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Mechanical Properties
Affected
Ductility, Charpy
impact value, anisotropy
Formability
(elongation, reduction of
area and bendability)
Cold forgeability,
drawability
Low temperature
toughness
! "l Fatigue strength
Solid solubility
(enhanced), hardenability

Element Form

Sulfide and
oxide inclusions

Solid solution

Strain aging

settled .
S.('_ ed {enhanced), ductility and
dislocation - :
toughness (lowered)
C,N _ " Dispersi anced),
: Pearlite and D_|§pc,r.s.10n (enhanced),
. ductility and toughness
cementite
(lowered)
Carbide and I Precipitation, grain
nitride refining (enhanced),

precipitates toughness (enhanced)




TR 3 auui 1 unsIAl - Onueu 2552

Embrittlement by
intergranular precipitation

| 71 Solid solubility
(enhanced), hardenability
' (enhanced)
Temper brittleness
Separation, secondary

P :Solid solution
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Maximum Maximum
Steel product allowed impurity jallowed
i fraction inclusion size
[C]<30 ppm,
[N]=40 ppm,
1F steels T.0.=40 ppm
i [C]=10 ppm,
[N]=50 ppm
Automotive and | .
deep-drawing K']?O ppm, 100 pm
Sheets [N]=30 ppm
- L [C1=30 ppm,
E);r?;&n and [roned [N <40 ppm, 20 um
T.0.=20 ppm
Alloy steel for
i - <
Pressure vessels [P}=70 ppm
: [H]=2 ppm,
Alloy steel bars [N]=20 ppm,
T.0.<10 ppm
HIC resistant
steel sour gas [P1=50 ppm, [S]
(ubes N =10 ppm
| [S]=30 ppm,
Line pipes [N]=50 ppm, 100 pm
T.0.<30 ppm
Sheets for
continuous [N]=20 ppm
annealing
Plates for
éwelding [HI=1.5 ppm
’_'i'%earings T.0.<10 ppm 15 um
[H]=2 ppm,
Tire cord [N]=40 ppm, 10 pm
i T.0.<15 ppm
Non-grain-
orientated [N]=30 ppm

Magnetic Sheets
[H]=2 ppm, smele
Heavy plate steels{|N]=30-40 ppm, E; uston
T.0.220 ppm ~ (Cluster 200 pm
7 [N]=60 ppm, "
Wires T.0.<30 ppm 20 pm
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Abstract

This paper presents a four — quadrant analog multiplier circuit. The input of circuit are the current signal /. and

the voltage signal ¥, . This circuit is bases on the characteristic of CMOS operating in triode region. The proposed

circuit consist of 8 NMOSs, 4 PMOSs and 3 current sources. [t can be used with single power supply or dual power

supply. All results are carried oul by using PSpice program.
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Abstract-

Ihis paper is investigated the TCP protocol at the transport layer with maximum throughput for end-to-end

communication. Wircless system used space-time block code MIMO technique with adaptive modulation over Nakagami

fading channel model. Cross-layer model of queuing used for packet data transfer and control packet loss rale at the

physical layer by rate of adaptive modulation correspond with wireless channel.

INTRODUCTION

It is widely accepted that future wireless systems
will be equipped with multiple antennas. In order to fully
take advantage of this fact, adaptive transmission policies
have to be extended to encompass the features of the
MIMO (Multiple-input - Multiple-out}) Tading channel.
Two approaches are commonly denoted as MIMO
diversity and spatial multiplexing.

Adaptive modulation (AM) technigues have been
proposed Lo increasc the spectral elficiency [ 1], [2], [4].
Currently, AM is widely recognized as a key solution (o
increase the spectral efficiency for wireless channels. In
3G wireless systems, the wircless LAN and the wireless
MAN had been included AM (o provide the higher data
rate. In [4] adaptive modulation with cross-layer analysis
and design is investigated, the analysis [ocus both
physical and data link layer then the queuing is impact to
packet dropping (overllow or blocking) probability.

The most existing ol AM design are considered at

the physical layer. The impact and interaction, higher

protocol layers remain  largely  un-resolved. In 2.

the developed cross-layer  design  combining  AM
with truncated automatic-repeat-request  (ARQ)  and
investigated the interaction of AM with finite-length
queuing. On the other hand, performance of the transport
control protocol (TCP) at the transport layer has been
extensively studied in both wired and wireless setlings
with fixed modulation and coding [3], [7]. The coupling
of TCP with adaptive forward error correction has been
recently investigated in [5].

In this paper proposes the performance analysis
integrates of a wireless system with [inite-length queuing
at the data link layer and a TCP protocol at the transport
layer. By analyze the end-to-end TCP performance via a
fixed-point procedure, that effectively couples TCP with
adaptive modulation based wireless link. Numerical
results  show the cross-layer design  significantly
outperforms physical layer adaptive modulation when

used in conjunction with STBC. The result optimizes the

target packet crror rate of adaptive modulation at




the physical layer, so that the TCP throughput at the

transport layer is maximized.

I. SYSTEM MODEL
A, System Description

Figure | shows an end-to-end communication
between server (source) and client (destination), which

includes wire and wireless link.
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Figure 1 End-to-end wired-wired-wireless connection
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Figure 2 Block Diagram ol wireless link with combined queuing

and MIMO Adaptive Modulation model

Block diagram of base station transmitter and
client receiver as shown in figure 2, a queue (butfer) is
implemented at the base station of the wireless link, and
operates in a first-in first-out (FIFO) mode. The AM
mode controller follows the queue at the base station
(transmitter), and the AM sclector is implemented at the
client (receiver). The layer structure of the system under
consideration and the processing units at cach layer is

shown in figure 3 and 4.
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Figure 3. Cross layer Structure.
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Figure 4. Processing unils in cach layer.

