DINDTINDY DXNIIVY 19D7NY 03 1PN ND SNIYW? NITN

2023 »"avwn 22aN 1NN TYIN TYOHN TIVND

710001 ONWD DNO

MO DW MON — (9 NONYD) X :DXNAD)
NP YOP - (10 NHNYWD) 2

DN NN

19

O PO NP

(519999 "NIVY)

02N23Y NINNN

YV YIIN $NPNAN YN

MONY WY DN DP9 YNNI NINYA :NIYNN NNDNY PINYN NIan

919 PORWN 11, 00NN 290 MONY YHN DY NNYD DYDY
MTIPY 100 — 5190770 .MTP) 20 — NONRY DO

DNPMN DY 7SN Dya PAYNND ,0IVID 0D ,09TIN IN T> 2NI3 21N NY IIN DD WY 9NN Y N

7253 MO

TN DINNIA

2A0O1 B3% NN WYN T2 NPMINIY IRTN IND NIORYD DX 1PYI INIP ,MORYD DY MIYD 1>NNN 001

1NN 7D X982, 7252 WATIN MIWNN 1900 DN TIYI KIP> TIWHN NONWI WITIN MINYN 1900 DY 1Y
MO0 MAWND ON»N X2 ,NI1INNI

NONYN DN NI 1IN DINYT DIPOW 2979y IMN 19D )N TON DINYTY DN 1NN DINNIN NI NINY 933
.DNODNY NN NN NWNT W1

MTIPIN 29 NOIP .NIXPA DIPADNAD VNN JMINT PINAN YADY NN PNXND OIDY NN NONRY DY NIWNI
I WIT NN PN

STINN DY 1 WYY IDIN DI TPOMIN DAY ,1PIIY MOV 0NN POID NN 1T PONYD ') NADIA
T ) ) ) )

(N7 DX2IYON DP9 PWRI) AVIPVI 1IN DINXIIY NN DI ,D>TI9) DXTINYI 7252 NPNAN NIANNA 12ND
11°NIAN N2>095 DIND NIDY N1NIAN NIINNKD \INKY DT HY JIWII MLV NN .NLYL TINY 9 YNIT "NVLYY” 1IN

LDONODY MY 57 DXTINY 14 N IONVA

,0°17 PYOI MNDNN MY PINYI MONYN
DYOIN J9INT J7POY DYND TNYN D) NTNION DI Y 1209 DY 9N

1PNS58Nna

4 975 12y1 T¥NN

1

2

N

N



AAUN DIAN 'O DTN NPIN - -
710001 Y00

moNva

IORY VY DN DP9 DYWINAN NT IINYA
(911993 100 — 5190710 /TIP3 20 — NORY 935) 1993 PNORYN 112 ,05NNA 29-0Y ,MONY YN Y Ny DIy

N1319122 ©9N PHINY APPVVY JPIYRT P9

1 nHnvY
LA P9 MYINND 3NN 1 kg IN0NHY AB TNR YPAOIN VIN ININND 1 NONRYD IPN2

. 1.5 kg DNONY N2pWN DN 52150 DY .TI2PN NI0N N0 TIT 12w D20 Y Tuny VNN DY B Nsp
.5 kg NNOHY NN DINPWN IMYN B TP 0.4 m npniv ,C nTip)a

0 AMilhinnny
X =1

N 04 m - ﬁj

5kg

1 N5NYY N

0N DY NHT IR ILVLID N (7P 6)
DPYN MPYI INSN) NIIWND INIYY DINN DY X, TIRD ININSD .2 (773 8)

A P9I NADNNODIA INIIVN D (P2 6)

4 3 Toya Tunn



AAUN DIAN 'O DTN NPIN -3

710001 51D

4 4 Toya Tunn

2 NHNY

.BC 0121 AB 0N 25100 1Y ININD 2 NONYY TPNI

2 NHNYYH N

by =Ra)ab]

