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LAMPIRAN

Lampiran 1 Jadwal Penelitian
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Lampiran 2 Desain Pertama Exoskeleton

Lampiran 3 Desain Kedua Exoskeleton
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Lampiran 4 Proses Cetak Lengan Servo Exoskeleton
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Lampiran 5 Proses Cetak Penutup Servo
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Lampiran 6 Hasil Cetak Exoskeleton

Lampiran 7 Cetak 2 Cincin Jari Exoskeleton
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Lampiran 8 Cetak 3 Cincin Jari Exoskeleton

Lampiran 9 Lengan Servo Bulat
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Lampiran 10 Alur Tali Desain Pertama

Lampiran 11 Alur Tali Desain Kedua

Lampiran 12 Alur Tali Desain Ketiga
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Lampiran 13 Bracket Servo Desain Pertama
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Lampiran 15 Box Kontrol
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Lampiran 16 Program Mekanisme Gerak

finclude <Servo.h>

finclude <Eeypad.h>

Servo servol;
Servo servol;
Servo servol;
Servo servod;
Servo servod;

Servo servob;

const byte ROWS = 4;
const byte COLS = 3;

char hexaReys [ROWS] [COL3] = {

[rir o T3y
l' l' r
{ra', 's5', "&'},
{*7', "B*', "9},

{r\;r‘I 'Dr, r#r}
i

byte rowPins[ROWS] {33, 35, 37, 39};
byte colPins[COLS] = {41, 43, 45};

Eeypad customFeypad = EKeypad(makeFeymap (hexaFeys), rowPins, colPins, ROWS, COLS);
int orderl;int mode=0;
fdefine lampR 2

fdefine lampG 3
fdefine lampB 4
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int sla=180, slb=0, s5lc=120, sl1d=60;
int s2a=180, s2b=0, s2c=120, s2d=60;
int s2a=180, s3b=0, s83c=120, s3d=60;
int s4a=0, s4kb=180, s4c=60, s4d=120;
int s5a=0, s5b=180, s5c=60, s5d=120;
int s6a=180, sEb=60, s6c=120, s&d=90;

int siklusl=0;int posl=0;
int siklus2=0;
int siklus3=0;
int siklus4=0;
int siklus5=0;
int siklusé=0;
int siklus7=0;
int siklusB8=0;
int siklusS=0;

const long durationl=1200, duration2=1400, duration3=1000;

long reTimel=0;

void lampuRGE(int val) {
if (val==0) {digitalWrite (lampR, 0);digitalWrite (lampG, 0);digitalWrite (lampB,
if(val==1) {digitalWrite {(lampR, 1);digitalWrite(lampG, 0);digitalWrite (lampB,
if(val==2) {digitalWrite(lampR, 0);digitalWrite(lampG, 1);digitalWrite (lampB,
if (val==3) {digitalWrite (lampR, 0);digitalWrite (lampG, 0);digitalWrite (lampB,
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volid setup() {

Serial.begin (9600} ;

servol.attach (12) ;servol.write (sla);
servo2.attach (11) ;servo2.write (s2a);
servol.attach (10) ;servold.write (s83a);
servod.attach (9) ;servod.write (s4a);
servoS.attach(8) ;servoS.write (s5a);
servob.attach (7) ;servob.write (s6a);

orderl=0;

pinMode {lampR, OUTEUT) ; pinMode (lampG, SUTEUT) ; pinMode (lampB, OUTEUT) ;

volid loop() {

char customFey = customFeypad.getEey();

1if (customEey) |

"0} {orderl=10;}
"1") {oxrdexrl=1l;}
"2} {oxrdexrl=2;1}
"3} {oxrdexrl=3;1
"4} {orderl=4;1]
"S") {orderl=5;}
"6") {oxrderl=6;}
"7} {oxrdexrl=T;1}
"B} {oxrdexrl=8;1}
"S5y {oxrderl=5;}

1f ({customRey

1f (customRey

1f ({customFey

1f (customFey

1f ({customFey

1f ({customEey

1f ({customRey

1f (customFey

1f (customRey

1f (customFey

"A 1) {mode=0; orderl=0;}
"#') {mode=1; orderl=0;}

1f (customEey

1f ({customFey =
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if {orderl==10) {
servol.write (sla);servol.write(s2a) ;servold.write(s3a); ;servod.write (s4a) ;servoS.write (sba) ;servob.writes(s6a);
siklusl=2;siklus2=2;siklus3=2;siklus4=2;s51k1lus5=2;siklus6=2;siklus7=2;51k1lus8=6;sik1lus9=6;

