 
2 Porqsi1as mi ha,� dikompensasi oleh pcng.:ndalrno 
pembok1nn l'cngcncWwt pc:mbckulln yang tcnrah. 
batti.hir pada p(><OS<US. 

C•mb,i 2 Porositas pod,, prc,duk. 

(inmhnr 3 n1enunjukkan thermal modu1w·: yr11,e, di 
-�ambark�11 dnln111 sknla warc,n, Ri�er ya11g kurn1114
bcrfirnJl$l di11111Jukk�n dcugan nilai modulu� pnda riser 
Lcrscbut y:mg 1•t:.ndoh. Acuait desniu pcusocio(.tn
diambil d11ri hnsjl stmulasi illi.

-·----
-·- ., .. 
-·- __ 
.... _ ... __ 
.... __ 
..... _ --

Thcnnol modulus , 
2.46(ctn) 

TbmmJ modulll.\ 

1261cm) 

Gamhar 1 Pcnombah samping Ud3k berfunp�, �ba�a., 
(ll'JNJ()la, cairan p:,d2 !Jenda 

Ptmir.1"4h ,-mJ'lnr. rad> <Rl""1 dculn l"•t·�.,1 
ldah ,!,pc,h,11, denr•n nxni1l•.-:1n mb, nvtdulo,n>"J 
�� n,I.. m.'lclula< �L n ,,m 1111 
menumr.l:au n1J.1.1 );eld namu.n mai.,h =�rn, h..u �.,n,: 
""'�µ, Jr.Cul di....-) c.utla 
Ur:1:i:):n �In P<"rh.,il.... .... n I 

Pad.a tfC"' :1111 rrrh 11\."u'I I tnt d15:un.-.i.;an , Jk·1un-.h.,h 
Jmg h ,1ar, • t r-.·o.unb3h .l.l.l� fl hh dum11'{\."f I NU 
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mm Jan ? bh d1ome1cr 11.0 aun, don 2 p<m1111bnh 
"""'111111: d�ngun dtnme1er 90 mm. 0.mbor 4.4 
nien11nJnk�nn wsisi, jumlah. dJUl bcsor pcnambah yang 
d1gunilk.ln 
Perh,1ungan manu:il m<nunjulun d,pc,,h1un l 
pcnombah J1U \aj;L Nomun, p.,d.i pc-duwnsan 
modul..- 1b:mul, ditemui tw.wa d.lcnh d• b:awm 
penamboh ,u, dimlc,a 120 mm. d,rcmul � 
D.>enh ,ni c,end<nmg membentuk � dr uhi� 
rembclu:in. Oldt l:arena ins, d,pcrlubo kompcns:m 
p;mu Y•nt: lc:b,b bes:>r clari daerah tu<ebu1 Oalam h3l 
lDt d, run.abn pcn.unbab $\lOptllg dena,,n d1amctU 90 
m11L 
re.»mhoh ., .. be>3r dai�an lf1.1mi:(cr ISO nun sepeni 
y>ng d11unjulkmi p><la g,nnbar 4 lcl,h n,cmenuhi
ulu111" •upl•I Clltmn }.!JI& cukup. modulus 1hem1al
y•ng ,-u�up don nrnb pcosupJn1nn yhlljl mum�d>i Olcll
lti1·cnn ilu. pndn dcsuin ini hilnyu d1J'>crluk3n satu
1>cnn1nbnh stun deng,m lctak. Po.sis,. dnn ukumn scpcrll
pnda 1ia1obnr.

Bnrl..u1 ;ad>bh proses pcmbd.lWI tut .S1sunohlsibn 
d1m1.1l:11 lep..at � p,ose.s pcng,s,�n ronggl) ceu.k

bcntkbir Crmcat It3CUOD sohd �:. sy�tcm iffl 
d1dnpolk•n pad< rub, 60%.

Uasil simul�sl Dcsain Perbaikan I 
Po1·o�i1a, 
I laSll ,1kh11 menunjukkan masill tll1C1\J111 ndnnya cacat 
pOfOiil!IS pttda produk scpcni t!itunjukknn pu<ln gamtrnr 
5. Po,osltas 1cr1a<li pada l>at,lan tcngah proctuk, dan
1,ot�<lr, di luor JUng!;auan pc11ai11bah, I l;il 1111 d,scbabkaa
k:,uc1111 1111-ulutu� tc:nna.1 pi!da b.1,;1:111 lCt!l<:bul lcbih
lmgg1 d.in dilCrah tJJ"SahJ_PIO!l,U)·' O,m1bar -l 7
mcnj<lo,,,,n lcb1h Jd.u <ktall 11•1tJuh"' 1h•mwl pa<b 
du.t b.t1,1;1n bel.i.b.un pcnamp.lHJ )'-an& mctnrrlJUi.bn 
"'-al.- �.1.111 .. modul""" lhcrm..t tct>ebut.. 