Physical layer of wireless link, assumc  that
multiple  transmission  modes. with cach  mode
representing pair of a specific modulation format and a
forward error correcting (FEC) code, in HIPERLAN/2
and IEEE 802.11a standards. Based on the channel
estimation at the receiver, AM selector determines the
modulation coding pair (mode). which is sent back to the
transmitter through feedback channel to update the
transmission mode.  Coherent  demodulation  and
maximum likelihood (ML) decoding are employed at the
receiver. The decoded bit strcams are mapped to packets,
which are pushed upward to the data link layer. The data
transmitted frame by frame through the wircless link,
where each frame contains a fixed number of symbols
(7). frame duration (7 seconds) is constant. Each
frame may contain one or more packets from data link

layer.
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Data link layer of base station (transmitter), the
queue has finite-length of K packets to serve the AM
module at physical layer. Each packet contains a fixed
number of bits (N ). which include packet header,

payload. and cyclic redundancy check (CRC) bils. After

as rate R

modulation and coding with mode » 7

(bits/symbol). each packet mapped to a symbol-block
containing N, /R, symbols. Multiple blocks together
with N, pilot symbols and control parts, constitute one
frame to be transmitted, as in the HIPERLAN;2 and the
IEEE B02.11a standards. If mode n is used. it follows
that  the number of  symbols frame

per as

Ny =Ne+NpNp /Ry, which implies that ¥, (the
number of packets per frame) depends on the chosen
modc.

Network layer will not deal with routing issues.
Al the basc station. the arrival process of the datagram
stream 1s assumed to be independent of the AM and
queue status. Each datagram has fixed length of bytes
including header and payload, which is contained in only
one packet at the data link layer,

Transport layer of server and the client, the TCP
Reno protocols was implemented in [6]. The triple-
duplicate acknowledgment (ACK) based congestion
control is investigated. Other issues such as time-out,
window-size limitation and out-of-sequence effects go
beyond the scope of this paper. Each segment contains a
fixed number of bytes, which is transported by one

datagram through the network.

B.  MIMO Nakagami Fading Channel

MIMO system employs STBC with Ny transmit
antennas and  Np  reccive antennas under Ny x Np
MIMO quasic-static Nakagnami-m fading channel model.
Under these assumptions, the MIMO channel can be

represented, within one frame period. by the matrix:

- O

i nphr
H= {”".jk =Hoke Tk —‘ (1)
Jj k=1
7 : . th - il
= =—=1, aj is path gain between £ transmit and

receive antennas. Nakagami random variable model with
parameter # and ¢ is uniformly distributed from 0 to
27T, Without loss of generality, the average fading power
E [ai‘.—‘ can be normalized as m ., where E[-] denotes
the expectation operator. The probability density Tunction

of STBC, pyg-‘r;;(_- () is given by

. K _E”TRC
},mf\ 1 mnr R, " =
p stpe (1) =m—| —5 e 4 Lrzl
¥ [(mK) oy
(2)
; = {)f} is the average received SNR,

I'(a)= f:fa_le_fd! is the Gamma function, and m is
the Nakagami fading parameter (m = l,-"'2) . K=npnr.
The Nakagami-m channel model is chosen because it
encompasses a large class of fading channcls; e.p., it
includes the Rayleigh channel as a special case when m =

1 [8].

C.  Adaptive Modulation System

The objective of AM is to maximize the data rate
by adjusting transmission parameters (o the available CSI
while maintaining a prescribed packet error rate ( ) ). Let
N denotes the total number of available transmission
modes (7= 8). Assume that the transmission power is
constant, and the entire SNR range is divided into n +1
non-overlapping consecutive intervals, with the boundary
Y

I_'[—J] . In this case.

points are denoted as { i

Chosen for 7 mode. when y € [;/H ¥l ) (3)

To avoid the deep channel fades problem, it can

not send the data, 35 <y, jy is the threshold value of
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with the wireless link (WL) model which input trattic rate
B data arrive [rom transport layer, yields as oulputs the
average delay per segment over the wireless link 7, and
the segment loss rate p . Two key parameters are given as
input TCP model, to derive the new estimates of the
traffic amval rate for WL model. The procedure is
repeated until convergence on the parameler estimales is
reached. The steady-state behavior of the system can then

be analvzed.

A

Wireless Link

CP Mode
TCP Woded \odel

Figure 5 fixed-point analytical models

A TCP Model
In [7] TCP model is established, TCP scgment
sending rate (average number of segments sent from the

server per time-unit) is approximated as [ 7, cq. (30)]:

2
a

B=—- (11}
RTT

2bp

RTT is the average end-to-end round-trip-time;
b =2 is the number of segments that are acknowledged by
received ACK; and p 15 the segment loss rate. Based on

the TCP retransmission mechanism, the average number

of transmissions per segment is:

og k ]
Np= 2 hp" T (1=-p)=— (12)
k= -
Based on (11) and (12), the TCP throughput is:
: - 3
n=-—=B(1-p)=—2L | = (13)
N, RTT\ 2bp

From (13) » is a function of p and RTT. As
depicted in figure 1, the RTT can be approximated as [3.
eq. (22)]:

RTT = 2Ty +(T, +Ty )+ Ty (14)

|

=1y

21 is the average delay (forward and backward)

over wire part of cnd-to-end connection; 7, is the

g
average waiting time per segment in the queue at the base
station; 7, is the average transmission time per scgment
over the wireless channel. i.c.. the average service time
per segment upon the queue; T, is the feedback delay
lor an ACK over the wircless channel from the client Lo
the base station, which includes the processing,
scheduling, and queuing delays; and 7, is the average
transmission delay per segment over the wireless link,
which includes waiting and service time. As in [3],
assume Ty and 7, are known constants, and thus only

1, is left to determine from our following WL model.

B, Wireless Link Model

Maodel of Quening Service Process based on AM:
Different from non-adaptive modulations, AM dictates a
dynamic, rather than deterministic, service process for the
queue, with a variable number of packets transmitted per

tme unit. Let ¢ index the time units, and ()

(packets/time-unit) denote the number of  packets

transmilted using AM at time /. Let ¢, (packets/time-
unit) denote the number of packets transmitted per time-
unit. Then,
Cel, | = {c” :n=0,1,..,N} (15)
¢, 1s positive integer values. Suppose that the
rate K =1 transmission mode (c.g., Mode 1 in Table I),

total of ¢ packets can be accommodated per frame. Then




SNR, which corresponds to the mode =0 with adaptive
rate Ry —0 bits/symbol. The design of objective for AM is
to determine the boundary points # ,'1/::=n|

Generally. for Nakagami-m fading channcls with
Gray-mapped M-QAM Modulation, the packet error rate

(PER) can be approximate PER in the prescnce of

additive white Gaussian noise (AWGN), as [4]

?'?‘\0‘(7{?';»1

[1.

PER, (7) =~ ,.
: 1”#? L‘Xp( g,;?’).{_f}’?}’y”

(4)

n s the mode index, ¥ is the received SNR, and
the mode-dependent parameters a,, . g,. and y,, are
obtained by least square fitting (4) to the exact PER. With
packet length

Np =1L080 . the Ning parameters for

transmission modes are provided in Tables 1[2].