1f (mode==0) {
lampuRGE (2) ;

if(orderl=—=1) {siklus2=0;=siklus3=0;siklus4=0;siklus5=0;=siklusé=0;=siklus7=0;siklus8=0;siklus5=0;
servoZ.write(s2a);servol.write (s3a);servod.write (s4a);servoS.write (s5a);
if(siklusl==2) {=siklusl=0;}
1f(siklusl==0) {if((millis{) - reTimel)>= durationl) {
servol.write(slb);siklusl=l;reTimel=millis=();
11
1f(siklusl==1){if((millis{)—- reTimel)>= durationl) {
servol.write (sla) ;reTimel=millis();

1t

if(orderl=—=2) {siklusl=0;=siklus3=0;siklus4=0;siklus5=0;=siklusé=0;=siklus7=0;siklus8=0;siklus5=0;
servol.write(sla);servol.write (s3a);servod.write (s4a);servoS.write (s5a);
1if(siklus2==2) {=siklus2=0;}
1f(siklus2==0) {if((millis{) - reTimel)>= duration2) {
servol.write(s2b);siklus2=l;reTimel=milli=();
11
1f(siklus2==1){if((millis{)—- reTimel)>= durationl) {
servo2.write (s2a) ;reTimel=millis();

1t

if (orderl==3) {siklusl=0;siklus2=0;siklus4=0;s5iklus5=0;siklus6=0;s51klus7=0;si1klus8=0;siklus5=0;
servol.write(sla);servoZ.write (s2a);servod.write (s4a);servoS.write(s5a);
1f (siklus3==2) {siklus3=0;}
if (siklus3==0) {if((millis()—- reTimel)>= duration2) {
servold.write (s3b) ;siklus3=1l;reTimsl=millis=();
1}
1f(siklus3==1) {if((millis()—- reTimel)>= durationl) {
servold.write (s3a) jreTimel=millis();

11

if (orderl==4) {siklusl=0;siklus2=0;siklus3=0;siklus5=0;siklus6=0;siklus7=0;siklusB8=0;siklus%=0;
servol.writes(sla) ;servol.write (s2a);servold.write (s3a);servoS.writes(s5a);
1f (siklus4==2) {siklus4=0;}
1f(siklus4==0) {if((millis()—- reTimel)>= duration2) {
servod.write (s4b) ;siklus4=1;reTimel=millis();
1}
if (siklus4==1) {if((millis()- reTimel)>= durationl) {
servod.write (s4a) ;reTimel=millis();

11

1if (orderl==5) {siklusl=0;siklus2=0;s5iklus3=0;siklus4=0;siklus6=0;siklus7=0;siklus8=0;s1iklus%=0;
servol.write(sla) ;servo2.write (s2a) ;servol.write (s3a);;servod.writes(s4a);
1f (siklus5==2) {siklus5=0;}
1f(siklus5==0) {if((millis()- reTimel)>= durationz) {
servoS.write (s5b) ;siklus5=1l;reTimel=millis();
1}
1f(siklus5==1) {if((millis ()~ reTimel)>= durationl) {
servobS.write (s5a) ;reTimel=milli=s();

11
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if (orderl==6) {siklus1=0;siklus2=0;siklus3=0;siklus4=0; siklus5=0;siklus7=0;siklus8=0;siklus9=0;
if(siklus6==2) {siklusE=0;}
1f(sikluse==0) {if((millis(}— reTimel)>= duration2) {
servo6.write (s€b);siklus6=1l;reTimel=millis();
1}
if(siklus6==1) [1£((millis()- reTimel)>= durationl) {
servo€.write (s6a);reTimel=millis();

i3}

if (orderl==7) {siklusl=0;siklus2=0;siklus3=0;siklus4=0;siklus5=0;siklus€=0;siklus8=0;siklus9=0;
1f (siklus7==2) [siklus7=0;}
1f(siklus7==0) {1£((millis()- reTimel)>= duration2){
servol.write (slb);servo2.write (s2b);servo3.write(s3b);servod4.write(s4b);servo5.write (s5b);siklus7=1;reTimel=millis();
1}
1f(siklus7==1) {if((milli=s()- reTimel)>= durationl) {

servol.write (sla);servol.write (s2a);servold.write(s3a);servod.write (s4a);servoS.write (s5a);reTimel=milli=();