[P 

Cr.1mb.r 5 Por=w path dewm ,n, dl1u11JuU.oD old, 
randa pari:th 

Crilknl fructlnn wlid tim• 
G:unb.u 6 nxu,unjukk:m 1crpu1u.,..11ya J(.upl!u r..-a1ran 
p,,,111,ml>ah h�l 111i disebabkll11 daoiall d1 1.>:,nmn bnwah 
pmduk momililu nilai modulus ih�rmol y•n& leb,h 
IJcsnr, l'ombcrian ukuran pcnambah yo11g 11:bih b..:sar 
1idak nk:111 mernecahkan. mas:)1nh in1 i;cb�h d:1ernh 
l..:11�.ih pmclvk 1:l;!_f11iliki ,uo<lulus thc111ul y1111� l,�a,. 
Nllul n!lldulus 1hcrnL1I di1crnl1 1cngah 1cr,cbu1 lumi.� 
fihuo.inlnn :1g-;ir ce.rj!Kli pcmbcku�n ICt:triih J:itl produk 
kc pc:11n100Jh. 

u,mbar CJ.1'rrpu1usn13 suplal ounan pcmunblh a1as 
SCJ)Ct11 dituojuklcan padn Ulndn J'.inah 

Dcs:ntn P(lrh:)iknn 2 
lJn111k ,,.,onurnnkr,o nilni m9dvln� 1lw,)1)."\I r-nJn d:;!sli,, 
1wrl>:11l.t:u1 J. mn.k:. �11l:1h $.:'lln C':1ra1\yn ndnl:\h J'k'tnb,•11 1;m 
p;v.:i,· k 1·mn it pndn da.er-ah d('ng;-1n ni l:ii n1ndul11F: cht!rn1al 
)'!\ne he�:lr IC.f$bUI, tliml\ll{l l�,rj:td\ 'IJ{\fU�,(� 

peoy11,111nn. P:ida gambar 7. pc1111icn:1n Jl'-Lr krom,t 
ditun)Ukkn n dcng;m w3ma mcrah 
IJl:11�111 1><:mlX!nan pllSlr kromn 1111, d11i;irnp�an la1u 
pcndrni:tn;tn 31.!n drpcrcepol, d,in l�h,h �q,11 dan 
d;i,:rilh d1'10mplngnyo. sc.hms.;• n!IJI m<odulu� 
lhcmWny .. n1e:1q...cli sq,crti ,bw.n1ufi;;\.a1t p.1'11 !=•lOlh� 3. 
""'"JI \kng.m l.•kbh pcmbdcUJn l<far•b 
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G:m,lnr � P.,tba&b,a dc:sail1 �"" p,,�r.-1n I" sit 
l:,omit p,ila �Si'ln procluk. Ditmct.u <kng:,n w-1m� 

mcnb��ini 

Modulus 1hurm;1I 
6omb:u- 8 m�nUnJuil.m nilai modulu, I hcrnml yang

�udah '""""' dc1111-1n l<Aidllh pembckuan lcrm:,h r • .i. 
·<1esain inl, kccendcroogan •efJ•dinya po,osi1,1s pada
prQ(!uk sudnh dimminl31isir Nilni modul d1bugian
1<nguh yang o>,1l11ya 1i11gg1, klnl mcnjadl lcb1h lcnduh
Nifai t.inggi n:nd.,hnyl modulus chcnnfil hu p.1dn
_gamb..r 8 duun1ukl.:m p:,d3 sknla w:una. Wurno kun, ,,i;
(wm13 ld:uh unngl menun1utbn mtll, m<>dulus
Lbcrm!.11 yWlg kb1h bn�:;, c:b1i wn.m.i or:.ngc- Cw.a.rr:
Jd,ihgdap 

I _,,. ___ _ 
- ....
-- ,..,_ 

G�mba-r 8 lAJ Moduhn thcnn:sl podJa t>ns1;)11 tto�h 
<bn {l)J modutu, tbcmw p,d!I !Pgw, ••m1>1ng N,t., 
muduluJ O'lc'nl'w � J.rdu8 b3gian u:,�bt.,1 �•m\J 
�-,:,> WUllUl �u.,n IC....-.h kl,oh 1<1J•mm 

p......_it.,. 
l'ear&u=n I""' uom,r p>d, dcilln int i.,bh 
-...i.,,,.u1. pant,cl-, ia=,h.. sd,in. • lkUl bg, 

!<;µdi f• pada I,� aer."'°h r,,>duk t<-pcrtl 
l"<b lln..;n r.:,t., • I c!dm, u..bn r"'b pmb,r Q 
N'l.ttiy:t_ JU .J'Offll l::ciJ<-1.lil .5Ctt�.JI J'('lnhnJ •l l 
dliUmz JUI.LI '\"K &(tKtaf l.wcn.a l..1p 1t-1 n 

... 7 

d:tn �01tdu).ttl1l••"- p,ums y:m� lcbih 1insJ1 (bt1p,1d� 
P""' 1''""" ..;inJ 

G.unb:u 9 P<1<®lll p;id• °"-"'"' Pcrl>.tlun � T>d>I 
d,t<moi D<Lny., pc,t0<i1� p,d.1 pn,Jut 

Resimpulan 
L Souod <;o;iing pod., Tmcl link d,pomlch 

dcng.1n mcnggunah.;m pcrarKnngttn t:c,rnn 
Oc�,i n l'or�aikan 2. ilim 

2. Progrouu S imulas1 Pc:ogccor.m Lo.;oun
Sohdea,1 efel"I f memhanlu pcr:11w.1ngnn
cocJn tJgu k.utlbt:osi dan pens.gun.un )Ong
1cp111 sen� scsuai dcngao kondlSi pr.il.1CI, di
'-c,,rtel rcnl)ttOt:Ul.
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