TABLE

ADAPTIVE MODULATION PARAMETER

Mode | Modulation R, a, a2, ¥y
(bit/sym.) {({IB}
BIPSK | 107,935 1.0224 6.7

2 QPSK 2 10906 | 05117 97
3 BOAM 3 93,44 0.1706 14.7
4 16QAM 4 85.01 0.1025 16.7
5 320AM S 74.41 0.0394 20.6
6 640AM 6 67.46 0.0244 22.7
7 1280AM 7 61.07 0.0097 26.6

Based on (2) and rate region, the mode will be
chosen with probability (£, (#)). [4. eq.(4)]. In practice,
7n = ¥pn and thus obtain closed-form PER, [4]. The
average PER of AM can be computed the ratio of the
average number of packets crror over the total average

number of transmitted packets | 1.

N ——
> 11 RaPERy

N
zn=l Ry

PER =

i
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D.  Finite Stute Markov Chain Model
Assume slow fading conditions so that transition
happens only between adjacent states, the probability of
transition cxceeding two consceutive slates is zero [8],
1

By =0)l—n|z2 (6)

The adjacent-state transition probability is determined

in[4]:
G,y
A+ :Me n=0..N-I
MY
Pn,u—] =2 / . it n=1L..N
B.(n)

G, is crosscrate of mode n (cither upward or

downward) , G,, is estimated as in [9].

. R —).5
Ja ( "”Rr?i T¥n
[(mK) | 1

I

! ™
(o

G, =v2r- eV ®)

[, denote the mobility-induced doppler spread. The

probability of staying at the same state # 1s:

I=Fynit = Dyprs if O<n<N
i n=0
if n=N

Pn,n —1]_‘”(]._]- (9)

| =Py N1

In summary, the channel model as a FSMC with an
(N +1)x(N +1) state transition matrix, which is banded

as

= Bt denstyugarany (10)

II. PERFORMANCE ANALYSIS

System performance analysis will rely on the
fixed point procedure, already used for studying TCP
traffic both in wired and wireless environment [2]. This

procedure is illustrated in figure. 5, TCP model is coupled




¢y =dR, . d is up to the designer’s choice. In (15), the
AM module yields a queue server with a total of N +1

S
states jl"”n:ﬂ"

with the service process (, representing
the evolution of server states. Since the AM mode n s
chosen when the channel enters the staten . service
process model €, as FSMC with transition matrix given
by (10).

QOuening Analysis: The queuing scrvice process,

focus on the quecuc itsell. Let U, denote the queue state

(number of packets in qucue) at the end of time-unit 7, or,

at the beginning of time-unit 7+1. Let 4, denote the
number of packets arriving in time ¢ . It is clear that
Upeu=1{0.1..K} .

and A4 e A0 L.} . Here, 4

only needs to be stationary and independent of {/; and

G For convenience, assume that A4, is Poisson
distributed with parameter A4
. A% exp(-4)
P(/lf:a)=—-#, az0, (16)
[

The cnsemble-average £{4,}=A=8 is determined by
the TCP sending rate.

Let (&, 1.C,) denote the pair of queuc and server
states, whose variation is modeled as an augmented
[4].

distribution of {t/,_;,C; ) exists and is unique: see 14. eq.

FSMC We have proved that the stationary

(19)] for the calculation of the stationary distribution

denoted as:

P(U =u,C=c)= lim P(-{,-"r_] =u,C; = (.‘] (17}
t—
Wireless Link Performance: Now ready to

evaluate the segment loss rate p and the delay 7,,; when
finite-length queuing is coupled with AM Since each
scgment is carried by one datagram and each datagram is

encapsulated into one packet, the segment loss rate p

|
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cquals the packet loss rate (the ratio of the number of
incorreetly received packets at the client over those
arriving upon the queue at the basc station). Let fy
denote the packet dropping (overflow or blocking)
probability upon the qucuc. Based on P(A, =a) in (16)
and P(U=u.C=c) in (17), readily computed £y . as
illustrated in [4, eq. (28)]. A packet is correctly received
by the client, only il it is not dropped from the queuc
(1 Py probability), and is correctly received through the
wireless channel (1 £ probability). The segment loss
rate express as [4, eq. (22)]:

p=1-0-F)(-F) (18)

Derive the average delay over the wireless link
T,,7 . With the stationary distribution P(U =u.C=c) in
(17), we can derive the average number of scgments in

the wireless link (both in the queue and in transmission)

as:

2

well ,ceC

+ X

uell ceC

Ny = uP(U =u,C=c)

min{ss__c}P(Uzu,Cfc) (19}

Based on Little’s Theorem, the average delay per

segment through the wireless link can be calculated as:

Nyt

(20)
Py)

Ty =

In summary, given a target packet error rate £},

Doppler spread fd , average SNR y , Nakagami

parameter m , queue length K and TCP sending rate 8,
we can obtain the system performance of the wireless link
analytically through the following steps:

) Determine the boundary points of AM

N+l

{yﬁ}ﬂzo by the threshold searching algorithm,
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2) Build the transition matrix #. in (10) for the
channel as well as the queue server statcs.

3)  Compute the stationary  distribution
Pl =u,C=c) asin (16).

4) Calculate the scgment loss rate p from (18),

and the average delay 7,,; from (20).

I11. CROSS-LAYER OPTIMIZATION

Simple example of parameter optimization,
maximize the TCP throughput 5 by tuning £ in AM
design at the physical layer. The steps are:

Step 1: Determine TCP throughput 5 ( F)) via
the fixed-point procedure for each By P, P is the sct of
possible target PER values.

Step 2: Select the optimal /) as:

POO;:! =argmaxpg (P[)) e

Ayep

These steps arc repeated, each time the paramelers

arc updated.

IV. NUMERICAL RESULTS

Simulation parameters setup, o =2, Ty =10
(ms), Ty =50 (ms) and Ty =3 (ms), fuT;=0.02 and
buffer length K =10. Plot curves of the TCP throughput
17 (segments/ second) versus the target packet error rate
1y .Figure 6 shows the different number of transmitter
and receiver with average SNR ¥ =10 (dB).When the
target packet error rate is increased, MIMO technique
have higher TCP throughput than MISO, SIMO, and
SISO. Figure 7 shows the TCP throughput with different
Nakagami fading paramecters with average SNR 7 =10
(dB). When the Nakagami fading parameter is increased,

the TCP throughput is increased. Figure 8 shows the TCP

throughput with different average SNR. When average

SNR is increased, the TCP throughput is increased.