H}

if {orderl==8) {siklus1=0;siklus2=0;siklus3=0;siklus4=0;siklus5=0;siklusé=0;siklus7=0;siklus%=0;
if(siklus8==6) [siklus3=0;]}
if(siklus8==0) [if((millis()- reTimel)>= durationl){
servol.write (slc);jservol.write (s2c);servol.write(s3c);servod.write (s4c);servoS.write (s5c);siklus8=1;reTimel=millis();
8]
if(siklus8==1) [if((millis()- reTimel)>= durationl){

servol.write (sld);servo2.write (s2d);servo3.write(s3d);servod.write(s4d);servoS.write (s5d);siklusé=2;reTimel=millis();

i8]
if(siklusB==2) [if((millis()- reTimsl)>= durationl){
servol.write (slb);servoZ.write (s2b);servo3.write (s3b);servod.write (s4b) jservoS.writs (s5b) ;siklusB=3;reTimel=millis();
i3}
if(siklus8==32) (1f((millis()- reTimel)>= durationl){
servol.write (sld) ;servo.write (s2d) ;servold.write (s3d);servod.write (84d) ;servoS.write (85d) ;siklus8=4;reTimel-millis();
i3
if(siklusB==4) [if((millis()- reTimsl)>= durationl){
servol.write (slc);servo2.write (s2c);servo3.write(s3c);servod.write (s4c);servoS.write (s5¢);siklus8=5;reTimel=nillis();
i8]
if(siklus8==5) {if((millis()- reTimel)>= durationl){
servol.write (sla);servoZ.write (s2a);servo3.write (s3a);servod.write (s4a);servoS.writs (s5a);reTimel=millis();

i8]

if{orderl==9) {siklusl=0;siklus2=0;siklus3=0;siklus4=0;s51klus5=0;siklus6=0;siklus7=0;siklus8=0;
if(siklus9==6) [siklus9=0;}
if(siklus9==0) {if((millis ()}~ reTimel)>= durationl){
servo€.write (séc);siklusS=1l;reTimel=millis();
i8]
if(siklus9==1) {if((millis(}- reTimel)>= durationl) {
servo€.write (s6d);siklus9=2;reTimel=milli=(};
i3
if(siklus ::2)|ﬂif( (millis () - reTimel)>= durationl){
servo€.write (s6€b);siklusS=3;reTimel=millis();

H
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1f({siklus9==3) {if((millis()- reTimel)>= durationl) {
servob.write (s6d) ;siklus9=4;reTimel=millis{();
b}
1if(siklus9==4) {if((millis()- reTimel)>= durationl) {
servob.write (s6c) ;siklus9=5;reTimel=millis{);
b}
1f(siklus9==5) {1if((millis()- reTimel)>= durationl) {
servob.write (s6a);reTimel=millis{);

H}

1f (mode==1) {
lampuRGE(3) ;

1f (orderl==1){siklus2=0;siklus3=0;siklus4=0;siklus5=0;=siklus6=0;=siklus7=0;=siklus8=0;siklus9=0;
servoZ.write (s2a) jservold.write(s3a);servod.write (s54a) ;servoS.write(s5a);
if(siklusl==2) {siklusl=0;}
if(siklusl==0) {if((milli=s()- reTimel)>= durationl) {
servol.write(slb);siklusl=l;reTimel=millis{();
+}
1f({siklusl==1) {1£f((millis ()~ reTimel)>= durationl) {
servol.write (sla);siklusl=0;reTimel=milli={();
b}
}

1if(orderl==2) {siklusl=0;s51klus3=0;siklus4=0;s1klus5=0;s5ikluse=0;siklus7=0;siklus8=0;siklus9%=0;

sla) ;jservo3d.write(s3a) ;servod.write(s4a);servoS.write(s3a);

servol.write
1if(siklus2==2) {siklus2=0;}
1if({siklus2==0) {1f((millis()- reTimsl)>= durationZ) {
servo2.write (52b) ;siklus2=l;reTimel=millis () ;
b}
if({siklus2==1) {if((millis()- reTimel)>= durationl){
servo2.write (52a) ;siklus2=0;reTimel=millis () ;

H1

1f{orderl==3) {siklusl=0;siklus2=0;siklus4=0;siklus5=0;siklusé=0;siklusT7=0;siklus8=0;siklus5=0;
servol.write (sla) ;jservo2.write (s2a) ;servod.write (s4a);servoS.write (s5a);
1if({siklus3==2) {siklus3=0;}
1f({siklus3==0) {1if((millis()- reTimesl)>= durationZ) {
servod.write (53b) ;siklus3=l;reTimel=millis () ;
b}
if(siklus3==1) {if((millis()- reTimel)>= durationl){
servo3d.write (s3a);siklus3=0;reTimel=milli=();