. 2,300 N 1opwnvy W n2wpwn i7on B nTp) Dy

.t=2mm Y2 VY INTMN d, = 12.5 mm >N 1IVIPY NIXND NYY AB VINN

.d, =8 mm N3 BC v 0P

. 160 MPa X)) 9297 MY N W 1IN0 NONDD

B 0PI Dy DOYI9N mMMD NHMNT IVLID
N PYDI DMINDY MMDN Iy DN 1IWN
NN NHND IN NN YHND NID YIRNDT DX 18 ,AB VINT YINDD DX WD

PHNN ONIND TN BC VN ON WIAP

N UPS)
A (Um8)
D Uprs)
g (Upr2)



AAUN DIAN 'O DTN NPIN -4-
710001 Y00

DN PP MY P9

3 nHNY

SUNIN DIV DIY I2INNN DMPY X3 ININND 3 NONYD NI
Fopown Mo 5 53530 Oy

:02N)
F=1,500 N DI DY OV OPIUN MDD -
D =200 mm DN WP -
d =50 mm 512 Bn (D I

[0gc] =80 MPa  :DaWN IDIND IMND NOYNN NIND - —

[TS] = 60 MPa DAV IIND IMND NP NOND - -
b=16mm :Dvnamy -
h=10 mm :D)VN NN -

‘ DY Y1)

3 NHNYY N

DN DY NN F ,NPHN M DX D300 PAYHY M, ,0I0INN DX NIVN - N (P2 8)

F=6,000 N :Dxwi 5 5970 NPDN MI 2D 1M [N PYD DY MINNIND WP XD A (!py 12)
2290 NPT MDIPOIWN DIVN DY OIWITNN TR DX 12WN

4 5 Toya Tunn



AAUN DIAN 'O DTN NPIN -5 -
710001 Y00

4 NHNY

.2 521Y2 2NN TINPT 7902 1D W HIOMIY ML YNY MININD 4 NONYD 'N TN
F 010 Annn Moa momy muoan

10299
L =300 mm VoA AN -
a=5mm 9NN Y -
0y = 340 MPa 990N WIN DY NYNIN NOND -
[S]=2 WT MNPLIAN OTPN -
[Tyl =" [0 IDI0 AMIND IR —
[0 9910 N DY ANNND IMND XORNPD -
a=0.75 —-OmMIN 9> -
a=0.65 — (MDY O NP Y9NY -
s 3 7099 2 NVO9 |F 1 7vds
I N 4
Feo % ’ S [ A SO R S S — —F
l Y
4 NONWYY /2 9N 4 NONWYY /N 1N
N U8
AN YOINRNN NN OTIN IAND [6,] I9ND ININ DY INNND IMND YOXRND NIXHMIYN .1 (P 4)
LTyl 7Y Yo
MLYaN Sy DYIND YW F Mon DN avn .2 (') 4)
TOINY WY NV TINPT MYNNNI ,719N I9NT N IRV OIPIND I9NT I DN PONNY vOMN .2 (VP 12)

4 ONWD 2 9PN ININDI LLCTIN DY DN NIWA MNP MOLDIN NYD
.a4=5mm 79N 9 P2y

F=150,000 N 3000 )X PYD DU MNRSIND WP N9
[T, 12099 9902 TIMID IMND XONDD INIIWN 1 (P 4)

4 IAN 2790 SWOIWIN TINA DN YEAWN .2 ((P) 8)

4 6 Tnya Tunn



AAUN DIAN 'O DTN NPIN -6 -
710001 Y00

5 NYNVY

998D YN PP TDID0 DYNN DY NTINNDY DTSN WRWNN ONP TANHD ININD 5 NYRYY N2

1029
D =240 mm ,d =200 mm STONND VP -
a=20° DMPN M -
[p] = 0.4 MPa HOMND NLYN XND -
1n=03 STONNN NLY P IDNN OTPH -
f=15 DTV ONID DTN -
1,500 RPM STANNN DY DO MPIND - -
(p.v. = const) SN ONDD 290 VI TRND -
a°
I }
A
7
77464‘“1{***#6 ******* o ; Q
Y
7 ,,
5 NHNWY 9N