Y. CONCLUSIONS

The analysis of end-to-end connection equipped
with AM at the physical layer, finite-length queuing at the
data link layer and the TCP protocol at the transport layer
for transmit diversity systems employing orthogonal
space-time block coding (STBC) over MIMO Nakagami
fading channel model. Results of the TCP throughput
improvement by using the cross-layer with multiple
transmil antennas and possibly multiple receive antennas
and the effect of different parameters on TCP throughput
are demonstrated clearly. By compare with [4], TCP

throughput is increased 25%.

—ak— SISO, 1x1
X - 7| —8— SIMO, 1x2
I"B‘J\ —%— MIS0, 2x1
1™
| \ L

Trwoughout

Target packel error rate

Figure 6. Packet dropping probability with different Nakagami

fading parameter.

Throughpdt

snl L

10* 10’ 10° 10’
Target Packet arrar rate

Figure 7. Packet loss rate with different Nakagami fading

parameler,




Thraughput

140 | .

T | |
—— Awerage SNR=10
il —8— Average SHR=15 ¢

—&— Awerage SNR=20 |

10®
Target packet error rate

Figure 8 Normalized throughput with different Nakagami fading

parameter.

In summary, the cross-layer design improves TCP

throughput, requires minimal cross-layer information, has

low-complexity and is backward compatible.
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producing native textile handicraft
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Abstract

The production of hand spinning woolen yarn by the tribe of Doi Monlan came from the agricultural
experimental station at Praow County in Chiang Mai in which sheep are raised as a project of her majesty
Queen Sirikit to bring the benefit of wool to the textile handicrafl. However, the fabric produced with pure
woolen yarn gave a harsh touch and became unpopular to consumers. To solve the problem, this research was
concentrated  on blending wool with cotton in different ratios. The objective was o study the woven fabric
properties which included thermos testing. stiffness. and insulation effectiveness, The proportion by weight
between wool and cotton (only on well yamn) were 100:0, 75:25, 50:50, 25:75 and 0:100. The woolen fabrics
were woven with native hand loom. The result indicated that the ratio of blend between woolen yarm and

colton yarn which was proper to produce the fabric was 2575 respectively. The thermos was decreased rom
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the fabric with pure woolen well varn for 36.83%. the insulation was decreased for 11.79%, and the stiftness

is very close to cotton yam in which the difference was only 2.07%

Keywaords: wool fiber, cotton fiber, blend varn, blend fabric
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ABSTRACT
A study of the influence of rclative humidity of E 7016 and F 6013 electrode type to hydrogen evolved in

depo ted metal and according to JIS Z 3113 - 1975, The deline hydrogen evolved in deposited metal by
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welding E 7016 and [ 6013 electrode type. The control factors are I. welding mind steel with 25 x 130 x 12 mm
dimension , 2. Electrode heating temperature at 80°C and 1 hour, 3. Clectrode be out in the air to 4 —8§ hour. The
relative humidity are 60% , 61% , 62% , 63% . 64% and 65% . The result of study show that the deposited metal
with welding by E 7016 and [ 6013 electrode type and clectrode heating  temperature  at 80'C has average
hydrogen evolved per 100 g equal to 3.85 ml. and 10.77 ml. respectively. The deposited metal welding by E 7016
electrode type to have relative humidity 60% . 61% , 62% ., 63% , 64% 65% and it has average hydrogen cvolved
per 100 g equal to 5.00 ml.,5.11 ml, 521 ml, 5.37 ml., 5.42 ml. and 5.50 ml. respectively. The deposited metal

welding by E 6013 electrode type to have relative humidity 60% . 61% , 62% , 63% , 64% , 65% and it has average

hydrogen  cvolved per 100 g equal

respectively.

to 14.74 ml. , 14.97 ml, 1512 ml .

1518 ml. , 15.20 ml. and 15.25 mlL

In conclusion . the influence of relative humidity of E 7016 and E 6013 electrode type have cffect to

hydrogen cvolved in deposited metal when electrode with higher relative humidity give more hydrogen evolved.

Key Words: Relative humidity of electrode, Hydrogen evolved in deposited metal, Electrode
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A Study on Weaving Cotton Yarns with Water Jet Looms

Thaveechai Sirikulthada, Dr. Sathit Puttachaiyong
Textile and Garment. Textile Industry Faculty Rajamangala University of Technology Krungthep

2 Nanglinjee Road. Thungmahamek, Sathorn, Bangkok 10120 Tel: (0 2287 9633 Email: devi@bulliontex.com

Abstract

This is a study on weaving Cotton yarns with a water jet looms. It has always been suggested that water jet looms
could only weave synthetic yarns. The objective of this study is to increase the value of fabric woven trom SMS Weaving
Co., Ltd. which owns old water jet looms, 1o be able to weave cotton yarns with these looms. This study also worked to
see whether it is actually practical to weave cotton on water jet looms without changing the machine conditions. At the
initial data collection stage, a weave test was done and achieved weave efficiency of about 52.59%. Studies focused on 3
methodologies were carricd out which are dilferent bobbin distances from the yamn guide, different loom speed at
different rpm and different weight tension on warp yarns. Afler a series of test, the result achicved was at 34 cm distance
between bobbin edge and yarn guide, speed of 389 rpm and warp tension of 6 kg, maximum weave efficiency of about
74.21% could be achieved. This increase in weave efficiency lead w0 a conclusion that it was practical to weave cotton

varns with water jet looms.
Keywords: cotton varns, water jet looms, weave, varn guide, loom speed (rpm), warp tension

1. Introduction 1.1 Water Jet Looms

Textile manufacturers around the world faced stifT Water jet looms are one of the most economical

competition from new manufacturers in China and India weaving looms. It has low investment cost. while it

since the early 1990s. In Thailand, the financial crises in weave high speed rpm which yiclds high tabric output. It
1997 wiped out more than half of the textile weavers, For also has one ol the lowest cost of weaving.

those who survived, it was impossible 10 obtain fresh One reason for waler jet looms not being well

money (o invest as bankers all believed that textile was a accepted among weavers was because it could not weave

sun set industry.