H1

1if{orderl==4) {siklusl=0;siklus2=0;siklus3=0;siklus5=0;siklus6=0;siklus7=0;siklus8=0;siklus5=0;
servol.write (sla) ;jservo2.write (s2a) ;servold.write (s3a);servoS.write (s5a);
1if({siklus4==2) {siklus4=0;}
1if({siklus4==0) {1f((millis()- reTimel)>= durationZ) {
servod.write (s4b) ;siklus4=l;reTimel=millis () ;
b}
if(siklus4==1) {if((millis()- reTimel)>= durationl) {
servod.write (s4a);siklus4=0;reTimel=millis();

H}
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1f (orderl==5) [siklusl=0;siklus2=0;siklus3=0;siklus4=0;siklusé=0;siklus7=0; siklus8=0; siklus9=0;

sexvol.write (sla);serve2.write (s2a);servol.write (s3a);servod.write (s4a);

1f (siklus5==2) [siklus5=0;}

1f(siklus5==0) (i£((millis()- reTimel)>= duration2) [
servoS.write(sSk);siklus5=1;reTimel=millis();

b}

if(siklus5==1) {if((millis()— reTimel)}>= durationl]){

servoS.write(s5a);siklus5=0;reTimel=millis();

b}

if (orderl==6) [siklusl=0;siklus2=0;siklus3=0;siklus4=0; siklus5=0; siklus7=0; siklus8=0; siklus9=0;
1f(siklus€==2) [siklusE=0;}
if(siklus6==0) {if((millis()— reTimel)>= duration2) |
servoG.write (s6b) ;siklusé=1;reTimel=millis();
b}
if(siklusé==1) {if((millis()— reTimel)>= durationl){

servob.write (s6a);siklus6=0;reTimel=nillis();

11

if(orderl==7) [siklusl=0;siklus2=0;siklus3=0;siklus4=0;siklus5=0;siklus6=0; siklus8=0;siklus9=0;
1f(siklus7==2) {siklus7=0;}
if(siklus7==0) {if((milli=()- reTimsl)>= duration2) {
servol.write (slb);servo2.write (s2b) ;servol.write (s3b) ;servod.write (s4b) ;servoS.write (s5b) ;siklusT=1;reTimel=milli=();
1}
if(siklusT==1) {if((milli={)- reTimel)>= durationl) {
servol.write(sla);servo2.write(s2a) ;servol.write(s3a);servod.write (s4a);servod.write(s5a);siklusT7=0;reTimel=milli={);
P
}
if (orderl==8) {siklusl=0;siklus2=0;siklus3=0;siklus4=0;siklus5=0;siklus6=0;siklus7=0;siklus9=0;
1f(siklus8==6) {siklus8=0;}
if(siklusB==0) {if((millis()- reTimsl)>= durationl) {
servol.write(slc);servo2.write(s2c);servo3d.write (s3c);servod.write (s4c);servoS.write (85c);siklusd=1l;reTimel=milli=();
i8]
if(siklus8==1) {1f((millis()- reTimel)>= durationl) {
servol.writ
i3
1f(siklus8==2) {1f((millis()- reTimel)>= durationl) {

(s1d) jservo2.write(s2d) ;servod.write (s3d) jservod.write (s4d);servoS.write (s5d) ;siklus8=2;reTimel=millis(};

servol.write(slb);servo2.write(s2b) ;servo3.write (33b);servod4.write (s4b);servoS.write (35b);siklus8=3;reTimel=millis();
i3
if(siklusB==3) {if ((millis()- reTimsl)>= durationl) {
servol.write(sld) ;servo2.write(s2d);servo3.write (33d);servod.write (s4d);servoS.write (35d);siklus8=4;reTimel=millis();
i8]
if(siklusB==4) {if ((millis()- reTimsl)>= durationl) {
servol.write (sle);servoZ.write (s2c) ;servold.write (s3c)jservod.write (sdc);servoS.writs (s5¢) jsiklusB=5;rsTimel=milli=();
i3}
1f(siklus8==5) {1f((millis()- reTimel)>= durationl) {
servol.write (sla);servo2.write (s2a);servod.write (s3a);servod.write (s4a);servoS.writs (55a);5iklus8=0;reTimel=milli=s();