AYNY DI THNNIY YT VIVIND X HIVWN X ("D 6)
PAYND D1 THNNIY YIINN PODNN DX IIAWN A (Y 4)
J2 9PYyoa ONAYNY PADNN NIAYND YITTN Fa N9 NTIayo NMdn NXMwn . (/91 6)
: 1,500 RPM 12>0 M 1N NMIND DT PIAYND DY OX AN 79> 11 9 (U9 4)

AVINY PADNN 0 25%2 YT poon .1

AVINY PADNN 10 29 NN Poon .2

7 Moya Tuon



AAUN DIAN 'O DTN NPIN -7 -
710001 Y00

NPYLINITN MIYN WYY P99

6 NONY
MIXONN YTTOY DXTINN DINNHD 202 JI07 NN 02 9901 DN DY THN AN 6 NINYD TN
AT ND h)) PN I DIRNNN TN 923 D01 NIaN

PRI ININNI P,7Y P XND OTH )Y D200 505

B3=3315 2 1]

(PA)g =0 [Pa] I9DINVRD MN DINN A NTIPI

P, =4,000 [Pa] Py XN 1D NP
4 N

vy =10 [—3 :001 DY HOONDN HPYNn
on m

Y NN DY OONON Dpwnin

)
A SN 0.2 [m]
PNN PNN
A D 0.3 [m]
by (m})a) 0.3 [m]
HLE

6 NHYNWYY 9N

by, namn nxyawn X (U 7)
23APNNN IO MYNYN NN IPIDM ,C NTIPIA XNON INHNIWN A (Pa 7)

Py XNON D ONINMY TIWN DIXY D AP XNOD IRMEIWN D (791 6)

4 8 Tnya Tunn



AAUN DIAN 'O DTN NPIN
710001 Y00

7 NHNY

)RV DYDYINN DDYTY DXDIN MY P 1ANNY XNTH NN ININD 7 NYNRYY TPN2
.30 mm YIVIPY 2 YOPI 60 mm IIVIPY 1 YOP :DXYOP NYD PIINK INTNIN NINN
.179DINVND NIND JPOYN DN IDNY P, 2I0NNN XN DINT IMNIN 2PN IND PHNNN 22070
PN WINDI ,CTY B MTIPI2 MPT NPNN SNY MIIND NONXD

1<

6m

4 9 Toya Tunn

2 NN

Z
2
S P, DI
d; v
B -» A%
C
o - _

2m

7 AHNYY N

d; =60 [mm]
d, =30 [mm]

- N

e=10] ]

f=02

D29

:1 YOP2 MYXN I
2 YOP2 MPIN IO
)2V DY YONON DpYNn

720N DXIND

NPND Y 2 YOPY 1IYWn Pa TIDNN DTPN

DOMIR NMPEN AYOP WA DPMPHRN PPN >TOOM NPIN SV 1 YOPI TV >TON

L, =8 [m]

(dy 0PN DY) NN OYW 2 YOP TINX



AAUN DIAN 'O DTN NPIN -9 -
710001 Y00

TN D2 MY (PNNNT DN JIOYN 520710 N POV DIND PHNNN DINNN) YAV NNOXIT PP IN WP
:DONDN 2IWOIN MYSNNI AYIAPN NN PRI ONYY DXANNIN

P, =52,000 [Pa] INNNN YN PN NNY .1
P, =32,000 [Pa] PNNDN DIN2 PNRD NND .2
P, =20,000 [Pa] PONNN D20 PNNANND .3

YWY DY MTNA 0991010 MY PA NN NPXODN IN AWN — 1 28N NIY
.C7Y B MTIPaa 0o RN RPN DN YN — 1 280 NIy

VAP DNAPNRY LINY AN P70 YWD DI9N — 2 IX 1 — DPNPIN PO IR WA

4 10 Tnya Twnn

N

.a

2

A

Py 7)

U7
(’Py 3)

("1 3)



AAUN DIAN 'O DTN NPIN

710001 51D

11 1oya Twnon

_10_

8 nYNY

2 NOONTO NWNYNN HOINITN NIIYN NININND 8 NONYD IPNI

2 1o

8 NHNYYH N



AAUN DIAN 'O DTN NPIN - 11 -
710001 Y00

H=1A ) ab]