Thai weavers were stuck between a rock and a
hard place as most of the weavers had shuttle looms
which were old and not competitive. while changing to
shuttles looms required lots of money which the bankers

were not willing o lend,

cotton yarmns. No proper documentations support a weaver
to weave cotton yarns, while on the contrary. most of
waler jet related text will suggest synthetic yarns to be the
only yarns weave able on a water jet loom.

Originally, a purpose of a water jet loom was
designed to process mainly twisted Nylon filament yams
into plain fabrics. But the water jet looms soon became a

highly versatile machine capable of producing plain




fabrics from all man-made filament yarns, twisted or

twist-less, in plain, twill or satin weaves. (1)

1.2 Thai Market’s Needs

In Thailand, consumers give more value to cotlon
related products than polyester, Even though Thailand
imports more than 80% of its consumption of cotton, and
it is one of the top ten producers of polyester yarns, the
consumer and traders still prefers cotton related fabrics.

Considering the Tact that cotton holds water well,
and that when cotton is wet, it becomes heavy, it should
be possible to pitch the cotton yarns across the shed to
weave on a water jet loom.

The fabric woven is grey fabric of the following
construction:

s p75°xC10°
166 x 53

The weave works arc done on 3 machines

weaving same design of 10 shaft - Satin 4 x 1 and Satin

1 x 4, creating stripes.

2. Methodology

An initial test was done to check whether it was at
all possible. The results came out with weave elliciency
at 52.59%, which supports the fact that it was practical
and there is good reason to go ahead with this work.

From the initial data collection weave, we also got
the average warp stops of 1.67 and average weft stops al

42.50 per day as a benchmark.
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Table 1 The initial weave test done to collect data.

Production

M:C al 100%  Production Real
No. RPM  Efficiency Yds Out  Efficiency

1 400 296 125 42.19

2 320 237 158 66.45

3 477 353 169 47.72

4 400 296 160 54.00

_Averagc 399.25 295.74 152.78 52.59

Three test parameters were designs to further this
work: 1). the distance between bobbin and yam guide, 2).
weaving speed, and 3). warp tensions.

The distance between bobbin and yarn guide were
designed based on the total length ot the bobbin, which
came (o 17 cm. So, the 3 distance tested was kept at 17¢m
(1 times the Cotlon bobbin), 34cm (2 times the Cotton
bobbin) and S1em (3 times the Cotton bobbin).

The loom speed weave tests were set at 330 rpm,
389 rpm and 450 rpm. The speed test ol 389 rpm was
kept at the center of the test because at the initial stage, an
average weave speed of 399.25 rpm was achieve and
pulley of 389 was available for 3 machines. Warp tensions

were set at 4 kg, 6kg, and 8 ke,

3. Results

The distance of yarn bobbin at 34 em proved to be
the best as the average ecfficiency was at 74.21%
compared to 69.11% at 17 em and 65.02% at 51 c¢m
respectively. The average output at the 34 em came
matching along with the average efficiency at 217.87 yds
per day compared to 202.89 yds at 17 em and 190.89 vds

at 51 cm respectively.




sansdvaumanendainalulads uuonansony

5 Distance Test 5 o At 389 rpm speed, the average output was highest
= o e o . g *E .
£3 200 = at 217.87 yds per day while the average output of 330
&3 160 + 10 =
& O - @
- -f B iy i
z THO | ' g rpmowas al 165,50 yds and at 450 rpm was at 165.83 vds,
W= | 3 am &1 em B
|mm Prouetan | 20289 [ 2177 <00 59 Significantly, the average stop was lowest at 389 rpm
| o wien 1754 | taws 1708

with average warp stops at 0.31 times and average weft
Range of distance

: : . e : stops at 14.85 times.
Picture | The relationship between different distances F !

. ) , . Also, it showed that higher speed does not vyield
from the bobbin to yarn guide to weave performance. :

more yards as the average wefl stops at 450 rpm rose to

2113 times and average elliciency fell below  the

- Distance Test |l
2é0 4

T8

-
T L B
L] 210 4 e A < ,
!E e : ] -2 8 benchmark to 48.83%,
|= % 200 | -7 2
| = BB
|§a e e
§ 180 + 64 8
| 62 &
17 LE A = —— = o o
| 17 em 51em . 25000 - Tension Test T3000
= rcduclion 202.88 0.8 = 20000 - 2500
—e— Efficency 611 &5 02 ;_‘v 5 15000 - - 2000 2 u
g o 5
Range of distance o = Pt 1500 22
g3 100.00 100 50
Tei R E ki 500 F
Picture 2 At 34 cm, the efficiency is highest among other ogo | .00
a5
distances e Produchion 193.00 2787 B3
o > eVt 1880 1485 2450
Range of Weight
From the graph in picture 1 it could also be Picture 5 The relationship between warp varn tension o

noticed that at 34 em. the average weft stops came lowest weave output performance.

at 14.85 times per day, henee it yields the highest average

output because it has the lowest machine stops. Tension Test I

250.00 - o

o

3 200.00 ey &I00 B

m o= "y mnonny B

> 2 150.00 -+ + 50.00

— 2 B ane s

250 Speed Test - 25 7o 10000 | 20.00 &

20 g 50.00 - 12000 F

2 200 e = & 10.00 €

Fs 150 + 2 0.00 S oo 4
B o g G kgs & kgs
23 100 Fa [ 3 T
s . E m=mm Producton 217.87 178,33
S N < +  Efficiency 4.2 G074

Range of Weight
| womem Productian 165 56

Wkt 9.2 i - i i
oot D2 Picture 6 Average efficiency is highest at 6 kg warp

Range of Spead

) . Lension.
Picture 3 The relationship ot speed to weave output,

Warp tension at 6 kg wield highest average

efficiency at 74.21% with average output at 217.87 vds,

220 SpeedTestll a . | At 4 kg weight, the warp tension was less but the resulls
w 210 [ 702
T et S 508 | ,
=2 200 e s0 2 | did not come out favorable, the average output was at 193
52 190 - 2 E
g 180 2 & | yds and average weft stops was at 18.90 times,
170 B . . 0 &
331 rpm 383 pim 450 rpm ‘\ 8 k . |
S, 22 = i i e R e Y
e e By s At g warp lension, the average stops rose (o
+- Efficiency | 86.27 74.21 48 83 | . . . . .
~ Ranga of Speen 24.50 times and average output fell to 60.74%. yielding

. ; s 4 . average output to only 178.33 vds.
Picture 4 At 389 rpm, the average cfficiency is highest,




4. Discussion

From the tests done, it could be concluded that the
best weaving conditions for weaving Cotton yarns on
these water jet looms was 34 ¢em gap between the bobbin
and yarm guide. loom speed at 389 rpm and warp tension
at 6 ke.