i8]
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if(orderl==9) {siklusl=0;siklus2=0;siklus3=0;=siklus4=0;siklus5=0;siklus6=0;=siklus7=0;siklus8=0;
if (siklus9==6) {siklus5=0;}
1f(siklus95==0) {if((millis() - reTimel)>= durationl){
servoé.write (s6c);siklus9=1l;reTimel=milli=();
b}
if(siklus5==1) {if ((millis()—- reTimel)>= durationl) {
servoé.write (s6d) ;siklus9=2;reTimel=milli=();
+}
1f(siklus9==2) {if((milli=s()—- reTimel)>= durationl){
servof.write (s6b) ;siklus9=3;reTimel=milli=s () ;
H}
1f({siklus9==3) {if((millis()—- reTimel)>= durationl) {
servob.write (s6d) ;siklus9=4;reTimel=millis=s();
b}
if(siklus9==4) {if((millis() - reTimel)>= durationl){
servob.write (s6c) ;s5iklus9=5;reTimsl=milli=();
b1
if (siklus9==5) {if ((millis () - reTimel)>= durationl){
servob.write (s6a);siklus9=0;reTimel=milli=();

+}

Serial.println(mode) ;
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Lampiran 17 Proses Uji Tarik Tali Push Pull

N v

""ji

o Ui

} &Taé»g,%(

®
BRRLCOAD —y ' CEfay

P

B e T s

77



Lampiran 18 Tali Push Pull Uji Tarik
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Lampiran 19 Tabel Uji Tarik Tali Push Pull 1

tali pushpull 1

SamplelD tali pushpull 1 | TestDate 30/5/2024

Operator Tyvpe Circle

Sizeimn) 2.5 holmm2) 4. 91

Lo {mn} 20 Lufmm)}

&%) Aulnm?)

Z(%) Fn (k)

Em(MFa) FeH (kN)

LYS(MFPa) Fp (k)

Rp(MPa) Ft (kN)

/
/
/
73 (MPa) / Fel (k)
/
/
/

e

Rt (MPa) E{GPa)

Load (kN) Lead-Extension Curve
200
180+
160+
140+
1204
100+
0804
0GB ----
0400
0204 : . . . : ; ; : :
0 T i T T T T T T T
-0.60 1.5 39.85 59.6 V9.6 99.°7 120 140 1680 180 200
Extensionimm)

o000

Stress (MPa) Stress-Strain Curve
4490 : : Fy
4041 : .
3592 4
3143
2694 o
2045 HA._.
17596
1347
898, 0
449, 0+
0 T T T T T T T T T
0 157 318 473 639 300

Load(kN) Load-Tine Curve
200
1304
160+
140+
1204
100+
0306 -
0B0e---
0d0et---
0209 R AR P B bR
0 T T T T T T T T T
4] 3. 00 16.0 24.0 32.0 40. 0 43. 0 6.0 64. 0 T2.0 0.0
Tine(s)

[ e R e e e o B e R
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Lead-Displacement Curve

32,0 40,0 43,0  DE.0 64, 0 T2.0 80,0
Time(s)
80

24,0

16.0

Load (kN)

0,200

.00
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Lampiran 20 Tabel Uji Tarik Tali Push Pull 2

tali pushpull 2

SamplelD tali pushpull 2 | TestDate 30/5/2024
Cperator Type Circle
Size(mm) 2.5 fo(mm) 4,91
Lo {(mm) 20 Lu(mm)
4% / sufmm?)
Z(%) /! Fn (KN} /
En (MPa) ! FeH (k) !
75 (MPa) / FeL (kN) /
LY5 (MFa) / Fp (kN) /
Rp(MPa) ! Ft (kW) !
Rt (MPa) / E(GFa) /
Load (kN) Load-Extension Curve

0.

0.

0.

0.

0.

0.

o,

0.

0.

0.