Fi=5kN 132120 NNoX> Dya 1391370 LI DY D970 MdN

v, = 0.1% ;139120 NNOXY MPIN
D=0.1m :1)0120 I
d=0.06m ;10130 VIV WP
X=0.15m ;1301270 TONN
AP_ = 8 bar 7 >392 XNON Dan

7252 777 4 ©Y2290 DY OTPON DN YPIADM, 7-1 DX MNY DN WY N ("3 6)

93

AP IYIAP — OPYNNAN) DI A¥NI NN 5 DI WND . (’mr 9)
77IMWYN IN DI 28N P MNIAN VIV DN .1
MANYAN P NN XNON D D .2

ANNONY) TN 28N NNNI 1IN IWND NINWHAD D NN XNOA INIIWN ) (P S)

X

LMND NDNNN NONY A0 NIV 5 DNNYN NI DY TONNN N8P IyNN N1D\Iny RS .
DYV NN INIID 132120 WITTH PAIN NN HIWN ,NVIAP NANWHND NPYODY NNNa
LN + OV + 7o)

(71 5)

4 12 Tnoya Twnn



AAUN DIAN 'O DTN NPIN -12 -
710001 Y00

DI’ D990 Y229 PID

9 NONY

(51993) XN INND SAE 1040 1799 0XTY (0 — &) TNYN-YNDNND 9N NI 9 NYNRYY N2
:02N)

l,=50mm :0)TN DV HONONDNN TINRD —

Ap=60mm’ :DXT1 Yv >NoNNNN TNNN NLY -

6 (MPa)

600+ - - -

450

L = (%)
10 18

9 NYNVY N

DR DIV NN NIANNIHIAND N N/YN .1 N (P a)
<&,V TN, Ty, Oy

ANV DY 0XTH TIN IN VN 2

D TT0IN INYNN WNRD F= 12,000 N nPdnn NI T2 O30 0XTN DY AwyIn nndnn Mo '[bﬂb:l R=] (",7) 4)
.e=0.1%

Y Y972 OXT2 XNONDD DN AN L1
70X IIN DY OLOONN DINN NXNI XONND OND .2

(B) MINN S NYLDOND 917N NN YN PLDIND DINDI N3HDI (1)2 PYDa DNIYINY YINDD DX .3
DVLDOND DINNA OXTN DY 2PY9ND JNMNW Y2991 MDD NN 1AVN — XD DN

4 13 1oya Twnon



AAUN DIAN 'O DTN NPIN - 13-
710001 Y00

19N DY2IY2 YIND YT NN NTIA0 DN DN MUY vy ) (!pad)
Oyt = 723 MPa , HB = 300

YSNN DX DAPY ¥ DN YPIADMN L9 NONYD 'N NIDIIY "NMTI9 DY MNON” N30 YN

PAN IN MOYND 191D — PHN ,VINNIVPIND VIDIY ,SPITIN — NLWN NS NOYPN MOYWN ION - T (Py 2)
NLYN )91 J1INON

.02 DIDNN PYIN IN NIXPAIVIND .1 D ("3 6)

NOT T 10 NNN DI MY WAPY NIINNY JMN PNV DPHPIVO NN MNIN NDdXWI 0IN9Y .2
JTNNWN KON TN YT D901 WNNYN .DIDNN 10 NYOWIN

MNINN

maoay -

Outs

(Mva mwn) g —
(E) DYOLOON YT -

mHnwn Mo -

4 14 Toya Twnn



AAUN DIAN 'O DTN NPIN - 14 -

710001 51D

Questions.

a. (Paragraph A)
b. (Paragraph A)
c. (Paragraph B1)
d. (Paragraph B2)
e. (Paragraph B3)
f. (Paragraph B4)
g. (Paragraph B4)
h. (Paragraph B5)
i. (Paragraph B6)

j- (Paragraph B7)
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What is the purpose of using bolts and screws?

Why is the quality of the material which screws and bolts are made from so important?

In which form do bolts start their manufacturing process?

Why is the head-forming process called "cold-heading"?

Which cold-forging method is implemented in the thread-forming machine?

Which of the two parts of heat treatment does not include heating above the critical point?