After the collection period. a test was done to
check whether these conditions would work on other
design of weave. So. a test was conducted to weave a 15

shaft design with the same parameters set above.

Two machines woven lor 2 days saw a result of

average output at 207 yds, average well stops at 14.69
and average efficiency at 70.51%. which gave more
confidence that it was actually practical to weave cotlon
varns on water jet looms.

But at the samc lime, there were problems faced
as well, Cotton mixed fabrics woven [rom water jet looms
had bacteria problem. Fven after drying the fabrics
through steam dryer, the process of labric catching

bacteria could only be delayed by about 15 days.

5. Conclusion

It is now believed that cotton varns could be
woven on water jet looms. Although it is still a long way
from getting the perfect combination.

Though the process laces problems like fabric
getting rotten. bacteria catching and creating bad smell in
the weaving mill, it is still worth because of the value of
fabric.

I'rom the same construction of fabric and same
design but different weft varns — cotlon 10s and polyester
300d — fabric woven with cotton weflt has 25% morce cost
but has 33% higher selling price than polyester well
fabric. The sclling price of polyester well fabric yields 30
Baht ¢

vd while the selling price ol cotton weft fabric

yields 40 Baht / yd.

e
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Picture 7 Fabric getting rotten after catching bacteria.
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Abstract

This is the study ol a Rapier Weaving Factory’s efficiency. The objective is to study the causes and solutions in
order to improve weaving efficiency. According to primary observation. the problem that alfected the weaving efficiency
is the stopping of warp and filling yarns. Research methodology starts with collecting and analyzing the production data.
In conclusion it was determined that problems affecting the efficiency was the breaking up of warp and weft yarns.
Solving these will increase the operating efficiency and result in lower cost. The variations in this work were done on
warping process, varying stop bars position on looms, and moving well package’s position. The result indicates that atter

adjusting all the variations. the Rapicr weaving’s efTiciency inereases from 73.33% to 90.60%

Kevwords: Weaving Efficiency, Rapier, Weavine Process
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Modification of Dyes Adsorption Property of Silk Fabrics
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ABSTRACT

This research studied of modification of dyes adsorption property of silk fabrics. The silk fabrics was modificd
with diallyldimethylammoniumchloride (DADMAC)and / or N, N -methylencbisacrylamide (MBAM) at  room
temperature by using potassium persullate as initiator and N, N, N, N-tetramethylethylencdiamine (ITMEDA) as
acceleration, respectively. The acid and reactive dyes adsorption with silk fabric were studied. The results showed that
factors effecting the dyes adsorption of silk fabrics were reaction time between diallvldimethylammoniumchloride and
silk fabric and concentration of N, N-methylenchisacrylamide. The used of N, N -methylenchisacrylamide in
combination with diallyldimethylammoniumchloride showed the synesgistic effect in dye adsorption property of silk

fabrics.

Key word : silk fabries, dves, diatlvdimethylammonivmehloride, N, N -methylenehisacrlamide
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Abstract

Polyvinyl alcohol is very important sizing agent; and is still the basis for warp yarn sizing
especially when using with the high speed machine such as air-jet loom. However; its cost and procedure
which affect the environment is not worth the reuse: cven though it is possible in thcory. The objective of
this research is to reduce the sizing cost without harming environment by using only modified starch

which must not affect the weaving cfficiency. The materials used in this experiment are carded cotton

-y
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yarn Ne 32, and two sizing agent formulas. The fist formula consists of 60 kilos of modified starch A and
20 kilos of modified starch B. The second formula consists of 80 kilos of modificd starch A. The fabric
construction used in the research is 63" €32 x C20 / 130 x 58 twill 2/1. It is woven with air-jet loom.
Warping machine is adjusted for the best warping process to avoid any variations that may have
consequence with sizing process. The result indicates that the second formula result in 86.33% weaving

efficiency which is hicher than the original sizing agent formula in which PVA 1s used 6.49%. In
o = o =

addition, it can reduce sizing agent cost for 2,193 baht per 500 liters of modified starch’s mixing solution.

Motreover, it is safe for environment,

Key words : Sizing , Weaving preparation , Modified starch | Weaving efficiency . Air-jet loom
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The Effect of Twist Factor and Cover Factor
on Plain Woven Fabric Properties

Classified By S on Z Twist and Z on Z Twist

Wanvisa Srisuponvanit, Dr. Sathit Puttachaiyong
Textile and Garment, Faculty of Textile lndustries  Rajamangala University of Technology Krungthep

2 Nanglinchee Rd. Tungmahamek, Sathom. Bangkok 10120 Tel: 0 2287 9633 E-mail: wanvisad@srptextile.com

Abstract
In order to develop the fabric in Thailand, rescarch and development for better produet is nceessary. The
. objective of this research is to study the effect of twist factor, cover factor and twist direction on plain woven fabric
properties which include wrinkle recovery. tensile strength, abrasion resistance, pilling resistance, tearing strength, and
bending length or stifthess. This is classificd by S on Z plied yarn and 7 on Z plied yarn. Twist factor and cover factor are
only varied in well yarn. The fabrics arc developed from the one commeonly produced in the market. The twist factor is
varied for 5 levels; the cover Tactor is varied for 3 levels. Bach level of twist tactor was woven for 3 cover factors. So. |5
fabrics are made with § on Z plicd yarn; another 15 fabrics are made with Z on Z plied yarn. THowever. the S on Z fabric

and Z on Z fabric are made with the different twist factor because of the high degree of twist in single yarn which makes

the snarling occurred in Z on Z plied yvarn. Both S on Z and Z on 7 [abrics are dyed and finished finally tested at Textile
Testing Center/ Thailand Textile Institute (THTI). The result indicates that 7 on Z fabrics are better than S on Z fabrics in
many properties. The only property that S on Z fabric is better is Learing strength,

1. Introduction among a price-bascd group, a market majority: at the

Textile and garment industrial development has
significantly affected economic development and Thai
social in general. It succeeded in the past due to its
comparative advantage on labor factor and low-priced
properly, an increase of export in and out of guota,
including the currency crisis during the cconomic crisis in
1997 that made our products lavorable in the world
market. However, those advantages didn’t last very long.
Today, Bangladesh, Cambodia and Viet Nam are those
victorious countrics in the post quota period of the

world's textile apparel, along with China which is ready

same lime, among a quality based one. In order for
Thailand o be able to compele. doing the rescarch and

development for better fabric is necessary.