108 120 135 150
Extension(mm)

Stress (MPa) Stress—Strain Curve
4490 : : : : —Fn
4041 : : . .
3852
3143
2694
o I el Setaietaietiet teleleietatetatety ialetaletetetet intutetatet k] utatetel setele nistietetutetete ettt letieeitel Sttt
1796
1347
808, 041--
449, 0{--f----! : , : , , , , ;
0 T T T T T T T T T
0 118 239 359 430 600

Strain ()
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Load-Time Curve

Load (kN

R
Vo Vo
[ [
[ [
[ [
[ [
L L
—a--a B i =
7T .
[ [
[ [
[ [
[ [
[ [
[ [
L L
—a--a B i =
7 TV .
[ T .
[ T .
[ A A
[T T A T R L S
[ T T T - B
[
Vo Biee—
B LT DT TSI EEPYY i ju apupy )
S
[
[
[
[
[ T o
[ T o
[
Cbecdedecdecdodeidi_ioli ]
P e e A
[
[
[
[
[
[
[
1t &+ &
coocooco S S oo
PR TR = G e TS R
A A A DO O
CCcooooCcocooo

30,0

72,0

0

Tine(s)

Load-Displacement Curve

Load (kN)

0. 200

. DU . U

U DU S

bmmmmceccdoccaccecdoacaemeedanamannn

bmmmmceccdoccaccecdoacaemeedanamannn

[

[

=
=
(s}

20,0

0. 180 --------

0. 1B0-----=---

0. 140 --nm---

0. 120 --------

0. 100 --------

0. 0208 --------

Displacement (mm)}

Extenslon-Tine Curve

Extension(mm)

150.0

bmmmmceccdcacaccecdeaccemaedannan

R LR L LR L
T e B R e

155, O --------
119, g-mmmeees
104, ffnnmmeees

16,0 24,0 32,0 40,0 48,0 5.0 64,0 T2 0 80,0

8. 00

Tinels)

Stress—Time Curve

Stress (MPa)

22,00

80.0

Time{s)

18. BO~-------1-

17. B0—--

15, 40 --------i-

13, 20 --------+-

11. 00 ----=----

B. BOOo-----

6. 600~

4. 400 -----nnef-

2. 2004 ---------
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Lampiran 21 Tabel Uji Tarik Tali Push Pull 3

tali pushpull 3

SamplelD tali pushpull 3 | TestDate 30/5/2024
Cperator Type Circle
Size(mm) 2.5 ho(nn?) 4.91
Lo{mm} 20 Lu(mm}
&%) / Suimm? )
Z(%) ! Fn (kW) !
En (MPa) / FeH (k) !
UYS (MPa) / Fel (k) !
LYS(MPa) /! Fp (kN) !
Ep(MPa) ! Ft (kW) !
Rt (NPa) ! E{GPa) !
Load(kN) Load-Extension Curve

0.

0.

0.

Q.

0.

4]

4]

4]

0

0. ; ;

T T

120 135 150
Extension(mm)

Stress (MPa)
4490
4041
3592
3143
2694
2245

o0
s}

|
=

Amm -

o --

Aa0
Strain (%)
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Load (kN Load-Time Curve

200
180
160+
140+
1204
1004
080
[o[s1el
04068
NzZ0g k . . . ; : k k
0 T T T T T T T T
0 9. 00 18.0 27.0 36,0 45,0 54,0 B30 T2.0 81.0 90,0
Time{s)

PR ERrRRRE R

Load (kl) Load-Displacement Curve

200
180+
1604
1404
1204
100+
0a0d
0606
0405
0209 ; , , : , , ; ;
0 T T T T T T T T
0] 20,0 40,0 60.0 80,0 100 120 140 160 180 200
Displacement (nm)

PR RREER

Extension(mm) Extension-Time Curve
150.0
136, 0—----
119, 91----
104, B+

0 9. 00 18.0 27.0  38.0 40,0 54,0  B3.0 T2.0 81.0 90,0
Time{s)

Stress (MPa) Stress—Time Curve

22,00 . : : : : —F :
e S e I RS p
N
15, 40— : . . . :

13. 20+
11, 00+
8. OO+
6. 600
4. 400
2. 200+ : ; ; ; , , : :
0 T ! T T T T T T T
0 .00 180 27.0 3A.0 450 G40 /3.0 FZ0  BL.O 90,0

Tinels)
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Lampiran 22 Proses Uji Tarik Tali Wax Cord

Load — Cetar @
0P = Lamsar.
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Lampiran 23 Tali Wax Cord Uji Tarik
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Lampiran 24 Tabel Uji Tarik Tali Wax Cord 1

Tali Waxcord 1

SanplelD Tali Waxcord 1 TestDate 30/5/2024
Operator Type Circle
Size(mm) 1 Ao (mm2) 0.79
Lo(mm) 20 Lufmm)
&%) / Sulmn?)
Z%) / F (kN) /
Em (MFa) / FeH (kW) /
7S (MFa) / FeL (kN) /
LYS(MFa) / Fp (kI) /
Rp (MPa) ! Ft (kN) !
Rt (MPa) / E(GFa) /
Load (kN) Load-Extension Curve