State TWO points in favor of, and ONE point against performing threading after heat-treatment.
Is the coating process purely mechanical? Explain your answer.

What is the purpose of a locking patch?

Wirte three tests which check only the mechanical properties of screws.
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The Making of Bolts and Screws

Paragraph A: Manufacturing Processes of Bolts and Screws

Screws and bolts are generally made from low to medium carbon steel wire, however, this material can be substituted

for other inexpensive metals, such as brass, nickel alloys, and aluminium alloys. The quality of the metal, must be high

in order to avoid cracking and breaking of the screws and bolts. Bolts and screws are simple, inexpensive machine parts;

they are widely used to create non-permanent joints.

Paragraph B: 7 Steps of Manufacturing Bolts and Screws

B1.

B2.

B3.

B4.

Since bolts are formed from a coiled wire, the first step is to straight the wire and cut it to the predefined length.
The grade of steel is standardized worldwide. The straightening-cutting machine can produce up to 550 screw

blanks per minute.

Head-Forming. The blanks are fed into a series of dies which gradually form the heads by applying high pressure
at room-temperature. This process is called "cold-heading". There are different die forms which create various head

forms.

After head-forming, bolts (but not screws) are passed into a chamfer machine which forms the conical form of the
bolt's butt. The purpose of this is to support the nut assembly.

After the head-forming, the blanks are correctly ordered and fed into a cold-forging machine. The blanks are rolled
by it, simultaneously forming a thread. This kind of machines can produce up to 300 pieces per minute. For more
complex bolt designs, which cannot be contoured through cold-forging alone, some additional turning or drilling
may be needed. Turning involves spinning the bolt at high speed, while steel is cut away to achieve the desired
shape and design. Drilling can be used to make holes through the bolt if required, some bolts may also have

washers attached to them at this stage of the process.

Heat Treatment — This process is performed in order to increase the overall durability of the screw or bolt.
There are two stages that make up the heat treatment:

— Hardening: Here the bolts are heated to high temperatures (above 850°C, which is higher than the critical point),
held for an hour, and then dipped into a cooling media (usually water or oil, according to the carboon percentage in
the steel).

— Tempering: This operation is performed in order to reduce some of the excess hardness/brittleness of the bolts.

The metal is heated to a temperature level below its critical point after which the bolts are left to cool by air.

Since heat treatment changes the properties of the steel and makes it harder, it is easier and more cost-effective to
apply threading beforehand. However, threading after heat treatment will mean better fatigue performance. The heat
treatment can cause heat marks and minor damage to the bolt. For this reason, some customers demand threading
after heat treatment, especially for applications such as engine and cylinder head bolts. This process is more
expensive since you need to form hardened steel, but the threads will maintain their shape better.
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BS. Surface Finishing — This process includes operations that are performed when needed, to alter the surface of the
bolt or screw. It is done to enhance the function and aesthetic appeal. The choice of surface treatment is determined

by the bolt's application and the requirements of the customer.

— Steel can be coated in zinc, cadmium, nickel, or chromium for extra strength and corrosion resistance.
Coating is a process whereby the bolt is submerged in a liquid containing zinc. An electric current is then applied
so that the zinc forms a coating over the bolt. However, electrolytic treatment does come with an increased risk of
hydrogen embrittlement. Another option is zinc flakes, which offer an even higher corrosion resistance, albeit at a

higher price.

— When corrosion resistance is not an issue — such as inside an engine or an application that is regularly exposed to

oil-using phosphate is a more cost-effective option.

B6. Once the surface treatment has been applied, standard bolts are typically ready to be packaged. However, more
advanced designs may require some additional assembly, such as brackets. Other bolts will also require some
form of patching, either a locking patch or a liquid patch. A locking patch consists of a thick nylon layer over the

threads, which helps improve grip. A liquid patch will help improve the thread-forming torque.

B7. Quality Control — After completing the previous steps, bolts and screws are sent for testing and inspection. They are
checked for their hardness levels, threading accuracy, impact and tension strength, torque levels, coating thickness,

and mating fit. If they pass all these tests, they are then packaged and shipped for delivery.
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