2. Methodology
2.1 Preparation for material

The experiment started by finding the sample
fabric, the one commonly alrcady in the market. and
develop from it. Twist factor, cover factor and direction
of twist were dependent variations. The cover tactor and

twist factor were varied only on weft yarn density. The
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twist factor of warp varn was constant. The twist factor
on well yarn was varied for 5 levels by adding 5% from
based wvalue and subtracts 5% trom based wvalue, and
cover lactor [or 3 levels,

The sample fabric was made of combed 40 two
plicd yarn (S on Z). The following was the sample
fabric’s construction used in this experiment,

63" CM40/2 «CM40/2/100 =55
the

Finding twist factor was calculated using

following formula. [1]

TE= TPI..-"\[NC (1)

The cover factor was caleulated from  the
following formula. [2]

Ctotal =C1+C2 - CL.C2 x 100 (2)

The twist factor and cover factor calculated from

the sample labric were 3.58, and 88.71% respectively,

and 16 TPI. These numbers were used as based values.
2.2 Determination of TF and CF (weft)

Table 1 Twist factor of S on /Z and Z on Z two plied

yarn
TF No. SonZ TF ZonZ TF
(Weft) (S/Z) (Weft) (ZIZ)
1 TPI=14 3.13 TPI=6 1.34
2 TPI=15 3.35 TPI=7 1.57
3 TPI=16 3.58 TPI-8 1.79
4 TPI=17 3.80 TPI=9 2.01
- TPI-18 4.02 TPI=10 2.24

Z.on 7. twist factor was not the same as the Son Z
because of the occurred reverse twist which made it
impossible for warping process. So, it was reduced to 6
twists per inch which warping could be processed, and

was used as a based value for Z on Z plied yamn,

Table 2 Cover factor of experimental fabric

Cover Warp Weft Cover
factor No.  Density Density factor
1 100 50 87.90%
2 100 53 88.38%
3 100 55 88.71%

The cover factor ol the sample fabric was 88.71%
which was considered very high. As a result. the cover
factor was determined by reducing 2-3 threads from the
based value for two levels.

Once the S on Z and Z on Z plied yarm were
prepared accordingly. Each twist factor was woven for
three cover factor. The combed cotton 40/2 was used as
material same as the sample. After all 30 ditferent fabrics
were made; they were sent to SSDC. the dying factory,
for finishing and tested at Thailand Textile [Institute

(THTI).

3. Result

3.1 The result of abrasion resistance

Koo vt 31 adion Dotaiekonrn Socsdld .
10,000 - 534447 066,73
8,000
5,000 o Wi SRR
B2on:  saape vomisiampes
4,000 ks
2,000 e
. Darection of twst
Sonl Ton?

Fig. 1 Abrasion resistance

/. on 7 fabric shows better abrasion resistance
than the S on Z fabric for 12.55%.

The possible explanation is that the plied yvarn of
S on 7 fabric has a higher linal twist than the Z on Z
fabric. Usually, the higher the number of twist makes the

yarn rounder. The rounder yam has higher point of
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contact compare o the Z on 7 plied yarn which has much (. JWeft
. . . 1700 1687 -

less number of final twists result in less roundness or flat '

16.80 oons svengs v e

. . . . e

shape and lower point of contact. Since the point of i .

[T A R SZonz  moesge Tom iIamees
contact in Z on Z plied yarn is lower, the longer it takes 16 40
to make it breakdown. So, the number of rubs of Z on 7. 1620

1R 00 i . . .
fabric is higher. Son? ZonT Direction of twist

3.2 The result of wrinkle recovery . e . e
) Fig. 4 StifMess in weft direction

Grade
Z on 7 fabric shows a better result than S on 7
21
50 o fabric for 9.13% in warp dircction and 2% in weft
10 E5on 2 auzmpe from 15 Sampes . .
: Erenz  2sEmpe fomiampe: d"-ecnon'
l 8 . - "
The possible explanation is that the degree of
17
6 . ) twist in 7 on Z fabric is less than the S on Z fabric. The
Direction of twist
lower the degree of twist gives the softer yarn. The softer

. yarn makes the softer fabric. Therefore, Z on Z fabric has
Fig. 2 Wrinkle recovery
better stiffness than S on 7. fabric.

Z on 7 fabric shows just a little bit better in
wrinkle recovery than the S on Z fabric for only 2.63%. 3.4 The result of tensile strength

Usually, the higher the degree of twist, the greater

. . - . - Newton
the strain is on yarn fibers, It will have less ability to {warg)
1100
recover from wrinkling becausc the higher strain may
1080 . ESORI  Beerpe Teminimmps:
result in inclastic. In this case, the degree of twist in Z on e R i
1060
Z is less than S on Z fabric which may result in more
1040
elastic or better wrinkle recovery.
1020 Direction of bwist

3.3 The result of the stiffness

Fig. 5 Tensile strength in warp direction

mim
(Warp)
22 ~
- 2113
21 Bsonz
BEZonz

B5onT s

Direction of twist

Fig. 3 Stiffness in warp dircction Fig. 6 Tensile strength in weft dircction

Fay |
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On average, the Z on 7 fabric showed higher
tensile strength than S on Z fabric for 7.47%, but poorer
in warp direction for only 1.0% which was almost
indifference.

Possible reason may be the direction of twist
Since, the single twist is 7 twist, the final twist of plied
varn which is the same as single twist make the varn

stronger than the one with different direction,

3.5 The result of tearing Strength

MNewton

3210

Bionz

2w age Tom 1238 mpe:

BEzonI wemgetom:s

Direction of twist

Fig. 7 Tearing strength in warp dircction
Mewton
34 41— R
P s o e o
30 BsonI  acemge vom it sampes
28 BEzonI  =-emge fmmissampes
26
24
20 Direction of twist

Fig. 8 Tcaring strength in weft direction

Z on Z fabric shows poorer tearing strength than
S on Z fabric in warp direction for 10.28%, and 7.18% in
wefl direction.