0. 400

0. 3607

0. 320+

0. 280+

0. 2407

0. 200+

0,160+

0.120+ ;

0. OB0-F%----r

0. 040¢ - : :

4] T T T T T T T T

Stress (MPa)

15.8

T
15.9 18.0  Z0.0
Extension(mm)

0630
453704
405104
304404
303804
203204
202504
151904
10130 -2--
0630+

0
0
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Loadi{kN) Load-Time Curve
400
360
3201----
2801----
240
200+
160
120+
0z04
0406

0

el e S o i o

0 1.20 Z.40 3,60 4,80 /.00 T.20 B.40 9,60 10.8 1Z.0

Load (kN Load-Displacement Curve
400
360
320+
280+
240
200+
160+
120+
0B0&
0d0&

0

SeELeRPRRERRR

0 . . . . . . . 20,0 22,5 2.0
Displacement (mm)

Extension{mm) Extension-Time Curve
20,00
17. 95
15, 90+
13. 85+
11. 80
G, TA04
7. 700+
9. BB0
3. 600+
1. 550+
—0. 50

0 1.20 2. 40 3.60 4,80 B, 00 T.20 B.40 9. 60 10,8 12,0
Time(s)

Stress (MPa) Stress—Tine Curve
150.0
135, 0
120, 0+
105, 0+
G0, 00
TE, 00---
60, 00—
45, 00
30, 00+
15, 00+

0

Timefls)
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Lampiran 25 Tabel Uji Tarik Tali Wax Cord 2

Tali Waxcord 2

SamplelD Tali Waxcord 2 TestDate 20/5/2024

Operator Type Circle

Size(mn) 1 heo(mm2) 0. 79

Lo {mm) 20 Luimn)

&%) Aufmm? )

Z(%) Fm (kN

Em (MPa) FeH (ki)

LYS (MPa) Fp(kl)

Ep (MPa) Ft (kW)

/
/
/
Y5 (MPa) ! FeL (ki)
/
/
/

e = -

Rt (MPa) E(GPa)

Load (kN Load-Extension Curve
300
2701
24014
2101
180
1501
12011
0805
fS0]>
0305

far e e e e e e B i o B e )

T
=01, A0 . . . . . . . 47.9 540 GO0
Extension(mm)

Stress (MPa) Stress—Strain Curve

37980
341808
303804
265804
227904
189904
151904
113906
FEELDE,
37980+

0

u] 46, 6 94. 9 143 152 240
Strain (%)
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Load{kN) Load-Time Curve
300
270+
240
210+
180+
150+
120+ | ' : : : : |
e e S S e
0608 ------- T} : b - A S
T S | S S, U A S

0

SRR EER

v
'
'
T

27.0 30,0
Tine(s)

Load (kN)
300
270
240
210
180
150
120
0908
0R0Y
0304

0

PR RRR

0 . . . . . . . 96,0 B3.0  TO.0
Displacement (mn)

Extensioni{mm} Extension-Time Curve

0., 00
53, 95
47, 90
41, 85+
35. 30
29, 75
23. 70
17. 65+
11. 60
5. 550 : ; ; ; , , :
-0, 50 t T T T T T T T T
0 .00 A.O0 900 12,0 150 18.0 2.0 24.0 27.0 30.0
Tinels)

Stress (WPa) Stress—Time Curve
3000
270, 07--
240, 01--
210, 0+
180, 0
150. 04
120, 0+
90, 00+
B0, 00+
30, 00+

0

Timels)
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Lampiran 26 Ibu Jari Total Deforma Ekstensi

) &
0% ) 10000 (mer) wx

Tahular Nata ~ax!