Usually, the higher the degree of twist gives the

rounder yarn. The degree of twist in Z on 7 fabric is

o

lower than the S on Z fabric. This means the roundness of
the Z on Z plied yam is lower; in other word, the yam is
fMatter. Consider tearing something round and something
flat; the hardness of tearing is ol course different. The
flatter object should be ecasicr to tear. Therctore, il is
possiblc that the 7 on Z fabric which made of flatter yarn
will have lower tearing strength,
3.6 The result of pilling

All 30 fabrics are graded 4for pilling (a slight

surface fuzzing and/or partially formed pills).

4. Conclusion

Table 3 The comparison of test result between S on Z

fabrics and Z on Z fabrics

Properties 7 better than 277 Zi7 better thun 57

Abrasion Resislance 12.55%,
Wrinkle Recovery 2.63%
Stitfness (warp) CRREH
SufTness (wetl) 2,00,

Tensile Strength (warph LA

Tensile Strength (well) T A8
Tearing Strength Cwarp) LIR2HY,

Teuring Strenath (well) 718

Pilling

In Overall view, 7 on Z fabrics was better than S
on Z fabrics in terms of the tensile strength, the stiffness.
the abrasion resistance, and the wrinkle recovery. The
pilling resistance, both Z on Z and S on Z fabrics were
not ditferent. The tearing strength was the only property
that S on 7 fabrics gave better result. However, the fabric
with high tensile strength will have low tearing strength,
On the other hand, the tabric with high tearing strength
will result in low tensile strength.

Z on Z flabrics were made with less number of
twist than the S on Z fabrics in this experiment, yet

showed better result in many aspects such as the abrasion




resistance, the stilfness which is most people want for the
fabric to be soll and strong. Moreover, the lower the
degree of twist means the cheaper the cosl. According to
the literature review, only 2.8 TF is needed for the single
varn to produce a strong /Z on / plied yarn. [3]| In
contrary, the single varn for producing S on 7 plied yarn
is still using twist factor ol 3.5 to 4 nowadays. The higher
the twist factor means the more number of turns the
spinning  machine needed  which  result in higher
clectricity consumption. Also the more fiber needs to be
used to produce the yam with higher twist factor to get
the same length of varn. This is another malerial cost to
be realized. However, the real cost for producing S on 7
fabrics and Z on Z fabric was not calculated exactly in
this experiment, but there was a potential that producing

Z on Z fabric would yield better benefit.
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7. Appendices

7.1 Formulas
TF = TPI/NNe
T = Twist tactor
TPI = Twist per inch
Ne = English cotton yarn count
Citotal = (C1+C2 - (C1xC2)) x100
1 dl=nl
G2 = d2xn2
dil warp yarn diameter
d2 = wett yarn diameter
nl = warp density
n2 = wetl density
d = 1/ {28\]?.\1_(:}
Ne English cotton yarn count

7.2 Test standard

Abrasion resistance 1SO 12947-2:1999(E)

Wrinkle Recovery AATTC Test Mcthod 128:2004

Stiffness 1S 1096 :1999 Method A
Tensile Strength [SO 13934-1:1999%E)

Tearing strength 1SO 13937-1:2000(k)

Pilling 1SO 12945-1:2000(L)
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PP Fabric Specifications

Model 05-22-450 K
Material Polypropylenc
pH Resistance 1-13

Thermal Resistance 90°C max

Thickness (micron) 950+/-190
Weight (g/m’) 450+/-130
Warp Multi
Weft Multi
Weave Plain

Air Permeability (1 / m/s) 25 +-7
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The Study of Knitted Fabric with Anti-Bacterial Property
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Abstract

The major purpose of this thesis is o measure the anti-bacterial property of knitted fabric by using crabyon and
cotton fiber mixed in certain ratio, The mixing ratio of fiber is 27% for crabyon and 73% for cotton. In addition. another
two purposes are Lo find a proper specifications and reasonable cost for spinning. The experimental was manulactured at
Koosoonhenglee textile co.ltd on Ratchaburi province and the anti-bacterial testing was tested by 5GS (Thailand)
Limited. By AATCC 100 1999 (Test for Antimicrobial Fabrics) method. The study result was found that the knitted

tabric .after 50 washed. has an ability to kill and restrain the growth of Staphylococcus Aurous by 98.21%
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The Effect of Twist Direction and Twist Factor
on Plain Linen Fabric Properties Classified by

SonZ and Z on Z Twist
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Abstract

This is a study on results of twist direction and twist factor on linen yarn classified by S on Z and
ZonZ to its fabric properties of wrinkle recovery , fabric stiffness and tensile strength . The linen yam 2172 Ne
was twisted on 5 levels of 4.6.8, 10 and 12 twists on both SonZ and 7 on Z.

From the results, it was found that [abric with Zon 7 has better quailities than SonZ on factors of
wrinkle recovery and stiffness at 12.79% and 6.25% respectively. While on tensile strength fabric with Z on Z

twist has lower quailities than Son 7 at 18.70%.

Kevwords: twist  factor, S twist, Z twist
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Abstract

The objective of this research is to study layout for improve manufacturing, by using the systematic
layout planning pattern theory (SLP). The amount of equipments and tools in production were studicd.
The new plant layout was designed and compared to the present plant layout. SLP method showed thal
new plant layout can decrcase the distance of material handling about 37.53 meters. In additional, the
reducing time for production/pieces was 1.30 min/piece. Therefore, the new plant layout shows the

possibility of reducing distance. time and increasing productivity.
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Abstract

The research was aimed to evaluate the project for developing researchers” competency in Rajamangala
University of Technology Krungthep by asking the opinion from the project committee. experts and researchers by using
CIPP Model. The research tool consisted of 3 sets of questionnaires including questionnaire [or the project committee,
questionnaire for the experts, and questionnaire for the researchers. The sampling group in this study mentioned above
consisted of 17 project committee, 7 experts and 33 researchers. The data analysis was conducted by finding percentage,
mean and standard deviation with SPSS program for windows. The reliability was validated by Cronbach’s co-efficiency
with the reliability value at 0.964, 0.798 and 0.968 respectively.

The results of the study revealed that the general evaluation of the project for developing researchers” competency
in Rajamangala University of Technology Krungthep by the project committee, the experts and the rescarchers reported
high agreement. For cach aspect, the project committee, the experts and the rescarchers reported high agreement on the
process and input. The project committee and the experts reported high agreement on context, but the experts reported

medium agreement on context. The researchers reported high agreement on the product.
Kt’ywﬂrds : Evaluation, Competency, Researchers
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