Lampiran 27 Ibu Jari Regangan Ekstensi

00 iiw 100,00 (mm)

Lampiran 28 Ibu Jari Tegangan Von Mises Ekstensi

91



Lampiran 29 Ibu Jari Safety Factor Ekstensi

Tax| o 4000 8900¢mm)

Lampiran 30 Jari telunjuk Total Deformasi Ekstensi

-
)
B\
00 35,00 70,00 (mm) zi‘ x
]

—
17250 52,50

Lampiran 31 Jari telunjuk Regangan Ekstensi

00 3500 70,00 (mm) z‘/L X
J

1750 5250
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Lampiran 32 Jari Telunjuk Tegangan Von Mises Ekstensi

000 3500 7000y

E—
1750 52,50

Lampiran 33 Jari Telunjuk Safety Factor Ekstensi

[1) 3000 00 (mem)
suler Data 15,00 2500

Lampiran 34 Jari Tengah Total Deformasi Ekstensi

A
R
o,
000 35,00 70,00(mm) Z/L‘ X
J

17,50 52,50
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Lampiran 35 Jari Tengah Regangan Ekstensi

000 35,00 70,00 (mm) z* x

1o

1750 52,50

Lampiran 36 Jari Tengah Tegangan VVon Mises Ekstensi

000 35,00 70,00 (mm) z‘/L‘ X

)

17,50 52,50

Lampiran 37 Jari Tengah Safety Factor Ekstensi
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Lampiran 38 Jari Manis Total Deformasi Ekstensi

AV
{A'
000 £ 70,00 (mm) z/Ll X

1o

I
17,50 52,50

Lampiran 39 Jari Manis Regangan Ekstensi

00 300 70,00(mm) z)\ x
1

17,50 5250

Lampiran 40 Jari Manis Tegangan VVon Mises Ekstensi

0% 35,00 70,00 (mm) zA x
1}

17,50 52,50
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Lampiran 41 Jari Manis Safety Factor Ekstensi

¥
000 30,00 60,00(mm) ZA X
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Lampiran 42 Jari Kelingking Total Deformasi Ekstensi
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Lampiran 43 Jari Kelingking Regangan Ekstensi
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Lampiran 44 Jari Kelingking Tegangan VVon Mises Ekstensi
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Lampiran 45 Jari kelingking Safety Factor Ekstensi
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Lampiran 46 Pergelangan Total Deformasi Ekstensi
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Lampiran 47 Pergelangan Regangan Ekstensi
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Lampiran 48 Pergelangan Tegangan VVon Mises Ekstensi
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Lampiran 49 Pergelangan Safety Factor Ekstensi
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Lampiran 50. Ibu Jari Tegangan von-Mises Fleksi
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] Geoph 5,00 0

Lampiran 51. Ibu Jari Regangan Fleksi

lata | Geagh
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Lampiran 53. Ibu Jari Safety factor Fleksi

cax| 0% % 60,00(mm)

Ou Gaph 15,00 45,00

Lampiran 54. Jari Telunjuk Tegangan von-Mises Fleksi

e T ey ey 0Y 0
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Lampiran 55. Jari Telunjuk Regangan Fleksi

sackia: e ——— 20

5,00 0
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Lampiran 56. Jari Telunjuk Total Deformasi Fleksi

i S e e

5,00 0

Lampiran 57. Jari Telunjuk Safety Factor Fleksi

- e —————

Lampiran 58. Jari Tengah Tegangan von-Mises Fleksi

data 8 x
Tabuler Data
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Lampiran 59. Jari Tengah Regangan Fleksi

0% 500 100,00 (mim)
v x|

5,00 7.0
bular Data

Lampiran 60. Jari Tengah Total Deformasi Fleksi
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Lampiran 61. Jari Tengah Safety Factor Fleksi

Sata | Gragh 25,00 0
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Lampiran 62. Jari Manis Tegangan von-Misen Fleksi

= X [ 250 €750

Lampiran 63. Jari Manis Regangan Fleksi
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Lampiran 64. Jari Manis Total Deformasi Fleksi
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Lampiran 65. Jari Manis Safety Factor Fleksi

~ax| 0w 4500 00 (mm)

Data  Graph 2250 €7.50

Lampiran 66. Jari Kelingking Tegangan von-Mises Fleksi

n v x
sbular Data

Lampiran 67. Jari Kelingking Regangan Fleksi
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s 8 x
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00 60,00
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Lampiran 68. Jari Kelingking Total Deformasi Fleksi

000 %w 80,00(mm)

2000 €0,00

lats v g x
Tabolar Data

Lampiran 69. Jari Kelingking Safety Factor Fleksi

lata Graph 2000 60,00

Lampiran 70. Pergelangan Tegangan von-Mises Fleksi

Z
000 5000 100,00 (mm) A X

25,00 0

Data 8 x
Tabular Data
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Lampiran 71. Pergelangan Regangan Fleksi

Lampiran 72 Pergelangan Total Deformasi Fleksi
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sbular Data

Lampiran 73 Pergelangan Safety Factor Fleksi
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